
 

Abstract. Regular dosed physical activity in all cases 

has a tonic and healing effect on a person. Feasible 

muscle activity helps to improve the function of the 

heart, lungs, blood vessels and the nervous system. In 

martial arts, the reactivity of the vestibular apparatus is 

of great importance, providing the flow of information 

about the current position of the body in space, the 

success of movement in it and maintaining the stability of 

the posture due to the effective redistribution of muscle 

tone. Purpose of the work: to find out the dependence of 

the reaction of the cardiovascular system to the arising 

vestibular irritation in different types of martial arts. 

Martial arts classes help to increase the degree of 

 

vestibular stability. The statokinetic stability is very 

pronounced and increases in the course of hand-to-hand 

combat, which has a lot of moments with different 

severity of angular accelerations. The peculiarities of 

motor activity in any kind of martial arts inevitably 

affect the peculiarities of the reaction to the test with a 

change in the position of the head. 

 

Keywords: boxing, cardiovascular system, hand-to-hand 

combat, irritation of vestibular receptors, karate, 

vestibular system.  
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I. INTRODUCTION 

ECENTLY in the world as a result of a decrease in 

the general physical activity of the population, there has 

been a general weakening of the health status of people of 

different ages. Currently, only about 20% of the population 

is engaged in physical culture and sports in the world. In this 

regard, the problem of low physical development of young 

people, especially students, is becoming increasingly acute 

[1]. The real volume of their muscle activity does not give 

them full physical development and significant health 

improvement. The situation is complicated by the fact that 

among university students, the number of people who avoid 

significant physical exertion and have various deviations in 

health is gradually increasing [2]. 

A significant part of young people, especially in cities, do 

not always live in environmentally friendly conditions. As a 

result of various social and economic problems, a significant 

number of young people experience prolonged psycho-

emotional and social stress, which further worsens their 

health [3]. For this reason, the purposeful use of the powerful 

health-improving potential of physical culture and sports to 

preserve the health of the entire population and especially 

young people in the course of their education and 

professional development becomes very urgent. With their 

help, it is possible to massively achieve longevity, form a 

healthy psychological climate in the social environment, and 

reduce primary morbidity and the number of cases of 

disability [4, 5]. 

The leading stage of the physical development of the 

population is rightly considered the educational stage of life, 

when the necessary professional skills are mastered, which 

are required for their consistent practical application in the 

course of work [6]. High attention to physical training among 

young people during their studies at the university is 

associated with the possibility with their help to significantly 

increase the level of their health and physical fitness, to 

create conditions for interesting leisure time [7]. Under the 

conditions of a difficult demographic situation and the 

presence of economic difficulties associated with high 

morbidity, intensification of production and the growth of 

requirements for the state of physical health and professional 

training of workers, it seems very reasonable and effective to 

increase the physical activity of young people [8]. These 

measures are able to increase labor productivity, improve the 

well-being of the population and provide the foundations for 

sustainable socio-economic development [9]. In this regard, 

long-term regular physical culture and health-improving 

classes among students in excess of the volume of the 

standard educational course of physical culture acquire great 

importance [10]. 

The general health-improving effect of increasing muscle 

activity in adolescence is associated with the intensification 

of adaptation processes to it throughout the body, 

significantly increasing their overall resistance to any 

influences from the external environment [11]. A serious role 

in adaptation to the influence of physical activity is played 

by the heart, which in many respects limits the state of 

oxygen supply to all functioning organs. Under conditions of 

regular training, the biological capabilities of the heart 

increase, the volume and speed of blood flow increase, 

which leads to an increase in the level of oxygen delivery to 

all cells of the body [12]. 

Physical activity, when properly dosed, always has a tonic 

and revitalizing effect on the body [13]. Muscular feasible 

regular activity ensures the optimization of the work of the 

heart, lungs, blood vessels and analyzers [14]. With any 

physical activity, the vestibular apparatus bears a great load 

and is of leading importance in ensuring the success of motor 

activity due to the realization of a clear orientation of the 

body in space and effective redistribution of muscle tone 

[15]. The biological importance of the vestibular apparatus is 

associated not only with its participation in the 

implementation of the movement of the body and its parts in 

space, but also with its connection with many autonomic 

systems and, first of all, with the hemocirculation system 

[16]. In this regard, the assessment of the functional 

connections of the vestibular apparatus and the 

cardiovascular system is of great importance for determining 

the general physical condition and the level of fitness of a 

physical cultured and an athlete [17].  

Purpose of the study: to find out the reactions of the 

cardiovascular system to emerging vestibular different types 

of martial arts. 

II. MATERIAL AND METHODS 

The study was approved by the local ethics committee of the 

Russian State Social University on September 15, 2017 

(Protocol No. 9). The study was conducted on the basis of the 

Russian State Social University, Moscow, Russia.  

Clinically healthy athletes, a total of 78 male athletes (22.5 

± 1.3 years), regularly engaged in various types of martial arts 

for a period of not less than five years: boxing (26 people), 

karate (24 people), hand-to-hand combat (28 people) with a 

sports qualification not lower than a candidate for master of 

sports of Russia.  

The control group consisted of clinically healthy students 

(21.2±1.1 years), experiencing regular physical activity only in 

academic physical education classes (18 people).  

Assessment of the reaction of the cardiovascular system to 

vestibular influences was carried out using the traditional 

rotational test according to the method of V.I. Voyacheka. The 

heart rate and blood pressure figures recorded before and after 

the rotational test were used to determine the characteristics of 

the reaction of the cardiovascular system to it. To change the 

composition of the excited receptors located in different 

semicircular canals of the vestibular apparatus, rotation was 

used under conditions of tilting the head to the left and to the 

right (5 rotations in 10 s). To enhance the severity of the effect 

of rotation on the vestibular apparatus, the time of the test 

during the study was doubled (10 rotations for 20 s).  

R 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING 
DOI: 10.46300/91011.2022.16.12 Volume 16, 2022

Ε-ISSN: 1998-4510 97



Statistical processing of the results obtained in the work was 

carried out using the Student's test using the standard Excel for 

Windows 10 software package. 

III. RESEARCH RESULTS AND THEIR DISCUSSION 

The initial value of heart rate in boxers, karate fighters and 

hand-to-hand fighters was normal and amounted to 63.7 ± 

0.62; 60.1 ± 0.70 and 58.5 ± 0.58 beats / minute, respectively. 

In the control group, the value of the heart rate was slightly 

higher (69.7 ± 0.99 beats / minute), but it was also within the 

normal range.  

The main reaction of the heart rate indicator to the 

emerging vestibular load in athletes and in the control group 

was its increase. Only 5% of athletes had a decrease in the 

value of the heart rate. At the same time, this type of reaction 

was completely absent among boxers. The presence of a 

decrease in the value of the heart rate in the case of 

vestibular irritation in karate and hand-to-hand fighters, even 

in a small percentage of cases, was considered as a 

manifestation of the high level of fitness of their heart and 

vestibular apparatus associated with the peculiarities of 

training in these sports. 

In the course of the main variant of the Voyachek test, an 

increase in the size of heart contractions was noted in boxers 

by 3.7±0.72 beats / minute, in karate fighters by 3.0±0.67 

beats/minute, in hand-to-hand fighters by 2.0±0.28 beats/ 

minute. At the same time, in the control group, this indicator 

changed by 5.5±0.62 beats / minute (p<0.01). 

The peculiarities of the reaction of the heart of athletes, 

also associated with the position of their head during the 

rotation test, were noted. These features are due to the fact 

that the reaction of the heart when the body rotates when the 

head is tilted to the right and left may differ. Table 1 shows 

the changes in heart rate in the case of the test in conditions 

of head tilt to the right, slightly lower than in the course of 

head tilt to the left. Differences were obtained in the 

magnitudes of reactions in all sports, which were small, but 

had reliability. This difference is due to the fact that in the 

sports considered, the right hand and the right shoulder 

girdle in right-handers (there were the bulk of the subjects) 

in the course of performing the bulk of sports actions to a 

greater extent ensure their effectiveness and optimal position 

in the head space required for a normal level muscle tone 

[18,19]. For this reason, the adaptation of the vestibular 

apparatus in relation to rotational loads occurs to a greater 

extent in the case of an inclination of the head to the right. 

Apparently, in all martial arts this takes place, but to a 

different extent. Obviously, this change in the position of the 

head is most characteristic of hand-to-hand combat, in 

connection with which a minimal reaction of the heart rate to 

its rotation is achieved in conditions of different head 

positions (2.4±0.20 beats / minute). 

Apparently, due to the most "dense" direct contact with the 

enemy with a high saturation of movements in hand-to-hand 

fighters with elements of rotation, they develop the highest 

adaptation of the heart reaction to the existing elements of 

training and competitive activity [20,21].  

 

Table 1. Dynamics of an increase in heart rate in athletes at 

different head positions during vestibular load 

Observation 

groups 

Dynamics of growth of heart rate 

under load in the form of 5 rotations 

in 10 seconds, M±m 

tilt to the left tilt to the right 

Control group  

(n = 18),  

beats / minute 

6.8±0.62 5.7±0.51 

р2<0.01 

Boxers (n = 26), 

beats / minute 

4.9±0.42 

р<0.01 

р1<0.01 

3.8±0.36 

р<0.01 

р1<0.01 

р2<0.01 

Karate 

practitioners  

(n = 24),  

strokes / minute 

4.2±0.27 

р<0.01 

р1<0.05 

2.3±0.22 

р<0.01 

р1<0.01 

р2<0.01 

Those engaged in 

hand-to-hand 

combat (n = 28), 

strokes / minute 

3.2±0.23 

р<0.01 

 

2.4±0.20 

р<0.01 

р2<0.01 

Note: р - reliability of differences between athletes and 

control, р1 - reliability of differences in hand-to-hand fighters 

with boxers and those who go in for karate, р2 - reliability of 

differences in test results when tilting the head to the right and 

to the left. 

 

The research revealed the peculiarities of the reaction of the 

heart rate at rotational loads of different durations in the 

examined representatives of different types of martial arts. It 

was found (table 2) that in the case of an increase in the 

duration of vestibular stimulation by 2 times, it increased in 

the control by 46.9%, that is, not strictly proportional to the 

increase in rotations. The found dependence among the 

athletes was inverse: the lower the reaction to five revolutions, 

the more its increase was at 10 revolutions (for boxers by 

33.9%, among those who go in for karate by 40.0%, among 

hand-to-hand fighters by 50.0%). 

In boxers, in a test with five revolutions, the chronotropic 

reaction of the heart turned out to be on average 5.3±0.25 

beats/minute, then at 10 revolutions it additionally increased 

by an average of 1.8 beats / minute, reaching 7.1±0.27 

beats/minute. For karate fighters, these values were 4.5±0.22 

beats / minute, 1.8 beats / minute, 6.3±0.31 beats / minute, 

respectively. For hand-to-hand fighters, these figures were 

3.2±0.33 beats/minute, 1.6 beats / minute, 4.8±0.29 

beats/minute, respectively. Consequently, the relative increase 

in the reaction of the heart in the first and second was greater 

than in the third. It can be thought that it is for hand-to-hand 

fighters that more economical mobilization of the functional 

reserves of the heart under the influence of a vestibular 

stimulus and a more economical reaction of the heart muscle 
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with an increase in the duration of the acting stimulus are 

characteristic [22,23]. 

 

Table 2. Dynamics of an increase in heart rate among athletes 

with different duration of vestibular load in the form of head 

tilt down 

Observation 

groups 

Dynamics of growth of heart rate 

during exercise 

5 spins  

in 10 seconds 

10 spins  

in 20 seconds 

Control group  

(n = 18),  

beats / minute 

6.6±0.54 9.7±0.70 

р2<0.01 

Boxers (n = 26), 

beats / minute 

5.3±0.25 

р<0.01 

р1<0.01 

7.1±0.27 

р<0.01 

р1<0.01 

р2<0.01 

Karate 

practitioners  

(n = 24),  

strokes / minute 

4.5±0.22 

р<0.01 

р1<0.01 

6.3±0.31 

р<0.01 

р1<0.01 

р2<0.01 

Those engaged in 

hand-to-hand 

combat (n = 28), 

strokes / minute 

3.2±0.33 

р<0.01 

 

4.8±0.29 

р<0.01 

р2<0.01 

Note: р - reliability of differences between athletes and 

control, р1 - reliability of differences in hand-to-hand fighters 

with boxers and those who go in for karate, р2 - reliability of 

differences in changes in heart rate at different duration of 

vestibular load. 

 

The value of systolic blood pressure in boxers, karate and 

hand-to-hand fighters was comparable - 113.4±0.67 mm Hg, 

112.4±0.52 mm Hg. and 112.0±0.73 mm Hg. Art., 

respectively. The average value of this indicator in the control 

group was slightly higher - 123.6±1.16 mm Hg. Art. (p<0.05), 

which is consistent with the data on the formation of some 

hypotension in regularly involved in sports [24,25].  

Under rotational load, the main reaction of systolic blood 

pressure at any position of the head in space was an increase. 

Approximately 10% of the surveyed had a slight decrease 

(only 1-2 mm Hg). The magnitude of the increase in systolic 

blood pressure in all athletes and in the control group was 

comparable - 4.0±0.67 mm Hg; 3.9±0.59 mm Hg; 3.9±0.46 

mm Hg and 3.8±1.02 mm Hg. Art., respectively. The found 

constancy of the response of systolic blood pressure to rotation 

was observed at any position of the head [26,27]. No 

intergroup differences were found for this indicator. 

Under conditions of doubling the time of the rotational load, 

the increase in systolic blood pressure in athletes was on 

average 1.7±0.39 mm Hg. Art. (about 40.0%) more than with a 

ten second load. At the same time, there was no correlation 

between these values. The increase in systolic blood pressure 

in the case of doubling the duration of the rotational load in the 

control group was significantly greater - 4.6±0.92 mm Hg. Art. 

(121.0%; p<0.01) than among the representatives of all sports 

taken into the study.  

The level of diastolic pressure before vestibular loading did 

not differ significantly among all examined athletes and 

averaged 69.6±1.10 mm Hg (in control 80.3±0.45 mm Hg). 

The average value of the diastolic blood pressure response 

value during rotational load in the examined athletes slightly 

and comparable increased in all on average by 1.6±0.42 mm 

Hg. Art. 

The found dynamics of diastolic blood pressure determined 

the changes in pulse pressure during vestibular stimulation 

[28]. In the control group, changes in this indicator for each 

subject were multidirectional and at the group level were 

unreliable - 1.1±1.26 mm Hg. Art. (p>0.05), while boxers, 

karate fighters and hand-to-hand fighters showed a significant 

increase in pulse pressure by an average of 2.5±0.43 mm Hg. 

Art. (p<0.01). The revealed features indicated a high degree of 

adaptation of the cardiovascular system among representatives 

of martial arts to rotational loads and a high margin of safety 

of the functional capabilities of their circulatory system.  

Regular feasible muscular activity in the form of sports 

training stimulates the level of implementation of metabolic 

processes, increases and maintains at an increased level the 

processes that implement protein synthesis and energy 

production in the body. This has a positive effect on the mental 

and physical potential of a person [29]. 

In conditions of increasing physical activity in the human 

body, the phenomenon of fatigue inevitably arises - a special 

physiological state that temporarily occurs against the 

background of active prolonged muscular activity and leads to 

a decrease in its effectiveness. The development of the 

phenomenon of fatigue against the background of exercise is a 

strong stimulant that uses the reserves available in the organs 

and cells of the body, and causes the implementation of 

recovery processes. It can be acute, occurring in a short time, 

and it can be chronic, persisting for weeks or months. Fatigue 

in athletes can be general, exciting the implementation of many 

functions of their entire body, and local, affecting a separate 

small muscle group, organ or one organ system. There are two 

phases of fatigue. The first phase is compensated fatigue, in 

which there is no pronounced weakening of sports 

performance due to the activation of the reserve capabilities of 

the body. The second phase is uncompensated fatigue 

associated with the exhaustion of the body's reserve capacities 

and a pronounced decrease in working capacity [30]. 

After the completion of physical activity, including against 

the background of fatigue, recovery develops, associated with 

a gradual transition of physiological and biochemical 

parameters to the level of the initial state. The period during 

which the general functional status is restored after sports 

activities is called the recovery period. In the period of 

recovery, assimilation processes are very pronounced. At this 

time, the increase in energy reserves is mainly going with an 

excess over the initial level (the phenomenon of over-

recovery). This is of great biological importance for 
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increasing, including in martial arts, the level of training of a 

person and his organ systems, which contributes to an increase 

in overall performance. In sports, there are phases of early and 

late recovery. The early phase ends a few minutes after light 

activity, after hard work a few hours later. The late phase of 

physical recovery can last for several days [31]. 

After physical exertion, including in martial arts, the 

functions of individual body systems are restored at different 

times. The earliest after exercise returns to the level of 

outcome, the function of external respiration, later the heart 

rate and blood pressure level stabilize, and even later, after a 

day or more, sensorimotor reactions are optimized, and the 

basal metabolism can be restored within three days [32](Figure 

1). 

 

 
Figure 1. The beginning of the recovery process against the 

background of physical fatigue (https://krasunia.ru/wp-

content/uploads/7/2/2/722cfed115aa2932506f5e3fa22cbde9.jpeg) 

 

Long-term sports activity leads to the development of 

adaptation to it as a result of the inclusion of hidden reserves 

of cells and organs. Physiological changes in the parameters of 

the organism that occur against the background of physical 

exertion are based on complex rearrangements in all systems 

of a living organism. The important mechanisms of adaptation 

in conditions of physical activity of a sports nature include an 

increase in the reserves of glycogen and triglycerides in the 

composition of muscle fibers, an increase in the activity of 

respiratory enzymes, an increase in the number of 

mitochondria in all cells of the body, inhibition of anaerobic 

metabolism due to an increase in aerobic metabolism. A 

person who has adapted to sports loads has much larger 

reserves and is able to use them quickly [33]. 

Against the background of systematic sports training, the 

volume of the heart is able to increase 2-3 times, the maximum 

oxygen consumption increases 10 times, pulmonary ventilation 

- 20-30 times, the resistance to the development of a state of 

hypoxia significantly increases. A person with high 

morphological and functional parameters of organ systems is 

able to perform a long-term large amount of sports work. The 

morphofunctional features of organs and their systems in the 

body, arising under conditions of regular sports loads, 

including martial arts, are called physiological characteristics 

of fitness. Under these conditions, the processes of higher 

nervous activity, the work of the neuromuscular, respiratory, 

cardiovascular, excretory systems are improved, the 

metabolism is intensified and the work of the entire endocrine 

system is improved [34] (Figure 2). 

 

 
Figure 2. High physical fitness (https://im0-tub-

ru.yandex.net/i?id=818f03fc04a507c03e9395f25478928c-

l&ref=rim&n=13&w=640&h=640) 

 

Improvement of the functional mechanisms of neurohumoral 

regulation in sports is strongly associated with an increase in 

the ability of the adrenal cortex to generate the required 

amount of corticosteroids, an increase in the synthetic 

properties of the endocrine pancreas, a physiologically 

justified weakening of insulin synthesis and a decrease in its 

level in the blood outside of exercise, a weakening of the 

insulin response to glucose entering the blood during 

consumption of carbohydrate food and muscle load, inhibition 

of synthesis in the liver of triglycerides and low density 

lipoproteins [35]. 

A well-trained athlete uses less energy at rest than a 

physically untrained person. At rest in the morning, on an 

empty stomach, on days not preceded by serious physical 

activity, the total energy expenditure of a trained person is 

15% less than that of an untrained person. This is due to a 

decrease in the level of oxygen consumption and the 

optimization of the gas exchange process in the lungs. So, at 

rest in trained people the ventilation activity of the lungs is 

lower than in those who do not regularly exercise. This is 

determined by the low frequency and greater depth of 

respiratory acts. These indicators are strongly associated with 
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the level of fitness and the severity of maximum oxygen 

consumption. The more trained a person is, the more oxygen 

his body can consume during maximum sports work. The 

highest rates (5.5-6.5 l/min) were found among international-

class athletes who are in the best shape during the 

examination. Slightly lower values of this indicator (about 4.5-

5.5 l/min) are observed in less trained masters of sports and 

individual first-class athletes. In people with a second or third 

sports category, the value of maximum oxygen consumption is 

even lower, amounting to approximately 3.5 - 4.5 l/min. A 

value of this parameter less than 3 l/min indicates a low level 

of fitness. As a result of the increase in the strength capabilities 

of the respiratory muscles, the volume of the vital capacity of 

the lungs increases, the value of the oxygen utilization 

coefficient increases, the ability of the respiratory center to 

maintain excitement for a long time increases [36]. 

The slightly reduced level of the minute blood volume in the 

trained person at rest compared to the level in the untrained is 

associated with the optimal heart rate. A decrease in heart rate 

is a reliable sign of physiological fitness. In athletes involved 

in martial arts, the heart rate also decreases, which is not 

observed in physically untrained people, even young people 

[37,38] (Figura 3). 

 

 
Figure 3. Regular physical activity normalizes heart activity 

(http://www.vladimirantonov.ru/wp-

content/uploads/2015/04/VO2MaxTest.jpg) 

 

Muscle activity in martial arts helps to increase the lumen of 

blood vessels and reduce their tone [39]. Against the 

background of regular sports training, the level of blood 

pressure among martial arts fighters is physiologically 

permissible decreases. As a result of an increase in the density 

of the location of blood vessels and their high elasticity in 

regularly exercising, blood pressure outside the load is slightly 

lower than normal [40]. The maximum heart rate in those who 

regularly exercise under physical stress can reach a high 

frequency, and the systolic pressure can be at a low level for a 

long time. In an untrained person, the heart cannot reach a high 

frequency of contractions, and an increase in systolic and 

diastolic pressure in him can lead to pre-pathological and 

pathological conditions even in conditions of short-term 

intensive work [41]. In the case of regular training in martial 

arts, additional capillaries are formed in the myocardium, the 

capacity of the coronary vessels increases, the content of 

myoglobin increases, and the density of adrenergic nerve 

fibers increases [42]. For this reason, martial artists increase 

the maximum rate of contraction and relaxation of the heart 

with an increase in the stroke and cardiac output and the 

frequency of its contractions [43]. 

The increase in strength and endurance of muscles that 

occurs during regular sports activities leads to an increase in 

the functional capabilities of extracardiac factors of blood 

circulation. There is an increase in the work of skeletal 

muscles, strengthening of the valves of the veins, the suction 

effect of the chest, large vessels and heart cavities is activated 

[44]. 

IV. CONCLUSION 

Regular sports activity trains the body and allows a person 

to do a very significant job. This leads to an increase in the 

functional activation of all body systems, an increase in their 

reserve characteristics due to an increase in the level of fitness. 

Each organ, each organ system, as a result of targeted muscle 

training, increases the level of biological capabilities, resulting 

in significant human performance. Currently, physiology needs 

to clarify information about the effect of irritation of vestibular 

receptors during motor activity on the functional state of the 

cardiovascular system. In this regard, it is very important to 

continue the study of the dynamics of the parameters of 

cardiac activity with various feasible regular variants of sports 

activity in the course of targeted training, including in single 

combats. 

Martial arts help enhance adaptation to vestibular loads and 

optimize reactions heart in response to vestibular irritation. 

The specificity of movements, which takes place in different 

types of martial arts, affects the reaction of the heart in tests 

with a change in the position of the head in space. These 

changes are directly related to the heart rate and are the most 

physiological in hand-to-hand fighters compared to boxers and 

karate fighters. Changes in blood pressure values, apparently, 

are not associated with the peculiarities of movements in 

representatives of different types of martial arts. 
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