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Abstract

Introduction. Currently, stroke is considered to be one of the main causes of death and disability, highly contributing to
mortality in the world. The critical issue is the rehabilitation process and the subsequent return of the patient to his daily life.
Therefore, finding new approaches to recovery of lost functions is a pressing issue. Thanks to three key elements necessary
for motor functions training (stimulation repetition, sensory feedback, patient motivation) VR provides an opportunity to train
motor skills more effectively and in the same particular context in which they will be executed in real life. Another aspect of
VR training sessions is the recovery of cognitive functions such as perception, memory, attention, speech and thinking.

Aim. To review publications devoted to virtual reality technology and evaluation of the effectiveness of its application
using neuroimaging methods in stroke rehabilitation.

Search strategy. The search was performed in the following scientific databases: Scopus, Web of Science, PubMed,
Cochrane Library, Google Scholar. The search depth was 20 years. Three sources of literature, dated by 1979, 1981 and
1992 year, were used, because they contain important conceptual information.

Criteria for considerations were: reviews, original papers, meta-analyses; full-text open-access publications both in
Russian and English languages. Exclusion criteria included low methodological quality and conference proceedings. 56
papers were included in the present review.

Results. The use of modern methods of neuroimaging and EEG to assess the effectiveness of classes in virtual reality
systems may allow us to build rehabilitation programs to recover the motor and cognitive spheres of patients after a cerebral
stroke.

Conclusions. A combination of technologies with addition of VR-based intervention may affect results of motor-cognitive
recovery and emotional sphere correction at all stages of rehabilitation process and influence further life of patient.

Keywords: virtual reality, rehabilitation, stroke, EEG, MR, cognitive functions, motor functions.
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L orey «®epepanbHbIf LEHTP Mo3ra U HerpoTexHonorun» ®MBA Poccum, r. MockBa, Poccus;

2 ®reY BO «MocKoBcKui FocypapcTBeHHbIW YHMBepcuteT umenun M. B. llomoHocoBay, r. MockBa,
Poccus;

3 INeyeGHO-peabuNUTaLMOHHbIN Hay4YHbIN LeHTPp «Pycckoe Mone» ®rbY «HMUL ArOU um. OmuTtpua
PoraueBa» MuHaagpaBa Poccuu, MockoBckas obnacTtb, YexoBCckum panoH, a. MpuweHkun, Poccus;

* ®rAOY BO «Poccuiickuit HaLMOHaNLHBbIA NCCREeA0BaTENLCKMIA MEANLIMHCKMIA yHuBepcuteT um. H.N.
Muporosa» MunsapaBsa Poccuu, r. MockBa, Poccus.

BBepeHue. B HacTosiee Bpemsl MHCYNbT SBASETCS OOHOW M3 OCHOBHBIX MPUYMH CMEPTW WM MHBANMOHOCTM W Bbin
ONMCaH KaKk ofHa 13 BEAYLLMX NMPWUYUH CMEPTHOCTM BO BCeM Mupe. OCTPbIM BOMPOCOM SBASIETCS NpoLecc peabunurauum u
nocneayloliee BO3BpaALLEHWEe NaUMeHTa K MpEexXHeh xu3Hu. B cBA3M ¢ 3TWM, akTyaned nouck HOBbIX MOAXOAOB K
BOCCTAHOBIEHWMIO YTPAYEHHbIX [ABMraTeNbHbIX W KOTHUTUBHBLIX (DyHKUWA. Brnarogaps Tpem KroYeBbIM 3neMeHTam,
HeoOXO4MMbIM O71S1 TPEHUPOBKWA MOTOPHBIX (PYHKLMA (MOBTOPEHWE CTUMYMALMM, CeHCOopHas obpaTHast CBsi3b, MOTMBALMS
naumeHToB) BP co3naet Bo3MOXHOCTb bonee athheKTUBHO OTTa4MBaTH ABUraTENbHbIE HABbIKM MMEHHO B TOM KOHTEKCTE, B
KOTOPOM OHM [JOMKHbI MPUMEHSTbC B KW3HM. Elle OgHMM acnekToM TpeHMpOBOYHbIX ceccut B BP  ABnsetcs
BOCCTaHOBIIEHWE TaKWUX KOTHUTUBHBIX (PYHKLWIA, Kak BOCPUSTIE, NaMsATb, BHUIMAHUE, PeUb U MbILUTEHNE.

Llenb uccnepoBaHua: aHanua nybnukauui, MOCBALIEHHbIX TEXHOMOMMW BUPTYaNbHOW PEearnbHOCTU U OLIEHKH
3(pPEKTUBHOCTN €€ NPUMEHEHNS C NMOMOLLbI0 METO0B HENPOBM3yanu3aummn B peabunutaumm nHeynbTa.

Crparerusi noncka. ouck MCTOYHWKOB ObiN NPOBEAEH B Takux 6as3ax AaHHbIX, kak PubMed, Cochrane Library. Inybuna
noucka coctasuna 20 net. bbinn 1MCMonb30BaHbl TPU UCTOYHKKA NTepaTypbl, AaTupoBaHHble 1979, 1981 u 1992 rogom,
MOCKONMbKY OHW COMEpXaT BaXHYl0 KOHLenTyarnbHyl WHgopmaumio. Kpumepuu ekmoyeHus: 0B3opbl nuTepatypsl,
OpWrHanbHbIe CTaTbi, MeTa-aHanu3bl; NybnvkaLmm B OTKPLITOM AOCTYME W C NOMHBIM TEKCTOM Ha aHIMUACKOM W PYCCKOM
A3blkax. Kpumepuu uckmoyerus; nybnukaLmm HU3koro MeTOLOMNOrMYECKOro KauecTBa, Matepuansl KoHepeHUin. B aaHHbIi
0030p ObInu BKMKOYEHBI 56 Nybnmkauuil.

PesynbTtatbl. Vcnonb3oBaHue COBPEMEHHbIX METOAOB HenpoBuayammsaum m 33T Ans oueHku 3dheKTUBHOCTM
3aHATMIA B CUCTEMAX BUPTYanbHOM PeanbHOCTM MOXET MO3BOMNTb BLICTPOUTL peabunuTauuoHHble nporpamMmbl Ans
BOCCTaHOBIEHWS ABUraTENbHOM M KOTHUTUBHOM Cdhep 60mbHbIX nocne LepebpansHoro MHeynbTa.

BbiBoabl. CouetaHne TeXHOMOrui, ONOCPEAOBaHHbLIX BMELLATENLCTBAMM HA OCHOBE BUPTYarbHOWM pearnbHOCTH, MOXET
BMUSATb Ha pesynbTaTbl MOTOPHO-KOTHUTUBHOA peabunutauun M KOPpEeKLUMM SMOLMOHArbHOWM Cepbl Ha BCeX aTanax
BOCCTaHOBEHWS M UMETH MOCHEAYIOLLEe OTpaXeHUe B 0ObIYHON XN3HM NaLMeHTa.

Knroyeebie cnosa: supmyanbHas peanbHOCmb, peabunumauyusi, uHcynbm, 33, MPT, kozHumuseHbie yHKyUU,
dsuzameribHbie HYHKUUU.

TyniHpeme
LIEPEBPANbAblI MHCYNbTTAH KEMIHI HAYKACTAPAObIH

MOTOPIJIbI - KOFHUTUBTI OHANTYbIHAOAFbI BUPTYANAODI
WbIHAbLIKTbIH TUIMAINIK KOPCETKIWTEPIHE Wony
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! oMBM «®PepepanabIk MU XXoHe HEMpPOTeXHoNorua optanbifbi» Pecen ®MBA, Mackey k., Pecen;

2 «M. B. llomoHocoB aTbliHAarbl Mackey memMmnekeTTik yHuBepcuteTti» PMBY, Mackey K., Pecen;

8 «Pycckoe lNone» emaey-oHanTy fbinbiMu optanbifbl ®MBM «AMutpuin PorayeB atbiHAarbl ¥NTTbIK
MeAuUMHanbIK 3epTTey opTanbifbi» Pecen [leHcaynblK caktay MUMHUCTpIIri, Mackey ob6nbickl, YexoB
aypaHbl, [1. FpuweHkn, Pecen;

4 BB ®MBM «H.WN. MuporoB atbiHaafFbl Pecen yNTTbiK MeauUMHanbIK 3epTrey YyHUBepcuteTi» Pecen
DeHcaynbik Cakray MuHucTpniri, Mackey K., Pecen.

Kipicne. Kasipri yakbiTTa WHCynbT ©niM MeH MyrefekTikTiH, Heriari cebenTepiHiH, 6ipi Oonbin Tabbinagbl xaHe Bykin
anemae eniM-XiTiMHiH, xeTekLwi cebenTepiHin, Gipi peTinge cunattanFad. OHanTy NpoLeci XaHe NaUMeHTTiH, kediHri eMipiHe
opanybl xegfen macene 6onbin Tabbinagbl. OcbiFaH GainaHbICTbl XKoFamnFaH MOTOPIbIK XOHe KOrHUTUBTI (hyHKLmMsnapabl
KannbiHa KenTipyA4iH kaHa TacingepiH iagey e3ekTi macene 6onbin Tabbinagbl. MoTop yHKUMANAPbLIH KaTTbIKTbIPYFa
KaKeTTi YL Heri3ri aMeMeHTTiH apkacbiHa (bIHTanaHabIpyObl KalTanay, CEHCOprblK Kepi GainaHbiC, nauueHTTepaiH
moTueauumscsl) BLU moTopukaHbl emipge KongaHyra GonaTblH KOHTEKCTTE TUIMAIPEK WhiHgayFa MyMKiHAik 6epeai. BLU-gafb!
KaTTbIFy CeaHCTapblHbIH, TaFbl Bip acnekTici - Kabbingay, ecte cakray, 3eiiH, COnney XoHe Ooinay CUSKTbl KOTHUTMBTI
(YHKUMANApAb! KanmbiHa KenTipy.

3epTTeyaiH MakcaTbl. BUpTYangbl WbIHAbIK TEXHOMOTMSACbIHA apHanFaH GacbinbiMaapabl Tangay XeHe WHCYMbTTI
OHanTyada HeipobeltHeney aicTepiH KonaaHy apKbinbl OHbl KornaaHy TWiMainiriH 6aranay.
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Isgey crparterusicbl. [lepekkesaepai ianey PubMed, Cochrane Library cusktel manimettep BasacbiHpa Xyprisingi.
[3ney TepeHairi 20 xbigel Kypagbl. 1979, 1981 xoHe 1992 xbingapaarbl Yl 94ebueT kesi natganaHbingbl, cebebi byn
apebuettep MaHbI3abl TYXbIpbIMAAMAnbIK aknapaTTel KamTbiabl. Kocy kputepuiinepi: eaebueTtepre wonynap, TynHycka
Makananap, MeTa-Tangaynap; awblK KON XeTIMAI XOHe afFbiflbiH X8He Opbic TinaepiHeri TonblK MaTiHI 6ap
BacbinbimMaap. WeiFapy kputepuiinepi: TOMeH agicTeMenik canafarbl xapusnaHbiMaap, KOHPepeHUns MaTepuanaapsl. byn
wonyra 54 6ackInbIM eHrisingi.

Hatnxenep. Buptyangbl WhiHAbIK Xylienepinaeri cabakrapaplH, TviMainiriH 6aFanay yLliH 3amaHayu HeipobenHeney
xoHe I3l apicTepiH KongaHy Lepebpanbabl MHCYNbTTaH KeiiH HayKacTapablH, MOTOPIbIK X8He KOrHUTUBTI cananapbiH
KannblHa KenTipy YLUiH oHanTy GaFgapnamanapblH Kypyra MyMKiHaik 6epepi.

KopbITbIHAbINAP.BupTyanab! WhiHAbIKKA HEri3nenreH apanacynap apKbinbl Xy3ere acblpbinaTblH TEXHOMOTMANapabIH
yineciMi KannblHa KenTipydiH, 0apnblK ke3eHAepiHAe MOTOPSbI-KOrHUTMBTI OHaNTy MeH 3MOLMOHanabl cdepaHbl Ty3eTy
HOTWXENEPIHe BCcep ETYi MyMKIH XoHe NaLWeHTTiH KanbinTbl ©MipiHaAe KediHri kepiHicke ne 6onybl MyMKiH.

TyliH ce3dep: BUPTYanAbl WhIHABIK, OHANTY, HCYNbT, 33T, MPT, KOrHUTUBTI (hyHKUMSINap, MOTOp YHKUMANAPLI.
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Introduction

Currently, stroke is considered to be one of the main
causes of death and disability, highly contributing to
mortality in the world [12]. Clinical outcomes of stroke
consist in development of persistent motor impairments,
incoordination, and decrease in motor execution speed [27]
as well as in development of sensory systems functioning,
impairments in perception, analysis and programming of
activity - restriction visual fields, ignoring part of the space,
reduced visual acuity, cognitive function deficits, especially
in information processing and executive function [19].

Analysis of the literature data shows that the use of
virtual environments solves not only the problems of
correcting motor disorders, but also modifies cognitive,
motivational and social deficits [29, 52, 14].

Rehabilitation ~ activities carried out in virtual
environments, unlike classical methods of cognitive
rehabilitation, can create complex conditions of varying
degrees of complexity, linking together such diverse
processes as motivation, motor control, cognitive processes
and learning mechanisms, anxiety and depression based
on sensory feedback. In recent years, high-tech methods
have been increasingly used in neurorehabilitation to
restore the motor functions of paretic limbs. Training using
the brain-computer interface (BCI) is often combined with
the use of virtual reality (VR) technology, which provides
visual biofeedback, which contributes to better assimilation
of instructions and more efficient performance of motor
imagination tasks [7].

The combination of VR and BCI can arouse interest in
patients and increase their motivation, which contributes to
improved patient compliance [8, 28].

Active rehabilitation phase is known to take several
weeks though patients were shown to be able to improve
their functioning month after the onset of the disease as
well [51]. At the same time, many stroke patients report
persistent disablement and quality of life decrease due to
motor and cognitive impairments [35]. Therefore, finding
new approaches to recovery of lost functions is a pressing
issue.

The aim of the study: to analyze published data on the
virtual reality technologies and assessment of its efficiency
using neuroimaging methods in stroke rehabilitation.

Search strategy

The search was performed in the following scientific
databases: PubMed, Cochrane Library (Fig. 1). A search
was made in English keywords: "virtual reality", "motor
rehabilitation”, "cognitive rehabilitation”, "cerebral stroke",
"MRI", "EEG". The search depth was 20 years. Three
sources of literature, dated by 1979, 1981 and 1992 year,
were used, because they contain important conceptual
information. 1115 records were found. Articles were not
limited by publication date. The inclusion criteria were as
following: literature reviews, original articles, meta-analyses,
full-text open-access publications; various causes of
cerebral stroke, absence of psychotropic pharmacology,
presence of visual-spatial societies (neglect syndrome and
hemianopia), diagnostic methods of neurcimaging MRI and
EEG. The exclusion criteria were as following: case reports;
conference proceedings; small sample sizes of patients;
availability of a complete description of the intervention
protocol. In accordance with the recommendations above
criteria, 1059 records were excluded and 56 full-text articles
were searched.
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Records identified through
database searching (N=1112)
PubMed (n=628)
Cochrane (n=484)

Records after duplicates
removed
(n=472)

Records screened based
on title and abstract

Sources of literature
contained important
conceptual information
(n=3)

Records excluded
(n=575)

e.g. psychotropic
pharmacology, presence
of visual-spatial societies

(neglect syndrome and

(n=643)

l

Full-text articles assessed
for eligibility

hemianopia), diagnostic
methods of neuroimaging
except MRI and EEG.

Full-text articles excluded,

(n=68)

Studies included in review
(n=56)

with reasons
(n=12)

Fig. 1. Algorithm of the study selection.

Search results and discussion

Virtual reality (VR) is a computer simulation of real
environment reproducing certain situation through sensory
output (visual, auditory, olfactory, tactile etc.) in order to
generate response [39].

Currently, the following technical variants of virtual
reality are most often used:

1. Computer monitor, plasma panel or 3D playback
panel.

2. A virtual reality room where the image is projected
onto several screens that are placed around the user, a
sound system and polarizing glasses that provide
stereoscopic perception can be used.

3. Virtual Reality helmet (HMD - head mounted
display), connected to a computer and a device that tracks
the position of the head. In this option, the user is
completely immersed in the virtual environment.

All three variants in foreign literature are considered,
namely, as variants of VR. For the patient's perception, all
three options have different values and the result of
perception. A computer monitor with its two-dimensional
or pseudo-three-dimensional image is the most familiar
and simple tool of reproducing VR. Moreover, modern
monitors always contain the appropriate sound-
reproducing equipment, and the realism of the image is
close to natural.

The virtual reality room is a composite complex that
affects several modalities at once. The patient is located in
the center of the room on the treadmill, projection screens

are located around him, covering about 270 degrees of the
field of view. It can be three or more plane screens
connected

in one system or one representing a semi-cylindrical
screen. A synchronized image of a task or a game is
presented on the screens by several projectors.

The patient controls the system using the movements of
his body or external devices. The latter can be dynamic
platforms, treadmills or motion capture system sensors.
However, systems of this type are not yet massive due to
their high cost and the need to allocate a large area of
space. There are also more compact devices for
specialized tasks that can be installed in a room of the
usual size for a hospital. The advantages of such devices
are that contraindications for central nervous system and
vision, in this case, is minimal. After a short time of training,
what is happening on the screen begins to be perceived as
real. Motion-recording video cameras and the
corresponding software allow for a detailed analysis of the
patient's movement features.

A head-mounted display (HMD) is a display device worn
on the head or as part of a helmet that has a small optical
display in front of one (monocular HMD) or each eye
(binocular HMD). The HMD creates a three—dimensional
image, showing two images - one for each eye. The
speaker system adds the effect of full presence. HMD are
often divided into two classes according to the ability to
combine an artificial image with a real one. Most HMD can
only display an artificial (virtual) image. Some HMD allow
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user to combine real and virtual images, realizing
augmented reality or mixed reality. The combination can
occur due to translucent mirrors (Optical See-Through) or
with the help of video cameras that capture reality, and the
use of this video stream when generating an image (Video
See-Through).

The most contemporary models use eye tracking
technology, which allows user to register the orientation and
fixation of the user's gaze. Applications for virtual
environments can be simple linear games, as well as
complex story versions with several levels of complexity.

It is difficult to reveal the most effective option for VR
reproduction, since they differ in cost, complexity and
duration of implementation, training of patients and staff
education.

VR and interactive games are used as therapeutic
methods for rehabilitation. This use consists in
implementing computer programs for modeling real-life
objects and situations. VR and interactive games may have
certain advantages in comparison to tradition rehabilitation
approaches as they can provide patients with greater sense
of involvement in the imitation of functional task execution
as opposite to usual hospital practices [23]. VR therapy is
used mainly on the later stages of rehabilitation after stroke
[5,40]. Simple VR systems can be used at home at the
post-rehabilitation stage [47].

Videogames, in particular, exergames, namely, games
concentrated on correction of physical impairments such as
visuomotor coordination and response latency, improve
attention and spatial cognition [4]. Exergames were shown
to affect positively cognitive abilities, namely, executive
functions, attention and visuospatial skills in clinical as well
as non-clinical groups [48].

VR technologies allow training to be conducted in the
environment perceived as closely resembling real life which
results in improved movement restoration and increased
physical activity as well as higher motivation and active
involvement of patients in rehabilitation process [2]. Thanks
to three key elements necessary for motor functions training
(stimulation  repetition, sensory  feedback, patient
motivation) VR provides an opportunity to train motor skills
more effectively and in the same particular context in which
they will be executed in real life [24]. From the
neurobiological point of view VR provides multisensory
stimulation capable of causing mirror neurons system
activation and may involve movement observation thus
complementing other therapeutic methods considered
effective for motor skills recovery [49].

Virtual reality in motor and cognitive function
recovery

In Russia VR therapy rehabilitation of patients with
motor impairments develops along with robotized and
mechano-therapies [7]. VR approach is based on the
fundamental mechanisms of movement physiology
established by the classics of Russian physiology — N. A.
Bernstein and P. K. Anokhin. Evidence-based approach to
study of the VR technologies allowed to determine that it
demonstrated the greatest efficiency in recovery of walking
[44]. Generalized data showing relatively high efficiency of
VR technologies implementation in motor function

rehabilitation after cerebral stroke is provided in a series of
Russian papers [7, 45].

VR influence on cognitive abilities was not considered in
the previous studies [29] although a demand for VR
approaches to non-motor deficits correction is reflected in a
series of studies analyzing memory and attention function in
relation to VR use [15]. Despite evidence for strong
interconnection between cognitive and motor functions [17],
neurological rehabilitation traditionally focuses on the motor
system, ignoring perceptive-cognitive aspects [33].

Activities of daily living (ADLs) are known to require
simultaneity of several cognitive and physical processes.
Execution of so-called dual-task (dual-tasking) was found to
disturb walking causing falling especially in patients with
cognitive function deficits [46].

One of the first attempts to combine physical and
cognitive training was made by Carlo Perfetti from Italy [37]
who proposed a theory of learning based on the theory of
self-regulation of conditioned reflex of P. K. Anokhin. Motor
function regulation is seen as cognitive training as it
involves perception-cognition-activity integration [33]. The
main training process engages such cognitive functions as
perception, memory, attention, speech and thinking [37].

In comparison with traditional therapies, training using
cognitive strategies showed a relatively high efficiency in
upper limb movement rehabilitation [20]. A series of
investigations demonstrated cognitive rehabilitation, dual
tasking, computer games and cognitive and motor-cognitive
interventions such as VR to improve physical activity [30,
16, 38, 45]. To name one, Liao et al. showed a program of
physical and cognitive training using VR to result in a
substantial improvement in dual-tasking in senior citizens
with moderate cognitive deficits, probably due to increased
demand for executive function activation [25].

In a study of an ability to move one’s limb while
performing a cognitive task it was found that activity
increased in premotor cortex as well as in dorsolateral
prefrontal cortex involved in memory function. This result
contributes to our understanding of motor activity and
movement correction as well as in learning and task
technique memorization [41]. Therefore, cognitive training in
spatial task may be more effective for impaired motor
function recovery.

Bang et al. found that learning elements in upper limb
motor function rehabilitation improved everyday activity in
stroke patients [3].

VR efficiency evaluation using MRI

Currently functional MRI and electroencephalography
(EEG) are employed for VR capabilities assessment.

In a series of studies using fMRI BOLD signals
dependent on oxygen level in blood were analyzed as an
indicator of functional connectivity between different areas
of the brain in the resting state (rsFC) [6, 55]. During the
acute phase after stroke functional connectivity within
hemispheres and between them differ depending on the
severity of injury, weakening in patients in a serious
condition [9, 55]. Clinically, these results support use of
functional connectivity to assess brain networks as a
prognostic factor for after-stroke rehabilitation, and also can
be viewed as an ‘entry point’ for VR [6].

153



Reviews

Science & Healthcare, 2022 (Vol. 24) 5

A study by Chinese scientists focused on the effects of
cognitive computerized training in stroke patients using
resting state fMRI [26]. They found the patients from
therapy group (n=16) to have greater connectivity between
hippocampus and frontal lobe (right lower, middle, left
lower, middle and higher frontal gyri) and left parietal lobe
after 10 weeks of training in comparison to the control
group. Improved neuropsychological scores were shown to
correlate  with increased functional activity of the
hippocampus in connection with frontal and parietal lobes
only in the therapy group.

Adamovich et al. evaluated VR training efficiency [1],
demonstrating that:

1. Virtual avatar imitation with real-time feedback
correlated with activation in fronto-parietal areas;

2. Transient increase of activation in left insula
occurred during observation with purpose of mimicking
movements executed by virtual avatar;

3. Virtual avatar imitation with feedback (in relation
to control conditions) was associated with localized
involvement of oblique gyrus, pre-cuneus and exstrastrial
area being the structures involved in ‘free will' execution.

In another study, efficiency of cognitive training in fully
immersive VR for pre-dementia patients was evaluated
using rs-fMRI [18]. After cognitive multidomain training
experimental group demonstrated an improvement of
visuospatial function and decrease of apathy in comparison
with control group. Also, improved performance in spatial
task was associated with increase in fronto-temporal FC in
the experimental group.

VR efficiency evaluation
electroencephalography (EEG)

Changes in cerebral blood flow after stroke can be
detected as they cause particular EEG patterns in the
ischemic area consisting in decrease in faster (alpha and
beta) and increase in slower (theta and delta) frequencies
power [21]. Apart from its role as highly sensitive method for
locating cerebral ischemia, EEG can be used as diagnostic
and prognostic tool for therapy efficiency assessment after
stroke [42].

Many studies showed certain cEEG indexes to be
characteristic of such changes in cognitive functions as
moderate cognitive impairments [21] and dementia [10]. In
accordance with generally accepted view on cognitive
functions and memory [22], in this studies alpha and theta
rhythms may be of interest for screening for cognitive
deficits after stroke. Unlike relative power of theta-rhythm or
calculated from three electrodes as in Schleiger et al., EEG
evaluation revealed global alpha-power [42], synchronous
EEG alpha-rhythm, and lower peak alpha-frequency [43] for
assessment of cognitive disturbances after stroke.

Current research of brain activity by means of EEG
allowed to associate cognitive, emotional and social
functions with influence of certain stimuli. While modern VR
devices are portative and mobile, traditional EEG requires
patient immobilization thus limiting their implications and
opportunities for researcher, which lead to development of
portative EEG devices which can be attached to VR glasses
[63]. A substantial number of researches on VR describe
changes in patient motor functions due to VR training.
Changes in VR parameters such as screen inclination

using

angle, exposure time, realism, and animated avatar use all
increase presence effect. Avatar use promotes neural
plasticity in sensomotoric areas associated with the mirror
neurons system (MNS) [11]. Observation of movement,
even modeled (on the screen, as is the case in VR), allows
to engage present motor programs which, in turn, will
contribute to the movement execution [36]. These
processes are reflected in changes of amplitude of alpha
and beta rhythms in EEG, in particular, decrease in alpha-
rhythm and increase in beta-rhythm in brain areas
associated with MNS, including lower frontal gyrus, lower
part of precentral gyrus, rostral part of lower parietal lobe
and temporal, occipital and parietal areas [28].

Suppression of y —rhythm is considered to be the main
indicator of MNS activity [34].

Combination of VR and movement rehabilitation
promote increase in neurophysiological processes intensity
due to a group of factors associated with motor control,
psychological aspects, including inner motivation, goal,
working memory, decision making and positive self-esteem.
These aspects influence brain EEG-rhythms, associated
with MNS activation, such as theta and gamma oscillations
[56]. In particular, theta-rhythm is believed to be involved in
extraction of motor memory traces while gamma-rhythm
reflects conscious access to visual representation of the
goal [8]. Such a broad frequency band is evident for
engagement of multiple neural pathways of cerebrum,
including both ascending (automatic selection of movement)
and descending (task management) neural processes in
MNS involved in movement decoding [31]. A recent work
has shown that images of observed, executed and
imagined movements can be decoded from suspected MNS
areas such as area of Broca and ventral premotor cortex
involved in complex interplay with traditional MNS areas
generating p-rhythm [13].

Apart from rehabilitation of motor functions, VR
technology is used in therapy of emotional disorders,
especially generalized anxiety disorder (GAD) [50]. GAD is
characterized by alternated response stress evaluated
quantitatively using various methods of physiological
parameters measurement, including muscle tension, skin
conductivity, nerve impulse conduction speed, heart activity
and levels of hormone concentrations. Changes in EEG
were studied in VR, demonstrating increase in alpha-rhythm
amplitude while watching natural in comparison with urban
landscapes [54], while watching plants with flowers in
comparison with pots without plants, and while watching
greenery in comparison with a wall made of concrete blocks
[32].

Conclusion

Thus, virtual reality is probably one of the most
perspective technologies for neurorehabilitation capable of
combining scientifically proven methods of rehabilitation
and principles of neurobiology into motivating approach to
therapy, allowing patients to control their rehabilitation. Use
of modern methods of neuroimaging and EEG may provide
an opportunity to evaluate the efficiency of influence, to
localize the necessary the area of interest and build a
rehabilitation program for motor and cognitive recovery in
patients after cerebral stroke.
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