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Abstract
Purpose:

To substantiate and develop a methodology for predicting success in kickboxing on the basis of analysis of

morphofunctional, physiological, biomechanical and psychophysiological indicators.

Material:

it was examined athletes of kickboxing (n=185, age 18.58 + 0.46 years). It was studied the features of physical

development (n = 18). The main biomechanical parameters (n=45) were determined. Goniometric indices of limb
joints (n=29) were studied. It was studied the features of psychophysiological reactions (n =76). The adaptive
capabilities of the cardiovascular system were studied (n=17). The prognostication is carried out by means of a
sequential Wald procedure. Prognostic coefficients and their informativity were calculated.

Results:

a prognostic table was developed containing the indicators of the functional state of kickboxing athletes. The table

includes 31 criteria, the informativeness of which varied within 115,45 — 2,23. The content of the forecast consists
in: an evaluation of the results; determination of the corresponding prognostic coefficient; summation of coefficients.
The threshold was set at the level + 13, which corresponds to a probability of 95% (p<0,05). Exceeding the positive
threshold means a high level of success for the athlete. When the negative threshold is reached, the probability of

success is low.
Conclusions:

The proposed methodology is based on a sequential analysis of Wald. The technique is a simple, informative and

objective tool for monitoring and predicting the status of athletes.
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Introduction

Forecasting success in sports is one of the key scientific
and practical tasks. Evaluation of the probability of high
performance involves studying indicators that reflect the
level of sportsmanship, identifying the most informative
and establishing dependencies between them.

Forecasting success requires an integrated approach.
Thus, Balas J. et al. [1] found that strength and endurance
of hands are the most informative predictors of alpinist
skill. The high prognostic significance of hand strength is
proven in swimmers [2].

Raysmith B.P. and Drew M.K. [3] determined the
relationship between the failure of athletes and the burden
of injury / illness. The authors used logistic regression.
A curve analysis was conducted to determine the optimal
threshold for the completion of the training week in order
to maximize the chances of success.

Schick M.G. et al. [4] considered the physiological
requirements for women — athletes of mixed martial
arts. The conclusion is made about the importance of the
development of speed and agility for success.

Buse G.J. et al. [5] note that the preparation of high-
level kickboxers should be based on a set of factors,
including physical exertion, optimal rest and nutrition
and psychological preparation. Training should influence
the aerobic and anaerobic characteristics of athletes’
metabolism.

Williams S. [6] revealed clear negative
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associations between injuries and success in the team.
The authors found that a moderate reduction in the burden
of injuries can have a significant impact on the results of
competitions for professional rugby union teams.

Hastie P.A. et al. [7] found that the use of graduated
competition would increase the opportunities for
participation in the game and the successes of the athletes
of higher and lower levels.

lavorskaia T.E. [8] proposed to use a number of
statistical methods (regression, vector, matrix, dispersion
and factor analysis, the theory of multidimensional linear
regression in Euclidean space) to predict performance in
sports.

Linear regression analysis confirmed that the pick
and roll could be predicted in the final classification of
the teams [8]. Conclusively, coaches of the high level
European clubs should focus on training the players to the
most effective phases of the pick.

Winter C. and Pfeiffer M. [9] considered important
theoretical requirements for the analysis of sports games
(for example, interaction between the two parties,
procedural sequence of actions or the value of tactical
behavior), the value of the introduced parameters, called
tactical metrics, is illustrated. Discriminant analysis, based
on the values of factors, leads to a correct classification
of 64,8%, identifying winners and losers. This successful
discrimination reveals the connection between the success
of the match and the presented metrics.

By considering the important theoretical requirements
for the analysis of sports games (like the interaction
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between two parties, the procedural sequence of action
or the significance of tactical behaviour) the meaning
of the introduced parameters, called tactical metrics,
is illustrated. Discriminant analysis based on the factor
values leads to a correct classification of 64.8% identifying
winners and losers. This successful discrimination reveals
a connection between match success and the presented
metrics.

Sport-confidence is considered a critical success factor
for sport performers at all levels [10]. Researchers have
suggested that sport-confidence is a multidimensional
rather than a unidimensional construct, and the sport-
confidence model identified three types of sport-
confidence (i.e., physical skills and training, cognitive
efficiency, and resilience) that are important for success
in sport.

Zaporozhanov V.A. et al. [11] confirmed the feasibility
of the metric method of calculating the reliability of
the results of control measurements used to diagnose
psychophysiological fitness and predict the growth of
skill. Metric estimates of the reliability of measurements
are calculated — stability, consistency, informative data of
the control data. These estimates are used for the current
diagnosis and prognosis of the sports capabilities of the
examined

The interaction between teams’ behaviour is from high
relevance for success in sports games [12]. Odds ratio
analysis revealed advantageous defensive tactics against
specific offensive behaviour. Summarizing, results
indicate that artificial neural networks are appropriate to
model the interaction between teams based on players’
positions.

In sports, fast and accurate execution of movements
is required. It has been shown that implicitly learned
movements might be less vulnerable than explicitly
learned movements to stressful and fast changing
circumstances that exist at the elite sports level. Present
findings may be important for sports because children
with superior implicit learning abilities in early learning
phases may be able to learn more (durable) motor skills in
a shorter time period as compared to other children.

Thus, the available literature data indicate the
possibility of predicting success in sports based on the
results of morphological, functional, physiological and
psychophysiological data. The forecasting tool is the
mathematical methods and used in statistics. However,
in kickboxing, this problem does not yet have a final
solution. This also determined the relevance of this study.

The aim of the work was to develop a methodology
for predicting success in kickboxing based on a complex
of morphofunctional, physiological, biomechanical and
psychophysiological indicators.

Materials and methods.

Participants. The results of a survey of kickboxing
athletes (n = 185, age 18.58 + 0.46 years) were used as
a main material. The features of physical development
(n=18) were studied. The main biomechanical parameters
(n=45) were determined. Goniometric indices of limb
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joints (n=29) were studied. We studied the features of
psychophysiological reactions (n =76). The adaptive
capabilities of the cardiovascular system (n=17) have
been studied.

Organization of the study. All athletes were divided
into groups, depending on the type of martial arts.
Allocated group: athletes kickboxing; wrestlers; athletes
karate, tackwondo, etc. [14-16].

In assessing the characteristics of physical
development, kickboxing athletes were divided into two
groups, depending on the level of skill. The first group —
masters and candidates for master of sports, the second
group — amateurs and athletes up to 1 category inclusive
[17].

In assessing the adaptive capabilities of the
cardiovascular system, kickboxing athletes were divided
into two groups, depending on the type of reaction. The
first group includes athletes with a normotonic type
of reaction. The second group includes athletes whose
reaction type was different from normotonic [18].

As a tool for solving the prognostic problem, a
sequential Wald procedure was applied [19]. As boundary
values, the mean values of the studied indices in the
groups were chosen. Then, the probability of a smaller or
larger value of the indicators relative to the average values
was determined. Then the prognostic coefficients and the
informativeness of the traits studied were calculated.

The characteristics in the table are arranged in
decreasing order of informativeness. The value of
informativity less than 2,0 was considered insignificant.
Indicators with this or a lesser value were not included in
the table. In the case of the same informative value, the
order of location is determined randomly.

Statistical analysis. The analysis of the obtained
data was carried out with the help of licensed packages
of Excel spreadsheets. Prognostic coefficients were
calculated using the formula:

PF =10 x1g [p(D /S)/p(D,/S)] (1)

where PF is the prognostic factor, p(D,/S) is the
probability of the presence of the characteristic, p(D,/S) is
the probability of the absence of the characteristic.

The multiplication factor by 10 is introduced in order
to the PF to be an integer. This facilitates the forecast
procedure.

Informativeness was calculated in accordance with the
Kullback formula:

[=PF x 0.5 x[p(D,/S) -p(D,/S)] (2)

where I is informative character of the characteristic.

The other notation is the same as in the previous formula.

Results.

The developed prognostic table combines indicators
reflecting the peculiarities of the functional state of
kickboxing athletes. It includes 31 indicators. The signs
are included taking into account the reliability of the
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differences and the informativeness of the evaluated
traits. The signs describe the physical, goniometric,
biomechanical and functional indices of athletes. A large
number of prognostic criteria can significantly increase
the probability of obtaining a certain forecast. The results
are shown in Table 1.

Analysis of the indicators (Table 1) shows that the
most important for predicting success in kickboxing
are: biomechanical indicators (8 criteria), goniometric
indicators (7 criteria) and anthropometric indicators (7

Table 1. Forecasting the success of kickboxing athletes

criteria). Analysis of these criteria proves their importance
as predictors of success in kickboxing. Thus, an increase
in the amplitude of movements in the shoulder and elbow
joints reflects the increased possibility of applying strong
and qualitative strokes. This is an important factor in
success in kickboxing.

Anthropometric indicators (circumference of the
shoulder and wrist) illustrate the level of development
of the muscles of the extremities. This should also be
evaluated as evidence of the possibility of inflicting heavy

Forecasting coefficients

Index L. Informativeness
Existing  Lack
Bending of the right shoulder joint more than 190° 5 -3 115.45
Diastolic pressure at rest in less than 69 mm Hg 3 -2 52.98
The thickness of the left hand is larger 2 cm 2 -4 40.51
Amplitude of the R wave of the electrocardiogram (ECG) at rest is 5 2 36.44
greater than 0,419 mV
Extension of the right wrist joint more than 58° 2 -2 31.44
Leaving the left shoulder joint more than 174° 2 -4 26.65
Vital lung capacity more than 3,2 | 2 -2 24.65
Thigh mass more than 9,37 kg 2 -2 23.46
Weight of forearm more than1,07 kg 2 -2 23.46
Shoulder weight more than 1,75 kg 2 -2 23.46
The main central moment of inertia of the forearm relative to the ) D) 23.46
sagittal axis is greater than 58,36 kg*cm?
The central central moment of inertia of the tibia with respect to ) D) 23.46
the longitudinal axis is greater than 56,88 kg*cm?
The main central moment of inertia of the thigh relative to the ) ) 23.46
longitudinal axis is greater than 325,96 kg*cm?
The main central moment of inertia of the shoulder relative to the 5 D) 23.46
longitudinal axis is greater than 34,24 kg*cm?
Bending of the right elbow joint more than 120° 2 -2 19.70
Extension of the right shoulder joint more than 72° 2 -2 19.70
Bringing the right shoulder joint more than 30° 2 -2 19.70
Circumference of the right shoulder more than 32,4 cm 2 -2 19.57
Circumference of the left shoulder more than 32,3 cm 2 -2 19.57
Flexion of the left knee joint more than 77° 2 -1 15.41
The main central moment of inertia of the forearm relative to the 5 1 13.52
longitudinal axis is greater than 10,22 kg*cm?
Speed of the line more 136 mm/s -2 12.85
The response time of choice is less than 576 ms 1 -1 11.56
The QT interval value of the ECG after the load is less than 269 ms 1 -4 10.41
Resistance to knocking down signals of simple motor skills more
than 82% 1 1 >-86
Shoulder width more than 42,4 cm 1 -1 5.38
Circumference of the right wrist more than 17,3 cm 1 -1 4.40
Circumference of the left wrist is larger than 16,8 cm 1 -1 4.40
Heart rate at a load of less than 130 beats per minute 1 -1 2.56
The amplitude of the R wave of the ECG after loading is greater
than 0.22 mV ! . 2.56
The number of touches of simple motor skills is more than 27 in 10 1 93

seconds
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strikes.

The mass of the segments of the limbs and the main
central moments of their inertia relative to the sagittal
and longitudinal axes also illustrate the biomechanical
characteristics of shock actions in kickboxing.

An important predictor of success in kickboxing
should be recognized the high adaptive potential of the
organism, the expansion of the functionality of athletes.
This is evidenced by the value of lung capacity: an
indicator reflecting the increased functional state of the
respiratory system of athletes.

The importance of increasing the adaptive capacity
for success in kickboxing is confirmed by the presence of
five indicators of the state of the cardiovascular system in
the table. They illustrate the dynamics of heart rate, blood
pressure (BP) and ECG parameters (at rest, under load
and in the recovery period). The developed prognostic
technique proves the importance of evaluating the reaction
of athletes to metered physical loads. Athletes with a high
level of adaptive capabilities have a high probability of
success.

The last four indicators of the prognostic table belong
to the group of psychophysiological indicators. They
illustrate the speed of reaction to various stimuli, the
level of attention and coordination. These qualities are
prognostically important for success in kickboxing.

These tables confirm the high information value of
such indicators. The value of the indicators ranged from
115,45 to 2,23. There was also a coincidence of this
parameter. Thus, for seven biomechanical parameters,
the informativeness was 23,46. For three goniometric
indicators, the informativeness was 19,70. For shoulder
circumferences, the informativeness was 19,57. For the
circumference of the wrist, the informativeness was
4,40. For the heart rate and the amplitude of the R wave,
the informativeness was 2,56. In these cases, the order
of presentation of the characteristics in the table was
determined randomly.

The developed table allows to carry out the forecast
of sports success of kickboxing athletes. The content of
the forecast consists of an assessment of their results,
determination of the corresponding prognostic coefficient
and their summation. The thresholds were set at the level
+ 13, corresponding to a probability of 95% (p<0.05).

Exceeding the threshold of +13 means a high level
of success for the athlete in kickboxing. If the opposite
maximum values are reached, the probability of success
is extremely low. If the prediction procedure is completed
and none of the maximum values is reached, then a
decision is made about an undefined forecast. In this case,
research is needed to obtain additional information.

The proposed forecasting scheme has a universal
nature and can be used at various stages of assessing the
functional state of athletes. As a significant advantage of
the developed methodology, it should be noted that the
overwhelming number of criteria are manageable. Such
criteria can change in the process of optimally constructed
training.

Depending on the purpose, it makes sense to
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make appropriate changes in the forecast table (that
is, the number of methods used). So, at the stage of
the preliminary forecast it makes sense to conduct:
anthropometric research; analysis of goniometric indices
of limb joints; psychophysiological research; determine
the response to standard loads. This gives the coach the
maximum information about the athlete’s functional state.
Also allows to determine the perspective of the athlete
and the introduction of individual corrections in the
training program.

For the current forecast of training construction,
tolerance to physical loads has the greatest importance.
Therefore, this prediction can be based on a standard
ergonomic and biomechanical study. A forecast of
competitive success requires a comprehensive assessment
with the application of all groups of criteria.

Discussion.

The research scheme suggested an analysis of a
complex of diverse indicators. This allows to significantly
increase the efficiency of the forecast and coincides with
the opinion of many specialists. Thus, Slimani M. et al.
[20] analysed the anthropometric, physiological and
psychological characteristics of kickboxers. The features
of the constitution of kickboxers of different levels, the
status of the adaptive status of the cardiorespiratory
system are established. A high level of skill is combined
with a good development of the muscular strength of the
limbs, a high level of self-confidence, working capacity
and the ability to adapt. Specific psychophysiological
characteristics affect the capacity and productivity of
the activity and should be taken into account in the
preparation.

Similar data in many respects are given by Ouergui
I. et al. [21]. The authors investigated the hormonal,
physiological and physical changes in the body of
kickboxers during a real fight. The effectiveness of the
tests used as tools for assessing athletes’ preparedness is
proved.

Podrigalo L.V. et al. [22] proposed a comprehensive
approach to assessing the success of athletes in arm-
wrestling.

In our study, we used a comparison of athletes engaged
in different types of martial arts. This approach is also
widely used in modern scientific research. Thus, Bounty
PL. et al. [23] analysed literature on mixed martial arts
(MMA). The authors emphasize the inadequacy of
complex studies devoted to improving the success of
athletes.

Comparison of the characteristics of athletes of
different types of martial arts allows: to assess their
specificity; highlight the main factors that affect success.
Our studies have proved the validity of such a campaign
in the analysis of biomechanical, psychophysiological
and goniometric indicators [14-16]. This served as the
basis for including these groups in the prognostic table.

The high informativeness of goniometric indicators is
confirmed by the data of other studies. Thus, Machado
S. et al. [24] compared isokinetic indicators of the knee
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joint of kickboxing and tackwondo athletes. The authors
used the Biodex Multi-Joint System dynamometer 3. The
proximity of training in these sports caused the absence
of differences in the maximum torque and the relative
balance of flexor agonists and extensor muscles.

Similar results were obtained by Szafranski K. et al.
[25]. The authors compared the moments of muscular
strength of flexors and extensors of the knee joint in static
and isokinetic conditions in kickboxers and athletes. The
possibility of using these indicators for the prognosis in
martial arts has been confirmed.

Similar results were obtained by Machado S. M. et
al. [26]. The authors analysed the efficiency of flexion
and extension of the knee in athletes’ kickboxing and
tackwondo. All have confirmed the dependence of
power and torque on training experience. It is proved
that the ability to increase muscle mass is associated
with the energy capacity of contraction and with motor
coordination.

Catikkas F. et al. [27] note an insufficient number of
studies of kinantropometric (Kinanthropometric) features
of Turkish martial arts athletes. The authors studied the
physique of athletes in karate, tackwondo, kickboxing and
judo. It was established that the mesomorphic component
of the somatotype is dominant. The body mass index was
related to the average values, the specific gravity of the
fat was low. Informative indicators were the width of
shoulders and hips. These data coincide with our results.

Podrigalo L.V. et al. [28] used the method of indexes
to predict the success of athletes of single combats. The
revealed differences illustrate the specificity of sports,
the differences in the physique of fighters and athletes of
martial arts.

Inclusion in the number of prognostic indicators of
the results of psychophysiological studies is also due
to their high informativeness. Thus, Slimani M. et al.
[19] evaluated the results of functional tests of high-
level kickboxers during the national championship. The
athletes were divided into groups depending on the results
of the fights. The winners had significantly better mental
performance. The presence of regression links of success
was confirmed according to the results of this test. It is
offered to use mental working capacity for the forecast of
success in kickboxing.

Volodchenko O. et al. [15] confirmed the presence of
differences in the psychophysiological status of athletes’
kickboxing, wrestling, karate, tackwondo. The established
features reflect the specifics of sports and should be used
as predictors of success. This served as the basis for
including this group of criteria in the prognostic table.

Conclusions.

Thus, the conducted studies allowed to substantiate
and develop a comprehensive methodology for predicting
success in kickboxing. The technique is based on the
Wald’s sequential analysis procedure. The proposed
methodology can be used for forecasting at various stages
of preparation. The technique is a simple, adequate and
informative tool for monitoring the functional state of
kickboxing athletes.
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