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Abstract

Taekwondo, a martial art that has become an Olympic sport, is a combination of technique, strategy, and physical strength. In Barranquilla, its practice in the
university context faces challenges related to physiological and biochemical evaluation. This study investigates the analysis of lactate, a byproduct of anaerobic
metabolism, as a fundamental indicator for improving athletic performance. Thirteen university taekwondo practitioners participated, selected under rigorous criteria
and evaluated through two lactate threshold tests: traditional incremental and minimum lactate. The results underscore the importance of adapting specific methods
to taekwondo, given its explosive and non-cyclical nature, in order to accurately represent its physiological requirements. This approach seeks to establish scientific
foundations that help design personalized training programs, improve anaerobic lactic capacity, and strengthen technical and tactical performance in a competitive
environment. In this way, research in non-cyclical sports is promoted, favoring local and regional athletic advancement with innovative methodologies adapted to

the Caribbean region.
Keywords: Lactate threshold, incremental test, minimal lactate test, Bandal Chagi kick, anaerobic metabolism.

Resumen

El taekwondo, un arte marcial transformado en deporte olimpico, es una integracion técnica, de estrategia y potencia fisica. En Barranquilla, su practica en el
contexto universitario enfrenta retos vinculados a la evaluacién fisiolégica y bioquimica. Este estudio investiga el analisis de lactato, un subproducto del metabolismo
anaeroébico, como indicador fundamental para mejorar el rendimiento deportivo. Participaron 13 taekwondistas universitarios, elegidos bajo criterios rigurosos y
evaluados a través de dos pruebas de umbral de lactato: incremental tradicional y lactatominimo. Los resultados subrayan la importancia de adaptar métodos
especificos al taekwondo, dada su naturaleza explosiva y no ciclica, para representar con precisién sus requerimientos fisiolégicos. Este enfoque busca establecer
fundamentos cientificos que ayuden a disefiar entrenamientos personalizados, mejorar la capacidad anaerdébica lactica y reforzar el rendimiento técnico-tactico en
un entorno competitivo. De esta forma, se fomenta la investigacién en deportes no ciclicos, favoreciendo el avance deportivo local y regional con metodologias
innovadoras y adaptadas a la region Caribe.

Palabras clave: Umbral de lactato, test incremental, test de lactatominimo, patada Bandal Chagi, metabolismo anaerdbico.
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Introduction

Taekwondo (TKD), a combat sport rooted in martial arts, was featured as a demonstration sport in the 1988 Seoul Olympic
Games and became an official medal sport in the 2000 Sydney Games. It transcends the boundaries of physical competition
by integrating discipline, precision, technique, and tactical skill (Heugas et al., 2007). In the universities in Barranquilla, where
sport is a crucial factor for the all-round development of young individuals, analyzing the physiological profiles of athletes
is essential to optimize their performance. Lactate threshold (LT) in athletes, characterized by rapid movements, dynamic
spins, and technical and tactical combinations, require a balance between anaerobic power and aerobic capacity. Studying
their physiological and biochemical characteristics is crucial as they are required to have a high level of physical fitness,
strength, power, agility, and endurance.

Taekwondo athletes undergo intensive training and participate in competitions that demand significant physical and
mental effort. During these activities, anaerobic metabolism is activated, resulting in the production of lactate. Blood lactate
is a key physiological marker that reflects the body’s response to anaerobic exercise. Lactate accumulation may be associated
with muscle fatigue and can negatively impact athletic performance. However, the ability to efficiently clear lactate and
recover rapidly is crucial for maintaining performance and endurance levels during Taekwondo competitions (Trybulski et
al., 2026).

Aerobic capacity is essential for phosphocreatine resynthesis and lactate clearance during and after competition both
fundamental for sustaining the technical and tactical intensity required in combat. This capacity is commonly measured
using the lactate threshold (LT) (Aravena et al., 2020), which is considered a key indicator of aerobic fitness. However,
traditional methods for assessing LT, such as the incremental test (IT) and the maximal lactate steady state (MLSS) test
(Garcia-Tabar & Gorostiaga, 2018), are typically based on cyclical movements, which limits their specificity for sports like

TKD, which rely on dynamic, non-cyclical actions (Lépez-Laval et al., 2021).

High-intensity practice sessions of TKD result in the accumulation of lactate in blood, a key metabolic byproduct that
affects athletic performance. This phenomenon, although often perceived negatively, is a natural part of physical exertion.
Lactate acts as a marker of fatigue, and also as an indicator of adaptation to training. In Barranquilla, where tropical climatic
conditions pose additional challenges, the ability of TKD athletes to manage and clear lactate becomes particularly relevant,

especially during recovery periods between rounds and training sessions (Yilmaz, 2021).

TKD is practiced in more than 182 countries worldwide (World Taekwondo Federation, 2023); however, its practice at the
local level and within specific settings such as universities requires a context-specific approach. The competitions, organized
in two-minute rounds with a one-minute rest, require athletes to balance physical skills and psychological strategies. Thus,
preparation involves the development of power and speed, and the enhancement of aerobic capacity, which is essential
for processes such as phosphocreatine resynthesis and efficient lactate clearance. Despite being a combat sport with a rich
tradition and a prominent place in the Olympic games, TKD has received limited attention in physiological research. Research
has predominantly focused on sports involving cyclical movements, such as swimming and cycling, leaving a significant
disparity in the literature regarding non-cyclical sports. This underscores the necessity to develop specific methodologies

that take into account the characteristic movement patterns of TKD and its unique physiological demands.

In Barranquilla, research on physiological profiling of TKD athletes is limited, particularly within university settings.
Current assessment methods, such as the minimum lactate test MLT, offer practical advantages;It helps identify the point at
which metabolism shifts from aerobic to anaerobic, which is key to planning workouts and assessing an athlete's condition, in
addition, lower cost, rapid application, useful for estimating anaerobic capacity without invasive equipment. However, they
have not been systematically validated for TKD-specific movements. Thus, studies that adapt and validate these methods
in local contexts, considering the environmental conditions and characteristics of the athletes, are required (Garcia-Tabar
& Gorostiaga, 2018). In this context, the LT is a key parameter for assessing aerobic capacity in TKD athletes. However,
traditional methods for determining LT, such as the IT and MLT, were originally designed for cyclical sports. The validity of
these methods in disciplines such as TKD, where movement specificity is essential to accurately reflect the sport’'s demands,

requires verification.
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Therefore, in this study we aimed to address this disparity by analyzing blood lactate concentrations in university-
level TKD athletes from Barranquilla, Colombia. In addition, we wished to examine how advances in sports physiology can
be applied to optimize training in university students by considering their blood lactate levels. Through specific tests for
this sport discipline, we aimed to accurately identify the LT, providing tools to design training programs tailored to the
requirements of local athletes. This approach aims to optimize athletic performance, and to establish a scientific foundation
that may stimulate future research in sports with similar characteristics, both in the Caribbean region and at the national

level.

Methods

This study was approved by the ethics committee of the Universidad de la Costa CUC and was conducted in accordance with
the international ethical standards for research involving human subjects (Parums, 2024). Before participating, all volunteers
gave their written informed consent. Sixteen athletes from the Barranquilla departmental taekwondo championship were
invited to participate; of these, thirteen met the predefined inclusion criteria. An explanation based on methodological
precedents and power analysis (8 =.80, a =.05) was added (Table 1).

Table 1
Variables Age, Weight, Height, BMI and Training Years

n=13 Age Weight (kg) Size (cm) BMI Training (years)
Minimum 19.3 36.2 143.0 17.6 2.0
Maximum 26.9 76.9 176.0 28.1 5.0
Mean 222 61.0 162.0 231 3.6
Standard deviation 2.4 13.7 10.6 4.0 1.3

Note. BMI = Body Mass Index.

Selection of Participants

Inclusion criteria were established to select TKD athletes, ensuring a homogeneous group in terms of training level and
experience. The inclusion criteria were age between 16-33 years; a minimum of two years of TKD experience; participation
in the regional ASCUN championship; no use of nutritional supplements or ergogenic substances including anabolic-
androgenic steroids; non-smoker status; normal blood pressure; no diagnosis of diabetes; and prior familiarization with the
required exercises, having performed them at least once before the start of the study.

Test Preparation

Specific protocols were designed for lactate testing, namely the IT and MLT. In addition, controlled conditions such as
proper hydration and ambient temperature were maintained to ensure accurate and reliable results. Data collection was
conducted at the beginning of the competitive season, during which athletes trained regularly for 12 hours per week,
distributed over five days. Participants were instructed to report to the laboratory under the following specific conditions:
well-rested, properly hydrated, having refrained from intense physical activity in the previous 48 hours, and having fasted
since 11:00 p.m. the night before. In addition, all tests were conducted during the same morning time window (7:30-11:00
a.m.) under controlled temperature conditions at 23 °C. The trials were performed on separate days, one week apart, to

prevent interference with the results.

Test Execution

LT was identified by visual inspection of the lactate curve; this method was used in two tests, viz. the traditional IT and
MLT. The order of the tests was randomly assigned. Two investigators with extensive training in biochemistry and exercise
physiology independently evaluated the curves. In the IT test, the LT was set at the intensity prior to a pronounced and
sustained increase in blood lactate relative to the workload. For the MLT test, LT corresponded to the intensity associated

with the lowest observed lactate concentration.
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Incremental Test (IT)

Participants performed kicks in 2-minute blocks, gradually increasing intensity, while heart rate and lactate concentrations
were monitored using blood samples. The rhythm of the kicks was controlled with a digital metronome (D'Accord®), and

the test continued until voluntary exhaustion or until the established rhythm could no longer be maintained.

MLT

A one-minute maximal effort was performed, and blood lactate samples were collected during a defined recovery period
to assess the body’s physiological response. Lactate concentrations were measured using an electrozymatic device (Lactate
Plus Sport, USA), and heart rate was monitored with a pulsometer (Polar® Accurex Plus, Finland). This methodological

approach ensured the validity and reliability of the assessment of the variables under study.

Statistical Analyses

The Shapiro-Wilk test was used to check the normality of the data. Data within the normal range were compared using the
paired-samples t-test. Conversely, data that did not fall within the normal range were compared using the Mann-Whitney
U test. Additionally, the Bland-Altman method was applied (Bridge et al., 2009) to verify compliance methods. Statistical

significance was set at a p< .05.

Results

Anthropometric Profiling

Analysis of the results presented in Table 1 revealed data concerning the age, weight, height, body mass index (BMI), and
training experience (in years) of university-level Taekwondo athletes from Barranquilla. The age of the participants was 22.2
t 2.4 years, and their mean body weight was 61.0 + 13.7 kg, with a maximum of 76.9 kg and a minimum of 36.2 kg. The
group had a mean height of 162.0 + 10.6 cm and a BMI of 23.1 £ 4.0, with values ranging from 17.6 to 28.1, classifying the
group within the normal BMI category.

The data related to Z6PL (mm): fat mass (%) and muscle mass (%) of university Taekwondo athletes of Barranquilla. A
Y6PL of 85.77 mm + 34.45 is observed, with a maximum Z6PL of 136 mm and a minimum X6PL of 29 mm. Regarding fat
mass, the group averaged 29.97% + 6.6 mm, ranging from 20.17% to 39.97%, indicating high fat mass levels that exceed
the ideal standards for combat sports, where lower body fat may enhance performance. Muscle mass was 29.70 + 8.12%,
with values ranging from 16.84% to 40.28%, suggesting low muscle mass levels in the group, which may compromise the

strength and power required for optimal Taekwondo performance.

The group of university Taekwondo athletes from Barranquilla consisted of 13 participants, with a slight predominance
of females over males. The female sex comprised seven participants, representing 53.8% of the group, and male sex

corresponded to six participants, representing 46.2% of the group.

Table 2 BMI distribution among the Taekwondo athletes shows that 53.8% were classified as overweight, 30.8% as
having normal weight, and 15.4% as underweight. These findings indicate a predominance of overweight status, which may
negatively impact athletic performance, underscoring the necessity for strategies to optimize weight management and body
composition. According to the Y6PL classification, 61.6% of the Taekwondo athletes were classified as overweight (Grades |
and 1), whereas only 15.4% presented values within the adequate range. These results indicate an excess of subcutaneous
fat in the majority of the group, emphasizing the necessity for targeted strategies to improve their physical conditioning.
The distribution of fat mass shows that 53.8% of the Taekwondo athletes have very high amounts, 15.4% have high amounts
and only 30.8% have acceptable amounts of fat. These results show a predominance of excessive body fat, which highlights
the importance of optimizing nutritional and training strategies.
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Table 2
Frequency of BMI, 6PL, Fat Mass and Muscle Mass

BMI Frequency Percentage

Low weight < 18.5 2 15.4

Normal weight 18.5-24.9 4 30.8

Overweight 25-29.9 7 53.8

Y6PL Frequency Percentage

Average 259 and <72 3 231

Grade Il Overweight > 95 and < 127 5 38.5

Grade | Overweight > 72 and < 95 3 231

Adequate > 26 and < 59 2 15.4

FAT MASS Frequency Percentage

"ACCEPTABLE" > 19.1% and < 26%. 4 30.8

HIGH = 26.1% and < 30.6%. 2 15.4

VERY HIGH > 30.6%. 7 53.8
Frequency Percentage

VERY LOW < 40.6%. 1 7.7

LOW = 18.6% and < 44.99%. 12 92.3

Note. BMI = Body Mass Index — £6PL (mm) = Sum of six skinfolds mm.

Physiological Profiling and Lactate Concentrations

Analysis of the results presented in Table 3 reveals data on stage (kicks/min), power output (watts), heart rate, and lactate
levels in university Taekwondo athletes from Barranquilla. In this regard, the group of 13 Taekwondo athletes showed an
average of 7 + 3.9 kicks/min, a power output of 135 + 66 watts, a heartrate of 146 + 17 bpm, and a blood lactate concentration

of 14 + 4 mmol/L. These values reflect a remarkable variability in the measurements obtained.

Table 3

Stage Variables (Kick*min), Watts, Heart Rate and Lactate Levels

n=13 Stage (kick*min) Watts Heart rate Lactate levels
Minimum 1.0 50 114 7

Maximum 13.0 250 165 20

Mean 7.0 135 146 14

Standard deviation 3.9 66 17 4

Note. Stage (kick*min) = Stage kick per minute.

Table 4 shows that 46.2% of the Taekwondo athletes achieved 120 kicks per minute, whereas the rest presented lower
frequencies. In terms of power output, 46.2% of the participants exhibited low levels (90 watts), whereas 23.1% exhibited
normal (150 watts) and high levels (250 watts). Regarding lactate levels, 84.6% of the participants exhibited very high values
(>8.1 mmol/L), whereas 46.2% showed heart rates above 140 bpm, indicating higher physical exertion.

Cultura, Ciencia y Deporte | ANO 2026 |VOL.21 I NUM. 68 | Espaiia | ISSN 1696-5043




Sanchez Puche, Navarro Beltran et al.

Table 4

Stage Frequency (Kick*min), Watts, Heart Rate and Lactate Levels

Stage Kick per Minute Frequency Percentage
15 kicks per minute 1 7.7

30 kicks per minute 1 7.7

45 kicks per minute 1 7.7

60 kicks per minute 1 7.7

75 kicks per minute 1 7.7

90 kicks per minute 1 7.7

105 kicks per minute 1 7.7

120 kicks per minute 6 46.2

Watts Frequency Percentage
Watts, low 90 6 46.2

Watts, normal 150 3 231

Watts, high 250 3 23.1

Watts, very high 350 1 7.7

Lactate Levels Frequency Percentage
Lactate, high 6.1 to 8.0 2 15.4
Lactate, very high 8.1 to 10.0 1 84.6

Heart Rate Frequency Percentage
HR, good 101-120 bpm 2 15.4

HR, high 121-140 bpm 5 38.5

HR, very high >140 bpm 6 46.2

Figure 1 The blue curve indicates that, with increasing load, the lactate concentration increases exponentially, reaching a

maximum point near 199 W. This may represent the LT, the point at which lactate production exceeds clearance, indicating

a progressive shift toward anaerobic metabolism. The red line shows a linear increase in beats with higher load, highlighting

the direct relationship between physical demand and cardiovascular response.

Figure 1

Relationship Between Workload (in Watts) and the Subject's Physiological Responses

16 -
14
12
10

Blood Lactate (mmol/L)

o N OB O 0

49
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149 199
Workload (watts)

*

- 140

- 120

Heart Rate (beat/min)

80

249 299

Note. Blood lactate concentration (mmol/L, blue line) and heart rate (beats per minute,
red line) for a single participant on different days.

Figure 2 If LT occurs at medium loads (approximately 99-149 watts), it indicates a good aerobic capacity for the sport.

High lactate levels (14-16 mmol/L) suggest that the subject has good tolerance to anaerobic stress, which is important

in explosive sports such as Taekwondo. The linear relationship between HR and load indicates a healthy cardiovascular

response, without irregularities.

Cultura, Ciencia y Deporte | ANO 2026 IVOL.21 I NUM. 68 | Espaiia | ISSN 1696-5043

ANTHROPOMETRIC AND PHYSIOLOGICAL PROFILE AND BLOOD LACTATE CONCENTRATIONS IN UNIVERSITY TAEKWONDO ATHLETES FROM BARRANQUILLA, COLOMBIA




ANTHROPOMETRIC AND PHYSIOLOGICAL PROFILE AND BLOOD LACTATE CONCENTRATIONS IN UNIVERSITY TAEKWONDO ATHLETES FROM BARRANQUILLA, COLOMBIA

ANTHROPOMETRIC AND PHYSIOLOGICAL PROFILE AND BLOOD LACTATE CONCENTRATIONS IN UNIVERSITY TAEKWONDO ATHLETES FROM BARRANQU...

Figure 2
Absence of Differences (p>.05) in Lactate Threshold Determined Using the Incremental Test (n = 13) and Minimum Lactate Test (n

= 8), Using the Specific Taekwondo Bandal Chagi Kick

140 Lactate Threshold Determined by Incremental Test and Minimum Lactate Test

120

80

60

Kicks at Lactate Threshold (kicks-min?)

40

20

Incremental Test Minimum Lactate Test

Table 5
Identification of the Lactate Threshold (LT) for a Single Participant on Different Days

Training zones T1 T2 T3 T4 T5
Heart rate <140 140-139 139-135 135-141 >141
Workload <104.0 104.0-109.0 109.0-125.6 125.6-102.6 >102.6

Note. T1 =Time 1. T2=Time 2. T3=Time 3. T4 =Time 4. T5 = Time 5.

Figure 3 Lactate concentration (blue): Shows a significant increase to 199 W, followed by a slight decrease to 249 W. Heart
rate (red): Increases progressively with workload but appears to plateau at the final measurement point. Borg scale (green):
Indicates that the perceived stress increases proportionally to the load, with a maximum of 16 at 249 W.

Figure 3
Lactate Levels, Heart Rate, and Perceived Exertion (Borg Scale) as a Function of Workload (Watts) for a Single Participant on

Different Days
Analysis of Lactate, Heart Rate, and Perceived Exertion

16} —#— Lactate —=— Heart Rate - 180
-#- Borg Scale -l

=170
14

- 160

-
o

-
o

Lactate (mmol/L)
-
]
(=)

Heart Rate (bpm)

- 140

-130

-120

50 75 100 125 150 175 200 225 250
Workload (watts)

Figure 4 Lactate concentration increases progressively with the intensity of effort, reflected in kicks/minute. At low
intensity levels, aerobic metabolism predominates; however, as intensity increases, lactate levels rise significantly, marking
a greater dependence on anaerobic metabolism. The aerobic threshold (2-4 mmol/L) signals the transition to mixed
metabolism, whereas the anaerobic threshold (>4 mmol/L) indicates excessive lactate production. In recovery, lactate
reduction is moderate, reflecting the body's efficiency in its clearance. Heart rate and perceived exertion scale (Borg) aligned

with changes in lactate concentration, showing consistency between physiological and subjective variables.
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Figure 4
Lactate Threshold (60 Kicks-min-1) Determined Using IT and MLT for two Participants on Different Days
Evolution of Blood Lactate in Different Stages

12 | == LT (individual 1)
—e— LMT (Individual 2)

101+

Blood Lactate (mmol-L-?)

0 20 40 Stﬁges 1ki(k5.mia.-?—l) 100 120 140
Note. Maximum lactate concentration ([La]) after 7 min of passive
recovery from maximum intensity kicks performed for 1 min.

In relation to the MLT, the analysis reveals significant differences between the IT and the MLT in kicks at the lactate
threshold. Inthe IT, athletes averaged 55 + 10 kicks/minute, whereas in the MLT they reached 85 + 15 kicks/minute, exhibiting
a relative increase of 54.5% in the MLT. This reflects the technical specificity of the MLT, which allows for more efficient
performance. The lower variability in the IT indicates uniformity in overall capabilities, whereas the MLT highlights individual
differences in technical economy.

Discussion

In Taekwondo, anthropometric profiling is critical and influences athletic performance, particularly in this type of discipline,
where agility, speed, and power are essential components of the sport. The relationship between body composition and
lactate levels in Taekwondo athletes has been the focus of recent research, which has shown that an adequate proportion
of muscle mass and a low body fat percentage can contribute to enhanced performance and a more efficient anaerobic
metabolic response.

In a study conducted by Agopyan et al. (2022) the body composition of elite Taekwondo athletes and its relationship with
lactate levels during competitions was analyzed. The results of this study showed that athletes with a higher percentage
of muscle mass and a lower percentage of fat showed lower post-competition lactate levels, suggesting greater efficiency
in energy utilization and better recovery capacity. This finding aligns with the premise that optimal body composition can
enhance performance in high-intensity sports, such as Taekwondo, where lactate production is inevitable in explosive efforts.

In another relevant study, Ojeda-Aravena et al. (2021) investigated the relationship between body composition and
lactate response in Taekwondo athletes during a specific training protocol. The authors found that athletes with a higher
proportion of lean mass had lower lactate levels, and showed faster recovery between training sets. This highlights the
importance of body composition in immediate performance, as well as in the ability to recover and maintain a high level of

performance throughout training sessions and competitions.

Our findings regarding fat and muscle mass were compared with previous research that has analyzed the relationship
between body composition and performance in combat sports. For example, studies by Agopyan et al. (2022) and Ojeda-
Aravena et al. (2021) have shown that a lower percentage of fat tissue, as well as a higher muscle mass, are positively
correlated with better performance in Taekwondo. Also, it is important to discuss how our findings, which indicate that
elevated fat mass and reduced muscle mass, could indicate areas of significant improvement for athletes.

The findings of this study are consistent with those of a previous study that has examined lactate levels in athletes from
various disciplines. A study by Bridge et al. (2014) examined the lactate response in Taekwondo competitors and revealed
that lactate concentrations increased markedly during competitions, indicating activation of anaerobic metabolism. This
evidence supports the idea that Taekwondo, being a high-intensity and short-duration sport, elicits a physiological reaction
characterized by lactate generation. In addition, other research on similar disciplines has demonstrated the relevance of
lactate as an indicator of performance and recovery capacity.
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Liu et al. (2023) analyzed the relationship between exercise intensity, emotional state, and perceived exertion at different
times of day. They found that lactate concentrations were linked to subjective perception of exertion during physical activity,
suggesting that lactate may affect the subjective experience of physical exertion.

Similarly, lactate concentrations have been associated with the subjective experience of exertion during high-intensity
exercise, suggesting that lactate may play a role in the perception of physical regulation (Bridge et al., 2014).

As for Taekwondo athletes, Seo et al. (2019) conducted an analysis on the physiological responses of female competitors
during training and competitions. They found that lactate levels increased significantly after an intense training session,
indicating activation of anaerobic metabolism and lactate production in response to physical exertion. This evidence
underscores the relevance of examining lactate concentrations in TKD athletes from the Atlantic region. By understanding
the fluctuations in lactate levels in response to training and competition, it is possible to develop more effective and
individualized training strategies aimed at optimizing performance and recovery in female athletes (Wang et al., 2023).

Our main finding confirms the feasibility of identifying LT through specific tests for TKD. In addition, the intensity of LT
was analogous in both protocols applied. Therefore, any of these methods may be employed to enhance the assessment
and prescription of TKD training. To our knowledge, this is the first study to examine specific protocols for analyzing LT in
TKD competitors.

LT identification is the most common method for assessing aerobic capacity by determining the response of lactate
concentrations to exercise (Ribeiro et al., 2004). The IT has been linked to the reference methodology among aerobic capacity
diagnostic protocols known as MLSS. Also, the intensity obtained from MLT can estimate MLT and its protocol has been
validated (Billat et al., 2004). However, the exercises in these tests are always cyclical. To change this paradigm and take into
account the specificity principle, a particular kick was used to evaluate lactate concentrations. LT was achieved in both tests,

so that specific tests are presented as a promising alternative for evaluation in TKD.

We could not find any analysis in the scientific literature that measured LT through specific movements in TKD
competitors. Due to the scarcity of prior research, our findings cannot be directly compared; however, in line with this study,
one investigation successfully employed a specific sport-related movement to determine the minimum lactate intensity in
Judo (Bacon & Kern, 1999). Despite the limited literature on LT in TKD, there are studies that contribute to clarifying the
physiological responses of TKD during competitions or simulated matches.

One study examined HR variations and blood lactate concentration during a simulated TKD competition across three
weight categories. The mean HR response was 160 beats-min”' (86% HR) and the lactate concentration during competition
was 3.35 mmol-L™". Although the authors did not evaluate LT, they concluded that the lactate concentration was close to LT,

probably because of the standard LT value of 4 mmol-L” suggested by other authors (Heller et al., 1998). However, the LT
defined by a fixed lactate concentration was established in pedestrianism. Discrepancies in the type of exercise may alter
the context for TKD movements, thereby preventing such generalizations. Our HR values showed similarities between the IT
and MLT tests (i.e., HR at LT and HRmax), demonstrating good agreement between the protocols, which appear to match the
80% of the estimated HRmax for the age of students practicing TKD recreationally while performing two different beginner
techniques (single arm and arm and leg techniques).

Therefore, training should incorporate exercise sets that effectively stimulate both aerobic and anaerobic metabolism.
The protocols applied in this study are considered appropriate, as the LT provides adequate information regarding energy
metabolism and the intensity of a specific training session. Furthermore, while heart rate recovery depends on aerobic
metabolism and can be optimized through proper assessment and prescription of sport-specific training, our preliminary
work on lactate LT in TKD testing appears promising. Regarding the intensity obtained with IT and MLT, we found equivalent
values with both LT kicks (Figure 2) and maximal kicks. This finding validates that both protocols are effective in identifying
LT. This evidence is essential for evaluating and prescribing training for athletes, who must prepare for six to seven fights
in a single day. Unfortunately, we have not found any studies that have evaluated LT in a specific movement for TKD with
which we could compare our data. However, by analogy, our LT results in relation to peak intensity were 60% and 70% for
IT and MLT, respectively.
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Conclusions

These studies highlight the necessity for coaches and trainers to consider body composition as a key component in the
design of training programs for Taekwondo athletes. Regular assessment of body composition, along with monitoring of
lactate levels, can provide valuable information to personalize training regimens and optimize athletic performance. In
addition, future research should focus on the implementation of nutritional and training interventions aimed at improving
the body composition of athletes, which could result in a reduction of lactate levels and improvement in the capacity to

perform Taekwondo.

We concluded that it is feasible to recognize LT in both the IT and the minimal lactate test, both designed specifically for
TKD, using the crescent kick (Bandal Chagi kick). In addition, there is no variation in LT intensity between the two proposed
methods. Therefore, we confirmed our original hypothesis that LT can be estimated in TKD-specific assessments.

The findings of this research showed clear patterns in the lactate levels of TKD athletes from the Atlantic region. During
intense training, a marked reduction in lactate levels was observed in contrast to resting values. This finding suggests that
anaerobic metabolism was activated during physical activity, resulting in an accumulation of lactate in the blood of athletes.

In particular, it was determined that lactate levels reached their maximum in the highest intensity stage of training,
coinciding with the sequences of explosive and fast movements characteristic of Taekwondo. This is in agreement
with previous research that has shown that high-intensity and short-duration activities, typical of Taekwondo, induce a
physiological response marked by lactate production.

In addition, the recovery capacity of the athletes after intense exercise was evaluated. We observed that lactate levels
gradually decreased during the recovery period, indicating effective clearance of accumulated lactate from the blood.
This ability of rapid recovery is crucial for athletes to maintain consistent performance during competitions and recover

adequately between training sessions (Haddad et al., 2017).

These findings underscore the relevance of monitoring the lactate levels of TKD athletes from the Atlantic region. By
understanding each competitor's physiological lactate profile, coaches and sports professionals can develop more effective
and personalized training strategies. Further, this knowledge may help identify areas for improvement in athletes’ physical

conditioning and anaerobic endurance, which could potentially result in enhanced performance in Taekwondo competitions.

This study has certain limitations. The sample size was relatively small and limited to Taekwondo athletes from the Atlantic
region, which may affect extrapolation to other geographical contexts. In addition, longitudinal studies are recommended

to enable long-term monitoring of lactate levels and their relationship to athletic performance in Taekwondo.
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