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INTRODUCTION
Judo belongs to a group of polystructural acyclic 

sports, with a domination of acyclic movements in di-
rect contest with an opponent. In particular, there is a 
wide variety of technical elements, and the tactics of 
the movement of individual body parts and movement 
in general in different directions, with variable intensity 
and pace of execution. During the fighting there are nu-
merous and dynamic situation changes with different 
grips, clutches and positions of both fighters, which re-
quires good dynamic stereotypes of clutches and throws, 
and ability to constantly create new programs of offen-
sive, defensive and counteratack activities (Ćirković, 
1996.; Bratić, 2003.; Mučibabić, 2008.

As in all sports, morphological and motor status 
of the fighter is very important in judo, because of the 
significant impact on sport performance. Numerous 
studies were conducted and they indicated a relationship 
of morphological characteristics and motor abilities, 
with the success in judo sport.

Most researchers have found negative ef-
fects of subcutaneous adipose tissue on motor skills 
(Ebine, Yoneda,  & Hase (1991.). Nakajima, Moriwa-
ki, Takeuchi,Wakayama, Tanaka,  & Okuda (1999.); 
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Franchini, Takito, Cassio, & Bertuzzi, (2005.a). Јudoists 
with a lower proportion of adipose tissue and high an-
aerobic capacity have a higher rate of attempted use 
of various techniques in fight (Franchini, Takito, Dal 
Molin Kiss, & Sterkowicz, 2005.b). Studies based on 
structural and biomechanical judo analysis suggests that 
three motor-functional abilities, i.e. strength, coordina-
tion and aerobic-anaerobic endurance, may be crucial 
for the judo performance (Takeuchi et al., 1999; Mon-
teiro Peixoto, & Proenca 2001; Franchini et al., 2005 a; 
Franchini et al., 2005 b). It is important to develop co-
ordination, balance and speed of alternative movements, 
as well as strength and flexibility (Obadov, 2005). 
Dynamic-strength-endurance allows one to efficiently 
perform the specific dynamic judo patterns and tasks, 
while static strength endurance ensures the effective-
ness of the “gripping“ techniques (Krstulović, Sertić, & 
Sekulić, 2005 ).

This research was conducted with the aim to ana-
lyze the relationship of anthropometric characteristics 
and the motor abilities, with emphasis on the differ-
ences in male and female judoists. The research results 
may indicate some details on which the coaches could 
pay more attention during planning of the training pro-
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gramme. Also, they can provide more efficient solution 
for the individualization of work for the development of 
morphological characteristics and motor abilities of the 
judoists.
METHODS
Subjects

The subjects (N=166) were divided into two 
groups according to the gender. There were 110 male 
judoists (range of age 9.27-16.64, AS=12.89 decimal 
ages, SD=1.50 decimal ages), and 56 female (range of age 
9.86-16.29, AS=12.93 decimal ages, SD=1.36 decimal 
ages). They were the participants of the „Sirmium“ 
tournament in Sremska Mitrovica, and young judoists 
from Novi Sad, Beočin and Temerin.

Measurements and tests
The following anthropometric measurements 

were conducted in this research, according to the 
International Biological Programme (Lohman, Roche, & 
Martorell, 1988.): anthropometric measurements – body 
height, body weight, chest girth, midarm girth, forearm 
girth; abdominal, subscapular and triceps skinfolds. 
The sample of motor ability tests was consisted of the 
following tests – obstacle course backwards and slalom 
with 3 balls (functional coordination), plate tapping 
(speed of hand movement), sit-and-reach (flexibility), 
standing broad jump and 20-m dash (explosive strength), 

bent-arm hang (isometric muscular endurance) and sit-
ups with crossed arms (isotonic muscular endurance).

Every subject performed a trial test in order to get 
familiar with the protocol, after which the results were 
recorded.

The battery of those 8 motor tests assessed 
the following functional mechanisms: movement 
structuring, tonus and synergetic regulation, regulation 
of excitation intensity and regulation of excitation 
duration (Kurelić, Momirović, Stojanović, Šturm, 
Radojević, & Viskić-Štalec, 1975.). 

Data analysis
Differences in the entire system of anthropometric 

and motor variables (for both male and female) were 
calculated and tested by MANOVA, the level of p≤0.05 
being considered as significant. Relationship between 
the two groups of variables was determined by canonical 
corellation analysis, using „QCCR“ software (version 
2.1) for the simultaneous canonical correlation analysis 
and canonical analysis of covariance. Both statistical 
analyses were performed with the use of SPSS package, 
version 19.

RESULTS
Multivariate analysis of variance (MANOVA) 

showed significant differences between young male and 

Table 1. Results of multivariate analysis

Variables
Boys (n=110) Girls (n=56)

f p
AS SD AS SD

1. Body height (mm) 1582.87 127.84 1556.30 88.84 1.94 0.17

2. Body weight (0.1 kg) 516.88 163.79 494.11 120.14 0.85 0.36

3. Chest girth (mm) 788.04 98.38 774.11 75.42 0.86 0.35

4. Midarm girth (mm) 239.66 36.41 238.13 30.28 0.07 0.79

5. Forearm girth (mm) 222.60 28.88 214.23 19.62 3.80 0.05

6. Abdominal skinfold (0.1 mm) 130.45 90.72 143.93 69.57 0.95 0.33

7. Subscapular skinfold (0.1 mm) 86.04 52.03 93.00 41.74 0.75 0.39

8. Triceps skinfold (0.1 mm) 94.98 38.05 109.21 34.11 5.56 0.02

9. 20-m dash (0.1 s) 39.51 3.62 41.32 3.38 9.70 0.00

10. Obstacle course backwards (0.1 s) 121.91 35.48 126.89 23.84 0.90 0.34

11. Slalom with 3 balls (0.1 s) 360.03 83.43 364.38 55.45 0.12 0.73

12. Arm plate tapping (freq.) 29.07 4.89 31.23 4.00 8.14 0.00

13. Sit-and-reach (cm) 47.80 10.79 52.73 11.39 7.47 0.01

14. Standing broad jump (cm) 189.38 26.00 177.14 18.57 9.84 0.00

15. Bent-arm hang (0.1 s) 447.21 269.55 333.11 200.77 7.82 0.01

16. Crossed-arm sit-ups (freq.) 46.40 9.60 46.68 7.65 0.04 0.85

F= 5.25 P= 0.00
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The first canonical pair has the highest correlation 
(Rho = 0.85), and it contained the highest percentage 
of common variance of the first and second sets of 
variables. It explains 72% of the variance. Second 
statistically significant canonical pair has a correlation 
Rho=0.66 and 43% explained common variance.

Height (0.71) has the largest projections on the 
first canonical factor of anthropometric characteristics in 
male judoists (Table 4.), so this is the factor of skeleton 
longitudinality.

Table 4. Structure of canonical factors of the 
anthropometric status variables – male judoists

Variables
CAN

1 2

Body height 0.71 -0.32

Body weight 0.34 -0.63

Chest girth 0.46 -0.66

Midarm girth 0.29 -0.88

Forearm girth 0.46 -0.73

Abdominal skinfold -0.42 -0.63

Subscapular skinfold -0.39 -0.66

Triceps skinfold -0.62 -0.68

The second canonical factor of anthropometric 
characteristics is quite stable, because almost all 
variables (except the body height) have significant 
projections. The largests projections are observed from 
midarm (-0.88) and the forearm (-0.73) girths. This 
factor could be defined as the factor of the body weight 
and volume, i.e. the volume of soft tissue (muscles and 
subcutaneous adipose tissue).

The obtained results of motor variables indicates 
that the largest projections on the first (quite stable) 

female judoists (Table 1.). 
The means of basic anthropometric variables 

(height and weight) did not differ significantly, while 
the circular measures and skinfolds were significantly 
different, especially in the forearm girth in favor of boys, 
and triceps skinfold in favor of girls. These differences 
can be primarily explained by usual variations in the 
morphology of  boys and girls.

Significant differences can be observed in the 
area of motor variables. Male judoists were significantly 
better at 20–m dash, Standing broad jump and Bent-
arm hang, while female were much more successful 
in Arm plate tapping and Crossed-arm sit-ups. These 
differences, also, were “predictable“ because some 
earlier studies confirmed better manual coordination and 
flexibility of girls, and the dominance of boys in speed 
and strength tests.

From cross-corellational matrix for male 
judoists (Table 2.), we can see that there are significant 
correlation coefficients of some anthropometric and 
motor variables. The negative effect of adipose tissue 
on almost all variables of motor abilities (except for 
assessment the speed of hand movement frequency) was 
particularly emphasized.

The results of canonical correlation of 
morphological and motor factors in male judoists (Table 
3.) show that, in the relations between the predictor 
system, consisted of anthropometric variables, and 
criteria, consisted of variables for estimating motor 
abilities, there are two statistically significant canonical 
functions (two pairs of canonical factors).

Table 3. Statistical significance of obtained  canonical 
factors - male judoists

 Rho Rho² λ χ² df p

1 0.85 0.72 0.10 233.26 64 0.00
2 0.66 0.43 0.35 104.98 49 0.00

Table 2. Cross-corellational matrix of anthropometric and motor variables – male judoists

Variables
20-m 
dash

Obstacle 
course 

backwards

Slalom 
with 3 
balls

Arm 
plate 

tapping

Sit-
and-
reach

Standing 
broad 
jump

Bent-
arm 
hang

Crossed-
arm sit-

ups
Body height -0.46** -0.14 -0.28** 0.42** 0.43** 0.56** 0.15 0.21*

Body weight -0.15 0.08 -0.11 0.32** 0.29** 0.26** -0.19 -0.02

Chest girth -0.21* 0.04 -0.11 0.42** 0.38** 0.34** -0.14 0.06

Midarm girth -0.07 0.19 -0.05 0.35** 0.37** 0.19 -0.30** -0.06

Forearm girth -0.22* 0.05 -0.14 0.41** 0.42** 0.33** -0.19 0.08

Abdominal 
skinfold 0.40** 0.37** 0.26** -0.08 -0.13 -0.35** -0.53** -0.37**

Subscapular 
skinfold 0.39** 0.40** 0.19* -0.01 -0.14 -0.34** -0.49** -0.41**

Triceps skinfold 0.56** 0.54** 0.30** -0.16 -0.21* -0.56** -0.55** -0.47**
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canonical factor of motor abilities are from the standing 
broad jump (0.95) and 20-m dash (-0.83), but sit-and-
reach, arm plate tapping, crossed-arm sit-ups and slalom 
with three balls have greater projections on the first than 
on the second canonical factor. The second factor has 
significantly smaller projections than the first one. Bent-
arm hang (0.65), obstacle course backwards (-0.58) and 
sit-and-reach (0.40) have the largest projections on the 
second factor (Table 5.). 

Table 5. Structure of canonical factors  of  motor status 
variables  – male judoists

Variables
CAN

1 2

20-m dash -0.83 -0.26
Obstacle course 
backwards -0.49 -0.58

Slalom with 3 balls -0.45 -0.11

Arm plate tapping 0.61 -0.31

Sit-and-reach 0.69 -0.40

Standing broad jump 0.95 0.13

Bent-arm hang 0.51 0.65

Crossed-arm sit-ups 0.60 0.36

The first canonical pair is formed of the first 
factor from the set of anthropometric variables and 
the first factor from the set of motor variables. As 

noted, body height (positive correlation) and skinfolds 
to some extent (negative correlation), have the largest 
projections, as well as variables for the explosive 
strength of legs, the isotonic muscular endurance and 
the flexibility evaluation. As the sample of male judoists 
had greatest range of years, the assumption is that the 
higher judoists were older ones, which means that they 
were probably longer in judo training, more experienced 
and motorically skilled. Therefore, it can be concluded 
that better results in mentioned variables had older boys, 
with lower degree of subcutaneous adipose tissue.

The second canonical pair is formed of factor 
from the first set that is defined by the body weight, 
skinfolds and the girth, and of factor from the second 
set that is defined by bent-arm hang and obstacle course 
backwards. After observing the corellation coefficients 
and their presigns, we can conclude that the male 
judoists which are heavier and with greater amounts of 
subcutaneous adipose tissue, have lower scores in the 
variables for coordinate and isometric muscle endurance 
evaluation.

Cross-correlational matrix of anthropometric and 
motor variables for female judoists (Table 6.) shows that 
the negative correlation of adipose tissue, and positive 
of basic anthropometric variables and circular measures 
with motor variables, are much less expressed than for 
the male judoists.

The results of canonical correlational analysis for 
female judoists, showed that there is one statistically 
significant canonical pair obtained (Table 7.). The 
canonical correlation between two variables is Rho = 
0.87, common variance was 76% explained.

Table 6. Cross-corellational matrix of anthropometric and motor variables – female judoists

 Variables
20-m 
dash

Obstacle 
course 

backwards

Slalom 
with 3 
balls

Arm 
plate 

tapping

Sit-
and-
reach

Standing 
broad 
jump

Bent-
arm 
hang

Crossed-
arm sit-ups

Body height -0.18 -0.21 -0.26 0.50** 0.54** 0.41** -0.13 0.12

Body weight 0.00 -0.04 -0.03 0.33* 0.48** 0.26 -0.30* 0.07

Chest girth -0.06 -0.11 -0.05 0.38** 0.60** 0.31* -0.25 0.18

Midarm girth 0.02 -0.09 -0.02 0.33* 0.53** 0.30* -0.26* 0.28*

Forearm girth -0.01 -0.10 -0.02 0.37** 0.50** 0.31* -0.28* 0.24

Abdominal 
skinfold 0.25 0.22 0.19 -0.03 0.24 -0.10 -0.48** -0.11

Subscapular 
skinfold 0.32* 0.26 0.20 -0.06 0.18 -0.14 -0.50** -0.13

Triceps 
skinfold 0.27* 0.40** 0.32* -0.13 0.07 -0.26 -0.54** -0.16

(*- significant at 0.05 level; **-significant at 0.01 level)
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Table 7. Statistical significance of obtained 
canonical factor - female judoists

 Rho Rho² λ χ² df p
1 0.87 0.76 0.07 125.22 64 0.00

The highest projection on the canonical factor 
of anthropometric characteristics has the midarm girth 
(0.78), less chest girth (0.49) and subscapular skinfold 
(-0.44), while the other variables have a significantly 
lower projections (Table 8.).

Table 8. .Structure of canonical factor of the 
anthropometric status variables – female judoists

Variables CAN 1

Body height 0.19
Body weight 0.12
Chest girth 0.49
Midarm girth 0.78
Forearm girth -0.08
Abdominal skinfold -0.35
Subscapular skinfold -0.44
Triceps skinfold -0.30

Sit-and-reach (0.77), standing broad jump (0.76) 
and arm plate tapping (0.75) have the largest projections 
on the canonical factor of motor abilities (Table 9.). Less 
projections have obstacle course backwards (-0.55) and 
crossed-arm sit-ups (0.54).

Table 9. Structure of canonical factor of motor status 
variables – female judoists

Variables
CAN 1

20-m dash -0.41

Obstacle course backwards -0.55
Slalom with 3 balls -0.39
Arm plate tapping 0.75
Sit-and-reach 0.77
Standing broad jump 0.76
Bent-arm hang 0.19
Crossed-arm sit-ups 0.54

 The connection of this pair of canonical factors 
shows that female judoists with more muscle corpulence 
of chest, shoulder and the arm, and less amount of 
subcutaneous adipose tissue, had much better results 
in variables for evaluation of motor abilities especially 
explosive strength, flexibility, speed of hand movement 

frequency, coordination and isotonic muscle endurance. 

DISCUSSION
The morphological and motor status are important 

for success in judo (Franchini et al., 2005.a; Drid & Bala, 
2010.). For this reason it is important to opportunely 
analyze the relations and effects of some anthropometric 
characteristics of motor abilities, both positive or 
negative, so coaches could know what to expect from 
their athletes and what can be affected by the training.

The present results indicates that significant 
differences of anthropometric characteristics were 
observed only in forearm girth (in favor of males) and 
triceps skinfold (in favor of females). It is well known 
that women have a greater amount of adipose tissue and 
less muscles tissue, so these differences were somewise 
predictable.

The results of tests for motor abilities evaluation 
shows that male judoists has a significantly greater 
explosive and isometric strength of legs, and that female 
judoists had better flexibility and higher speed of hand 
movement frequency.

It is very interesting how some anthropometric 
variables correlates with the motor variables. Body 
height, body weight and girths of the male judoists has 
a positive correlation with almost all motor variables 
(highest with the explosive strength of legs, flexibility 
and speed of hand movement frequency). If these 
anthropometric variables are seen as an indicator of 
biological growth and development and bearing in mind 
that judo training leads to quantitive and qualitative 
changes in the morphological characteristics, it is clear 
why they are positively correlated with the results of the 
motor variables.

The midarm girth was the only one with the 
significant negative correlation with the variable – bent-
arm hang, which could perhaps be explained by the 
emphasized flexion of the elbow joint during the test 
performance. The „collision“ of midarm and forearm 
muscles and elbow joint angle have effect on the duration 
of hanging with bent arms.

Male judoists have particulary emphasized 
negative correlation of variables that estimates amount 
of subcutaneous adipose tissue with almost all motor 
variables (except arm plate tapping and sit-and-reach). 
As the coordination, explosive, isometric and isodynamic 
strength are important determinants of succes, it is clear 
that the orientation of judo training for boys need to be 
intended to the optimization of the amount of adipose 
tissue (Obadov, 2005.).

The correlation analysis of girls showed that the 
negative correlation, of variables that estimates body 
fat with motor variables, is considerably less expressed 
than in boys. Highly significant negative correlation was 
observed only in bent-arm hanging and coordination 
tests. Is it because women naturraly have higher amounts 
of fat, so they „know how to deal with it“, may be the 
subject of some future studies. Of course, the amount of 
fat should not be neglected in female judoists, but it ust 
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to be maintained by an optimal level by training.
The variables, which estimates girls skeleton lon-

gitudinal and transversal dimensions, were significantly 
positively correlated with the flexibility and speed of 
hand movement frequency (less expressed in stand-
ing broad jump), which again may be explained by the 
growth and development, as well as orientation of judo 
trainings. The variable bent-arm hang, negatively cor-
relate with body weight and midarm and forearm girths 
(weaker arms – less duration of hanging).

The canonical relation of anthropometric and mo-
tor factors of male judoists tells us that those which are 
higher and with optimal amount of subcutaneous adi-
pose tissue have better results in the variables that esti-
mates explosive leg strength, isotonic muscle endurance 
and flexibility. Also, those who have higher amount of 
fat have worse results in variables that estimates coordi-
nation and isometric muscle endurance. The height was 
probably connected with age, older were higher, which 
is also closely associated with longer judo training, larg-
er experience and better motor skills.

There are similar findings connected to female 
judoists. Those with less body fat and more muscle 
corpulence of chest, shoulder and arm, will have a much 
better results in tests for explosive leg strength, flexibility, 
speed of hand movement frequency, coordination and 
isotonic muscular endurance evaluation.

It is noticable that there were two canonical 
factors in boys and one in girls, obtained by canonical 
correlation analysis. The reason probably lies in the fact 
that the sample of boys was almost twice as much the 
sample of girls. Another explanation may be that the 
girls, aged 10 to 16, had more harmonic growth and 
development that the boys of same ages.

To sum up, we can formulate the following 
conclusions:

(1) The negative correlation of ammount of 
subcutaneous adipose tissue with the motor variables is 
significantly more expressed in boys than in girls.

(2) Variables that assess the skeleton longitudinal 
and transversal dimensions are positively correlated 
with motor variables.

(3) The focus of judo training should be on 
increasing the amount of muscle tissue, and decreasing 
the amount of subcutaneous adipose tissue.

The process of selection and training must 
be conducted by qualified professional coaches and 
experts. Preesented data could be useful in planning 
and directing judo training to less developed skills 
and technical and tactical knowledge. Development of 
anthropometric characteristics, that may be affected, 
certainly will increase the motor skills, and therefore 
success in judo (Drid & Bala, 2010.). It is especially 
important to determine the optimal level of individual 
skills of athletes, that are required for competitive 
success. These capabilities, if they are not at sufficiently 
high level, need to be developed (Weinberg & Gould, 
2003.). Future researches should be directed to the 
question in which period of training process we should 

develop, improve or correct certain motor skill and when 
to increase the amount of muscle tissue, or decrease the 
amount of subcutaneous adipose tissue.
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Апстракт 
Истражувањето е спроведено со цел да се утврдат релациите меѓу антропометриските 

карактеристики кај младите џудисти. Примерокот на испитаниците беше сочинет од 110 џудисти и 56 
џудистки, на возраст од 9 до 16 години. Применети се 8 антропометриски мерки и 8 моторни тестови. 
Со мултиваријантна анализа на варијансата утврдени се статистички значајни разлики меѓу џудистите 
и џудистките. Со примената на каноничката корелациона  анализа добиени се канонички фактори на 
антропометриските карактеристики и на моторните способности. По пресметката на соодветните крос-
корелации за двата пола на испитаниците, компарирани се добиените канонички фактори. Заклучено 
е дека џудистите имаат значително понагласена негативна корелација на варијаблите за проценка на 
количината на масното ткиво, со моторните варијабли. Варијаблите за проценка на лонгитудиналната 
и трансферзалната димензионалност на скелетот, се во позитивна корелација со моторните варијабли. 
Насоченоста на тренингот во џудото, покрај другото, треба да е кон смалување на количината на 
масното ткиво и зголемување на мускулното ткиво.

Клучни зборови: deca, devoj~iwa, antropometriski merki, motorni testovi, 
potko`no masno tkivo, trening vo xudoto, multivarijantna analiza na varijansata, 
kanoni~ka korelaciona analiza 

Correspondence:
Vuk Stevanović
University of Novi Sad
Faculty of Sport and Physical Education 
Lovćenska 16, 21000 Novi sad, Serbia
E-mail: vuk.stevanovic@imi.bg.ac.rs 

Stevanović




