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Abstract

Neurological rehabilitation is a physician-supervised programme for individuals
with nervous system diseases, injuries or disorders. Neurological rehabilitation, also known
as neurorehabilitation, is part of the rehabilitation process that improves function, reduces
severity and enhances a patient’s well-being. Because neurological injuries occur in the brain,
spine and nerves, affecting multiple body parts including organs, blood vessels, muscles and
bones, rehabilitation requires a multidisciplinary approach. This study conducted a systematic
literature review (SLR) on the use of mobile game in neurorehabilitation. The steps undertaken
in the literature review included the collection, identification, categorisation, summarisation and
synthesis of relevant studies in the research domain. A total of 50 related articles were reviewed.
The study identified that the effects on cognitive skills, handgrip strength, memory, attention,
visuospatial abilities, executive function tasks, motor functionality, and improvements in balance,
visual perception, and functional mobility are impacts of the use of mobile games in neurological
rehabilitation. Furthermore, several research challenges and recommendations for future
research were identified.
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Introduction from parent to child through genes or present
at birth. A neurological injury can result in any

Neurological injuries include injuries to degree of impairment. The incidence rate of

the cerebrum, spine or associated nerves. More facial palsy, which affects individuals of all ages
than 600 types of neurological disorders exist, and sexes (range: 11.5—53.3 per 100,000 people),
such as traumatic brain injury, which causes depending on the population (2-4). Brain and
headaches, stroke or seizures, multiple sclerosis, spine injuries can occur due to external sources
Parkinson’s disease and cerebral palsy. Upper such as hard forces on the head that cause head
limb impairment in the chronic stage affects injuries. These types of injuries may cause
over 75% of patients with stroke (1). These side effects, such as obscured vision or loss of
impairments can be hereditary, passed down consciousness. In extreme cases, injuries can
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push affected individuals into a vegetative state.
The specific causes of neurological injury vary
and can be caused by genetic defects, congenital
anomalies or disorders, diseases, lifestyle or
environmental health problems, malnutrition,
brain damage, spinal cord injury, nerve injury
or reactions to gluten. Brain damage caused by
stroke frequently affects the parietal, frontal,
midbrain, and brainstem regions, resulting in
memory, language, executive, and attention
dysfunctions. This dysfunction leads to cognitive
impairment and motor deficiencies that
substantially influence day-to-day activities
(5). The signs and symptoms of neurological
injuries differ according to the severity of the
injury and the affected body parts. The causes of
neurological injuries may also differ. Although
brain and spine injuries, commonly caused by
trauma or accidents, can cause neurological
disorders, other neurological disorders may
also be caused by genetic diseases, infections, or
lifestyle-related factors.

A genuine handicap in a patient caused by
serious brain or spinal injuries unexpectedly
disrupts their family’s capacities, way of life
and ventures. The patient and their family
started a new style of living in their larger local
area with their transformed bodies, and as a
different person to adapt to the present situation.
Recently, there has been an increase in the
adoption of novel rehabilitation strategies to
enhance arm and hand functionality in patients
with multiple sclerosis (6—8). Playing is one
of the most effective ways for people to learn.
Moreover, playing is the preferred method of
education among young children and continues
to be a fulfilling and pleasurable activity for
adults (9). Neurorehabilitation deals with the
skills and mindset of individuals with disabilities
and their loved ones. Neurorehabilitation
enhances an individual’s ability to act with
an essential degree of autonomy possible for
them. Moreover, it helps restore confidence and
develop a healthy mindset. They will adapt to
new circumstances and engage in fruitful and
submitted reintegration in the local region.
Another study revealed that corticomotor
excitability was positively related to an hour of
tongue-task training (10). A similar finding has
been demonstrated in several animal studies
on motor-skill training (11, 12). Therefore,
rehabilitation training may result in changes in
cortical structure after facial palsy.
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To provide the most balanced consideration
for patients, numerous neurorehabilitation
treatments, regardless of whether offered by
clinics or private healthcare facilities, should
be considered by numerous specialists in
various fields. Throughout a certain period and
occasionally over an individual’s lifetime, these
medicines conceivably permit the individual
and the group of that individual to live the most
typical, autonomous life. For instance, there
is a great deal of interest in using technology
to overcome the difficulties associated with
dementia. Despite the abundance of technology,
from full-fledged smart home assessment
settings to companion robots, the development
and implementation have been gradual or
inconsistent (13).

Interactive computer games featuring
components of both physical and mental
training have been extremely motivational for
encouraging children to engage in physical
exercise at a given level for extended periods.
Advancements in neuroimaging techniques
have substantially improved the degree and
outcome of neurorehabilitation. Information
and communication technologies (ICT) are
extremely important for assisting in the
rehabilitation of individuals with disabilities
(14). Telerehabilitation (TR) is the provision
of rehabilitation services utilising electronic
systems and ICT in the context of eHealth
(15). Besides, TR provides rehabilitative care
outside of the hospital context in an eco-
friendly environment, assisting in identifying
new constraints and assessing the success of the
intervention concerning the activities of daily
living (ADLs) at sustainable costs.

Researchers are currently using
neurorehabilitation innovations to provide first-
line changes to the care of patients with sensory
system disorders. In particular, the use of
mechanical technology in neurorehabilitation is
becoming increasingly common. Approximately
75% of patients with brain injury aged < 35
years old and have adequate computer and
mobile device competence (16). Re-enactments
in  computer-generated  simulations and
computer games offer patients a chance to
vividly experience and relearn different aspects
of their lives and conditions while being watched
by their clinicians and specialists. In addition
to other automated advances, these devices
and reproductions provide opportunities for
preparation. Exercise-based recuperation
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would be faster for patients who have recently
experienced stroke or other cerebral or
spinal string injuries, thereby shortening the
recuperation time. Technology acceptance
describes how users perceive, accept and
embrace technology because it is intended to
assist (17). Recently, virtual reality (VR) has
become a potentially useful tool in several
therapies and rehabilitation domains (18, 19).
According to scientific studies, playing
video games may modify a person’s level of
enjoyment, attentiveness and dominance, which
changes their perception of well-being (20—22).
In addition, video games that are easy and simple
to play are more readily accepted and produce
pleasant feelings in older individuals (23).
Serious games and VR are viable rehabilitation
techniques for improving upper limb function in
individuals with neurological illnesses. Crucially,
they adapt well to home-based rehabilitation

(24).
Methods

Various studies have reported on the
use of mobile games for neurorehabilitation.
Hence, this study attempted to analyse the
effects of using mobile and video games in
neurorehabilitation. This systematic literature
review (SLR) followed the guidelines of Shute
et al. (25), which define SLRs as studies to plan,
review and analyse relevant information or data
on a particular topic, query or research area. This
study aimed to identify the positive and negative

Table 1. Research questions and motivations

200) Research question

RQ1 What are the effects of mobile games or video games aided
neurorehabilitation on the cognitive skills of a neurologically

injured patient?

outcomes of the existing technological devices for
neurorehabilitation. The suggested methods are
as follows:

i. Determine the research question
ii. Identify relevant studies or articles

iii. Extraction of data on relevant platforms
(ScienceDirect, IEEE)

iv. Note relevant information
v. Study selection

vi. Analyse the article or study and summarise
the results

vii. Discussion that includes the conclusion
Eligibility Criteria

The SLR, which drives the entire process,
must be guided by a research question. The
methodology and the extracted and derived
data must be capable of answering the
research questions. Several researchers have
recommended developing a specific research
question and selecting a subtopic for the SLR
(26). Research questions should not be too
specific because there may be few articles and an
SLR cannot be performed with a small sample.

The SLR aims to understand the current
knowledge domain of using mobile games for
neurorehabilitation. Table 1 lists the five research
questions (RQ) that have been identified to guide
this study. The outcomes of the SLR are expected
to help determine future research directions and
highlight challenges in the field.

Motivation

To highlight positive and negative (if any)
effects on the patient’s cognitive skills.

RQ2 Is there a difference in handgrip strength tests before and To identify any improvements in the patient’s
after a patient undergoes mobile or video games aided handgrip strength.
neurorehabilitation?

RQ 3 Is there a difference in executive functions, visuospatial To highlight the impacts on patients’ executive

abilities, memory, and attention tasks before and after a patient
undergoes mobile or video games aided neurorehabilitation?

RQ 4 Does mobile gaming or video game neurorehabilitation
improve the motor function of a neurologically injured patient?
RQ5 Are there any improvements in visual perception, functional

mobility, and balance after the patient completes mobile
gaming or video games aided neurorehabilitation?

functions tasks, visuospatial abilities, memory
and attention.

To identify any changes in the patient’s
motor functionality after undergoing
neurorehabilitation.

To highlight the improvements in patient’s
visual perception, functional mobility, and
balance.
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Search Strategy

The SLR was performed through an
electronic search using the PubMed and Google
Scholar databases. All datasets were searched
from the foundation of the data set to 25 January
2021. The primary terms include ‘neuroinjuries’,
‘neurorehabilitation’, ‘computer games’, VR,
‘virtual reality’, ‘Wii’, ‘Kinect’ and ‘Xbox’, and
their connected equivalents were searched.

To identify articles, the initial step was to
search for articles in the datasets and examine
the titles and abstracts. The subsequent step
was the exclusion of studies utilising the title or
theoretical and inclusion criteria. The final step
was to summarise the full content of the qualified
articles.

Selection Process

Articles published in English that met the
following requirements were selected:

i. study of the technical devices used (VR,
Kinect and Wii)

ii. discussion on the assessment of
neurorehabilitation therapy

iii. disease history is linked to neurological
injuries
iv. software or hardware games

v. the game used in the study serves
neurorehabilitation purposes

No limitations in sample size were made.
Articles that failed to meet the following criteria
were excluded:

i. did not have a database (books or
theoretical papers)

ii. not published in English

iii. articles that did not directly define
neurorehabilitation

iv. technical devices have not been
emphasised as clinical intervention devices

Statistical data from quantitative studies
were also pooled within the meta-analyses.
In addition, articles involving technological
devices for assessment or recovery, neurological
diseases, cognitive rehabilitation and studies
surveying neuropsychological assessments before
and after mediation were included.
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Data Abstraction

The entire text of the selected studies was
examined to determine whether it fulfilled the
exclusion and inclusion criteria. Data were
independently extracted after identifying
relevant articles for inclusion in the analysis.
The extracted contents included: i) article title,
ii) author’s name, iii) year of publication, iv)
exclusion and inclusion criteria, (v) research
objects, (vi) intervention measures, (vii) control
measures and (viii) results.

Results

The search strategy generated 52 references
from two electronic databases based on titles
and abstracts. The articles were deemed
relevant, and the complete text of each study
was analysed. A total of 15 articles were included
in the meta-analyses and reviews based on the
articles. Nevertheless, 37 articles were based on
experiments conducted by researchers.

The main outcomes of the articles
were positive, as they supported the idea of
using technological devices, video games
and VR-based games to treat neuroinjuries
during neurorehabilitation. Five articles had
inconclusive conclusions owing to the need
for further research on this topic. Table 2
summarises the characteristics of the selected
articles.

Cognitive Skills

Regardless of physical function deficiencies,
cognitive difficulties manifest as problems with
coordination, attention, dual-tasking, processing
speed, and visuospatial and working memory
conceptualisation (23). Cognitive skills were
one of the main outcome measures. Executive
functioning, organisation, attention, problem-
solving, memory and visual processing are
a few cognitive domains (27). Attention is a
fundamental component of cognitive function
(28).

Cognitive functioning is related to an
individual’s capacity to process their thoughts.
Memory, speech and the ability to pick
up new information are all areas in which
cognition is relevant. The brain is normally
capable of acquiring new abilities and creating
personal thoughts and beliefs about the world
in the areas mentioned earlier, often during
early childhood. Age and illness can affect
cognitive functioning, leading to memory loss
and trouble choosing the right words to use



Review Article | Mobile games-aided neurorehabilitation

while writing or speaking. For instance, multiple
sclerosis may eventually result in memory loss,
reduced capacity to comprehend new ideas or
information and a lack of verbal fluency. Based
on this analysis, 15 articles measured the impact
of cognitive skills from a neurorehabilitative
perspective. These studies concluded that
rehabilitation using video games and VR-based
games positively affected cognitive functioning.
Therefore, neurorehabilitation using video
games is beneficial for enhancing an individual’s
cognitive skills.

Hand Grip Strength

Patients’ handgrip strength, hand function
tests and upper extremity functions were also
analysed. Research findings from articles
measuring these criteria indicate that they
are important in rehabilitation. Nevertheless,
further research is needed to reach a definitive
conclusion, as only a few such studies are
available. These criteria, if included, would
benefit the rehabilitation programme.

Memory, Attention, Visuospatial Abilities
and Executive Functions

Attention functioning, also referred to as
executive functioning, is another subtopic with
similarly high outcomes. Attentive control refers
to an individual’s ability to decide what they will
give attention to or disregard. This is known
as endogenous or executive attention. A set of
mental abilities known as executive functions
includes working memory, flexible thinking and
self-control. Human use these abilities to learn,
work and govern their daily lives. Focusing,
following instructions and managing emotions
may be among the many things that people with
executive function issues find challenging. The
analysis concluded that attentional and executive
functioning are important for an individual
to pay attention, begin activities, concentrate
until they are completed and engage in other
behaviours.

Stroke is a medical emergency caused by
neuroinjuries that requires treatment through
rehabilitation. A stroke is characterised by
‘rapidly developing clinical symptoms and/
or signs of focal and at times global loss of
cerebral function, with symptoms lasting more
than 24 h and no apparent cause other than
that of vascular origin’ (29). Gait rehabilitation
is a common type of rehabilitation for patients
with stroke. Gait is the human walking pattern.
Walking requires balance and muscular
coordination to push the body forward in a

rhythm known as a step. Gait training increases
cardiovascular fitness, impedes adaptive changes
in soft tissues in the lower limbs, and increases
muscle strength and coordination. The analysis
revealed that approaches to gait rehabilitation
after stroke include motor learning and
neurophysiological techniques, robotic devices
and the newly evolving utilisation of the brain-
computer interface, where positive outcomes and
objectives are achieved during rehabilitation.

Visuospatial ability was another outcome
of this analysis. Four of the reviewed articles
analysed and validated its capability to be
incorporated into neurorehabilitation to achieve
good outcomes. Visuospatial ability is critical
for functional movement that exercises learning
is achieved through repetitive execution of the
exercise. During this time, continual feedback
and opportunities to fix or minimise faults are
offered (30, 31). Visuospatial capability refers
to the ability of a person to determine visual
and spatial relationships between objects. The
ability to visualise objects, construct larger
shapes by identifying smaller components, and
recognise distinctions and similarities between
objects are examples of visuospatial abilities.
One study used VR-based technologies to test a
patient’s visuospatial abilities and concluded that
they were beneficial for memory rehabilitation.
Therefore, therapists can use video games for the
rehabilitation of patients to test their visuospatial
abilities, and determine and improve their
capabilities.

Motor Functionality

The second most frequently measured
outcome was the impact on motor functioning.
Motor functioning is an essential criterion
for therapists to test patients before therapy
initiation. The abilities to learn or demonstrate
skilful and successful assumptions, maintenance,
adjustments and regulation of voluntary postures
and patterns of movement are motor functions.
Physical therapists use tests and assessments
to determine fatigue, paralysis, patterns and
postures of dysfunctional motion, erratic pacing,
poor balance, clumsiness, and the capacity of
individuals to regulate voluntary postures and
movement patterns. Monitored responses at
rest, during and after an activity can indicate the
existence or intensity of a disability, limitation of
activity or restriction of participation. Repeatedly
performing motor activities that are important to
the patient encourages functional recovery and
fosters the autonomous realisation of trained
skills (32, 33).
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Based on this analysis, articles that
measured motor functioning outcomes proposed
that therapy based on VR, video games
and software aimed at neurorehabilitation
increases the efficiency of motor functioning in
individuals, that is supported by findings from
various studies. According to the literature,
when patients ‘focus’ on the game rather than
on their incapability, exercises become more
pleasurable, encouraging and motivating to
retain their performance in numerous trials and
for an extended rehabilitation period, which
is required to stimulate plastic changes in the
central nervous system (34).

Therefore, the entertaining and engaging
design of VR games may have encouraged
increased participation from patients (35,
36). Gaming programmes make rehabilitation
therapy enjoyable and interesting and help
advance motor learning (30). By utilising the
player’s natural feeling of competitiveness and
need for engagement, games also stimulate,
encourage and inspire interest in rehabilitation
while encouraging learning processes. Games
offer interactive stimuli and feedback that
are essential for acquiring motor skills (37).
Furthermore, individuals with psychiatric
disorders, traumatic brain injuries and stroke
benefit more from rehabilitation when they are
highly motivated (38).

Balance, Visual Perception
and Functional Mobility

Balance is the ability to retain the mass
centre point of the body over its support base.
A well-functioning balancing system allows
humans to see clearly while moving, define
gravity orientation, assess motion direction
and speed, and perform automatic postural
changes in different environments and activities
to maintain posture and stability. To attain
and maintain balance, a series of complex
sensorimotor control systems work together
to integrate sensory inputs from the vestibular
system (motion, balance and spatial orientation),
vision (sight), proprioception (touch) and motor
outputs to the muscles of the eyes and body. One
or more of these components may be affected by
accidents, illnesses, medication use, or ageing.
In addition to the effect of sensory information
on the human feeling of balance, psychological
factors may also play a role. Motor functioning
is the third subtopic with similar outcomes and
should be incorporated into neurorehabilitation.
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Finally, the outcomes from the findings of
the articles with the least conclusive similarity
were processing speed and working memory.
Working memory and processing speed are
associated with cognitive skills, or motor and
attentional functions. Therefore, the criteria
have already been met and proved efficient in
individuals with neurological injuries, even with
results and efficiency.

Discussion

Various devices and approaches
have been used by researchers to study
neurorehabilitation. These studies provide
evidence that neurorehabilitation benefits from
various technological aspects. The technological
advances used in the articles were VR, Xbox,
video games, iPad software, Parrot application,
Lumosity application, mobile games, Wii Fit,
Kinect, and physically played games. New
technologies, such as VR, may enable the
provision of programmes with easier activities
for children to undertake independently.

When evaluating the selected studies,
the findings revealed that multiple studies
have proven the benefits of VR in therapeutic
treatments. The findings revealed that 16 of
52 articles supported the statement that VR is
an efficient option for neurorehabilitation. For
instance, VR has shown positive outcomes in
patients with spinal cord injury, Parkinson’s
disease, stroke and brain injury. Recovery
services are increasingly using technology,
such as VR environments, to mimic real events
and social experiences. The primary outcome
of all the studies undertaken on the impact of
VR on the rehabilitation of individuals with
neurological injuries showed that VR benefits
patients in terms of visuospatial abilities and
executive functions in neurodegenerative and
acute conditions. These physical and cognitive
limitations typically necessitate multifaceted
treatments involving various health specialists.
Extensive and long-term training is required to
achieve neuroplastic changes in the brain (39).

Several studies have commonly referred
to VR as a computer-based technology offering
visual feedback on a display. Nevertheless,
VR is a high-end wuser-computer interface
inclusive of real-time stimulation and an
embedded participant’s experiences through
various sensory channels (visual and auditory,
often haptic, smell and taste, if possible),
depending on the synthetic environment in
which participants feel their senses.
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The feasibility of particular consoles for
stroke rehabilitation, such as the Nintendo Wii,
Nintendo Wii Fit and Sony PlayStation 2 Eyetoy,
has been studied and is capable of enhancing
movements in patients with stroke (40, 41). Xbox
is another form of rehabilitation device with
proven productivity. Xbox includes video games
that require hand and finger movements. After
a 3-month video game intervention, physical
activity markers improved in 24 patients with
chronic stroke (42). Self-training using video
games can enhance upper extremity function in
patients with chronic and subacute conditions
(43, 44). Based on this review, 15 articles have
studied the efficiency of video games. Three
other studies explored the use of the Xbox.
Video game rehabilitation uses standard gaming
consoles to target and address physical and
mental limitations through corrective cycles.
Video games are becoming increasingly integral
to word-related treatments in intensive recovery
and community settings.

The gaming console’s capability to exist
everywhere and be purchased by any individual
enables personalised therapy for the patient.
Patients using gaming to expedite recovery tend
to be more interested in counselling efforts and
more likely than those participating in daily
treatment efforts to resume therapy beyond
the doctor’s office. These positive effects are
produced by enabling them to receive therapy
at the convenience of their own homes at a
relatively reasonable cost. In addition, patients
participating in gaming recovery have reported
improved results owing to their increased
commitment to treatment and willingness to
continue therapy.

Kinect is another device that provides
creative and fun ways to rehabilitate, recover
rewards, and improve motivation and eventual
adherence. According to the review, a study
that used Microsoft™ Kinect® V2 (Kinect)
for their experiment concluded that Kinect
is ideal for detecting angles of spine motion
with no considerable pause in-game execution,
providing data and reflecting the campaign the
player performs faithfully. As technological
advancements in the health sector continue
to flourish and have become a part of the
treatment options for therapy, physiotherapists
are required to improve their expertise in this
field. Furthermore, it decreases the workload by
efficiently utilising physiotherapy time while still
providing treatment.

Moreover, Nintendo Wii Fit is a suitable
device for neurorehabilitation. According to the
present review, Nintendo Wii Fit has proven
to improve static and performance-related
activities. Good balance is usually obtained
using Nintendo Wii Fit balance games as
an intervention method, thereby promoting
their use in neurorehabilitative training. As
a biobehavioural assessment and training
system for balance capacity, Nintendo Wii Fit
has attracted particular interest in the field of
neurorehabilitation.

iPad-based software has shown promising
improvements in individuals with neurological
injuries. A touchscreen that responds to finger
movements controls the iPad. The iPad also has
several other functions that enable it to calculate
and respond to movements. Based on the two
studies reviewed, iPads affect individuals’
rehabilitation, especially for those with various
impairments. Furthermore, no support was
required to set up the iPad. The user can access
the device and start playing immediately,
providing a degree of dignity and ownership for
the patient during recovery.

Two additional applications created solely
for rehabilitating patients with neurological
injuries were also reviewed. The Parrot
Software comprises 75 distinctive programming
programmes for memory deficits and the
remediation of speech, attention, cognition,
and language in people with aphasia stroke or
cerebral injury. The Lumosity application was
the second application reviewed. Lumosity is an
application designed to keep the brain active and
assist in healing by providing minimal mental
exercise every day. Based on these articles, the
efficiency of both applications has been verified.

Conclusion

In conclusion, incorporating technology-
based devices and games for the rehabilitation of
individuals with neurological injuries is a good
idea. Nevertheless, therapy and rehabilitation
sessions require further research to identify the
type of rehabilitation that should be performed
during treatment. Not all gaming methods are
suitable for all patients. Various methods and
tasks have been developed to target specific body
parts. The incorporation of technology-based
devices and games will provide more advantages
in terms of efficiency. The findings of this
overview will provide clinicians, researchers, and
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therapists with guidance in identifying evidence-
based outcomes.

Conventional rehabilitation also falls short
of providing the degree of therapy required to
fulfil a patient’s rehabilitation requirements (45).
Brain injury is becoming increasingly common,
especially in patients who have experienced
major accidents (46). Although the present
findings support the hypothesis that video
games tend to be a more efficient rehabilitation
method for patients with neurological injuries,
multicentre randomised controlled studies
with more meticulously planned, systematic
interventions and increased sample sizes are
necessary to establish a solid evidence-based
foundation and evaluate the potential advantages
of this neurorehabilitation method. The brain-
computer interface can also be combined with
robotic training for a top-down approach (6).

Limitations

Although a thorough literature search was
performed, this review had certain limitations.
First, our review did not include articles in
minority languages and grey literature. Second,
the VR intervention forms, preparation, time
and dosage, strength of training and indices of
outcome assessment employed in the reviewed
studies were distinct. Therefore, some variability
was present in the data collection, which is
a common constraint in other formal VR
intervention assessments.

In addition, the games used in certain
studies to conduct the observations differed.
They did not cater to all patients with different
impairments because the games did not include
a variety of exercises. The outcomes of all the
studies cannot be generalised, as most studies
were not conducted with large sample sizes
with patients from diverse backgrounds. Most
observations were conducted in a rehabilitation
centre, where people mostly belong to the same
ethnicity. Furthermore, long-term results could
not be obtained because of the time required to
complete long-term research.
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