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Differentiated approach to the development of speed-strength capabilities of
qualified Muay-Thai athletes, taking into account weight categories

Enfoque diferenciado para el desarrollo de las capacidades de velocidad y
potencia de atletas del boxeo tailandés teniendo en cuenta las categorías de

peso
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Abstract. The purpose of the study was to identify statistically significant differences in shifts in the indicators of the special
working capacity of qualified Muay-Thai athletes in the experimental and control groups of different weight categories during
performance of striking techniques using specialised tests. The data from special and scientific literature was considered. A
practical experiment was carried out using the Hykso portable strain gauge diagnostic tool. The method of mathematical
statistics was used. Forty-five qualified athletes took part in the experiment, twenty-three of whom were included in the
experimental group, twenty-two – in the control group, both with and without weight categories. The shifts in the growth of
the speed and strength potential of the athletes from the experimental group in comparison with the athletes from the control
group of the lightweight category was identified. They are noted in three types of specialised tests of anaerobic capabilities with
creatine-phosphate and glycolytic mechanisms of energy supply, in the form of speed and strength components, each
separately. The effectiveness of differentiated programs with the use of the Podhurskyi’s weight modified sports equipment for
the improvement and implementation of speed-strength capabilities of qualified Muay-Thai athletes of different weight
categories was established.
Keywords: Hykso strain gauge device, pedagogical experiment, Podhurskyi’s weight, specialised tests, striking techniques.

Resumen. El objetivo del estudio fue revelar diferencias significativas y confiables en los cambios en los indicadores de
capacidad de trabajo especial de los atletas de boxeo tailandés calificados de los grupos experimental y de control, teniendo en
cuenta las categorías de peso durante la ejecución de técnicas de percusión utilizando pruebas especializadas. Se realizó el
análisis de datos de literatura especial y científica. Se llevó a cabo un experimento práctico utilizando el dispositivo de
diagnóstico portátil de galgas extensométricas «Hykso». Se utilizó el método de estadística matemática. En el experimento
participaron cuarenta y cinco atletas calificados, veintitrés de los cuales fueron incluidos en el grupo experimental, veintidós
en el grupo de control, tanto con categorías de peso como sin ellas. Se revelaron cambios en el crecimiento de la realización
del potencial de velocidad y potencia de los atletas del grupo experimental que los atletas del grupo de control de la categoría
de peso ligero. Se observaron en tres tipos de pruebas especializadas de capacidades anaeróbicas con fosfato de creatina y
mecanismos glucolíticos de suministro de energía, en forma de componentes de velocidad y fuerza, cada uno por separado. Se
estableció la efectividad de los programas diferenciados con el uso del equipo deportivo modificado «Peso de Podgursky» en
la mejora e implementación de las capacidades de velocidad y potencia de los atletas de boxeo tailandés calificados de
diferentes categorías de peso.
Palabras clave: galga extensométrica «Hykso», experimento pedagógico, Peso de Podgursky, pruebas especializadas, técnicas
de choque.

Introduction

The study of the structure of sports training of various
types of single combats made it possible to reveal both
the differences and the common features of the
considered indicators. Namely, the indicators of speed-
strength orientation were «explosive» strength and
strength endurance familiar for all single combats [1].
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«Explosive» strength is understood as the ability to
develop the greatest strength in the shortest time
during the work of creatine-phosphate energy supply.
Strength endurance is the ability to withstand fatigue
when working in submaximal power without a
significant loss in the force of muscle contractions using
the mechanism of glycolytic energy supply [2]. An
effective means of determining the degree of training
of athletes in single combats of speed-strength
orientation are specialised tests «single strike», «series
of strikes in 8 and 40 seconds». The indicators of these
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tests demonstrate the level of creatine phosphate and
glycolytic performance [3]. At the beginning of the
pedagogical experiment, it was necessary to ascertain
significant differences in the indices of the special working
capacity of the speed-strength orientation of qualified
athletes of different weight categories. Upon completion
of the experiment, it is necessary to identify or refute
the effectiveness of an innovative approach to improve
and implement speed-strength abilities among athletes
of all weight categories, using differentiated programs
and, as an additional burden, the Podhurskyi’s weight
sports equipment.

Practical application of all these specialised tests in
order to improve or reveal the effectiveness of new
approaches to the training process can be found in boxing.
Both among men, in the development of a system for
assessing special physical fitness [3], and for women, in
order to determine the peculiarities of the
implementation of special working capacity of qualified
female boxers in conditions of anaerobic power when
using creatine-phosphate and glycolytic mechanisms of
energy supply [4]. In kickboxing, using the test «single
strike», the power indices of selected strikes with the
lower extremities were determined with the settings
«fast» and «strong», athletes of different sports
qualifications [5]. In taekwondo, using tests of creatine
phosphate performance, the speed of movement of the
lower limbs was determined [6]. In Muay-Thai, there
are examples of the use of specialised tests with indicators
of creatine-phosphate performance, in order to conduct
a comparative analysis of special performance among
athletes of mass sports categories, before and after a
pedagogical experiment [7], the development of a
scientifically grounded methodology of training power
and speed-power abilities [8]. Also, a model for the use
of tests of general and special physical fitness has been
developed, in order to identify the leading components
of general and special physical fitness of qualified athletes
in the lightweight category, also before and after the
pedagogical experiment [9].

Analysis of special and scientific literature,
generalisation and systematisation of the material,
consists in the analytical work of previous studies and
papers on a similar topic in combat sports. Having
revealed the insufficient volume or even the absence of
scientific and experimental material of this topic in the
sports training of Muay-Thai, we confirm the relevance
of the upcoming research. We also form the structure
and sequence of achieving the set goal, with the specified
means and methods. The aim of the study is to reveal

the difference in shifts of the indices of specialised tests
of qualified Muay-Thai athletes in the experimental and
control groups, taking into account weight categories.

Materials and methods

With the help of specialised tests in the ascertaining
experiment of scientific research, there were revealed
statistically significant differences in speed-strength
capabilities between qualified Muay-Thai athletes of
different weight categories [10]. Upon completion of
the ascertaining experiment, the athletes were divided
into two groups: experimental and control. The indicated
groups of athletes in the formative experiment will be
compared with each other with and without weight
categories. The formative experiment is aimed at
revealing the effectiveness of the innovative approach
to the training of the experimental group by means of
statistically significant differences in the indicator shifts
in specialised tests.

Upon completion of the ascertaining experiment,
for athletes of different weight categories of the expe-
rimental group, differentiated programs for special
physical training were developed, taking into account
the peculiarities of the complex implementation of the
speed-power capabilities of each weight category. Also,
as an additional means of burdening to improve speed-
power capabilities, the use of a modified two-handed
Podhurskyi’s weight sports equipment [11] (Figure 1) is
proposed. The use of the Podhurskyi’s weight is based
on the methodology for the development and increase
of the motor and functional capabilities of the athlete’s
body, due to the specifics of Muay-Thai [12].

The research program used means of physical
influence with its own weight, additional burdening (no
more than 50% of its own weight), and work with a
partner. The modes of physical activity used include
plyometric (shock) and isotonic, which are concentric
and eccentric in nature. Isometric mode (static) in a
stationary form, and mixed in a static-dynamic mode.
The technique of the competitive activity of Muay-Thai
involves the inclusion of the upper and lower extremities
for striking techniques, as well as wrestling in a clinch,

a) b)
Figure 1. a) side view; b) top view.
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to perform twisting or takedown on the opponent. Based
on this, physical exercises in combination with striking
techniques are distributed according to muscle groups
of the upper limbs and shoulder girdle, lower limbs and
core muscles. The structure of the implementation of
each approach implies a sequence of performing physical
exercise, the impact of which is directed to the leading
muscle groups participating in the striking and wrestling
techniques of Muay-Thai, with the subsequent transition
to a special preparatory exercise or clinch, which, in
accordance with the kinematic and dynamic
characteristics, correspond to competitive exercises.

Exercises with own weight or additional weights
(Podhurskyi’s weight), is carried out in half the
amplitude, where the «upper» component is responsible
for increasing the strike power, the «lower» component
is responsible for the power of work in the clinch (half
of the action – to the middle and back to the starting
position), and full amplitude, for speed and power
endurance. Further, without a rest-pause, performing
striking techniques or clinching, the duration of which
is in the time range equal to the previously performed
physical exercise for each weight category, with the
condition that when performing the technique, the speed
is not reduced and the structure of execution is not
distorted. Also, the running time of the physical exercise
varies depending on the difficulty level of the exercise
itself. The duration of the exercise increases with the
decreasing weight category. For heavyweights, this time
period should not exceed 40 seconds, for middleweights
– 50 seconds and lightweights – 60 seconds. For example,
jumps in place with a high hip lift in combination with
the straight-knee kick, are performed for 20 seconds
for heavyweights, 25 seconds for middleweights, and
30 seconds for lightweights. The rest interval between
repetitions of combinations should not exceed 30 seconds,
and the pause between different combinations, varies
from 1 minute 15 seconds to 2 minutes, depending on
the weight category. The volume of repetitions of each
combination and the number of the combinations
themselves are regulated by the coach in accordance
with the goals and objectives of sports training.

An example of the selectivity of a load of physical
impact on the muscle groups involved in the strikes of
the upper and lower extremities is the method of
performing physical exercises, with a shift in the cen-
tre of gravity. When performing push-ups, squatting,
the exercises are performed with the body shifted to
one or another limb, left, right, forward, backward, in
a straight line or diagonally. The displacement of the

body can be fixed from the initial position, or dynamic
when performing a motor action. The variability of the
amplitude of the motor action should be considered
according to the lower, upper or complete structure,
which also affects the nature of the load and the increase
in selected physical qualities.

Also, the selectivity and direction of the load include
exercises for the upper limbs, the initial position of which
is a multilevel setting of the hands (push-ups) in the
initial position. Where the initial position of the
«leading» hand depends on the type of shock (straight,
side, overhand, bottom). Levels in such push-ups mean
the location of the hands at chest level (lateral, straight),
at head level (overhand), at waist level (below). Such a
system looks as follows: when practicing a hook, the
«leading» hand in the lying position is set aside at chest
level, and the «auxiliary» hand is at the body. At the
same time, the legs are shifted towards the «auxiliary»
hand and the body towards the «leading» hand. Thus,
when performing push-ups, the «leading» hand will be
loaded to the maximum. Upon completion of the
exercise, a hook is performed with the «leading» hand.
Exercising with a partner, in combination with the
subsequent transition to a special preparatory exercise,
allows to selectively distribute and increase the load on
specific muscle groups. In the first case, the partner
acts as an assistant in the form of support, when the
exercise is performed with a «loss of fulcrum point»,
that is, in an inclined stance in resting contact upon the
partner with hands, body, or head, also upside down,
with contact on the partner with one or two feet. In the
second case, the partner exerts an additional load on a
specifically selected muscle group by applying pressure
with tension or with his body weight.

Also, the research program used the «progression-
regression» method of the number of repetitions of
physical exercises and the time interval of striking
techniques in a single combination. The amount of
activity is regulated in accordance with the athletes’
weight category. For example: push-ups from the floor
with a narrow setting of the hands from 1 time
(heavyweights); 2 times (middleweights); 3 times
(lightweights); up to 5 times (heavyweights); 6 times
(middleweights); 7 times (lightweights) and the reverse;
straight punches from 10 seconds (heavyweights); 12
seconds (middleweights); 14 seconds (lightweights); up
to 18 seconds (heavyweights); 20 seconds
(middleweights); 22 seconds (lightweights) and the
reverse. In conclusion, in order to increase and
implement the speed-strength potential of athletes, the
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research program tested the methods of «mini rounds»
and «blitz».

The principle of the «mini rounds» method is to
conduct a certain number of rounds in the form of
shadowboxing, in the intervals between which physical
exercises are performed in accordance with the striking
techniques performed in the round. The duration of the
round is 60 seconds, and the physical exercise according
to the weight category: 20 seconds, 25 seconds, 30
seconds. Rest interval between combinations of exercise
and mini round, time remaining after exercise: 40
seconds, 35 seconds, 30 seconds. An example of how
this method works: the first and last rounds act as a
warm-up and cool-down. After the first round,
performing the exercise on the lower limbs, after some
rest, a round on striking techniques of the lower limbs.
Further exercises on the body and a round of work in
the clinch. Further exercise on the upper limbs and a
round with striking hand techniques. After the cycle is
repeated: legs, body, arms. The number of cycles is
determined by the coach, in accordance with the goals
and objectives of training.

The principle of the «blitz» method is that during
one minute, athletes perform several repetitions of
combinations of physical exercises and striking
techniques with maximum speed. For heavyweights,
the combination is 5 seconds +5 seconds; middleweights
7 seconds +7 seconds; lightweights 10 seconds +10
seconds. Based on the indicated time, it follows that for
athletes in the heavyweight category it is approximately
six repetitions of combinations, for middleweights, it is
four repetitions, and three repetitions for lightweights.
Taking into account the previous studies of foreign
experts in the issue of the temporal structure of exercise
and the rest-pause of the speed-strength orientation of
various combat sports, the authors came to the
conclusion that an equal work-pause ratio should be
observed in Muay-Thai. Therefore, upon completion of
differentiated programs in the form of combinations of
physical exercises in unity with striking techniques, it is
recommended to use short-term series of striking
techniques in working with special implements (Thai
bag, punching bag, wall punching pad) up to three cycles
of each type of strikes. In the research program, changes
were made taking into account weight categories, in
the form of «work – 4 seconds, rest – 4 seconds» for
heavyweights; «work – 6 seconds, rest – 6 seconds» for
middleweights; «work – 8 seconds, rest – 8 seconds»
for lightweights. The rest interval between the series
of each type of strike, no more than 2 minutes, taking

into account the weight categories. The authors called
such series «combat intervals» [13-16]. Each of the
presented methods of the research program contributed
to the increase in the speed-strength capabilities of
athletes, both in the unity of the speed and strength
components and individually.

For the athletes from the control group, the
traditional method of increasing and implementing the
speed-strength abilities of qualified Muay-Thai athletes
was applied. In the traditional Muay-Thai program, all
types of physical work modes are also used: plyometric,
isotonic, isometric, static-dynamic, both with and
without weight. But in contrast with the research
program, there is no differentiated approach according
to the time intervals of physical work and rest pauses
tied to specific weight categories. There is no practice
of compiling combinations of physical exercises and
striking techniques, similar in structure and
neuromuscular efforts, into a single whole. None of the
methods are applied in the above forms, taking into
account weight categories. In the formative experiment,
as well as in the ascertaining study, the Hykso portable
strain gauge diagnostic tool [17] was used (Figure 2). In
mathematical estimation, the data on power indicators
and the number of strikes in specialised tests were used.
In the specialised test «single strike» W1, in the
specialised test «series of strikes in 8 seconds» W8 and
NS8, in the specialised test «series of strikes in 40
seconds» W40 and NS40.

For a practical experiment, forty-five qualified
athletes of all weight categories were accepted,
conditionally divided into two groups: experimental (EG)
and control (CG). Twenty-three participants were
included in EG, of which eight were athletes in the
lightweight and heavyweight categories, and seven were
in middleweight categories. Twenty-two were included
in CG, of which seven are lightweights and
middleweights, and eight are heavyweights. The
procedure for the practical conduct of specialised tests
is identical to that used in the ascertaining experiment
[10]. The weight of boxing gloves was selected according

Figure 2. Hykso punch trackers.
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to the weight of athletes, in the ratio of 10, 12, and 14
ounces, respectively, in the light, medium and heavy
categories. For each group of striking techniques, a
special means for striking was selected. For roundhouse
kicks, the Thai bag was used, a suspended large punching
bag for a straight knee strike with an emphasis on the
punching bag, and for a straight kick, horizontal elbow,
side and straight punches, respectively, a wall punching
pad. The selection of striking techniques for conducting
specialised tests was made based on the result of
pedagogical observation of the expert group [18].
Method of mathematical statistics was carried out.
Mathematical processing was performed on a personal
computer using the standard statistical package
STATISTICA 10.0 portable. The Student’s t-test method
was applied for related populations in order to deter-
mine the statistical significance of differences in the shifts
in the indicators of specialised tests obtained during the
experiment.

Results

The results of the formative experiment between
the experimental and control groups, both with and
without weight categories, are presented, respectively,
in Tables 1, 2, 3, and 4. The findings are based on the
difference in the indices of striking techniques and the
total number of strikes of qualified Muay-Thai athletes
in each of three specialised tests before and after the
practical experiment. Thus, differences were revealed
in the shifts of special performance indicators in the
form of strike power (W1, W8, W40) and the total

number of strikes (NS8, NS40) in the zones of maximum
and submaximal power, when performing specialised
tests of qualified athletes of different weight categories.

Based on the estimations from Table 1 we see a
statistical significance in the shifts of indicators according
to the Student’s t-criterion in six striking techniques
and three types of specialised tests between athletes in
the experimental and control groups. Striking techniques
for the «single strike» test include «Roundhouse Kick»
(P < 0.05), «Left Jab» (P < 0.01), «Right Hook» (P <
0.05). The striking techniques of the test «series of strikes
in 8 seconds» include «Straight Knee Strike 8» (P <
0.05), «Horizontal Elbow 8» (P < 0.05). Striking
techniques for the test «series of strikes in 40 seconds»
include «Series of Jabs 40» (P < 0.05). Regarding the
indicators of the total number of strikes in the specialised
test «series of strikes in 8 seconds», three cases of
statistically significant differences were revealed. The
number of punches in the striking techniques «Series of
Hooks 8» (P < 0.01), «Straight Knee Strike 8» (P <
0.1), «Series of Jabs 8» (P < 0.05).

In the table, the experimental and control groups
have been compared without taking into account the
weight categories. The revealed shifts of indicators in
favour of the athletes from the experimental group in
the test «single strike» consists in the growth of the
complex manifestation of the speed-strength orientation
in the form of the unity of the speed component
expressed in the starting force in the range of the first
50-100 m/s, and the force component expressed in
explosive strength in the range of 300-500 m/s, (4.73
> -0.29); (2.11 > 0.15); (4.33 > 0.70). Relative to the
specialised test «8 seconds», the difference in the shifts
of indicators is also due to the growth of the speed-
strength manifestation of the athletes from the experi-
mental group in a single complex of speed and strength
components. This is indicated by statistically significant
shifts in indicators as power (32.70 > 11.14);
(37.32 > 14.92), and the total number of strikes
delivered in the «Straight Knee Strike 8» technique
(2.74 > 1.50). At the same time, it should be noted
that in the striking techniques «Series of Hooks 8» and
«Series of Jabs 8» there are no statistically significant
differences in the shifts of power indicators, but in the
total number of punches delivered – there is
(6.48 > 3.45); (6.17 > 2.86), which indicates a greater
increase in the velocity component. A similar
explanation is given to the shift in the index of the
technique «Series of Jabs 40» (93.09 > 33.77), where
the shift in the power indices was detected, but not in

Table 1
Shifts of indicators of special working capacity of athletes in the experimental and control groups,X ± m

Specialised tests
Groups of athletes

Experimental group Control group
Straight Knee Strike,W1, arb. units 1.72 ± 0.92 0.31 ± 0.42
Straight Kick, W1, arb. units -0.19 ± 0.78 -0.86 ± 0.72
Horizontal Elbow, W1, arb. units 1.46 ± 0.61 0.89 ± 0.33
Roundhouse Kick, W1, arb. units 4.73 ± 1.88* -0.29 ± 1.20*
Down Roundhouse Kick, W1, arb. units 5.59 ± 2.03 2.15 ± 0.51
Left Jab, W1, arb. units 2.11 ± 0.63* 0.15 ± 0.36*
Right Jab, W1, arb. units 0.80 ± 0.28 0.96 ± 0.25
Left Hook, W1, arb. units 1.88 ± 1.06 0.32 ± 0.28
Right Hook, W1, arb. units 4.33 ± 1.02* 0.70 ± 0.95*
Series of Hooks 8, W8, arb. units 53.83 ± 16.83 31.45 ± 11.58
Number of strikes, NS8, times 6.48 ± 0.86* 3.45 ± 0.57*
Straight Knee Strike 8, W8, arb. units 32.70 ± 7.56* 11.14 ± 6.27*
Number of strikes, NS8, times 2.74 ± 0.46* 1.50 ± 0.44*
Horizontal Elbow 8, W8, arb. units 37.32 ± 9.45* 14.92 ± 5.39*
Number of strikes, NS8, times 0.22 ± 0.30 -0.41 ± 0.38
Down Roundhouse Kick 8, W8, arb. units 40.96 ± 18.90 38.55 ± 13.86
Number of strikes, NS8, times 1.96 ± 0.41 1.23 ± 0.45
Roundhouse Kick 8, W8, arb. units 51.04 ± 14.43 29.55 ± 9.79
Number of strikes, NS8, times 0.35 ± 0.44 -0.36 ± 0.31
Series of Jabs 8, W8, arb. units 63.52 ± 17.76 30.27 ± 9.82
Number of strikes, NS8, times 6.17 ± 1.22* 2.86 ± 0.86*
Straight Kick 8, W8, arb. units -113.30 ± 4.34 -101.64 ± 7.00
Number of strikes, NS8, times 0.48 ± 0.36 -0.32 ± 0.33
Series of Hooks 40, W40, arb. units 133.00 ± 38.91 78.05 ± 39.04
Number of strikes, NS40, times 30.00 ± 6.12 26.45 ± 7.35
Series of Jabs 40, W40, arb. units 93.09 ± 25.24* 33.77 ± 6.04*
Number of strikes, NS40, times 25.48 ± 5.94 18.50 ± 6.91
Note: * the differences are statistically significant at the number of degrees of freedom f = 43, the critical
value of Student's t-test = 1.681, at the level of significance p = 0.95.
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the total number of strikes. In this case, the emphasis of
the growth of speed-strength is shifted towards the
strength component. The revealed shifts in the growth
of the implementation of the speed-power potential of
the athletes from the experimental group relative to
the results of the athletes from the control group are
noted in three types of specialised tests of anaerobic
capabilities with creatine-phosphate and glycolytic
mechanisms of energy supply.

Based on the estimations from Table 2, we see
significant reliability in the shifts of indicators by the
Student’s t-criterion in four striking techniques and three
types of specialised tests between athletes in the expe-
rimental and control groups. Striking techniques of the
«single strike» test include «Left Jab» (P < 0.05), «Right
Hook» (P < 0.05). The striking techniques of the test
«series of strikes in 8 seconds» include «Horizontal
Elbow 8» (P < 0.1). Techniques of the test «series of
strikes in 40 seconds» include «Series of Jabs 40» (P <
0.05). Regarding the indicators of the total number of
strikes delivered in the specialised test «series of strikes
in 8 seconds», one case of statistically significant
differences was revealed. The number of strikes in the
«Series of Jabs» (P < 0.1). Since the athletes belong to
the lightweight category, the difference in the shifts of
the indicators of the athletes of the experimental group
in comparison with the athletes from the control group
in the test «single strike» is the increase in the speed
component expressed in the starting force in the range
of the first 50-100 m/s, (2.35 > -0.20); (4.81 > -1.29).
Relative to the specialised test «8 seconds», the

difference in the shifts of indicators in favour of the
athletes from the experimental group due to the growth
of the strength component in the form of explosive for-
ce in the range of 300-500 m/s, (61.13 > 11.29), as
indicated by the absence of shifts of the total number of
strikes.

At the same time, it should be noted that there are
no significant differences in the shifts of the power indices
in the «Series of Jabs 8», but there is (5.38 > 0.57) in
the total number of strikes, which indicates a greater
increase in the velocity component. A similar
explanation is given to the shift in the index of the
technique «Series of Jabs 40» (58.13 > 17.29), where
the shift in the power indices was detected, but not in
the total number of strikes. In this case, the emphasis of
the growth of speed-strength manifestation is shifted
towards the strength component. The revealed shifts in
the growth of the implementation of the speed-strength
potential of the athletes from the experimental group
in comparison with the athletes of the control group of
the lightweight category are noted in three types of
specialised tests of anaerobic capabilities with creatine-
phosphate and glycolytic mechanisms of energy supply.

Based on the estimations from Table 3, we see
significant reliability of the shifts of indicators according
to the Student’s t-criterion in one technique of the
specialised test «single strike» and three indicators of
the total number of hits of the specialised test «8 seconds»
between athletes in the experimental and control groups
of the middleweight category. The «single strike» test
is referred to as «Straight Knee Strike» (P < 0.05).

Table 2
Shifts of indicators of special working capacity of athletes in the experimental and control groups of the
lightweight category, X ± m

Specialised tests Groups of lightweight athletes
Experimental group Control group

Straight Knee Strike,W1, arb. units 1.63 ± 1.62 -0.43 ± 0.70
Straight Kick, W1, arb. units -0.71 ± 1.57 -1.99 ± 2.18
Horizontal Elbow, W1, arb. units 2.77 ± 1.38 1.69 ± 0.70
Roundhouse Kick, W1, arb. units 1.06 ± 0.56 -1.86 ± 3.77
Down Roundhouse Kick, W1, arb. units 0.31 ± 1.43 2.17 ± 1.23
Left Jab, W1, arb. units 2.35 ± 0.88* -0.20 ± 0.38*
Right Jab, W1, arb. units 0.31 ± 0.65 0.64 ± 0.28
Left Hook, W1, arb. units 3.69 ± 1.90 0.71 ± 0.70
Right Hook, W1, arb. units 4.81 ± 2.00* -1.29 ± 1.50*
Series of Hooks 8, W8, arb. units 21.38 ± 22.21 0.57 ± 7.58
Number of strikes, NS8, times 4.50 ± 1.56 2.71 ± 1.37
Straight Knee Strike 8, W8, arb. units 31.13 ± 11.18 21.57 ± 19.55
Number of strikes, NS8, times 2.88 ± 0.82 2.71 ± 0.90
Horizontal Elbow 8, W8, arb. units 61.13 ± 25.24* 11.29 ± 8.95*
Number of strikes, NS8, times 0.63 ± 0.45 0.43 ± 1.08
Down Roundhouse Kick 8, W8, arb. units 3.00 ± 21.50 60.00 ± 39.83
Number of strikes, NS8, times 1.75 ± 0.96 0.29 ± 0.61
Roundhouse Kick 8, W8, arb. units 30.13 ± 19.52 23.86 ± 13.89
Number of strikes, NS8, times -0.75 ± 0.78 -0.14 ± 0.37
Series of Jabs 8, W8, arb. units 49.88 ± 19.68 16.86 ± 7.95
Number of strikes, NS8, times 5.38 ± 2.18* 0.57 ± 0.94*
Straight Kick 8, W8, arb. units -100.00 ± 8.75 -68.86 ± 15.34
Number of strikes, NS8, times 0.13 ± 0.59 0.14 ± 0.94
Series of Hooks 40, W40, arb. units 71.88 ± 21.45 -22.86 ± 75.42
Number of strikes, NS40, times 16.75 ± 11.40 5.43 ± 4.12
Series of Jabs 40, W40, arb. units 58.13 ± 16.48* 17.29 ± 5.40*
Number of strikes, NS40, times 13.38 ± 14.48 2.29 ± 6.10
Note: * the differences are statistically significant at the number of degrees of freedom f = 43, the
critical value of Student's t-test = 1.681, at the level of significance p = 0.95.

Table 3
Shifts of indicators of special working capacity of athletes in the experimental and control groups of the
middleweight category, X ± m

Specialised tests
Groups of middleweight athletes

Experimental group Control group
Straight Knee Strike,W1, arb. units 1.96 ± 0.47* 0.59 ± 0.15*
Straight Kick, W1, arb. units -2.44 ± 0.66 -1.34 ± 0.30
Horizontal Elbow, W1, arb. units 2.21 ± 0.88 1.24 ± 0.52
Roundhouse Kick, W1, arb. units 2.44 ± 2.31 -0.80 ± 1.18
Down Roundhouse Kick, W1, arb. units 2.89 ± 1.03 1.36 ± 0.49
Left Jab, W1, arb. units 3.44 ± 1.26 1.23 ± 0.53
Right Jab, W1, arb. units 0.47 ± 0.24 0.56 ± 0.43
Left Hook, W1, arb. units 0.47 ± 0.25 0.43 ± 0.48
Right Hook, W1, arb. units 4.39 ± 2.11 2.37 ± 1.76
Series of Hooks 8, W8, arb. units 39.86 ± 19.30 28.14 ± 14.39
Number of strikes, NS8, times 8.14 ± 1.99* 2.29 ± 0.31*
Straight Knee Strike 8, W8, arb. units 25.73 ± 14.32 10.59 ± 4.97
Number of strikes, NS8, times 2.57 ± 0.40 1.71 ± 0.70
Horizontal Elbow 8, W8, arb. units 21.34 ± 5.47 10.76 ± 3.08
Number of strikes, NS8, times 0.71 ± 0.70* -1.14 ± 0.37*
Down Roundhouse Kick 8, W8, arb. units 38.29 ± 17.94 24.29 ± 14.53
Number of strikes, NS8, times 2.29 ± 0.77 1.71 ± 0.51
Roundhouse Kick 8, W8, arb. units 32.00 ± 16.30 17.71 ± 13.04
Number of strikes, NS8, times 1.57 ± 0.22* -0.71 ± 0.31*
Series of Jabs 8, W8, arb. units 43.14 ± 29.12 19.43 ± 11.69
Number of strikes, NS8, times 7.00 ± 2.05 4.29 ± 1.39
Straight Kick 8, W8, arb. units -117.86 ± 3.47 -116.86 ± 6.57
Number of strikes, NS8, times 0.86 ± 0.83 0.00 ± 0.75
Series of Hooks 40, W40, arb. units 71.57 ± 27.67 39.71 ± 11.93
Number of strikes, NS8, times 23.57 ± 7.73 20.00 ± 4.49
Series of Jabs 40, W40, arb. units 72.43 ± 40.48 16.71 ± 2.13
Number of strikes, NS8, times 23.57 ± 6.90 14.29 ± 7.72
Note: * the differences are statistically significant at the number of degrees of freedom f = 12, the critical
value of Student's t-test = 1.782, at the significance p = 0.95.
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Since the athletes belong to the middleweight category,
the difference in the shifts of the indicators of the athletes
from the experimental group in comparison with the
athletes from the control group in the test «single strike»
consists in the growth of the complex manifestation of
the speed-strength orientation in the unity of the speed
and strength components (1.96 > 0.59). In the test «8
seconds» in the striking techniques «Series of Hooks
8», «Horizontal Elbow 8», «Roundhouse Kicks 8»,
differences in the shifts of indicators of the total number
of strikes were determined (P < 0.05); (P < 0.05); (P
< 0.001) and the absence of differences in power indices,
which indicates an increase in the indices of speed-
strength orientation with an emphasis on the speed
component, (8.14 > 2.29); (0.71 > -1.43); (1.57 > -
0.71). The revealed shifts in the growth of the
implementation of the speed-power potential of the
athletes of the experimental group in comparison with
the athletes from the control group of the middleweight
category are noted in two types of specialised tests with
the general creatine-phosphate mechanism of energy
supply. However, in the mode of anaerobic glycolytic
capabilities, the shifts in the growth of the speed-strength
potential of athletes are insignificant, thus their indicators
did not provide statistically significant differences.

Based on the estimations from Table 4, we see
significant reliability of the differences in the shifts of
indicators according to the Student’s t-criterion in three
striking techniques of two types of specialised tests and
three indicators of the total number of strikes in the
specialised test «8 and 40 seconds» between athletes in

the experimental and control groups of the heavyweight
category. Striking techniques for the test «single strike»
include, «Roundhouse Kick» (P < 0.1), «Down
Roundhouse Kick» (P < 0.05). The striking techniques
for the test «series of strikes in 8 seconds» include
«Straight Knee Strike 8» (P < 0.05). Ascertaining the
difference in the shifts in the indices of the athletes from
the experimental group in comparison with the athletes
in the control group from the heavyweight category, it
should be noted the growth of the strength component
in the «single strike» test in the form of explosive force
in the range of the first 300-500 m/s, (10.40 > 1.52);
(13.24 > 2.81). In the test «8 seconds» the growth of
the speed-strength performance of athletes lies in the
unity of the speed and strength components, (40.38 >
2.50), which is emphasised by the presence of differences
in the shifts of the total number of strikes (2.75 > 0.25).
It is worth noting that in the «Straight Kick 8» strike of
the specialised «8 seconds» test there are no significant
differences in the shifts of the power indicators, but in
the total number of strikes delivered there are (0.50 >
-1.00). A similar ratio is the difference in the shifts of
indicators in the striking technique «Series of Jabs 40»,
where there are no statistically significant differences
in the shifts of indices, but in the total number of strikes
delivered – there is (39.25 > 21.29). These features
indicate a greater increase in the speed component of
the athletes from the experimental group. The revealed
shifts in the growth of the implementation of the speed-
strength potential in power and the total number of
strikes of the athletes from the experimental group of
the heavyweight category are noted in three types of
specialised tests of anaerobic capabilities with creatine-
phosphate and glycolytic mechanisms of energy supply.

Discussion

From the presented tables, it follows that differences
in the shifts of power indices and the total number of
strikes are present in all types of specialised tests of
each weight category of the experimental groups, as
well as the experimental group without taking into
account weight categories. Describing the positive result
of the formative experiment, it should be noted the
features of each group of these specialised tests separately
and in general. In the specialised test «single strike» of
the lightweight category of the experimental group,
there is an increase in the speed-strength potential in
the «Left Jab» and «Right Hook» striking techniques. It
follows from this that in the striking technique with the

Table 4
Shifts of indicators of special working capacity of athletes in the experimental and control groups of the
heavyweight category, X ± m

Specialised tests
Groups of heavyweight athletes

Experimental group Control group
Straight Knee Strike,W1, arb. units 1.61 ± 2.37 0.71 ± 1.05
Straight Kick, W1, arb. units 2.30 ± 1.19 0.54 ± 0.78
Horizontal Elbow, W1, arb. units -0.53 ± 0.40 -0.13 ± 0.37
Roundhouse Kick, W1, arb. units 10.40 ± 4.73* 1.52 ± 0.77*
Down Roundhouse Kick, W1, arb. units 13.24 ± 4.78* 2.81 ± 0.96*
Left Jab, W1, arb. units -0.17 ± 0.38 -0.47 ± 0.79
Right Jab, W1, arb. units 1.59 ± 0.40 1.60 ± 0.52
Left Hook, W1, arb. units 1.31 ± 2.55 -0.11 ± 0.36
Right Hook, W1, arb. units 3.81 ± 1.70 0.98 ± 1.78
Series of Hooks 8, W8, arb. units 98.50 ± 38.81 61.38 ± 28.14
Number of strikes, NS8, times 7.00 ± 0.95 5.13 ± 0.87
Straight Knee Strike 8, W8, arb. units 40.38 ± 16.49* 2.50 ± 5.23*
Number of strikes, NS8, times 2.75 ± 1.14* 0.25 ± 0.52*
Horizontal Elbow 8, W8, arb. units 27.50 ± 8.85 21.75 ± 13.55
Number of strikes, NS8, times -0.63 ± 0.40 -0.25 ± 0.34
Down Roundhouse Kick 8, W8, arb. units 81.25 ± 48.24 32.25 ± 17.56
Number of strikes, NS8, times 1.88 ± 0.55 1.63 ± 1.07
Roundhouse Kick 8, W8, arb. units 88.63 ± 33.55 44.88 ± 23.08
Number of strikes, NS8, times 0.38 ± 0.95 -0.38 ± 0.81
Series of Jabs 8, W8, arb. units 95.00 ± 43.07 51.50 ± 24.60
Number of strikes, NS8, times 6.25 ± 2.57 3.63 ± 1.85
Straight Kick 8, W8, arb. units -123.63 ± 8.08 -117.00 ± 3.43
Number of strikes, NS8, times 0.50 ± 0.64* -1.00 ± 0.45*
Series of Hooks 40, W40, arb. units 247.88 ± 103.09 199.88 ± 73.13
Number of strikes, NS8, times 48.88 ± 10.17 50.50 ± 17.17
Series of Jabs 40, W40, arb. units 146.13 ± 64.03 63.13 ± 9.09
Number of strikes, NS8, times 39.25 ± 6.98* 21.29 ± 2.89*
Note: * the differences are statistically significant at the number of degrees of freedom f = 14, the critical
value of the Student's t-test = 1.761, at the level of significance p = 0.95.
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«Left Jab» a positive role is played by the characteristic
of lightweight athletes to the performance of a strong
single strike, especially the left straight [19], which was
demonstrated in the ascertaining experiment [10]. The
growth of the speed-strength orientation of the «Right
Hook» striking technique indicates the advantage of using
the «Left Jab + Right Hook» striking combination for
athletes from the lightweight category. The growth of
the speed-strength potential in the «Horizontal Elbow
8» striking technique indicates a balanced improvement
of the speed-strength orientation in this technique in
lightweight athletes.

This conclusion follows from the fact that in the
ascertaining experiment in the zone of anaerobic power
of creatine-phosphate energy supply, a high rate of the
speed component was shown in the «single strike» test
[10]. In the formative experiment, while maintaining
the initial state, an increase in the strength component
was shown in the same power zone and the mechanism
of energy supply in the «8 seconds» test. The statement
of a balanced growth of the speed-strength potential of
the lightweight category from the experimental group
is also confirmed by the presence of a difference in the
shifts of the indicators of the same striking technique,
only with a different mechanism of energy supply. That
is, the growth of the speed component in the striking
technique «Series of Jabs 8» on the basis of a statistically
significant difference in the total number of punches
delivered, and the power component «Series of Jabs
40» in the form of a statistically significant difference in
the indicator of the strike power. It is important to note
that an increase in speed-strength capabilities is
expressed in striking techniques with the use of the
upper limbs, while indicators in striking techniques with
the participation of the lower limbs retained their
previous high level, demonstrated in the ascertaining
experiment [10].

The growth of the speed-strength potential of the
lightweight athletes from the experimental group in
the considered striking techniques is manifested in all
types of specialised tests, in the form of speed and
strength components separately. The growth of the
speed-strength potential of the athletes from the
middleweight category of the experimental group was
revealed in the zone of anaerobic power of creatine-
phosphate working capacity, while in the zone of
anaerobic power of glycolytic working capacity it was
not revealed. This phenomenon can be explained by the
peculiarity of athletes of middleweight of high motor
performance with a tendency to power endurance [20-

22]. This means that qualified athletes of the
middleweight category already have a rather high level
of indicators of the specialised test «40 seconds», which
should be increased by other methods of sports training
corresponding to the growth of strength endurance.

In the specialised test «single strike», the growth of
the speed-strength potential was revealed in the punch
technique «Straight Knee Kick», where, due to the
specifics of the weight category, the speed and strength
components were implemented in a complex manner.
The increase in speed-strength capabilities in this striking
technique is natural, this is indicated by reliably negative
differences in the indicators of this technique in
comparison with athletes in the heavyweight category
in the ascertaining experiment [10]. In the specialised
test «8 seconds» it is worth paying attention to the fact
that the increase in the speed component in athletes
from the middle weight category of the experimental
group was revealed in striking techniques similar in
technical structure, in particular, in the «twisting» of
the body. This feature gives «hints» to which muscle
groups should be paid close attention in order to increase
the speed-strength capabilities in practicing the leading
striking techniques of Muay-Thai. The growth of the
speed-strength potential of athletes of the middleweight
category of the experimental group in the noted striking
techniques, manifested in specialised tests of creatine-
phosphate performance, in the form of the unity of the
speed and strength components, as well as separately
for only the speed component.

In the specialised test «single strike» of the
heavyweight category of the experimental group, there
is an increase in the speed-strength potential in the
«Roundhouse Kick» and «Down Roundhouse Kick»
techniques. Due to the specifics of the weight category,
the growth of the speed-strength potential is biased
towards the strength component. The increase in speed-
strength capabilities in this striking technique is expected,
as indicated by the reliably negative differences in the
indicators of these striking techniques in comparison
with athletes in the lightweight category in the
ascertaining experiment [10]. In the specialised test «8
seconds», an increase in speed-strength capabilities in
the unity of strength and speed components is observed
in the striking technique «Straight Knee Strike 8».
Striking techniques, the structure of which is based on
the principle of a small lever, are more effective in
manifesting higher speed-strength capabilities for
heavyweight athletes, which makes the result of these
techniques predictable [10]. The striking techniques
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«Straight Kick 8» and «Series of Jabs 40» of specialised
tests «8 and 40 seconds» are united by the fact that in
their data there are no reliably significant differences in
shifts in power indicators, but in the total number of
strikes delivered. These features indicate a greater
increase in the speed component of the athletes from
the experimental group for these striking techniques.
The growth of the speed-strength potential of the
athletes in the heavy weight category from the experi-
mental group in the noted striking techniques is
manifested in all types of specialised tests, in the form
of speed and strength components, both separately and
in unity.

Analysing the findings from comparing the shifts in
indicators of the experimental and control groups
without taking into account weight categories, a number
of features should be noted for each specialised test. In
the test «single strike» the differences in shifts were
revealed for the indices of three striking techniques,
the contribution of which was made by the athletes of
the lightweight and heavyweight categories of the ex-
perimental group, while the indices were registered in
the group without taking into account the weight
categories. The indicator of athletes in the middleweight
category in the «Straight Knee Kick» technique was
reduced to a different result, which turned out to be
statistically insignificant in the general experimental
group.

In the specialised test «8 seconds» it is necessary to
pay attention to the fact that the contribution to all ca-
ses of revealing statistically significant differences in the
indicators of striking techniques was made by the
athletes of each weight group separately and in unity.
The differences in the shifts in the indices of the total
number of strikes in «Series of Hooks 8» were revealed
due to athletes of the middleweight category. Differences
in the shifts of strength indices and the total number of
«Straight Knee Strike 8» were revealed due to the
athletes of the heavyweight category. The differences in
the shifts in the indices of the total number of strikes
«Series of Jabs 8» were revealed due to the athletes of
the lightweight category. The differences in the shifts of
the strength indicators «Horizontal Elbow 8» were
revealed due to the athletes of the lightweight category.
It is also worth noting that the unity of athletes of all
weight categories levelled the differences in the shifts
of the indicators of the total number of strikes in the
striking techniques «Horizontal Elbow 8» and
«Roundhouse Kick 8» by middleweights, and «Straight
Kick 8» by heavyweights.

In the specialised test «40 seconds», the difference
in shifts of indicators was found in one striking technique
«Series of Jabs 40», a significant contribution to which
was made by athletes of the lightweight category. The
indicator of the total number of strikes by athletes of
the heavyweight category in the striking technique «Se-
ries of Jabs 40» was reduced to the opposite result, which
turned out to be statistically insignificant in the general
experimental group. The growth of the speed-strength
potential of the athletes from the experimental group
over the athletes from the control group, without taking
into account weight categories, is noted in three types
of specialised tests of anaerobic capabilities with creatine-
phosphate and glycolytic mechanisms of energy supply,
in the form of speed and power components, both
individually and in unity.

Conclusions

1. The growth of the speed-strength potential of the
lightweight category athletes from the experimental
group in the considered striking techniques is manifested
in all types of specialised tests, in the form of speed and
strength components separately.

2. The growth of the speed-strength potential of the
athletes of the middleweight category from the expe-
rimental group in the noted striking techniques,
manifested in specialised tests of creatine-phosphate
performance, in the form of the unity of the speed and
strength components, as well as separately only the speed
component.

3. The growth of the speed-strength potential of the
athletes from the heavyweight category of the experi-
mental group in the considered striking techniques is
manifested in all types of specialised tests, in the form
of speed and strength components, both separately and
in unity.

4. The growth of the speed-strength potential of the
athletes from the experimental group in comparison
with the athletes from the control group, without taking
into account weight categories, is noted in three types
of specialised tests of anaerobic capabilities with creatine-
phosphate and glycolytic mechanisms of energy supply,
in the form of speed and strength components, both
individually and in unity.

The results of the study can promote the introduction
of differentiated programs with the use of the
Podhurskyi’s weight modified sports equipment in the
main part of sports training of speed-strength orientation
for qualified Muay-Thai athletes. This will allow for a
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more effective organisation of the training process in
the improvement and implementation of speed-strength
abilities, taking into account group individualisation.
Further research is assumed to reveal the absolute and
relative growth of speed-strength capabilities in athletes
of different weight categories. In turn, this will make it
possible to improve the content of sports training of
speed-strength orientation in regulating the growth of
speed and strength components, both separately and in
unity.
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