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Abstract

Introduction. The confrontation in sports ju-jitsu, in the fighting mode, is characterized by variable exertion, acyclic work, and frequent
changes in combat conditions, which have a comprehensive impact on the athlete’s body, triggering a cascade of physiological processes.
The aim of the study was to assess the level and identify the nature of the relationships between selected physiological variables and
technical-tactical performance during a high-level championship tournament among members of the Polish national ju-jitsu team.
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Materials and Methods. The study involved 10 ju-jitsu athletes, members of the national team (age: 27.7 + 4.1 years; height: 181.2 +
7.8 cm; body weight: 82.8 + 8.6 kg; 18.8 + 4.5 years of training). During the 2016 World Ju-Jitsu Senior Championships, measure-
ments of lactic acid concentration and heart rate were taken before and after the sports combat. Tournament fights were recorded
with specialized cameras, and then, based on retrospective analysis, technical-tactical indices (for three parts of the fight) were
calculated and assessed for relationships with the recorded physiological variables.

Results. In the course of the analyses, significant differences (p < 0.001) were demonstrated before and after the fight in lactic acid con-
centration levels (2.8940.31 vs. 17.5£2.9 mmol-L™') and heart rate variables (98.8+2.78 vs. 170.4+8.83 bpm). Additionally, significant
negative and strong correlations were found between technical-tactical performance and lactic acid concentration for the variable of
attack efficiency in Part I of the fight (Ae Part I: r = -0.64; p < 0.05) and the average efficiency from the three stages of the bout (Aver-
age Ae:r =-0.71; p < 0.05). A similar set of relationships was shown for the comparison of heart rate variables with technical-tactical
performance, where significant, strong, and negative correlations were noted for attack effectiveness in Part IT of the bout/fight (Ea
Part IL: r = -0.88; p < 0.001) and the average attack effectiveness from Parts I, II, and III of the bout t (Average Ea: r = -0.82; p < 0.001).
Conclusions. The fight induced significant activity in the physiological variables examined (heart rate and lactate levels). The
decrease in attack effectiveness was accompanied by increasing lactate levels, while the decrease in effectiveness in Part I and the
average across all three parts of the fight was associated with an increase in heart rate. Due to the tournament nature of the sport,
it is reccommended to intensify training programs that include heart rate control after a fight to improve post-exercise recovery
and optimize efficiency in the later stages of the tournament. Additionally, it is advised to implement measures aimed at increas-

ing tolerance to functioning under conditions of elevated lactate levels and increased heart rate.

Introduction
A bout in sport fighting ju-jitsu in the fighting variant is
characterized by acyclic work and frequent changes in
the conditions of the fight, which holistically affects the
practitioners and engages the entire body comprehen-
sively, activating all muscle groups [Ambrozy et al. 2014;
Ambrozy et al. 2017]. The dynamically changing fight situ-
ation requires the athlete to quickly and swiftly respond to
the opponent’s counteractions, involving variable intensity
effort and a wide variety of movements. In the fighting
variant of ju-jitsu, success in combat is determined by the
effectiveness of the techniques performed and the mis-
takes made by the opponent. The key to effectiveness is
comprehensive technical-tactical preparation, as the bout
takes place in three phases. Achieving sports mastery is
possible through proper technical preparation based on
motor skills, and the factor that decides the victory in a
balanced sports match between athletes of similar levels
is the fight strategy [Bocioaca 2014]. Analyzing thematic
publications, it is noted that in the model of preparing a
ju-jitsu athlete, the largest share is in technical-tactical
preparation (31.3%) and physical preparation (including
body composition and physical fitness, 28.4%), while the-
oretical (25.5%) and psychological preparation (14.8%)
play a lesser role [Sterkowicz 1998; Ambrozy 2008].
One of the sources of energy for muscle contrac-
tion, which forms the foundation of human movement
and activity, is a process called glycolysis. Glycolysis
is the process in which glycogen is broken down into
pyruvic acid and lactic acid. This is an exergonic pro-
cess, meaning it releases energy, which is then used to
convert ADP into ATP [Ronikier 2001; Chandel, Glyc-
olysis 2021]. The ATP nucleotide will ultimately be used
to fuel muscle contraction and other processes, includ-
ing the creation of phosphocreatine stores [Nirody et al.
2020]. During intense efforts such as sport fighting in
ju-jitsu, anaerobic energy utilization primarily comes
from glycolysis, which allows for quicker energy release

[Ambrozy 2008]. In this way, most of the energy used
during intense efforts lasting longer than 5-10 seconds
but shorter than 1-2 minutes comes from anaerobic gly-
colysis. Consequently, the glycogen content in muscles
will decrease, and lactic acid concentration will increase.
After the effort, metabolic oxidation reactions occur,
which are used to convert about 4/5 of the lactic acid back
into glucose [Chapelot, Charlot 2019]. Despite extensive
knowledge about the physiological processes occurring
in the human body during anaerobic exercise, such as
ju-jitsu fighting, increased lactic acid concentration in
the blood has not been analyzed as a factor potentially
co-occurring with reduced efficiency, activity, and effec-
tiveness during fights in world-class athletes. Scientific
literature suggests that increased lactic acid concentra-
tions may affect cognitive abilities [Coco et al. 2019] and
motor skills [Moscatelli et al. 2016; Rydzik et al. 2022;
Kachenkova et al. 2023], which influence the course of
a fight in ju-jitsu athletes [Kedra et al. 2023]. Moreover,
in a similar combat form like judo, even minimal lactic
acid production defines poorer performance in terms of
short-term memory due to the conditioning of the ath-
letes’ strategic abilities [Coco et al. 2018]. This might be
associated with protective effects on the brain but at the
cost of efficiency in other brain areas [Coco et al. 2016].

Such situations (stress and exertion in sports compe-
titions) cause an increase in heart contraction frequency
[Gorski 2017]. HR is one of the most important objec-
tive indicators of internal training load [Sozanski 1999;
Halson 2014]. According to Slimani [Slimani et al. 2018],
HR measurement among combat sport athletes should
be combined with other tools such as lactic acid samples,
metabolic thresholds, time and movement characteris-
tics, or ratings of perceived exertion to obtain a more
precise quantification of load during bouts and to esti-
mate energy expenditures.

Since it was mentioned that there is a lack of current
scientific studies comparing physiological parameters
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with efficiency, activity, and effectiveness during differ-
ent parts of the fight, it was decided to fill this research
gap by conducting a physiological analysis of ju-jitsu ath-
letes (Polish National Team members) in relation to the
course of the sports fight. The identification of potential
deficits in technical-tactical preparation and the area of
physiological potential among top-level players in cham-
pionship tournaments may have practical implications
for coaches and the players themselves in the future
[Sterkowicz, Maslej 1999; Poliszczuk 2002; Adam et al.
2012]. The aim of the study was to assess the level and
identify the nature of the relationships between selected
physiological variables and technical-tactical perfor-
mance during a high-level championship tournament
among members of the Polish national ju-jitsu team. The
results of this study should highlight the trend of positive
coexistence between selected physiological parameters
and the level of technical-tactical preparation. Conse-
quently, this may contribute to the improvement of these
variables, aiming at achieving better sports performance.

Materials and Methods

Study participants and events

The analysis of physiological parameters and the level
of technical-tactical training was conducted on ath-
letes from the Polish National Team (n=10). The average
height of the examined athletes was 181.2+7.8 cm, body
weight: 82.8+8.6 kg, the average age was 27.7+4.1years,
and their training experience averaged 18.8+4.5 years.
The inclusion criteria included: membership in the Polish
National Team in Ju-Jitsu; participants must have at
least 15 years of training experience in ju-jitsu; partic-
ipants must provide written consent to participate in
the study and for their personal data to be processed
for research purposes; participants must have regularly
participated in training and sports competitions over the
past two years. The exclusion criteria included: athletes
who, despite competing, were not classified as National
Team members; athletes with current injuries, chronic
illnesses, or other health issues that may affect the study
results; individuals who do not provide written consent
to participate in the study and for their personal data
to be processed.

The research material for evaluating the course of
the fight consisted of multimedia recordings of sports
fights that took place during the Senior World Ju-Jitsu
Championships (fighting formula) on November 25th
and 26th, 2016, in Wroclaw. A total of 3 fights per par-
ticipant (n=3) were analyzed, which resulted in 30 fights
being evaluated in total (n=30). The competition was
conducted in accordance with the regulations of the
International Ju-Jitsu Federation (JJIF) [Ju-Jitsu Inter-
national Federation 2023].

Physiological measurements

Measurement of Blood Lactate Concentration
Measurements were taken at two-time points, namely
before the fight (immediately before the warm-up) and
after the tournament fight (immediately after the refer-
e€’s verdict, with a break between the end of the fight
and the verdict being less than 60 seconds). Three meas-
urement cycles were performed (before and after each
of the three fights fought by each participant), and the
average value was taken for evaluation. Breaks between
fights ranged from 60 to 120 minutes. Blood samples were
taken from the fingertips of the subjects. These proce-
dures were performed by a qualified nurse. The Lactate
Scout analyzer (EKF Diagnostics, Barleben, Germany)
was used for diagnosis.

Regarding the athletes studied, one month before the
tournament, blood lactate concentration was measured
over a one-week training period (measurements taken
on 5 days). The average value was 1.83+0.49 mmol-L .

Measurement of Heart Rate

Measurements were taken three times before and after
each fight, at two-time points: resting heart rate before
the fight (immediately before the warm-up) and after
the tournament fight (immediately before the referee’s
verdict). The averaged values were assessed. The athletes’
heart rates were monitored using a Garmin Forerunner
235 device (Garmin Ltd., Olathe, Kansas, USA), which
measures heart rate directly on the wrist using an opti-
cal sensor. The variable was recorded for a period of 10
to 30 seconds.

Regarding the athletes studied, one month before
the tournament, resting heart rate was measured over
a one-week training period (measurements taken on 5
days). The average value was 71.5+4.6 bpm.

Measuring the indicators of technical and tactical train-
ing

Analysis of bouts was performed based on digital
recordings of tournament fights of the athletes in 2016.
Offensive actions were analyzed quantitatively (Wazaari
- 1 point; Ippon - 2 or 3 points) and recorded in differ-
ent phases of the bout. Part I: Atemi-waza - strike - a
standing position, Keri-waza - kicks; Pa-II: Nage-waza
— throws, takedowns; Part III: Ne-waza — groundwork
with the use of holds, chokes, and joint locks. Wazaari
is a point awarded for a technique that was not executed
perfectly but meets the effectiveness criteria, while Ippon
is the highest score awarded for a perfectly executed
technique (if Ippon is achieved in all three phases of the
fight, the competition ends before the official fight time
in favor of the athlete who accomplished it) [Ju-Jitsu
International Federation 2023]. Three bouts of each ath-
lete were analyzed. The recordings were made using
three cameras (Sony HDR-CX115, Manufacturer, Tokyo,
Japan). The video editing program Movavi Video Editor
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14 was used to process the images. The setting of the cam-
eras allowed for continuous observation of the fighting
athletes, judges, and the scoreboard. A single spreadsheet
was developed as a primary research tool. The data from
the spreadsheets were entered into Excel software. A team
of four Ju-Jitsu sports experts (three master class coaches
and one internationally qualified referee) conducted a
retrospective analysis of the recorded empirical mate-
rial. Then, the values of indices of technical and tactical
skills were calculated for all three stages of the bout.
The formulas for calculating the indices were developed
and based on the formulas used for judo, ju-jitsu, and
kickboxing [Adam et al. 2012; Rydzik, Ambrozy 2021;
Ambrozy et al. 2021a].

The technical and tactical profile in Ju-jitsu allows
coaches to develop a training plan and an appropri-
ate strategy for the athlete. The indicators of technical
and tactical training were computed using the follow-
ing formulas.

1. Effectiveness of the attack in the first or second part
of the fight.
EaF(l or2part) —
nl - number of attacks assessed with waza-ari
points (1 point)
n2 - number of attacks assessed with ippon points
(2 points)
1, 2 - point values of successful attacks
N - total number of observed fights

2. Effectiveness of attack in the third part of the fight.
EaF(s part) —
nl - number of attacks assessed with waza-ari points
(1 point)
n2 - number of attacks assessed with ippon points
(2 points)
n3 - number of attacks assessed with ippon points
(3 points)
1, 2, 3 - point values of successful attacks
N - total number of observed fights

3. Attack efficiency (the formula is the same for all parts
of the fight [1;2;3])
AeF(l or2or3) — ¢ 100
4. Attack activity (the formula is the same for all parts
of the fight [1;2;3]).
A F(lor2or3) _
- sum of attacks
n — total number of fights by the athlete
The aim was to compare and evaluate the relation-
ships between the sphere of indicators and the time
structure, each match was divided into three active—pas-
sive segments. Using a stopwatch with an accuracy up to
1/100th of a second, the following times were measured:
1. Total Time (entire duration of the fight, including
breaks) — measured from the referee’s Hajime com-

mand (start of the fight) to the Matte command
(signaling the end of the fight).

2. Break Time (breaks occurring between efforts in the
fight) — measured from the Matte command (inter-
rupting the competition) to Hajime (resumption of
the match).

3. Effective Fight Time (difference between total time
and breaks) — measured from the Hajime command
(start or resumption of the match) to Matte (pause
or end of the competition).

Bioethics Committee

Prior to participation in the tests, the participants were
informed about the research procedures, which were in
accordance with the ethical principles of the Declaration
of Helsinki WMADH (2000). The participant’s written
consent was the inclusion criterion. The research was
approved by the Bioethics Committee at the Regional
Medical Chamber (No. 42/ KBL/OIL/2015 dated April
15, 2015).

Statistical analysis

The statistical analysis of the collected data was conducted
using the Statistica v.13.1 software from Statsoft (Tibco).
Basic descriptive statistics were calculated, including
the mean, median, minimum and maximum values,
standard deviation, and coeflicient of variation. The
degree of homogeneity within each group was assessed
by interpreting the coeflicient of variation values accord-
ing to the following classification: V < 25% indicates
low variability; 25 — 45% indicates moderate variability;
45-100% indicates high variability and >100% indicates
very high variability. Spearman’s Rank Correlation was
used to assess the relationship between the variables
studied. The inference thresholds for correlations are r
= 0.0 to 0.19 for very weak correlation, r = 0.20 - 0.29
for weak correlation, r = 0.30 - 0.49 for moderate corre-
lation, r = 0.50 - 0.79 for strong correlation, and r>0.80
for very strong correlation. The differentiation between
lactate concentration and heart rate before and after the
sports bout was assessed using the Student’s t-test for the
dependent variables. The choice of tests was preceded by
checking the normality of variable distributions using
the Shapiro ~Wilk test, which indicated compliance of
the distribution for the heart rate and lactate variables,
and for the technical-tactical indicators variables signif-
icant deviation from normal distribution. A significance
level of p<0.05 was considered statistically significant.

Results

Table 2 presents the basic descriptive statistics for attack
activity (Aa), attack effectiveness (Ea), and attack effi-




32 “Ido Movement for Culture Journal of Martial Arts Anthropology”, Vol. 25, no. 2 (2025)

ciency (Ae) across three parts (PART I, PART II, and
PART III) and their averages. This detailed breakdown
helps to understand the distribution and variability of
attack activity, effectiveness, and efficiency across dif-
ferent phases of the fight and provides insight into the
performance metrics of the athletes.

The presented results show that the highest Aa, Ea,
and Ae values were achieved by the athletes in PART 1.

Variability coefficients indicate that the subjects
showed the greatest homogeneity in relation to Ae -
Part I (low variability). The highest internal diversity
was recorded for Ea — Part III (very high variability),
as well as for Aa - Part III; Ea — Part IT; Ae - Part II, IIT
(high variability). For the remaining variables, moder-
ate within-group variability was observed in terms of
the achieved results.

Table 2. Basic descriptive statistics of attack activity, attack
effectiveness, and attack efficiency

Indicator Me Min Max SD V.,
PART T Aa 11.14 913 733 18.67 4.28 3843
PART IT Aa 219 213 133 333 068 31.05
PART III Aa 0.68 0.67 0 1.25 036 52.25

Average from

PART L IL, I1I 4.67 410 311 711 1.52 32.57

PART I Ea 7.07  6.71 4 13 2,50 35.39
PART II Ea 1.29  1.33 0 2 0.68 53.28
PART III Ea 0.59  0.45 0 2.5  0.74 126.63

Average from

PART L, 1L, 111 298 259 211 519 098 33.00

PARTT Ae 46.20 47.89 25 59.29 10.10 21.87
PART II Ae 43.37 41.06 0 85.71 25.03 57.71
PART III Ae 4417 4167 0 100 38.50 87.17

Average from
PART I, II, 11T

- arithmetic mean, Me - median, Min - minimum value, Max

44,58 48.41 8.33 7197 19.06 42.75

- maximum value, SD - standard deviation, V%- coefficient
of variation.

Aa T - activity of the attack in the first part of the fight, Aa II
- activity of the attack in the second part of the fight, Aa III -
activity of the attack in the third part of the fight, Average Aa
— average activity of the attack.

Eal - effectiveness of the attack in the first part of the fight, Ea
1I - effectiveness of the attack in the second part of the fight.,
Ea III - effectiveness of the attack in the third part of the fight,
Average Ea - Average effectiveness of the attack.

Ae T - efficiency of the attack in the first part of the fight, Ae IT
- efficiency of the attack in the second part of the fight, Ae III
- efficiency of the attack in the third part of the fight, Average

Ae - average efficiency of the attack.

The total average duration of bouts in the stud-
ied group was 248 seconds, ranging from 67 to 410.5
seconds. Of this, the average effective fight time was
140 seconds, while passive time (breaks) amounted
to 108 seconds. The vast majority of confrontations
ended in victory due to a technical point advantage
within the full regulation time, i.e., 25 bouts. Out of

the 30 observed bouts, 5 ended early with a decision
for Full Ippon.

To illustrate the course of the bout, it was examined
whether there are correlations between total fight time,
break time, and effective fight time with the technical-tac-
tical preparation indicators in the group of medalists
from the Polish National Team. The study results indi-
cate that total fight time is positively associated with Ea
in PART I and negatively with Ae in PART II, IIT and
Average Ae calculated across the three parts. On the other
hand, break time was negatively related to the Average
Ae, and effective fight time was negatively related to Ea
in PART I and the Ae in PART I, III, and average Ae
across the three parts (Table 3).

Table 3. Correlations between total fight time, break time,
and effective fight time with technical-tactical indicators for
medalists of the Polish National Team

Break Effective Fight Time

Indicator Total Time

Time (total minus breaks)
Ea-PARTI r=091 r=0.60 r=0.88
p<0.001  p>0.05 p<0.001
Ea - PART II r=046 1r=0.56 r=0.53
p>0.05 p>0.05 p>0.05
Ea-PARTIII r=-047 r=-0.53 r=-0.56
p>0.05  p>0.05 p>0.05
Average Ea r=044 r=0.59 r=0.60
p>0.05 p>0.05 p>0.05
Ae - PARTI r=-044 r=-0.60 r=-0.66
p>0.05  p>0.05 p<0.05
Ae - PARTII r=-0.65 r=-0.61 r=-0.59
p<0.05 p>0.05 p>0.05
Ae-PARTIII r=-087 r=-0.59 r=-0.79
p<0.001  p>0.05 p<0.05
Average Ae r=-0.93 -0.89 r=-0.83
p<0.001  p<0.001 p<0.001
Aa-PARTI r=049 r=0.60 r=0.60
p>0.05  p>0.05 p>0.05
Aa-PARTII r=0.52 r=047 r=0.56
p>0.05 p>0.05 p>0.05
Aa - PART III r=0.10 r=0.15 r=0.05
p>0.05 p>0.05 p>0.05
Average Aa r=053 r=0.59 r=0.53
p>0.05 p>0.05 p>0.05

Ea I - effectiveness of the attack in the first part of the fight, Ea
II - effectiveness of the attack in the second part of the fight.,
Ea III - effectiveness of the attack in the third part of the fight,
Average Ea — Average effectiveness of the attack.

Ae I - efficiency of the attack in the first part of the fight, Ae II
- efficiency of the attack in the second part of the fight, Ae III
- efficiency of the attack in the third part of the fight, Average
Ae - average efficiency of the attack.

Aa I - activity of the attack in the first part of the fight, Aa II
- activity of the attack in the second part of the fight, Aa IIT -
activity of the attack in the third part of the fight, Average Aa

- average activity of the attack.
r - Spearman’s Rank Correlation, p - level of significance,
and statistically significant values are shown in bold.
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The relationship between total fight time and Ea in
PART Iis positive and directly proportional. As total fight
time increases, Ea also increases, with a correlation coef-
ficient close to 1 (r=0.91). Conversely, the relationship
between the average Ae across the three parts of the fight
and total fight time is inversely proportional. As total
fight time increases, the average Ae decreases (Table 3).

Before the fight, the average lactate level in the body
was 2.89 mmol-L™, and it increased to 17.5 mmol-L™!
after the fight (Table 4). It was examined whether the
lactate concentration level in the body before the fight
significantly differed from its level after the fight. The
study results indicate that the differences are statistically
significant (p<0.001).

Table 4. Descriptive statistics of lactate concentration before
and after the sports fight
Variables

Lactate concentration -
mmol-L-" before the fight 2.89 2.9 2.5 3.5 0.31 10.75
Lactate concentration - <0.001
mmol-L~' immediately

after the ﬁght 17.5 17.6 13 21.5 2.90 16.56

- arithmetic mean, Me - median, Min - minimum value, Max

Me Min Max SD V, p

- maximum value, SD - standard deviation, V%- coefficient
of variation, p - level of significance, statistically significant
values are shown in bold.

It was examined whether there is a relationship
between the technical-tactical preparation indicators
in different parts of the fight and blood lactate concen-
tration. The relationship between lactate concentration
and Ae in PART I is negative and inversely proportional.
As lactate concentration increases, efficiency in Part I
decreases. The correlation coefficient is -0.64 indicating
a strong relationship. Lactate concentration accounts
for 40.9% of the variation in Ae in PART I (coeflicient
of determination r* = 0.4096). If lactate concentration
increases by 1 mmol-L™', Ae in PART I decreases by
2.22% (Table 5).

The relationship between lactate concentration and
the average Ae across three parts is negative and inversely
proportional (Table 5). As lactate concentration increases
the average efficiency across the three parts decreases.
The correlation coeflicient is -0.71, indicating a signif-
icant relationship. Lactate concentration accounts for
50.4% of the variation in average Ae across the three
parts (coeflicient of determination r* = 0.5041). If lac-
tate concentration increases by 1 mmol-L, the average
Ae across the three parts of the fight decreases by 4.66%.

The level of lactate concentration differed signif-
icantly before and after the fight for all the athletes
examined. A statistically significant negatively relation-
ship was demonstrated between lactate concentration
and Ae in the first PART of the fight, as well as the over-
all attack efficiency of the athletes.

Table 5. Correlations between technical-tactical
preparation indicators and lactate concentration
(mmol-L™) after the fight

Lactate concentration - mmol-L™*

Indicator immediately after the fight
Ea - PART I r=-034
p>0.05
Ea- PARTII r=-0.60
p>0.05
Ea - PART III r=-0.50
p>0.05
Average Fa r=-0.55
p>0.05
Ae - PARTI r=-0.64
p<0.05
Ae - PART II r=-045
p>0.05
Ae - PART III r=-059
p>0.05
Average Ae r=-071
p<0.05
Aa-PARTI r=0.14
p>0.05
Aa - PART II r=0.16
p>0.05
Aa - PART III r=-017
p>0.05
Average Aa r=0.15
p>0.05

Eal- effectiveness of the attack in the first part of the fight, Ea
II - effectiveness of the attack in the second part of the fight.,
Ea III - effectiveness of the attack in the third part of the fight,
Average Ea — Average effectiveness of the attack.

Ae 1 - efficiency of the attack in the first part of the fight, Ae IT
- efficiency of the attack in the second part of the fight, Ae III
- efficiency of the attack in the third part of the fight, Average
Ae - average efficiency of the attack.

Aa - activity of the attack in the first part of the fight, Aa II
- activity of the attack in the second part of the fight, Aa III -
activity of the attack in the third part of the fight, Average Aa
— average activity of the attack.

r - Spearmans Rank Correlation, p - level of significance, and
statistically significant values are shown in bold.

Table 6 provides the basic descriptive statistics for
heart rate measurements taken before and after the fight.
It is worth noting that the heart rate level before the bout
exceeded the normative values for this variable at rest.
The table shows that the heart rate increases significantly
after the fight, with the mean heart rate rising from 98.8
bpm before the fight to 170.4 bpm immediately after. The
variation in heart rate also increases post-fight, as indi-
cated by the higher standard deviation and coefficient
of variation values. This data highlights the significant
cardiovascular demand placed on athletes during a fight.

It was examined whether resting heart rate and heart
rate immediately after the fight are related to techni-
cal-tactical preparation indicators. The analyses indicate
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that Ea in PART II and averge Ea is related to heart rate
immediately after the fight. The correlation coefficients
were respectively -0.88; -0.82, indicating a very strong,
negative, and inversely proportional relationship. As
the heart rate immediately after the fight increases, Ea
(PART II and Average) decreases (Table 7).

Table 6. Basic descriptive statistics of heart rate.
Variables Me Min Max SD V, p

Resting heart rate
before the fight - bpm

98.8 98.5 94.0 103.0 2.78 2.81
<0.001

Heart rate immediately 0 /10 160.0186.0 8.83 5.18
after the fight - bpm

- arithmetic mean, Me - median, Min - minimum value, Max

- maximum value, SD - standard deviation, V%- coefficient
of variation, p - level of significance, statistically significant
values are shown in bold.

Table 7. Correlations between technical-tactical preparation

indicators and resting heart rate before the fight and imme-

diately after the fight.
Indicator Heart rate immediately after the fight - bpm
Ea- PARTI r=-0.58
p>0.05
Ea-PARTII r=-0.88
p<0.001
Ea - PART III r=-0.15
p>0.05
Average Ea r=-0.82
P<0.001
Ae - PARTI r=-0.59
p>0.05
Ae-PARTII r=-047
p>0.05
Ae - PARTIII r=-048
p>0.05
Average Ae r=-0.60
p>0.05
Aa-PARTI r=0.15
p>0.05
Aa-PARTII r=0.33
p>0.05
Aa - PART III r=-0.50
p>0.05
Average Aa r=0.12
p>0.05

Eal- effectiveness of the attack in the first part of the fight, Ea
II - effectiveness of the attack in the second part of the fight.,
EaIII - effectiveness of the attack in the third part of the fight,
Average Ea — Average effectiveness of the attack.

Ae 1 - efficiency of the attack in the first part of the fight, Ae I
- efficiency of the attack in the second part of the fight, Ae III
- efficiency of the attack in the third part of the fight, Average
Ae - average efficiency of the attack.

Aa I - activity of the attack in the first part of the fight, Aa II
- activity of the attack in the second part of the fight, Aa III -
activity of the attack in the third part of the fight, Average Aa
— average activity of the attack.

r - Spearman’s Rank Correlation, p - level of significance, and
statistically significant values are shown in bold.

Discussion

The aim of the study was to assess the responses of selected
physiological variables of the national team athletes dur-
ing a top-level tournament and to diagnose the profile
of their relationship with technical-tactical performance
(activity, effectiveness, and efficiency indicators of attack).
To begin with, it is worth noting that, overall, the
most favorable technical-tactical training indicators were
achieved by the national team athletes in the first part
of the bout (stand-up striking confrontation). A similar
trend was observed across all tournament participants
(all participating teams), with an interesting exception
being a higher attack efficiency in the second part of the
fight (stand-up grappling - throws and takedowns to the
ground) [Ambrozy et al. 2023]. The efficiency indicator
is a formula representing the overall ratio of successful
attacks to all attempts x100. This illustrates a different
specialization in the profile of scoring technical points
(Polish national team vs. all championship participants).
In the author’s own research, a relationship was
observed between the duration of the fights and their
effectiveness (especially visible in part 1 of the fight). The
effectiveness indicator represents the ratio of successful
attacks, classified according to technical scoring, to the
total number of bouts fought by a given athlete. Discussed
phenomenon could have resulted due to the fact that as
the fights and tournament progresses, athletes strive to
score points that can ensure victory or make up for the
differences that arise during the fight to avoid losing. Pre-
vious studies confirm this approach to fighting in judo and
ju-jitsu [Sterkowicz, Ambrozy 2001; Sterkowicz, Ambrozy
2003; Ambrozy 2008]. The longer the fights lasted in Part
I, the more successful strikes and kicks, including those
with higher scores, were performed by the participants.
This highlights the importance of preparing the athlete for
a full-length fight. The results also showed that prolonged
fight duration significantly coincided with an increase in
variables (Table 3), alongside a decrease in the athletes’
efficiency. This was likely due to the increasing lactate
buildup in the athletes’ bodies, which could have caused
fatigue [Slimani et al. 2017; Kons et al. 2020; Pavelka et al.
2020], leading to a downward trend in effective attacks.
The fight caused significant acidification of the sub-
jects’ bodies. The blood lactate concentration increased
by 14.61 mmol-L" as a result of the continued fight,
which is, for example, higher than the value recorded for
kickboxing fights [Rydzik et al. 2021]. The total lactate
concentration after the fight was 17.5 mmol-L, higher
than the values recorded in boxing [Ghosh 2010], karate
[Tabben et al. 2013] and tackwondo [Kim et al. 2014]. It
should also be noted that such a high lactate concentra-
tion indicates significant acidification of the body fatigue
after the bout [Amtmann et al. 2008; Gabrys et al. 2018].
The study also assessed the correlation profile
between blood lactate concentration after the fight and
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technical-tactical preparation indicators. The analysis
results showed a negative relationship between attack
efficiency and post-fight lactate concentration (signifi-
cant in part I and in the average effectiveness - tab. 5).
This indicates a significant involvement of anaerobic pro-
cesses in ju-jitsu fighting, as they increase blood lactate
concentration [Gorski 2019]. A detailed analysis of the
results shows that the decrease in efficiency coincided
with an increase in lactate concentration. In the studies by
Rydzik et al., it was demonstrated that as the intensity of
the bout increased, lactate concentration also increased,
causing fatigue, which consequently lowered the athlete’s
performance [Rydzik et al. 2021]. It is therefore worth
considering whether the physiological stress experienced
by the athletes during Ju-Jitsu combat impairs their tech-
nical-tactical performance, or whether other mediating
variables, such as the athlete’s skill level, played a signif-
icant role in this. Amtman et al. [Amtmann et al. 2008]
defined the role of lactate as an indicator of perceived
physiological responses to exertion in mixed martial arts
athletes. The researchers recorded a peak lactate con-
centration of 13 mmol-L-' during MMA fights. Mixed
martial arts, like ju-jitsu in the fighting variant, are very
similar forms of competition. Therefore, the athletes in
this analysis recorded higher lactate concentrations,
which can be interpreted as greater physiological load.
Similarly, Kirk et al. [2015] in their studies on measuring
loads resulting from MMA fights using accelerometry,
time-motion analysis, and lactate, defined training loads
and innovative diagnostic methods.

Other authors determined the peak lactate con-
centration during judo fights [Obminski et al. 2010;
Obminski et al. 2014]. Their study results show that
judo athletes achieve higher lactate levels in the blood
after longer fight durations. The lactate peak appeared
earlier and its value was higher after longer durations.
Abad et al. determined lactate concentration during
Brazilian jiu-jitsu fights [Abad et al. 2016]. The authors
demonstrated that Brazilian jiu-jitsu fights rely heavily
on anaerobic metabolism. BJJ fights mainly take place
on the ground, thus reflecting the third part of fighting
in the fighting variant [Andreato et al. 2011]. An ideal
reflection of combining the second and third parts of
ju-jitsu fights is the Sambo fight. Coco et al. defined
physiological responses during Sambo fights, where
they recorded an average lactate level of 3.40 mmol-L™!
[Coco et al. 2022].

It is important to emphasize that immediately before
the confrontation, the athletes” heart rate exceeded both
the physiological norm and the average resting value
measured outside of tournament conditions (71.5 bpm).
The elevated heart rate was most likely a result of stress
associated with anticipation of the bout, despite the phys-
ical inactivity of the participants. After the confrontation,
the athletes experienced a significant increase in heart
rate (before-fight heart rate 98.8 vs. post-fight heart rate

170.4), which is consistent with the conditions created
by competition in combat sports [Slimani et al. 2018].

Another objective was to examine the relationship
trend between heart rate immediately after the bout with
technical-tactical preparation indicators. The analysis of
attack effectiveness in Part II and average attack effec-
tiveness in 3 parts, showed a significant correlation with
heart rate immediately after the fight. The correlation
coeflicient of -0.88 and -0.82 (Table 7) indicates a very
strong relationship between these variables. Importantly,
this relationship is inversely proportional, meaning that
an increase in heart rate immediately after the fight coin-
cides with lower attack effectiveness in Part IT and on
average. Heart rate measured immediately after physi-
cal exertion is an important indicator of physical fitness
[Slimani et al. 2018] and may be a significant variable
affecting the athlete’s technical-tactical preparation. A
higher heart rate after the bout may indicate greater
fatigue of the body [Gorski 2019] and a more difficult
recovery to a state of readiness for subsequent attacks.
It is also worth noting that the obtained results suggest
there is potential to improve technical-tactical prepa-
ration through controlling [Ambrozy et al. 2021b] and
optimizing heart rate after the bout. Targeted training to
improve recovery processes may allow athletes to return
to lower heart rate levels more quickly after the fight,
which could lead to increased attack effectiveness. It is
very important for tournament competition in ju-jitsu,
where a competitor must fight between 3 to 5 matches
to advance to the medal round.

Interestingly, no significant relationships were found
between physiological variables and overall attack activ-
ity. This may suggest that a large portion of ineffective
attacks serves as preparation for the actual attack and
does not place as much strain on physiological varia-
bles. The athletes in the study, when performing these
techniques, may not have been fully engaging their func-
tional potential.

This work is part of a series focused on a multifac-
eted diagnosis of variables in a championship tournament
[Ambrozy et al. 2023; Kedra et al. 2023; Ambrozy et al.
2024]. To the best of our knowledge, the presented study
on the assessment and profile of the relationship between
technical-tactical performance, lactate levels, and heart
rate in the context of real sports combat during a top-
level tournament, involving elite athletes, has not yet been
presented, especially not with a personalized diagnosis
for Ju-Jitsu fighters in the fighting formula. Although
the results are promising, it is important to emphasize
that this analysis requires further research to confirm
the findings. It seems that the relationship between tech-
nical-tactical performance and physiological responses
may also be determined by the (mediating) variable of
technical and tactical skill level. In such a case, it is likely
that an athlete with lower technical potential than their
opponent will have to exert more effort during the con-
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frontation, which will contribute to a higher increase in
lactate levels and heart rate.

Limitations of the study

During the matches, consent was not obtained to conduct
abroader spectrum of studies. This limitation resulted in
the lack of a more detailed analysis of the athletes’ heart
rates and the measurement of parameters such as HR max
or heart rate during the fight itself due to safety concerns.
Moreover, HR parameters depend on climate (tempera-
ture and humidity) and other factors (genetic conditions,
stress, and overtraining). Consequently, further research
on physiological responses during, for example, simulated
fights is necessary, where more variables can be controlled.
Furthermore, a limitation of the study was the small sam-
ple size, although the participants belonged to the elite of
this field. Future research should focus on larger samples,
including both male and female athletes, and also aim to
clarify potential cause-and-effect relationships.

Conclusions

Globally, the highest indicators of technical-tactical per-
formance of the national team athletes were observed in
the first stage of the bout (stand-up striking). The study
revealed a significant positive relationship between the
duration of the confrontation and attack effectiveness in
the first part of the bout. However, prolonged fight dura-
tion was significantly associated with lower efficiency in
the athletes. The fight induced significant activity in the
physiological variables examined, evidenced by a signifi-
cant increase in blood lactate levels and heart rate, which
places high demands on the athletes in this regard. A com-
parative correspondence with other combat sports showed
that these variables reach higher levels after Ju-Jitsu fights.
The decrease in attack effectiveness was accompanied by
increasing lactate levels, while the decrease in effectiveness
in Part IT and the average across all three parts of the fight
was associated with an increase in heart rate.

Practical Application

Given the observed relationships, it is recommended
to practice training that encompasses comprehensive
development and refinement of all aspects of combat
(stand-up striking, stand-up grappling, and groundwork),
with an emphasis on preparing athletes for competition
over the full duration of the match. The demonstrated
variation in physiological variables (before and after the
fight) and the profile of relationships suggest the need to
develop training strategies aimed at increasing tolerance
for technical-tactical functioning under conditions of
elevated lactate levels and increased heart rate. It is also
advisable to implement broadly individualized training
to create a fighting model with a strategy that optimally
balances sudden increases in heart rate and lactate levels

with opportunities to find moments for rest during the
bout (e.g., clinch, maintaining control on the ground),
which can be supported by simulated, task-oriented
sparring sessions. Finally, it is recommended to include
strategies in training that optimize heart rate control after
boutss to improve recovery processes and enhance ath-
letes’ performance in the later stages of the tournament.
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Ocena odpowiedzi fizjologicznych i ich relacja
z wydajnoscia techniczno-taktyczna wsrod
zawodnikoéw kadry Polski podczas mistrzostw
$wiata ju-jitsu formuly fighting

Stowa kluczowe: stezenie kwasu mlekowego, tetno, wskazniki
techniczno-taktyczne, sporty walki, ju-jitsu

Streszczenie

Tlo. Konfrontacja w sportowym ju-jitsu, w formule fighting,
charakteryzuje si¢ zmiennym wysiltkiem, pracg acykliczng i
czgstymi zmianami warunkéw walki, co ma wszechstronny
wplyw na organizm sportowca, wywolujac kaskade procesow
fizjologicznych. Celem badania byla ocena poziomu i identy-
fikacja charakteru zaleznoéci miedzy wybranymi zmiennymi
fizjologicznymi a wydajnoscig techniczno-taktyczng podc-
zas turnieju mistrzowskiego na wysokim poziomie, wérdd
czlonkow polskiej reprezentacji w ju-jitsu.

Material i metoda. W badaniu wzieto udziat 10 zawodnikéw
ju-jitsu, czlonkéw kadry narodowej (wiek: 27.7 + 4.1 lat; wzrost:
181.2 + 7.8 cm; masa ciala: 82.8 + 8.6 kg; staz treningowy: 18.8
+ 4.5 lat). Podczas Mistrzostw Swiata Senioréw w Ju-Jitsu 2016
dokonano pomiardw stezenia kwasu mlekowego i tetna przed
oraz po walce sportowej. Walki turniejowe byly nagrywane za
pomocy specjalistycznych kamer, a nastepnie, na podstawie
retrospektywnej analizy, obliczono i oceniono wskazniki tech-
niczno-taktyczne (dla trzech czeéci walki) pod katem zalezno$ci
z zarejestrowanymi zmiennymi fizjologicznymi. Poziom isto-
tnoéci statystycznej ustalono na p < 0.05.

Wyniki. W trakcie analiz wykazano istotne réznice (p < 0.001)
przed i po walce w poziomach stezenia kwasu mlekowego
(2.89+0.31 vs. 17.5+2.9 mmol-L") oraz zmiennych tetna
(98.8+2.78 vs. 170.4+8.83 bpm). Dodatkowo, stwierdzono
istotne, silne i negatywne korelacje miedzy wydajnoécia tech-
niczno-taktyczna a stezeniem kwasu mlekowego dla zmiennej

efektywnosci ataku w czesci I walki (Ae czes¢ I r =-0.64; p <
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0.05) oraz $redniej efektywnosci z trzech czesci walki (Sred-
nia Ae: r = -0.71; p < 0.05). Podobny charakter zaleznosci
wykazano przy poréwnaniu zmiennych tetna z wydajnosciag
techniczno-taktyczng, gdzie stwierdzono istotne, silne i negat-
ywne korelacje dla skutecznosci ataku w cze$ci II walki (Ea
czg$¢ IL: r = -0.88; p < 0.001) oraz $redniej skutecznosci ataku
z cze$ci I, 1T 1 1T walki (Srednia Ea: r = -0.82; p <0.001).

Whioski. Walka wywolata znaczng aktywnos¢ w badanych
zmiennych fizjologicznych (tgtno i poziom mleczanu). Spadek

skutecznosci ataku wigzal sie ze wzrostem poziomu mlec-
zanu, podczas gdy spadek skutecznosci w czesci II i $rednia
we wszystkich trzech czeéciach walki wigzala sie ze wzrostem
tetna. Ze wzgledu na turniejowy charakter dyscypliny zaleca
sie zintensyfikowanie programéw treningowych obejmujacych
kontrole tetna po walce w celu usprawnienia procesu regener-
acji powysitkowej i optymalizacji efektywnoséci w pézniejszych
fazach turnieju. Ponadto zaleca si¢ dziatania majgce na celu
zwigkszenie tolerancji na funkcjonowanie w warunkach zak-
waszenia organizmu i podwyzszonego tetna.




