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Abstract
 Background & Study Aim:  There is only few reports which could give answers for combining both technical skills and strength ability with 

electrical control of muscle activity. The main objective of this study is knowledge about relations between bioelec-
tric muscle activity, registered during the muscle strength activity measurement at 17 to 19 years old judo athletes 
and the level of their technical skills (throws). Application purpose was to define the topography of electrical activ-
ity of chosen agonists and antagonists, registered during the measurements of muscle strength, depending on tech-
nical skills of 17 to19 years old judo athletes.

 Material & Methods:  Age of examined 30 judo athletes: average 17.83 ±0.64 years; body weight 69.66 ±12.33kg. During the research 
following methods of measurements was used: electrical muscle activity EMG, muscle strength in different condi-
tions of its realisation.

 Results:  Fifteen technical skills in judo (throws) have revealed their correlation with electric activity of agonist and antag-
onists in measuring muscle strength in three out of four strength manifestations: in isotonic strength, in power and 
jumping rate, and static strength. Among these: 5 belonged to leg throws;  4 to hip throws and  4 to “dedication 
throws” and 2 to the hand throws.

 Conclusions:  Value of muscle electric activity defined in the measurement of strength endurance stayed without any statistically 
significant correlations with technical skills. On the basis of the studies of muscle electric activity, registered dur-
ing the measurement of various muscle strength manifestation and based on the practical experience, the results of 
above researches can be used in the process of training of young judo athletes.
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introduction 
Efficiency of solving the motor exercise/task, as 
practical situation is dependent from physical work 
(muscular), meaning its biological and intellectual 
potential [1-3]. Judo is high-speed and strength sport 
with coordination compound structure. It requires 
from the athletes plastic motor habits, proper energy 
potential and high level of motor skills [4-8]. Physical 
fitness and its aspects in judo is often a subject of the 
research. Judoists’ appropriate strength preparation 
is one of the elements having influence on the tech-
nical training level, which gives possibility of high 
sport achievements [9, 10]. Significant importance 
of strength and various manifestations of achieving 
high results in most sport disciplines, confirm numer-
ous theoretical and practical [11-17].

Fight technique is defined for the purpose of theory and 
practice of combat sports as „used such sport technique, 
which facilitates achieving fight aims as to acquired 
motor habits or in other words use of such, even earlier 
not practiced motor solution, which fighting person con-
siders in particular moment as the best one” [1, p. 58].

In the literature we observe publications showing 
influence also of chosen elements of strength prep-
aration for technical skills level in judo [16-20]. 
However there are only few reports/news which 
would give answers regarding link between techni-
cal and strength skills and electric activity of judo-
ists’ muscles. The scientific exploration of complex 
links of realization measurements of various manifes-
tations of muscular strength judoists and their techni-
cal preparation is very important and necessary matter 
for empirical defining.

The main objective of this study is knowledge about 
relations between bioelectric muscle activity, regis-
tered during the muscle strength activity measure-
ment at 17 to 19 years old judo athletes and the level 
of their technical skills (throws).

The application aim was to develop the topography 
of electric al activity of selected agonists and antago-
nists, registered during the measurements of muscu-
lar strength depending on technical skills of 17 to19 
years old judo athletes.

material and methods
Participants 
In the studies took part 30 athletes training judo: age 
17 to 19 years old, average17.83 ±0.64;  body weight 

69.66 ±12.33kg. They were students from the classes 
with judo profile in Sports Group of Secondary School 
and athletes training in clubs in Pomerania voivod-
ship and Warmia and Mazury voivodship. Examined 
athletes have trained on average for 7.05 ±2,46 years, 
and have improved their sport skills during the train-
ing process. The first sport class had 4 athletes dur-
ing the research, second class 12 athletes and third 
14. Two from 30 examined judoists were  members 
of the Younger Junior National Team, 8 were in the 
Junior Voivodship Team.  

Bioethical Commission at Local Medical Chamber in 
Gdansk has accepted  information about the research 
and has not raised objections against research men-
tioned above. The research has no signs of medical 
experiment on human.

Protocol
To assess the level of electrical muscle activ-
ity in every manifestation of muscle strength (iso-
tonic strength, static strength, strength endurance, 
power and jumping rate) method of skin reading 
summary of electrical muscle bio-potential on the 
Electromyography AMT – 8 CDN Bortec Biomedical 
equipment using ACQ software and surface elec-
trodes (Sorimex EK – S50WPSG), was used. There 
were analyzed the activity of main muscle groups 
responsible respectively for flexion and extension in 
joints in upper and lower limbs.  

Regarding the upper limbs, EMG signal was col-
lected from following muscles: biceps brachii caput 
longum (right and left) and triceps brachii caput late-
ralis (right and left); as for lower limbs from: quadri-
ceps femoris caput longum (right and left) and biceps 
femoris caput longum (right and left). 

Electrodes were placed at the appropriate muscle after 
proper preparation of the skin  (ungreased skin and 
shaved, if necessary). Electrodes with diameter up 
to 1cm (active surface) were placed over the mus-
cle belly in the central position. Additionally, every 
examined was equipped with reference electrode, 
placed over electrically inactive areas such as joints, 
bones  being close to the examined area. 

The study of muscle electrical activity (mean ampli-
tude value) has allowed to define participation level 
of particular muscle during the exercise or work 
done by the muscle at the completion of the task or 
exercise. Muscle strength was defined in four of its 
manifestations.

Tokui-waza – “favourite” or ”best”  
technique. It’s the throw that fits 
naturally to athlete body type   

Throwing techniques: 

Hand techniques  
(sub classification: te waza): 

kibisu-gaeshi – single leg take 
down (one-hand reversal)

kuchiki-taoshi – dead-tree drop

morote-gari – two-arm clip

seoi-otoshi – kneeling shoulder 
drop

sukui-nage – double leg 
takedown (scoop throw)

tai-otoshi – body drop

uchi-mata-sukashi – inner thigh 
void throw

Hip techniques  
(sub classification: goshi waza): 

koshi-guruma – hip whirl

o-goshi – hip roll 

osoto-makikomi – big outer 
wraparound

sode-tsurikomi-goshi – hip 
throw with a rising sleeve pull

tsuri-goshi – lifting hip throw

uki-goshi – rising-hip throw

ushiro-goshi – back-lift throw

utsuri-goshi – hip shift

Leg techniques  
(sub classification: ashi waza): 

deashi-barai – forward outside 
clip

kouchi-gari – small inside clip

okuri-ashi-barai – assist foot 
sweep

osoto-gari – big outside clip

osoto-otoshi – big outer drop

sasae-tsurikomi-ashi – lifting-
pull throw with supporting foot

uchi-mata – thigh throw (inner-
thigh throw)
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Ergometric measurement equipment ,,Concept 
2 Dyno” was used to estimate the level of isotonic 
strength. This equipment measures the isotonic 
strength of upper and lower limbs. The ergometr’s 
main element is the flywheel with different load lev-
els. The judo athletes were subjected to strength 
examination of upper and lower limbs.

Ergometric measurement equipment ,,Concept 
2 Dyno” was used to estimate the level of strength 
endurance. This equipment measures strength endur-
ance of upper and lower limbs The ergometr’s main 
element is the flywheel with different load levels. The 
tested athletes had to make 10 repulses of the bar with 
upper limbs from the position with bent elbow joints 
to extension. In case of lower limbs tested athletes 
made repulses with foots from the position  of the 
lower limbs bent at the knees to extension.

The studies to assess the level of power and jumping 
rate were made on the Kistler tensometric platform 
(Quatro Jump Bosco Protocol).  In the measurement 
of lower limbs participants performed 10 to 12 con-
tinuous jumps with straight legs with upper limbs 
swing. During the measurement of upper limbs par-
ticipants performed 10 to 12 bounces in front support, 
where hands of tested judoist aimed in the centre of 
the platform (athlete has minimally weigh down in 
elbow joints). 

The electronic device dynamometer Ergo Meter was 
used to assess the level of static strength. The tested 
athlete had to do 6 test tasks. 3 tasks were for upper 
limbs and 3 tasks for lower limbs.

In the work the measurements results from years 
2006-2008 conducted in the Laboratory of Physical 
Effort in Gdansk Academy of Physical Education and 
Sport. 

For the purpose of defining basic technical skills 
(throws) for 17 to 19 years old judo athletes, source 
materials analysis (research reports and Olympic 
Games and protocols World Cup) and diagnostics sur-
vey using a questionnaire filled by 30 judo coaches 
with master class and first class were used.

To assess the level of technical skills expert evalu-
ation method (trainers assessment) was used. Every 
technique (throw), indicated by coaches in previously 
conducted diagnostic survey, was rated 1 to 10 (with 
point divided into tenths). Each error and discrep-
ancy from the model had adequate sanction in given 

points, given in especially prepared evaluation pro-
tocol. Three experts who made assessment of confor-
mity of demonstrated skills (throws from 4 groups) 
with the model one. Each tested athlete had to dem-
onstrate with partner (equal in terms of height and 
weight) all commanded throws from right-sided pose. 
Then evaluation of all experts were averaged.

Statistical analysis
Software package Statistica 8 was used. Statistical 
significance of above correlations was defined by 
using linear Pearson’s correlation (for variables which 
presented normal distribution) and Spearman corre-
lation (for variables which didn’t present normal dis-
tribution). Additionally percentage level of these 
correlations has been defined using multiple step-
wise regression that allowed to separate this correla-
tions which explained in the strongest way influence 
of the independent variables for dependent variables.

results 
Hand techniques (sub classification: te waza): kibisu-
gaeshi; kuchiki-taoshi; morote-gari;  seoi-otoshi; 
sukui-nage; tai-otoshi; uchi-mata-sukashi 

The performance level of kibisu-gaeshi throw is 
explained accordingly to multiple backward regres-
sion, in 36.9% by independent variable: electric 
activity of right thigh quadriceps muscle in measur-
ing the isotonic strength in the exercise involving 
upper and lower limbs together. The kuchiki-taoshi 
throw is explained accordingly to multiple regression, 
in 48.8% by independent variable: electric activity 
of right arm biceps muscle in measuring the iso-
tonic strength in the exercise involving upper limbs 
together in 31.8%. The second independent variable 
affecting the level of this throw performance is elec-
trical activity of left arm triceps muscle in measur-
ing static strength in the exercise involving left upper 
limb. The performance level of morote-gari throw 
is explained accordingly to multiple regression, in 
32.6% by independent variables: electric activity of 
right thigh quadriceps muscle in measuring strength 
rate and jumping rate in the exercise involving lower 
limbs together, electric activity of left thigh quad-
riceps muscle in measuring isotonic strength in 
exercise involving lower limbs together and elec-
tric activity of left thigh biceps muscle in measuring 
isotonic strength in exercise involving lower limbs 
together. The seoi-otoshi throw is explained accord-
ingly to multiple backward regression, in 61.94% by 
independent variable: electric activity of right thigh 

Rear-fall and side-fall judo 
throws, synonym: “dedication 
throws” (sub classification: 
sutemi-waza):

soto-makikomi – outside wrap-
around throw (outer wraparound)

tani-otoshi – valley drop

uchi-mata-makikomi – inner-
thigh wrap-around Inner thigh 
wraparound

yoko-otoshi – side drop
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quadriceps muscle in measuring the isotonic strength 
in the exercise involving upper and lower limbs 
together. The performance level of sukui-nage throw 
is explained accordingly to multiple backward regres-
sion, in 32.7% by independent variable: electric activ-
ity of right thigh quadriceps muscle in measuring the 
isotonic strength in the exercise involving upper and 
lower limbs together. The performance level of tai-
otoshi throw is explained, accordingly to multiple for-
ward regression, in 41.09% by independent variable: 
electric activity of right thigh quadriceps muscle in 
measuring the isotonic strength in the exercise involv-
ing upper and lower limbs together. The uchi-mata-
sukashi throw is explained accordingly to multiple 
backward regression, in 32.17% by independent vari-
able: electric activity of right thigh quadriceps muscle 
in measuring isotonic strength in the exercise involv-
ing upper and lower limbs together.

Hip techniques (sub classification: goshi waza): 
koshi-guruma; o-goshi; osoto-makikomi; sode-
tsurikomi-goshi; tsuri-goshi; uki-goshi; ushiro-goshi; 
utsuri-goshi 

The performance level of koshi-guruma throw is 
explained accordingly to multiple backward regres-
sion, in 37.4% by independent variable: electrical 
activity of right thigh quadriceps muscle in mea-
suring isotonic strength in exercise involving upper 
and lower limbs together. The sode-tsurikomi-goshi 
throw is explained accordingly to multiple back-
ward regression, in 33.2% by independent variable: 
electric activity of right arm biceps muscle in mea-
suring isotonic strength in exercise involving upper 
and lower limbs together. The performance level of 
o-goshi throw is explained accordingly to multiple 
regression, in 32.8% by independent variables: elec-
tric activity of right arm biceps muscle in measur-
ing isotonic strength in exercise involving upper and 
lower limbs together and electric activity of right 
thigh quadriceps muscle in exercise involving upper 
and lower limbs together. The osoto-makikomi throw 
is explained accordingly to multiple backward regres-
sion, in 40.07% by independent variable: electric 
activity of right thigh quadriceps muscle in exercise 
involving upper and lower limbs together in mea-
suring the isotonic strength. The uki-goshi throw is 
explained accordingly to multiple forward regression, 
in 46.9% by independent variables: electric activity 
of left thigh quadriceps muscle in measuring isotonic 
strength in exercise involving lower limbs together, 
electric activity of right thigh biceps muscle in mea-
suring isotonic strength in exercise involving lower 

limbs together. The independent variables are crucial 
in this group. The performance level of tsuri-goshi 
throw is explained accordingly to multiple forward 
regression, in 60.01% by independent variable: elec-
tric activity of right thigh quadriceps muscle in mea-
suring isotonic strength in exercise involving upper 
and lower limbs together. The utsuri-goshi throw 
is explained accordingly to multiple regression, in 
49.19% by independent variable: electric activity 
of right thigh quadriceps muscle in measuring iso-
tonic strength in exercise involving upper and lower 
limbs together. The performance level of ushiro-goshi 
throw is explained accordingly to multiple regression, 
in 47.85% by independent variables: electric activ-
ity of left arm biceps muscle in measuring the static 
strength in exercise involving upper limbs together 
and electric activity  of left arm triceps muscle in 
exercise involving left upper limb. Both independent 
variables are crucial in this couple/pair.

Leg techniques (sub classification: ashi waza): deashi-
barai; kouchi-gari; okuri-ashi-barai; osoto-gari; osoto-
otoshi;  sasae-tsurikomi-ashi; uchi-mata

The performance level of deashi-barai throw is 
explained accordingly to multiple forward regression 
in 32.3% by independent variable: electric activity of 
left arm triceps muscle in measuring isotonic strength 
in exercise involving left upper limb. The kouchi-gari 
throw is explained accordingly to multiple forward 
regression, in 30.7% by independent variables: elec-
tric activity of left thigh quadriceps muscle in exercise 
involving lower limbs together and electric activity of 
left thigh biceps muscle in exercise involving lower 
limbs together. Both independent variables are crucial 
(important). The okuri-ashi-barai throw is explained 
accordingly to multiple regression, in 51.25% by 
independent variables: electric activity of right thigh 
quadriceps muscle in measuring isotonic strength in 
exercise involving upper and lower limbs together and 
electric activity of right arm biceps muscle in measur-
ing the isotonic strength in exercise involving upper 
and lower limbs together. All independent variables 
are in this case of the same importance. The perfor-
mance level of osoto-gari throw is explained accord-
ingly to multiple regression, in 30.12% by independent 
variable: electric activity of left arm biceps muscle in 
measuring isotonic strength in exercise involving upper 
limbs together. The osoto-otoshi throw is explained 
accordingly to multiple regression, in 42.35% by inde-
pendent variables: electric activity of left thigh quadri-
ceps muscle in measuring isotonic strength in exercise 
involving lower limbs together and electric activity left 
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thigh biceps muscle in measuring isotonic strength in 
exercise involving lower limbs together. All indepen-
dent variables are in this case of the same importance. 
The performance level of sasae-tsurikomi-ashi throw 
is explained accordingly to multiple regression, in 
38.2% by independent variables: electric activity of 
right thigh quadriceps muscle in measuring isotonic 
strength in exercise involving upper and lower limbs 
together,  electric activity of left arm triceps muscle 
in measuring isotonic strength in exercise involv-
ing left upper limb and electric activity of left arm 
biceps muscle in measuring isotonic strength in exer-
cise involving upper limbs together. The last indepen-
dent variable in this group is the key variable (most 
important). Independent variables from measurement 
of strength and jumping rate were: electric activity 
of left thigh quadriceps muscle in exercise involv-
ing lower limbs together and electric activity of left 
thigh biceps muscle in exercise involving lower limbs 
together, which explains the level of dependent vari-
able in 44.83%. Both independent variables are cru-
cial (important). The performance level of uchi-mata 
throw is explained accordingly to multiple backward 
regression, in 37,41% by independent variable: elec-
tric activity of right thigh quadriceps muscle in mea-
suring isotonic strength in exercise involving upper and 
lower limbs together. 

Rear-fall and side-fall judo throws (sub classification: 
sutemi-waza): soto-makikomi; tani-otoshi; uchi-mata-
makikomi; yoko-otoshi

The performance level of soto-makikomi throw is 
explained accordingly to multiple regression, in 
44.07% by independent variables: electric activity 
of right arm biceps muscle in measuring isotonic 
strength in exercise involving upper limbs together, 
electric activity of right arm biceps muscle in mea-
suring isotonic strength in exercise involving upper 
and lower limbs together and electric activity of right 
thigh quadriceps in measuring isotonic strength in 
exercise involving upper and lower limbs together. 
The tani-otoshi throw is explained accordingly to 
multiple regression, in 44.5% by independent vari-
ables: electric activity of right thigh quadriceps 
muscle in measuring strength and jumping rate in 
exercise involving lower limbs together and elec-
tric activity of left thigh biceps muscle in measur-
ing strength and jumping rate in exercise involving 
lower limbs together. The independent variables are 
crucial in this group The uchi-mata-makikomi throw 
is explained accordingly to multiple forward regres-
sion, in 53.59% by independent variables: electric 
activity of right thigh quadriceps muscle in measur-
ing isotonic strength in exercise involving upper and 

Figure 1.   Topography of electrical muscle activity in the isokinetic  strength measurement in dependence of 17 to19 
years old judo athletes technical skills (throw sub classification: goshi waza, ashi waza, sutemi waza).
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lower limbs together and electric activity of right arm 
biceps muscle in measuring isotonic strength in exer-
cise involving upper and lower limbs together. The 
yoko-otoshi throw is explained accordingly to multi-
ple backward regression, in 38.08% by independent 
variables: electric activity of left thigh biceps in mea-
suring power and jumping rate in exercise involving 
lower limbs together. 

Using the information and data from correlation 
matrix of dependent and independent variables and 
based on multistep regression, which has revealed 
the most significant correlations between variables, 
shown as percentage, the topography of this correla-
tions was created – separately for electrical activity 
of selected agonists and antagonists in measuring par-
ticular manifestations of muscular strength of 17-19 
years old judo athletes. This information indicates 
elements of electric activity of muscle, which should 
be under particular attention during the training and 
interval measurements. 

The aggregate values of electrical activity of cho-
sen agonists and antagonists of measured manifesta-
tion of muscle strength and four groups of technical 
skills (17 to 19 years old judo athletes) with detailing 

these correlations which appeared among variables, 
were defined. Figures 1-3 show topography of cor-
relations of dependent variables (movement skills – 
throws) and independent variables (muscle strength 
indicators). 

discussion

The obtained results allowed to realise the main aim 
of the research, which define the correlation between 
electric activity of chosen agonists and antagonists, 
registered during measurements of various forms of 
muscular strength and technical skills of 17 to 19 
years old judoists and application aim – developing 
the topography of muscle activity depending on tech-
nical skills of 17 to19 years old judo athletes.

In the literature we can observe few reports, 
where authors undertook the subject of relation-
ship of electric muscle activity, registered during 
measurements of muscle strength and technical 
skills. Ahlstrom [21] in his studies provided com-
parison of the way how to do two different mod-
els of throw in judo in sport practice. In creating 
the standards of technical skills EMG signal anal-
ysis was used. Similar studies were provided by 

Figure 2.   Topography of electrical muscle activity in the static strength measurement in dependence of 17 to 19 
years old judo athletes technical skills (throw sub classification: te waza, goshi waza, ashi waza, sutemi waza).
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Houzan [22]. Number of throws were analyzed, 
where the aim was to determine the technical level 
and muscle activity during their implementation 
(EMG). The studies allowed to gain the model of 
electric activity of chosen muscle groups during 
the completing the motor exercise (motor ability 
– throw). Thierry and others [23] presented stud-
ies on the analysis of electrical activity of postural 
muscles (lower limbs) used in the favourite throw 
of examined judoists (tokui-waza). 23 judoists aged 
between 16 and 20 years with regional sport level 
were divided into two groups, which realised test 
task both in the position using one leg or two legs. 
The studies has shown that the manner of train-
ing the concrete throw (tokui-waza) has had major 
influence for the level of future performance. There 
was creating a specific scheme of postural mus-
cle tension in both starting positions. Ribeiro et 
al. [24] have provided similar research to one pre-
sented in this paper. They have analyzed electric 
activity of selected muscle groups during perfor-
mance of particular motor tasks. The authors have 
examined influence of specific character of phys-
ical activity in judo (sport fight 90s, 180s, 300s) 
on, inter alia, electric activity of muscles and on 
the level of disparity between activity before and 
after the exercise. Measurement of electric al activ-
ity was made during 5 dynamic contractions (90o) 
on the isokinetic dynamometer (Biodex System 3). 
Authors have concluded that stress 90s, 180s and 
300s fights, although it cannot change the torque, 
it is sufficient stimulus to cause enzymatic changes 
and electric muscle activity, what can have nega-
tive effect on sport result. 

Researches of 17 to 19 years old judo athletes have 
revealed statistically significant correlations between 
level of summary electric bio-potential of chosen ago-
nists and antagonists in measuring muscle strength 
and performance level of technical elements of 
judo (4 groups of throws). There were characterised 
accordingly to the influence of summary electric bio-
potential of chosen muscle groups, following techni-
cal judo skills (throws): kuchiki-taoshi, morote-gari, 
okuri-ashi-harai, osoto-otoshi, deashi-harai, sasae-
tsurikomi-ashi, kouchi-gari, uki-goshi, ushiro-goshi, 
sode-tsurikomi-goshi, o-goshi, tani-otoshi, uchi-
mata-makikomi, yoko-otoshi, soto-makikomi. The 
range of the correlations oscillated between 30.7% 
and 53.59%. 

Out of 40 analysed technical judo skills (throws) 
37.5% were characterised by electric activity of cho-
sen agonists and antagonists, described by measure-
ments methods used in this work. Technical skills 
(throws) 17 to 19 years old judo athletes describe 
specific model – scheme of muscle tensions determin-
ing the high correctness of their performance.

Fifteen technical skills in judo (throws) have revealed 
correlation with electric agonists and antagonists 
of 17 to 19 years old judoists in measuring muscle 
strength in 3 out of 4 measured strength manifesta-
tion: in isotonic strength, in power and jumping rate 
and static strength. These skills belong to the group of 
hand throws (te waza) 2, hip throws (goshi waza) 4, 
leg throws (ashi waza) 5, “dedication throws” (sutemi 
waza) 4. The values of defined muscle electric activity 
in measuring the strength endurance stayed without 

Figure 3.   Topography of electrical muscle activity in the power and  jumping rate measurement in dependence of 
17to19 years old judo athletes technical skills (throw sub classification: te waza, goshi waza, ashi waza).
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any statistical correlation. Probably this motor abil-
ity is not the priority in realization of technical skills 
(throws) of 17 to 19 years old judo athletes. It is there-
fore necessary to concentrate on the electric activity 
control during the development of isotonic strength, 
power and jumping rate and static strength.

Hand throws (te waza) are mainly characterised by 
electric muscle activity from measuring static strength 
and power and jumping rate. Hip throws (goshi waza) 
– electric muscle activity from measuring isotonic 
strength, measuring power and jumping rate and 
static strength. Leg throws (ashi waza) – electric mus-
cle activity from measuring isotonic strength, mea-
suring power and jumping rate and static strength. 
“Dedication throws” (sutemi waza) – electric muscle 
activity from measuring isotonic strength, measuring 
power and jumping rate.

The technical skills in judo (throws) described in 
the work, characterise in asymmetric biomechanical 
structure of motion and muscle activity. The nature 
of movement in concrete throw causes in the given 
moment, for particular motion in joints, contraction 
of agonists and antagonists (muscle co-contraction) or 
exclusion of one of the limbs agonist at the expense of 
the other limb. The specific picture of electric activ-
ity of agonists and antagonists for concrete throw at 
17 to 19 years old judo athletes is built. 

Visual analysis of the judo throws not always 
ensures  the certainty of activity of individual mus-
cles. However thorough observation of the throw per-
formance, would have allow to identify in more or 
less accurate way which muscles stop even if they 
should be active; which muscle could be active 
together although they are antagonistic to each other. 
The results of the studies allowed to distinguish the 

most important for the level of performance of the 
motor ability.

This type of image can allow for quick use of the 
electromyography method to determine adequate 
muscle tension with particular technical skill in judo 
(throws) in practice. 

conclusions

Fifteen technical skills in judo (throws) have revealed 
their correlation with electric activity of agonist and 
antagonists in measuring muscle strength in three out 
of four strength manifestations: in isotonic strength, 
in power and jumping rate, and static strength. 
Among these: 5 belonged to leg throws (ashi waza);  
4 belonged to hip throws (goshi waza) and  4 to “ded-
ication throws” (sutemi waza) and 2 belonged to the 
hand throws (te waza).

Value of muscle electric activity defined in the mea-
surement of strength endurance stayed without any 
statistically significant correlations with technical 
skills.

On the basis of the studies of muscle electric activity, 
registered during the measurement of various mus-
cle strength manifestation and based on the practical 
experience, the results of above researches can be 
used in the process of training of young judo athletes.

competing interests

Authors declare no conflicts of interest.

references
1. Kalina RM. Teoria sportów walki. COS. Warszawa; 

2000 [in Polish]

2. Kalina RM, Barczyński B. From “physical fitness” 
through “motor competence” to the “possibility of 
action”. Arch Budo 2008; 4: 106-109

3. Kalina R, Barczyński B, Klukowski K et al. The 
method to evaluate the susceptibility to injuries dur-
ing the fall – validation procedure of the specific 
motor test. Arch Budo 2011; 7(4): 203-216

4. Wołkow N, Szijan W. Anaerobnyje wozmożnosti 
dżjudiostów i ich swjaz s pokazatejami sorjewnow-
telnoj dejatjelnosti. Teoria i Praktyka Fizyczeskoj 
Kultury 1983; (3): 23–25 [in Russian]

5. Sikorski W. Aktualne problemy treningu i walki 
sportowej w judo. Prace i Materiały Instytut Sportu 
Warszawa; 1985 [in Polish]

6. Błach W. Judo – wybrane zagadnienia treningu i 
walki sportowej. Warszawa: COS; 2005 [in Polish]

7. Jagiełło W, Dornowski M. Martial arts in the opin-
ions of students at the Faculty of Physical Education. 
Arch Budo 2011; 7(2): 55-59

8. Sterkowicz S, Lech G, Chwała W et al. Muscle 
strength in young judo contestants vs. untrained sub-
jects. Arch Budo 2011; 7(3): 179-184

9. Chwała W, Ambroży T, Ambroży D. Poziom 
sprawności motorycznej warunkujący uzyskiwanie 

wysokich wyników w teście oceny podstawowej 
umiejętności samoobrony. [in:] Kalina RM, Jagiełło 
W, editors. Wychowawcze i utylitarne aspekty 
sportów walki. Warszawa: AWF; 2000: 53-57 [in 
Polish]

10. Jagiełło W. Teoretiko-metodicheskie osnovy sistemy 
mnogoletnej fizicheskoj podgotovki junych dzjudois-
tov. Warszawa – Kijów 2002 [in Russian]

11. Dąbrowska A, Wit A, Zieniawa R. Zmiany siły pod 
wpływem wysiłków fizycznych. Wybrane zagad-
nienia restytucji powysiłkowej w sporcie. Prace 
i Materiały, tom III. Warszawa: Instytut Sportu; 
1985 [in Polish]



Dornowski M et al. – Electric activity of selected agonists and antagonists...

© ARCHIVES OF BUDO SCIENCE OF MARTIAL ARTS AND EXTREME SPORTS 2015 | VOLUME 11 |  113

12. Pauletto B. Strength training for coaches. 
Champaign: Human Kinetics; 1991

13. Komi PV. Strength and Power in Sport. Oxford; 1992
14. Pauletto B. Strength training for basketball. 

Champaign: Human Kinetics; 1994
15. Fleck SJ, Kraemer WJ. Designing resistance train-

ing programs. Human Kinetics. Champaign; 1997
16. Trzaskoma Z, Trzaskoma Ł. Kompleksowe 

zwiększanie siły mięśniowej sportowców. COS. 
Warszawa; 2001 [in Polish]

17. Dornowski M, Jagiełło W,  Smaruj M. Muscle 
strength and technical skills in 17-19 year-old 

judoists. Balt J Health Phys Act 2011; 4(2): 262-268

18. Bober T, Siemieński A, Pietraszewski B et al. 
Identyfikacja elementów techniki sportowej 
wpływających na wykorzystanie energii sprężystej. 
Wrocław: Studia i Monografie AWF 1992; (29): 
95-127 [in Polish]

19. Dąbrowska A, Sikorski W, Wit A. Dyspozycje siłowe 
zawodników judo a skuteczność ich techniki. Sport 
Wyczynowy 1986; (3-4): 35-42 [in Polish]

20. Kuda V, Dolejs V. Specialni testy pro starsi zaky v 
judo. Trener 1989 [in Czech]

21. Ahlstrom R. EMG-Analysis JudospeciRkt: Jamforande 

Studie Mellan tva Olika Kasttraningssmodeller. 
Stockholm; 1985: 25

22. Houzan M. Coaching of Judo. Daishuukann sho-
ten; 1995

23. Thierry P, Montoya R, Dupui F. Postural adapta-
tions specific to preferred throwing techniques prac-
ticed by competition-level judoists.    J Electromyogr 
Kinesiol 2007; 17(2): 241–244

24. Ribeiro SR, Tierra-Criollo CJ, Martins RAB. Effects 
of different strengths in judo fights, muscular elec-
trical activity and biomechanical parameters in elite 
athletes. Rev Bras Med Esporte 2006: 12(1); 27–32

Cite this article as: Dornowski M, Jagiełło W, Wolska B. Electric activity of selected agonists and antagonists registered during the measurements of different kinds of 
muscle strength  and technical skills of 17 to 19 years old judo athletes. Arch Budo Sci Martial Art Extreme Sport 2015; 11: 105-113


