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Abstract

Introduction. The article analyzes the scientific data about cardiovascular, motor and
sensory reactions of athletes to vestibular irritation. The results of experimental studies which
are aimed at determining influence of vestibular loading on cardiovascular indices system of
fencers of high qualification of all ages.

Purpose. The aim of this reserch is to investigate the effect of vestibular loading on
the cardiovascular system of high qualification fencers.

Methods. The research was conducted on the basis of the National University of
Physical education and sports of Ukraine. The study involved 30 fencers of high qualification,
having a sports rank of the master of sports (MS) and who are members of the national team
of Ukraine. Experimental data were analyzed with methods of mathematical statistics. The
reliability of the difference in mean values were determined according to T-criterion of
Student. To assess the impact of Vestibular load, the reaction of the cardiovascular system for
changes in blood pressure, calculated the magnitude of pulse pressure, endurance ratio was
studied.

Results. Studies have shown that the mean values of change AT and HR in response

to a vestibular test in different age groups have a certain orientation. The least increase in
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heart rate turned out to be 23-year-old athletes. Prevailing focus on reducing the response to
the rotational load in this group, there are changes in systolic pressure. In the group of 16-
year-old athletes SAT has increased. And, a significant decrease in diastolic pressure was
found in 16-years athletes, and athletes in age of 23 GAO have increased. Information
provided will allow to improve the efficiency of medical and biological provision in sports
training of fencers in different age groups. It should also be carry out further research to find
correlations between the indicators of the vestibular stability of fencers and their sporting
result.

Originality. For the first time we have studied the effect of vestibular loading on the
cardiovascular system of high qualification fencers.

Conclusion. Under the influence of fencing exercises, as the athletes develop their
qualifications, the direction of the cardiovascular system's response to vestibular irritation is
changing, and its severity is largely determined by the laws of age's development of the
subjects. These studies lead to the conclusion that it is important for fencers to train vestibular
apparatus to improve the technique of exercising. It should also be noted that a large number
of athletes showed high values of changes in the cardiovascular system.

Key words: cardiovascular system, systolic, diastolic, heart rate, pulse pressure,
coefficient of endurance, vestibular loading, vestibular stability, vegetative reaction,

fencers.

CraTbsl OCBSIILIEHA UCCIICAOBAHUIO BIUSHUS BECTHOYISPHOM HAarpy3ku Ha Ceple4HO-
COCYIHUCTYI0 CHCTEMY (DEXTOBAIBLIMKOB BBICOKON KBanudukauuu. IIpoaHanusupoBana
Hay4Has JuTeparypa o0 HcClIeJOBaHUAX CEPAEYHO-COCYAUCTBIX, IBUraTEIbHBIX U CEHCOPHBIX
peakuMii CIOpPTCMEHOB Ha BecTUOYIsipHOE pasapaxeHue. [IpuBeneHbl pe3ynbTaThl
SKCIEPUMEHTAIbHBIX HCCICIOBAaHUM, LENbI0 KOTOPHIX OBLIO OIpelesieHue BIMSHUA
BECTHOYJISIPHON Harpy3kd Ha IOKa3aTelld CepleuyHO-COCYAMCTOM CHCTEMBbl CIHOPTCMEHOB-
(eXTOBaJIBIIMKOB BBICOKOM KBaslM(UKAILMK pa3HOro Bo3pacTa. MccnenoBaHus NpoBOAMINCH
Ha 6a3e HanumoHanbHOTO yHHMBepcuTeTa (PU3MYECKOrO BOCHHMTAHHUS M cropTa YKpauHbl. B
uccieioBaHUM nOpuHUMamu  ydacthe 30 (exTOBaIbLUIMKOB BBICOKOH KBaTU(HUKAIHH,
UMEIOIIMX CIOPTUBHBIN paspsii MacTepa CIOpTa W WieHbl COOpHOW KOMaHJbl YKpauHBI
OKCIIEpUMEHTANIBHBIE JTAHHBIE AHAJIU3UPOBAIUCH METOJAMM MaTEMAaTUYECKOW CTAaTHUCTHKH.
JIOCTOBEPHOCTh pa3iavuusl CPEIHUX BEIMUYUH ONpenessau mno t-kpureputo CreroneHta. [ns
OLICHKM BJIMSHUA BECTHOYISPHOM Harpy3Kd H3y4dalld pPEaKLUHUI0 CepJeYyHO-COCYAUCTON

CUCTCMBI IO U3MCHCHUAM apTCPUAILHOI'O0 HABJICHHA, PACCUUTBIBAIIN BCIIMYUHY ITYJIBCOBOT'O
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JaBIeHUsI, KOAQQHUIUEHT BHIHOCIMBOCTH. VIccrenoBanusl MOKa3aiy, 4TO CpeIHUE BETHUMHBI
W3MEHEHUN apTepuaIbHOrO JABJIEHUS U 4acTOThl cepaeunbix cokpamienuil (UCC) B oTBeT Ha
BECTHOYIISIPHYIO TPOOY B Pa3HBIX BO3PACTHBIX IPYIIAX HCIBITYEMbIX HMEIOT ONPENEICHHYIO
HanpasieHHocTh. Hamvenbinee nosbimenne YCC okazanock y 23-JETHHUX CIHOPTCMEHOB.
[IpenmymiecTBEHHYIO HANPaBJIEHHOCTh HA YMEHBIICHNE B OTBET HA BpAlIaTeIbHBIC HATPY3KH
B OTOH TpyHIe HMEIOT HM3MEHEHHUs CHCTOJMYECKOTO aBieHus. B rpymme 16-meTHuX
cnoprcmeHoB  CAJl  yBenmuuinocb. M HaoOGopoT, 3HAUUTENbHOE  yYMEHBILIECHUE
JTUACTOJIMYECKOTO JaBJICHUSI OOHAPYKEHO y CIOPTCMEHOB 16 JieT, a y COPTCMEHOB 23 JieT
JNAJl yBenmuunocs. IlpencraBnenHas uHQOpMaIMs MO3BOJUT MOBBICUTH APPEKTUBHOCTH
MEINKO-ONOJIOTHIECKOTO 00ecTieueH sl CIIOPTHBHON TOATOTOBKH (PEXTOBAIBITUKOB Pa3HBIX
BO3PACTHBIX Tpymil. Tarxke cienyeT MPOBOJUTH NaTbHEHIINE HMCCIETOBAHUS IS TIOMCKA
KOPPEIIIIUU MEXAY TOKa3aTesIMH BECTHOYISPHONH YCTOWYHBOCTH (PEXTOBAIBIIUKOB U UX
CTIOPTHBHBIM PE3YIIbTATOM.

Kurouesrbie cjaoBa: cep/ievHO-COCyAUCTast cucrema, CHCTOJIMYeCcKoe
aprepuajibHOe [aBJieHHMe, [IHACTOJHYECKOe apTepHa/bHOe /JaBJIeHHe, YacToTa
CepleYHbIX COKpallleHuil, MyJbCOBOE /aBJieHHe, KOI(P(PUIHMEHT BBHIHOCINUBOCTH,
BecTHOY/JIsIpHAS HArpy3Ka, BecTHOYJsIpHAs YCTOHYMBOCTb, BereTATHBHbIC PEAKIUH,

dexToBANBIIMKH.

Y crarTi HaBeleHI pe3yJbTaTH  CKCIEPUMEHTAIBHUX  JOCTIHKCHb  BIUIMBY
BECTHOYISPHOTO HAaBaHTAKEHHS HAa IMMOKAa3HUKU CEPIIEBO-CYAMHHOI CHUCTEMHU CIIOPTCMEHIB-
(hexTyBaJIbHUKIB BUCOKOi KBamiikamii pi3HOoro Biky. OmmcaHa METOJWKAa  JIOCHIIKEHbB.
BuBueHHs peakiiii cepieBo-CyAMHHOT CUCTEMH 3IiHCHIOBAIOCS 3a 3MIiHAMH apTepialibHOTO
TUCKY, pO3paxyHKaMd BEJIUYMHU IyJIbCOBOTO THCKY Ta KOC(]Ii€EHTY BHUTPUBAIOCTI.
Pesynpratu JochimKeHHS J03BOJIATh MIABUIIUTH €(PEKTHBHICTb MEIUKO-010J0TIYHOTO
3a0e3MeyeHHs CIIOPTUBHOT MIATOTOBKHU (PEXTYBAILHUKIB PI3HUX BIKOBUX T'PYIL.

Kuiro4uoBi ciioBa: cepueBo-CyAHHHA CHCTeMa, CHCTOJIYHUI apTepiaJibHUN THCK,
AiaCTONIYHMN apTepiaJibHUI THCK, 9aCTOTAa CEpUEBHX CKOPO4YeHb, NMYJIbCOBHMIl THCK,
KOe(iliEHT BHUTPHBAJIOCTI, BeCTHOYJIsIDHE HABAHTAKCHHS, BeCTHOY/JIsIpHA CTIlKICTD,

BereTaTuBHI peakuil, pexTyBaibHUKH.

Introduction. The interest in studying the vestibular analyzer was and remains quite
high. A considerable amount of work is devoted to the study of the influence of vestibular

irritations on a human body and the discovery of various labyrinthine reflexes. And this is
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natural, because the vestibular nerve in its structure, functional properties and significant
connections within the CNS sharply differs from all the cranial nerves, namely with its
irritation there is not a narrow-angle reaction, and there is an effect on a large number of
functions of an organism.

Among all the cranial nerves, the effect of the vestibular nerve on a body is similar to
that of the vagus nerve, which affects the entire vegetative system and some processes in the
transverse muscle. The vestibular analyzer is unique among specialized sensory systems in a
sense that its secondary fibers are extremely widely distributed in the central nervous system
[1].

Literature review. A constant component of the reaction of an organism to the
irritation of the vestibular apparatus is vegetative reactions associated with the state of the
labyrinth and the vegetative system as a whole, due to which they are very diverse and cover
almost all the internal organs and systems: the gastrointestinal tract, the vascular system,
secretory organs and metabolism. Many works were devoted to the study of these reactions.
Initially, the objects of the research were people of different professions, whose activities
required high resistance to deflection (pilots, sailors, astronauts) [2, 3]. A bit later, a focus of
the research was shifted to athletes of different types of sport, including those in which high
coordination abilities do not play the most important role [4,5,6]. However, cardiovascular,
motor and sensory responses of athletes of various specializations on the vestibular irritation
are insufficiently studied and require further investigation. There is also very little data on the
functional state of the vestibular analyzer in these works, despite the fact that their specific
activity is related to the constant irritations in a form of varied accelerations and preservation
of equilibrium is a very significant task.

Particularly important is the study of the vestibular function of single-player
sportsmen, since during a fight with an enemy, the key role is played by movements, the
effectiveness of which is determined by the accuracy of spatial orientation, which, in its turn,
depends on the functioning of the vestibular apparatus [7]. However, specialists who are
preparing skilled fencing athletes ignore researches of this kind. This is unjustified, since a
fencer during a battle is always subject to vestibular loading due to rapid changes in the
direction of movements, deviations and sharp turns, and the accuracy of athlete’s movements
is one of the most important conditions for obtaining a result. In this case, training sessions in
this type of sport at all stages of the annual cycle are full of exercises that serve as stimuli for

the vestibular apparatus.
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Purpose and tasks of the research. According to everything mentioned above, the
study of the effect of vestibular loading, in particular on the cardiovascular system of athletes
of different ages, is an actual task of sportive and age-related physiology. The purpose of the
article is to investigate the effect of vestibular loading on the cardiovascular system of high-
qualified fencers.

Materials and methods. To study the effect of vestibular loading on the
cardiovascular system of high-skilled fencers, 30 athletes with a sport rank of the Master of
Sports (MS) and members of the Ukrainian national team participated in the study. Changes
in the frequency of heart rate (HR) and blood pressure (AP) of the subjects were used to
assess the effect of vestibular loading. The vestibular load was created by means of a
rotational test in the armchair of the Ram according to Voyachech's method [1]. As a result of
the data obtained before and after the rotational test, the following were determined:

a) the reaction of the cardiovascular system following changes in blood pressure and
heart rate; blood pressure and heart rate were determined from the left hand using the
electronic automatic tonometer A&D UA-777 of the Japanese company A&D Medical;
calculated the pulse pressure (PP) using systolic (SAT) and diastolic (DAT) blood pressure
indicators;

b) the coefficient of endurance (CE) (according to Balandin and others) [8], which is
an integral value, uniting the heart rate, SAT and DAT; it is determined by the formula: CE =
HR = 10/ PP. The research was conducted on the basis of the National University of Physical
Education and Sports of Ukraine. All surveyed were informed about the survey process and
provided written consents in accordance with the Helsinki Ethical Declaration.

The experimental data was analyzed by using mathematical statistics. The reliability of
the differences in average values was determined by the Student's t-criterion.

The results of the research and the discussion of them. In the course of the study,
the following results were obtained: all fencers of high qualification corresponded to the
vestibular loading of changes in the cardiovascular system. The changes in heart rate ranged
from 0 to 28 beats per a minute, and the average pulse of athletes varied at 10 percent. It
should also be noted that not all athletes responded to the use of vestibular loading with an
increase in heart rate. 12 people had decreased heart rate, and one athlete had unchanged one.
This is in accordance with the data of scientists that not all people have the same vegetative
reaction to vestibular irritations [9, 10].

The study has shown that blood pressure and heart rate in response to a vestibular test

for different objects may increase, decrease or remain unchanged, but the average values of
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changes in groups have a certain orientation. The heart rate of athletes of all age groups in
response to the vestibular load increases. The increase in age groups of 16, 19 and 23 years
was 4,31 + 1,57; 4,33 = 0,66 and 3,38 = 0,92 beats per a minute, respectively (p <0,05). The
23-year-old athletes showed the least increase in heart rate.

Consequently, the increase in heart rate of the trained objects should be considered as
an adequate response to the vestibular test, which indicates greater stability of the vestibular
apparatus to the proposed load.

Reactions of systolic pressure on the rotational load of athletes also have significant
differences, especially in age groups of 16 and 23 years. Thus, the SAT of 16 year old athletes
increased by 3.21 + 0.94 mm of mercury (p <0.01). The same SAT trend of changes was
found in the subjects of the research group of 19 year old sportsmen, when the average values
increase by 2.13 £ 0.87 mm of mercury (p <0.05). At the age of 23 years, the SAT changes in
response to the rotational load have a preferential tendency to decrease by 2.85 + 0.80 mm of
mercury respectively.

Concerning the reaction of diastolic pressure on the rotational load, its trend in all the
studied groups is the opposite to the SAT changes. The most significant reduction in DAT
was found at 16 year old athletes (2.73 = 1.02 mm of mercury), and 23 year old athletes' DAT
increased respectively (2.67 = 0.86 mm of mercury).

Consequently, the response to the rotational load, both by the reactions of SAT and
DAT, among athletes of different age groups was the largest in the age group of 16 years.

The divergent nature of the reactions of SAT and DAT on the rotational load
influenced the expressiveness of pulse pressure changes in the studied groups. In the age
groups of 16 and 19 years, there was a marked decrease in this figure for athletes: at 5.50 +
2.09 and 4,06 + 0.87 mm of mercury accordingly.

Thus, the dynamic of age-related changes in the PP in response to the rotational load,
in essence, repeats the trend of the DAT changes.

After the vestibular load, a moderate increase of the CD in a group of 16 year old
athletes is observed (3.53 + 0.70 (p <0.01). The growth of CD indicates weakening of the
cardiovascular system [11], which ultimately leads to an unsatisfactory adaptation of an
organism to the action of a vestibular stimulus. In groups of 19 and 23 year old athletes, there
is a tendency to the CD decrease: at 19-year-old sportsmen at 1.40 + 0.98, at 23-year-old
athletes at 0, 91 + 0.62.
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Table 1.

Changes in the cardiovascular system under the influence of vestibular loading

Age group The average value of changes in the work of the cardiovascular system
HR SAT DAT PP
(Id / min) (mm of (mm of mercury) | (mm of mercury)
mercury)
16 yearsold |4.31+157 |3.21+094 2.73+£1.02 5.50 £2.09
19vyearsold |4.33+0.66 |2.13+0.87 2.69 £0.93 4.6 £0.87
23yearsold [3.38+0.92 |2.85+0.80 2.67 £0.86 3.76 £0.73

Reduced HR of the studied athletes of 19 and 23 years in response to the vestibular
loading indicates positive changes in a functional state of the cardiovascular system and the
increase of adaptability of the heart muscle to the vestibular irritations.

The data indicates a different reaction of heart rate and blood pressure of the athletes
during the rotational test in the Baran's chair, which corresponds to the figures that the
vestibular analyzer has a strong connection with the central nervous system and in a case of
low sensitivity and high stability of the vestibular apparatus the vegetative reactions occur
less noticeable.

Conclusions. It is shown that under the influence of fencing exercises, as the athletes'
qualifications grow, the trend of the cardiovascular system's response to the vestibular
irritation changes, and its severity is largely determined by the the age of the subjects being
tested. The data leads to the conclusion that training of the vestibular apparatus is important
for fencing to improve the technique of exercising. It should also be noted that a large number
of athletes showed high changes in the work of the cardiovascular system, indicating that their
level of vestibular stability is quite low. This suggests that the athletes do not use methods of
vestibular stability training in their professional activities, which can prevent them from
obtaining high sports results in fencing. Therefore, further research should be carried out to

find a correlation between the indicators of the vestibular stability of fencers and their results.
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