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Abstract: Objective: This review aims to evaluate the role of Virtual Reallity (VR) in
cognitive rehabilitation of different neurological diseases, and the accessibility
to healthcare systems providing this type of treatment.

Method of Research: Studies performed between 2003 and 2017 and fulfiling
the selected criteria were found on PubMed, Scopus, Cochrane and Web of
Sciences databases. The search combined the terms VR rehabilitation with
different neurological disease.

Results: Our findings showed that neurological patients performed significant
improvement in many cognitive domains (executive and visual-spatial abilities;
speech, attention and memory skills) following the use of VR tfraining.

Conclusions: This review supports the idea that rehabilitation through new VR
tools could positively affect neurological patients’ outcomes, by boosting
motivation and participation so to get a better response to treatment. In
particular, VR can be used to enhance the effects of conventional therapies,
promoting longer training sessions and a reduction in overall hospitalization time.
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INTRODUCTION

ognitive Rehabilitation (CR) is a method that allows

rehabilitation of people with brain injuries or

cognitive difficulties to compensate for the impair-
ment or recover normal functioning. In clinical practice, it is
possible to perform two types of CR: 1) the restorative one
that allows the patient to develop the lost cognitive domain
through specific cognitive exercises, and ii) the compensa-
tory one, which promote the use of aids and tools useful to go
beyond the deficits. Moreover, it is possible to classify CR
techniques in conventional (paper/pencil exercises) and
computer-assisted neurorehabilitation, both using cognitive
strategies to overcome the deficit in executive functions,
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reasoning and problem solving, visual processing, language,
memory, attention, and concentration. The brain’s ability to
transform its neural organization through interactions with
the external environment,' called neuroplasticity, is the
foundation of CR. Thus, all patients showing disorders in
behaviour and cognitive function, because of neurological
damage, should perform a CR. Among the novel techniques
for motor, cognitive, and sensory rehabilitation, Virtual
Reality (VR) is demonstrating promising results, so to be
considered the new frontier of CR.” " Weiss et al. defined
VR as the “use of interactive simulations created with com-
puter hardware and software to present users with opportu-
nities to engage in environments that appear and feel similar
to real world objects and events”.” VR system, based on the
characteristics of immersion, interaction and imagination,
could be used to monitor, manipulate and increase the
patients’ interaction with their environment, promoting
functional recovery.”” In particular, VR offers the possibility
to modulate the exercises on the patient’s capabilities and
monitor the performance through visual and auditory feed-
back. Furthermore, VR allows increasing patients’ motiva-
tion and active participation and intensifying the quality of
interventions thanks to the several likable activities. Some
studies have confirmed that VR systems can be effective in
the rehabilitation of different neurological diseases and can
be useful for both children and adults,” * allowing the
improvement of damaged functions, the stimulation of
residual abilities and the promotion of global well-being.
Thus, VR is a rehabilitative method that, thanks to the total
involvement of the senses (and thus sensorimotor cortex),
implements specific cognitive and behavioural functions,
such as executive functions, attention, spatial cognition,
perceptive abilities, memory, language and psychosomatic
anxiety.” '

This review aims to evaluate the role of VR tools in CR
of different neurological diseases and the accessibility to
healthcare systems providing this type of treatment.

SEARCH STRATEGY

The studies were identified by searching on Scopus,
PubMed, Web of Science, and Cochrane database. All the
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studies fulfilling our selected criteria and published be-
tween 2010 and 2017 were evaluated for possible inclu-
sion. The search combined the following terms: “virtual
reality” AND/OR “cognitive rehabilitation”; “virtual
reality” AND/OR neurological patients”; “virtual reality”
AND/OR “dementia”; “virtual reality” AND/OR “brain
injuries, traumatic” AND/OR “stroke”; “virtual reality”
AND/OR “multiple sclerosis™; “virtual reality” AND/OR
“Parkinson”. We have only selected texts in English and
removed duplicates. All articles have been evaluated ac-
cording to title, abstracts and text. We included studies that
examined VR in several neurological patients, excluding
studies with patients who had a psychiatric history.

DEMENTIA AND VR

Dementia consists of cognitive impairment causing a
deterioration in social functioning and/or work ability,
besides normal activities of daily living. Alzheimer’s dis-
ease is diagnosed when the impairment affects at least two
cognitive domains, one of which must be memory. On the
contrary, to diagnose Mild Cognitive Impairment (MCI), a
modest damage must be present in at least one cognitive
domain, including memory, without abnormal functioning.
Worldwide, it is estimated that 35.6 million people live
with dementia, a number that should reach 115.4 million
people by 2050.'” Cognitive decline presents itself insid-
iously and with a gradual and constant progression. In
general, executive and memory processes are among the
first to be compromised, while the visuo-constructive/
perceptive-motor, linguistic and social cognition func-
tions are subsequently altered.'”'" The application of VR
in different stages of cognitive impairment, including
subjective cognitive decline,'”> MCL'* and Alzheimer
Disease,'”'" turns up as a promising method of rehabili-
tation. In fact, VR has been demonstrated to be effective to
promote the reactivation of some cortex areas by boosting
the neuroplasticity processes.” '""'> Growing evidence is
demonstrating that VR may be useful in different cognitive
domains,'” including spatial memory, episodic memory,
everyday autonomies, language, executive function, short-
term and working memory, attention, movement and
equilibrium.'’~"® In patients with dementia, it was shown
that the application of VR was more effective than con-
ventional approaches, achieving efficacy in patient recov-
ery in a shorter time than conventional treatments, as
conﬁrlngled by neuropsychological and neuroimaging
tools."”

STROKE AND VR

Stroke is the third cause of death and the main cause of
adults’ disability.”” The clinical examination presents a
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sudden onset of signs and symptoms indicative of a focal
damage resulting from an alteration of the cerebral circu-
lation (either “ischemic”, 80%, or “haemorrhagic”, 20%).
Based on the specific area involved, stroke can cause
sensory, motor and cognitive deficits as well as a further
dependence on the activities of daily living and a
decreased interaction in social and community events. The
post-stroke cognitive impairment can appear in 23—55%
within three months of the injury onset, and can decreases
between 11 and 31% after one year”” > The major
cognitive deficits observed in stroke patients can concern
several functions, such as spatial awareness, praxis,
perception, attention and concentration, memory, and ex-
ecutive functions. As demonstrated by some research,
thanks to the use of goal-oriented tasks and repetitions, VR
in stroke patients can be a promising and effective tool in
the recovery of neurological symptoms, including cogni-
tive ones.”’ > VR can provide a motivating and stimu-
lating environment that allows patients with stroke to
reduce their deficits and learn new skills.”' The functional
improvements of post-stroke patients achieved thanks to
the use of VR, have been confirmed by instrumental ex-
aminations that show the change in sensorimotor activa-
tion of the neural representation from contralesional to
ipsilesional site.”” > Tunik and colleagues have shown
that in post-stroke patients the activation of a primary
motor region (M1) is recorded only in situations where
discordant feedback was presented.”” Specifically, the
controlateral M1 region was activated when the discordant
feedback corresponded to the moving of the affected
hand.”' Quite the opposite, there was an activation of the
ipsilateral M1 region affected by the ischemic event only
in case the patients moved the unaffected hand through the
virtual mirror feedback (even if the affected hand did not
move).”* Therefore, we can understand how visual feed-
back provided by VR can be used as a rehabilitative tool.
For this reason, various programs have been created to
customize the exercises on patients’ difficulties and
needs.”” Although Laver et al. have observed that there
isn’t high-quality evidence that guarantees the effective-
ness of VR training without the simultaneous recourse to
other therapeutic interventions, it emerged that VR could
allow the improvement of arm function and activities of
daily life (ADL) becoming one of the most specified
rehabilitation methods for stroke patients.>

TRAUMATIC BRAIN INJURY AND VR

Traumatic brain injury (TBI) is any damage to the skull
and/or the brain and its frameworks due to an external
force, i.e. when an object strikes the head or the brain
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undergoes an acceleration/deceleration movement without
direct external trauma to the head.

Recent studies suggest that, in the general population, the
prevalence of TBI of 12—16.7% in males and 8.5% in
females.”®?” Focal syndromes (such as aphasia observed in
7—10% of cases, and unilateral spatial neglect in 0.5—1% of
cases) are rare following TBI, whereas diffuse syndromes
are more common as multiple brain areas are usually
involved. Thus, specific clinical and neuropsychological
assessments are needed. Epidemiologically, severe brain
injury (serious global dysfunctioning) occurs in 8—10%
with GCS score of 8 to 3.7’ Following TBI, patients may
report cognitive, physiological and psycho-social changes
with a devastating impact on important aspects of the
patient’s life. A recent systematic review has demonstrated
that new cognitive interventions, including computer-based
cognitive retraining and VR training may be useful in
patients with TBL>® VR has been shown to enhance TBI
patients’ motivation and enjoyment,”” which are important
factors in successful rehabilitation training. Virtual envi-
ronments represent many real-life situations and are pro-
grammed either to record accurate measurement of the
individual’s performance or to train memory functions and
other cognitive abilities.””" French et al. has found that in
TBI patients, during rehabilitation in a virtual environment,
the central nervous system receives increased feedback
signals (augmented feedback), inducing profound changes
in neural plasticity that are responsible for the reinstatement
of motor activity and/or cognitive function.’' In fact, Imam
et al. has shown that the repetitive virtual task was effective
in different aspects of rehabilitation, such as improving
walking distance and speed, gait and balance, and upper
limb function as well as cognition, perception and func-
tional tasks (i.e. crossing a street, driving, preparing food
and shopping).”’ The evidence that the use of VR in reha-
bilitation of TBI improves motor and cognitive functionality
is currently very limited. However, this approach (by means
of telerehabilitation) has the potential to provide alternative
and more available rehabilitation, where access to therapy is
limited by geographical or financial constraints.”” None-
theless, Kim, et al. have suggested that VR combined with
CR may be of additional benefit for treating cognitive
impairment (with regard to visual attention and short-term
visuospatial memory) in TBI patients.’”

MULTIPLE SCLEROSIS AND VR

Multiple sclerosis (MS) is a neurodegenerative demyelin-
ating disease, implicating injuries to the central nervous
system, and can evolve from a beginning inflammatory
stage to a chronic phase. MS can begin at any age of life,
causing deficits to various cognitive domain, besides motor
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and sensory abnormalities. Cognitive deficits carry weight
on the 70% of the patients with MS, and 10% of them shows
serious symptoms, while 50—60% of the patients have mild
or moderate symptoms.”* The most affected areas concern
attention, short and long-term memory, information pro-
cessing speed and planning, reasoning and abstraction
processes, concurrently with language difficulties. If
cognitive deficits are not properly identified, these one can
become stressful for both patients and healthcare pro-
fessionals, and, when combined to anxiety and depression,
may compromise considerably the quality of life of the
patients and their families.”” Indeed, the therapy provides a
strengthening of residual abilities and learning of new
strategies in a multidisciplinary viewpoint. Recently, in the
field of MS rehabilitation, a promising instrument that has
been employed is VR, considering also that the studies
concerning the use of serious videogaming is a growing
field of rehabilitation.”®*' However, the application of VR
in MS has mainly focused on motor outcomes. Leocani et al.
have carried out a rehabilitation training of the short-term
motor learning on twelve patients by using VR, with
promising results.”” Other studies have confirmed the
important role of VR in both motor and cognitive rehabili-
tation in patients affected by MS.*****! Indeed, it has been
shown that VR is feasible and safe in patients with moderate
disabilities, and can influence positively their walk in
complex conditions (as the double tasking and the negoti-
ation of obstacles), beyond the cognitive skills. Conse-
quently, VR turns out to be a useful instrument for the
assessment and rehabilitation in patients affected by MS.
These promising results should be confirmed in larger
sample studies and carrying out longer-lasting follow-up.

PARKINSON DISEASE AND VR

Parkinson’s disease (PD) is a progressive neurodegenera-
tive condition, caused by the depletion of the neurons that
contain dopamine in specific brain areas and involving
different motor (motion control and balance), vegetative,
behavioural and cognitive functions, with consequences on
quality of life. The prevalence of PD in Western countries
is 0.3% in the general population (1—3% in people aged
over 65) with incidence rates of 8—18 per 100,000 person-
years.”” The main motor symptoms of PD are shaking,
rigidity, bradykinesia and loss of balance, which occur
asymmetrically. Among the non-motor symptoms, vege-
tative disorders, smell, sleep, mood, cognitive, behavioural
and social disabilities can be found.”” The cognitive
functions most involved in the neurodegenerative process
are executive functions, working memory, visual-spatial
abilities and verbal fluency, often in co-morbidity with
depression and anxiety, which have a negative impact on
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the quality of life of patients and their caregivers.” It
seems that PD is best management with the combination of
dopaminergic drugs, physiotherapy and CR.* Many
studies show that CR is important to improve cognitive
skills, both by using traditional and/or innovative tools
with advanced techniques. In fact, there is growing evi-
dence that the use of pc-based and VR tools can be useful
to improve the performance of PD patients and therefore
their quality of life.”**® In fact, it has been demonstrated
that both commercial (Nintendo Wii or Xbox Kinect) and
customized VR tools (designed specifically to face PD’s
symptoms) have been used with positive results especially
on balance and gait. In PD, cognitive symptoms mainly
involve the frontal lobe, and therefore cause impairment of
executive and visuo-spatial abilities (planning skills,
spatial management, organization, problem solving, eval-
uation and abstract thinking) that are important to manage
everyday life and take care of ourselves (i.e. shopping,
cooking, taking drugs ...). In this regard, the existing
research considers VR as a promising rehabilitation tool
for impaired functions and suggests that the cognitive and
behavioural characteristics of this disease may be better
managed by using innovative tools than with traditional
therapy.”” *° Unfortunately, although previous research
has shown how important it is to implement CR in in-
dividuals with PD, only a few surveys compared VR with
traditional CR, showing that VR has a better effect on
patients’ quality of life."” The benefit of VR on cognitive
functions in PD’s patients is due to the fact that the
cognitive training in a virtual environment may activate
specific neurological mechanisms, including the strength-
ening of cholinergic and dopaminergic pathways.”® Thus,
the use of VR influences the processes of brain reorgani-
zation and encourages neuroplasticity processes.

DISCUSSION

This review highlighted that VR represents a promising
methodological approach to neurorehabilitation, with regard
to CR. In fact, the multisensory stimulation of augmented
reality training promotes the recovery of mnestic-attentive
functions, visuo-spatial cognition, executive processes and
behavioural abilities in patients with neurological disorders.
VR can be used to enhance the effects of conventional ther-
apies, promoting longer training sessions and a reduction in
overall hospitalization time.” * The advantage of using VR in
the rehabilitation program is to create a positive, funny and
motivating learning experience for the patients,” * allowing a
better compliance.’®"” This review demonstrations that VR
training can facilitate the rehabilitation of attention processes
in neurological patients, enhancing other cognitive domains
with a significant improvement in global cognitive
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functioning, promoting brain plasticity processes through
complex mechanisms.”** These effects may be related to the
reactivation of brain neurotransmitter capacities, such as
cholinergic and dopamine systems, through the cognitive
treatment performed by VR, which is maximized compared to
the results obtained by conventional treatment.”® Although a
relationship between motor and cognitive outcomes has been
postulated, the effects of VR training in same neurological
diseases are still poorly studied.*® "

AUTHORS’ PROSPECTIVE AND
CONCLUSIONS

In recent decades, innovation in the health service has
contributed to substantial improvements in the treatment of
diseases with positive repercussions in terms of quality of
life. However, the spread of new technologies, such as VR,
has caused worriers about the cost and convenience of these
tools in health care, especially in terms of equity and
accessibility of care, as well as in terms of health care
costs.”'”” Decisions on the allocation and use of resources
for the population should aim at maximizing health and
well-being through the provision of what is needed, desired,
clinically effective, addressable, equitable and responsible
in the use of resources.” ~° However, the literature shows
that for low and middle income countries, there are large
inequalities in health service access and poorest resources,
which should be mitigated by the Health System.’® There-
fore, every Health System should implement actions that
might guarantee the correct and equitable use of medical
devices, including new technologies, such as VR, which
appear to be effective and efficient tools, as by literature and
clinical data.”” This aspect is central to social and political
decisions, especially to ensure adequate access to the best
care for all the people, including those living in poor
countries. In conclusion, this review supports the idea that
VR can be a feasible and effective tool to improve cognitive
function in patients with neurological disorders. However,
additional randomized clinical trials are needed to confirm
these promising results. In particular, it is necessary to
evaluate the effectiveness of these tools both in terms of
cognitive and motor recovery compared to conventional
rehabilitation, also evaluating healthcare costs/benefits and
accessibility to resources and services.
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