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Abstract: Background: The application of various martial arts programs can greatly contribute to
improving the of physical fitness of preschool and school children. The purpose of this review
paper was to determine the effects and influence that martial arts program intervention has on
children’s physical fitness, which includes motor skills and the aerobic and anaerobic abilities of
children. Method: We searched the following electronic scientific databases for articles published
in English from January 2006 to April 2021 to gather data for this review paper: Google Scholar,
Pub Med, and Web of Science. Results: After the search was completed, 162 studies were identified,
of which 16 studies were selected and were systematically reviewed and analyzed. Eight studies
included karate programs, four studies included judo programs, two studies contained aikido
programs, and two studies contained taekwondo programs. The total number of participants was 1615
(experimental group = 914, control group = 701). Based on the main findings, karate, judo, tackwondo,
and aikido programs showed positive effects on the physical fitness of the experimental group of
children. According to the results, the effects of these programs showed statistically significant
improvements between the initial and final measurements of most of the examined experimental
groups. Conclusion: We concluded that martial arts programs were helpful for improving the
physical fitness of preschool and school children, especially for parameters such as cardiorespiratory
fitness, speed, agility, strength, flexibility, coordination, and balance.

Keywords: combat sports; physical fitness; motor skills; cardiorespiratory fitness

1. Introduction

Martial arts have been practiced for hundreds of years, and today, with modifica-
tion, they are often used in the form of sports, self-defense, and recreation [1]. Applying
well-organized martial arts programs to children can lead to an increase in physical fit-
ness, although the test results are not unequivocal [2]. Many studies have explored the
application of various martial arts programs in children in order to improve their motor
skills and physical fitness [1-5]. Positive effects could sometimes be visible, especially in
children who have been practicing martial arts since childhood. Regarding motor abilities,
the development of explosive power, speed of movement, agility, strength, balance, and
precision could be noticed [6,7], while on the other hand, in addition to specific physical
fitness, aerobic and anaerobic endurance were developed [8-10]. In addition, the link
between positive socio-psychological responses and involvement in martial arts has also
been reported in children. Specifically, increased social skills and self-confidence, along
with less aggressiveness, were evident among young martial artists [11]. Furthermore,
martial arts can have a significant influence on mental health and on the formation of
personal character in young people. Moreover, practicing martial arts helps young people
to learn the elements of self-defense and improve their fitness level [12].
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The progress of science and technology has led to a decrease in motor activity in
favor of a sedentary lifestyle, which has negatively affected the physical development of
children [7]. The percentage of children who meet the World Health Organization (WHO)
criteria for the recommended level of physical activity [13] is very small and ranges from
2% to 14% and from 9% to 34% in European girls and boys, respectively [5]. Practicing
martial arts greatly affects the improvement of the conative characteristics of a person, such
as determination, consistency, and motivation [14], as a result of well-organized training,
which can directly affect the improvement of physical fitness [15]. This correlates with the
results of a study performed by Pinto-Escalona et al. [5]. Pinto-Escalona et al. conducted a
one-year investigation in which the experimental group underwent karate intervention at
school that led to improved cardiorespiratory fitness and balance in the children. This study
was in line with the findings of Pavlova et al. [16] who conducted research with children
aged between 5 and 6 years of age. The experimental group (EG) of children underwent
a one-year karate program, compared to the classic program of preschool education that
the control group (CG) underwent. The results showed that the EG had twice the overall
growth rate of physical fitness compared to the CG, with the highest growth rate observed
in children in the EG in the “Flamingo” pose (balance). In a study by Boguszewski and
Socha [7], which included three groups of children from preschools (children that practiced
karate, gymnasts, and inactive children), the best results in the upper extremity strength
test were achieved by girls that practiced karate. In addition, based on the obtained results,
Boguszewski et al. [17] reported significant improvements in deep squats, shoulder mobility,
and torso stability (push-ups) in the experimental karate group. These two karate studies
were correlated with the research of Kirpenko et al. [18], which showed that there was a
significant improvement in the maximum aerobic capacity, strength, speed—power quality,
endurance, and flexibility in the Kyokushin karate experimental group in which children
between 10 and 12 years of age were examined. The existing literature reveals the positive
impact of various martial arts and combat sports on children’s well-being. The available
evidence demonstrates a positive impact on the physiological and physical development
of children who practice judo and meet the recommended standards of health-related
physical activity [19]. Moreover, Lee and Kim [20] used 16-week taekwondo training in
their work and found that children in the the experimental group showed increases in
maximum strength and balance. Wasik et al. [21] reported positive effects on body posture;
the number of occurrences of body asymmetry was reduced in children and adolescents
following a taekwondo training program. In research by Falk and Mor [6], the experimental
group of children, which contained children between 6 and 7 years of age, that underwent
the 12-week resistance training and martial arts program, showed significant (p < 0.05)
improvements compared with the control group in the sit-up and long jump tests.

Based on the authors’ findings, there are a small number of review studies that have
investigated the effects and impacts of martial arts programs on children’s physical fit-
ness [22]. Considering that the modern age has led to obesity and the deterioration of motor
skills in children, this research could contribute to solving this global problem through the
organization of martial arts programs, which could be performed as additional activities
alongside regular physical education classes. Hence, this review aimed to determine the
effects and influence that martial arts program intervention has on children’s physical
fitness, which includes motor skills and the aerobic and anaerobic abilities of children.

2. Materials and Methods
2.1. Inclusion Criteria

The following criteria were used to select the articles to be included in the review:
(1) original scientific articles; (2) all studies that dealt with martial arts; (3) articles written
in English; (4) articles where the participants in the sample were children of preschool and
school age (between 4 and 18 years of age).
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2.2. Exclusion Criteria

The following criteria were used to select the articles to be excluded from the research:
(1) review studies; (2) studies in which the subjects were children younger than 4 years
of age and older than 18 years of age; (3) articles with research in which the experimental
groups of children were not subjected to martial arts training programs; (4) articles in which
the results or investigated parameters were not adequately presented for further analysis.

2.3. Search Strategy and Study Selection

Electronic database searches were performed using Google Scholar, Pub Med, and
Web of Science. The search terms covered the areas of the influence of martial arts training
on physical fitness and martial arts programs for preschool and school children using

VZ7i

a combination of the following keywords: “martial arts”, “physical fitness”, “children”,
“motor skills”, “cardiorespiratory fitness”. The results of a search of articles written in
English and published between January 2006 and April 2021 were analyzed. Articles from
the database list that were clearly not relevant were removed before assessing all other titles
and abstracts using our predetermined inclusion and exclusion criteria. Inter-reviewer
disagreements were resolved by consensus opinion or arbitration by a third reviewer.
Reference lists of the selected manuscripts were also examined for any other potentially

eligible articles.

2.4. Assessment of Bias

Two independent reviewers assessed the risk of bias. The agreement between the
two reviewers was evaluated using k full-text screening statistics and an assessment of
relevance and the risk of bias. When there was disagreement over the risk of bias, the third
reviewer checked the data and formed the final decision. The agreement rate for k among
reviewers was k = 0.95. Inter-observational reliability and agreement were calculated
using the interclass correlation coefficient and Cohen’s kappa test with values interpreted
as follows: 0—no agreement; 0.01-0.20—slight agreement; 0.21-0.40—good agreement;
0.41-0.60—moderate agreement; 0.61-0.80—significant agreement; and 0.81-1.0—almost
perfect agreement.

3. Results
Selection and Inclusion of Studies

We collected 159 studies through a database search in Google Scholar, PubMed, and
Web of Science. Three more studies were found from other sources; thus, the total number
of collected studies was 162. Next, we excluded 63 duplicate studies (duplicate search or
publication of the thesis in a journal). After reviewing the research titles and abstracts of
the 99 remaining selected studies, an additional 26 studies were excluded that included
children with diseases and children older than 18 years of age. Another 10 studies were
excluded because they included martial arts that were not classified as budo martial arts. In
addition, seven other studies were excluded because full texts were not available. Therefore,
we selected 67 studies after excluding 32 studies. We reviewed the full text of the 67 selected
studies and classified them according to the PICOS criteria. After that, 24 studies with no
control groups, seven studies with unclear statistics, and 18 studies with uncertain training
durations were excluded. Therefore, we finally included 16 studies (8 studies included only
male participants, 1 study included only female participants, and 7 studies included both
sexes) (Table 1). The data selection method is presented within the following flow diagram
(Figure 1).
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Table 1. Results of the included studies.

Subjects Program Intervention
Author
(Year) Age and E C Duration Frequ.ency Time (min/ .E. . Results after
Gender (Sessions/ . Training Testing Content .
(n) (n) (wk/m) Session) Intervention
(y) (wk/) Content
COR (10 m polygon test);
s 01
. Sports . ! AGL, E&%;
Sekulic et al. 7, Judo P Judo sit and reach); 4 .
B games 9m 3 45 - U FLEX, E&*;
(2006) [23] M (n=41) training SP (20 m sprint);
(n=>57) . . MEN, E«*;
LLES (standing long jump); COR, (E, C) <+
CREN (3 min run); T ’
MEN (flexed-arm hang, 1 min of sit-ups).
COR (10 m polygon test);
AGL (4 x 1.98 m shuttle run test); All variables (E, C) 1%;
Krstulovié Sports FLEX (maximal circumduction, AGL, E &%
tal 7, Judo pm 9m 3 45 Judo sit and reach); FLEX, E <%;
(205’0;’['2 i F (n =30) (ia_ :95) training SP (20 m sprint); MEN, E &%
- LLES (standing long jump); MS, E <%
CREN (3 min run); COR, (E, C) .
MEN (flexed-arm hang, 1 min of sit-ups).
Corrective RS (20 s of sit-ups); ULES, E (G) 1* E(B) 1;
Boguszevski gymnastics ULES (throwing 1 kg medicine ball); LLES, E (G) +%;
and Socha 131 5;6(:'15}’: (Ir(la_ra;tg) (n =30); 6m 3 60 ti(ai;z;;e LLES (long jump from the start line); RS, «»;
(2011) [7] a = inactive amng AGL (4 x 5 m shuttle run); AGL,E (G) 1;
(n=28) FLEX (test “fingers-floor”). FLEX, E (G) +>*.
BAL (“Flamingo” balance test); LLE(%’ ]é()B<’_>Cj) T
COR (coordination test, rapidity test); ULE,S E (B), o,
Demiral 7-12, Judo, Judo 12m ND ND Judo LLES (standing long lump); BAL E, (B, G) T;'
(2011) [25] Mand F (n=38), (n=31) training ULES (medical ball throws); y 4 !
X CORE (B, G) 1%, G %
SP (running speed test); *
S (grip and back power test) SEE(B G) 1% B &%
grip p : S, E (B, G) 1*.
Alesi et al. 9-10, Karate Inactive Karate AGL (coordmano.n skills w1.th hurdles); AGL, (E, C) «%
(2014) [4] Mand F (n=19) (n = 20) 8 wk 3 60 trainin LLES (standing broad jump); LLES, (E, C) +»%;
& SP (20 m sprint). SP, (E, C) <.
High- Low- ULES (sitting medicine ball throw); ULES, (E,C) +*,CT1;
Padulo et al. 8-12, intensity intensity 1wk 14 60 Karate LLES (standing long jump); LLES, (E,C) <* E1*,C1;
(2014) [26] M karate karate w training AGL (frontal/lateral jumps); AGL, (E,C) «* E1T*, CT1;
(n=53) (n=20) FLEX (“active” joint flexibility). FLEX, (E,C) «<*, E1*,C1;
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Subjects Program Intervention
Author
(Year) ‘de and E C Duration Frequ.ency Time (min/ .E. . Results after
ender ) ) (wk/m) (Sessions/ Session) Training Testing Content Intervention
(y) (wk/) Content
FLEX
c1-TAOR (Lh), (E, C) ++*, E 1%
. Aikido and o c2- AOER (Lh), E 15
N[(rz‘(’)cél;(g‘;s]h 7;[0' PE classes P(Elc_laji)es 9m 3 60 tﬁﬁi" FLEX of hip (“samurai walk”). 3- AOIR (Lh), (E, C) &%, (E, C) 1%
(n = 66) = & c4- TAOR (Rh), (E, C) ++ *, E1%;
c5- AOER (Rh), E 1%;
c6- AOIR (Rh), (E, C) 1.
o BAL (“Flamingo” balance test); .
Pop et al. 9-10, 1?’1133(1325223 PE classes 8m 3 60-90 Aikido CREN (beep test, 20 m); C?{I?EII\,I (}(E]:: CC))(_:_;.
(2017) [28] M (n=5) training SP (TRANSFER running A
(n=5) SP, (E, C) «>*.
10 x 5 m at speed).
RS (30 s of sit-ups);
. N LLES, 1%
Ma and Qu, 8-12, Karate Karate LLES (star.ldmg longhjl‘unp ) RS, ET;
/ 8 wk 7 5 L ULES (throwing a medicine ball);
(2017) [29] M (n=>51) training AGL, 1%
AGL (4 x 5 m shuttle run); FLEX, ¢
FLEX (sit and reach). T
LLES (standing long jump); LLES, (E, C) 1%,
Pavlova et al. 5-6, Karate PE classes Karate ULES.(med.lcal ball throws? ; ULES, E 1%
(2018) [16] M (n =33) (n = 38) 12m 3 45-60 trainin. EN (jumping with a rope to fatigue); RS, (E, C) 1%
& RS (max. number of squats to fatigue); BAL, (E, C) 1%
BAL (“flamingo” balance test). EN, (E, C) 1™*.
LLES (just jump system, vertical jump); .
T BAL (force plate (Watertown, Mass.) LLES’ .(HW' OW) <%
aekwondo Taekwondo . PH activity, (HW, OW) «;
Pathare et al. 6-12, . bipedal /normal stance eyes open and closed,
HW (n =11), / 10 wk 2 50 training . LLES, (HW, OW) «;
(2018) [30] Mand F single stance eyes open (30 s)); .
OW (n=6) . BAL, (OW, HW) <, OW 1;
FLEX (sit and reach test); FLEX, (HW, OW) |*, <
PH activity (Yamax SW-701 pedometer). ! ! o
S (knee push-ups, sit-ups, wall sit);
COR (touching nose with a finger);
. LLES (standing long jump); "
Top et al. 7-10, Taekwondo Inactive Taekwondo BAL (single leg balance test with COR, (B C) < E1%
(2018) [31] Mand F B (n=13), B (n=12) 12wk 3 60 trainin, closed and open eyes); S, LLES, (E, C) &% ET%
: Gn=9) G(n=8) 8 pen eyes); AGL, (E, C) &+,

AGL (shuttle run, stepping sideways,
one-legged stationary hop, one-legged
side hop, and two-legged side hop).
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Table 1. Cont.

Subjects Program Intervention
Author
(Year) Age and E C Duration Frequ.ency Time (min/ .E. . Results after
Gender (Sessions/ . Training Testing Content .
) (n) (n) (wk/m) wk/) Session) Content Intervention
BAL, B/N 1%;
Karate EUROFIT FITNESS TEST: Arm SP, B/N 1%,
. - BAL; (G/N, G/0) <*, (B/N, B/O) <%
Ruteli";’l“kl 7.6+ 0.4 g% ((’:l = ﬁ)) y 0wk ) 0 Karate Arm SP; (G/O, B/N) &%,
(2019) '[2] Mand F B/O (n - 15)’ training Abdominal MS; Torso MS;
G/O (n:14)/ LLES; (G/0O,B/0) +*, G/0O |;
e FLEX (sit and reach test). LLES, G/N «%
FLEX, B/N |*, G/N «*.
Judo 1.
Brasil et al. 8-13, (n=35), y i X o Judo CIl’E\T,gzeadIﬁH' VO2peak, E (Ob) ;
(2020) [32] M 20 Ob, w training  Yepeak, HR at VO2peak, E «>*.
15 NOb 2. HR at VO2peak.
CREN (1000 m running); CREN, E 1*;
Kvrpenko Arm S (pull-up on the crossbar); LLES, E 1*;
ye%c)al 10-12, Karate Inactive 24m ND ND Karate LLES (long jump from place); AGL, (E,C) 1%
(2020) [1 8] M (n=27) (n=29) training AGL (4 x 9 m shuttle run); FLEX, «;
FLEX (body leaning forward); VO2max, E 1*.
VO2max
Pinto- CREF (20 m shuttle run test); CREF, E;
Escalona et al. Mz_r?c’l F (:l(ir;;;) P(E Sla;;;; 12m 2 60 tf;;ai;e FLEX (frontal split test); FLEX, E;
(2021) [5] = = & BAL (Y balance test). BAL,E.

Legend: M—male; F—female; E—experimental group; C—control group; wk—week; m—month; ND—not defined; PE—physical education; B—boys; G—girls; B/N—boys of
normal weight; G/N—girls of normal weight; B/O—overweight boys; G/O—overweight girls; Ob—obese; NOb—non-obese; PH—physical; HW—healthy weight; OW—overweight;
S—strength; MS—muscle strength; ES—explosive strength; ULES—upper limb explosive strength; LLES—lower limb explosive strength; RS—repetitive strength; COR—coordination;
AGL—agility; FLEX—flexibility; SP—speed; BAL—balance; EN—endurance; MEN—muscular endurance; CREN—cardiorespiratory endurance; CREF—cardiorespiratory fitness;
FMS—functional movement screen; CPET—cardiopulmonary exercise testing; TAOR—total angle of rotation; AOER—angle of external rotation; AOIR—angle of internal rotation;
Lh—Ileft hip; Rh—right hip; t—increased (1*- significantly increased); |—decreased ({*- significantly decreased); <+—mno significant difference; «+*—significant difference; (E,
C)—between groups E and C.
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Figure 1. PRISMA flow diagram.

The study included 16 original research articles that tested the effects of martial arts
programs in children aged between 4 and 13 years of age. The articles are presented
in tabular form by year of publication from 2006 to 2021, respectively. There were no
control groups in four articles [2,23,30,32]. The youngest participant was 4.5 years old [7],
and the oldest participant was 13 years [33]. The total number of participants was 1615
(EG = 914, CG = 701). The sample sizes of the studies were analyzed and ranged from
10 [25] to 721 children [5]. In seven studies, both genders were included [2,4,5,7,25,30,31].
In eight studies, the participants were only male children [16,18,23,26-29,32], while one
study included only girls [24]. The longest experimental treatment lasted two years [18]
and the shortest only lasted a week [26]. Frequently, the duration of the sessions in all
martial arts programs was 60 min [2,4,5,7,16,26-28,32]. Eight studies included experimental
treatments of karate [2,4,5,7,16,18,26,29], four studies included judo treatments [23-25,32],
in two articles tackwondo treatments were employed [26,27], and two studies included
experimental aikido treatments [27,28].

4. Discussion

This study examined the effects of various martial arts programs on children’s physical
fitness. Based on the main findings, karate, judo, tackwondo, and aikido programs showed
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positive effects on physical fitness components. According to the results, the effects of these
programs showed significant differences between the initial and final measurements of most
of the examined experimental programs, but also when compared to the control groups.
Cardiorespiratory fitness, speed, agility, strength, flexibility, coordination, and balance were
used to assess physical fitness, while other parameters, such as body composition, mental
conative, and cognitive capacities, were excluded.

4.1. Cardiorespiratory Fitness

Cardiorespiratory fitness as a parameter of physical fitness was represented in only
three studies [18,28,32]. After a 24-month karate program, Kyrpenko et al. [18] found a
large statistically significant improvement (p < 0.01) in the cardiorespiratory endurance
parameter in the EG of karatekas, while in inactive children in the CG, this was not
the case. The 1000 m test is a middle-distance running test that gives participants the
opportunity to increase their cardiorespiratory fitness at the expense of muscle strength
and to improve their running technique, unlike running for 20 m, 30 m, and 100 m, where
the type of muscle fibers, despite the training, plays a major role. Since the treatment in the
EG lasted 24 months, it was no wonder that there was a significant improvement in the
final measurement, given that the subjects had enough time to increase their strength and
improve their running technique. In addition, Brasil et al. [32] assessed the cardiorespiratory
ability of obese and non-obese children after participating in a 12-week judo program. The
authors concluded that there was a decrease in the VO2peak parameter in the obese children
and statistically significant differences in HR at the VO2peak between non-obese and obese
children. Given that obese children have an excess of inefficient adipose tissue that leads
to accelerated fatigue, it was no wonder that HRs at the VO2peaks were higher in the
obese children. Pop et al. [28] examined cardiorespiratory endurance, where the EG, in
addition to regular classes of physical education, was subjected to an eight-month aikido
program, while the control group attended only physical education classes. Testing was
performed using the 20 m beep test, and, on that occasion, it was concluded that there were
no statistically significant differences between the EG and the CG in the final measurements.

4.2. Speed and Agility

The shuttle run agility test has been the main tool to test this motor ability in many
studies in which agility as a parameter of physical fitness was presented [7,18,23,24,29,31].
Specifically, using the nine-month judo program, Sekulic et al. [23] found statistically sig-
nificant differences (p < 0.05) in the final measurements of the 4 x 1.98 m shuttle run agility
test in an experimental group of subjects composed of boys. This was in correlation with the
findings of Krstulovi¢ et al. [24], who also found statistically significant differences using
the same test as the judo program of the same duration in female participants. In addition,
using a six-month karate program, Boguszevski and Socha [7] used the 4 x 5 shuttle run
test to assess agility, concluding that progress had been made in the final measurements,
but they remained statistically insignificant. This was not correlated with Ma and Qu [29],
who used the same 4 x 5 shuttle run test to identify the effects of a two-month karate
program. They found a statistically significant difference (p < 0.01) in the final measurement
of the EG that correlated with the results obtained by Top et al. [31] and Kyrpenko et al. [18],
who tested the agility of the 4 x 9 shuttle run test using a two-year karate program and
found a statistically significant improvement (p < 0.01) in the EG compared to the CG.

Padulo et al. [26] used frontal/side jumps in a quadratic agility assessment test to
compare the effects of a one-week high- and low-intensity karate program. They found a
statistically significant improvement in the EG. They also found a statistically significant
difference between the EG and the CG in favor of the EG on the final measurement. Speed
was one of the monitored parameters of physical fitness in five articles [4,23-25,28]. Various
running speed tests were used to measure speed as a parameter of physical fitness. Sekulic
et al. [23] concluded that the change in speed in boys did not occur in the initial and final
EG measurements. This correlated with the findings of Krstulovi¢ et al. [24], who applied
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almost the same program for 9 months in female participants; however, this was not
correlated with the findings of Demiral [25], whose research showed statistically significant
differences between the EG and the CG in the 20 m sprint test. Perhaps the reason was
that Demiral’s study lasted 3 months longer than the previously mentioned studies [23,24],
where the participants were subjected to experimental treatment for a longer period of time.
A study conducted by Pop et al. [28] used 20 m sprint tests, while Alesi et al. [4] applied
a transfer-running test to check the speed skill of participants and also found statistically
significant differences between the EG and the CG in favor of the EG.

4.3. Strength

Strength, as a parameter of physical fitness, was assessed in 12 research articles [2,4,
7,16,18,23-26,29-31]. In most of the studies, the explosive strength of the legs and arms
was measured using standing long jumps and medical ball throws tests. Specifically,
in all studies in which explosive power was tested by these test protocols, statistically
significant improvements in the EGs were present [2,4,7,16,18,22-26,29,31] and also in some
CGs [16,22,24]. Since the ULES parameter (upper limb explosive strength) was presented
in five articles [7,16,25,26,29], and the fact that in each of these articles medical ball throws
were used, it was the main test for estimating this parameter. In four of the five studies,
the karate program was applied, while the judo program was implemented in only one
study [25]. Considering that karate is a striking martial art and sport, which requires highly
developed explosiveness and quickness that is constantly emphasized during the training,
it is absolutely justified and logical that this parameter improved. Repetitive strength was
presented in three studies [7,16,29]. Based on the results of their research, Boguszevski and
Socha [7] found no statistically significant differences between the EG and the CG on the
initial and final measurements of the sit-up test in their study in which a six-month karate
program was applied. This correlated with the results obtained by Ma and Qu [30], who
tested the repetitive strength of karatekas conducting the same test and concluded that
there were no statistically significant improvements in their EG at the final measurements.
Interestingly, the authors of both articles came to the same conclusions, even though the
karate program proposed by Boguszevski and Socha [7] lasted 24 weeks and the program
of Ma and Qu [29] lasted only 8 weeks. It is probable that the main reason for this is the fact
that there were no exercises in the experimental karate programs that affected the repetitive
strength of the abdominal muscles. Pavlova et al. [16] found that after a 12-month karate
program, there was a statistically significant improvement (p < 0.01) in the EG in repetitive
leg strength. A significant improvement (p < 0.01) was also registered in the CG, where
the participants attended only physical education classes. Since the children were aged
between 5 and 6 years old at the beginning of the treatment, it is likely that one of the
reasons for the great improvement was maturation.

4.4. Flexibility

Flexibility was one of the parameters for assessing physical fitness in 10 articles [2,5,
7,18,23,24,26,27,29,30]. The most common flexibility assessment test used in as many as
five articles was the “sit and reach” test [2,23,24,29,30]. The results of this test showed
statistically significant differences in flexibility between the EG and the CG in the final
measurements in two articles by Krstulovi¢ et al. [24] and Sekulic et al. [23], in which
9-month judo programs were conducted. This was partially in line with the findings of
Rutkowski et al. [2], who, by applying a 10-week karate program, found a statistically
significant decrease in flexibility in normal-weight boys, while in normal-weight girls,
there was a statistically significant difference. In addition, this did not correlate with the
results of Pathare et al. [30] and Ma and Qu [29]; in these studies no statistically significant
improvement in flexibility was observed. In addition, the author Mrockowski [27] used
a nine-month aikido program, where the hip flexibility test “samurai walk” was used to
examine flexibility, and the presence of statistically significant differences between the EG
and the CG were evident. Boguszevski and Socha [7] used the “finger floor” test to assess
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flexibility and found that the participants in the EG group (girls) significantly improved
their performances compared to the control group. This correlated with Padulo et al. [26],
who obtained similar results, checking the flexibility of the joints after a one-week program
of high-intensity karate (EG) and low-intensity karate (CG); however, this did not correlate
with the findings of Kirpenko et al. [18] who concluded that 12 months of karate did not
cause an improvement in flexibility.

4.5. Coordination

Coordination as a parameter of physical fitness was represented in four articles [23-25,31].
The results of the 10 m polygon test conducted by Krstulovi¢ et al. [24] and Sekuli¢ et al. [23]
did not show statistically significant differences in coordination between the EG and the
CG in the final measurements of both studies. In his research, Demiral [25] applied the
coordination test (balance skill) and rapidity test in the EG and the CG of judokas and
found statistically significant improvements (p < 0.01) in both sexes of the EG. In addition,
statistically significant differences (p < 0.01) in coordination were found in the EG of girls
compared to the CG. However, these results were partially in line with the results of Top
et al. [31], which indicated a statistically significant improvement (p < 0.05) in the EG, but
no statistically significant differences between the EG and the CG in the final measurements
were observed.

4.6. Balance

Balance was tested in the majority of studies using the “flamingo” balance test [16,25,28]. In
addition, other articles used the following tests: the Y balance test [5], the single-leg balance
test with closed and open eyes [2,31], and a test that involved balancing on a force plate
device [30]. Demiral [25] found a statistically significant improvement in balance in the EG
of boys and girls following a 12-month judo program. These findings were not correlated
with the results of Pop et al. [28], who found no significant differences between the EG
and the CG after an eight-month aikido program in addition to regular physical education
classes. In addition, according to Demiral’s findings, a partial correlation was found with
the study of Pavlova et al. [16]; the EG achieved a statistically significant improvement
in balance, which was the same as the CG, whose participants only attended regular
physical education classes. Speaking of the Y balance test, Pinto-Escalona et al. [5] found a
slight improvement in the EG group that was not statistically significant. In the research
performed by Rutkowski et al. [2], in which all the subjects underwent experimental
treatment, only boys of normal weight achieved a statistically significant improvement in
balance. This was not consistent with the findings of Pathare et al. [30], who discovered that
overweight children had greater improvements in balance than healthy-weight children.

4.7. Future Research

Important considerations were identified from this review to support the development
of future research in this research field, such as the following:

e  One needs to be cautious when adopting an intervention program model that has
already been performed and has relevant methodological limitations.

e  There is a lack of studies dealing with the impact of martial arts on children’s car-
diorespiratory and motor-skill parameters. In future studies, the emphasis should be
on non-budo martial arts such as capoeira, muay Thai, Brazilian jiu-jitsu, wrestling,
and other combat sports [33].

e The following studies might have investigate preschool children because, in most
countries, children start practicing martial arts from an early age.

e  Various martial arts programs for school and preschool children need to be analyzed
and a larger number of physical fitness parameters with an emphasis on body compo-
sition, as well as the heterochronism of their development, need to be monitored.
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4.8. Strengths and Limitations

This is one of the first review papers that combined several different martial arts
and analyzed their effect on children, including a comprehensive search of studies and
the assessment of their methodological qualities. The main limitation of this study is the
fact that, in addition to judo, taekwondo, and aikido, the majority of the research papers
were based on karate. Therefore, the karate program was the most effective in terms of
positive impact on physical fitness. Additionally, a significantly larger number of male
children were included in the monitored studies. Given that there are large differences in
motor skills and cardiorespiratory fitness between boys and girls, the gender should be
defined separately.

5. Conclusions

This review confirmed that martial arts programs lead to improved physical fitness in
preschool and school children. Based on the results of the analysis, it could be concluded
that cardiorespiratory fitness, speed, agility, strength, flexibility, coordination, and balance
were the most important parameters of physical fitness, which demonstrated considerable
improvement in the final measurements of EG participants. The obtained information could
be very useful in promoting and advertising the positive aspects of these budo martial arts,
which can directly affect children’s and parents’ choices when it comes to choosing the
sport that they will practice.

Author Contributions: Conceptualization, A.S. and M.M.; methodology, R.R. and T.T.; software,
M.M.; validation, PM. and P.D.; formal analysis, M.M.; investigation, A.S.; resources, P.D.; data
curation, M.M.; writing—original draft preparation, A.S. and M.M.; writing—review and editing,
R.R,, T.T, PM. and P.D.; visualization, A.S.; supervision, P.D.; project administration, A.S.; funding
acquisition, P.D. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Serbian Ministry of Education, Science, and Techno-
logical Development and the Provincial Secretariat for Higher Education and Scientific Research
(142-451-2594).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Woodward, T.W. A review of the effects of martial arts practice on health. Wis. Med. ]. 2009, 108, 40—43.

2. Rutkowski, T.; Sobiech, K.A.; Chwatlczyniska, A. The effect of karate training on changes in physical fitness in school-age children
with normal and abnormal body weight. Physiother. Q. 2019, 27, 28-33. [CrossRef]

3. Lakes, K.D.; Hoyt, W.T. Promoting self-regulation through school-based martial arts training. J. Appl. Dev. Psychol. 2004, 25,
283-302. [CrossRef]

4. Alesi, M.; Bianco, A.; Padulo, J.; Vella, F.P,; Petrucci, M.; Paoli, A ; Pepi, A. Motor and cognitive development: The role of karate.
Muscle Ligaments Tendons ]. 2014, 4, 114-120. [CrossRef]

5.  Pinto-Escalona, T.; Gobbi, E.; Valenzuela, P.L.; Bennett, S.J.; Aschieri, P.; Martin-Loeches, M.; Martinez-de-Quel, O. Effects of a
school-based karate intervention on academic achievement, psychosocial functioning, and physical fitness: A multi-country
cluster randomized controlled trial. J. Sport Health Sci. 2021, in press. [CrossRef]

6.  Falk, B.; Mor, G. The Effects of Resistance and Martial Arts Training in 6- to 8-Year-Old Boys. Pediatr. Exerc. Sci. 1996, 8, 48-56.
[CrossRef]

7. Boguszewski, D.; Socha, M. Influence of karate exercises on motor development in preschool children. J. Combat Sports Martial
Arts 2011, 2, 103-107. [CrossRef]

8.  Mascarenhas, L.P.G.; Grzelczak, M.T.; de Souza, W.C.; Neto, A.S.; Chacén-Araya, Y.; de Campos, W. Aerobic power in pre-
pubescent children with different levels of physical activity. Retos. Nuevas Tend. Educ. Fisica Deporte Recreacion 2015, 27,
203-205.

9.  Pocecco, E.; Faulhaber, M.; Franchini, E.; Burtscher, M. Aerobic power in child, cadet and senior judo athletes. Biol. Sport 2012, 29,
217-222. [CrossRef]


http://doi.org/10.5114/pq.2019.86465
http://doi.org/10.1016/j.appdev.2004.04.002
http://doi.org/10.32098/mltj.02.2014.04
http://doi.org/10.1016/j.jshs.2021.10.006
http://doi.org/10.1123/pes.8.1.48
http://doi.org/10.5604/20815735.1047142
http://doi.org/10.5604/20831862.1003446

Children 2022, 9, 1203 12 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Alp, M.; Gorur, B. Comparison of Explosive Strength and Anaerobic Power Performance of Taekwondo and Karate Athletes. Edu.
Learn 2020, 9, 149-155. [CrossRef]

Vertonghen, J.; Theeboom, M. Analysis of experiences of young martial artists. In Sport, Culture & Society; Doupona Topic, M.,
Licen, S., Eds.; University of Ljubljana: Ljubljana, Slovenia, 2008; pp. 149-154.

Warchol, K.; Korobeynikov, G.; Osiel, C.; Cynarski, W.]. Martial arts as a form of physical activity for children and young people
in the opinion of adult inhabitants of Podkarpackie Voivodeship. Ido Mov. Cult. ]. Martial Arts Anthropol. 2021, 21, 28-37.

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Willumsen, ]J.FE. World Health Organization 2020
guidelines on physical activity and sedentary behavior. Br. J. Sports Med. 2020, 54, 1451-1462. [CrossRef] [PubMed]

Levesque, R.J. Encyclopedia of Adolescence; Springer Science & Business Media: New York, NY, USA, 2011; pp. 846-847.

Fuller, ].R. Martial arts and psychological health. Br. ]. Med. Psychol. 1988, 6, 317-328. [CrossRef]

Pavlova, L.; Bodnar, I.; Vitos, ]. The role of karate in preparing boys for school education. Phys. Act. Rev. 2018, 6, 54—63. [CrossRef]
Boguszewski, D.; Jakubowska, K.; Adamczyk, ].G.; Bialoszewski, D. The assessment of movement patterns of children practicing
karate using the Functional Movement Screen test. ]. Combat. Sports Martial Arts 2015, 6, 21-26. [CrossRef]

Kyrpenko, Y.V.; Budur, M.L; Palevych, S.V.; Poddubny, O.G. The influence of Kyokushinkai Karate classes on the adaptive
capabilities of adolescents. HSR 2020, 5, 48-56. [CrossRef]

Gutierrez-Garcia, C.; Astrain, I.; Izquierdo, E.; Gomez-Alonso, M.T.; Yague, ].M. Effects of judo participation in children: A
systematic review. Ido Mov. Cult. . Martial Arts Anthrop. 2018, 18, 63-73.

Lee, B.; Kim, K. Effect of Taekwondo training on physical fitness and growth index according to IGF-1 gene polymorphism in
children. Korean J. Physiol. Pharmacol. 2015, 19, 341-347. [CrossRef] [PubMed]

Wasik, J.; Motow-Czyz, M.; Shan, G.; Kluszczynski, M. Comparative analysis of body posture in child and adolescent taekwon-do
practitioners and non-practitioners. Ido Mov. Cult. ]. Martial Arts Anthrop. 2015, 15, 35-40.

Nam, S.S.; Lim, K. Effects of Taekwondo training on physical fitness factors in Korean elementary students: A systematic review
and meta-analysis. J. Nutr. Biochem. 2019, 23, 36—47. [CrossRef] [PubMed]

Sekulic, D.; Krstulovic, S.; Katic, R.; Ostojic, L. Judo training is more effective for fitness development than recreational sports for
7-year-old boys. Pediatr. Exerc. Sci. 2006, 18, 329-338. [CrossRef]

Krstulovi¢, S.; Kvesi¢, M.; Nurki¢, M. Judo training is more effective in fitness development than recreational sports in 7 years old
girls. Facta Univ. Ser. Phys. Educ. Sport 2010, 8, 71-79.

Demiral, S. The study of the effects of educational judo practices on motor abilities of 7-12 years aged judo performing children.
Asian Soc. Sci. 2011, 7, 212-219. [CrossRef]

Padulo, J.; Chamari, K.; Chaabéne, H.; Ruscello, B.; Maurino, L.; Sylos Labini, P.; Migliaccio, G.M. The effects of one-week training
camp on motor skills in Karate kids. J. Sports Med. Phys. Fit. 2014, 54, 715-724.

Mroczkowski, A. Influence of aikido exercises on mobility of hip joints in children. In Proceedings of the 1st World Congress on
Health and Martial Arts in Interdisciplinary Approach, Warsaw, Poland, 17-19 September 2015.

Pop, A.C.; Monea, G.; Barbos, I.P. Implementing aikido in physical activity programs with 9-10 years old children. Stud. Univ.
Babes-Bolyai Educ. Artis Gymnast. 2017, 62, 57-65. [CrossRef]

Ma, AW.W.; Qu, L.H. Effects of Karate Training on Basic Motor Abilities of Primary School Children. Adv. Phys. Educ. 2017, 7,
130-139. [CrossRef]

Pathare, N.; Kimball, R.; Donk, E.; Kennedy, K.; Perry, M. Physical performance measures following ten weeks of taekwondo
training in children: A pilot study. J. Phys. Educ. Sport 2018, 7, 1-11. [CrossRef]

Top, E.; Akil, M.; Aydin, N. The Effects of the Taekwondo Training on Children’s Strength-Agility and Body Coordination Levels.
JTRM Kinesiol. 2018, 1, 1-10.

Brasil, I.; Monteiro, W.; Lima, T.; Seabra, A.; Farinatti, P. Effects of judo training upon body composition, autonomic function, and
cardiorespiratory fitness in overweight or obese children aged 8 to 13 years. J. Sports Sci. 2020, 38, 2508-2516. [CrossRef]

Barley, O.R.; Chapman, D.W.; Guppy, S.N.; Abbiss, C.R. Considerations when assessing endurance in combat sport athletes. Front.
Physiol. 2019, 10, 205. [CrossRef]


http://doi.org/10.5539/jel.v9n1p149
http://doi.org/10.1136/bjsports-2020-102955
http://www.ncbi.nlm.nih.gov/pubmed/33239350
http://doi.org/10.1111/j.2044-8341.1988.tb02794.x
http://doi.org/10.16926/par.2018.06.08
http://doi.org/10.5604/20815735.1174227
http://doi.org/10.34142/HSR.2019.05.04.06
http://doi.org/10.4196/kjpp.2015.19.4.341
http://www.ncbi.nlm.nih.gov/pubmed/26170738
http://doi.org/10.20463/jenb.2019.0006
http://www.ncbi.nlm.nih.gov/pubmed/31010273
http://doi.org/10.1123/pes.18.3.329
http://doi.org/10.5539/ass.v7n9p212
http://doi.org/10.24193/subbeag.62(2).15
http://doi.org/10.4236/ape.2017.72012
http://doi.org/10.26524/ijpefs1831
http://doi.org/10.1080/02640414.2020.1792189
http://doi.org/10.3389/fphys.2019.00205

	Introduction 
	Materials and Methods 
	Inclusion Criteria 
	Exclusion Criteria 
	Search Strategy and Study Selection 
	Assessment of Bias 

	Results 
	Discussion 
	Cardiorespiratory Fitness 
	Speed and Agility 
	Strength 
	Flexibility 
	Coordination 
	Balance 
	Future Research 
	Strengths and Limitations 

	Conclusions 
	References

