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Abstract
 Background & Study Aim:  The analysis of scientific researches on the issues of developing hand-to-hand fighting athletes’ physical qualities 

has shown that in recent times the specialists in the field of sports have focused their attention on studying and se-
lecting the most effective tools and methods of physical training that make higher demands on the functional sys-
tems of the athlete’s organism the capabilities of which determine the success of competitive activity. The purpose 
of the research are the cumulative effects of different variants of physical loads on physical fitness of the athletes 
engaged in hand-to-hand fighting and recommendation for the most efficient work modes aimed at developing spe-
cial physical qualities.

 Material & Methods:  In 6-week experiment participated 60 students of 16-18 years old specialists in different styles of martial arts: sports 
combat sambo, hand-to-hand fight, universal fight, jiu-jitsu. The control group (CG, n = 30) and the experimental 
one group (EG, n = 30) trained 2 times a week by different methods. In EG work was carried out with the excep-
tion of loads of glycolytic direction, with weights of 70% of the conditional maximum (CMax), with a small num-
ber of repetitions (3 to 5), with rest intervals (1 min) and with a large number of rounds (10 to 15). For the CG the 
main method of training was a circular one. The time of exercise was 30 s, the weight was 70% of the CMax for ba-
sic exercises (barbell squat, deadlifts, clean and jerk) and from 30% to 40% of the maximum for isolated exercises 
(barbell stretching and bending of arms), a rest between exercises was 30 s, the number of rounds was 4 to 5, a rest 
between rounds was 2 to 3 min.

 Results:  The experimental methods allowed significantly better compared with the traditional methods to improve strength 
endurance of muscles of legs, back and shoulders of the athletes and to increase their recovery rate after exercise.

 Conclusions:  When implementing the complex of exercises for development of speed-strength abilities, it should be taken into 
account that effective implementation of methods is possible with a weight of 70% of CMax, with a low number 
of repetitions (3 to 5), a rest interval (1 min) and a large number of rounds (10 to 15). The intensity of the exercise 
and the weight should correspond to the performance model of the approximately maximal exercise in which work 
is carried out with the participation of fast muscle fibres, and the duration of the exercise needs to match ATP and 
CRP consumption in fast muscle fibres.
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IntroductIon

Genesis the most of martial arts reach military, gladia-
torial and ludic tradition of hand to hand fighting [1-3]. 
At the end of twentieth century in popularity gained 
the name of “martial arts” similarly defined by differ-
ent authors [4-7]. According to the theory of martial 
arts “every combat sport is martial arts but not vice 
versa” [8]. Similarly, not every self-defence in martial 
art – e.g. aikido is not a continuation of martial arts [1, 
9, 10]. In reference to a new combat sport UNIFIGHT 
[11-13] an argument is justified that self-defence stays 
in closely relations with group of combat sports which 
meet the criteria of the Olympic Sports that is becom-
ing part of Olympic Movement [14]. Unabated popu-
larity of martial arts, combat sports and self-defence 
art and generic name for these physical activity “hand-
to hand fighting” is justified. Researchers analyse the 
phenomenon from different perspectives – philosophy, 
psychology, pedagogy, sociology, biomechanics, phys-
iology, motor control, kinesiology etc. or in an interdis-
ciplinary perspective. Regardless of the formula – from 
editorial to professional (unfortunately disseminated 
also as neogladiatorship [1]) – hand to hand fighting 
does not qualify to an extreme form of physical activ-
ity (EFPA) or extreme sports [15, 16].

The analysis of scientific researches on the issues of 
developing hand-to hand fighting athletes’ physical 
qualities has shown that in recent times the special-
ists in the field of sports have focused their atten-
tion on studying and selecting the most effective tools 
and methods of physical training that make higher 
demands on the functional systems of the athlete’s 
organism the capabilities of which determine the suc-
cess of competitive activity [12, 17-31].

Summarizing and analysing the literature show that 
nowadays there are some different concepts of devel-
opment of the athletes’ special physical qualities.

The traditional method involves constructing a pro-
cess of special physical fitness on the basis of inten-
sive training loads of the anaerobic glycolytic 
direction [12, 26, 27]. At the same time, another view 
on the process developing special physical qualities 
of hand-to-hand fighting athletes has been justified. 
The studies carried out at molecular level have pro-
vided some new information about the physiological 
mechanisms of strength and endurance being local-
ized in the depths of muscle cells. It has been shown 
that the development of strength and speed requires 
hypertrophy of myofibrils and developing endurance 
needs hyperplasia of mitochondria [17, 20].

The purpose of the research are the cumulative effects 
of different variants of physical loads on physical fit-
ness of the athletes engaged in hand-to-hand fight-
ing and recommendation for the most efficient work 
modes aimed at developing special physical qualities.

MaterIal and Methods 
Participants
For the purpose of evaluating experimentally the 
modes contributing to the development of spe-
cial physical qualities of hand-to-hand fighting 
athletes, we conducted a 6-week experiment: 60 
students of 16-18 years old (members of the teams 
of the National Mineral Resources University in 
Saint-Petersburg practicing different styles of mar-
tial arts: sports combat sambo, hand-to-hand fight, 
universal fight, jiu-jitsu). Among athletes 3 of them 
being Masters of Sports of Russia, 10 people being 
Candidates for Master of Sports and 47 athletes hav-
ing the first grade and the second one.

Anthropometric measurements of the control group 
(CG, n = 30) were: height 184.6 ±3.4cm; weight 84.1 
±3.2kg; chest circumference during quiet breathing 
(cm) 96.1 ±3.1 and experimental group (EG, n = 30): 
height 184.1 ±4.1cm; weight 83.3 ±2.2 kg; chest cir-
cumference during quiet breathing 95.4 ±2.7cm.

Organization of research
The control group and the experimental one trained 
2 times a week by different methods. In the CG devel-
oping special physical qualities was realized by the 
methods described in the training program for Youth 
Sports Schools, Specialized Children and Youth 
Sports Schools of the Olympic Reserve, Universal 
Fight Sports Training Centres [12]. The main method 
of training was a circular one. The time of exercise 
was 30 s, the weight was 70% of the conditional 
maximum (CMax) for basic exercises (barbell squat, 
deadlifts, clean and jerk) and from 30 to 40% of the 
maximum for isolated exercises (barbell stretching 
and bending of arms), a rest between exercises was 
30 s, the number of rounds was 4 to 5, a rest between 
rounds was 2 to 3 min. An example of such circuit 
training is given in Table 1.

We suggested that the athletes of the EG should use 
high-intensity means, the task of which is to improve 
the athlete’s ability to be mobilized for manifesting 
a highly concentrated explosive effort and raising 
functional capabilities of the organism to a new level 
of operating strains.

Martial arts – plural noun any 
of various systems of combat 
and self-defence, e.g. judo or 
karate, developed especially in 
Japan and Korea and now usually 
practised as a sport [4].

Martial arts – systems including 
physical practises and elements 
from ancient combats created 
for self-defending purposes and 
in nowadays for competitive 
condition [5].

Martial Arts – are systems 
of fight practices (practiced 
in many reasons: self-
defence, competition, self-
improvement, physical health 
and fitness, mental and physical 
development) [6].

Martial arts – systems of 
codified practices and traditions 
of combat, initially created 
for warrior purposes, and 
nowadays practiced for a variety 
of reasons, including self-
defence, competition, physical 
conditioning etc. [7].

Olympic Movement – noun 
all the international sporting 
federations who abide by the 
rules of the Olympic Charter [4].

Sambo – is a Russian martial 
art and combat sport. The word 
“SAMBO” is an acronym for 
SAMozashchita Bez Oruzhiya, 
which literally translates as 
“self-defence without weapons”. 
Sambo is relatively modern since 
its development began in the 
early 1920s by the Soviet Red 
Army to improve their hand-
to-hand combat abilities It was 
intended to be a merger of the 
most effective techniques of 
other martial arts. The pioneers 
of Sambo were Viktor Spiridonov 
and Vasili Oshchepkov. 
Oshchepkov died in prison 
as a result of the Great Purge 
after being accused of being 
a Japanese spy. Oshchepkov 
spent several years living in 
Japan +and training in judo 
under its founder Jigoro Kano 
[Wikipedia].

Training load – “A simple 
mathematical model of training 
load can be defined as the 
product of qualitative and 
quantitative factor. This 
reasoning may became unclear 
whenever the quantitative 
factor is called ‘workload 
volume’ or ‘training volume’ 
interchangeably with ‘volume of 
physical activity’. Various units 
have been adopted as measures 
i.e. the number of repetitions, 
kilometres, tons, kilocalories, 
etc. as well as various units of 
time (seconds, minutes, hours) 
(…) As in the real world nothing 
happens beyond the time, the 
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To determine the special conditioning exercises that 
would be compatible with the character of hand-to-
hand fighting we conducted a survey of hand-to-
hand fighting coaches: 18 coaches were surveyed 
in total, 4 of them being Honoured Trainers of the 
Russian Federation, 3 people being Masters of Sports 
of International Level and 11 coaches being Masters 
of Sports.

The result was the selection of the following exer-
cises: 1) barbell squat – basic leg building exercise; 
2) deadlift – basic back exercise, the closest one in 
the structure of performance to the practice of hand-
to-hand fighting; 3) clean (lifting the bar to chest) – 
exercise for the development of explosive force of 
back and leg muscles, a high degree of its transfer-
ring to the practice of hand-to-hand fighting; 4) clean 
and jerk (from rack) – basic exercise for the devel-
opment of explosive force of shoulder girdle mus-
cles, the exercise is applicable to representatives of 
wrestling and boxing due to its biomechanics; 5) bar 
dip ups – basic shoulder exercise; 6) jumping squats 
– exercise for the development of explosive force of 
leg muscles. 

When planning the training process of the exper-
imental group, we were guided by the concept of 
Verkhoshansky [17]: short intense work being no 
more than 10 to 15 s and a rest interval of 45 to 60 s 
for the same group of muscles slightly activate gly-
colysis, which creates prerequisites for enhancing the 
aerobic capacity of the muscles.

Seluyanov [20] emphasizes that it is necessary to acti-
vate fast muscle fibres, i.e. the intensity of muscle 
contraction should be in the range of 60% to 80% 
of maximum, hydrogen ions must not be accumu-
lated above a certain optimum in fast muscle fibres, 

the blood must have a sufficient amount of oxygen. 
These conditions correspond exactly to the perfor-
mance models of exercise being approximately max-
imal, but with one important limitation – the duration 
of the exercise needs to match ATP (adenosine tri-
phosphate) and CRP (creatinine phosphate) consump-
tion in fast muscle fibers and exercising must op since 
the advent of easy local fatigue [20].

During the 1st, 3rd and 5th weeks of training the ath-
letes of the EG performed the basic training work of 
developing character. Within a 1-week microcycle the 
training work for the development of special physical 
qualities was divided into two training days (Table 2). 
The exercises were structured in such a way that mus-
cle-antagonists were involved in the training work.

The main method of training was a circular one. The 
weight was 70% CMax, the number of repetitions was 
from 3 to 5, the number of rounds was 15, intervals 
of rest between circles lasted 1 min.

Table 2.   Distribution of training load during 1st, 3rd and 
5th weeks.

Training 
day No.1 Training day No.2 Weight Number 

of reps

Clean Deadlift
70% of 
CMax 3-5Barbell 

squats
Clean and jerk 
(from rack)

Bar dip-ups Jumping squats Without 
weight 5

During the 2nd, 4th and 6th weeks the training load 
for the development of speed-strength abilities were 
tonic in nature and was limited to two basic exer-
cises (Table 3).

basic procedure of improvement 
of workload measurement should 
logically start with separation 
of the time factor from the set 
of phenomena so far classified 
together as ‘workload volume’. 
(…) Due to the fact that the heart 
rate (HR) is commonly accepted 
as the universal measure of 
workload intensity, the product 
of effort duration and HR seems 
to be the general indicator of 
training load defined as the 
amount of workload. It is useful 
in analyses with a high level 
of generality. (…)In current 
research and training practice the 
product of effort duration and HR 
was referred to as conventional 
units’ or further calculations 
have been made to convert it into 
points.” [37, p. 238].

Exercise intensity – in order to 
improve physical fitness, exercise 
must be hard enough to require 
more effort than usual. The 
method of estimating appropriate 
training intensity levels varies 
with each fitness component. 
Cardiovascular fitness, for 
example, requires elevating the 
heart-rate above normal [49].

Microcycle – shortest training 
cycle is characterising by the 
dynamic of loads occurring in 5 
to 9 days (usually a week).

EFPA – “extreme form of 
physical activity are extreme 
sports, often classified according 
to the environment in which 
they are performed (water, land, 
air), extreme form of physical 
recreation as well as gainful 
activity or voluntary service, 
and all varieties of physical 
activity that meet at least one 
classification criterion of the 
feature associated either with 
extreme risk of injury or death, 
or extreme body burden with 
high level of effort, or extreme 
coordination difficulty” [15, 
p. 19].

Table 1.  Circuit training used in the control group for developing special qualities of hand-to-hand fighters.

No. Exercises Purpose

1 Barbell squats Leg strength endurance building exercise

2 Crossbar pull-ups Shoulder strength endurance building exercise 

3 Deadlift Long muscles back exercise

4 Bar dip-ups Shoulder strength endurance building exercise

5 Jumping squats Leg strength endurance building exercise

6 Barbell stretching and bending of arms Arm strength endurance building exercise

7 Sit-ups from a lying position Stomach exercise

8 Clean and jerk Shoulder exercise
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At the beginning and end of the study testing the 
basic physique and special physical preparedness 
was conducted to identify the impact of the exper-
imental methods on various aspects of physical fit-
ness of the athletes.

Statistical analysis 
Arithmetic means and standard deviations were cal-
culated. In order to determine the significance of the 
differences between the two means (results man CG 
and man EG), at test for independent samples was 
used. Statistically significant difference was assumed 
for minimum p<0.05.

results
Overall physical fitness (OPF)
The analysis of test results at the OPF between the 
EG and the CG before and after the experiment indi-
cates no significant differences (Tables 4 and 5). This 
allows to conclude that the methods by which both 
groups had been trained equally affected the structure 
of the overall physical fitness of the athletes.

Strength endurance and recovery rate after 
exercise 
As has been shown by the test results, before the 
experiment, the level of strength endurance and 
recovery rate were not significantly different in the 
control and experimental groups (Table 6). At the 
end of the experiment the athletes of both groups 
were tested to determine increasing the indicators 
of strength endurance and improving recovery rate 

after the exercise. To this end, we invited the ath-
letes to perform the exercises: barbell squats, deadlifts 
and clean and jerk with a weight that was recorded 
at a preliminary stage and was at that time 70% of 
CMax. We noted a quantitative increase of indicators 
in those exercises, of both experimental and control 
groups (Table 7). Results for barbell squats, dead-
lifts and clean and jerk were significantly very higher 
(p<0.001) in the experimental group. Recovery rate 
indicators had also significant differences between the 
two groups after performing exercise by method “to 
failure”. The result of the test: HR after performing 
a series of double jab + throw within 1 min showed 
that both groups are equally susceptible to fatigue 
after performing a specific load, but the recovery rate 
in the experimental group was significantly higher 
than recovery rate in the control one.

The maximum strength of muscles
In addition to increasing strength endurance and 
recovery rate after performing exercise by method 
“to failure”, we recorded an increase in indicators 
of the maximum strength, in both control group 
and experimental one (Tables 8 and 9). This partly 
explains the quantitative increase of indicators and 
growth of strength endurance when performing exer-
cise characterizing the level of strength endurance of 
muscles of legs, back and shoulder girdle. The dif-
ferences between the two groups were statistically 
significant (p<0.01 and p<0.001) when performing 
exercises: barbell squats, dead lifts and clean and 
jerk (Table 9).

Table 3.  Distribution of training load during 2nd, 4rd and 6th weeks.

Training day
Weight

Number of Rest between 
attemptsNo.1 No.2 attempts reps

Barbell squats Deadlift 70% of CMax 5 5 2-3 min

Table 4.  Comparative analysis of OPF of control and experimental groups before experiment.

Exercise
Group of subjects

Differences t
CG (n = 30) EG (n = 30)

Dip ups within 30 s 29.4 ±0.3 28.2 ±0.6 1.2 1.789

Crossbar pull-ups (number of reps) 17 ±0.8 19 ±1.1 2.0 1.470

Crossbar hanging leg raises (number 
of reps) 16 ±0.6 16.7 ±0.6 0.7 0.825

Standing long jump (cm) 253.5 ±0.6 252.1 ±1.1 1.4 1.117
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Table 5.  Comparative analysis of OPF of control and experimental groups after experiment.

Exercise
Group of subjects

Differences t
CG (n = 30) EG (n = 30)

Dip ups within 30 s 29.9 ±0.2 29.6 ±0.4 03. 0.894

Crossbar pull-ups (number of reps) 20.5 ±0.6 21.1 ±0.9 0.6 0.555

Crossbar hanging leg raises (number of 
reps) 18 ±0.7 18.8 ±0.4 0.8 0.992

Standing long jump (cm) 254.6 ±0.5 253.6 ±0.8 1.0 1.060

Table 6.  Comparative analysis of indicators of strength endurance and recovery rate in control and experimental 
groups before experiment.

Exercise
Group of subjects

Differences t
CG (n = 30) EG (n = 30)

Barbell squats with a weight of 70% of CMax  
(number of reps) 11.3 ±0.2 11.5 ±0.1 0.2 0.894

HR (heart rate) immediately 154 ±0.4 153 ±0.4 1.0 1.414

HR 1 min after 136 ±1 134 ±1 2.0 1.344

HR 2 min after 121 ±1.9 120 ±1.1 1.0 0.638

HR 3 min after 100 ±0.4 100 ±0.5 0 0.156

Deadlift with a weight of 70% of CMax  
(number of reps) 10.8 ±0.2 11 ±0.1 0.2 0.894

HR immediately 151 ±0.3 152 ±0.3 1.0 0.236

HR 1 min after 136 ±1 137 ±0.8 1.0 0.469

HR 2 min after 119 ±1.6 121 ±1.2 2.0 0.7

HR 3 min after 101 ±0.4 99.9 ±0.3 1.1 1.237

Clean and jerk with a weight of 70% of CMax  
(number of reps) 11 ±0.2 11.1 ±0.2 0.1 0.354

HR immediately 135 ±1.1 132 ±0.8 3.0 1.691

HR 1 min after 118 ±1.3 119 ±0.4 1.0 0.735

HR 2 min after 102 ±1.4 103 ±0.8 1.0 0.124

HR 3 min after 91.7 ±1.1 91.3 ±1 0.6 0.269

HR immediately after performing series: double jab + 
throw within 1 min 141 ±1.1 142 ±1.4 1.0 0.225

HR 2 min after performing series: double jab + throw 108.6 ±1.5 107.9 ±2.1 0.7 0.271
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dIscussIon

The results shown by the athletes of the CG and the 
EG in the exercises with the weight being equal to 
70% CMax seem to be somewhat overstated since 
it is known that the number of reps should be from 
8 to 10 when working with this intensity [32]. Thus, 
we can conclude that the athletes did not get a proper 
motivation and so they did not show their maximum 
because of lack of competitive environment, but we 
have noted that the athletes of the CG and the EG 
were in absolutely equal conditions in the testing. 
Therefore, the result shown in the exercise to deter-
mine the maximum muscle strength would be correct 
to be called the conditional maximum (CMax). In 
the future, we began to use this term.

The result of the test: HR after performing a series 
of double jab + throw within 1 min showed that both 

groups are equally susceptible to fatigue after per-
forming a specific load, but the recovery rate in the 
experimental group was significantly higher than 
recovery rate in the control one. This suggests that 
the experimental methods can increase recovery rate 
after exercise in addition to increasing strength endur-
ance. This fact is a significant one for hand-to-hand 
fighting.

The experimental methods allowed significantly bet-
ter compared with the traditional methods to improve 
strength endurance of muscles of legs, back and 
shoulders of the athletes, and to increase their recov-
ery rate after exercise.

The intensity of the exercise and the weight should 
correspond to the performance model of the approxi-
mately maximal exercise in which work is carried out 

Table 7.   Comparative analysis of indicators of strength endurance and recovery rate in control and experimental 
groups after experiment.

Exercise
Group of subjects

Differences t
CG (n = 30) EG (n = 30)

Barbell squats with a weight of 70% of CMax 
(number of reps) 13 ±0.2 17.2 ±0.1 4.2 18.917***

HR immediately 151 ±0.3 151 ±0.4 0 0.800

HR 1 min after 135 ±0.9 129 ±1.1 6.0 3.870***

HR 2 min after 117 ±1.2 109 ±1.8 8.0 3.698***

HR 3 min after 99.8 ±0.2 90.6 ±1.3 9.2 6.995***

Deadlift with a weight of 70% of CMax (number 
of reps) 13.3 ±0.3 16 ±0.4 2.7 6.037***

HR immediately 151 ±0.3 155 ±0.5 4.0 5.659***

HR 1 min after 137.1 ±0.9 121 ±1.2 16.1 10.733***

HR 2 min after 117.8 ±1.2 100 ±0.9 17.8 11.867***

HR 3 min after 100.8 ±0.4 88.1 ±0.6 12.7 17.612***

Clean and jerk with a weight of 70% of CMax 13.4 ±0.1 15.4 ±0.2 2.0 8.944***

HR immediately 135 ±0.8 122 ±1.4 13.0 7.690***

HR 1 min after 121 ±1.4 106 ±1.1 5.0 8.425***

HR 2 min after 102 ±1.4 94.8 ±0.8 7.2 4.465***

HR 3 min after 92.9 ±1.1 84.7 ±0.3 8.2 7.192***

HR immediately after performing series: double 
jab + throw within 1 min 141 ±1 13 9 ±1.1 2.0 1.345

HR 2 min after performing series: double jab + 
throw 99.9 ±0.9 92.6 ±1.4 7.3 4.386***

***p<0.001  
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with the participation of fast muscle fibres, and the 
duration of the exercise needs to match ATP and CRP 
consumption in fast muscle fibres [20].

When implementing the complex of exercises for 
development of speed-strength abilities, it should be 
taken into account that effective implementation of 
methods is possible with a weight of 70% of CMax, 
with a low number of repetitions (3 to 5), a rest inter-
val (1 min) and a large number of rounds (10 to 15) 
[29-31].

Rest intervals are necessary to create conditions for 
enhancing the aerobic capacity of the muscles, in this 
case, exercise can have “anti-glycolytic orientation”. 
It becomes possible to continuously improve both 
strength abilities and aerobic one of hand-to-hand 
fighting athletes in the form of hyperplastic myofi-
brils and mitochondria [17].

The recently published results of research concern-
ing the broadly defined area of practice hand-to-hand 
fighting are not only expanding the knowledge of the 
phenomena which we are analysing in our experiment 
in the relationship of “causes – effects” in physiolog-
ical and motor meaning [33, 34]. They also concern 
psychological (mental) aspects [35, 36]. A separate 
group constitute an important work organizing both 
the training means, which is to make sure that they 
remain in compliance with relationship to the sport 

effects [37-39], and reveal the talent into this category 
of physical activity [40-42]. Still open is the question 
of providing scientific argument about the practice of 
hand-to-hand fighting (optimizing resources, meth-
ods, structure, long-term training, etc.) in relation to 
the extending of the quality of life by increasing the 
opportunities for self-defence [43-45] of the greatest 
number of people and strengthening all the dimen-
sions of health [46-48].

conclusIons

When implementing the complex of exercises for 
development of speed-strength abilities, it should be 
taken into account that effective implementation of 
methods is possible with a weight of 70% of CMax, 
with a low number of repetitions (3 to 5), a rest inter-
val (1 min) and a large number of rounds (10 to 15). 
The intensity of the exercise and the weight should 
correspond to the performance model of the approx-
imately maximal exercise in which work is carried 
out with the participation of fast muscle fibres, and 
the duration of the exercise needs to match ATP and 
CRP consumption in fast muscle fibres.
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Table 8.  Comparative analysis of maximum strength in CG and EG before experiment.

Exercise
Group of subjects

Differences t
CG (n= 30) EG (n = 30)

Barbell squats (kg) 117 ±0.6 116 ±1.9 1.0 0.452

Deadlift (kg) 123.5 ±1.8 123 ±1.7 0.5 0.202

Clean and jerk (kg) 74.8 ±1 74.7 ±1.2 0.1 0.064

Table 9.  Comparative analysis of maximum strength in CG and EG after experiment.

Exercise
Group of subjects

Differences t
CG (n = 30) EG (n = 30)

Barbell squats (kg) 125 ±1.5 132 ±1.8 7.0 3.158**

Deadlift (kg) 130.2 ±0.9 142.1 ±0.7 11.9 10.437**

Clean and jerk (kg) 77.9 ±1.3 87.2 ±1 9.3 5.607***

**p<0.01     ***p<0.001 
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