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Abstract
Background & Study Aim:

The ability to maintain postural stability under the variable conditions of randori and during judo tournaments
is one of the most important determinants of a judoka´s performance. The aim of this study was to answer the
question whether under the maximal anaerobic performance followed there are changes of postural stability
(PS) among elite junior and senior male judo athletes. If so, whether the differences concern both visual control and then limb preference and the type of the test used.

Material & Methods:

Nineteen judo athletes (9 junior, 10 senior category) were tested. The multi-sensorial platform was used for
posturographic examination. Anaerobic variables were detected using the Wingate test with a Monark 824E
mechanical ergometer.

Results:

Senior judo athletes achieved significantly better values of PS in comparison to juniors (F(1,34) = 11.24,
p = 0.00, η2 = 0.25). In the one leg stance test, both groups produced significantly higher values than in the
bipedal test (F(1,72) = 159.81, p = 0.000, η2 = 0.69). In the monitored groups, we found a significant effect
of the physical load in the bipedal test (F(1,34) = 19.56, p = 0.00, η2 = 0.37), as well as in the one limb test
(F(1,34) = 49.03, p = 0.00, η2 = 0.59). Changes in PS after exercise are manifested more in the non-preferred
limb than in the preferred one.

Conclusions:

The effect of maximal anaerobic exercise applied in our study was reflected in both senior and junior participants. Adult athletes appeared to have significantly better postural stability in comparison to juniors.
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Body postural stability –
ability to maintain balance
and compensate for deviations
from external factors, which are
important in judo and randori.
Anaerobic variables – variables
determining a judo athlete’s
anaerobic capacity (peak power,
mean power, and fatigue index).
Ashi-waza – sub classification
(leg techniques) of throwing
techniques in judo.
Dan (dan’i) – a term used to
denote one’s technical level or
grade [38].
Randori – a match controlled by
judo rules.
Preferred leg – a preferred
standing leg during the ashi-waza
throwing techniques in judo.

Introduction

Judo is a dynamic and complex sport in which
many variables, such as technical as well as tactical,
physiological, and psychological factors, determine
the final result [1]. If we consider sport performance in judo to be a complex of separate operating components, athletes have to possess or develop
a variety of muscular qualities, such as endurance,
strength, stretch, flexibility and speed. These qualities are enhanced and/or acquired through intensive training. They also condition the athlete’s
motor skill level, which determines the aptitude
of the sportsman to reach his maximal physical
potential at the right time [2].
During judo randori, the ability to throw the
opponent onto tatami mats depends on the synchronisation of the muscular and nervous system
apparatuses. During randori, each judo athlete
learns to use unstable dynamic situations to turn
them to his advantage [3]. All muscular, articular and cutaneous mechanoreceptors are stimulated because of the constant modifications of
posture, support, ground and partner contact,
articular angles, joint positions, muscular tensile
strength and spindle activity. This rigorous posture control is crucial for the precision and efficiency of judo-specific techniques and therefore
depends heavily on proprioceptive afferent performance [2]. It is very important for a judo athlete
during the randori to regain disrupted stability
because the foundation for dynamic balance is an
excellent level of static balance. Standing posture
is a complex system that involves maintenance of
the relative positions of body segments. The use
of numerous muscles and the integration of different sensorial inputs (visual, vestibular, proprioceptive) is a part of the complexity of this system.
The importance of postural stability for judo
performance, i.e., for combat sports, has been
emphasized in a number of studies. Cesari and
Bertuco [4] examined the relationship between
postural stability and success in karate. They
reported that elite karate athletes are able to
apply efficient motor strategies in order to keep
their body stable while applying huge amount of
force. Perrot et al. [2] examined the influence of
trauma induced by judo practice on postural control. They concluded that previously injured judoist achieved the best performances in maintaining
proper balance. This performance shows that athletes after injured developed sensory and cognitive abilities with compensation of a new patterns
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for balance control. Mickheev et al. [5] investigated motor control and cerebral hemispheric
specialization in highly qualified judo wrestlers.
They reported that during long-term judo training, motor and postural skill acquisitions lateral
preferences are modified, probably clue to neuroplasticity. Barrault et al. [3], Mesure et al. [6]
and Perrin et al. [7] reported on the importance
of a judo athletes’ reaction to proprioceptive signals. The authors found that judo athletes have
better balance performance than dancers and suggested that this was the result of the high level
sensorimotor adaptation of the judo athletes. In
addition, a judo athletes nervous system acts effectively to maintain balance by organizing postural
patterns and strategies with the available proprioceptive information. Paillard et al. [8] examined
the relationship between the direction of fall and
certain indicators of the judokas’ postural activities (static and dynamic). Authors reported that
average posture of anteroposterior dynamic oscillations was inversely related to the judokas’ direction of fall.
In view of the necessity to maintain balance during randori and the consequences of sustaining
injuries or losing points from falls during competitions, it is important to examine the role that
sensory inputs play on balance performance in
people with judo training to guide the training
method to improve their postural balance and to
prevent injuries.
The aim of this study was to answer the question whether under the maximal anaerobic performance followed there are changes of postural
stability (PS) among elite junior and senior male
judo athletes. If so, whether the differences concern both visual control and then limb preference
and the type of the test used.

Material and methods

Subjects
We tested 10 elite senior male judokas and 9 elite
junior male judokas, all of whom are members of
the Czech national team. All participants practise
judo at an elite level, participate in international
A category tournaments and have even won medals.
The screened sample consisted of a junior world
champion, the winner of the Judo Grand Slam
Paris and the 2013 Kano Cup, the 2014 junior
world champion, the 2014 senior world champion, the 2013 and 2014 European champion and
www.archbudo.com
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other medallists who placed from 1st to 5th place in
European and world tournaments. All participants
had practised judo for at least 10 calendar years
and had attained a level of competency between
the 1st and 3rd dan. Concerning the sport training periodization, the research was carried out at
the beginning of the competition period. The volume of the load in the preparatory period in the
monitored groups is 720-1200 min in senior and
600 min in the junior category, i.e., 60 to 80 tournaments in senior and 40 to 50 tournaments in
the junior category during the competition period.
Basic anthropometric characteristics (average age,
average body weight, average body height, fat mass,
fat free mass) are listed in Table 1.
Procedures
Anthropometric assessment
Body height was measured using a digital stadiometer (SECA 242, Hamburg, Germany), and
body weight was assessed using a digital scale
(SECA 769, Hamburg, Germany). To determine
whole-body bioimpedance, we used a BIA 2000M
multi-frequency bioimpedance analyser (Data
Input GmbH, Germany). The standardized conditions of bioimpedance measurement were met
[9]. The blood lactate concentration was set electrochemically using a Biovendor Super GL device
before the physical load and in the fifth minute
of recovery.
Postural stability. The multi-sensoric FOOTSCAN
platform (RS scan; Belgium; 0,5 m x 0,4 m;
approximately 4100 sensors; sensitivity from 0.1
of N*cm−2; sampling frequency 500 Hz) was used
for the posturographic examination. Pressure on
individual sensors was measured, and the centre
of pressure (COP) was calculated on the contact
area. Resulting force reacting to the ground is calculated from pressure and contact area under both
feet by the equation (1):

F=p*S

(1)

where: F is reacting force [N], p is pressure [Pa],
S is area [m2]) and this force is called centre of
force (COF).
Testing of stability was composed of 3 partial tests
(wide stance with visual control lasting for 30 s and
flamingo stance on the preferred and non-preferred
leg for 60 s). The preferred leg was set as a standing leg during the ashi-waza throwing techniques
in judo. Stability was measured before and immediately after physical load in the above-mentioned
order of the tests. During the measurements, participants stood at a distance of 3 metres from a wall
on which a visual point (a black circle with a diameter of 3 cm) was located at the level of the participant’s eyes. The standard standing position (vertical
posture) with a wide base was measured according
to standard practice [10], and transparent sheeting
for the tracing foot position was used during the
examination. We measured (recorded, monitored)
the entire course of total travelled way (TTW) of
COP.
Anaerobic performance assessment
Load in the form of the anaerobic Wingate test was
performed on a Monark 824E modified mechanical
ergometer. A standardized warm-up [11] load, i.e.,
braking torque, of 6 W*kg−1 was applied (at frequency of 60 rpm), which in a Monark mechanical ergometer represents a load of 0.106 kg*kg−1 of
the participant’s body weight. This braking resistance corresponds to the requirements of optimizing conditions to achieve the highest possible
mechanical performance from the perspective of
speed and power according to the fitness level of
the examined population [12].
The research was approved by the Ethical
Committee of the Faculty of Physical Education

Table 1. Basic somatometric characteristics of the screened sample.

Variable

Senior (n = 10)

Junior (n = 9)

x

SD

x

SD

Age (years)

22.41

2.88

17.13

1.79

Body height (cm)

185.04

7.93

177.54

7.77

Body mass (kg)

85.67

11.01

72.25

13.91

FM (%)

13.75

28.79

14.08

29.91

FFM (kg)

73.89

7.84

62.08

9.75

FM fat mass, FFM absolute value of fat free mass, x arithmetic mean, SD standard deviation
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and Sports at Charles University in Prague.
Measurements were carried out in accordance
with the ethical standards of Declaration of
Helsinki and ethical standards in sport and exercise science research [13].

Statistical analyses were performed using IBM®
SPSS® v21 (Statistical Package for Social Science,
Inc., Chicago, IL, USA).

Statistical analysis
The normality of the distributions was assessed
using the Shapiro-Wilks test. Descriptive statistics were calculated for the junior and senior judo
athletes. Three-way mixed-design ANOVA with
two between subject effects (age, visual control
and laterality) and one within subject effect (physical load) was used for evaluating differences in
TTW between the factors.

Mixed design ANOVA showed a significant
effect of physical load on changes in TTW in the
selected tests of postural stability (F(1,72) = 62.31,
p = 0.00, η2 = 0.46). We found a significant
effect of the category (AGE) on the level of
postural stability, regardless of the type of test
performed (F(1,72) = 10.48, p = 0.002, η2 = 0.13)
(Figure 1A, B). In the one leg stance test, both
groups produced significantly higher values in
comparison to the bipedal stance (F(1,72) = 159.81,
p = 0.000, η2 = 0.69). The interaction effect
between the type of test and age category was
also significant (F(1,72) = 9.86, p = 0.000, η2 = 0.12).

Paired differences between the pre- and post-test
were evaluated using Student’s t-test for dependent variables. The probability of a type I error
(alpha) was set at 0.05 in all statistical analyses.
The probability of a type II error (beta) was controlled using post hoc (retrospective) analysis
and was set at 0.2 (conventional value). When
the criterion of sphericity, which was one of the
conditions of ANOVA, as assessed by Mauchly’s
test (χ2), was not met, the degrees of freedom
were adjusted by means of Greenhous-Geisser’s
(GG) sphericity correction, and then, the statistical significance was assessed according to particular degrees of freedom. The effect size was
evaluated using the “Eta square” coefficient (η2),
which explains the proportion of the variance of
the monitored factor.

Results

In the bipedal test, we discovered a significant effect of the physical load on the deterioration of postural stability in the monitored
groups (F(1,34) = 19.56, p = 0.00, η2 = 0.37). Tests
of between subjects’ effects revealed a nonsignificant effect on the AGE (F(1,34) = 0.29, p = 0.87,
η2 = 0.00) and VISUAL CONTROL (F(1,34) = 0.49,
p = 0.51, η2 = 0.01) (Figure 2A, B).
In the one leg stance (flamingo test), we found
a significant effect of the physical load on the
changes in postural stability in the examined
judokas (F(1,34) = 49.03, p = 0.00, η2 = 0.59)
(Figure 3A, B). Moreover, we found a significant

Figure 1. Changes in TTW in the bipedal test (A) and in the flamingo test (B).
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Figure 2. Changes in TTW in the bipedal test with visual control (A) and without visual control (B).

Figure 3. Changes in TTW in the flamingo test on the preferred leg (A) and non-preferred leg (B).

interaction effect of TIME*PREFERRED LEG
(F(1,34) = 4.60, p = 0.04, η2 = 0.12), which indicates
that changes in stability after exercise are better
reflected in the non-preferred leg in comparison
with the preferred leg. Junior athletes achieved
significantly worse values of postural stability
than the senior athletes (F(1,34) = 11.24, p = 0.00,
η2 = 0.25). The factor of laterality without the
effect of the physical load did not significantly
influence the level of judokas’ postural stability
(F(1,34) = 0.15, p = 0.70, η2 = 0.00).
© ARCHIVES OF BUDO | SCIENCE OF MARTIAL ARTS

Discussion

Sports or judo training have been reported to
improve one´s postural control ability. Belej et
al. [14] reported that Polish judokas’ ability to
maintain their balance on the right leg for a long
duration supports the stimulating influence of
judo training on these coordination abilities.
Postural stability in all of our examined participants was at the level of elite sports [7, 14-16].
Significant differences between junior and senior
athletes were reported by Suzanna and Pieter [17],
2016 | VOLUME 12 | 121
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who compared the balance performance between
adult and teenage combative athletes. The authors
found that the junior athletes could maintain
standing balance longer than their older counterparts. The COP was lower in our tested adult
athletes than in junior athletes, which means
that adults possess a greater sensitivity of sensory receptors or better integration of information
than juniors [18]. It appears that visual information is more important to the higher level judo
athletes. Perhaps the level of competition influences the sensory canals involved in balance [15].
There was a higher level of postural stability in
our tested senior athletes in all test situations.
However, the TTW values were only significant in the bipedal stance without visual control
after physical load and in the more difficult test
of stance on the non-preferred leg, both before
and after exercise. The effect of load was evident
in both groups. Nevertheless, the values achieved
by junior athletes were significantly higher only
in the test on the non-preferred leg. We believe
that this may be the result of the greater training of for the preferred leg in judokas presenting ashi-waza as their personal technique (80 %
of the tested judokas). Senior participants in the
test on the preferred leg after exercise achieved
lower TTW values (744.90 mm) in comparison to
the values recorded in junior athletes in the same
test before the physical load (919.44 mm). Of all
of the tests used, this test is the most similar to
ashi-waza techniques. Herein, a judoka standing
on the preferred leg has to turn the opponent and
transfer balance with the opponent on him up to
the completion of the throwing technique when
the opponent is falling down. The athlete must
exert active resistance while simultaneously maintaining his own balance.
Our recorded data revealed a significant effect of
load on changes in TTW in the selected stability tests. This result is in accordance with the
available literature regarding the effort of a physical load on postural stability when the authors
recorded a decreased level of postural stability
[19-22]. Melnikov et al. [19] significantly greater
sways of COP in the basic stance (p<0.01) and
in half squat (p<0.001) after physical load in
wrestlers (n = 31, PWC 170 test). The authors
recorded lower sways and faster recovery in wrestlers in comparison with the control group in half
squat.
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Wojciechowska-Maszkowska et al. [21] confirmed
in taekwondo fighters (n = 12) that an intensive
physical load (Wingate test) negatively affects
the dynamics of body control, which is more
emphasized in the sagittal plane. Moran-Navarro
et al. [22] reported a negative effect of physical
load (model of wrestling combat in the Olympic
Games, Wingate anaerobic test) on postural stability in elite and subelite wrestlers. Nikolaev et
al. [20] found that submaximal physical loading
of the upper and lower extremities has a negative influence on the level of postural stability. In
wrestlers, the decreased level of postural stability after exercising their upper extremities lasted
for 20 seconds (in non-athletes in the control
group it was 100 seconds), while after exercising
the lower extremities, the wrestlers recovered in
1 minute (non-athletes recovered in 3 minutes).
In our tested judo athletes, a nonsignificant difference between the values before and after exercise was only evident in adult participants in the
test with visual control. This may be due to the
low sensitivity of the selected test in a sporting
population with a higher level of postural stability because of sports training. The simplicity of the test and the effect of training are also
reflected in the nonsignificant difference between
the input TTW values in senior and junior athletes before physical load. Despite the statement
by Wojciechowska-Maszkowska et al. [21] that in
the presence of fatigue, eye contact is an important factor for stability control, removing visual
control did not cause any difference between
our tested groups. This result is consistent with
the available literature [23-25]. In these studies,
researchers did not simulate the dynamic nature
that judo athletes are exposed to during training.
Although maintaining a stable body posture is
a basic prerequisite to gaining an advantage over
a competitor with one’s defensive or offensive
actions [26], postural stability is not the only factor affecting judo performance. Achieving optimal
sport performance requires optimal harmonization of all engaged factors and fields. There is
limited data on the influence of balance training on the motor skills of elite athletes [27-29].
Balance is a complex task that requires intact
information be transmitted from the somatosensory, visual, and vestibular systems and depends
on an intact central nervous system to maintain
an upright stance [30]. In the presence of fatigue,
www.archbudo.com
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one of these sensory systems provides inaccurate
information, thus disturbing balance. Muscle
regeneration 3-5 minutes after load [31] is not
possible in judo because of multi-joint exercise.
Furthermore, a more extensive effect on maintaining balance is expected [32]. Due to repeated judo
randori within the system of sequential combats
with individual opponents, an important factor is
the time required to fully recover maximal muscle force, body strength, and muscular endurance,
which the authors report ranges from 15 – 20 min
[33]. Because maintaining a stable posture does
not require full muscular strength or endurance,
it seems reasonable that balance recovery should
occur within 20 minutes [32, 34]. The limited
available literature suggests that immediately after
exertion, balance is decreased [32], although there
are no apparent deficits as early as 20 minutes after
exertion [34, 35].
A limitation of our study is the small number of
participants. This is because the selection process
included only athletes competing at the national
level. In addition, we only recorded static balance,
which does not address the need to compensate
for deteriorated stability during randori. However,
all of the tested athletes were elite judokas. Our
findings have added to the results of other studies,

such as that of Drowatzky and Zuccato [36], who
correlated the results of the Marching Test and
Flamingo Test [26]. We have also supported the
statement by Kalina et al. [37] that a lack of correlation contradicts the hypothesis that one common mechanism is fundamental for maintaining
body balance in various circumstances of motor
activity (locomotor activities, postural activities,
manipulating activities combined either with
locomotor activities or postural activities).

Conclusions

The effect of maximal anaerobic exercise applied
in our study was reflected in both senior and
junior participants. Adult athletes appeared to
have significantly better postural stability in comparison to juniors. A limitation of the study is
the small number of participants and the selected
stability tests that are specific for throwing techniques and specific movements in randori. Further
research should focus on the relationship between
postural stability and performance level and injury
prevention management. It is hoped that the data
collected in our study and the changes recorded
during exercise will contribute to scientific knowledge and optimize judo performance in practice
and health promotion.
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