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The objective of the work consisted in studying the ratio and interconnections of functional fitness structure
key components of elite combat athletes in the process of adaptation to physical loads at the stage of
individual capacity maximum realization.

55 highly skilled wrestlers aged 19-27 years old, members of the national teams of Ukraine in different styles
of wrestling - freestyle, Greco-Roman, judo were examined. The assessment of wrestlers’ functional fitness
structure was made according to a complex of indices of physiological systems activity at rest and during
performance of a block of testing physical loads on a bicycle ergometer.

The components of functional fitness structure of male combat athletes of three wrestling styles (Greco-
Roman, freestyle and judo) were studied according to the manifestations of the respiratory and circulatory
functions during testing loads performance, and achieved indices of work capacity. It has been revealed that
the key integrative components of the general structure of wrestlers’fitness include: the level of special work
capacity, general level of functional fitness, mobility of physiological processes, economy, anaerobic power.
Greco-Roman wrestlers are superior to freestyle wrestlers and judokas in anaerobic power, mobility and
economy. The greatest differences are manifested in the values of anaerobic power, mobility and general
level of functional fitness, whereas the least - in indices of economy. The key criteria for the functional fitness
of wrestlers in the manifestation of a high level of physical work capacity include: economy of functioning at
rest and during muscular activity of anaerobic-aerobic nature, high reactivity of the cardiovascular system
to physical load, power of the anaerobic energy supply system, the rate of recovery processes, the state of
cardiac activity regulatory mechanisms, the level of metabolic processes and excitability of the heart muscle.
The level of development and the ratio of the components of functional fitness structure of elite combat
athletes may be used as the reference models for development of differentiated scales for estimation of
the key constituents of physical state of wrestlers specialized in freestyle, Greco-Roman wrestling and
judo. Complex application of different methods of testing athletes provides more efficient approach to the
problem of monitoring and managing functional fitness and special work capacity of wrestlers at the stage
of maximum realization of individual capacities.

An increase in the proportion of key integrative functional indices in special work capacity of athletes
specialized in various wrestling styles - Greco-Roman, freestyle and judo represent the most significant

criterion for improving their functional fitness structure.
wrestlers of different styles, structure, functional fitness, criteria, work capacity.

Introduction

Efficient studying functional fitness structure (FFS)
of combat athletes, the variety of geno- and phenotypic
factors that determine its formation in the process of
long-term adaptation to physical loads, is possible on the
basis of complex research methods and principles of a
systematic approach [1-4].

The main provisions and principles of systematic
approach envisage the study of the ratios of physiological
parameter development levels and the interconnections
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of mechanisms determining special fitness of athletes at
different stages of the training process [5-8].

Despite the fact that many researchers used complex
research methods to study the integral activity of the body
of combat athletes, the structure of athletes ‘fitness was
analyzed without account for the ratio of development
levels and interconnections of its key components to
ensure the athletes’ special work capacity [9-11].

Most authors analyzed the general structure of
combat athlete fitness, mainly according to its individual
components, factors, or few indices without taking into
account their ratio and interconnections in the process
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of ensuring specific activity of wrestlers [12-15]. Few
complex studies failed to observe the main principle of the
systematic approach - the relationships and ratios of the
constituents of structural and functional components in
the general fitness structure of athletes were incompletely
taken into account in connection with ensuring a high
level of special work capacity or competitive activity [ 16-
18].

Insufficient coverage of functional fitness structure
of combat athletes from systemic positions prevented the
authors from substantiating a differentiated approach to
its assessment in wrestlers of different weight categories,
age, skill level, gender, style of wrestling [19, 20].

This made it difficult to assess the structure of
combat athlete functional fitness as one of the key
components of their general fitness structure, along with
physical, technical, psychological and moral-volitional
fitness. In addition, it also reduced the effectiveness of
methodological approaches aimed at the formation and
improvement of athlete fitness structure in the process of
long-term adaptation to physical loads.

The study of physiological systems interconnected
activity in the structure of functional and general fitness
of athletes is necessary for substantiated and efficient
managing adaptation reorganizations, increasing the level
of special work capacity, reliability of performing motor
actions and the growth of sports results in wrestling [8,
21,22].

The importance of this problem for the theory and
practice of wrestling, system physiology, physiology of
physical education and sport, and its insufficient coverage
in the literature have determined the choice of direction
and subject of study.

The objective of this work is to study the ratio and
interconnections of functional fitness structure key
components of elite combat athletes in the process of
adaptation to physical loads at the stage of individual
capacity maximum realization.

Material and methods

Participants. 55 highly skilled wrestlers aged 19-27
years old, members of the national teams of Ukraine in
different styles of wrestling - freestyle, Greco-Roman,
judo were examined. The 31 of Ukrainian National Team
athletes, participated in this study, were at the student’s
age (19-24 years old) during championships and 24 of
them were currently students.

Study protocol was approved by Ethic Committee
University. The research was fulfilled in compliance with
WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects [23].

Procedure. The studies were carried out at different
stages of the annual preparation cycle and performed as a
natural open experiment.

To assess the functional fitness (FF) structure of
combat athletes, instrumental research methods as well
as methods of mathematical statistics, mathematical
modeling and forecasting were used.

The structure of athlete functional fitness was

examined in a state of a relative rest and during responses
to testing physical loads.

Vegetative and somatic indices were recorded in a state
of a relative rest by electrocardiography and variational
pulsography methods [24], tremometry, computer-based
testing [6, 22], wrist and torso dynamometry, methods for
recording the maximum, relative and explosive strength
of the lower extremity muscles [6], etc.

Parameters of the electrocardiogram, time of simple
and complex motor responses, accuracy of visual
information processing, frequency of movements in the
tapping test, speed-strength manifestations of the lower
extremity muscles, and other indices were recorded at
rest under basal conditions. AsSCARD MrGrey v.07.205
electrocardiograph of ASPEL S.A (Poland) company was
used to record temporal and amplitude characteristics of
the electrocardiogram.

The assessment of wrestler functional fitness structure
during muscular activity was made according to the
indices of the activity of the muscular, respiratory and
cardiovascular systems and the achieved work capacity
indices while performing the block of testing loads on
the bicycle ergometer. Various test conditions allowed
to evaluate the general level of athlete functional fitness
by the degree of development of its key structural
properties, such as anaerobic and aerobic power,
mobility and economy [21, 25]. This structuration of
the body functional capacities enabled to outline the
most generalized properties of FFS, which are subjected
to targeted improvement through the use of specially
selected training effects [25].

The “Oxycon Pro” high-speed automatic gas analyzer
of “Jeager” company (Germany) was used to examine
the body functional manifestations. In the process of
performing loads, the following initial indices were
determined: respiratory minute volume (1 min-1)
concentration of oxygen and carbon dioxide in exhaled
air [%), heart rate [beats - min-!) and the corresponding
indices of the power of performed load [W). According
to the results of performing the battery of testing loads,
a complex of 9 indices was calculated, based on which
such key factors of functional fitness structure as
anaerobic power, mobility, economy was differentiated
in accordance with specially designed algorithm [5, 25,
26]. General level of functional fitness and the degree
of development of the studied structural properties
were determined on the basis of a system of formalized
ballpoint assessment of indices [5].

The examinations were carried out on a “Monark”
bicycle ergometer [Sweden). The following types of
testing loads were used: 1) State of rest - 3 minutes; 2)
Load of standard [moderate) power - 6 min [2 W per kg of
weight); 3) Anaerobic power load lasting 30 seconds; 4)
Anaerobic power load lasting 60 seconds.

Recovery pauses between testing loads were filled
with unloaded pedaling.

Statistical analysis. STATISTICA 13,5 statistical
package was used for statistical processing of experimental
material [27].
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Results

As a result of conducted studies, it was found that
in a state of relative rest, under basal conditions (in the
morning, lying down after waking up), the characteristic
signs of a high level of the body functional state of elite
combeat athletes include: according to electrocardiography
and variational pulsography - bradycardia (heart rate
(HR)) from 38 to 52 beats - min-'), increase in QRS
complex duration without signs of blockade, increased
voltage of the T wave in leads V3 - V5, an upward 1-2
mm shift of the ST segment in leads V1, V2, increase in
duration and variability of the R-R interval, respiratory-
type arrhythmia, decrease in Baevsky myocardial stress
index (SI) [24].

These characteristic signs of athlete’s heart are most
apparent among lightweight wrestlers. They reflect a
more pronounced economy of their heart and the body
functioning.

In wrestlers of higher weight categories, heart rate
and SI are higher than those of lightweight athletes. They
also have the greatest increase in heart rate and SI when
performing an orthostatic test.

Statistical processing of vegetative and somatic
indices recorded under basal conditions, as well as while
performing a number of tests in a state of relative rest,
allowed to determine the key generalized factors and
indices of wrestlers’ FFS: 1) factor of the optimal ratio
and interconnections of physiological mechanisms
determining the general level of wrestlers’ physical state
(1 46.7% of the total variance of the studied indices); 2)
factor of economy and differentiation of regulatory
mechanisms during manifestation of muscle speed-
strength capacities (36.0% of the total variance) 3) factor
of interconnections between the components of vegetative
support and central-nervous coordination in controlling
local movements (14.7% of the total variance).

The following vegetative indices were determined as
the key ones: heart rate, myocardial SI, arterial pressure
(AP), hemoglobin (Hb) content. The key somatic indices
include: the tremor amplitude, frequency of movements
in the tapping test, strength of the right and left hands,
strength and ratio of excitation and inhibition processes in
the central nervous system, static endurance, maximum,
relative and explosive strength of the lower extremity
muscles, the time of simple and complex motor responses,

accuracy of visual information processing.

The use of analysis-of-variance methods allowed to
show that, in a state of relative rest, the variability of FFS
vegetative and somatic indices is more determined by the
body weight of athletes than their skill level.

Higher weight categories are associated with increased
activity of cardiovascular system, higher tension of
functioning of cardiac activity regulatory mechanisms
(according to SI), elevated diastolic (P<0,01) and
decreased pulse (P<0,01) BP, improved absolute strength
capacities of athletes (P<0,01), reduced relative strength
of trunk extensor muscles (P<0,01), decreased strength of
inhibitory process in CNS (P<0,01).

Of the somatic parameters, the most variable at
rest is the tremor amplitude reflecting the state of the
neuromuscular system and regulatory mechanisms that
coordinate the extremity micromotions while controlling
the wrestler vertical posture stability.

Evaluation of the structure of wrestler functional
fitness general level by manifestations of respiratory
and circulatory functions in response to ongoing testing
loads and achieved work capacity indices [5; 21] allowed
to determine the level of development and the ratio of
the key components of FFS of combat athletes, such as
anaerobic and aerobic power, mobility and economy.

Table 1 shows statistical expression of the factors
of functional fitness structure of combat athletes for the
manifestation of their athletic work capacity (table 1).

The following ratios of the key factors in the general
structure of combat athlete functional fitness were revealed
without account for their specialization: anaerobic power
— 53,0£2,1%, aerobic power — 53,5+1,8%, mobility
— 80,4+2,8%, economy — 45,3+2,5%. The results are
indicative of high mobility level and relatively low
economy of physiological processes in combat athletes.
The level of anaerobic and aerobic power is characterized
by average values.

The most integral index - the general level of functional
fitness (FF), determined by mobility, economy, anaerobic
and aerobic power, is at an average level of 55 £2.0% in
the combined group of combat athletes (Table 1).

Below are presented mathematical models of the
general level of wrestlers’ functional fitness dependence
on the level of development and the interconnections of
the integral components of FF structure (Table 2).

Table 1. Factors of functional fitness structure of combat athletes according to manifestations of respiratory and

circulatory functions during testing loads

Factors of functional fitness structure

Statistical

parameters ;Anaerobic power, Aerobic power, Mobility, Economy, General level of FF, %
% % % %

X 53,0 53,5 80,4 45,3 55

+m 2,1 1,8 2,8 2,5 2,0

S 15 13 20 17 15

V, % 28,5 24,6 24,9 39,3 28,3

n 53 52 51 50 55
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Regression models reflect the share contribution
of individual integral indices of the functional fitness
structure of Greco-Roman, freestyle, and judo wrestlers
to the general structure of their functional state.

Revealed models are the basis for development of a
system for assessing and predicting the wrestlers’ FFS,
differentiated according to the level of development of
its key integral components: anaerobic power, economy,
aerobic power, mobility. Both in the combined group of
highly skilled combat athletes and in each separate group
of subjects: Greco-Roman, freestyle, and judo wrestlers.

Figure 1 shows the components of functional fitness
structure of male combat athletes representing three styles
of wrestling (Greco-Roman, freestyle and judo) according
to the manifestations of respiratory and circulatory
functions under testing loads and achieved indices of
work capacity.

Comparative analysis of FFS of highly skilled
representatives of different wrestling styles indicates that
Greco-Roman wrestlers are superior to freestyle wrestlers
and judokas in the following components of functional
fitness: anaerobic power, mobility and economy.

The greatest differences are manifested in the values
of anaerobic power and mobility.

Statistically significant differences reflect more
expressed ability of the body of Greco-Roman wrestlers
to faster restore functions after physical load, (mobility),
and to achieve the highest levels of work capacity under
short-term physical load (anaerobic power).

The least differences between three groups of wrestlers
were manifested in indices of economy, reflecting the
ability of athletes to perform physical loads with a
minimum level of function strain and minimal energy
expenditures.

Figure 2 illustrates the general level of functional
fitness of highly skilled freestyle and Greco-Roman
wrestlers and judokas.

Average values of functional fitness general level,
as an integral index determined by mobility, economy,
anaerobic and aerobic power, are higher in Greco-
Roman wrestlers (60.1 £ 3.2%). Freestyle wrestlers and
judokas are inferior to Greco-Roman wrestlers in terms
of functional fitness level (40.2 + 2.8% and 39.0 + 2.9%,
respectively), which probably reflects the specifics of

Table 2. Mathematical models of the general level of wrestlers’ functional fitness dependence on the levels of

development and ratio of its integral components

Groups of subjects Regression models

Correlation coefficients (R)

Combined group of
combat athletes

Greco-Roman wrestling Y=(16,26+0,281x,+0,337x,+0,044x,+0,055x,)16,2

Freestyle wrestling

Judo Y=(21,1+0,271x,+0,366x,+0,082x,

Y=((O,295x1+0,248x2+0,280x3+0,046x4)-0,749)i6, 11

¥=(21,6+0,019x,+1,11x,-0,253, - 0,533x,)+0,92
-0,208x)+4,7

R=0,938, p<0,0000..

R=0,903, p<0,00000..

R=0,993, p<0,00000..
R=0,943, p<0,00000..

Notes: Y — general level of FF, %; x,- aerobic power; x, — ana

erobic power, %; x, - mobility; x, — economy.

. Anaerobic power &
Freestyle _ B
wrestling -
28.7% Judo
T 27.2%
Greco-
Roman
wrestling
54.7%
s J
- . "o.l
Mobility Freestyle Economy
Freestyle wrestling
wrestling N S
7 wo [T g 0o
68.0% | 36 1%
Greco- Greco- f o020
Roman Roman
wrestling -3 wrestling
98.3% 46.5%
. AN A

Fig. 1. Ratio of the components of functional fitness structure in athletes specialized in judo, freestyle and Greco-

Roman wrestling
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Freestyle
wrestling; 40,2%

Greco-Roman
wrestling; 60,1%

Judo; 39%

Fig. 2. General level of functional fitness (%) in highly skilled wrestlers of different specialization (freestyle and Greco-

Roman wrestling, judo)

adaptive morphofunctional alterations associated with
distinctive peculiarities of technical and competitive
preparation of combat athletes of various specializations.
Verification of this assumption may become the subject of
further in-depth studies.

The results indicate that Greco-Roman wrestlers
are most functionally prepared as compared to freestyle
wrestlers and judokas, according to the outlined criteria.

Therefore, clite athletes of the analyzed groups differ
both in the general level of functional fitness and in the
level of development of the studied structural properties.
The greatest differences are manifested in the parameters
of anaerobic power, mobility and integral index - the
general level of functional fitness.

Discussion

The dominance of the analytical approach in studying
the structure of combat athlete fitness allowed researchers
to uncover different aspects of athletes’ physical state in
the process of long-term adaptation to physical loads [10,
12, 28-30]. This approach, however, prevented them from
examining the mechanisms of athlete body integration
systems in the process of providing the high level of their
fitness at different stages of training process. Application
of the system approach methods in various sports events
enabled some researchers to analyze the specifics of
several body system integration in the process of ensuring
a high level of physical work capacity [6, 25].

This approach permitted to evaluate not only the level
of development, but also the ratio and interconnections of
the components of athletes’ fitness general structure in the
process of modeling different modes of muscular activity
energy supply [7, 18, 25].

However, most of the similar studies dealt with
the analysis of functional fitness structure of athletes
specialized mainly in cyclic sports events [25, 26]. At the
same time, FFS of combat athletes is reflected in special
literature on wrestling without account for the variety
of interdependent factors affecting its formation: weight
category, gender, age, skill level and other factors [6, 8].

Conducted studies resulted in obtaining experimental
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material that characterizes the structure of combat athlete
functional fitness according to complex of vegetative and
somatic indices in various physiological states: before
and under different physical loads, which show the role of
various energy systems in ensuring physical performance
of combat athletes specialized in different wrestling styles
- judo, freestyle and Greco-Roman.

The use of complex research methods, including
the cyclic test block, allowed us to carry out complex
registration of physiological indices at rest, as well as
under different modes of muscular activity, with accurate
recording parameters of load, respiration, cardiac activity
and work capacity [22, 31].

Complex registration of the parameters of combat
athlete FFS provided the framework for developing
appropriate models of systemic support for the muscular
activity of highly skilled wrestlers. Previously developed
models [6, 8, 31, 32], supplemented by the results of
the given study, allow to differentiate the assessment
of functional fitness structure of wrestlers according to
different criteria and in various physiological states of
their body (rest, muscular activity).

At the same time, while evaluating and interpreting
the findings, one should take into account the fact that,
according to the structure of movements, the cyclic load is
not specific to acyclic activity of combat athletes.

In the studies of various authors, as well as in our
earlier works, combat athletes were also tested using
exercises that model their specific activity. This allowed
to make indirect quantitative [in terms of time and number
of movements performed in the test) and qualitative [in
terms of quality of specialized movements technique)
assessment of the level of their special work capacity
and fitness [6, 31]. However, the degree of precision of
the estimates of FFS, the ratio of its components, and the
level of physical work capacity during such test execution
is lower than during performing a block of cyclic loads.

The use of a block of physical loads of varying
intensity and duration with registration of cardiac activity
and respiration parameters provides high-precision
determination of the level of development and the ratio
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of the components of athletes’ functional fitness structure,
the character of energy supply, as well as the level of their
non-specific work capacity [4, 6, 31].

High mobility of the body functional manifestations
of highly skilled wrestlers reflects its ability to restore
functions as soon as possible after physical load [25, 26].

Differentiation of the estimates of the various FFS
components of highly skilled combat athletes of different
weight categories during performance of the testing load
block allows high-precision assessment of their functional
reserves, manifested differently in responses to physical
load at various stages of annual training cycle [31]. It
also permits to differentiate monitoring of physical state
and fitness control of wrestlers of light and heavy weight
categories according to key indices of cardiac activity of
gas analysis and special work capacity [31-34].

Conclusions.

Generalization of the findings allows to believe that
the key criteria for the functional fitness of highly skilled
wrestlers providing a high level of physical work capacity

include: economy of physiological systems functioning
at rest and during muscular activity of anaerobic-aerobic
nature, high reactivity of the cardiovascular system to
physical load, power of the anaerobic energy supply
system, rate of recovery processes, state of cardiac activity
regulatory mechanisms, level of metabolic processes and
excitability of the heart muscle.

The level of development and the ratio of the
components of functional fitness structure of highly
skilled combat athletes may be used as the reference
models for development of differentiated scales for
estimation of the key constituents of physical state of
wrestlers specialized in freestyle, Greco-Roman wrestling
and judo. Complex application of different methods of
testing athletes provides more efficient approach to the
problem of monitoring and managing functional fitness
and special work capacity of wrestlers at the stage of
maximum realization of individual capacities.
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