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Abstract
Purpose. The scientific novelty of this study lies in the identification and structured interpretation 

of thematic clusters that characterize the contemporary research landscape of rehabilitation 
in martial arts. To conduct an analytical review of publications devoted to the problem of 
rehabilitation in martial arts using the VOSviewer software tool in the PubMed database.

Material & Methods. To create the study sample as of December 31, 2025, a bibliometric analysis 
of data from the PubMed database was performed. The search was conducted using the 
key phrase “rehabilitation in martial arts”. Publications from 2001 to 2025 were analyzed. 
VOSviewer version 1.6.19 was used, applying keyword analysis and direct citation analysis 
with the construction of bibliometric maps, cluster density visualization, and citation weights. 

Results. Using VOSviewer 1.6.19, a total of 1111 publications were identified. All publications were 
written in English. A substantial increase in the number of publications was observed in each 
five-year period, which can be explained by the growing interest in and popularization of 
research on rehabilitation in martial arts. Overall, 4713 researchers from 2943 organizations 
studied rehabilitation issues across various martial arts disciplines. The publication activity 
of 1049 authors with a link strength greater than zero was analyzed. These authors were 
grouped into 41 clusters, characterized by 5333 links with a total link strength of 6836. The 
most productive authors were Tsang W. (25 publications), Wayne P. (23), Li F. (21), Tao J. (19), 
Chen L. (17), Huang J. (15), Yen G. (14), Franchini E. (13), and Wang C. (13). For network 
visualization, 371 elements (keywords) were selected and grouped into 9 clusters. The network 
included 14701 links with a total strength of 67,750. The most prominent research topics were 
centered around the keywords “humans”, “male”, “martial arts”, “adult”, “female”, “aged”, “tai 
ji”, “exercise”, “treatment outcome” and “quality of life”. Overlay visualization demonstrated 
a clear evolution of scientific research: from general assessment of functional status and risk 
prevention (early stage), through the implementation of specialized rehabilitation methods 
(transitional stage), to individualized physical rehabilitation programs with an emphasis on 
motor activity control and exercise tolerance (modern stage).

Conclusions. Using the VOSviewer software, a bibliometric analysis of publications indexed in 
the PubMed database was conducted, revealing a steady increase in scientific interest in 
rehabilitation in martial arts, as evidenced by a significant growth in the number of publications 
over the analyzed period. A high level of international scientific cooperation was identified, 
reflected in the wide range of authors, institutions, and interdisciplinary links. The analysis 
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of bibliometric maps made it possible to identify nine key thematic clusters encompassing 
sports, clinical, psychosocial, and preventive aspects of rehabilitation. The leading research 
directions focus on recovery from sports injuries, improvement of the functional state of the 
musculoskeletal system, quality of life, and mental health. Overlay visualization confirmed the 
evolution of scientific approaches – from basic functional and clinical studies to contemporary 
individualized physical rehabilitation programs with load control. The obtained results confirm 
the need for further research aimed at integrating rehabilitation measures directly into the 
structure of the training process, as well as at developing scientifically grounded models of 
long-term athletic recovery.

Keywords: martial arts, rehabilitation, VOSviewer, bibliometric mapping, cluster, citation.

Introduction 
The modern development of martial arts is 

characterized by an increase in the intensity of 
training and competitive loads, the growing com-
plexity of technical and tactical actions, and high-
er demands on the functional and psychophysi-
ological capacities of athletes [1, 2]. Under such 
conditions, the risk of acute and chronic musculo-
skeletal injuries, overstrain of functional systems, 
and the development of fatigue states significant-
ly increases, which negatively affects athletic per-
formance and the duration of sports careers [3].

Rehabilitation in martial arts becomes particu-
larly important due to the contact nature of bouts, 
asymmetric loads, frequent impact actions, and 
high demands on speed-strength, coordination, 
and cognitive components of preparedness [4]. 
An effectively organized rehabilitation process not 
only restores lost functions after injuries but also 
optimizes the adaptive mechanisms of athletes’ 
bodies, reduces the risk of recurrent injuries, and 
ensures the stability of sporting performance [5, 
6].

Of particular relevance is the integration of 
rehabilitation measures into the long-term train-
ing system of martial arts athletes, which involves 
a combination of medical-biological, physiother-
apeutic, pedagogical, and psychological recovery 
tools. At the same time, in practical training set-
tings, rehabilitation is often addressed in a frag-
mented manner, without taking into account the 
specific characteristics of a given martial art, the 
stage of preparation, and the individual charac-
teristics of the athlete. This determines the need 
for scientifically substantiated comprehensive re-
habilitation programs.

An analysis of scientific research indicates 
that the problem of athlete rehabilitation is quite 
widely covered in studies devoted to sports med-
icine and the theory of sports training [7, 8], de-
scribing general principles of sports training and 
rehabilitation, stages of post-injury recovery, and 
the role of therapeutic physical exercise, mas-
sage, physiotherapy, and modern recovery tech-
nologies in athlete preparation [9].

At the same time, a number of studies em-
phasize the specificity of injuries in martial arts, 
particularly the high incidence of injuries to the 
joint-ligament apparatus, muscles, spine, and 
traumatic brain injuries. In this context, the need 
for a differentiated approach to rehabilitation and 
monitoring is highlighted, taking into account 
movement biomechanics, dominant technical ac-
tions, and fighting style.

Some authors consider rehabilitation as a 
component of the system for managing training 
and competitive activities, emphasizing the fea-
sibility of using functional and pedagogical moni-
toring to assess the effectiveness of recovery in-
terventions [3]. In addition, there is a growing 
body of research focused on the application of 
innovative rehabilitation methods, including ki-
nesiotaping, myofascial release, stabilization and 
proprioceptive exercises, as well as psychoregu-
latory techniques.

In the context of the increasing volume of 
scientific publications devoted to rehabilitation 
issues in martial arts, the application of modern 
bibliometric and scientometric analysis methods 
becomes particularly relevant. Traditional descrip-
tive literature reviews do not always allow for a 
comprehensive identification of the structure of 
scientific knowledge, key research directions, re-
lationships between thematic clusters, and the 
dynamics of scientific ideas in this field.

In this regard, the use of specialized bibli-
ometric analysis software, such as VOSviewer, 
is promising. VOSviewer is a modern analytical 
tool widely used for the visualization and anal-
ysis of large volumes of bibliographic data. This 
software enables effective structuring of scientific 
information by identifying the most relevant top-
ics, authors, institutions, and journals. The main 
advantage of VOSviewer lies in its ability to au-
tomatically cluster keywords, allowing research-
ers to identify meaningful relationships between 
publications and to form an understanding of the 
evolution of scientific interests within a specific 
field. This approach significantly facilitates liter-
ature reviews by enabling rapid identification of 
leading research directions and key researchers 
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in the selected topic [10, 11].
The scientific novelty of this study lies in the 

identification and structured interpretation of the-
matic clusters that characterize the contemporary 
research landscape of rehabilitation in martial 
arts. Unlike previous narrative or systematic re-
views, this bibliometric analysis reveals the inter-
nal structure of research directions, their intercon-
nections, and temporal evolution based on large-
scale PubMed data. The obtained cluster structure 
complements existing bibliometric overviews by 
highlighting the integration of sports-specific, 
clinical, psychosocial, and preventive rehabilita-
tion approaches within martial arts research.

The practical significance of the findings con-
sists in providing specialists in physical rehabili-
tation and coaches with a structured overview of 
priority rehabilitation directions, allowing for ev-
idence-informed selection of recovery strategies 
and integration of rehabilitation measures into 
the training process of martial arts athletes.

Purpose of the Study. To conduct an an-
alytical review of publications devoted to the 
problem of rehabilitation in martial arts using the 
VOSviewer software tool in the PubMed database.

Material and Methods
Method of Study
The study employed a bibliometric method 

[12]. For this purpose, the software VOSviewer 
version 1.6.19 was used. VOSviewer is a software 
tool designed for constructing and visualizing bib-
liometric networks. These networks may include 
journals, researchers, or individual publications 
and are built on the basis of citation relationships, 
bibliographic coupling, co-citation, or co-author-
ship [13].

The co-occurrence method was selected as 
the main data analysis approach using VOSview-
er. This method clusters keywords according to 
how frequently they appear together within the 
same publication. Keywords form thematic clus-
ters that are represented by different colors. The 
size of each keyword is determined by the total 
link strength, which reflects the strength of its 
connections with other keywords, while the lines 
indicate the relationships between individual key-
word pairs [14].

Data Extraction
After completing the selection of articles for 

visual and bibliometric analysis, the following 
data were extracted: author name, article title, 
journal of publication, keywords, affiliated organ-
ization, country of publication, and total number 
of citations.

Research Design
Using bibliometric analysis of the PubMed 

database, a publication sample was formed as 
of December 31, 2025. The query was based on 
the phrase “rehabilitation in martial arts” and in-
cluded automatic PubMed term mapping, which 
incorporates Medical Subject Headings (MeSH). 
Logical operators were applied implicitly by the 
PubMed search engine. No restrictions were ap-
plied regarding study design; however, the search 
was limited to articles published between 2001 
and 2025.

Based on the most frequently cited sources, 
promising research directions within this cate-
gory were identified. The results of the analysis 
were presented in the form of bibliometric maps. 
Bibliometric mapping is a type of research based 
on the formal assessment of information flows. It 
enables researchers to navigate large information 
spaces and to structure extensive datasets for 
effective use. Data sources for mapping typically 
include information systems containing metada-
ta of scientific publications, such as bibliographic 
information and citation data. Units of analysis in 
scientific mapping include journals, publications, 
references, authors, as well as terms and key-
words used in the publications. Terms, as units of 
analysis, may be extracted from publication titles, 
abstracts, keyword lists, or full texts. In scientific 
mapping, relationships between units of analysis 
are established when at least two units co-occur 
within the same publication. These relationships 
can be represented as a graph or network, referred 
to as a map, where units of analysis (elements) 
serve as network nodes and the relationships be-
tween them form the edges. Thus, bibliometric 
maps represent networks describing relationships 
among units of analysis [15]. This methodology 
for calculating key indicators, identifying major 
research trends, and highlighting the most sig-
nificant research directions has been applied in 
studies authors Piatysotska et al., Saltan et al., Al 
Husaeni & Nandiyanto, Li et al. [16–18, 13].

Inclusion and exclusion criteria
Inclusion criteria: publications indexed in Pu-

bMed; studies addressing rehabilitation, recovery, 
or therapeutic exercise in martial arts; articles 
published between 2001 and 2025; publications 
written in English.

Exclusion criteria: conference abstracts, edi-
torials, letters; studies not related to rehabilita-
tion or recovery; duplicate records.

Statistical analysis
Inferential statistical methods were not ap-

plied in this study, which is consistent with the 
methodological framework of bibliometric re-
search. Bibliometric analysis focuses on the quan-
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titative description, structural mapping, and vis-
ualization of scientific information rather than on 
hypothesis testing or population inference.

All analyses were conducted using descriptive 
bibliometric indicators, including the number of 
publications, citation counts, co-occurrence fre-
quencies, total link strength, cluster composition, 
and average publication year. Network and over-
lay visualizations generated by VOSviewer were 
used to identify thematic structures, research 
trends, and temporal dynamics within the entire 
dataset of publications retrieved from the PubMed 
database.

Since the analysis covered the complete pop-
ulation of publications matching the search query, 
rather than a statistical sample, the use of infer-
ential statistics was not methodologically justified.

Although absolute bibliometric indicators 
(number of publications, number of authors, to-
tal link strength) were used as primary descrip-
tors, their interpretation was complemented by 
relative indicators to improve analytical robust-
ness. In bibliometric mapping, absolute values 
reflect structural properties of scientific networks; 
however, normalization allows for more balanced 
comparison between authors, clusters, and time 
periods.

Results
A total of 1111 publications were identified in 

the PubMed scientometric database for the query 
“rehabilitation in martial arts” over the analyzed 
period. All retrieved publications were written in 
English. A marked increase in the number of pub-
lications was observed in each five-year interval 
(Fig. 1), which can be attributed to the growing 
interest in and popularization of research on reha-
bilitation in martial arts. Overall, 4713 research-
ers from 2943 institutions investigated rehabilita-
tion issues across various martial arts disciplines.

Figure 1. Dynamics of publications during the re-
search period

Using VOSviewer 1.6.19 software, bibliomet-
ric maps were constructed. The analysis of these 

maps was aimed at identifying trends in research 
on rehabilitation in martial arts, as well as de-
termining priority research directions and lead-
ing authors. The results for the most prominent 
authors who investigated rehabilitation issues in 
martial arts are presented in Figure 2. The anal-
ysis included 1049 authors who had established 
links with one another. A distinctive feature of Fig-
ure 2 is its division into 41 clusters. These clusters 
are characterized by 5333 links with a total link 
strength of 6,836. The highest number of pub-
lications was recorded for the following authors: 
Tsang W. (25), Wayne P. (23), Li F. (21), Tao J. 
(19), Chen L. (17), Huang J. (15), Yen G. (14), 
Franchini E. (13), and Wang C. (13).

Figure 3 presents a bibliometric map of the 
main keywords in publications devoted to the 
study of rehabilitation issues in martial arts. The 
minimum keyword occurrence threshold was set 
at five in order to balance network interpretabili-
ty and thematic representativeness. This thresh-
old is commonly used in bibliometric studies to 
exclude sporadic terms while preserving stable 
conceptual structures. For network visualiza-
tion, 371 elements (keywords) were selected and 
grouped into nine clusters. The network compris-
es 14701 links with a total link strength of 67750. 
The most prominent research topics are centered 
around the keywords “humans”, “male”, “martial 
arts”, “adult”, “female”, “aged”, “tai ji”, “exercise”, 
“treatment outcome” and “quality of life”. Each 
keyword is represented by a circle, with larger cir-
cles indicating a higher number of links associat-
ed with that keyword. The proximity of the circles 
on the map reflects the strength of the correlation 
between the objects.

The first cluster is the largest on the biblio-
metric map and is highlighted in red. It includes 
97 keywords. The central and most influential key-
word in this cluster is “humans”. It occurs 1102 
times, has 370 links with other keywords on the 
map, and a total link strength of 10933, indicat-
ing its system-forming role in the research field. 
The core of this cluster also includes the keywords 
“male”, “martial arts”, “adult,” “muscle strength”, 
“athletic injuries”, “movement”, “reaction time”, 
“motor skills” and “posture”, which indicates that 
the research is focused on issues related to mus-
culoskeletal injuries, recovery of motor qualities, 
and functional performance of athletes. The main 
research directions within this cluster are concen-
trated on the analysis of injury mechanisms in 
martial arts, assessment of the functional state 
of the musculoskeletal system, and the develop-
ment of rehabilitation programs aimed at restor-
ing athletic performance. This cluster can be pro-
visionally defined as “Sports Injuries and Func-
tional Rehabilitation in Martial Arts”.

© 2026 Tropin et al.
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Figure 2. Bibliometric map of authors whose pub-
lications addressed rehabilitation issues in martial 
arts. Source: authors’ own research based on data re-
trieved from PubMed and analyzed using VOSviewer 
(31.12.2025)

Figure 3. Bibliometric map of the main keywords in 
publications devoted to rehabilitation issues in martial 
arts (network visualization). Source: authors’ own re-
search based on data retrieved from PubMed and ana-
lyzed using VOSviewer (31.12.2025)

The second cluster, highlighted in green on the 
map, includes 87 keywords. The most influential 
keyword in this cluster is “tai ji”, which occurs 807 
times, has 347 links with other keywords on the 
map, and a total link strength of 8349. Other sig-
nificant keywords in this cluster include “quality of 
life”, “tai chi”, “qigong”, “mental health”, “depres-
sion” and “sleep.” The research themes within this 
cluster are related to the use of health-promoting 
and restorative practices, including elements of 
martial arts, to improve the physical and psycho-
logical condition of individuals during the rehabil-
itation process. This cluster can be conditionally 
defined as “Quality of Life and Psychosocial As-
pects of Rehabilitation”.

The third cluster consists of 61 keywords and 
is marked in blue on the map. It reflects stud-

ies focused on the restoration of functional inde-
pendence and daily motor activity following inju-
ries and diseases. The most significant keyword is 
“female”, which occurs 581 times, has 365 links 
with other keywords, and a total link strength of 
6822. Other relevant keywords include “activities 
of daily living”, “accidental falls”, “physical edu-
cation and training”, “health promotion”, “stroke 
rehabilitation” and “mental health.” In the context 
of martial arts, this cluster illustrates the appli-
cation of general rehabilitation approaches aimed 
at developing basic motor stability and control. 
The conditional name of this cluster is “Function-
al Independence and Restoration of Daily Motor 
Activity”.

The fourth cluster, marked in yellow, includes 
41 keywords. The leading keyword is “exercise 
therapy”, which occurs 316 times, has 325 links 
with other keywords, and a total link strength 
of 3351. This cluster also includes the keywords 
“cognition”, “cognitive dysfunction”, “cognitive 
impairment”, “postural balance” and “mind-body 
exercise”. The main focus is on the relationship 
between physical activity and cognitive recovery, 
which is particularly relevant for the comprehen-
sive rehabilitation of athletes after injuries. This 
cluster is conditionally named “Cognitive Func-
tions and Their Recovery Through Physical Exer-
cise”.

The fifth cluster consists of 33 keywords and 
is shown in purple on the map. It reflects stud-
ies devoted to functional recovery and the res-
toration of daily motor activity after injuries and 
periods of illness. The most significant keyword 
is “treatment outcome”, which occurs 229 times, 
has 297 links with other keywords, and a total 
link strength of 2796. Other important keywords 
include “single-blind method”, “pain”, “physical 
therapy modalities” and “knee osteoarthritis”. In 
the context of martial arts, this cluster provides a 
basis for developing individualized functional re-
covery programs after injuries and periods of hy-
podynamia, as well as for the safe return of ath-
letes to training activities. The conditional name 
of this cluster is “Cardiorespiratory Rehabilitation 
and Exercise Tolerance”.

The sixth cluster, marked in turquoise, con-
tains 26 keywords. The most influential keyword 
in this cluster is “middle aged”, which occurs 358 
times, has 336 links with other keywords, and 
a total link strength of 4442. Other significant 
keywords include “physical fitness”, “follow-up 
studies”, “blood pressure”, “physical activity” and 
“heart rate”. These terms reflect interdisciplinary 
studies analyzing the role of physical activity in 
the prevention of health disorders and in the res-
toration of functional status in middle-aged indi-
viduals. In the context of rehabilitation in martial 
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arts, this cluster serves as a methodological foun-
dation for designing recovery-oriented training 
programs aimed at both injury treatment and the 
long-term maintenance of athletic performance. 
The conditional name of this cluster is “Physical 
Activity as a Universal Means of Rehabilitation and 
Prevention”.

The seventh cluster includes 11 keywords and 
is marked in orange on the map. The most signifi-
cant keyword is “walking”, which occurs 45 times, 
has 122 links with other keywords, and a total 
link strength of 504. Other relevant keywords in-
clude “exercise tolerance” and “exercise move-
ment techniques”. These terms indicate the clini-
cal orientation of studies related to recovery after 
pulmonary diseases through moderate-intensity 
exercise. The conditional name of this cluster is 
“Restoration of Functional Motor Activity After 
Pulmonary Diseases”.

The eighth cluster, marked in brown, includes 
eight keywords. The most important keyword in 
this cluster is “bone density”, which occurs 14 
times, has 68 links with other keywords, and a 
total link strength of 172. Other significant key-
words include “biomarkers”, “osteoporosis” and 
“falls”, reflecting research related to age-related 
changes in motor function and bone tissue densi-
ty. These results are relevant for the development 
of safe rehabilitation programs for older athletes 
and veteran martial arts practitioners, as well as 
for prolonging active sports longevity. The con-
ditional name of this cluster is “Age-Related and 
Motor Aspects of Rehabilitation”.

The ninth cluster includes seven keywords and 
is highlighted in pink on the map. The most sig-
nificant keyword is “physical exercise”, which oc-
curs nine times, has 58 links with other keywords, 
and a total link strength of 106. Other relevant 
keywords include “physical function”, “students” 
and “universities,” indicating the integration of 
rehabilitation and training approaches. This clus-
ter reflects the integration of rehabilitation into 
the training process of students practicing martial 
arts and includes studies analyzing the relation-
ships between physical fitness, motor skills, and 
performance outcomes. The conditional name of 
this cluster is “Physical Fitness and Sports Perfor-
mance in the Rehabilitation of Martial Arts Stu-
dents”.

To enhance the analytical value of the results, 
several relative bibliometric indicators were calcu-
lated. On average, one author accounted for ap-
proximately 1.06 publications, indicating a high 
level of collaborative research. The mean number 
of links per keyword cluster ranged from 58 to 
1634, reflecting differences in thematic density and 
maturity of research directions. In relative terms, 
the number of publications increased by more than 

200 % between 2010 and 2025, confirming a pro-
nounced positive growth dynamics in research on 
rehabilitation in martial arts. Such normalization 
allows comparison of bibliometric structures inde-
pendent of dataset size and reduces potential bias 
associated with absolute indicators.

The overlay visualization function of VOSviewer 
1.6.19 allows researchers to assign scores to el-
ements and to sort them according to a selected 
parameter, thereby identifying the most relevant 
research topics. In this study, the publication year 
was assigned as the scoring parameter for each 
analyzed item. Using VOSviewer 1.6.19, a map was 
generated that visualized the average publication 
year of the most frequently occurring keywords 
(Fig. 4). For a more detailed analysis, the period 
with the highest number of publications (2010-
2025) was selected. On the map, colors range from 
blue (representing the earliest average publication 
year) through green to yellow (indicating the most 
recent and currently relevant keywords).

The analysis of the keyword bibliometric map 
constructed using VOSviewer 1.6.19 with the Av-
erage publication year indicator revealed the tem-
poral evolution of scientific research – from foun-
dational approaches to modern interdisciplinary 
perspectives. The earliest thematic directions are 
represented by keywords with an average publica-
tion year of 2011-2013. These reflect basic clinical 
and functional studies focused on restoring daily 
activity and preventing injuries. Such studies pri-
marily addressed the assessment of patients’ func-
tional status, fall risks, and general consequences 
of impaired motor activity, which is typical of the 
early stage of rehabilitation research development.

The subsequent stage is represented by studies 
with an average publication year of 2016-2018, re-
flecting an expansion of the methodological toolkit 
of rehabilitation. During this period, interest in al-
ternative and complementary intervention methods 
increased. Research from this stage demonstrates 
a shift from general functional recovery toward the 
search for specific means of optimizing the reha-
bilitation process, including non-pharmacological 
approaches.

The most recent keywords (average publication 
year 2021-2024) reflect current trends in rehabil-
itation science associated with the targeted use of 
physical exercise and the analysis of exercise tol-
erance. Studies from this period are characterized 
by a focus on dosed physical activity, restoration 
of walking ability, control of exercise intensity, and 
enhancement of functional endurance, which are 
particularly relevant for modern rehabilitation pro-
grams following diseases and injuries.

Thus, the bibliometric analysis demonstrates a 
clear evolution of scientific research: from general 
assessment of functional status and risk prevention 
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(early stage), through the implementation of spe-
cialized rehabilitation methods (transitional stage), 
to individualized physical rehabilitation programs 
with an emphasis on motor activity control and ex-
ercise tolerance (modern stage).

Figure 4. Average publication year of the most fre-
quently occurring keywords in the field of research de-
voted to rehabilitation in martial arts. The period from 
2010 to 2025. Source: authors’ own research based 
on data retrieved from PubMed and analyzed using 
VOSviewer (31.12.2025)

Discussion 
The article presents the results of a bibliomet-

ric analysis of the PubMed database conducted 
using the VOSviewer software. VOSviewer signif-
icantly facilitates researchers’ work in analyzing 
and structuring information based on bibliograph-
ic data. This software tool is widely used by con-
temporary scholars for the analysis of various da-
tabases, including Google Scholar [18], PubMed 
[11], Web of Science [19], and Scopus [17]. 
Some authors employ simultaneous analyses of 
multiple databases when preparing scientific pub-
lications [20].

The results of the bibliometric analysis indi-
cate a steady increase in scientific interest in the 
problem of rehabilitation in martial arts, as evi-
denced by a significant growth in the number of 
publications in each subsequent five-year period 
(Fig. 1). This trend is consistent with global devel-
opments in sports science and medicine, particu-
larly with the growing emphasis on athlete health 
preservation, injury prevention, and optimization 
of return-to-competition processes following in-
juries [21]. The substantial number of involved 
authors and scientific institutions highlights the 
interdisciplinary nature of this issue and its rel-
evance to specialists in physical rehabilitation, 
sports medicine, pedagogy, and the training pro-
cess.

The analysis of the network of leading au-
thors revealed a large number of clusters, indicat-
ing fragmentation alongside diversity in scientific 
approaches to the development of rehabilitation 

programs in martial arts. Most publications were 
authored collaboratively, reflecting a high level of 
scientific cooperation in this research area (Fig. 
2). The concentration of studies around specific 
author groups may suggest the formation of sci-
entific schools specializing in particular aspects of 
rehabilitation, ranging from clinical and biomed-
ical to psychophysiological and pedagogical do-
mains. The majority of publications are available 
in open access, which contributes to the rapid and 
wide dissemination of scientific contributions and 
the emergence of numerous authors in this field.

A bibliometric review of the literature on re-
habilitation in martial arts using VOSviewer ver-
sion 1.6.19 identified nine keyword clusters (Fig. 
3). Each cluster contains more than seven key-
words, allowing for the identification of the main 
research directions. The analysis of bibliometric 
clusters revealed key areas of research in martial 
arts rehabilitation that generally align with exist-
ing scientific approaches and findings from previ-
ous studies.

The first cluster (“Sports injuries and func-
tional rehabilitation in martial arts”) reflects the 
dominance of research topics related to injury 
prevalence, recovery of muscle strength, motor 
qualities, and functional performance. This fully 
corresponds to numerous studies emphasizing 
the high risk of musculoskeletal injuries in contact 
sports and the necessity of targeted functional re-
habilitation to restore athletic performance [7, 8]. 
Previous research has shown that effective recov-
ery programs should combine strength training, 
correction of movement patterns, and coordina-
tion development, confirming the system-forming 
role of this cluster.

The second cluster (“Quality of life and psy-
chosocial aspects of rehabilitation”) aligns with 
contemporary views on the multidimensional na-
ture of the rehabilitation process. Previous stud-
ies demonstrate that the use of Tai Chi, Qigong, 
and other mind-body practices contributes to im-
proved psychological well-being, reduced anxiety 
and depressive symptoms, and enhanced quality 
of life among athletes. The present findings con-
firm that these approaches are increasingly being 
integrated into rehabilitation programs in martial 
arts [22, 23].

The third cluster (“Functional independence 
and restoration of daily motor activity”) correlates 
with studies that conceptualize rehabilitation as a 
phased process – from the recovery of basic mo-
tor skills to sport-specific actions. Earlier research 
emphasizes that the development of stability, bal-
ance, and motor control is a prerequisite for the 
safe return of athletes to training and competitive 
activities [24, 25].

The fourth cluster (“Cognitive functions and 
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their recovery through physical exercise”) is con-
sistent with research demonstrating a close re-
lationship between motor activity and cognitive 
functioning. Scientific evidence indicates that 
combining physical exercises with cognitive tasks 
promotes the recovery of attention, reaction 
speed, and executive functions, which are criti-
cally important for martial arts athletes [4, 2].

The fifth cluster (“Cardiorespiratory rehabil-
itation and exercise tolerance”) corresponds to 
previous studies emphasizing the importance of 
pain management, cardiovascular functional sta-
tus, and the effectiveness of rehabilitation inter-
ventions. Literature data suggest that load indi-
vidualization and outcome assessment are key 
factors for the successful return of athletes to full 
physical activity [3, 9].

The sixth cluster (“Physical activity as a uni-
versal means of rehabilitation and prevention”) 
aligns with studies in which regular physical ac-
tivity is regarded as a fundamental component of 
preventing functional disorders and maintaining 
work capacity. Previous research has demonstrat-
ed that appropriately dosed physical exercise pos-
itively affects cardiorespiratory parameters, blood 
pressure, and overall physical fitness levels [26, 
27].

The seventh cluster (“Restoration of function-
al motor activity after pulmonary diseases”) cor-
relates with clinical studies confirming the effec-
tiveness of walking programs and moderate-in-
tensity exercises in improving exercise tolerance. 
The obtained results indicate the integration of 
these approaches into the rehabilitation of ath-
letes, particularly following systemic or respirato-
ry diseases [28, 29].

The eighth cluster (“Age-related and motor 
aspects of rehabilitation”) corresponds to studies 
addressing age-related changes in bone tissue 
and motor function. Scientific evidence confirms 
that systematic physical exercise contributes to 
maintaining bone mineral density and reducing 
the risk of falls, which is particularly important for 
older athletes and veterans of martial arts [30, 
31].

The ninth cluster (“Physical fitness and sports 
performance in the rehabilitation process of stu-
dents practicing martial arts”) aligns with studies 
highlighting the feasibility of integrating rehabil-
itation measures into the educational and train-
ing process. Previous research demonstrates that 
combining rehabilitation with specialized physical 
training contributes to improved motor efficiency 
and stability of sports performance in young ath-
letes [32, 33]. 

Although clusters 7-9 contain a limited num-
ber of keywords, they represent emerging and 
highly specialized research directions. Their pres-

ence reflects niche rehabilitation topics that are 
gaining relevance, particularly in the context of 
individualized recovery strategies and long-term 
athlete health. Even clusters with predominant-
ly clinical terminology were interpreted through 
the lens of sports rehabilitation, emphasizing 
their applicability to martial arts athletes during 
post-injury recovery, return-to-training phases, 
and long-term performance maintenance.

The analysis of the temporal dynamics of 
keywords revealed an evolution of scientific ap-
proaches – from early studies focused on general 
functional assessment and risk prevention to con-
temporary research emphasizing individualized 
physical rehabilitation programs, dosed physical 
activity, and control of exercise tolerance (Fig. 
4). This shift reflects a transition from universal 
recovery schemes to personalized strategies that 
take into account the type of martial art, level of 
preparedness, age, and health status of athletes.

In summary, rehabilitation in martial arts is 
currently emerging as a comprehensive system 
that integrates medical, physical, cognitive, and 
psychosocial components. These findings are sup-
ported by earlier studies [24, 28].

This study has several limitations that should 
be considered when interpreting the results. First, 
the bibliometric analysis was based solely on the 
PubMed database, which may not fully capture 
publications indexed exclusively in other scientific 
databases such as Scopus or Web of Science. Sec-
ond, the analysis relied on author-provided key-
words and indexing practices, which may intro-
duce thematic bias. Third, the descriptive nature 
of bibliometric indicators does not allow for causal 
inference or direct evaluation of the effectiveness 
of specific rehabilitation interventions. Therefore, 
the findings should be interpreted as a structured 
overview of research trends rather than as evi-
dence-based clinical recommendations.

Conclusions
Using VOSviewer software, a bibliometric 

analysis of publications indexed in the PubMed 
database was conducted, revealing a steady in-
crease in scientific interest in rehabilitation in 
martial arts, as evidenced by a significant growth 
in the number of publications over the analyz-
ed period. A high level of international scientific 
cooperation was identified, reflected in the wide 
range of authors, institutions, and interdiscipli-
nary links. The analysis of bibliometric maps made 
it possible to identify nine key thematic clusters 
encompassing sports, clinical, psychosocial, and 
preventive aspects of rehabilitation. The leading 
research directions focus on recovery from sports 
injuries, improvement of the functional state of 
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the musculoskeletal system, quality of life, and 
mental health. Overlay visualization confirmed 
the evolution of scientific approaches – from ba-
sic functional and clinical studies to contemporary 
individualized physical rehabilitation programs 
with load control. The obtained results confirm 
the need for further research aimed at integrating 
rehabilitation measures directly into the structure 
of the training process, as well as at developing 
scientifically grounded models of long-term ath-
letic recovery.
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