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Abstract
The article deals with neurodynamic features in persons with different duration of vestibular illusion of rotation. The review 

of the literature concludes that the time of arbitrary reactions is ensured by a high level of integrative activity of nerve formations. 
Also, data on the effect of rotation test on the indicators of vestibulo-sensory reactions of young fighters-all-rounders and on the 
sensorimotor reactivity and success of flight training are given. The study of sensorimotor reactions revealed that the longest latency 
periods were in the people with very long vestibular illusion against rotation. Based on the obtained results, it was concluded, that the 
features of neurodynamic processes in persons with long duration of vestibular illusion of rotation, in the conditions of excitement of 
the vestibular analyzer, occur to a greater extent by increasing the duration of motor reactions and increasing the time of the reflex 
response. 
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1. Introduction
There are enough papers in the scientific literature to study the time of arbitrary reactions, 

which are ensured by a high level of integrative activity of nerve formations [1, 2]. In addition, 
some authors have studied the dependence of reaction time on factors of training, gender, age and 
various effects on the body. There are studies that present certain characteristics of sensor-motor 
responses in different ages [3, 4]. It is also known, that irritation of the vestibular analyzer causes 
slowing of the speed of movement, impaired coordination and deterioration of visual perception, 
significantly affects the indicators of attention [5]. Therefore, there is an evidence of the effect of 
rotational testing on indicators of vestibular-sensory responses of young all-round fighters and 
sensor-motor reactivity and success of flight training. The authors note the greatest influence of 
rotational testing on the vestibular illusion rate of rotation in untrained children and the high cor-
relation dependence of flight training on the individual typological properties of the higher de-
partments of the central nervous system [6, 7]. However, the question of the effect of vestibular 
loading on sensor-motor response in individuals with different duration of vestibular illusion of 
anti-rotation remains unexplored.

Aim: to study the neurodynamic features in individuals with different duration of vestibular 
illusion of rotation.

2. Materials and methods
2. 1. Organization of the research
We surveyed 60 students aged 18-19 years. When performing the work, the observance of 

the patient safety rules, the preserved rights and canons of human dignity, as well as the moral and 
ethical standards in accordance with the basic provisions of the GSP (1996) of the Council of Europe 
Convention on Human Rights and Biomedicine (dated 04.04.1997) are envisaged. The Declaration of 
the World Medical Association on the Ethical Principles of Conducting Scientific Medical Research 
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with Human Participation (1964–2000), and the Order of the Ministry of Health of Ukraine No. 281 
of 01.11.2000, the Code of Ethics of the Scientist of Ukraine (2009). (Excerpt from Protocol No. 54 
meetings Commission of Bioethics I. Horbachevsky Ternopil National Medical University Ministry 
of Health of Ukraine, from August, 2019). Prior to the survey, we received informed consent from all 
participants. The survey was conducted during the 2018–2019 school year.

2. 2. Methods of investigation of vestibular illusion of anti-rotation
The duration of vestibular illusion of anti-rotation (VIA) was determined by the method 

of B. Tolokonnikov [8]. This method allows us to investigate the subjective sensations that arise 
during rectilinear and angular displacements, which provides information on the functional state of 
the sensory projection of the vestibular system, and the processes of interaction with other sensory 
systems that provide body equilibrium in space [9]. We classified the reaction into 4 levels: I – short 
(from 0.5 to 9 s.), II – average (from 10 to 19 s.), III – long (from 24 to 34 s.), ІV – very long ( from 
35 s). The rotational test was carried out on the Barani chairs. 

2. 3. Methods of investigation of neurodynamic features 
We used the computer system “Diagnostic-1M”(Ukraine) to study neuro-dynamic proper�-

ties of a person. We measured the functional mobility of the nervous processes (FMNP) according 
to the rates of information processing in the “feedback” mode. With the help of optimal mode, we 
determined the minimum and maximum time of simple visual-motor reaction (SVMR) and latent 
periods of SVMR, the reaction of choice 1 of 3 (RCh 1-3), the reaction of choice 2 of 3 (RCh 2-3) [10]. 
The examination was carried out before and after the rotation test. 

2. 4. Statisical Analysis 
Statistical data processing was performed using the nonparametric statistics methods: Wil-

coxon’s signed-rank test and the Mann-Whitney’s U-test [11].

3. Results
The rate of processing information for a predetermined number of stimuli in groups I and 

II levels of VIA duration had a higher than in the groups with III and IV levels of VIA duration 
(p<0.05).

By the classification of M. Makarenko, the speed of processing information of a predeter-
mined amount of stimuli in the group with I and II levels of VIA duration corresponded to higher 
than average; in the group with ІІІ and IV levels of VIA duration – the average level (Fig. 1).

Fig. 1. FMNP of surveyed with different duration of VIA 

Therefore, the relationship between the VIA duration and the level of FMNP is that the 
higher the VIA duration, the longer the processing time of a given number of stimuli, and the lower 
the level of FMNP.

During the study of the latency period of the SVMR at rest, the minimum time between 
groups I, II, III, and IV did not differ (Table 1).
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Table 1
Changes in SVMR after vestibular loading, depending on the VIA duration and FMNP level

The duration of 
the VIA

Minimum duration of the reaction
P

Maximum duration of the reaction
P

Before rotation After rotation Before rotation After rotation
І level 

n-8 157,97 147,74 p<0,05 561,49 601,76 p<0,05

ІІ level 
n-20 158,07 149,04 p<0,05 561,49 603,76 p<0,05

ІІІ level 
n-19 158,64 162,77 p<0,05 788,15* 935,04* p<0,05

IV level 
n-13 159,83 165,77** p<0,05 793,15** 945,06** p<0,05

Notes: p – statistical significance of the T-criterion of Wilcoxon; * – the difference between the group with III levels of VIA duration 
and the groups with І and ІІ levels of VIA duration; ** – the difference in the rates between the group with the IV levels of VIA 
duration and the groups with І and ІІ levels of VIA duration

Also, from Table 1, we see that in a state of rest, the minimum period of SVMR between groups 
I, II, III and IV did not differ from the duration of VIA. The maximum time was significantly higher 
in the III and IV group than in the groups with І and ІІ levels of VIA duration (p<0.05). Comparing 
this indicator with the IV group, we did not find any difference. In the IV group, the maximum time 
was significantly higher than in the groups with І and ІІ levels of VIA duration (p<0.05). 

After the vestibular loading in the group with І and ІІ level of VIA duration, a decrease in the 
minimum reaction time (p<0,05) was observed, comparing it with the resting state. Regarding the 
maximum reaction time, we observed an increase in the response to the vestibular load (p<0.05). 
These changes indicate the activation of cortical processes, associated with greater expression of 
the orienting reflex.

In the group with III level of VIA duration, we observed an increase in the minimum and 
maximum response time after the vestibular load (p<0.05). Similar changes occurred in the group 
with IV level of VIA duration (p<0,05). These changes are associated with the effects of vestibular 
stimulation and evidence of processes, inhibiting the activation of cortical processes. This indicates 
that vestibular irritation inhibits the processes of activation of the indicative response, in individuals 
with III and IV levels of VIA duration.

When comparing the indicators of the minimum and maximum time after the vestibular 
loading between the groups of the I and II level of VIA duration, we did not find any difference. 
Also, there was no significant difference between the groups with III and IV levels of VIA duration. 
However, we recorded higher rates in the groups with the III and IV level of VIA duration than in 
the groups with I and III of VIA duration (p<0.05). 

The latent period in SVMR mode in resting conditions between groups did not differ and 
corresponded to the average level (Fig. 2).

Fig. 2. The level of latent periods of sensorimotor reactions of varying complexity:  
* –before rotation; ** – after rotation
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After vestibular loading, the index increased in groups with III and IV levels of VIA 
duration (p<0.05). When comparing the latent period after vestibular loading between the groups, 
depending on the VIA duration, in the groups with III and IV levels of VIA duration, the indicator 
was longer than in the groups with І and ІІ level of VIA duration (p<0,05).

Comparing the latent period in RCh 1-3 in the resting state between the groups, we did not 
detect the difference, and set the average response rate. After the vestibular load, we observed 
an increase in the rate in the groups with III and IV levels of VIA duration (p<0.05). The latency 
period after the vestibular loading in the groups with III and IV levels of VIA duration was longer 
than in the groups with І and ІІ levels of VIA duration (p<0.05).

In mode RCh 2-3 in a state of rest there were no differences. The level of sensory-motor 
response in all groups corresponded to the average. After vestibular loading, the index increased in 
groups with III and IV levels of VIA duration (p<0.05). The latency period after vestibular loading 
in the groups with III and IV levels of VIA duration was longer than in the groups with І and ІІ 
levels of VIA duration (p<0.05) (Fig. 2).

The number of errors in the SVMR mode was minimal. In the mode of RCh 1-3 in a state of 
rest, the number of errors between groups did not differ (Fig. 3).

Fig. 3. Number of errors (%) before and after the vestibular loading, depending on the duration of 
VIA and the level of optimal mode

After vestibular loading in RCh 1-3 mode, the number of errors in relation to the baseline 
status increased only in the IV group with the VIA duration (p<0.05), and was higher compared to 
the groups with I, II and III levels of VIA duration (p<0.05).

The number of errors in mode RCh 2-3 in a state of rest between groups did not differ. 
After the vestibular load, the number of errors increased in the group with III and IV levels of 
VIA duration (p<0,05). After the vestibular load, the number of errors is higher in the groups 
with III and IV levels of VIA duration, when compared with I and II levels of VIA duration 
(p<0,05) (Fig. 3).

Lower levels of FMNP in individuals with III and IV levels of VIA duration than those with 
I and II, indicate a decrease in the ability to withstand long-term and concentrated excitation. 

The lowering level of SVMR after vestibular loading in individuals with III and IV levels 
of VIA duration than with I and II levels suggests the activation of inhibition processes in response 
to the vestibular load. 

The increase of errors after vestibular loading in the performance of RCh 1-3 and RCh 2-3 in 
individuals with IV level of VIA duration indicates a decrease in the accuracy of the sensorimotor 
response, which is carried out in the selection. 

The absence of an increase in errors after vestibular loading in individuals with III level of 
VIA duration in the performance of RCh 1-3 and an increase in errors RCh 2-3 indicates a decrease 
in the accuracy of the sensorimotor response when complication of the task.

The results, obtained by us, are consistent with the findings of other authors, namely, 
that irritation of the vestibular analyzer reduces the excitability of other analyzers, disturbs the 
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dynamics of processes in the cerebral cortex, decreases the accuracy of movements, impairs 
the ability to work, which is provided by the way, space orientation and vestibular memo- 
ry [12, 13].

The vestibulo-sensory reactions are accompanied by a feeling of dizziness at irritation of 
vestibular nuclei. After rotation in the Barani chair, the reason is the imbalance between visual 
and vestibular irritations [14, 15]; the objects are stationary, and the endolymph in the semicircular 
canals usually continues to move for 25–30 s. in a healthy person, and with excessive excitability 
of the vestibular apparatus – up to 35–90 s. The manifestation of vestibulo-sensory reactions can 
also be darkening in the eyes [16]. This condition may be accompanied by general inhibition or 
irritability.

Therefore, the vestibular analyzer is a unique sensory organ, because it performs an 
integrative function, and the orientation of the receptor fields of the visual cortex changes upon 
stimulation of otolith receptors. This proves the effect of irritation of the semicircular canals on the 
activity of the visual cortex, as well as on the complex visual receptive field.

4. Conclusions
The relationship between the duration of vestibular illusion of anti-rotation and the level 

of functional mobility of nerve processes was established, which is that the higher the duration of 
vestibular illusion of anti-rotation, the lower the level of functional mobility of nervous processes.

During the study of sensorimotor reactions it was found, that the longest latency periods 
were in the subjects with very long vestibular illusion against rotation.

Features of neurodynamic processes in persons with the long duration of vestibular illusion 
of rotation, in the conditions of excitement of the vestibular analyzer, occur to a greater extent by 
increasing the duration of motor reactions and increasing the time of the reflex response.

The number of errors increases with increasing duration of vestibular illusion of rotation 
and complication of the task.

In the future, we plan to study the dynamics of brush movements after vestibular loading.
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