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Abstract – In the article is represented an analysis of 

the different areas of using virtual reality technologies 
(VR) in medicine in the Russian Federation. Virtual 
reality gives a chance for creating multi-tiered systems 
such as VR-based operating rooms. VR allows 
organizing the medical operations with a high accuracy 
of steering. VR technology is also used in the education 
process of young doctors. Most often VR is known to 
be an auxiliary method in such areas as 
neurorehabilitation. More than that, VR can influence 
re-storing of body movements after lessons. In the 
conclusion it is stressed that VR technologies need to be 
studied and made a detailed description. 
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1. Introduction 
 

The development and search of the innovation 
technology in medicine led to implementation of 
different types of information technology in EU 
countries, in the United States of America, in the 
more developed countries of Asia (such as Japan). 
Various kinds of computer tomography, magnetic 
resonance imaging, use of systems of the robotic kits 
for neurosurgical interventions got the best 
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development. Except for the above mentioned 
systems, the active attention is paid to the systems of 
computer-generated environment in the system of 
new medical technologies [1],[3].  

The systems of virtual reality, which will be 
included into the clinical practice of the healthcare 
facilities, permit to scale up massively the 
possibilities of modern medicine. These systems 
increase both qualitative and quantitative indicators, 
leading to the responsibility of the operative 
treatment as well as they provide a basis for the 
automatization of different processes, such as 
diagnostic, planning and patient’s disease 
management [2]. 

 
      2. Virtual reality in surgery practice of 

neurosurgical profile 
 

The relevance of virtual reality introduction is 
apparent. As example could be the inventions related 
to the automatization of the assistive systems in the 
practice of the neurosurgical profile. The assistive 
systems of modern type are based on the correlation 
of the computer tomography, medical robots and 
modern means of virtual reality. It is capable to 
increase the accuracy of the stereotaxic guidance 
method and also to computerize a variety of doctor’s 
surgical duties. The most complete and successful 
exploring in the field of introduction of the alike 
complex systems in medicine were developed in the 
USA (John Hopkins University and Harvard Medical 
School), in some medicine centers in Germany and in 
some scientific-research institutions in Russia. The 
conducted research works afford an opportunity to 
determine the positive characteristics, being evident 
in the variety of characteristic values, of introduction 
of the virtual reality systems in neurological surgery. 
Firstly, the tremor arising in surgeons during the 
many-hours-long operations disappears completely 
thanks to the automated virtual reality systems. 
Besides, the navigation accuracy and control of the 
medical instruments increases.  

https://dx.doi.org/10.18421/TEM82-36
http://www.temjournal.com/
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The means of virtual reality permit to create the 
virtual organ phantoms, which will be subjected to 
the surgical manipulations. The work with such 
phantoms permits to automate the location of the aim 
points, including the patient’s intracerebral field, 
which is considered to be one of the most difficult 
objects, and to plan the safe trajectory of the medical 
instruments’ movements. The ergonomics of virtual 
reality tools afford the opportunity of the most 
optimal arranging of the automated surgeon’s 
workstation. The neurosurgery robots, which are 
based on the virtual reality method and their 
workstations and the complete positioning in the 
operative room according to the all-necessary 
regulations, allow to satisfy the requirements to the 
comfort and safety of cooperation between the 
medical staff and the operating doc-tor, between the 
patient and the applied means of automatization.  

The creation and introduction of the virtual 
reality methods into the clinical medicine practice 
allows developing different level models of virtual 
reality in medical robotics too, and realizing pre-
surgical phantom manipulations in the virtual neuro-
surgical operating room not only in static, but also in 
dynamic mode. This is possible thanks to the use of 
an intelligent man-machine interface, which is based 
on the computer tomography and force-torque 
sensing. 
 

3. Creation of virtual operating room 
 

 Nowadays, great attention is paid to the creation 
of the virtual models of medical robots, which permit 
to visualize the goal directed safe movements of the 
neurosurgical tools during the neurosurgical 
operation. This becomes possible thanks to the 
creation of different types of virtual operating room. 
There are specified requirements which are applied 
to the created virtual operating room. One of the 
most important requirements is the similarity of the 
virtual operating room and its realistic analogue, as it 
can contribute to the more effective and productive 
work of the doctor, because the circumstances will be 
visually familiar for him. The realization of this 
approach is based on the examination of the visual 
patterns for the doctors and medical staff with the 
help of the means of the surgical oculometry and 
their further digitalization with creation of the 
informative visual maps. Besides, the virtual 
operating rooms are provided with the instruments 
both known to the medical staff and supplementary 
new robotic tools, which have the additional dynamic 
properties in the computer type. The adherence to 
these requirements permits to work out to the last 
detail the range of the main algorithmic operations on 
the virtual phantom of the real patient, such as: the 
determination of the spatial localization of the 

necessary intracerebral aims (for instance, tumors or 
hematomas) on the basis of the virtual models of the 
computer tomography; the navigation of the 
neurosurgical tools, which includes the determination 
of the coordinate data, orientation and the necessary 
speed of the instrument movement; aiming and 
pointing of the virtual tools on the earlier determined 
intracerebral targets thanks to the dynamic control 
system and motion pattern of the virtual 
neurosurgical robots. 

The increase of the proportion of the 
neurosurgical operations in the gross of the 
performed surgical operations influenced upon the 
development of virtual models of the medical 
facilities which are the filling of the virtual operating 
room. The following can be attributed to such 
equipment: virtual models of computer and magnetic 
resonance tomographs, which allow performing the 
localization of the intracerebral targets; different 
methods of patient’s head fixation; virtual models of 
the neurosurgical robots and stereotaxic 
manipulators; software-hardware for navigation of 
the medical tools and also of the intracerebral targets; 
means of planning and as well as means of the 
adaptive correction of the safe and the least 
traumatizing ways of the targeting of the 
neurosurgical tools to the target-organs; different 
virtual neurosurgical manipulators and robots, based 
on the algorithms of the extra-fine  control of the 
program motion.  

The usage of the virtual operating rooms 
permits to the doctor to obtain the following results. 
First, as it was mentioned above, appears the 
possibility of organization of the test operating 
manipulations on the developed virtual models of the 
patient. It affords an opportunity to test the different 
trajectories of the future operating interference as a 
stage of the preoperative preparation. The 
information, obtained after executing an operation in 
the virtual operating room, is combined by the 
different automated systems of processing with the 
real data of the patient’s medical condition, and later 
with the data of the carried out real operation are 
combined into the united comprehensive picture of 
the disease. The obtained comprehensive picture is 
the peculiar new form of the medical support of 
patient care, combining the automated complexes 
and traditional algorithms. The carried out operations 
are saved as data bases of certain patient, which 
permits to develop the comparative study of different 
medical treatment both in one person and other men 
on the basis of the emphasized criteria. 

Besides, there is a possibility of combining the 
existing theoretical knowledge of the doctor and the 
medical staff and their practical skills in exercising of 
the algorithmic surgical operations. Thus, the 
professional level of the medical staff increases and 
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also the basis for practice orientation during the 
educative process is created. This is also facilitated 
by the re-orientation of the medical staff training. 
The usage of the data bases of such operations in the 
virtual operating room permits to improve the work 
skills on the surgical equipment not only to the 
operating surgeons, but to the students of different 
training levels. 

 
4. Virtual reality technologies in 

neurorehabilitation 
 

In the practice of domestic neurorehabilitation, 
there is the experience of usage of the tools of virtual 
reality during the recovering works with the patients 
of neurological profile.  

This method received the active development in 
the system of patients recovering with the damages 
of vestibular tolerance. In the basis of this type of 
rehabilitation lays the formation of tolerance during 
the main movement functions, such as standing, 
walking and some other kinds of spatial movements. 
It is worth mentioning that during the formation of 
the tolerance at using the means of virtual reality, the 
main goal is the synchronicity of information 
received from the main active sensor systems, such 
as visual, proprioceptive and vestibular systems. 

It is necessary to take into consideration the 
variety of circumstances during the development of 
the software of neurorehabilitation. The carying out 
of these circumstances directly influences the 
effectiveness of the used means of virtual reality. The 
main condition is the work with the part of the body, 
which accumulates the main array of information 
during this or that movement. For instance, postural 
stability is formed on the basis of the performing task 
in the augmented reality glasses with regard to 
forming artificial environment. During the formation 
of the standing skill in the calm state of the patient, 
the tasks are aimed at the work with the muscle and 
articularis receptors of the lower limbs. As these very 
receptors are the source of the main information for 
the motor fields of the cerebral cortex [20]. At that, it 
is necessary to calculate the luminance level while 
performing the surroundings in the virtual 
environment, because, as some researches denote 
[12],[13],[15], at standing in the poorly lit 
environment, the proportion of the proprioceptive 
information in the total flow of the perceived sensor 
information increases. However, during the carrying 
out of the task aimed to form the postural stability on 
the unstable surface, the decreasing of the 
proprioceptive sensibility is registered [11], [14]. A 
person, trying to keep balance, places greater focus 
on the visual information, not on the tactile-physical 
information. This fact is often used while developing 
of the software for the tools of virtual reality in 

neurorehabilitation. In the basis of the tasks, being 
developed with the usage of the similar software is 
the possibility to control by the specialist the 
redistribution of the sensory information and 
formation of the postural stability in the sensory 
deprivation of one of the systems, which is often 
noted in patients with CNS diseases [16], [17].  

It is worth noting, that during the studying of 
the postural stability, great attention is paid to the 
development of the sensory adaptation. As it was 
demonstrated in the variety of studies [16], [18], 
[20], putting a patient into the virtual space with the 
conflictory sensory inputs is the effective way to 
improve the sensory adaptation, necessary for 
keeping balance. This way, the patient with the 
vestibular disorders was trained to keep balance, 
standing at the moving force plate. The displacement 
of the force plate frontwards and backwards was 
provided by changing of the position of the virtual 
space in mediolateral directions. After some retries, 
the patient’s ability to keep balance, affected by the 
processing conflictory information, advanced. 
 

5. Restoring Locomotion using  
Virtual Reality 
 

Virtual technologies are being increasingly used 
to restore walking. Typical manifestations of walking 
disorders of patients with neurological disorders are 
its slowing down, asymmetry, loss of stability during 
movements on uneven surfaces and corners, and 
delay with starting movement and stopping [4]. 

It is known that human walking is a complex 
sensory-motor act. The flow of optical information is 
the main source forming our internal notions of the 
direction and speed of movement in space [5],[8],[9]. 
In the case when the optical flow does not 
correspond to proprioceptive information, the 
walking parameters are involuntarily reconfigured by 
the motor centers of the brain [9],[10]. Using this 
mechanism, patients with post-stroke hemiparesis 
were trained to walk in virtual reality [6],[19]. 
Patients paced along the treadmill with an arbitrary, 
convenient for them speed. On the display mounted 
on the helmet, a virtual corridor image was projected. 
The corridor expanded, simulating changes in optical 
information during walking.  

The virtual corridor was moved with a speed 
corresponding to the speed of movement of the 
patient, creating for him a complete illusion of 
movement along the corridor. The change in 
acceleration or the slowing down of the corridor 
caused an involuntary change in the walking speed of 
the subject. Thus, by manipulating the flow of optical 
information on the display screen, it was possible to 
influence and mainly to increase the walking speed 
of patients with post-stroke hemiparesis. 
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The change in the speed of the virtual escalator 
was the reason for both decrease or increase in the 
latent period of step initiation in young and elderly 
patients [7],[10]. This method can be used to restore 
walking skills of patients with some neurological 
disorders. 

A similar method was also used to facilitate the 
onset of walking in humans with Parkinson's disease. 
It is known that such patients have a problem with 
the resumption of motion after a stop, known as a 
symptom of "freezing" [11],[13],[20]. Difficulties 
with the continuation of the movement can also arise 
when passing through a narrow door-way, making a 
turn or avoiding obstacles. Although the mechanism 
of occurrence of such deficiency of patients with 
Parkinson's disease is still unknown, but some 
researchers suggest that one of the reasons may be a 
disruption of the ability to integrate sensory 
information [5],[9]. 

For example, an additional visual stimulus can 
facilitate the initiation of walking if it is presented to 
the patient in the form of applied markings on the 
floor [7],[13]. Considering this, some attempts have 
been made to use the virtual corridor to facilitate the 
beginning of walking of patients. In particular, it was 
shown that most patients began to move much faster 
in a moving corridor than in a stationary corridor. 
Thus, it can be suggested about the positive 
experience of using virtual reality in walking training 
in patients with Parkinson's disease. 

Thus, the analysis of the domestic studies shows 
that the virtual reality is a promising method for 
improving the gait of patients with stroke. 
Nevertheless, to confirm the effectiveness of virtual 
reality in walking training for patients with post 
insult hemi-paresis, further investigations are 
required involving objective methods of movement 
analysis and, above all, locomotion. 

 
6. Restoring pose and balance with  

virtual reality 
 

Despite the fact that virtual reality has recently 
been used for the rehabilitation of patients with 
neurological disorders, a lot of experience material 
has already been accumulated in this area. Most 
intensively, this method is currently used for the 
recovery of the postural stability of the patients. 

It is known that the successful preservation of the 
stability of the body during standing, walking and 
any other movement requires the integration of 
information coming from the three main sensory 
systems - visual, proprioceptive and vestibular 
[10],[15]. Each of the three systems influences 
ensuring pose stability. It also depends on the 
features of the task and the environment [6],[19]. For 
example, while calm standing, the person basically 

relies on the information coming from the muscular 
and articular receptors of the lower extremities. 
However, the proportion of proprioception in the 
total volume of sensory information increases with 
standing in a dark room. On the contrary, 
proprioceptive sensitivity decreases during standing 
on a hard surface, for example, on a piece of foam 
rubber. For keeping balance, a person basically relies 
on vision. Such ability of our brain to redistribute 
sensory information allows to redistribute the 
stability of the vertical posture in conditions of 
inadequate functioning of one of the sensory systems, 
which often accompanies CNS diseases [3],[11]. 

More serious violations of postural stability 
occur when inaccurate and contradictory information 
come from different sensory sources [7]. For 
example, a conflict between two sensory systems can 
occur with a person during standing with a head 
thrown back. In this case, the vestibular receptors 
signal that the human body is lying down, while 
proprioception reports about its vertical position. 
Most often sensory conflicts arise with the 
participation of vision. As a rule, large falling objects 
can create the illusion of their own falling when they 
fall in the field of view of a person. While standing at 
a bus stop and watching a bus starts moving from a 
place, a person involuntarily feels his body moving 
in the opposite direction. In order to "not fall", a 
person begins to correct the position of the body, 
which is absolutely unnecessary. The period of 
destabilization can depend on how quickly the brain 
realizes which of the sensory sources provides the 
most accurate information about the position of the 
body [10]. 

The fact is that it can be  impaired the ability to 
exclude eyesight and correct postural stability, 
relying on internal (proprioceptive and vestibular) 
sensory signals of patients with damage of the 
sensory and associative zones of the brain [17]. 

This may be due to both a general sensory 
deficit and a violation of the ability of the brain to 
interpret and integrate the sensory information 
obtained. As a result, a sensory conflict can cause 
patients to lose balance and even provoke a fall with 
all the ensuing unpleasant consequences. 

It has been shown that placing a patient with 
conflicting sensory inputs in a virtual reality is an 
effective way to improve sensory adaptation. It is 
necessary to maintain equilibrium. Thus, in National 
Scientific Medical Centre (2004) a patient with 
vestibular disorders was trained by standing on a 
moving stable platform. The displacement of the 
platform forward and backward was accompanied by 
a change in the position of the virtual reality in the 
mediolateral directions. After several repetitions, this 
improved the patient's ability to maintain a balance 
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which was disturbed by the incoming conflict 
information. 

Another serious test of stability of these patients 
is the free movements performed at the time of 
maintaining a vertical posture [5],[12]. It is known 
that the main number of falls of patients is connected 
with their household operations, such as an attempt 
to get an item from the top shelf in the kitchen, tying 
shoelaces, moving in the bathroom, etc. It has been 
shown that the use of virtual games, developed by 
VIVID IREX, helps to restore this type of deficiency 
of patients with post-insult hemiparesis and damage 
of the spinal cord and brain [12],[13]. Patients can 
train the ability to maintain balance during 
manipulations with virtual objects, for example, 
beating off virtual balls or catching virtual birds. 
Patients which had the gross motor disorders as a 
result of a spinal cord injury performed the task 
while sitting in a wheelchair. All participants 
significantly improved their stability indicators when 
using virtual games in therapy. In addition, they had 
increased motivation, interest and desire to increase 
the number of procedures, which was important for 
the rehabilitation of such patients. 

Potentially effective for restoration of vertical 
posture stability can also be the use by a virtual bike 
or ski downhill exercise. In the first case, sitting on a 
stationary bike a person sees a bicycle track on a 
display mounted in a helmet, and thus feels  riding 
along the track with all possible turns and unexpected 
path changes. This system was used mainly for 
training healthy subjects [13]. The exercise bike is 
located in a fixed position and provides an adequate 
level of safety, so this system can also be used to 
improve equilibrium of patients with various 
manifestations of postural deficiency.  

VIVID IREX virtual games also offer to feel 
like a skier coming down from the mountain on a 
snowboard [15]. The participant of this game should 
successfully dodge from a collision with unexpected 
obstacles by changing the direction of the movement 
and pass between the trees meeting on the track. 
Although this game has not been tested in the 
rehabilitation of patients with neurological disorders, 
it can be considered as a potential method of training 
the balance of patients with minor motor disorders. 

In the review of the authors of the Russian 
Academy of Medical Science (2014) were analyzed 
the results of the game systems in the rehabilitation 
of patients with Parkinson's disease based on the 
reproduction of various exercises for training, 
including balance. For the analysis, only 7 studies 
were selected, of which 6 were organized by the 
Nintendo Wii fit platform game system and Sony 
Playstation Eye Toy. Only one work was a 
randomized controlled trial. 

The authors of the review note thatspecial 
difficulties in the application of these games were not 
observed by patients with Parkinson's disease. 
However, in one of the 7 studies, patients 
experienced difficulties in performing fast and plex 
games. In 6 out of 7 studies it was shown that the use 
of gaming systems contributes to the improvement of 
postural stability (according to clinical assessment) 
and a decrease in the severity of motor symptoms. 
Results of a single randomized controlled experiment 
[17] showed that both the use of computer games and 
traditional balance exercises in the same degree 
improve the motor status of patients according to the 
scale of UPDRS II, balance in the standing position, 
cognitive functions. This improvement is observed 
after 60 days of the end of the training. In conclusion, 
the authors conclude that virtual reality gaming can 
be used for patients with Parkinson's disease, but 
further research is needed to establish its safety and 
clinical effectiveness, especially in pre-conditions. 

 
7. Multi-purpose virtual reality 

rehabilitation systems 
 

The concept of modern virtual reality systems is 
based on the use of virtual reality systems as a virtual 
environment for motor training. The specialist can 
customize it according to the exercises performed by 
the patient. For example, the Nirvana system is a 
markerless interactive virtual reality system. The 
image is projected on a horizontal or vertical surface 
and it responds to the patient's movements, which are 
detected by infrared cameras. In addition to abstract 
images (leaves, water, etc.), Nirvana can project 
images that imply specific actions with them (e.g. 
strings, piano keys). The patient can interact with the 
virtual environment in a natural way, moving against 
the background of the projected images. 

In addition to several modes and increasing 
levels of difficulty, each task is deter-mined by 
multiple sensory feedback: in comparison with the 
traditional therapeutic approach, the patient receives 
powerful cognitive and motor stimuli. These stimuli 
increase the patient’s motivation to perform more 
complex and complex exercises. The exercises can 
be of different types: perceptive, aimed at the 
perception of the environment or aimed at achieving 
the goal (follow the animal or go along the line, etc.), 
motor (the event occurs when the patient crosses an 
object) or game (football, balloons, etc.). Thus, using 
the Nirvana system, you can implement the exercise 
of locomotion, balance, arm movement and 
coordination. However, due to the cost and 
complexity of installation, the use of this system is 
only possible in a hospital. 
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At the same time, developing virtual reality 
technologies becomes more and more available, and 
the use of game consoles as such systems allows the 
patient to continue training at home. Such system is 
the program NeuroAtHome 
(http://www.neuroathome.net/), which uses an 
infrared camera on the Microsoft Kinect for gesture 
recognition. The virtual environment can be 
displayed on a large screen with a projector, as well 
as on a laptop or home TV, including 3D function. In 
the virtual environment are displayed both the 
exercises in the form of a game and the functional 
exercises in the virtual physical therapy hall. 

NeuroAtHome allows to train the standing 
balance skill, sitting on a chair or bed, hands or feet 
movements, step movements and simultaneous hands 
and feet movements, including movements with 
subsequent static load. Cognitive exercises are also 
available, in which the control is carried out with the 
help of hand movements. 

Such system is unique because of its plasticity, 
so the instructor or the doctor can adjust the existing 
exercises individually for the patient. With the help 
of the software, the patient can continue to train 
according to the program created for him at home. 
The data of home workouts can be transmitted via 
the Internet to the doctor. It allows monitoring the 
correctness of the exercise and, if necessary, 
adjusting the training program. The compactness of 
the system can vary and be installed on a laptop or 
even a tablet computer. 
 

8.    Conclusion 
 

Thus, the virtual reality exists in all forms. 
Despite its youth, virtual reality as a rehabilitation 
technology, can satisfy practically any demand of 
recovery of the motor, sensor and functional 
impairments in the patients with CNS diseases. In 
conclusion, virtual reality, as any other high-
technology method, has its own advantages and 
disadvantages in comparison to the traditional 
methods of physical rehabilitation. The evident 
disadvantage is the high costs of the equipment. As 
the most appealing point of this technology is the 
immersion of the patient into the virtual reality, the 
feeling of the real presence is immensely important. 
Unfortunately, the level of the reality of the virtual 
space, applicable to the patient, directly depends 
upon the equipment cost. Thus, for instance, to 
achieve the effect of the complete immersion into the 
virtual space, not only the equipment reproducing the 
virtual scenarios is required, but also the systems for 
movements analyzing. The reduction of costs is 
possible due to the use of the inexpensive and high-
quality computer consoles, produced in great amount 
by the manufacturing companies of computer games. 
However, the disadvantage of such games is the 

impossibility of these games’ adaptation to the 
circumstances of application in the clinic of the 
nervous diseases. Rehabilitologists, using similar 
games, noted the difficulty in adjusting the level of 
complexity of the game task in accordance with the 
motor abilities of the patient. The test persons, which 
were not able to do even the easiest motional 
demands, lost their interest quickly enough,   gave up 
and had no wish to continue with this type of 
therapy.  In addition, in some patients was noted the 
formation of pathological compensatory motor and 
postural synergies. Despite some disadvantages, 
virtual reality has a range of undeniable advantages 
[14],[18],[20]. The majority of patients, involved into 
the therapy, demonstrated high interest. Thus, for 
example, the training of balance ceased being an 
unattractive procedure for the patients, usually 
performed within the framework of traditional 
rehabilitation. On the contrary, training the balance 
in the process of virtual games, the patients felt 
themselves participants of events in which they could 
hardly have participated in real life, for ex-ample, 
successful skiers, players in tennis, football and 
others. The classes were held on elevated emotional 
background, which in its turn occurred to be the 
additional motivation for training the motor 
functions. It is necessary to mention that all the 
above written does not mean that virtual reality can 
substitute the traditional methods of rehabilitation. 
But virtual reality can occupy important place and 
organically supply the traditional methods of curing. 
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