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Simple Summary: The aim of our study was to analyze the changes in ABB after a three-round
kickboxing fight and the level of technical and tactical skills presented during the fight. Fighting in
kickboxing under K1 rules takes place with a high presence of anaerobic metabolism. Kickboxing
athletes must have a good tolerance for metabolic acidosis and the ability to conduct an effective
duel despite ABB disorders. Properly developed post-workout regeneration also plays an extremely
important role.

Abstract: Background: Acid-base balance (ABB) is a major component of homeostasis, which is
determined by the efficient functioning of many organs, including the lungs, kidneys, and liver, and
the proper water and electrolyte exchange between these components. The efforts made during
competitions by combat sports athletes such as kickboxers require a very good anaerobic capacity,
which, as research has shown, can be improved by administering sodium bicarbonate. Combat sports
are also characterized by an open task structure, which means that cognitive and executive functions
must be maintained at an appropriate level during a fight. The aim of our study was to analyze the
changes in ABB in capillary blood, measuring levels of H*, pCO,, pO,, HCOs; ™, BE and total molar
CO; concentration (TCO;), which were recorded 3 and 20 min after a three-round kickboxing bout,
and the level of technical and tactical skills presented during the fight. Methods: The study involved
14 kickboxers with the highest skill level (champion level). Statistical comparison of mentioned
variables recorded prior to and after a bout was done with the use of Friedman’s ANOVA. Results:
3 min after a bout, H* and pO, were higher by 41% and 11.9%, respectively, while pCO,, HCO3;~,
BE and TO, were lower by 14.5%, 39.4%, 45.4% and 34.4%, respectively. Furthermore, 20 min after
the bout all variables tended to normalization and they did not differ significantly compared to the
baseline values. Scores in activeness of the attack significantly correlated (r = 0.64) with pre—post
changes in TCO,. Conclusions: The disturbances in ABB and changes in blood oxygen and carbon
dioxide saturation observed immediately after a bout indicate that anaerobic metabolism plays a
large part in kickboxing fights. Anaerobic training should be included in strength and conditioning
programs for kickboxers to prepare the athletes for the physiological requirements of sports combat.
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1. Introduction

Acid-base balance (ABB) is a major component of homeostasis, which is determined
by the efficient functioning of many organs, including the lungs, kidneys, and liver [1,2],
and the proper water and electrolyte exchange between these components [3]. At rest,
an equilibrium is maintained between the pulmonary gas pressures (pO; and pCO,) in
the human body, and the buffering system in the blood consists of hydrogen ion (H™)
acceptors, which include bicarbonate ions (HCO3;7), proteins, amino acids, hydrogen
phosphate ions (HPO,2~), and hemoglobin contained in erythrocytes. The buffering
system compensates for small fluctuations in acidity, but intense exercise disrupts ABB in
the body. Studies using 31P nuclear magnetic resonance spectroscopy have demonstrated
a significant intracellular increase in H* concentration and a concomitant decrease in
phosphocreatine (PCr) concentration during some seconds of repeated supramaximal
exercise [4]. With buffering, the post-exercise blood H* concentration is much lower than
in the cytosol. The peripheral and central chemoreceptors responsible for the regulation of
the pulmonary ventilation rate respond to post-exercise changes in pH and disturbances in
gas parameters of ABB [5,6]. Studies have shown that the higher the intensity of anaerobic
exercise, the higher the blood levels of lactate and hydrogen ions and the greater the
decrease in HCO3;~ [7-13].

It is believed that the temporary high acidification of cytosol in muscle fiber cells is
not the only cause of the decrease in maximal power [14]. Nevertheless, numerous studies
have confirmed that an increase in blood buffering capacity after oral administration of
sodium bicarbonate or other alkalizing fluids reduces post-exercise pH disturbances and
increases exercise capacity [15-21].

Exercise during competitions in combat sports such as kickboxing, boxing, taekwondo,
and wrestling requires very good anaerobic capacity, which, as demonstrated by studies,
can be improved by administering sodium bicarbonate [22-24]. Combat sports are also
characterized by an open task structure, which means that cognitive functions must be
maintained at an appropriate level during a fight [25]. The following cognitive abilities
have been most often studied in combat sport athletes because the levels of these features
are in a great part related to athletic skills. The most frequently tested cognitive functions in
athletes are visuo-motor coordination [26-28], information processing and planning [29,30],
and accuracy of decision-making [31]. It should be noted that in hitting sports, such as
boxing and kickboxing, testing of cognitive functions matters for assessment of brain micro-
injuries among athletes [32,33]. In laboratory tests, measurements of the speed and accuracy
of reactions to visual stimuli are used to evaluate the level of some of the above-mentioned
skills, including simple reaction tests, choice reaction tests, GO/NOGO tasks, Stroop tests,
and trail making tests. Many published results have indicated a relationship between
the level of performance during these tests and the physiological responses induced by
various laboratory efforts. Inmediately after intense exercise-induced metabolic acidosis,
the results of the reaction time test and Stroop test are worse than at rest, but after a
15 min rest, they partially normalize [34]. Combined with concurrent psychometric testing,
exercise tests do not fully replicate the task structure of a typical real fight. In most cases,
the scale of difficulty in completing a mental and physical task during official combat sports
competitions is much greater compared to laboratory psychophysical tests.

The experiments conducted in these studies demonstrated bidirectional changes in
the level of performance during psychometric tests in response to laboratory test exercises
of increasing intensity. These are fundamental to understanding the relationships between
exercise intensity and physiological responses with level of performance of psychometric
tasks. During the first phase of low-intensity exercise, the choice reaction time progressively
decreases until a blood lactate concentration of 5.5 mmol/L is reached, and progressively
increases once this concentration is exceeded [35]. A similar biphasic pattern of choice
reaction time has been recorded during running with increasing speed [36]. Furthermore,
higher levels of cognitive function are presented by individuals with a higher physical
capacity [37]. In the case of psychometric tests that examine simultaneously the speed and



Biology 2022, 11, 65

30f10

accuracy of reactions using the GO/NOGO test, there is a need to choose between two
contradictory decisions, one favoring speed and the other oriented towards accuracy. It has
been demonstrated that the choice between these options may depend on the task structure
of the sport.

Studies have shown that karate athletes prefer a higher speed of response to a stimulus
but make more mistakes, while rowers do the opposite [31]. In this study, both groups
demonstrated improved performance on psychometric tests in subsequent attempts. This
phenomenon is known as the effect of learning a response to the same repeated stimuli [38].
In the case of executive functions used during fighting with an opponent the athlete does
not know yet, there is a very large variety of stimuli and many choices of responses to them,
which minimizes the learning effect observed during repeated laboratory testing. For this
reason, in addition to physical fitness, the outcome of the competition is determined by the
level of technical and tactical skills.

There have been few attempts to numerically assess the level of specific executive func-
tions as a technical skill. Three basic parameters that characterize the level of performance
during a real kickboxing bout have been developed and implemented [32,33,39,40]. The
literature to date lacks a comparison of the assessment of such technical skills with mea-
surements of physiological responses during competitions in combat sports, with athletes
using fist punches and/or kicks. Ass mentioned earlier, boxing, kickboxing and taekwondo
athletes are exposed to head injuries during competitions, which can reduce cognitive and
executive abilities and impair technical skills [41,42]. In addition, three repeated maximal
physical efforts may contribute to physiological changes [43,44], which are, in part, respon-
sible for accumulation of fatigue. The most visible symptom of increasing fatigue during
successive bouts may be an increasing number of pauses and total time of pauses [45].
Although the analysis of the used types of offensive actions and their number during
kickboxing matches have been presented in the literature, the novel skill parameters as a
mirror of the levels of cognitive-executive function, together with complex physiological
responses to the contest, are lacking. Thus, the aim of our study was to analyze the changes
in ABB after a three-round kickboxing bout and the level of technical and tactical skills
presented during the bout.

2. Materials and Methods

The study involved 14 kickboxers presenting the highest sports skill level (champion level).

The sports skill level was evaluated based on sporting achievements and having a
kickboxing master’s degree, and the coach’s opinion. The minimum training experience of
the subjects was between 8 and 10 years. The participants were aged 19 to 35 years. Details
of the study group are presented in Table 1.

Table 1. Anthropometric measures of study participants.

Variables No M Me Min Max Q1 Q3 SD
Body mass 14 84.90 85.50 75.00 90.00 83.00 88.50 493
Body height 14 181.05  180.00 175.00 189.00 179.00  183.50 3.39
BMI 14 26.04 25.99 24.12 28.64 25.15 26.73 1.24

No—number, M—mean, Me—median, Min—minimum, Max—maximum, Q1—first quartile, Q3—third quartile,
SD—standard deviation.

2.1. Analysis of the Fight

The competitors had one bout each according to K1 rules in the morning after two days
of a training break. The fights were held according to the rules of the World Association
of Kickboxing Organizations (WAKO) and consisted of three 2-min rounds separated by
1-min rests.

The fights were simulated, but took place on neutral ground and were refereed
by a qualified referee. The athletes were matched in a manner consistent with their
weight category.



Biology 2022, 11, 65

40f 10

The determination of the technical and tactical performance parameters was made
based on video recordings of the bouts. Subsequent analysis was conducted using special-
ized formulas [40,46,47].

The efficiency of the attack indicates a number of scored points influencing the final
result of the bout compared to the number of bouts observed.

Efficiency of the attack (S,)

n—number of attacks scoring 1 point.
* In K1 rules, each clean hit of the opponent scores 1 point
N—sum of observed bouts (N =1 in this study)

The effectiveness of the attack denotes the number of scoring techniques compared to
all the offensive actions performed.
Effectiveness of the attack (E,)

number of ef fective attacks

E =
2 number of all attacks

x 100

An effective attack is a technical action awarded a point
Number of all attacks is a number of all offensive actions

The activeness of the attack describes the engagement of the athlete, indicating the
number of offensive actions performed during the observed fights.
Activeness in the attack (A,)

number of all registered of fensive actions of a kickboxer
number of fights fought by a kickboxer (1 in this study)

a =

2.2. Acid—Base Balance Analysis

ABB parameters were analyzed using an EPOC gasometer (Siemens, Ottawa, ON,
Canada) immediately after 95 pL of arterialized fingertip blood was drawn into glass
capillaries containing calcium-balanced lithium heparin (65 IU/mL). The determinations
were made 5 min before the bout (measurement I), and 3 min (measurement II) and 20 min
after the bout (measurement III).

Hydrogen ion concentration (H"), partial pressure of oxygen (pO,), and partial pres-
sure of carbon dioxide (pCO,) were measured, and base excess in the extracellular fluid
(BEecf) concentration of bicarbonate ions HCO3~ and TCO, (total molar carbon dioxide
concentration) were calculated.

2.3. Bioethics Committee

Prior to participation in the tests, the competitors were informed about the research
procedures, which were in accordance with the ethical principles of the Declaration of
Helsinki WMADH (2000). Obtaining the competitors’ written consent was the condition for
their participation in the project. The research was approved by the Bioethics Committee at
the Regional Medical Chamber (No. 287/KBL/OIL/2020).

2.4. Statistical Analysis

Statistica 13.1 software (StatSoft, Cracow, Poland) was employed for statistical analysis.
Friedman’s ANOVA test was used to compare the results of repeated measures. The post-
hoc test was Dunn’s test. Correlation analysis between selected variables was performed
using Pearson’s linear correlation test. The Shapiro-Wilk test was used to test data for
normal distribution. Effect size was calculated according to the formula:

Kendall’'s W = Chi %/ N(K — 1), N = sample size, K = number of measurements. The
level of statistical significance was set at p < 0.05.
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3. Results

The biochemical indices studied changed significantly during the bout and recovery.
The greatest changes were observed after the second measurement (3 min after the bout)
(Table 2). For pCOy, the difference was significant only between measurements I and 1I, for
H*, pO,, HCO; ™ between measurements I and II and between measurements II and IIJ,
and for BE between all measurements (Table 2).

Table 2. The level of acid-base balance parameters in the tested group of athletes in three consecutive

measurements.
Parameter Measurement Friedman’s Post-Hoc Effect

I(n=14) II (n = 14) I (n = 14) ANOVA (Dunn’s Test)  Size
M Me SD M Me SD M Me SD  Chi? p I-11 I-1I
H* (nmol/L) 379 370 33 54.0 49.0 9.8 411 40.0 39 2229 <0.001 <0.05 0.80
pCO; 372 373 3.3 31.8 319 2.6 352  35.0 0.7 743  0.024 <0.05 0.27

(mmHg)
pO; (mmHg) 772 752 6.0 85.6  85.1 8.5 739 758 45 16.15 <0.001 <0.05 0.58
HCO; - 246 253 1.3 14.9 15.4 1.6 21.3 216 1.8 2457 <0.001 <0.05 0.88

(mmol/L)

BE mmol/L 0.5 0.9 1.2 -119 -106 27 -37 =32 24  28.00 <0.001 <0.05 1.00
TCO,(mmol/L) 24.1 25.1 1.3 158 16.1 1.4 215  21.7 1.1 2450 <0.001 <0.05 0.88

M—mean, Me—median, SD—standard deviation. NS—not statistically significant, I—before exercise, II—3 min
after exercise, III—20 min after exercise.

In most cases, the differences between measurements I and II were highest. They were
also relatively high between measurements II and III, while the smallest (non-significant)
differences were observed between measurements I and III (Table 2).

The recovery rate 20 min after the end of the bout was highest for H* and was
96.97 & 45.94%, whereas for the other ABB parameters the rate reached 68.57 & 18.44% for
HCO3™ and 68.30 + 13.62% for BE.

The activeness of the attack was evaluated at a mean level of 96.9 + 43.6 and the
range of scores was from 68 to 198. For the efficiency of the attack, it was a mean score of
50.1 & 12.8, and ranged from 37 to 79, whereas for the effectiveness of the attack, it was a
mean of 54.5 & 7.9, ranging from 39.9 to 64.5 (Table 3).

Table 3. Value of activeness, efficiency, and effectiveness of the attack.

Variables No M Me Min Max Q1 Q3 SD

Activeness of 14 9.9 790 680 1980 760 960 436
the attack

Efficiency of the attack 14 50.1 47.0 37.0 79.0 45.0 49.0 12.8

Effectiveness of 14 545 544 399 645 490 608 7.9
the attack

There were no significant correlations between the changes in the parameters induced
by the bouts for [H*], pCO,, pO,, HCO;~, BE (ecf), or BE (b). The only positive correlation
was found between molar concentrations of CO, (TCO,) and the activity of the attack,
which suggests that the greater the physical activity, the greater rise of CO, concentration
in the blood (Table 4).
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Table 4. Matrix of correlation coefficients between examined variables.
Activeness of the  Efficiency of the Effectiveness of
Variables Attack Attack the Attack
R p R p R p
[H*] 0.11 0.62 0.07 0.81 0.07 0.808
pCO, (mmHg) 0.14 0.14 —0.03 0.90 0.00 1.00
AL POz (mmHg) 0.14 0.62 —-0.32 0.26 —0.03 0.90
HCO3;~ (mmol/L) —0.21 0.46 —0.25 0.38 0.32 0.26
BE (ecf) mmol/L —0.10 0.71 —0.01 0.95 —-0.41 0.13
TCO; mmol/L 0.64 0.01 —-0.32 0.26 -0.17 0.54

Valuesin bold are statistically significant

4. Discussion

The significant changes in ABB parameters and blood oxygen and carbon dioxide
saturation immediately after the bout indicate a large contribution of anaerobic metabolism
in generating the physical work and gas exchange rate in kickboxers. The examinations
conducted by other authors in kickboxers immediately after each of three rounds or after
an entire bout showed a significant decline in muscle strength, and a progressive increase
in blood lactate levels and heart rates [43—45,48]. In our study there were very weak
correlations between activity in attacks and rise of hydrogen ion levels, but a significant
positive link between activity and post bout increase of total CO, level. That relationship
may suggest relatively high mechanical efficiency in tested contestants, according to the
model describing relationships between mechanical work output and metabolism [49]. As
was mentioned earlier, kickboxing belongs to a family of hitting martial arts similar to
Muay Thai, karate and taekwondo, where upper and lower limbs are engaged in offensive
actions [50]. Practitioners of all these sports use the same techniques of punches and
kicks. One of the most effective kicking techniques is the roundhouse kick, when it is
performed correctly. Biomechanical factors of this kick have been explored and described in
detail [51]. To date, the literature lacks data on ABB and gasometric studies after kickboxing
bouts. Few and fragmented data on ABB and gasometry have been published after boxing
fights [13]. This sport differs from kickboxing in its task structure and variety of attacks, but
the requirements for general physical fitness, technical skills, and the type of attacks using
the upper limbs are very similar. Bout intensity assessed based on lactate and post-exercise
changes in magnitude and direction for ABB and gas saturation in boxers [13,22] are also
consistent with our findings. We also conducted our ABB and gasometry observations
during the short-term recovery period. The results showed that there were no statistically
significant differences between baseline and post-exercise recovery measured at 20 min
after the bout. However, the results showed that the normalization of parameters was
not fully achieved, which indicates a deep disruption of homeostasis caused by the bout.
Glycolytic metabolism exercise significantly decreases the levels of bicarbonate as a main
factor in neutralizing hydrogen ions in the blood. This process occurs according to the
following equation: H* + HCO3~ — H,O + CO, 1. Despite the increased release of
carbon dioxide into the blood, its saturation decreased during the bout due to increased
gas exchange in the alveoli and intensifying hyperventilation [52,53]. Decreases in blood
pCO7 and bicarbonate levels during intense exercise have also been reported by previous
researchers. Similar post-exercise changes in ABB and blood gas parameters were noted in
non-athletes and athletes, but a slight increase in oxygen saturation (by 14%) was observed
only in athletes [54]. We found a similar (although slightly smaller, ca. 10%) increase
in oxygen saturation after a kickboxing bout. This may suggest that regular physical
training induces such an adaptive mechanism. It is important to mention that under
resting conditions, hyperventilation is responsible for blood alkalization, since in the case
of negligible lactate levels and the associated source of hydrogen ions, the main H * donor
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is the reversible reaction of CO, + H,O <> HCO3~ + H". It has been shown that short-term
resting hyperventilation at a mean lactate concentration of 1.9 mmol/L leads to a decrease in
the partial pressure of CO, to a mean value of 21 mmHg and significant blood alkalization
(pH = 7.6, H* =23 nmol/L). During competitions in combat sports, it is not possible to
quantify the level of hyperventilation. We also did not measure the ventilation immediately
before the bout. Hyperventilation attenuates the post-exercise decrease in pH, reduces CO,
saturation, and increases anaerobic power, especially at the end of a set of efforts [55]. A
beneficial effect of pre-exercise hyperventilation before a competition on short-distance
swimming performance has also been reported [56]. The reduction in CO, saturation
and hydrogen ion concentration due to hyperventilation improves physical performance
during repeated resistance efforts [55]. Therefore, as documented, the beneficial effect of
exercise-induced hyperventilation results from physiological responses. Blood alkalization
obtained pharmacologically prior to graded exercise has been found to delay the onset
of hyperventilation during work, which, according to researchers, confirms that lactate
acidosis increases respiratory rate [57].

The appropriate level of cognitive functions is of great importance in open skill sports.
The results of psychometric measurements, reaction time, and decision-making in female
and male kickboxers have shown differentiation depending on sex and rules of competition
(light vs. full contact) [58], but, to date, there has been no comparison of the results of
laboratory psychometric tests with the assessment of executive functions, i.e., the technical
performance during a real bout. The few studies conducted in kickboxers have only been
designed to assess activeness during the bout. A slightly higher number of higher- and
lower-intensity actions was demonstrated in light-category athletes [45] and a higher ratio
of activity time to rest time was found in another study [59]. Noticeable differences have
been reported in activity and offensive fighting style in winners and losers based on the
number of combined punches, kicks, and alternating hand and leg actions [60].

5. Conclusions

1. The disturbances in ABB and changes in blood oxygen and carbon dioxide saturation
observed immediately after a bout indicate that anaerobic metabolism plays a large
part in kickboxing fights. Anaerobic training should be included in strength and
conditioning programs for kickboxers to prepare the athletes for the physiological
requirements of sports combat.

2. K1 kickboxers must be characterized by good metabolic acidosis tolerance and the
ability to fight effectively despite ABB disturbances, and show good post-exercise
recovery.

Author Contributions: Conceptualization, L.R.,T.A., M.M. (Mateusz Mardyta); methodology, L.R.,
T.A., M.M. (Mateusz Mardyta), Z.0O.; software, L.R., T.A; validation, L.R., T.A.; formal analysis,
LR, TA, JJ.-N,; investigation, L.R., TA., W.C; resources, L.R., T.A.,, M.M. (Mateusz Mardyla),
M.M. (Marcin Maciejczyk); data curation, L.R., T.A., M.W,; writing—original draft preparation, L.R.,
T.A., M.M. (Mateusz Mardyta), ].J.-N.; writing—review and editing, L.R., T.A., Z.0O., M.M. (Marcin
Maciejczyk), M.W.,; visualization, L.R., T.A.,, M.W., M.M. (Marcin Maciejczyk); supervision, L.R., TA.,
W.C,, J.J.-N,; project administration, L.R.; funding acquisition, £.R., T.A., M.M. (Marcin Maciejczyk),
W.C. All authors have read and agreed to the published version of the manuscript.

Funding: Open Access financed by the programme of the Minister of Science and Higher Education
entitled Regional Initiative for Perfection” within the years 2019-2022, project No. 022/RID/2018/19,
in the total of 11919908 PLN.

Institutional Review Board Statement: The research was approved by the Bioethics Committee at
the Regional Medical Chamber (No. 287/KBL/OIL/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



Biology 2022, 11, 65 8 of 10

Acknowledgments: Thank you to all the fighters who made the survey research.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Hamm, L.L.; Nakhoul, N.; Hering-Smith, K.S. Acid-Base Homeostasis. Clin. |. Am. Soc. Nephrol. 2015, 10, 2232-2242. [CrossRef]

2. Seifter, J.L.; Chang, H.-Y. Disorders of Acid-Base Balance: New Perspectives. Kidney Dis. 2016, 2, 170-186. [CrossRef] [PubMed]

3. Seifter, ].L.; Chang, H.-Y. Extracellular Acid-Base Balance and Ion Transport Between Body Fluid Compartments. Physiology 2017,
32,367-379. [CrossRef]

4. Belfry, G.R,; Raymer, G.H.; Marsh, G.D.; Paterson, D.H.; Thompson, R.T.; Thomas, S.G. Muscle metabolic status and acid-base
balance during 10-s work: 5-s recovery intermittent and continuous exercise. J. Appl. Physiol. 2012, 113, 410-417. [CrossRef]

5. Duffin, ]. Role of acid-base balance in the chemoreflex control of breathing. J. Appl. Physiol. 2005, 99, 2255-2265. [CrossRef]

6. Langer, T.; Zanella, A.; Caironi, P. Understanding the role of the cerebrospinal fluid in acid-base disorders. Intensive Care Med.
2016, 42, 436-439. [CrossRef]

7. Wiecek, M.; Maciejczyk, M.; Szymura, J.; Szygula, Z. Changes in oxidative stress and acid-base balance in men and women
following maximal-intensity physical exercise. Physiol. Res. 2015, 64, 93-102. [CrossRef]

8. Wiecek, M.; Szymura, J.; Maciejczyk, M.; Kantorowicz, M.; Szygula, Z. Anaerobic Exercise-Induced Activation of Antioxidant
Enzymes in the Blood of Women and Men. Front. Physiol. 2018, 9, 1006. [CrossRef] [PubMed]

9.  Russell, M,; Kingsley, M.I.C. Changes in Acid-Base Balance During Simulated Soccer Match Play. J. Strength Cond. Res. 2012, 26,
2593-2599. [CrossRef]

10.  Vilmi, N.; AyrAma, S. Oxygen Uptake, Acid-Base Balance and Anaerobic Energy System Contribution in Maximal 300-400 M
Running in Child, Adolescent and Adult Athletes. J. Athl. Enhanc. 2016, 5. [CrossRef]

11. Ratel, S.; Duche, P,; Hennegrave, A.; Van Praagh, E.; Bedu, M. Acid-base balance during repeated cycling sprints in boys and men.
J. Appl. Physiol. 2002, 92, 479-485. [CrossRef]

12.  Beneke, R; Hiitler, M.; Jung, M.; Leithduser, R.M. Modeling the blood lactate kinetics at maximal short-term exercise conditions
in children, adolescents, and adults. . Appl. Physiol. 2005, 99, 499-504. [CrossRef]

13. Hanon, C.; Savarino, J.; Thomas, C. Blood Lactate and Acid-Base Balance of World-Class Amateur Boxers After Three 3-Minute
Rounds in International Competition. J. Strength Cond. Res. 2015, 29, 942-946. [CrossRef]

14.  Westerblad, H. Acidosis Is Not a Significant Cause of Skeletal Muscle Fatigue. Med. Sci. Sport. Exerc. 2016, 48, 2339-2342. [CrossRef]

15. Hietavala, E.-M.; Stout, ].R.; Hulmi, J.J.; Suominen, H.; Pitkdnen, H.; Puurtinen, R.; Selanne, H.; Kainulainen, H.; Mero, A.A. Effect
of diet composition on acid-base balance in adolescents, young adults and elderly at rest and during exercise. Eur. J. Clin. Nutr.
2015, 69, 399-404. [CrossRef]

16. Gough, L.A.; Brown, D.; Deb, S.K.; Sparks, S.A.; McNaughton, L.R. The influence of alkalosis on repeated high-intensity
exercise performance and acid-base balance recovery in acute moderate hypoxic conditions. Eur. ]. Appl. Physiol. 2018,
118, 2489-2498. [CrossRef]

17.  Chycki, J.; Golas, A.; Halz, M.; Maszczyk, A.; Toborek, M.; Zajac, A. Chronic Ingestion of Sodium and Potassium Bicarbonate,
with Potassium, Magnesium and Calcium Citrate Improves Anaerobic Performance in Elite Soccer Players. Nutrients 2018, 10,
1610. [CrossRef] [PubMed]

18. Chycki, J.; Kurylas, A.; Maszczyk, A.; Golas, A.; Zajac, A. Alkaline water improves exercise-induced metabolic acidosis and
enhances anaerobic exercise performance in combat sport athletes. PLoS ONE 2018, 13, e0205708. [CrossRef] [PubMed]

19. Dalle, S.; De Smet, S.; Geuns, W.; Van Rompaye, B.; Hespel, P.; Koppo, K. Effect of Stacked Sodium Bicarbonate Loading on
Repeated All-out Exercise. Int. . Sports Med. 2019, 40, 711-716. [CrossRef] [PubMed]

20. Durkalec-Michalski, K.; Nowaczyk, PM.; Adrian, J.; Kaminska, J.; Podgorski, T. The influence of progressive-chronic and acute
sodium bicarbonate supplementation on anaerobic power and specific performance in team sports: A randomized, double-blind,
placebo-controlled crossover study. Nutr. Metab. (Lond.) 2020, 17, 1-15. [CrossRef]

21. Kaminska, J.; Podgoérski, T.; Rachwalski, K.; Pawlak, M. Does the Minerals Content and Osmolarity of the Fluids Taken during
Exercise by Female Field Hockey Players Influence on the Indicators of Water-Electrolyte and Acid-Basic Balance? Nutrients 2021,
13, 505. [CrossRef]

22. Siegler, ].C.; Hirscher, K. Sodium Bicarbonate Ingestion and Boxing Performance. J. Strength Cond. Res. 2010, 24, 103-108. [CrossRef]

23. Lopes-Silva, J.P; Da Silva Santos, ].E.; Artioli, G.G.; Loturco, L.; Abbiss, C.; Franchini, E. Sodium bicarbonate ingestion increases
glycolytic contribution and improves performance during simulated taekwondo combat. Eur. J. Sport Sci. 2018, 18, 431-440.
[CrossRef] [PubMed]

24. Durkalec-Michalski, K.; Zawieja, E.E.; Zawieja, B.E.; Michatowska, P.; Podgorski, T. The gender dependent influence of sodium
bicarbonate supplementation on anaerobic power and specific performance in female and male wrestlers. Sci. Rep. 2020,
10, 1-12. [CrossRef]

25. Coco, M.; Buscemi, A.; Guerrera, C.S.; Di Corrado, D.; Cavallari, P.; Zappala, A.; Di Nuovo, S.; Parenti, R.; Maci, T.; Razza, G.; et al.
Effects of a Bout of Intense Exercise on Some Executive Functions. Int. J. Environ. Res. Public Health 2020, 17, 898. [CrossRef]

26. Obminski, Z.; Mroczkowska, H.; Tomaszewski, W. Relationships between personality traits, resting serum hormones and

visuomotor ability in male judokas. Ann. Agric. Environ. Med. 2016, 23, 79-83. [CrossRef] [PubMed]


http://doi.org/10.2215/CJN.07400715
http://doi.org/10.1159/000453028
http://www.ncbi.nlm.nih.gov/pubmed/28232934
http://doi.org/10.1152/physiol.00007.2017
http://doi.org/10.1152/japplphysiol.01059.2011
http://doi.org/10.1152/japplphysiol.00640.2005
http://doi.org/10.1007/s00134-015-4059-8
http://doi.org/10.33549/physiolres.932744
http://doi.org/10.3389/fphys.2018.01006
http://www.ncbi.nlm.nih.gov/pubmed/30140236
http://doi.org/10.1519/JSC.0b013e31823f284e
http://doi.org/10.4172/2324-9080.1000231
http://doi.org/10.1152/japplphysiol.00495.2001
http://doi.org/10.1152/japplphysiol.00062.2005
http://doi.org/10.1519/JSC.0000000000000736
http://doi.org/10.1249/MSS.0000000000001044
http://doi.org/10.1038/ejcn.2014.245
http://doi.org/10.1007/s00421-018-3975-z
http://doi.org/10.3390/nu10111610
http://www.ncbi.nlm.nih.gov/pubmed/30388775
http://doi.org/10.1371/journal.pone.0205708
http://www.ncbi.nlm.nih.gov/pubmed/30452459
http://doi.org/10.1055/a-0978-5139
http://www.ncbi.nlm.nih.gov/pubmed/31434137
http://doi.org/10.1186/s12986-020-00457-9
http://doi.org/10.3390/nu13020505
http://doi.org/10.1519/JSC.0b013e3181a392b2
http://doi.org/10.1080/17461391.2018.1424942
http://www.ncbi.nlm.nih.gov/pubmed/29355092
http://doi.org/10.1038/s41598-020-57590-x
http://doi.org/10.3390/ijerph17030898
http://doi.org/10.5604/12321966.1197305
http://www.ncbi.nlm.nih.gov/pubmed/27007542

Biology 2022, 11, 65 90of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Darby, D.; Moriarity, J.; Pietrzak, R.; Kutcher, J.; McAward, K.; McCrory, P. Prediction of winning amateur boxers using
pretournament reaction times. J. Sport. Med. Phys. Fit. 2014, 54, 509-519. [CrossRef]

Gierczuk, D.; Bujak, Z.; Cieslinski, I.; Lyakh, V.; Sadowski, ]. Response Time and Effectiveness in Elite Greco-Roman Wrestlers
Under Simulated Fight Conditions. . Strength Cond. Res. 2018, 32, 3433-3440. [CrossRef]

Supiriski, ].; Obminiski, Z.; Kubacki, R.; Kosa, ].; Moska, W. Usefulness of the psychomotor tests for distinguishing the skill levels
among older and younger judo athletes. Arch. Budo 2014, 10, 315-322.

Obminski, Z.; Litwiniuk, A.; Staniak, Z.; Zdanowicz, R.; Weimo, Z. Intensive specific maximal judo drills improve psycho-motor
ability but may impair hand grip isometric strength. Ido Mov. Cult. 2015, 15, 52-58. [CrossRef]

Obminski, Z.; Supinski, J.; Mroczkowska, H.; Borkowski, L.; Zdanowicz, R. The effect of aerobic fitness on acute changes in
cognitive functions and blood hormones after an exhaustive effort. Pol. ]. Sport Med. 2017, 33, 97-106.

Tanriverdi, F,; Suer, C.; Yapislar, H.; Kocyigit, I.; Selcuklu, A.; Unluhizarci, K.; Casanueva, FF.; Kelestimur, F. Growth hormone
deficiency due to sports-related head trauma is associated with impaired cognitive performance in amateur boxers and kickboxers
as revealed by P300 auditory event-related potentials. Clin. Endocrinol. (Oxf.) 2013, 78, 730-737. [CrossRef]

Kim, G.H.; Kang, I; Jeong, H.; Park, S.; Hong, H.; Kim, J.; Kim, ].Y,; Edden, R.A.E.; Lyoo, LK,; Yoon, S. Low Prefrontal GABA
Levels Are Associated With Poor Cognitive Functions in Professional Boxers. Front. Hum. Neurosci. 2019, 13. [CrossRef]

Russo, G.; Ottoboni, G. The perceptual-Cognitive skills of combat sports athletes: A systematic review. Psychol. Sport Exerc. 2019,
44, 60-78. [CrossRef]

Chmura, J.; Nazar, K.; Kaciuba-Uscilko, H. Choice Reaction Time During Graded Exercise in Relation to Blood Lactate and Plasma
Catecholamine Thresholds. Int. |. Sports Med. 1994, 15, 172-176. [CrossRef] [PubMed]

Chmura, J.; Nazar, K. Parallel changes in the onset of blood lactate accumulation (OBLA) and threshold of psychomotor
performance deterioration during incremental exercise after training in athletes. Int. ]. Psychophysiol. 2010, 75, 287-290.
[CrossRef] [PubMed]

Labelle, V.; Bosquet, L.; Mekary, S.; Bherer, L. Decline in executive control during acute bouts of exercise as a function of exercise
intensity and fitness level. Brain Cogn. 2013, 81, 10-17. [CrossRef] [PubMed]

Lee, S.-Y; Bae, S.-S.; Han, J.-T; Byun, S.-D.; Chang, ]J.-S. The Effect of Motor Learning of Serial Reaction Time Task (SRTT)
Through Action Observation on Mu Rhythm and Improvement of Behavior Abilities. J. Clin. Med. Res. 2012, 4, 114-118.
[CrossRef] [PubMed]

Rydzik, L..; Niewczas, M.; Kedra, A.; Grymanowski, J.; Czarny, W.; Ambrozy, T. Relation of indicators of technical and tactical
training to demerits of kickboxers fighting in K1 formula. Arch. Budo Sci. Martial Arts Extrem. Sport. 2020, 16, 1-5.

Rydzik, L.; Ambrozy, T. Physical fitness and the level of technical and tactical training of kickboxers. Int. ]. Environ. Res. Public
Health 2021, 18, 3088. [CrossRef]

Di Russo, E; Spinelli, D. Sport is not always healthy: Executive brain dysfunction in professional boxers. Psychophysiology 2010,
47,425-434. [CrossRef]

Di Virgilio, T.G.; Ietswaart, M.; Wilson, L.; Donaldson, D.I.; Hunter, A.M. Understanding the Consequences of Repetitive
Subconcussive Head Impacts in Sport: Brain Changes and Dampened Motor Control Are Seen After Boxing Practice. Front. Hum.
Neurosci. 2019, 13, 294. [CrossRef] [PubMed]

Ouergui, I; Hammouda, O.; Chtourou, H.; Gmada, N.; Franchini, E. Effects of recovery type after a kickboxing match on blood
lactate and performance in anaerobic tests. Asian J. Sports Med. 2014, 5, 99-107.

Karadag, M. Compare the Values of Blood Lactate and Heart Rate of Kickboxers during Kickboxing Matches. J. Educ. Train. Stud.
2017, 5, 13-19. [CrossRef]

Ouergui, I; Hssin, N.; Haddad, M.; Franchini, E.; Behm, D.G.; Wong, D.P.; Gmada, N.; Bouhlel, E. Time-Motion Analysis of Elite
Male Kickboxing Competition. . Strength Cond. Res. 2014, 28, 3537-3543. [CrossRef] [PubMed]

Ambrozy, T.; Rydzik, L.; Obminski, Z.; Klimek, A.T.; Serafin, N.; Litwiniuk, A.; Czaja, R.; Czarny, W. The Impact of Reduced
Training Activity of Elite Kickboxers on Physical Fitness, Body Build, and Performance during Competitions. Int. J. Environ. Res.
Public Health 2021, 18, 4342. [CrossRef] [PubMed]

Rydzik, L.; Maciejczyk, M.; Czarny, W.; Kedra, A.; Ambrozy, T. Physiological Responses and Bout Analysis in Elite Kickboxers
During International K1 Competitions. Front. Physiol. 2021, 12, 737-741. [CrossRef] [PubMed]

Salci, Y. The metabolic demands and ability to sustain work outputs during kickboxing competitions. |. Perform. Anal. Sport 2015,
15, 39-52. [CrossRef]

Peyré-Tartaruga, L.A.; Coertjens, M. Locomotion as a Powerful Model to Study Integrative Physiology: Efficiency, Economy, and
Power Relationship. Front. Physiol. 2018, 9, 1789. [CrossRef]

Diniz, R.; Del Vecchio, EB.; Schaun, G.Z.; Oliveira, H.B.; Portella, E.G.; da Silva, E.S.; Formalioni, A.; Campelo, P.C.C.; Peyré-
Tartaruga, L.A.; Pinto, S.S. Kinematic Comparison of the Roundhouse Kick Between Taekwondo, Karate, and Muaythai. J.
Strength Cond. Res. 2021, 35, 198-204. [CrossRef]

Gavagan, C.J.; Sayers, M.G.L. A biomechanical analysis of the roundhouse kicking technique of expert practitioners: A comparison
between the martial arts disciplines of Muay Thai, Karate, and Taekwondo. PLoS ONE 2017, 12, e0182645. [CrossRef]

Péronnet, F; Aguilaniu, B. Lactic acid buffering, nonmetabolic CO2 and exercise hyperventilation: A critical reappraisal. Respir.
Physiol. Neurobiol. 2006, 150, 4-18. [CrossRef]


http://doi.org/10.13140/RG.2.1.5129.4169
http://doi.org/10.1519/JSC.0000000000002868
http://doi.org/10.14589/ido.15.2.8
http://doi.org/10.1111/cen.12037
http://doi.org/10.3389/fnhum.2019.00193
http://doi.org/10.1016/j.psychsport.2019.05.004
http://doi.org/10.1055/s-2007-1021042
http://www.ncbi.nlm.nih.gov/pubmed/8063464
http://doi.org/10.1016/j.ijpsycho.2009.12.011
http://www.ncbi.nlm.nih.gov/pubmed/20079773
http://doi.org/10.1016/j.bandc.2012.10.001
http://www.ncbi.nlm.nih.gov/pubmed/23146780
http://doi.org/10.4021/jocmr727w
http://www.ncbi.nlm.nih.gov/pubmed/22505984
http://doi.org/10.3390/ijerph18063088
http://doi.org/10.1111/j.1469-8986.2009.00950.x
http://doi.org/10.3389/fnhum.2019.00294
http://www.ncbi.nlm.nih.gov/pubmed/31551732
http://doi.org/10.11114/jets.v5i7.2317
http://doi.org/10.1519/JSC.0000000000000579
http://www.ncbi.nlm.nih.gov/pubmed/25412162
http://doi.org/10.3390/ijerph18084342
http://www.ncbi.nlm.nih.gov/pubmed/33923913
http://doi.org/10.3389/fphys.2021.691028
http://www.ncbi.nlm.nih.gov/pubmed/34335297
http://doi.org/10.1080/24748668.2015.11868775
http://doi.org/10.3389/fphys.2018.01789
http://doi.org/10.1519/JSC.0000000000002657
http://doi.org/10.1371/journal.pone.0182645
http://doi.org/10.1016/j.resp.2005.04.005

Biology 2022, 11, 65 10 of 10

53.

54.

55.

56.

57.

58.

59.

60.

Stickland, M.K,; Lindinger, M.L; Olfert, L M.; Heigenhauser, G.J.F.; Hopkins, S.R. Pulmonary Gas Exchange and Acid-Base Balance
During Exercise. In Comprehensive Physiology; 2013; pp. 693-739.

Chin, LM.K,; Leigh, R.J.; Heigenhauser, G.J.E; Rossiter, H.B.; Paterson, D.H.; Kowalchuk, ].M. Hyperventilation-induced
hypocapnic alkalosis slows the adaptation of pulmonary O, uptake during the transition to moderate-intensity exercise. J. Physiol.
2007, 583, 351-364. [CrossRef]

Sakamoto, A.; Naito, H.; Chow, C.-M. Hyperventilation as a Strategy for Improved Repeated Sprint Performance. |. Strength Cond.
Res. 2014, 28, 1119-1126. [CrossRef] [PubMed]

Jacob, C.; Keyrouz, C.; Bideau, N.; Nicolas, G.; El Hage, R.; Bideau, B.; Zouhal, H. Pre-exercise hyperventilation can significantly
increase performance in the 50-meter front crawl. Sci. Sports 2015, 30, 173-176. [CrossRef]

Meyer, T. Is lactic acidosis a cause of exercise induced hyperventilation at the respiratory compensation point? Br. J. Sports Med.
2004, 38, 622-625. [CrossRef] [PubMed]

Cetin, M.C.; Taggm, O.; Arslan, E. The relationship between reaction time and decision-making in elite kickboxing athletes. World
Appl. Sci. ]. 2011, 12, 1826-1831.

Slimani, M.; Chaabene, H.; Miarka, B.; Franchini, E.; Chamari, K.; Cheour, F. Kickboxing review: Anthropometric, psychophysio-
logical and activity profiles and injury epidemiology. Biol. Sport 2017, 34, 185. [CrossRef] [PubMed]

Ouergui, I; Hssin, N.; Franchini, E.; Gmada, N.; Bouhlel, E. Technical and tactical analysis of high level kickboxing matches. Int. J.
Perform. Anal. Sport 2013, 13, 294-309. [CrossRef]


http://doi.org/10.1113/jphysiol.2007.132837
http://doi.org/10.1519/JSC.0b013e3182a1fe5c
http://www.ncbi.nlm.nih.gov/pubmed/23838981
http://doi.org/10.1016/j.scispo.2015.02.006
http://doi.org/10.1136/bjsm.2003.007815
http://www.ncbi.nlm.nih.gov/pubmed/15388552
http://doi.org/10.5114/biolsport.2017.65338
http://www.ncbi.nlm.nih.gov/pubmed/28566813
http://doi.org/10.1080/24748668.2013.11868649

	Introduction 
	Materials and Methods 
	Analysis of the Fight 
	Acid–Base Balance Analysis 
	Bioethics Committee 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

