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Abstract

The study of the indicators of competitive activity allows the coach to organize the training process more ef-
fectively; to timely identify deficiencies in the athlete’s preparation and make certain adjustments to the train-
ing plan; to rationally select tactical options for the upcoming bout (combat, fight) considering the capabilities
of the rival. The aim of this review is knowledge on competitive activity in martial arts based on the publica-
tions in the web database PubMed.

Bibliometric analysis of PubMed database data was used to create a sample of studies as of 06/17/2023. The
key phrase 'competitive activity in martial arts’ was used for the search. 190 publications were found. The first
publication was published in 1990. The software VOSviewer 1.6.19 was used for keyword analysis and direct
citation analysis with the construction of bibliometric maps, visualization of the density of clusters, weights
- citations.

With the help of VOSviewer 1.6.19 software 76 journals from 36 countries were identified. The USA (23 jour-
nals), China (14 journals) and the UK (9 journals) are the unequivocal leaders among the countries. We anal-
ysed the publication activity of 782 authors whose link strength was more than 0. The authors were grouped
into 137 clusters. They were characterized by the presence of 2249 links with total link strength of 2447. The
number of items in the clusters did not have a significant difference; this can be explained by the populari-
ty of all research areas. The highest number of publications is observed for Franchini Emerson (20), Chamari
Karim (8), Chaabene Helme (5), Capranica Laaura (5), and Miarka Bianca (5) and 71 elements (keywords) were
selected to visualize the network. The elements formed 6 clusters. The network includes 1257 links, and the
total number was 6465. The most popular studies are highlighted. These studies include the following key-
words: ‘humans’, ‘martial arts’, ‘male’, ‘adult’, ‘young adult’, ‘female’, ‘athletes’, ‘adolescent’. Overlay visualization
shows that most of the keywords with the newest publication dates are related to martial arts, while older
publications compare the indicators of competitive activity in martial arts and in other sports (sports games).

The relevance of research on competitive activity in martial arts was confirmed. There has been a significant
increase in publications in the last decade. The main array of publications is aimed at improving the methods
of sports training for successful performance in competitions. A popular direction is the prevention of injuries
in the process of preparation and performance at competitions. Modern technologies and the availability of
big data open new opportunities for studying the competitive activities in martial arts (and neo gladiatorship).
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Neo gladiatorship - the
corresponding author of this
publication is a signatory of
‘Czestochowa Declaration
2015 HMA against MMA’
and ‘Gdansk 2nd HMA World
Congress Resolution’. Both
documents oblige experts in
the science of martial arts not
to promote MMA as a sport,
but to call this phenomenon
truthfully ‘neo gladiatorship’
The other authors agree with
this view.

Neo-gladiator - a person who
trains mix martial arts (MMA)
and similar forms of hand-
to-hand fighting that do not
meet the definition of sport
according to the Olympic
Charter, p. 18 [53, 54].

Czestochowa Declaration
2015 HMA against MMA:
‘continuous improvement of
health through martial arts
as one of the most attractive
form of physical activity

for a human, accessible
during entire life should
constantly exist in public
space, especially in electronic
media, to balance permanent
degradation of mental and
social health by enhancing the
promotion of mixed martial
arts - contemporary, bloody
gladiatorship, significant tool
of education to aggression in
a macro scale’.

Gdansk 2nd HMA World
Congress Resolution

- Article 1 The white

flag with five interlocking
“Olympic rings” is the most
recognizable symbol in the
global public space. Neither
did the resurrected idea

of Olympia, “Citius, Altius,
Fortius” save humanity from
the horrors of two world
wars, nor did the declared
mission of the International
Olympic Committee (I0C):
“1.(...) the promotion of
ethics and (...) ensuring that,
in sport, the spirit of fair
play prevails and violence is
banned” (Olympic Charter,
p. 18) stop the pathology
of permanently educating
contemporary man in

28 | VOLUME 19 | 2023

Not required
Not commissioned; externally peer reviewed

Departmental sources

Whadystaw Jagietto, Department of Sport, Faculty of Physical Education, University of Physical Education and
Sports, K. Gorskiego Str.1, 80-336 Gdansk, Poland; e-mail: wjagiellol@wp.pl

INTRODUCTION

The competitive activity fully reflects the advan-
tages and disadvantages of the athlete’s skill and
the peculiarities of the sport [1-3].

Historically, sports science has brought to the
forefront issues related to the theory of sports
training, but often the solution of training prob-
lems was carried out without considering the
specifics of competitive activity of athletes [4-6].

It is impossible not to agree with the authors
who believe that the study of competitive activ-
ity, cognition of the regularities of this process
enable to make a more significant contribution
to the preparation of an athlete to the highest
achievements than the approach to the training
process on the basis of research [7, 8].

Many scientists in their studies have paid atten-
tion to the competitive activity of athletes in
various types of martial arts: in jiu-jitsu [9], in
wrestling [10], in judo [11], in taekwondo [12], in
mixed martial arts (MMA - neo gladiatorism [13];
see glossary). In addition, the competitive activ-
ity of national teams in various types of martial
arts has been analysed [14, 15].

Researchers who specialize in various types of
martial arts have analysed competitive activity
to determine the features of modern competi-
tive activity [16]; to identify various indicators
and the most frequently used technical and tac-
tical actions [17]; to assess the strengths and
weaknesses of athletes’ preparedness [18]; to
model the skills of stronger martial artists world-
wide [19], identify injuries sustained during
competitions [20], to predict future results in
competitions [21], etc.

The study of the content of competitive activity
allows the coach-teacher to organize the training
process more effectively (the choice of means and
methods of training, parameters of training loads,

consideration of extra-training factors); to timely
identify shortcomings in the athlete’s prepared-
ness and make certain adjustments to the train-
ing plan; to avoid injury; to rationally select tactical
options for the upcoming bout (combat, fight),
considering the capabilities of the rival [22-24].

All of the above makes it possible to assert
that the chosen research direction is relevant.
Researchers are faced with a vast amount of
constantly updated information that needs to
be analysed and summarized. A software called
VOSviewer is available for thorough literature
analysis. VOSviewer is a tool that helps create
visual maps and visualize bibliographic data. Such
maps can contain journal titles, authors’ names,
names of organizations where the research was
conducted, and keywords. This software is able
to systematize and group key terms into spe-
cial semantic clusters that reflect the interest in
a certain problem in a certain period of time [25].

The aim of this review is knowledge on competi-
tive activity in martial arts based on the publica-
tions in the web database PubMed.

MATERIAL AND METHODS

Method of study

The study used a bibliometric method [26]. The
software used was VOSviewer 1.6.19. VOSviewer
is a software used to build and visualize biblio-
metric networks. These networks can, for exam-
ple, include journals, researchers, or individual
publications, and they are built based on cita-
tions, bibliographic links, co-citations, or co-
authorship relationships [27].

As the main method of data analysis using the
VOSviewer software, a ‘co-occurrence’ method
is chosen, which clusters keywords according to
how often they occur together in the same paper.
The keywords form thematic clusters. The clusters
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are labelled with different colours, the size of each
keyword is determined by the ‘total link strength’
score, i.e., the link strength of a given keyword
to all others, and the lines represent the links
between two individual keywords [28].

Data extraction

After completing the article selection, the follow-
ing data were extracted for visual and bibliomet-
ric analysis: author name, article title, journal of
publication, keywords, organization, country of
publication, and citation amount.

Research design

A sample of publications as of 06/17/2023 was
created using bibliometric analysis of PubMed
database data. The phrase ‘competitive activity in
martial arts’ was used for the search. 190 pub-
lications were found. The first publication was
published in 1990. There is a large increase in pub-
lications after 2011 (Figure 1). This is due to the
popularization of many martial arts in the world.
Researchers from 433 organizations studied com-
petitive performance in different types of martial
arts. All publications were written in English.

On the basis of the most cited sources, promising
research directions in this category were identified.
The results of the research are presented in bib-
liometric maps. Bibliometric mapping is a type of
research built on the use of a formal assessment of
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information flows. Mapping enables researchers to
navigate in the information space of large data sets
and allows them to structure them for effective
use. Data sources for mapping are usually infor-
mation systems that include metadata of scientific
publications: bibliographic and citation informa-
tion. The units of analysis for scientific mapping
are journals, publications themselves, references,
authors, and the terms and keywords used. Terms
as units of analysis can be selected from publica-
tion titles, abstracts, keyword lists, and from the
text of publications. In scientific mapping, links
between units of analysis are established when
at least two units of analysis appear together in
the same publication. The links between units of
analysis can be represented in the form of a graph
or network called a map, where the units of anal-
ysis (elements) are the nodes of the network and
the links between them are the edges of the net-
work. Thus, bibliometric maps are networks that
describe the correlation between units of analy-
sis [29]. This methodology of calculating the main
indicators for analysing and selecting the most sig-
nificant areas of research was used in the works
of domestic [30, 31] and foreign authors [32, 33].

Bibliometric maps were created using VOSviewer
1.6.19 software. The analysis of these maps
was aimed at identifying the trend of scientific
research on the competitive activity in martial
arts and highlighting priority areas.

number of publications

-

()

0

Figure 1. Dynamics of publications in the research period.
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aggression. Article 2 Likewise,
symbols (a sword pointed
downwards surrounded

by five rings) and motto
(“Friendship through Sport”)
of Conseil International du
Sport Militaire (CISM) did

not stop soldiers from killing
each other and murdering
people after 1948 (the year
of establishing CISM, the
second largest multi-sport
discipline organization after
the I0C, and also the year of
the Universal Declaration of
Human Rights).

Article 3 Although there are
five identical combat sports

in the Olympic Games and
the Military World Games,
their potential is still not

used to meet the second of
the Fundamental Principles

of Olympism: “(...) to place
sport at the service of the
harmonious development

of humankind, with a view

to promoting a peaceful
society concerned with the
preservation of human dignity”
(Olympic Charter, p. 13).
Article 4 Boxing and wrestling
cultivate the traditions of
ancient Olympism. Judo

and taekwondo have given
martial arts humanistic and
health attractiveness. Fencing
combines this tradition with
modernity in the spirit of
chivalry. Aiming dynamic
offensive and defensive
actions directly at the
opponent’s body (irrespective
of the protectors used) in
such a way as not to hurt

is a measure of respecting
those knightly rules. This rule
harmonizes with the principle
of respect for the opponent’s
as well as one’s own
corporeality and dignity over
the vain victory at all costs.
Article 5 For the civilized
individual and the society

for whom human health and
dignity are the common good,
participation, in any role,

in brutal shows of people
massacring each other cannot
be a standard of the quality
of life. Neo gladiatorship
camouflaged under the
banner of martial arts or
combat sports is a slight to
the Fundamental Principles
of Olympism, but also to

the Universal Declaration of
Human Rights. Therefore, this
Resolution should inspire as
many actors of Knowledge
Society as possible jointly to
oppose any deformations of
the mission of Olympism and
sport. The expansion of the
pathology of unauthorized
naming neo gladiators as
combat sports athletes will
soon turn the Fundamental
Principles of Olympism

into their own caricature
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- objective indicators

are a testament to the
devastation of all dimensions
of health by the practice of
legal bloody pageants [55].

Physical activity - noun
exercise and general
movement that a person
carries out as part of their
day [56].

Skill - noun an ability to
do perform an action well,
acquired by training [56].

Tactics - plural noun the art
of finding and implementing
means to achieve immediate
or short-neo [56].

Technique - noun a way of
performing an action [56].
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RESULTS

For the request “competitive activity in martial
arts” using VOSviewer 1.6.19 software 76 jour-
nals from 36 countries were identified. The most
productive countries are the USA (23 journals),
China (14 journals) and the UK (9 journals).

Between 1990 and 17 June 2023, 190 publi-
cations were found. The sample was limited to
a maximum of 25 co-authors to identify major
links. The analysis included 782 authors whose
link strength was greater than 0. Authors were
grouped into 137 clusters. They were charac-
terized by the presence of 2249 links with total
link strength of 2447. The highest number of
publications is observed for Franchini Emerson
(20), Chamari Karim (8), Chaabene Helme (5),
Capranica Laaura (5), Miarka Bianca (5), Cibelle
Giuseppe (4), Falko Coral (4) - Figure 2.

The threshold of the minimum number of occur-
rences of keywords was 5, this threshold was sug-
gested by the software. 71 elements (keyword)
were selected. The elements formed 6 clusters.
There are 1257 links in the network, total 6465
links. Each keyword is located in a circle. The

ovretveit, karsten
fritzsche, jurgen

benc, dragan
bulitta, m

bernick, charles b

khoo, selina

larger the size of the circle, the greater the num-
ber of links to that keyword. The proximity of
these circles on the map reflects the strength of
correlation between the entities (Figure 3).

They are concentrated around the keywords:
‘humans’, ‘martial arts’, ‘male’, ‘adult’, ‘young adult’,
‘female’, ‘athletes’, ‘adolescent’. The first cluster
is the largest and is shown in red on the map.
It includes 23 keywords. It contains the larg-
est number of significant keywords. The clus-
ter is conditionally called ‘physical activity and
sports’. Keywords of this cluster are sports, physi-
cal activities, age groups, the prevention of inju-
ries and diseases. Occurrences, number of links
and total link strength (TLS) in decreasing order
are as follows: humans - occurrences 170, links
70, TLS 1316; martial arts - occurrences 167,
links 70, TLS 1245; adult - occurrences 88, links
70, TLS 731; female - occurrences 69, links 68,
TLS 601; adolescent - occurrences 59, links 67,
TLS 546; athletic injuries - occurrences 23, links
41, TLS 199; child - occurrences 18, links 49,
TLS 167; sports - occurrences 13, links 34, TLS
99; middle aged - occurrences 13, links 32, TLS
125; cross-sectional studies - occurrences 12,
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Figure 2. Bibliometric map of authors of publications that studied competitive performance in martial arts.

Source: own study based on data obtained from PubMed and analysed with VOSviewer
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Figure 3. Bibliometric map of the main keywords in publications on competitive performance in martial arts,

network visualization.

Source: own study based on data obtained from PubMed and analysed with VOSviewer.

links 36, TLS 115; boxing - occurrences 9, links
30, TLS 67; aged - occurrences 8, links 25, TLS
79; risk factors - occurrences 8, links 30, TLS 73;
motor activity - occurrences 7, links 32, TLS 60;
incidence - occurrences 7, links 20, TLS 56; age
factors - occurrences 6, links 30, TLS 55; pro-
spective studies - occurrences 6, links 27, TLS
58; retrospective studies - occurrences 6, links
26, TLS 54; basketball - occurrences 6, links 21,
TLS 48; running - occurrences 5, links 26, TLS
50; treatment outcome - occurrences 5, links 16,
TLS 35; soccer - occurrences 5, links 15, TLS 32;
football - occurrences 5, links 14, TLS 32.

The second cluster includes 12 keywords. It is
highlighted in green on the map. The cluster is
conditionally called ‘biomedical research’. The key-
words of this cluster characterize: recovery, the
body’s reaction to physical load, and physiologi-
cal and biochemical processes in the body during
sports activity. Occurrences and number of ref-
erences in decreasing order are as follows: exer-
cise — occurrences 47, links 57, TLS 343; heart
rate - occurrences 22, links 39, TLS 210; lactic
acid - occurrences 17, links 37, TLS 163; exer-
cise test - occurrences 16, links 50, TLS 123; oxy-
gen consumption - occurrences 15, links 38, TLS
143; time factors - occurrences 13, links 48, TLS
138; analysis of variance - occurrences 13, links
43, TLS 118; physical exertion - occurrences 11,
links 31, TLS 106; Brazil - occurrences 7, links 33,

TLS 72; perception - occurrences 7, links 29, TLS
76; energy metabolism - occurrences 5, links 26,
TLS 56; anaerobic threshold - occurrences 5, links
24, TLS 48.

The third cluster includes 11 keywords. It is
marked on the map in blue. The conventional
name of this cluster is ‘athletic performance’.
This is the most significant keyword in this clus-
ter. It occurs 43 times, has 57 links with other
keywords in the map, and the total link strength
is 371. Next, occurrences and number of links in
decreasing order are as follows: combat sports
- occurrences 18, links 44, TLS 155; physi-
cal fitness - occurrences 14, links 42, TLS 116;
muscle strength - occurrences 14, links 39, TLS
140; physical conditioning, human - occur-
rences 11, links 38, TLS 105; time and motion
studies - occurrences 7, links 30, TLS 64; physi-
cal endurance - occurrences 7, links 27, TLS 57;
Resistance training - occurrences 6, links 27, TLS
55; performance - occurrences 5, links 28, TLS
53; Sex factors - occurrences 5, links 26, TLS 52;
physical education and training - occurrences 5,
links 23, TLS 46. The key words of this cluster
characterize: strength qualities, sports training,
and factors that influence the results.

The fourth cluster is marked in yellow on the
map and includes 10 keywords. The condi-
tional name of the cluster is 'anthropometry and

© ARCHIVES OF BUDO SCIENCE OF MARTIAL ARTS AND EXTREME SPORTS
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morphofunctional research’. The keywords of
this cluster characterize the follows: weight loss,
height-weight characteristics of a person, energy
consumption, and consumption of the body, ques-
tionnaire survey. Occurrences and number of ref-
erences in decreasing order are as follows: athletes
- occurrences 63, links 66, TLS 504; weight loss
- occurrences 16, links 37, TLS 146; body com-
position - occurrences 13, links 32, TLS 110;
anthropometry - occurrences 12, links 42, TLS
123; body weight - occurrences 11, links 37, TLS
110; surveys and questionnaires - occurrences 7,
links 30, TLS 80; judo - occurrences 7, links 27,
TLS 56; energy intake - occurrences 6, links 28,
TLS 63; hand strength - occurrences 5, links 25,
TLS 50; dehydration - occurrences 5, links 23,
TLS 57.

The fifth cluster includes 8 keywords and is
highlighted in purple on the map. The condi-
tional name of this cluster is 'young adult’. This
is the most significant keyword in this cluster.
It occurs 78 times, has 68 links with other key-
words in the map, and the total link strength is
707. Next, the occurrence and number of links in
decreasing order are as follows: muscle, skeletal
- occurrences 21, links 49, TLS 195; biomechan-
ical phenomena - occurrences 10, links 22, TLS
77; electromyography - occurrences 9, links 21,
TLS 68; lower extremity - occurrences 6, links 30,
TLS 64; reaction time - occurrences 6, links 24,
TLS 59; range of motion, articular - occurrences
6, links 21, TLS 56; karate - occurrences 5, links
14, TLS 22. The key words of this cluster charac-
terize the follows: biomechanics of movement,
human anatomy, quickness, young athlete. This
is a fundamental difference between this cluster
and the previous one, which includes studies of
the states of mainly experienced athletes.

The sixth cluster is marked in light blue on the map
and includes 7 keywords. The conditional name
of this cluster is 'male’. This is the most significant
keyword in this cluster. It occurs 127 times, has
70 links with other keywords in the map, and the
total link strength is 1061. Next, occurrences and
number of links in decreasing order are as follows:
competitive behaviour - occurrences 38, links 59,
TLS 368; biomarkers - occurrences 7, links 29, TLS
66; hydrocortisone - occurrences 11, links 31, TLS
98; testosterone - occurrences 7, links 29, TLS
60; saliva - occurrences 6, links 25, TLS 58; mixed
martial arts - occurrences 5, links 13, TLS 19. The
key words of this cluster characterize: peculiarities

of the endocrine system state of male combatants,
their influence on sports activity, medical control,
and mixed martial arts.

The overlay visualization function of VOSviewer
1.6.19 enables researchers to assign scores to the
items and sort them according to the given score.
We used this function to identify emerging top-
ics in the research field. We assigned the date of
publication as a score to each of the items taken
for analysis, and then with VOSviewer 1.6.19 we
generated a map visualizing the average publica-
tion year of high-frequency keywords (Figure 4).
In the map, the colours range from blue (which
corresponds to the lowest value of the score, i.e.
the earliest average date of publication) through
green to yellow (showing the keywords of the
highest value, i.e. the most up-to-date average
year of publication).

Overlay visualization shows that most of the key-
words with the newest publication dates (shown
in yellow) are related to martial arts, while older
publications (shown in blue) reflect sports games.
This is explained by the fact that the new pub-
lications investigated competitive performance
specifically in martial arts, while the old publi-
cations compared the indicators of competitive
performance in martial arts and in other sports
(sports games).

Figure 5 shows the visualization of density. The
interpretation of the results in this figure is: the
more important the topic, the larger and brighter
the circle, and the larger the font size. According
to Figure 5 the most popular research topics
can be identified. The research topics include (in
descending order of importance): 'human’, ‘mar-
tial arts’, ‘male’, ‘adult’, ‘young adult’, ‘female’, ‘ath-
letes’, ‘adolescent’.

DISCUSSION

This study presents the results of bibliometric
analysis of PubMed database using VOSviewer
software. This tool can significantly facilitate the
work of the researcher in analysing and struc-
turing the information obtained based on bibli-
ographic data. More scientists use this software
to analyse various databases: Scopus [33, 31];
Web of Science [27, 25]; PubMed [34, 35];
Google Scholar [36]. Some authors use the analy-
sis of several databases at once to write articles.

smaes.archbudo.com
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Source: own study based on data obtained from PubMed and analysed with VOSviewer.

Ai et al. [37] used bibliometric analysis in Web
of Science, PubMed, and Scopus databases to
explore the hotshots and trends in the field of
exercise therapy of college students with depres-
sion from 2002 to 2022. Krzysztofik et al. [38]
searched for all studies investigating the effect
of unilateral conditioning activity on the effect of
PAPE in Scopus, MEDLINE, SPORTDiscus, and

Google Scholar databases. Makaruk et al. [39]
analysed the effects of weight training on speed,
strength, and endurance in athletes using a com-
puterized literature search in Scopus, Web of
Science, SPORTDiscus, and MEDLINE data-
bases. Andreato et al. [40] analysed the literature
in Scopus, PubMed, ISI Web of Knowledge, and
SportDiscus databases to study the physiological
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and physical profiles of Brazilian jiu-jitsu athletes.
Kwok et al. [41] analysed the literature in Web of
Science, PubMed, SPORTDiscus, and EBCSOhost
databases to compile a biomechanical assess-
ment of the effectiveness of strength and con-
ditioning training programs in breaststroke crawl
swimming. Redman et al. [42] conducted a sys-
tematic literature search using Web of Science,
PubMed, MEDLINE, and SPORTDiscus to deter-
mine the magnitude of changes in muscle strength
and power in athletes at different stages of an elite
rugby league season.

The analysis of Figure 1 makes it possible to
assert that the study of competitive activity in
martial arts is a relevant topic for research, and
its popularity has been increasing in the last
decade. Studies on this topic have been con-
ducted in many types of martial arts. Tropin et
al. [13] identified the structure and model char-
acteristics of modern competitive performance of
elite female mixed martial arts MMA gladiators
for each weight category. The obtained model
characteristics can be used for planning the train-
ing process of qualified female athletes and for
solving the issues of managing their preparation
for competitions.

Latyshev et al. [10] determined the influence of
relative age on the achievement of successes
by elite wrestlers in competitions. The results
showed that the relative age effect does not
affect the achievement of success in wrestling
and is levelled at the adult stage. However, it was
found that the greatest effect of relative age on
athletes was found at the cadet level.

Strelchuk et al. [8] developed and experimentally
substantiated the structure of annual training
of taekwondo athletes at the stage of special-
ized basic training, which was built considering
the individual style of conducting a competitive
fight, the manifestation of physical qualities, and
the calendar of competitions. At the end of the
experiment, there was an improvement in the
level of physical fitness, better performance of
complex technical and tactical actions, and higher
efficiency of indicators of competitive activity in
taekwondo athletes of the experimental group.

Ambrozy et al. [9] established a correlation
between special training and indicators of tech-
nical and tactical skills of elite jiu-jitsu athletes.
The research showed that athletes with higher

physical fitness were more active and effective
in attacking in competitions. Indicators of spe-
cial effectiveness showed a high correlation with
technical and tactical indicators. It follows that
jiu-jitsu athletes should develop during the train-
ing period and then maintain an optimal level of
aerobic capacity during the competitive season,
which should have a direct impact on their com-
petitive performance.

The results of bibliometric analysis show that the
number of authors who created the most influ-
ential papers is limited. Only 10 (5.3%) papers
were written by a single author, and 180 (94.7%)
papers were co-authored, indicating a high level
of collaboration between authors on the topic
(Figure 2). Most of the publications are open
access, resulting in rapid and wide dissemina-
tion of contributions and multiple authors as the
field develops

A bibliometric review of the literature on com-
petitive performance in martial arts using the
VOSviewer 1.6.19 software identified six key-
word clusters (Figure 3). Each cluster includes
more than six keywords, which makes it possible
to establish the main directions of publications.

The subject matter of the first cluster charac-
terizes physical activity and sport. The authors
devoted their research types of sports, physical
exercise, age groups, injury, and disease preven-
tion. For example, Molanorouzi et al. [43] stud-
ied the motives for engaging in physical activity
in athletes of different sports. The results of the
study showed that strong and important motives
for participating in physical activity differed by
activity type, age, and gender. Understanding the
motives that influence physical activity participa-
tion is critical for developing interventions to pro-
mote higher levels of involvement.

Petrisor et al. [20] described injuries sustained
during training and competition in Brazilian jiu-
jitsu (BJJ). The prevalence of injuries in BJJ is
very high, with 9 out of 10 athletes sustaining at
least 1 injury. 91% of participants were injured
in training and 60% of athletes were injured
in competition. Injuries were primarily sprains
and strains to the fingers, upper extremity, and
neck. Potential participants in BJJ should be
informed regarding the significant risk of injury
and instructed regarding appropriate precautions
and safety protocols.
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Miarka et al. [2] identified potential risk factors
by analysing the technical and tactical injury pro-
files of sanctioned mixed martial arts fights over
12 years. Results of the study showed that the
leading cause of injury in clinician stoppage sit-
uations was facial injuries (>90%), with 87.1%
occurring after striking during the second round.
Lacerations were the leading injury type, occur-
ring at 80% frequency. The higher values of strike
attempts with 2 main orientations, namely the
head (on the ground and in stand-up actions) and
body (in stand-up actions), may provide important
information regarding the technical knockout
and when it can be called by officials supervising
mixed martial arts bouts.

The second cluster is dedicated to medical con-
trol. Its main research topics are recovery, body
response to exercise, and physiological and bio-
chemical processes in the body. Lopez-Laval et
al. [44] conducted a literature review regarding
recovery strategies in combat sports. They deter-
mined that to optimize in combat sports perfor-
mance, adequate recovery is required during
training and competition processes. Traditional
ergo-nutritional supplementation of carbohy-
drates and proteins combined. Besides, the
consumption of evidence-supported supplemen-
tation (green tea, beetroot gels, creatine or alka-
line water) improved recovery processes. Further
methods of recovery including physical (cold-
water immersion, massage or photobiomodula-
tion) and physiological (types of active recovery,
sleep and rest) therapies have also been shown
to be useful.

Chernozub et al. [6] studied the peculiarities of
changes in functional and body composition indi-
cators of MMA neo gladiators of striking style
and some blood biochemical indicators during
two months of training load regimes of different
intensity. We have determined the optimal com-
plexes of criteria for the evaluation of adaptation-
compensatory changes in fighters neo gladiators
of MMA striking style. These complexes will allow
in the shortest possible time to adjust the of the
training load regime to accelerate the functional
capabilities of the organism in the process of spe-
cial strength training.

Kostorz et al. [22] analysed the prevalence of
dependence on physical activity among those
engaged in martial arts and combat sports. Exercise
Dependence Scale-EDS was used. The regression
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coefficient indicates that the higher respondent’s
age, the lower the total score she/he will achieve
in the EDS. The findings have practical implications
for identifying subjects at-risk for exercise depen-
dence symptoms and may aid coaches and individ-
uals in the implementation of a prevention program
to seek suitable support.

The third cluster is centred around the key-
word ‘athletic performance’ and characterizes
more professional sports activities, focusing
on: strength, athletic training, and factors that
influence performance. Chaabéne et al. [45]
paid attention to the most important physical
and physiological characteristics of karate ath-
letes. Top-level male karate athletes are typified
by low body fat and mesomorphic-ectomor-
phic somatotype characteristics. Aerobic capac-
ity plays a major role in karate performance. It
prevents fatigue during training and ensures the
recovery processes during rest periods between
two subsequent bouts of fighting activity within
a fight and between two consecutive matches.

The explosive power of the upper and lower limb
muscles plays an important role in the ability of
karate athletes to perform at high-level com-
petitions. Reaction time is a crucial element in
karate because high-level performance is essen-
tially based on explosive technique. Reaction
time is a crucial element in karate because high-
level performance is based essentially on explo-
sive techniques.

Monks et al. [4] determined the effect of high-
intensity interval training (HIIT) on athletes’ per-
formances in taekwondo. The results of the study
showed that the effectiveness of eleven sessions
of HIIT improves the anaerobic capacity of athletes.
This improvement has a positive effect on success-
ful performance in tackwondo competitions.

James et al. [17] determined performance mea-
sures that have the greatest impact on the clas-
sification outcome at the elite level of mixed
martial arts neo gladiators. They determined
that wrestling activity and technique accuracy
are of particular importance in achieving victory
in mixed martial arts competition in elite fighters.

The conditional name of the fourth cluster is
“anthropometry and morphofunctional studies”.
The main research topics in this cluster are the
follows: weight loss, height-weight characteristics
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of a person, energy expenditure and consump-
tion of the body, and questionnaire surveys.
Matthews & Nicholas [46] quantified the magni-
tude and identified rapid weight loss (RWL) and
rapid weight gain (RWG) methods in MMA neo
gladiators preparing for competition. Athletes
reported using harmful dehydration-based RWL
strategies, including sauna (43%) and training
in plastic suits (43%). The results of the study
showed that RWG was higher than RWL. The
observed RWL and the strategies used are com-
parable to those that have previously resulted in
fatalities. The regulations that make RWL imprac-
tical should be modified to ensure the health,
safety and well-being of participants.

Bartel et al. [47] measured physiological demands,
mainly energy expenditure, in tackwondo-spe-
cific high-intensity intermittent exercise (HIIE).
Athletes performed a taekwondo-specific test.
The test consisted of 3 rounds of 2 min each,
with 1 min rest between rounds. The results of
the test were recorded in three different HIIE pro-
tocols on different days. It was determined that
the mean of the three rounds for 35:5 and 15:10:5
presented similar absolute and relative contribu-
tions of aerobic and galactic metabolisms, whereas
the TKDtest100 showed predominantly aerobic
activity. We emphasize that aerobic metabolism
was predominant from the second round in the
15:10:5 and 100%TKDtest protocols and in the
last round of the 35:5 protocol.

Slankamenac et al. [48] identified differences
between karate athletes in five male and five female
weight categories in various anthropometric mea-
surements and determined the somatotypes pro-
files of the athletes. The results of the study showed
that anthropometric parameters were highest in
karate athletes of the heaviest weight categories.
All male subjects were endomorphic mesomorphs,
except for the category <84 kg, which was endo-
morphic ectomorphs. Somatotype analysis of male
categories found a difference between the <75 kg
and <84 kg in endomorph. In mesomorph, there is
no difference between categories. Perceiving ecto-
morph, there is a significant difference between
the first category and >84 kg. Profiling female ath-
letes, three different types of somatotypes were
obtained concerning the weight category. The light-
est weight category was predominantly endomor-
phic ectomorphs, and two weight categories were
ectomorphic endomorphs (<61 kg and <68 kg), and
the other two weight categories were endomorphic

mesomorphs (<55 kg and >68 kg). Somatotype dif-
ferences in female karate athletes were observed
only in the ectomorph components, between
<50 kg and <61 kg.

The fifth cluster focuses around the keyword
phrase ‘young adult’ The authors of this clus-
ter studied: biomechanics of movement, human
anatomy, speed, and young athletes. Berkovich
et al. [11] determined the prevalence of rapid
weight loss (RWL) among adolescents practicing
judo. Two-thirds of the athletes indicated that
their coaches were the most influential figure in
their decision to lose weight before competition.
RWL is widespread among adolescent judo ath-
letes. The methods used by these athletes can
lead to significant health risks, including impaired
nutritional status, reduced physical performance,
and impaired growth and development.

Moreira et al. [49] compared the kinematic and
neuromuscular indicators of bandal chagui leg
kicks in elite and subelite tackwondo athletes.
The selected biomechanical indicators of bandal
chagui were found to be useful for monitoring the
training status of the kick and determining the
training goal for black belt athletes. Contraction
indices and angular velocity during knee exten-
sion, foot and knee linear velocity, and horizontal
ground reaction forces were significantly higher
in elite than in sub elite athletes.

Kamali et al. [50] studied the effects of neuro-
stimulation in potentiating motor and cognitive
functions in elite taeskwondo athletes. We deter-
mined that the present dual-mode neurostimu-
lation could potentially improve motor functions
through the effect of tsDCS (transcutaneous
spinal direct current stimulation) over the spi-
nal interneurons and tDCS (transcranial Direct
Current Stimulation) over the primary motor
cortex. This research provides an opportunity to
develop neurostimulation protocols to improve
the performance of professional martial artists,
including their accuracy and reaction speed.

The sixth cluster centres around the keyword
“male” and characterizes: males, medical con-
trol, mixed martial arts. Jansen et al. [16] char-
acterized impact exposure during training and
competition among male and female athletes par-
ticipating in boxing and MMA neo gladiators using
an instrumented custom-fit Impact Monitoring
Mouthguard (IMM). They found that MMA neo
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gladiators impacts produced significantly higher
peak angular acceleration than boxing impacts
(p<0.001) and were more varied in impact loca-
tion on the head during competitions. In terms of
sex, men experienced a greater number of impacts
than women per practice session. However, there
was no significant difference between men and
women in terms of impact magnitude.

Curran-Sills [51] analysed the circumstances that
led to MMA neo gladiator fights being cancelled
by doctors at the Calgary ring during the pre-
fight inspection period. He determined that can-
celled fights during pre-fight inspection periods
accounted for 5.4% of all MMA fights. A total of
25 reasons led to fight cancellations. The author
recommended the follows: the creation of guide-
lines regarding pre - and post-bout neuroimaging,
the implementation of industry-wide minimum
medical screening standards, the adoption of a lon-
gitudinal approach to weight monitoring, the devel-
opment of competent ringside physician groups,
and active oversight by the Combative Sports
Commission during the matchmaking process.

Esagoff et al. [24] explored regional brain vol-
umes associated with sparring in MMA neo
gladiators. We found that a higher number of
weekly sparring rounds during training was sig-
nificantly associated with larger left and right
caudate volumes. Sparring was not significantly
associated with left or right thalamus, putamen,
hippocampus, or amygdala volumes.
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CONCLUSIONS

The relevance of research on competitive activ-
ity in martial arts was confirmed. There has
been a significant increase in publications in the
last decade. The main array of publications is
aimed at improving the methods of sports train-
ing for successful performance in competitions.
Also, the reduction of injuries in the process
of preparation and performance at competi-
tions. Modern technologies and the availability
of large amounts of data open new opportu-
nities for the study of competitive activity in
martial arts.
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