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Abstract
Background and Study Aim: Judo is a speed-strength discipline and requires a high level of motor preparation from competitors. Judo-

related effort is general and activates more than 30% of the athlete’s body mass, both in the upper and low-
er body, but the flexor muscles of the arm and elbow are the most involved. The aim of the study was knowl-
edge about the body composition of judo athletes and the level of tissue components. Taking into account the
previous research and the characteristics of the effort in judo, a research hypothesis was adopted: the body
composition of judo athletes has a significant impact on their motor potential.

Material and Methods: Fifty four judo athletes (training 6+ years) participated in the research. Body composition analysis was performed
using a Tanita BC-418MA analyzer. Motor potential was determined by the International Physical Fitness Test IPFT.

Results: The higher level of lean body mass of the examined players was accompanied by an increase in the level of
adipose tissue. Among the group of championship class udo athletes was the associated with clearly notice-
able significant differences in body composition compared to the other classes. The higher level of lean body
mass of the tested judokas was accompanied by an increase in the level of adipose tissue. The championship
class athletes were better prepared in terms of strength and speed abilities. Higher lean body mass generat-
ed higher levels of strength in athletes, but it was accompanied by a lower level of endurance.

Conclusions: The championship class judo athletes were better prepared in terms of strength and speed abilities. This may
indicate a precise match to a given weight category of these judokas. Higher lean body mass generated higher
levels of strength in judokas, but it was accompanied by a lower level of endurance. Therefore, in the training
of all tested levels, attention should be paid to the development of this motor ability. Muscular hypertrophy
and the related increase in body weight of the tested athletes with a decrease in the level of adipose tissue
were a desired factor influencing the increase in motor potential.
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Athlete - noun 1. someone
who has the abilities necessary
for participating in physical
exercise, especially in
competitive games and races
2. a competitor in track or field
events [86].

Player - noun someone taking
part in a sport or game [86].

Adipose tissue - noun tissue
in which the cells contain
fat [86].

Training load - “A simple
mathematical model of
training load can be defined
as the product of qualitative
and quantitative factor. This
reasoning may became unclear
whenever the quantitative
factor is called ‘workload
volume' or ‘training volume’
interchangeably with ‘volume
of physical activity’ Various
units have been adopted as
measures i.e. the number of
repetitions, kilometres, tons,
kilocalories, etc. as well as
various units of time (seconds,
minutes, hours) (...) As in the
real world nothing happens
beyond the time, the basic
procedure of improvement

of workload measurement
should logically start with
separation of the time factor
from the set of phenomena

so far classified together as
‘workload volume'. (...) Due to
the fact that the heart rate (HR)
is commonly accepted as the
universal measure of workload
intensity, the product of effort
duration and HR seems to be
the general indicator of training
load defined as the amount of
workload. It is useful in analyses
with a high level of generality.
(...) In current research and
training practice the product
of effort duration and HR was
referred to as conventional
units’ or further calculations
have been made to convert it
into points.” [87, p. 238].

Kurash (also kuresh, koresh,
kulesh, and similar variants)

- refers to a number of folk
wrestling styles practiced in
Central Asia. Kurash wrestlers
use towels to hold their
opponents, and their goal is to
throw their opponents off the
feet. The wrestling is the main
competition at the folk festival
Sabantuy [88].

INTRODUCTION

Judo is a speed-strength discipline and requires
a high level of motor preparation from compet-
itors [1, 2]. Judo-related effort is general and
activates more than 30% of the athlete’s body
mass, both in the upper and lower body, but
the flexor muscles of the arm and elbow are the
most involved.

Fighting is characterized by alternating periods
of high and low intensity exercise. Competitive
activities consist of three sequences: fight for
a grip, main fight (with an attack, defence, grab-
bing) and a break [3]. The average duration of
a single sequence in combat is from 7 s to 35 s.
In a stand-up, the duration of a single sequence is
18.9 s, and on the ground it is 15.79 s) [4]. During
one fight, the attack is usually carried out every
15-20 s. The frequency of attacks and a large
number of fights for the grip generate high inten-
sity of exercise and result in an increase in the
activation of key glycolytic enzymes, i.e. phos-
phoofructokinase, glyceraldehyde-3 dehydro-
genase [5]. The average value of the maximum
oxygen consumption is 55-60 ml/kg/min [6].
Aerobic capacity is very important in sport judo,
because during the tournament the competitor
takes up several fights.

The training process can be managed when infor-
mation on the factors having a key impact on the
sports performance is available [7]. In martial
arts, one of these factors is body weight, which
resulted in the creation of a body weight clas-
sification, the so-called weight categories. Both
women and men are divided into seven weight
categories, for men: up to 60 kg, up to 66 kg, up
to 73 kg, up to 81 kg, up to 90 kg, up to 100 kg
and over 100 kg, and in women: up to 48 kg, up
to 52 kg, up to 57 kg, up to 63 kg, up to 70 kg,
up to 78 kg and over 78 kg. Body weight is mea-
sured on the day before the competition, and on
the day of the start, the weight of the compet-
itor must not exceed the 5% weight limit. The
competition is taking place on one day, usually
in a knockout system with possible repechage.

The body weight of judo competitors is the sub-
ject of numerous discussions among training
staff [8]. However, there is still little research that
would convince both coaches and competitors to
pay more attention not only to body weight but
also to the composition of tissue components.
The body composition depends on genetic fac-
tors, age, sex, ethnic group, health condition and

energy balance, which is the result of diet and
physical activity. The average level of adipose tis-
sue in men is 10-20%, and in professional ath-
letes 6-13% [9]. In the literature, studies on the
somatotype of judo athletes dominate the num-
ber of studies related to the composition of body
weight. Research was conducted on the morpho-
logical characteristics of judo athletes, which is
a consequence of endogenous and exogenous
factors in the period of progressive develop-
ment. Judo athletes were considered to be quite
a diverse group with a tendency to an endomor-
phic mesomorph body type [10]. In some studies,
judo athletes physique was assessed only on the
basis of body weight and height using the body
mass index (BMI), which is not a good method
of assessing body weight, especially in athletes,
because it does not take into account the ratio
of body fat to lean body mass. In studies assess-
ing the thickness of the skin and fat folds, it was
found that representatives of high weight cate-
gories are characterized by an increased content
of adipose tissue [11, 12].

In studies on the relationship between the body
composition of judo athletes and the motor poten-
tial, it was proved that the VO2max decreased
with increasing body weight [13]. Other studies
confirmed that with increasing weight distribu-
tion, the relative oxygen uptake decreased and
the level of adipose tissue (%) increased [14]. It has
also been proven that the anaerobic power of judo
athletes is influenced by an increase in lean body
mass while maintaining the initial level of adipose
tissue [15, 16]. The highest VO2max and respira-
tory threshold were observed in athletes with the
lowest mass of adipose tissue [17]. It has been
suggested that the factors responsible for suc-
cess may be specific for each weight range [18].
Analyses of medallists’ fights during the Polish
championship prove that the greatest impact on
the winners’ victory was their activity during the
fight [19]. The specific training of judokas devel-
ops the anaerobic fitness of the body, while not sig-
nificantly affecting the level of aerobic fitness [20].
Another study noted that weight gain, regardless
of the component composition, may reduce aer-
obic capacity [21]. At the same time, the speed of
reaction is a factor that translates into the achieve-
ments during the competition [22]. Previous stud-
ies confirm that when assessing the body structure
of judo athletes, not only weight, but also its com-
ponents should be taken into account [23]. Taking
into account some limitations in the possibilities of
shaping motor skills, such as genetic control [24-27]
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and character [28-32] and taking into account the
periods of sensitive phases of the development of
motor skills, it should be stated that the research
relationship between body composition and motor
potential may be important for the development
of sport judo. Optimization of tissue components
can be an important element influencing sports per-
formance, especially when there are limitations in
increasing the time (also increasing the types and
repetitions of exercises etc.) or intensity of train-
ing loads. Currently, even athletes of higher sports
classes do not treat body composition recomposi-
tion as a tool to achieve the highest level of sports
preparation. Such practices often require exces-
sively abrupt weight-control techniques just prior
to a competition. Many studies confirm the neg-
ative impact of weight loss just before the official
weigh-in [33], emphasizing that it is the result of
water loss. Dehydration increases the risk of loss of
strength [34]. Moreover, excessive dietary restric-
tions forced by an excessive desire to reduce body
weight directly before the tournament have a nega-
tive effect on the motor skills and mental condition
of the athletes [35]. In studies on the differences
in fighting techniques between women and men,
the importance of factors such as levels of physi-
cal and mental preparation, athlete’s age, but also
body composition indicators was emphasized [36].
Research confirms that in order to improve effec-
tiveness during combat, a competitor should
increase muscle mass and use natural physical
predispositions [37]. Currently, it is common that
along with an increase in the weight category, the
strength of athletes increases, but it also causes an
increase in body fat [38]. Along with the increase
in the level of adipose tissue, some adipocyto-
kines may be secreted in too large amounts [39].
As a result of disturbances in systemic homeosta-
sis, inflammatory processes, disturbances in insu-
lin secretion and decreased sensitivity of tissues
to its effects may be intensified [40]. Some stud-
ies show that the increase in the level of adipose
tissue negatively affects the availability of amino
acids in the bloodstream for myocytes [41], which
in practice may hinder the development of the play-
er’s (athletes) muscle mass. Based on the data of
the Evidence Analysis Library (EAL), the Academy of
Nutrition and Dietetics (AND), Dietitians of Canada
(DC) and the American College of Sports Medicine
(ACSM), in 2016, issued a document related to the
subject of nutrition and exercise capacity of ath-
letes. It contains the information that the composi-
tion of the tissue components of body mass should
not be recommended to any groups of athletes or
apply to any sporting event [42]. This emphasizes
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that the composition of the body mass is a factor
that should be individualized, then it can be a tool
supporting the motor potential of the player (ath-
lete). As the information gathered so far does not
meet the needs of targeting the optimization of the
tissue components of judo athletes, it was decided
to undertake research in this field.

The aim of the study was knowledge about the
body composition of judo athletes and the level
of tissue component.

Taking into account the previous research and the
characteristics of the effort in judo, a research
hypothesis was adopted: the body composition
of judo athletes has a significant impact on their
motor potential.

MATERIAL AND METHODS

Researched persons

Fifty four judo athletes (judokas) participated in
the research, with a minimum training period of
6 years. The most numerous group (n = 28) was
represented by class | judokas (Table 1). Athletes
who were: in the period of intense weight loss
were excluded from the study; within 2 weeks
before the planned start in the competition;
declaring to start in the highest weight catego-
ries. The above factors have a direct impact on
the water content in the body, thus influencing
all the components of the analysis of the tissue
components of body mass.

Table 1. Characteristics of the examined judokas in terms
of their sports class.

Sport class Number of judokas
Champion class 10
Class | 28
(lass I 16

The competitors from the highest weight catego-
ries constituted a very small group (Table 2) and
taking them into account would lead to an unrea-
sonable increase in the average body weight and
tissue components of the studied group. The
number of examined judokas from each weight
category is proportional to the number of com-
petitors starting in 2018 at the Polish champi-
onship in each category, and at the same time
reflects the trend.
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Table 2. Characteristics of the examined judokas (n = 54) in terms of the weight category.

Number of judokas in the weight category:

Weight category according to the declaration by body weight on the day of the test
Total Champion Class| Class i Total Champion Class| Class|i

up t0 60 kg 8 0 4 4 2 0 1 1
066 kg 6 2 3 1 9 0 6 3

to73 kg 17 1 n 5 1 2 7 2
to81kg 16 4 7 5 15 2 7 6
t090kg 7 3 3 1 13 4 6 3
0100 kg 0 0 0 0 4 2 1 1

Total 54 10 28 16 54 10 28 16

Design and research methods

The research was conducted from October 2017
to March 2018 at the University School of Physical
Education in Wroctaw and the University School
of Physical Education in Warsaw. The project was
approved by the Senate Committee for Ethics of
Scientific Research at the University School of
Physical Education in Wroctaw (No. 25/2018).

Body composition analysis was performed using
a Tanita BC-418MA analyser. The analyser is certi-
fied and confirmed for clinical use. It is certified in
93/42 EEC, NAWI Certification, MDD Il and CE
Approval. Tanita is a beneficiary of quality man-
agement certificates, incl. ISO 9001, JIS (Japanese
Industrial Standards), CE (EU Declaration of
Conformity), NAWI, FDA and Good Housekeeping
Seal standards.

Total body weight, body fat mass, water mass,
and lean body mass were measured prior to the
performance of the International Physical Fitness
Test (IPFT). The subjects were wearing sports-
wear, they were at least 60 minutes after con-
suming food and liquids. The competitors did
not perform intense physical exercise 12 hours
before the test and showed no symptoms of
infectious diseases that could affect the content
of electrolytes and fluids. The body height mea-
surement was entered into the analyser with an
accuracy of 1 cm. Due to the fact that people
with a high level of physical activity have a dif-
ferent body type than people who do not engage
in physical activity, the analysis was performed in
the “athlete” mode. Body composition analysis in
a different mode in active people may result in
underestimation of the water content, and this
affects other elements of the analysis, including
overstating the mass of adipose tissue.

The motor potential was determined by the level
of individual motor skills of the examined judo
athletes on the basis of eight fitness tests of
the IPFT [43]. The test is standardized, it uses
the T scale, which covers 100 units, assuming
as one unit the tenth of the standard deviation.
In addition, it is outside the normal range of the
study population, ranging from -5 to +5 stan-
dard deviations, and scaling the raw scores of
individual tests normalizes their distribution to
a Gaussian curve. The T scale is wide enough,
with each normal distribution of scores falling
between 25 and 27 points, i.e. every 5 standard
deviations, and the arithmetic mean is 50. The
IPFT was chosen because it is used to assess
the motor potential of voivodeship team players
in various sports disciplines, it is recommended
by the Polish Judo Association. All competi-
tors were tested under the same conditions.
According to the guidelines of the IPFT, the
tests of each group of competitors were divided
into two days. On the first day, five fitness tests
were carried out: 1. standing long jump; 2. hand
strength measurement (using a Takei dynamom-
eter); 3. pull-ups on the bar; 4. sit-ups from lying
down within 30 s; 5. torso bend. On the second
day of the research, three fitness tests were per-
formed: 1. 50 m run; 2. run in alternate direc-
tions (4 x 10 m); 3. 1000 m run.

All tests were performed after warming up and in
accordance with the instructions.

Statistics

Statistical analyses were performed using IBM
SPSS Statistics version 25. The basic descriptive
statistics were analysed, such as: arithmetic mean
(M) and standard deviation (+ or SD), minimum
(Min) and maximum (Max), skewness (Skew) and
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kurtosis (Kurt) and the median (Me). The Shapiro-
Wilk test was used to check the normality of
distributions. A series of one-way analyses of
variance and a series of Pearson’s r correlation
analyses were performed. The test results at the
level of p<0.05 were considered significant. We
also monitor the correlation of p<0.10 as a trend
towards a statistically significant relationship.

In the analysers of the correlation between the
mass and the composition of tissue components,
the judokas were not divided into weight cate-
gories, because the category is only a reformat-
ted value of the body mass, without adding any
additional variables. Correlations between the
individual body mass components for all tested
athletes were made in order to test the strength
of the relationship between mass and individual
body composition components. Because with
some exceptions, percentages are not the best
predictors of fitness test scores, the correlations
were made in order to check whether there is
a basis for MANOVA for the percentages. It is
assumed that correlation between variables (the
indicators of variables) they should not be higher
than 0.80 to 0.85.

Witkowski K et al. - Body composition and motor...

RESULTS

From the output obtained we cannot assume
normality of distribution the following vari-
ables (for all judo athletes): pull-ups on the
bar; torso bend; 1000 m run; 50 m run; run in
alternate directions; sit-ups from lying down in
30 s. The p-value of the remaining variables is
smaller than 0.05 (Table 3). In the judo champi-
ons group we cannot assume normality of dis-
tribution of variables: torso bend; 1000 m run;
50 m run (Table 4). In the judo athletes class
| we cannot assume normality of distribution
of variables: pull-ups on the bar; 1000 m run;
50 m run; long jump from place; sit-ups from
lying down in 30 s (Table 5). In the judo athletes
group class Il the distribution of the given data
is not different from normal distribution signif-
icantly (Table 6).

There is a average positive correlation between
the mass of adipose tissue (kg) and the body mass
(kg) of the examined judo athletes, and a very
strong positive correlation (almost complete cor-
relation) between the body mass (kg) and lean
body mass (kg), and skeletal muscle mass (kg) and
the water content (kg) (Table 7).

Table 3. Basic descriptive statistics with the Shapiro-Wilk test for all judo competitors (n = 54).

Variables M Me SD Skew  Kurt Min Max S-W p

Body mass [kg] 7503 7515 9.42 —018 —046 5280 9290  0.98 0.475
Height [cm] 17856  180.00  6.27 —0.05 070 167.00 192.00 0.98 0.340
Fat tissue [%] 9.71 9.30 3.44 0.1 —0.99 410 16.10 096 0.101
Fat tissue [kg] 7.36 7.25 2.83 0.09 —0.86  2.60 1330 097 0.228
Lean tissue mass [kg] 67.56 6830 870 -0.28 077 4190 8600 098 0.468
Skeletal muscle mass [%] 5095 5115 216 —025 049 4560  55.00  0.98 0.534
Skeletal muscle mass [kg] 3839 3839 487 <001 -0.16 2780 4870  0.99 0.769
Water content [%] 6595  66.15 271 —034 —042 5860 7020  0.97 0.181
Water content [kg] 4974 5000  6.76 0.27 0.05 3590 6660  0.98 0.486
Hand strength [kg] 5294 5300 699 0.06 —032 4000  70.00  0.98 0.439
Pull-ups on the bar [n] 1483 1350  5.52 0.93 0.16 7.00 2900 091 0.001
Torso bend [cm] 39.96 4000 736 0.46 3.10 2200 6700 093 0.003
1000 m run [s] 21030 213.00 1681 047 —0.60  186.00 252.00 0.94 0.013
50mrun [s] 7.33 7.24 0.29 0.36 —0.04 658 8.02 0.94 0.013
Run in alternate directions [s] 1228 1221 046 1.05 148 1163 138 092 0.002
Long jump from place [cm] 24267 24250 1287  0.65 043 219.00  280.00 0.96 0.085

Sit-ups from lying down in 30's [n] 3272 3200  2.80

=053 327 2200 3900 092 0.001
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Table 4. Basic descriptive statistics with the Shapiro-Wilk test for the champion class of the examined judokas (n = 10).

Variable M Me SD Skew  Kurt Min Max S-W P

Body mass [kg] 8176  8.15 830 -034 101 688 92.9 0.95 0.682
Height [cm] 178.60  180.50  4.20 —044  —150 17200 184.00 0.89 0.178
Fat tissue [%] 1057 1000 252 0.37 —145 740 1460 091 0.304
Fat tissue [kg] 8.59 8.40 2.04 0.41 —0.67  5.90 1200 095 0.704
Lean tissue mass [kg] 7278 7230  7.96 0.14 —0.06 59.50  86.00 097 0.908
Skeletal muscle mass [%] 5065 5095 144 —034 156 4840 5240 091 0.271
Skeletal muscle mass [kg] 4144 4090  4.60 0.06 —042 3370 4870  0.98 0.906
Water content [%] 64.67 6495 280 -1.08  1.26 5860  67.80 091 0.275
Water content [kg] 5516 5330 7.0 0.07 -115 4360  66.60 095 0.717
Hand strength [kg] 6140  61.00 462 0.33 0.16 5400  70.00 099 0.993
Pull-ups on the bar [n] 1790  16.00 595 0.64 —049 1100  29.00 093 0.454
Torso bend [cm] 4140 3950 1077 126 4.13 2400  67.00 084 0.049
1000 m run [s] 19710 193 1526 1.9 3.62 186.00  234.00 0.71 0.001
50mrun [s] 7.08 7.13 0.20 -195 464 6.58 7.27 0.79 0.011
Run in alternate directions [s] 1259 1261 0.68 0.61 -017 M7 1383 093 0.468
Long jump from place [cm] 25290 25150 1129 083 —0.31 24000 273.00 0.90 0.206
Sit-ups from lyingdownin30s[n] 3260 3250  1.65 -013  —126 3000 3500 094 0.532

Table 5. Basic descriptive statistics with the Shapiro-Wilk test for the | sport class of the examined judokas (N = 28).

Variables M Me SD Skew  Kurt Min Max S-W P

Body mass [kq] 7360 7370 853 —0.08 —046 5560 9020 098 0.886
Height [cm] 17885 179.00 6.98 0.04 —0.72  167.00 192.00 0.96 0.436
Fat tissue [%] 9.79 9.90 3.95 0.07 =119 410 16,10 093 0.084
Fat tissue [kg] 7.30 7.20 3.27 0.15 -1.14 27 133 0.94 0.116
Lean tissue mass [kg] 66.23 65.70 7.53 0.09 0.81 4960 8350  0.96 0.357
Skeletal muscle mass [%] 5074  50.60  2.60 -011 083 4560  55.00  0.96 0.445
Skeletal muscle mass [kg] 37.53 3720 448 0.15 0.26 2810 4730 098 0.758
Water content [%] 66.04  66.00 289 =007 =117 6140 7020 093 0.077
Water content [kg] 48.17 47.70 5.68 0.19 0.45 36.30 61.10 0.97 0.618
Hand strength [kq] 52.52 53.00 531 -0.06  0.49 41.00 6400  0.96 0.405
Pull-ups on the bar [n] 15.70 15.00  5.64 0.84 -032  9.00 29.00  0.89 0.008
Torso bend [cm] 41.85 42.00 4.9 0.75 0.86 3300 5500 095 0.180
1000 m run [s] 207.63 21200 1331 0.39 —0.57  189.00  240.00 0.92 0.033
50 mrun [s] 7.39 7.25 0.25 0.58 -0.87  7.00 1.78 0.92 0.031
Run in alternate directions [s] 12.15 1204 033 0.42 —0.81  11.63 12.84 095 0.247
Long jump from place [cm] 23844 23400 13.00 1.52 2.75 22300 280.00 0.86 0.002
Sit-ups from lying down in 30 s [n] 33.15 3300  3.12 =133 5.62 2200 3900 083 0.001
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Table 6. Basic descriptive statistics with the Shapiro-Wilk test for the Il sport class of the examined judokas (n = 16).

Variable M Me SD Skew  Kurt Min Max S-W p

Body mass [kg] 7399 7520 1005  —044 0.3 5280 9230 0.9 0.568
Height [cm] 178.06  180.00  6.60 —024 —140 16700 187.00 0.92 0.174
Fat tissue [%] 9.39 8.65 2.86 0.41 —145 570 13.80  0.89 0.062
Fat tissue [kg] 6.98 6.70 2.16 0.16 -140 380 1020 0.93 0.212
Lean tissue mass [kg] 6698 6920 1028  —0.86 125 4190 8440 0.9 0.461
Skeletal muscle mass [%] 5128 5165  1.61 —038 —145 4880 5340 090 0.075
Skeletal muscle mass [kg] 3819 3920 524 —038 —0.04 2780 4780 097 0.819
Water content [%] 6634 6690  2.09 —040 142 6320 69.10  0.89 0.065
Water content [kg] 4936 5065  6.75 —038 —001 3590 6180 097 0.829
Hand strength [kq] 49.00 5000 631 0.04 -120 4000  59.00 094 0.292
Pull-ups on the bar [n] 1150 1100 345 0.74 —0.02  7.00 19.00 093 0.285
Torso bend [cm] 3563 37.00  7.09 —033  —095 2200 4500 094 0.371
1000 m run [s] 22288 22000 1594 0.8 -1.11 201.00 25200 0.94 0.930
50mrun [s] 7.50 7.53 0.30 0.21 -132 1 8.02 0.93 0.206
Run in alternate directions [s] 1230 1218 044 0.26 -125 1167 1299 093 0.249
Long jump from place [cm] 24419 24450  10.06  —0.83  1.07 219.00  257.00 0.9 0.1M

Sit-ups from lying downin30s[n] 3213 3200 292

0.91 0.32 2800 3800  0.90 0.095

There is a very strong positive correlation between
body mass and lean tissue mass (kg), and skeletal
muscle mass in all sports classes. In sports class
| and Il, there is a very strong positive correlation
between the body mass (kg) and the water con-
tent (kg) (Table 8).

There are no statistically significant correlations
between fat tissue (kg) and other individual com-
ponents of body mass, measured in kg. The oth-
ers are very strongly correlated (almost complete
correlation) with each other (Table 9). The cor-
relations between skeletal muscle mass (%) and
water content is too high - see explanation in
section of statistical analysis (Table 10).

Results of a one-way analysis of variance (for
differences between sports classes in their com-
position of body mass components) was statis-
tically significant F (2.51) = 3.46 (p = 0.039)
and the effect size was n2 = 0.12, which means
that about 12% of the variability in body weight
scores can be explained by the differences
between the tested sport classes. The results
of Tukey’s post-hoc tests showed significant
differences between the championship class
(M =81.76 +8.30) and class | (M = 73.21 £8.61)
and class Il (M = 73.99 +10.05) and no signif-
icant differences between class | and class |l
(Table 11).

Table 7. Analysis of Pearson’s r correlation between the body mass of the examined judokas (n = 54) and its individual

components.
Variable
Fat tissue T ) Skeletal muscle mass Water content
[%] [kg] masstkal o [kl [%] Ikg]
0.19 0.47%%* 0.95%** —-0.14 0.94%** —0.25A 0.93***

#%p<0,001; Ap<0.10
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Table 8. Analysis of the correlation between body mass and its individual components.

Body mass [kg]

Variable Champion dass Class | Class I

(n=10) (n=28) (n=16)
Fat tissue [%] —0.22 0.35A —-0.09
Fat tissue [kg] 0.18 0.56** 0.31
Lean tissue mass [kq] 0.96*** 0.92%** 0.96%**
Skeletal muscle mass [%] 0.20 —0.28 0.08
Skeletal muscle mass [kg] 0.97*** 0.90%** 0.96%**
Water content [%] -0.10 —0.36* 0.10
Water content [kg] 0.87** 0.93*** 0.96%**

*p<0.05; **p<0.1; **p<0,001; Ap<0.10

Table 9. Analysis of Pearson’s r correlation between the individual components of body mass of the examined judo
athletes (n = 54), measured in kg.

Variables 1 2 3

Fat tissue [kg]

Lean tissue mass [kq] 0.20

Skeletal muscle mass [kg] 0.17 0.98%**
Water content [kg] 0.25N 0.94%** 0.95%**

***p<0,001; Ap<0.10

Table 10. Analysis of Pearson’s r correlation between the individual components of the body weight of the examined
judo players measured in% (n = 54).

Variable 1 2

Fat tissue [%] —

Skeletal muscle mass [%] —0.89%**

Water content [%)] —0.92%** 0.82%**
#%1<0.001

Table 11. Analysis of differences between sports classes (ordinal variable from the most numerous group) in the composition
of body weight of the studied judo athletes. A series of one-way analyses of variance.

Variable ((rla:szls) (Cllla:s1ll6) G(Z:a=n}|(),|)on e Statistical indicator

M SD M SD M SD F P n?
Body mass [kg] 73.21 8.61 7399 1005 8176 830 3.46 0039 012
Fat tissue [%] 9.59 4.02 9.39 2.86 1057 252 0.39 0679  0.02
Skeletal muscle mass [%] ~ 50.87 2.64 51.28 1.61 50.65 1.44 0.30 0.745 0.01
Water content [%] 66.18 2.94 6634  2.09 64.67 2.80 141 0.255 0.05

168 | VOLUME 17 | 2021

www.archbudo.com



Witkowski K et al. - Body composition and motor...

Table 12. Analysis of the correlation between the body mass components and the results of fitness tests for all judo

competitors (n = 54).

Variable :Itar:: gth Pull-ups Bend ::: 2 50 m run ﬁ\llllr:‘ernate :‘:I:% Sit-ups
Fat tissue [%] 0.09 -0.16 0.13 =011 0.07 0.01 —0.01 0.18
Fat tissue [kg] 0.241 —0.21 0.12 0.02 —0.01 0.21 0.10 0.16
Lean tissue mass [kg] 0.53*** 0,08 —0.05 0.47***  —0.15 0.67***  0.27* —-0.10
Skeletal muscle mass [%] ~ —0.11 0.19 —0.09 0.14 —-0.13 —0.02 —0.03 0.08
Skeletal muscle mass [kg] ~ 0.52***  —0.11 —0.04 0.48***  —0.19 0.67***  0.30* —0.06
Water content [%] —-0.16 0.13 -0.11 0.16 <0.01 —0.06 —-0.13 —-0.17
Water content [kq] 0.54***  —0.08 -0.06 0.38** -0.20 0.66***  0.34* —0.08
Body mass [kq] 0.54***  —0.12 <0.01 0.43** -0.16 0.69***  0.30* —0.05

*p<0.05; **p< 0.01; ***p<0.001; Ap<0.10

There is a strong positive correlation: between
lean tissue mass (kg) and hand strength, and alter-
nate run; between skeletal muscle mass (kg) and
alternate run; between water content (kg) and
hand strength, and alternate run; between body
mass (kg) and hand strength, and alternate run.
Average correlation: between lean tissue mass
(kg) and 1000 m run; between skeletal muscle
mass (kg) and 1000 m run; between water con-
tent (kg) and long jump; between body mass (kg)
and 1000 m run. Weak correlation: between lean
tissue mass (kg) and long jump; between skeletal
muscle mass (kg) and long jump; between body
mass (kg) and long jump (Table 12).

In the Il sports class of the surveyed judo athletes
there is a very strong positive correlation: between
fat tissue (%) and 1000 m run; between skele-
tal muscle mass (kg) and 1000 m run, and alter-
nate run; between water content (kg) and 1000
m run, and alternate run; between water con-
tent (kg) and 1000 m run; between body mass (kg)
and 1000 m run, and alternate run. A strong cor-
relation: between fat tissue (%) and 50 m run,
and long jump; between fat tissue (kg) and
50 m run; between lean tissue mass (kg) and hand
strength, and alternate run; between skeletal
muscle mass (%) and 50 m run, and long jump;
between skeletal muscle mass (kg) and hand

Table 13. Analysis of the correlation between the body mass components and the results of fitness tests for the judo

competitors of the Il sport class (n = 16).

Variables :ltz:::gth Pull-ups  Bend ::: om f:nm ﬁ\:tnernate :‘::1% Sit-ups
Fat tissue [%] —-0.31 0.15 0.20 -0.12 0.58* -0.03 -0.59*  0.05

Fat tissue [kg] -0.12 0.07 0.03 0.21 0.58* 0.27 —0.42 -0.03
Lean tissue mass [kg] 0.51* —0.02 —0.41 0.74** —-0.07 0.66** 0.26 —-0.19
Skeletal muscle mass [%] 0.29 —0.14 —-0.20 0.1 —-0.57*  0.02 0.59* —0.05
Skeletal muscle mass [kg] 0.51* —0.06 —0.41 0.76** -0.12 0.71** 0.35 —-0.21
Water content [%] 0.31 -0.15 -0.19 0.14 -0.57*  0.03 0.59* —0.06
Water content [kg] 0.50* —0.06 —0.42 0.76** -0.11 0.70** 0.35 —0.21
Body mass [kq] 0.43A <0.01 —-0.35 0.79***  0.06 0.75%* 0.22 —0.24

*p<0.05; **p< 0.01; **p<0.001; Ap<0.10

© ARCHIVES OF BUDO | SCIENCE OF MARTIAL ARTS

2021 | VOLUME 17 | 169



Original Article

Table 14. Analysis of the correlation between the body mass components and the results of fitness tests of the surveyed

judo athletes with | sports class (n = 28).

Variable Is-ltar:: gth Pull-ups  Bend :3:0 m f: nm :\llltnernate :‘::1% Sit-ups
Fat tissue [%] 0.24 -0.23 0.11 0.02 —0.01 0.12 0.19 0.23
Fat tissue [kg] 0.347 —035~0 0.1 0.17 —0.01 0.26 0.20 0.24
Lean tissue mass [kg] 0.46* —0.44*  —0.07 0.65***  —0.01 0.55**  0.10 0.03
Skeletal muscle mass [%] —-0.28 0.29 0.01 0.05 —-0.14 —-0.18 -0.26 0.17
Skeletal muscle mass [kg] 0.43* —0.45*  —0.02 0.68***  —0.07 0.50%* 0.08 0.08
Water content [%] —0.25 0.24 —0.12 —0.03 —0.01 —-0.12 —0.19 —0.22
Water content [kg] 0.46* —0.44*  —0.03 0.63***  —0.05 0.57**  0.09 0.01
Body mass [kg] 0.50* -0.49*  —0.02 0.63***  —0.05 0.57**  0.16 0.10

*p<0.05; **p< 0.01; **p<0.001; Ap<0.10

strength; between water content (%) and 50 m
run, and long jump. Average correlation between
water content (kg) and hand strength (Table 13).

In the | sports class of the surveyed competitors
in a strong positive correlation: between lean tis-
sue mass (kg) and 1000 m run time, and alternate
run; between skeletal muscle mass (kg) and 1000
m run; between water content (kg) and 1000 m
run; and alternate run; between body mass (kg)
and 1000 m run time, and alternate run time.
Average correlation: between lean tissue mass
(kg) and hand strength, and pull-ups; between
skeletal muscle mass (%) and hand strength,
and pull-ups, and alternate run; between water

content (kg) and hand strength, and pull-ups;
between body mass (kg) and hand strength, and
pull-ups (Table 14).

The championship sports class of the surveyed
competitors there is a very strong positive corre-
lation: between lean tissue mass (kg) and 1000 m
running time, and alternate run; between skeletal
muscle mass (%) and alternate run; between skel-
etal muscle mass (%) and alternate run; between
body mass (kg) and alternate run. 1000 m running
time and skeletal muscle mass (kg) and body mass
(kg). A strong positive correlation: between skel-
etal muscle mass (%) and 1000 m running time;
between body mass (kg) and 1000 m run (Table 15).

Table 15. Analysis of the correlation between the body mass components and the results of fitness tests for the judo

competitors with a championship sports class (n = 10).

Variables I:tar:: gth Pull-ups Bend :3: i f:nm :\l:;ernate :‘:;g Sit-ups
Fat tissue [%] —0.48 —0.59A 0.09 —-0.32 -0.20 —-0.38 —-0.39 0.24
Fat tissue [kg] -0.29 —0.51 0.26 -0.10 —0.31 —-0.09 —0.25 0.19
Lean tissue mass [kg] 0.581 0.33 0.40 0.72*% —0.14 0.83** 0.28 —0.22
Skeletal muscle mass [%] 0.44 0.581 —0.09 0.31 0.22 0.38 0.37 —0.22
Skeletal muscle mass [kg] 0.57A 0.32 0.37 0.68* —-0.13 0.82%* 0.36 —-0.20
Water content [%] 0.21 0.45 0.04 0.28 0.20 0.20 —0.31 —0.24
Water content [kg] 0.42 0.21 0.21 0.51 —0.06 0.61/A 0.37 -0.03
Body mass [kq] 0.50 0.43 0.43 0.65* —-0.22 0.78** 0.29 —-0.15

*p<0.05; **p< 0.01; Ap<0.10
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The obtained results of the analyses showed sta-
tistically significant differences for F (2.51): pull-
ups on the bar 5.58 (p = 0.006); torso lean 4.49
(p = 0.016); 50 m run 8.09 (p = 0.001) and the
long jump 5.93 (p = 0.005). Effect sizes ranged
from 0.15 to 0.25 n2, which proves that the inter-
group differences accounted for 15% to 25% of
the explained variance. The analysis of post-hoc
pair comparisons using Tukey’s tests showed
a significantly higher number of pull-ups repeti-
tions in championship-class athletes (M = 17.90
+5.95) than in class Il (M = 11.50 +3.45) and an
average greater number of repetitions of class
| competitors (M = 15.64 +£5.55) than in class Il.
The difference between the | class and the cham-
pionship class was not significant. In the case of
torso bends, a significant difference was found
only between class | (M = 41.93 +4.88) and
class Il (M = 35.63 +7.09). In the 50 m run, the
championship class (M = 7.08 +0.20) and class Il
(M = 7.50 +£0.30) had a significantly shorter time
than class | (M = 7.33 +0.25). On the other hand,
in the long jump, athletes from the championship
class (M = 242.67 +12.87) jumped significantly
further from the class | competitors (M = 238.14
+12.85) (Table 16).

DISCUSSION

It is assumed that the correct body weight is
“the optimal value that favours the longest life
span, is the most acceptable for a given human
being and depends on gender, age, height and
body type” [44]. Based on this definition, it can
be assumed that in terms of sports, the opti-
mal body weight will be a value that favours the
achievement of the best result while maintaining

Witkowski K et al. - Body composition and motor...

the health of the athlete. The athlete’s body
weight does not provide sufficient data on the
body image, hence the interest of researchers in
methods allowing to assess the composition of
tissue components.

Attempts have been made to study the corre-
lation between body composition and motor
potential [45]. It was shown that the percentage
of adipose tissue was negatively correlated with
effectiveness in endurance exercise, while judo
players with greater aerobic power performed
better intense but interrupted exercise tests. In
the study of the impact of exercise on isomet-
ric strength and body balance, it was observed
that judo players had a higher level of lean body
mass (68.23 kg +16.40 kg) compared to untrained
people (60.57 kg +4.38 kg), however it is worth
noting that the percentage of adipose tissue was
also higher, as it amounted to 18.36% +4.24%,
and in the untrained people 17.87 kg +5.28 kg.
In the literature, technical and tactical analyses
of judo fights are often made [46, 47]. Attempts
are also made to evaluate the technical and tac-
tical profile of individual judo athletes [48]. It is
estimated that the versatility of a player is crucial
in achieving the best sports results.

Researchers are interested in the body composi-
tion of judo players in terms of exercise capacity,
as well as in the context of their return to sport
after an injury. In a study of elite athletes of this
discipline after reconstruction of the cruciate lig-
ament, no significant differences were found in
the circumference of the thigh or the muscle mass
of the lower limbs in athletes after an injury com-
pared to healthy athletes. On the other hand, the
isokinetic strength study showed a significantly

Table 16. Analysis of differences between sports classes (ordinal variable from the most numerous group) in selected

fitness tests. A series of one-way analyses of variance.

" ol el Championdass gyttt ndicator

M SD M SD M SD F P n?
Pull-ups 15.64 5.55 11.50 345 17.90° 5.95 5.58 0.006 0.18
Torso bend 41.93° 4.88 35.63° 7.09 41.40 10.77 4.49 0.016 0.15
50m run 733 0.25 7.50° 0.30 7.08° 0.20 8.09 0.001 0.25
Long jump 23814 1285 24419 10.06 2867 1287 5.93 0.005 0.18
Sit-ups 33.11 3.07 32.13 2.92 32.60 1.65 0.63 0.538 0.03

a, b - statistically significant differences in post-hoc tests
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greater laterality of the knee flexors and extensors
in previously injured athletes [49]. In a study [50]
of the correlation analysis between somatic indi-
ces and fitness tests, it was observed that lower
fat tissue values and higher lean body mass values
are correlated with lower HR values (measured
1 minute after the end of the test), which, accord-
ing to the authors, suggests faster restitution after
a specific load.

Assessment of body composition using bioelec-
tric impedance analysis in sports that classify
players by body weight is still relatively unex-
plored [51], although it is used more widely than
the DXA dual absorptiometry method, the lim-
itations of which are mainly due to low avail-
ability resulting from high purchase costs of the
highly specialized equipment. This is a limitation
not only for Polish researchers [52-54]. Another
limitation of BIA is the fact that each manufac-
turer uses different algorithms to calculate the
total water content, which then forms the basis
for calculating the other components of the
body mass composition [55]. It has also been
proven that some analysers, which use a smaller
number of electrodes than eight in the tetrap-
olar system, are not a good tool for monitor-
ing the components of the body composition of
judo athletes [51].

In addition, researchers often use the follow-
ing classification to assess the level of adipose
tissue: “below normal”, “normal”, “above nor-
mal” in an inconsistent manner. Some authors
take “below normal” as a determination of the
level of adipose tissue in men below 8%, and
“above normal” as a measurement of more than
25% of adipose tissue [56]. However, in earlier
studies, these values were considered “norms”
for the general population, and not for physi-
cally active people, and even more so for ath-
letes who are characterized by a lower level
of adipose tissue: low for adipose tissue less
than 5%, medium 10% , high over 15% [56].
Moreover, although the term “norm” is com-
mon in Polish literature, it is worth consider-
ing whether in the context of body composition
it is more appropriate to use the phrase “ref-
erence values”. This term provides a reference
point, and at the same time leaves a margin for
taking into account individual conditions, espe-
cially if the research work is to be the basis for
training staffs during individual work with the
player, and not only to constitute a statistical
database.

The works from 2009-2015 period [58] were
reviewed, in which 10 groups of judo athletes,
421 athletes in total, were compiled. Only in
two groups (59 athletes in total) body compo-
sition analyses were performed using the DXA
method [59-61], 138 athletes were tested by
means of electrical bioimpedance analysis on vari-
ous types of analysers [62, 63 ], the body composi-
tion of the remaining players was assessed on the
basis of skin and fat fold measurements [64-68].

These discrepancies in measurement methods and
interpretation of results cause a large contamina-
tion in this area of knowledge at the very stage of
body composition analysis. Adding a variable in
the form of physical fitness tests introduces addi-
tional distortions throughout the research pro-
cess. Difficult to locate and eliminate in the study
are psychological factors, such as the player’s per-
sonality and motivation to perform the designated
test [69]. The values of the results of physical fit-
ness tests depend on the motivational conditions
in which the tests are carried out, and this applies
mainly to the male sex [70]. The results of tests
and measurements are also influenced by external
conditions, such as ambient temperature or atmo-
spheric pressure, and these are not always moni-
tored by researchers [70, 71].

Score maximization is a multi-subject concept,
therefore it is worth considering the interdisci-
plinary cooperation of researchers when assess-
ing the motor potential of judo athletes.

The advantage of the IPFT is that the results are
standardized to points (according to the T scale).
Therefore, it is possible to compare the training
effects of different age groups and sports (from
7 to 19 years of age and older, assuming that
the norms for the population of 19 years old are
applied) [12, 25, 27, 50, 72-74] - it is not the
most important that the authors of some papers
provide raw results. Unfortunately, the IPFT does
not measure body balance. Meanwhile, this coor-
dination ability is very important in judo and in all
combat sports, where breaking off balance is the
only way to win (e.g. kurash, sumo) or with one of
the ways of gaining a point advantage (e.g. wres-
tling). That is why Andrzej Tomczak’s (also with
co-authors) many years of research on, inter alia,
sleep deprivation combined with other psycho-
physical burdens of various groups of students
and soldiers (pilots, commandos, military cadets,
etc.) attract attention [75-82]. He used a non-
apparatus version of the Rotational Test (without
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measuring the test execution time) which mea-
sures the body balance disturbation tolerance
skills (BBDTS) [83] both in the field and in the lab-
oratory. Moreover, it turned out to be the most
sensitive diagnostic tool among the coordination
tests used [84]. The Rotational Test belongs both
to the group of non-apparatus [85] and to quasi-
apparatus test, and in the non-apparatus version
it can be a complement to IPFT.

CONCLUSIONS

The higher level of lean body mass of the tested
was accompanied by an increase in the level
of adipose tissue. Promotion to the group of
championship class was associated with clearly

Witkowski K et al. - Body composition and motor...

noticeable significant differences in body com-
position compared to the other classes. This may
indicate a precise match to a given weight cat-
egory of these. The championship class were
better prepared in terms of strength and speed
abilities, which confirms the importance of these
two indicators in sports combat. Higher lean body
mass generated higher levels of strength in, but
it was accompanied by a lower level of endur-
ance. Therefore, in the training of of all tested
levels, attention should be paid to the develop-
ment of this motor ability in the training pro-
cess. Muscular hypertrophy and the related
increase in body weight of the tested athletes
with a decrease in the level of adipose tissue
were a desired factor influencing the increase in
motor potential.
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