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Accepted: 2 April 2024 Background: One of the reasons in judo fight is the accumulation of muscle

lactate; therefore, searching for suitable method to reduce recovery time during
competitions and comparing the recovery of male and female judo players is the
aim of this research.

Materials and Methods: 17 judokas including nine men (age: 19.94+1.68,
weight: 68.57+10.03 and height: 176.77+7.44) and eight women (age:
25.62+3.48, weight: 62.70£40.0 and height: 160.7£87.31), voluntarily
participated in semi-experimental study. Subjects performed Uchi-kumi training
until exhaustion in two separate sessions as two active and passive recoveries
with a time interval of 48 hours. Blood lactate was measured before, immediately,
5 and 10 minutes after exercise. In passive recovery, subjects sat on a chair, and
in active recovery, uchi-kumi training was performed without a training
opponent. Data were analyzed by analysis of variance with repeated Measures
and t-test.

Results: After 5 minutes, lactate reduction was significant only in active recovery
for men (P=0.001) and women (P=0.001); But in 10th minute of recovery, lactate
reduction in both active states for men (P=0.001) and women (P=0.048) and
Keywords: passive states for men (P=0.001) and women (P=0.001) It was significant. In
Recovery, Blood lactate, Uchi- addition, the changes between men and women were similar in both cases.

kumi, Judoka . . : . e
J Conclusion: An increase in blood lactate after uchi kumi training was expected;

however, passive recycling required at least 10 minutes. Therfore, 5 minutes of
Uchi Kumi training without a training opponent, regardless of the effect of gender,
accelerated the recovery and prepared the judokas to participate in the next
competition.

Journal of Sports Physiology and Athletic Conditioning

*Corresponding author: Mohammad Reza Fadaei Chafy
Address: Assistant Professor, Department of Physical Education and Sport Science, Faculty of Humanities, Rasht Branch,
Islamic Azad University, Rasht, Iran.
Email: mfadaei2000@yahoo.com Tell: +989112346956
ORCID ID: 0000-0003-0265-5329

10



Research article

Journal of Sports Physiology and Athletic Conditioning. 2024; 4 (11): 10-20

1. Introduction

Judo is an olympic sport; each match can last up
to 4 minutes. A judoka can win full Ipon points
in the first seconds of a fight by performing a
fast and perfect technique and finish the match.
However, reaching the peak of performance in
judo requires the development of physiological
capabilities that are the result of general and
specific exercises of this sport (1). Measuring
blood lactate is one of the predictive methods
for reaching peak endurance and sports
performance (2). In the research on elite
taekwondo athletes, Janoski et al. (2021) stated
that adaptation to high-intensity training
reduces lactate concentration and fatigue (3). In
a systematic study, Franchini et al. (2019)
reported that high-intensity interval training
(HIIT) leads to the improvement of the aerobic
and anaerobic systems of martial arts athletes,
including judokas, while maintaining their body
weight (4). He showed in another article in
2021 under the title basics and practical
recommendations of high-intensity interval
exercises in judo, that performing the uchi kumi
technique (turning and lifting the opponent
without throwing) and repeating it in judo
training sessions, which is one of the most used
exercises of judo players, can be considered as
HIIT training specifically for judo players (5).
Azevido et al. (2007) showed in their study that
the Ochi Kumi test can be used instead of the
running test to evaluate the endurance
performance of judokas using lactate threshold
and heart rate (6). The study of physiological
responses during fights of female judokas
showed that fight-based exercises might be
effective in preparing athletes to cope with the
physiological and technical demands of fighting
by improving the performance of energy
systems required in official competitions (1). A
judo fight consists of a series of quick attacks,

defenses, and counterattacks that the judo
player mainly uses the anaerobic glycolysis
system to provide enough energy during a
match (5). However, in case of win or lose, the
match must continue in the winners or losers
table. Therefore, in order to return to the
original state and renew the energy sources, it
should also develop aerobic metabolism (7).

One of the most important reasons for the loss
of performance due to fatigue is the increase in
the concentration of lactic acid in muscle cells,
which causes a decrease in blood pH and a
decrease in the speed of catabolic reactions, and
ultimately reduces the ability to produce ATP
(8). The methods of removing lactic acid in the
body are of interest to coaches and researchers,
considering the need of athletes to reach normal
conditions and prepare for the next competition,
especially in combat sports where the athlete
has to compete several times in one day. Lactic
acid is a product of anaerobic metabolism that
results from the incomplete breakdown of
glucose without the presence of oxygen and the
Krebs cycle and the electron transfer chain not
being effective (9). During exercise, many
stimulating messages are transmitted to the
corresponding nerve cells in the motor cortex of
the brain, and their stimulating impulses lead to
an increase in muscle contractions and an
increase in the need for energy and the
consumption of fuel resources. This process
continues until the inhibitory and energy-
conserving nerve cells are stimulated and the
movement stops. Due to high consumption of
energy and increasing lactic acid, glycogen
reduction, central fatigue and ultimately loss of
sports performance occur (10). Therefore, the
recovery period is very important. In 2012,
Laskoski et al investigated blood lactate
accumulation during one day of boys' judo
competition.
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The results showed that the peak of blood
lactate was obtained on the day of the
competition and after the fourth fight (25
mmol/l) out of five fights, which was higher
than the first fight (9.8 mmol/l) and even the
Wingate test (13.3 mmol/l) before the
competition (11). In Borger et al's study
(2015), it was found that with the increase of
lactate after the first, second and third fight in
simulated karate competitions, the speed of
lactate excretion increased, which indicated the
improvement of recycling ability (12). Koko et
al. (2018) showed in their study on 270 male
and female judo players with at least 5 years of
training experience, there was a significant
difference between blood lactate in three
conditions before the match, immediately after
the match and 10 minutes after the end of the
match. However, after 10 minutes of passive
recovery, lactate levels were close to pre-race
levels (13). The researchers found that the
frequent participation of combat sports
athletes in the competitions moderates the
physiological and hormonal responses to the
next rounds and improves the performance. In
fact, the metabolic changes related to the fight
program and the acceleration of recovery
between two fights can be effective in the
championship process (14).

Considering the importance of removing lactate
from the blood of combat sports athletes, after
an intense competition and preparing for the
next fight, it seems necessary to find a method
that can lead to its faster removal. In fact, it is
very important to pay attention to the recovery
phase in creating the physiological adaptations
of athletes and to find out how and when the
athlete can start the next activity after a high-
pressure activity (9). In this regard, the specific
time when the relative recovery of judokar can
be obtained has not been fully determined.

In addition, considering the physiological
differences in terms of gender, the comparison of
blood lactate excretion between male and female
judo players will also be interesting for trainers,
so the present research, in addition to comparing
passive and active recovery methods with uchi
kumi training, compares male and female
genders and possible differences in lactate
recovery.

2. Materials and Methods

Material and methods
Subjects

The statistical population of this study included
17 female and male judoka athletes who were
members of the judo team of Bandar Anzali city,
Gilan province, Iran. Among them were male and
female judokas who were in the age groups of 13
to 40 years and had between 1 and 3 years of
sports experience and were well familiar with
Uchi Kumi training. The subjects were chosen
voluntarily and were placed in two groups of
women (8 people) and men (9 people) in a non-
random way.

Test

After explaining the research objectives and
receiving written consent, the subjects were
asked not to do any physical activity two days
before the main exercise. It should be noted that
after the approval of the Research Council of the
[slamic Azad University, Rasht Branch and
according to the Declaration of Helsinki Research
Ethics, the subjects participated in the research
after completing the health questionnaire and
the researchers' confidence in the entry criteria.
To eliminate the influence of the time of day on
the physiological responses, all measurements
were made between 5 and 7 in the evening on
two separate days with an interval of 48 hours
(15).
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First, blood lactate was measured at rest and
before the start of training. Then, the subjects did
stretching and softening exercises for 5 minutes
before starting the uchi kumi exercise to warm
up. After that, the subjects performed Uchi Kumi
with an opponent of the same weight until
exhaustion. This exercise was done by beating
the song 30 times per minute while listening to
the sound of the metronome. The interruption of
the activity was done when two consecutive
errors were made by the subjects, which
indicated the subjects.
Immediately after exercise, blood lactate was
measured again and the subjects were asked to
sit on a chair and do no activity. Then, in 5 and 10
minutes, blood lactate was measured for passive
recovery (16). After 48 hours, the same
procedures were repeated again, with the
difference that the subjects were asked to do the
same Uchi Kumi exercise without the training
opponent (shadowing) in sync with the sound of
the metronome (30 times per minute) instead of
sitting on a chair, for active recovery. Also, the
intensity of activity in active recovery was in the
range of 60 to 70% of the maximum heart rate,
which was controlled using a polar heart rate
monitor (17).

laziness of the

Blood lactate measurement

The blood lactate measurement of the subjects
was done before the uchi kumi training,
immediately and 5 and 10 minutes after the

training on two separate days (with an interval
of 48 hours). To measure the amount of blood
lactate, an hp/cosmos lactometer made in
Germany was used. This hand-held device
shows the lactate concentration in millimoles
per liter through enzymatic spectrophotometry.
The way to use it was that first, a special kit was
placed in the hole of the device, then the place
where the blood was taken, i.e. the index finger
of the right hand, was disinfected with cotton
soaked in alcohol, and a drop of blood was
placed on the kit, after a few seconds, the device
displayed the blood lactate concentration in
millimoles per liter on the screen.

Statistical analysis

After data collection, descriptive statistics were
used to determine dispersion indices (mean
and standard deviation). The Shapiro-Wilk test
was used to determine the normality of data
distribution. Analysis of variance tests with
repeated design as well as dependent t and
independent t tests were used for inferential
data analysis. Statistical analysis was

3. Results

The subjects' characteristics including age,
height, body mass index weight, fat percentage,
and body fat mass are presented in Table 1.

Table 1. training protocol

Variable Man (n=9) Woman (n=8)
Age (year) 19.94 +1.86 25.62 £ 3.8
Height (cm) 176.7 +77.44 160.7 £ 87.31
Weight (Kg) 68.1 + 3.57 62.7 +16.40

BMI (kg/m2) 21.2 +3.887 24.4 +3.15
Fat (%) 10.8 £9.56 22.6 +19.67
Free fat mass (kg) 60.6 £ 19.53 48.3 + 23.66
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Based on the results of the Shapiro-Wilk test, the
distribution of data in all variables in both
control and experimental groups was normal
(P<0.05). In figure 1, the intra-group changes of
lactate in the active and inactive state of men
were shown using analysis of variance with
repeated design. Intragroup changes of lactate in
the active state of men showed that there is a
significant difference between the four stages
(pre-test, post-test, 5 minutes and 10 minutes
after recovery) (P=0.001).

Using Tukey's post hoc test, it was determined
that there were differences between pre-test-
post-test (P=0.001), pre-test-5 minutes’ recovery
(P=0.001), pre-test-10 minutes’
(P=0.001), post-test-5 minutes’ recovery
(P=0.001) and post-test-10 minutes’ recovery
(P=0.001).

recovery
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Figure 1. Comparison of within-group changes of recycling in two active and inactive states in men.

Also, the lactate changes within the group in the

inactive state of men showed that there is a
significant difference between the four stages
(pre-test, post-test, 5 minutes and 10 minutes
after recovery) (P=0.02). Using Tukey's post hoc
test, it was determined that the differences were
between pre-test-post-test (P=0.001), pre-test-5
minutes’ recovery (P=0.001), pre-test-10
recovery (P=0.82), post-test-10
minutes’ recovery (P=0.001) and 5 minutes’
recovery-10 minutes’ recovery (P=0.001).

minutes’

In figure 2, intra-group changes of lactate in
active and inactive state of women were shown
using analysis of variance with repeated design.
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Figure 2. Comparison of within-group changes of recycling in two active and inactive states in women.

Intragroup changes of lactate in the active state of
women showed that there is a significant
difference between the four stages (pre-test,
post-test, 5 minutes and 10 minutes after
recovery) (P=0.001). Using Tukey's post hoc test,
it was determined that there were differences
between pre-test-post-test (P=0.001), pre-test-5
recovery (P=0.001), pre-test-10
minutes’ recovery (P=0.001), post-test-5
minutes’ recovery (P=0.001) and post-test-10
minutes’ recovery (P=0.048).

minutes’

Also, lactate changes within the group in the
inactive state of women showed that there is a
significant difference between the four stages
(pre-test, post-test, 5 minutes and 10 minutes
after recovery) (P=0.004).

Using Tukey's post-hoc test, it was determined
that there were differences between pre-test-
post-test (P=0.001), pre-test-5 minutes’ recovery
(P=0.001), pre-test-10 minutes’ recovery
(P=0.65), post-test-10 recovery
(P=0.001) and 5 minutes’ recovery-10 minutes’
recovery (P=0.001). In figure 3. Percentage
changes of lactate recycling are shown in both
active and inactive states of men and women.

minutes’
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Figure 3. Comparison of active and passive lactate recycling percentage changes in men and women.

Comparison of lactate changes using
independent t-test between active and inactive
state in men showed that there was a significant
difference between the two types of recovery
after 5 minutes (P = 0.004); But after 10 minutes
(P=0.46) there was no significant difference. In
the case of women, there was a significant
difference between the lactate changes of the two
types of recovery after 5 minutes (P=0.03); But
after 10 minutes (P=0.45) there was no
significant difference. Comparison of lactate
changes using independent t-test in active state
between men and women showed that there is
no significant difference between the two sexes
(P=0.99). In addition, the comparison of changes
in lactate recycling in the inactive state between
men and women showed that there is no
significant difference between the two sexes
(P=0.44).

4. Discussion

When performing intense sports activities, one of
the factors that prevents the continuation of the

activity continuously is the fatigue caused by the
increase in muscle lactate concentration. Fatigue
has an adverse effect on the continuation of
sports activity and reduces the quality of sports
performance. Judo is no exception to this rule.
Faster elimination of fatigue caused by sports is
considered the secret of athletes' success for the
next competition. In this regard, the period of
returning to the initial state or recycling becomes
especially important (9). Considering the role of
recycling in physiological adaptations, it is
important to find out when judo players can
perform better and less tired for the next fight on
the same day of the competition and what is the
difference between blood lactate recycling in
men and women. Many studies have been
conducted to investigate the effect of different
training models on physiological adaptation,
which are directly related to success in judo
competitions (18, 19). Increasing muscle mass
and increasing lactate tolerance are among the
desirable adaptations in this sport.
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Many studies have been conducted to
investigate the effect of different training
models on physiological adaptation, which are
directly related to success in judo competitions
(18, 19). Increasing muscle mass and
increasing lactate tolerance are among the
desirable adaptations in this sport. In fact, a
higher peak lactate is a sign of a higher capacity
of the athlete to use the anaerobic glycolysis
system in energy production. In 2021,
Franchini et al. showed that the
implementation of the Uchi-Kumi technique in
the form of high-intensity interval training in
training sessions leads to an increase in
glycolytic capacity and an improvement in the
performance of judokas. Emphasis on the
implementation of this type of exercise, which
is somewhat similar to a real judo competition,
led to an increase in blood lactate levels (5).

The findings of the present research indicate
that Uchi-Kumi training to the point of
exhaustion with a training opponent of the same
weight caused a significant increase in the blood
lactate level of male and female judo fighters. In
previous studies (1, 3, 20) it was also shown that
blood lactate increases with increasing exercise
intensity (21). Accumulated lactate is the result
of an imbalance between its production and its
entry into the blood versus its excretion. In fact,
increasing the production of lactic acid and
decreasing its excretion are the two causes of
the increase in blood lactate concentration
during anaerobic training (22). During the
competition, despite the production of energy
through the aerobic system in conditions where
the intensity of activity is very high, the
anaerobic system prevails and ATP is produced
due to the breakdown of muscle glycogen in the
glycolysis pathway under conditions of lack of
oxygen. In fact, the release of hydrogen at the
end of the respiratory chain precedes its
oxidation and pyruvic acid turns into lactic acid,

causing the accumulation of hydrogen ions in
muscle cells and finally entering the blood (8). In
this condition, the acid-alkaline balance of the
muscle fibers is disrupted and causes acidosis,
the result of which is a disturbance in the process
of energy production and muscle contraction. In
fact, by inhibiting the enzyme activity in the
glycolysis pathway, ATP production is stopped
anaerobically, fatigue, stagnation, and finally, a
drop in sports performance occurs (23).

Another finding of the current research was the
comparison of blood lactate response of men and
women to Uchi-Kumi training with the opponent
training to the limit. As expected, the
implementation of this exercise increased blood
lactate in men (about 18 mmol/liter) compared
to women (about 14 mmol/liter). The higher
anaerobic capacity of men compared to women is
primarily dependent on a higher fat-free mass
(60.53 kg vs. 48.23 kg) and secondly on the
higher ability of the anaerobic glycolysis system
to produce ATP (24).

After completing the Uchi-Kumi training, the
phase of returning to the initial state or recycling
began. The reduction of blood lactate in men after
5 minutes was 51% in active recovery mode and
22% in passive recovery mode. This difference in
changes was significant. In women, such a
significant difference was seen in lactate
reduction after 5 minutes of active recovery
(45%) versus passive recovery (22%), which
was a sign of the effect of performing high-
intensity training with an equal-weight training
opponent for faster lactate recovery. However,
after 10 minutes, active vs. inactive recovery was
similar for men (58% vs. 50%) and for women
(56% vs. 52%). That is, after 10 minutes, there
was not much difference between the two types
of recycling. In most of the past studies, it has
been mentioned that blood lactate decreases
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faster in active versus passive recovery (25-27).
During active recovery, the metabolism of
physical activity is maintained with more blood
flow and higher muscle tissue temperature (28).
This condition is facilitated in the cycle of
energy production through the aerobic system
by the recirculation of lactate in different tissues
of the body (29).

In the Cori cycle, the liver tissue helps return
glucose to the active muscle tissue by harvesting
lactate and converting it to glucose through the
process of gluconeogenesis. In addition, the
kidneys and brain take the produced lactate as a
source of energy. The heart muscle is also one of
the target tissues for the consumption of blood
lactate in active recycling because in this state
the heart rate and stroke volume are still higher
than in the inactive state (30). In active recovery
with Uchi-Kumi training without a training
opponent, the maximum call of muscle fibers is
not necessary to produce force, so the slow
twitch fibers are involved in the activity and
probably the motor units containing the fast
twitch fibers that participated in the maximal
activity are resting (23).

Therefore, despite the higher energy
consumption during active recovery, which is
lower than the anaerobic threshold, its positive
effects were realized for faster relief of fatigue
and higher readiness to start the next match in
a short period of time for male and female judo
players. Considering the increase in blood
lactate levels after Uchi-Kumi training with an
equal weight-training opponent, it is suggested
to use this training to strengthen the anaerobic
system in judo training. In addition, as blood
lactate decreases more quickly after 5 minutes
of active recovery, the unopposed Uchi-Kumi
exercise, which requires little space to perform,
can be used by judokas between matches for
faster recovery.

Conclusion

As expected, blood lactate increased
significantly after Uchi-Kumi training with a
training opponent; but recycling it passively
required at least 10 minutes to return to the
base state. Considering that faster recovery is of
great importance to prepare judokas to
participate in the next competition, performing
5 minutes of Uchi-Kumi training without a
training opponent led to an acceleration of
recovery time. The interesting thing is that the
decrease in blood lactate after Uchi-Kumi
training was independent of gender; This means
that women judo players, like men, can use the
technique of Uchi-Kumi in the shadowing
method (without a training opponent) - which
can be done in a small space in the competition
hall - to relieve fatigue caused by lactate faster.
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