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Abstract
The article deals with the features of electromyographic indicators of the soleus muscles while maintaining a upright 

position in people with increased vestibular sensitivity. From the literature, it is concluded that the study of electromyographic 
features of indicators in the conditions of irritation of the vestibular analyzer in people with different vestibular sensitivity is 
an important area in physiology. Vestibular sensitivity was determined by the questionnaire, Voyachek’s sample and Fukuda’s 
written test. To assess the electromyographic activity of the soleus muscles, a computer DX complex was used for registration of 
interference electromyography. Registration was carried out during performing Romberg test, before and after vestibular loading. 
According to the results of the vestibular irritation, there was a greater decrease in the amplitude of the flap muscles of the lower 
extremities in people with the increased vestibular sensitivity than in people with the adequate sensitivity. Based on the results 
achieved, it can be assumed, that in people with the increased sensitivity of the vestibular analyzer, the irritation of the receptors 
of the semicircular canals alters the activity of extensor motoneurons of the human spinal cord more significantly than in people 
with the adequate sensitivity.
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1. Introduction 
The human body functions through information that comes from both the external and in-

ternal environment and is processed through sensory systems. Changes in the position of the body 
and head after pulses from the vestibular receptors to the vestibular nuclei are ensured by their 
numerous connections with other centers of the brain and spinal cord. The number of connections 
of the vestibular nuclei with many motor centers of the nervous system provides support for the 
position of the body, muscle tone, as well as movements of the eyeballs. Therefore, equilibrium is 
provided by vestibulo-spinal and vestibulo-ocular conduction pathways [1]. It is also known, that 
posture retention and control are a set of interactions between the musculoskeletal, visual, vestib-
ular and skin systems [2]. The skeletal muscle is the effector system of the vestibular analyzer [3]. 
In the scientific literature there are works, devoted to the study of vestibular stability of children, 
both healthy and with disorders of the musculoskeletal system [4]. 

It is also known, that the specific nature of motor activity in situational sports, implies a 
complex nature of movement coordination, which is programmed by the higher departments of 
the central nervous system and implemented by the muscular system in the interaction of visual, 
vestibular, proprioceptive and tactile sensory systems [5]. Some studies have described the role of 
sensory systems in gymnastics [6]. Therefore, posture control involves many different underlying 
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physiological systems that may be affected by the pathology or subclinical limitations [7]. Electro-
myography is one of the methods of assessing a muscle condition. 

Therefore, the study of the features of electromyographic indicators in the conditions of ir-
ritation of the vestibular analyzer in people with different vestibular sensitivity is an important and 
relevant area of physiological research.

Aim: to evaluate electromigraphic features of soleus muscles while maintaining the upright 
position in people with te increased vestibular sensitivity.

2. Materials and methods
2. 1. Organization of the research
60 students between the ages of 18–19 years were examined. The study was conducted 

at the Ministry of Health of Ukraine certified laboratory of psychophysiological research at the 
Department of Physiology with the Basics of Bioethics and Biosafety of I. Horbachevsky Ternopil 
National Medical University (Certificate No. 003/18).

The survey was conducted during the 2018–2019 school year. Prior to the survey, we received 
an informed consent from all participants. Our research does not contradict accepted bioethical 
standards of the Declaration of Helsinki, adopted by the General Assembly of the World Medical 
Association on Human Rights, the International Code of Medical Ethics and Laws of Ukraine and 
can be used in scientific work (decision of the commission on bioethics I. Horbachevsky Ternopil 
National Medical University, protocol No. 55 of November 4, 2019).

2. 2. Methods of investigation of vestibular illusion of anti-rotation
The vestibular sensitivity was determined with a help of the questionnaire, Voyachek’s test 

and Fukuda’s written test [8, 9]. 
The questionnaire included anamnestic questions from the examinees regarding the func-

tional status of the vestibular analyzer in the vestibulo-motor projection. This revealed the symp-
tom of the increased vestibular sensitivity, such as the presence of balance disorders.

Voyachek’s test is as follows: the subject is placed in a Barani chair with his eyes closed, 
tilting his torso forward 90°. Do 5 rotations in 10 seconds and after a 5-second pause offer a sharp 
straighten and open your eyes.

The results were evaluated on the following scale:
0 – no reaction;
1 – deviation of the torso from the vertical to 5°;
2 – deviation of the torso from the vertical by 5–30°;
3 – deviation of the trunk from the vertical more than 30°, the fall of the subject.
The rotational test was carried out by using Barany’s chair. The rotational test is based on 

the fact that as a result of rotation of the body, the movement of the endolymph occurs in semicir-
cular canals. This movement causes irritation of the receptors of the ampullary apparatus, which is 
accompanied by the appearance of vestibular reactions. 

The “Fukuda Written Test” is as follows: the subject is offered to write the number “33” in 
a closed-eyed column, with the hand not touching the table and paper.

The results were evaluated on the following scale:
0 points – column is straight;
1 – indirect column;
2 – the column deviates more than 30°;
3 – dysmetry.

2. 3. Methods of investigation of neurodynamic features 
The electromyographic activity of the soleus muscles was determined by using the com-

puter DX complex system. The registration and recording were performed by the interference 
electromyography [10]. Superficial electromyography is a painless way to study the muscle 
activity. It consists in the imposition of f lat metal electrodes on the skin and allows to obtain 
the most general picture of the state of the neuromuscular system. Interference myography – 
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this study allows to record the bioelectric activity of the test muscle with the help of surface 
electrodes.

The Romberg test is a neurological test, used to assess a person’s static coordination. It is 
based on the principles of maintaining equilibrium through proprioceptive sensitivity, vestibular 
function and vision.

We conducted a simple Romberg trial. The subject was standing with his feet closed and 
arms extended forward, first with his eyes open and then with his eyes closed.Registration was 
carried out during performing the Romberg test (with open and closed eyes), before and after the 
rotational test [11]. Such indicators were determined as average amplitude (mkV) and average 
frequency.

2. 4. Statisical Analysis 
Statistical processing of the data was performed in the program “BioStat 5” (2019, type of 

license – 1 PC) by the method of nonparametric statistics, determining the Wilcoxon’s signed-rank 
test and the U – Mann-Whitney test [12]. 

3. Results
Based on the questionnaire, Voyachek’s test and Fukuda’s written test, the students were 

divided into 2 groups: with the proper and increased vestibular sensitivity (Table 1).
After analyzing Voyachek’s test, the people with the high sensitivity of the vestibular ana-

lyzer we observed,  the first and second degrees of reaction were found in them (Fig. 1).

Fig. 1. Distribution of people with hypersensitivity to the vestibular analyzer  
after Voyachek’s test (%)

Among people with the proper vestibular sensitivity, we did not observe torso deviations 
during Voyachek’s test, that is, they manifested 0 degree. The first degree was observed in people 
with the increased vestibular sensitivity, namely in 45 %, the second degree in 65 % of the subjects. 
The third degree was not observed among our surveyed (Fig. 1).

When conducting Fukuda’s written test among individuals with the proper vestibular sensi-
tivity, we observed straight columns.

Among people with the increased vestibular sensitivity, we observed indirect columns in 
60 % of the subjects, and in 40 % of the subjects, the column deviated more than 30°. We did not 
observe dysmetry among them.

In survey participants with the proper vestibular sensitivity during they were performing 
the Romberg test with the open eyes, the indicators of the interference electromyogram did not 
differ from those, recorded with the closed eyes. After the rotational test in this group the average 
amplitude during performing the Romberg test with the closed eyes was higher than with the open 
eyes (p<0.05).

In survey participants with the increased vestibular sensitivity, during performing the Rom-
berg test with the eyes open, the average amplitude indicators were higher than those, recorded 
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with the closed eyes. After the rotational test, in this group, the average amplitude decreased in the 
Romberg test, both with the closed and open eyes (p<0.05). However, while performing the Rom-
berg test with the closed eyes, it was lower than with the opened eyes (p<0.05).

Table 1
Comparative interference electromyography of soleus muscles in subjects with different vestibular sensitivity 
when they are performing Romberg test with open and closed eyes

Before rotational test n-30 After rotational test n-30
Average amplitude (mkV)

PR IF PR IF
When performing Romberg test with open eyes 130,6 131,2 128,8 120,8 ♦;*
When performing Romberg test with closed eyes 133,3 110,2 ▪;* 136,4▪ 98,2 ▪;♦;*

Frequency average, Hz

When performing Romberg test with open eyes 128,5 127,2 123,5 124,3
When performing Romberg test with closed eyes 130,5 132,1▪ 128,5▪ 138,4 ▪;♦;*

Note: ▪ p – statistical reliability according to Wilcoxon T-test in a homogeneus group, when they are performing Romberg test 
with closed eyes;
♦ p – statistical reliability according to Wilcoxon T-test in a homogeneus group after the rotational test;
p * – statistical reliability by U – Mann-Whitney test between the group with the proper vestibular sensitivity and with the 
increased vestibular sensitivity; PR – the proper sensitivity of the vestibular analyzer; IF –the increased sensitivity of the 
vestibular analyzer

The average frequency increased during performing the Romberg test with the closed eyes 
in the group with the proper vestibular sensitivity after the rotational test (p<0.05). In the group 
with the increased vestibular sensitivity the increase in average frequency was observed during 
performing the Romberg test with the closed eyes both before and after the rotational test (p<0.05). 
However, after the rotational test, in these individuals the index was higher than with the opened 
eyes during performing the Romberg test with their eyes closed (p<0.05).

Comparing of the average amplitude recorded during the Romberg test with the rotational 
test between groups in survey participants with increased vestibular sensitivity observed lower 
rates with closed eyes than in the group with proper sensitivity (p<0.05). While performing the 
Romberg test with opened eyes, the average amplitude indicators between groups did not differ. 

Comparing the average amplitude, recorded during the Romberg test after the rotational test 
between groups, we found significantly lower indicators in the group with the increased vestibular 
sensitivity than in the group with the proper one, with both open and closed eyes (p<0.05). The 
difference of the average frequency between groups, depending on the sensitivity of the vestibular 
analyzer, namely, the increasing of freguency, when the visual control is turned off in people with 
the increased vestibular sensitivity, indicates the compensation of maintaining the equilibrium.

Since the amplitude of interference electromyography is determined by the activation of 
additional motor units, and frequency is determined by the frequency of  impulses of motoneurons, 
so it is interpreted as an indicator of the strength of muscle contraction [13]. Therefore, evaluating 
our results, we can assume that individuals with the increased vestibular sensitivity will obviously 
have less muscle contractions than those with a proper one. 

Also, we found that the value of the amplitude and frequency change during maintaining 
an upright position under or without the control of the visual analyzer, namely, in people with the 
increased vestibular sensitivity, the value of the electromyogram amplitude is significantly lower 
than in people with the proper sensitivity and closed eyes. This is due to the fact that central and 
peripheral vision play a compensating role in maintaining the upright position [5]. It is indicated by 
our results, which are registered during performing the Romberg test with the closed eyes after the 
vestibular load in people with the increased sensitivity of the vestibular analyzer. The reason is that 
the lack of visual information leads to a decrease in the ability to maintain body balance under the 
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influence of rectilinear accelerations on the vestibular analyzer. So, there are differences in the reg-
ulation of body balance mostly in people with the increased vestibular sensitivity and closed eyes.

4. Conclusions
In individuals with the increased vestibular sensitivity, the decrease in the amplitude of the 

electromyogram of the soleus muscles (p<0.05) was greater, when the vestibular system was irri-
tated than in individuals with the proper sensitivity.

The results of our research make us suggest that the stimulation of the semicircular channel 
receptors changes the activity of the extrasensory motoneurons of the spinal cord  in individuals 
with hypersensitivity of the vestibular analyzer more than in individuals with the proper sensitivity.

The obtained data can be taken into account in the examination in medical establishments and 
in the professional selection. They can also be used for educational purposes in medical universities. 
Since we did not consider gender in this study, therefore in the future we plan to explore a similar 
study in girls with the increased vestibular sensitivity in different phases of the menstrual cycle.
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