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Abstract

Purpose. Despite the benefits of sport participation to schoolchildren, some highly competitive activities may induce sportspecific physical adaptations that may predispose children to long-term motor impairments. Hence, the aim of this study
was to compare the anthropometric characteristics, motor abilities, and posture between schoolchildren actively participating
in judo and their peers participating in general physical education classes.
Methods. The study included 148 male participants aged 12–14 years. The two groups of subjects were compared in terms
of their anthropometrics, posture, and motor abilities.
Results. Statistically significant differences were observed in subscapular skinfold and triceps skinfold in favour of the
young judokas. Judo competitors also demonstrated better functional coordination, flexibility, explosive force of lower limbs,
and pelvic and isometric muscular endurance. In addition, judokas were characterized by better postural alignment relative
to shoulders, chest, and abdomen.
Conclusions. The results suggest that participation in judo in addition to physical education classes builds specific motor
and physical characteristics in children that may aid in healthy body development.
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Introduction
Physical activity is a crucial component of physical
and mental development of children. Participation in
general or sport-specific activity improves body composition [1, 2], posture [3–5], and physical fitness [1,
6–9] and it significantly contributes to the development and refining of motor coordination and skills [1,
2, 7]. However, exposing young athletes to repetitive
training in a high competitiveness environment may
also lead to physical impairments and consequently
hinder proper physical development [10–12]. Hence,
it is imperative to assess the effects of participation
in different types of activities on children’s physical
and motor development.
Judo is one of the most popular martial arts in the
world, and is among the safest contact sports for children [13]. With equal focus on mental, physical, and

moral development, judo has become an integral part
of physical education programs in most Asian countries [9]. In addition to safety, several studies have found
multiple advantages of judo participation for young
players. Firstly, training martial arts encourages overall
physical development, including flexibility, explosive
strength, balance, agility, and motor coordination [14].
Consequently, young judo athletes exhibit greater handgrip strength, jump height, and pull-up performance
relative to their non-judo peers [6, 9]. Interestingly,
some research shows that aerobic capacity in judo competitors is greater than that of soccer players or gymnasts [8], and that experienced judokas have better
postural control than ballet dancers [15].
However, judo also entails frequent falling on the
back (i.e. break falls) and exercises while carrying
a partner [9]. Further progression of these techniques
includes isometric holds with sparring exercises and
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body throws [9]. Although these are taught early in
the training process in order to educate beginners on
safe practices in judo, they still involve repetitive
movements with high loads, which, as indicated earlier, may result in altered motor control [16], injury,
and postural disorders.
While many studies have been dedicated to evaluating physical characteristics of young and experienced martial artists, to our knowledge, there is limited
research on postural assessment of young judokas
relative to their peers. Therefore, the primary aim of
this study was to compare anthropometric characteristics, motor abilities, and posture in young judokas and their counterparts. The results may be used to
recommend the implementation of specific exercises
within the training process of young judo athletes,
and inclusion of judo as a potential physical development strategy in schools.
Material and methods
Subjects
This is a simple comparative, observational study.
Two groups of schoolchildren were assessed for anthropometric and physical characteristics; one group participated in judo and physical education classes, and
the other one only in physical education classes. The
participants were recruited from local judo clubs and
elementary schools. The subjects and their parents
were fully informed about the nature and purpose of
the study.
A sample of 148 male children aged 12–14 years
participated in the study and were divided into 2 groups:
the judo group (n = 58; age: 12.9 ± 0.43 years; height:
157.6 ± 11.5 cm; body mass: 51.1 ± 1.9 kg) and the
non-judo group (n = 90; age: 13.02 ± 0.39 years; height:
161.6 ± 10.6 cm; body mass: 51.4 ± 1.2 kg). The inclusion criteria were no diagnosis of any chronic musculoskeletal problem, no medication taken, and no
immobilization or injury of any part of the body within
6 months prior to the measurement. The participants
in the judo group had to have continually attended judo
training for at least 3 years (at least 2 times per week
with 60-minute sessions), with at least 6 months of
continuous training prior to the measurement. Both
groups participated in regular physical education classes
in their schools.
Procedures
The participants completed 9 anthropometric [17],
8 motor [18], and 8 postural tests [19–21], assessed by

a team of experienced examiners of the Department
of Sport and Physical Education at University of Novi
Sad. All participants were dressed in general sports
clothing and were barefoot. Separate instructors were
assigned for each test to minimize measuring bias.
Anthropometric measures
The following anthropometric measurements were
completed in accordance with the standards and procedures set in the International Biological Program
[17]: body height and mass, chest circumference, upper
arm circumference, forearm circumference, abdominal
circumference, triceps skinfold, subscapular skinfold,
and abdominal skinfold.
Motor ability
All motor ability tests were performed in accordance with the EUROFIT battery of tests for physical
readiness [18]. The participants were divided into 8
groups (1 group per test). Prior to data collection, an
instructor explained and demonstrated the test and
the subjects were given an opportunity to try the test
before the recorded trials. After all participants completed their tests, there was a 3-minute rest prior to
changing stations, and the children were tested in
the same order as in the previous test. All times were
measured with a generic stopwatch to the nearest 0.1
second.
Flexibility was assessed by the sit-and-reach test
and recorded to the nearest 0.1 cm [2]. To evaluate the
explosive leg power, standing horizontal jump and 20-m
dash were performed. During the horizontal jump, the
participants were able to use their hands and were
instructed to ‘stick the landing,’ and land on the scale
pre-marked on the floor. Jump distance was measured to the nearest 0.1 cm. During the 20-meter
sprint, the subjects were instructed to start the sprint
on the ‘go’ command and cover the distance between
two 20-meter lines as fast as possible. The speed of hand
movement was determined via the plate tapping test.
The participants positioned their non-preferred hand
on the table equidistant from two discs 60-cm apart.
On the ‘go’ command, they had to tap the disks as
fast as possible for 15 seconds by moving their hand
between the discs and over the stationary hand. The
number of taps was recorded. Abdominal strength
was measured via the sit-up test, where the children
had to perform as many sit-ups as possible in 60 seconds. Starting position required them to lie on their
back with hands crossed on their chest, feet flat on
the floor, and knees flexed at the right angle. The flexed
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arm hang test was performed to assess upper body
strength and endurance. The subjects were helped into
position on a horizontal bar, holding an overhand grip,
shoulder width apart and the chin above the bar. They
were asked to maintain this position as long as possible. The time started when the participants were
released. Obstacle and slalom courses were designed
for this study in order to assess functional coordination.
Firstly, for the obstacle course, the children were asked
to walk backwards 10 meters on their hands and feet
(i.e. ‘on-all-fours’) without their knees touching the
ground and then climb over and immediately slide
under a ‘Swedish bench’ (height: 34 cm) positioned
at the 10-meter end line. The slalom course required
the participants to roll 3 medicine balls simultaneously
(1 kg) at the length of 10 meters while manoeuvring
between 5 cones positioned 2 meters apart.
Posture
The total body posture was evaluated on the basis
of head and shoulder posture, development of chest,
scapular position, spinal curvature in the sagittal
plane, shape of abdominal wall, knee and foot alignment [19, 21]. The grading of segmental deviations
and methods of evaluation were explained in detail by
Wolański [19] and further validated by Wurth [20].
The magnitude of postural or structural deviations
was ranked as 0 (no deviations), 1 (some deviation),
or 2 (clear/distinct deviation) [19, 20].
Statistical analysis
The SPSS for Windows statistical software, version 20.0, was used for statistical analysis. Multivariate analysis of variance (MANOVA) was applied to
calculate differences between groups for anthropometric and motor tests while chi-square test served to

evaluate differences in posture. The level of statistical
significance was set as = 0.05.
Ethical approval
The research related to human use has been complied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by the
University of Novi Sad Ethics Committee.
Informed consent
Informed consent has been obtained from all individuals included in this study and their legal guardians.
Results
There were no significant differences between groups
in height, weight, or limb circumference. However, the
participants in the judo group had significantly less
subcutaneous fat on the back (subscapular skinfold)
and the upper arm (triceps skinfold) compared with
their peers in the non-judo group (p < 0.05) (Table 1).
With regard to motor performance (Table 2), judokas
displayed significantly better overall motor performance (F = 3.86, p < 0.01). Specifically, they scored
significantly better on functional coordination, flexibility, explosive power, and upper body muscular endurance (p < 0.001). Although there were noted differences in slalom and abdominal strength, they were not
statistically significant.
Evaluation of posture (Table 3) also shows significant differences between the judokas and their nonathlete peers. Those participating in judo had better
shoulder posture, development of chest, and abdominal alignment (p < 0.05). Interestingly, children from
the non-judo group showed smaller deviation in knee
alignment (p < 0.05).

Table 1. Differences in anthropometric variables between groups

Body height (cm)
Body mass (kg)
Chest circumference (cm)
Upper arm circumference (cm)
Forearm circumference (cm)
Abdominal circumference (cm)
Triceps skinfold (mm)
Subscapular skinfold (mm)
Abdominal skinfold (mm)

Judo

PE only

F

p

157.6 ± 11.5
51.1 ± 1.4
77.3 ± 8.4
23.1 ± 3.4
21.6 ± 2.8
71.2 ± 9.4
9.8 ± 3.7
9.3 ± 5.5
14.9 ± 10.1

161.6 ± 10.6
51.4 ± 1.2
75.5 ± 9.7
22.8 ± 3.3
21.5 ± 2.2
70.7 ± 9.0
11.9 ± 6.1
9.7 ± 6.4
15.0 ± 9.0

1.93
1.50
1.27
1.81
1.09
1.34
2.34
2.68
1.63

0.06
0.16
0.26
0.08
0.38
0.23
0.02*
0.01*
0.12

PE – physical education, * p < 0.05
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Table 2. Differences in motor performance between groups

20-m sprint (s)
Obstacle course (s)
Slalom (s)
Hand speed (freq.)
Sit-and-reach (cm)
Standing jump (cm)
Arm hang (s)
Sit-ups (freq.)

Judo

PE only

F

p

40.4 ± 4.2
123.0 ± 41.5
379.0 ± 93.3
26.9 ± 4.3
43.2 ± 8.8
183.2 ± 24.7
460.7 ± 300.3
45.1 ± 9.8

40.8 ± 3.3
157.7 ± 54.6
338.8 ± 60.0
29.7 ± 4.4
42.7 ± 8.3
180.3 ± 25.7
367.6 ± 229.5
41.2 ± 8.6

1.47
3.73
1.06
1.74
3.53
4.51
5.52
1.85

0.16
< 0.01*
0.40
0.09
< 0.01*
< 0.01*
< 0.01*
0.06

PE – physical education, * p < 0.05
Table 3. Differences between groups in the distribution of scores for postural evaluation
Score

Frequency (%)

2

Judo

PE only

p

Head position

0
1
2

70.7
24.1
5.2

58.9
36.7
4.4

2.56

0.28

Shoulder posture

0
1
2

62.1
36.2
1.7

35.6
60.0
4.4

10.11

0.01*

Chest development

0
1
2

96.6
1.7
1.7

81.1
18.9
0.0

11.06

< 0.01*

Scapular position

0
1
2

50.0
50.0
0.0

34.4
63.3
2.2

4.47

0.11

Spinal alignment

0
1
2

63.8
34.5
1.7

76.7
22.2
1.1

2.88

0.24

Abdominal wall

0
1
2

60.3
29.3
10.3

34.4
50.0
15.6

9.62

0.01*

Knee alignment

0
1
2

69.0
27.6
3.4

87.8
7.8
4.4

10.54

< 0.01*

Foot alignment

0
1
2

60.3
37.9
1.7

54.4
37.8
7.8

2.61

0.27

PE – physical education, * p < 0.05

Discussion
The results of this study demonstrate that participation in judo results in an increased motor performance and better posture among schoolchildren.
Previous research has demonstrated similar findings

for various individual and team sports; however, this
is one of the few studies assessing the effect of judo
training among schoolchildren as compared with
those participating in physical education classes only.
Firstly, judo competitors demonstrated better flexibility, lower leg power, and upper body strength relative
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to their peers participating only in physical education
classes. These results are in agreement with previous
findings, which however, compared children participating in judo with their non-active peers [6] and
with other sports athletes [22]. More importantly, the
development of these motor characteristics in children
practising judo has been linked to a steadier rate of
motor development than that observed in their healthy
non-judo peers [9, 23]. As both groups of children
were considered of healthy weight on the basis of their
BMI, these improvements in motor characteristics may
be attributed solely to the benefits of judo training.
Interestingly, as for functional coordination, judokas were significantly faster than the physical education group on the obstacle course, but in the slalom,
where they had to coordinate their movement and ball
control, the differences in times were not statistically
different. These results likely stem from the development of sport-specific skills in children who participate in one sport for a prolonged period of time. In this
study, judo participants had regularly practised this
discipline for at least 3 years, which could essentially
lead to the development of sport-specific characteristics in flexibility, strength, and power [9, 14, 22, 23],
whereas ball handling skills are not relevant to judokas’ activity.
The results of this study also show that young judo
athletes had better shoulder posture, chest development,
and alignment of the abdominal wall as compared with
their peers. Although there are limited studies that
evaluated comprehensive changes in posture relative
to participation in sport activities, judo in particular,
Coelho et al. [4] found that general physical activity
led to better shoulder posture and body alignment in
schoolchildren, while Grabara [11] observed that children practising soccer only had more symmetric pelvis with no other differences in posture as compared
with their untrained peers. Considering that the rate of
motor development in young judo athletes has shown
to be steadier than among healthy controls for this age
group [24], the development of the previously discussed
physical characteristics also contributes to the correct
formation of the morphological structure of the body and
is especially crucial for growth and development.
Hence, participation in judo, in addition to physical
education classes, may result in better posture and body
development.
Furthermore, the results also demonstrate that in
addition to sport-specific motor development, children
may also go through sport-specific postural adaptations.
For example, in this study, improvements in upper body
strength, abdominal strength, and endurance coincide
14

with better shoulder alignment and abdominal deviations. Similarly, Grabara [11] shows that children
participating in soccer displayed only better pelvic
symmetry, while there were no other differences in posture between them and their non-active peers. Therefore, although the development of sport-specific skills
would allow children to progress on the sport-specific
performance scale, it may lead to postural and movement adaptations potentially resulting in long-term
physical impairments [10, 12, 16].
To prevent premature development of sport-specific
postural and physical characteristics, children should
be encouraged to participate in a range of sporting
activities, which would allow for healthy postural and
motor control development, especially during early
childhood (i.e. before the age of 12) [2, 25]. In the case
of young judokas, the rate of motor development is
steadier than in healthy controls and may peak at the
age of 11–12 and 14–15 years [24]. Hence, although
judo participants have demonstrated better physical
performance and postural development in this study,
care should be taken to continue to diversify their sport
participation with judo and physical education classes,
as it seems to result in better overall development.
Conclusions
In conclusion, judo is a recommended activity for
children, especially during early childhood when they
are encouraged to try different activities. Subsequent
benefits to physical characteristics and motor abilities
may contribute to performance in various sport activities. As judo is a low cost and easily implemented
activity, it may have practical applications across different educational systems, especially in schools that
lack resources for sporting equipment.
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