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Introduction: This study aimed to assess the physiological profile of the 
Norwegian National Taekwondo Team (ITF).
Methods: Thirty-three athletes (Age = 20.8 ± 4.4), participated in the study, 
including 19 females (Age = 20.4 ± 3.4) and 14 males (Age = 21.6 ± 5.5). The 
athletes performed anthropometric and body composition, counter movement 
jump, maximal oxygen consumption (VO2max), leg press, brutal bench, and pull-
ups tests. A Univariate Analysis of Variance (ANCOVA) was conducted to examine 
the effects on gender (male, female), experience (junior, senior), and competition 
level (medalists, non-medalists) on the outcome variables.
Results: Athletes demonstrated the following anthropometric and physical 
characteristics: weight (males: 72.7 ± 11.7 kg; females: 61.7 ± 10.5 kg), height 
(males: 179.2 ± 5.3 cm; females: 168.9 ± 8.5 cm), body fat (males: 9.5% ± 4.4%; 
females: 18.6% ± 4.9%), VO2max (males: 58.8 ± 7.3 mL/kg/min; females: 50.5 
± 4.1 mL/kg/min) brutal bench (males: 15.6 ± 5.7 reps; females: 14.9 ± 8.9 
reps), pull-ups (males: 11.4 ± 5.0 reps; females: 13.0 ± 9.3 reps), CMJ (males: 
42.1 ± 4.8 cm; females: 31.1 ± 3.3 cm), maximum load (males: 234.0 ± 54.2 kg; 
females: 168.5 ± 33.6 kg), peak power (males: 1475.6 ± 390.0 W; females: 918.4 
± 162.4 W), and normalized peak power (males: 20.1 ± 2.8 W/kg females: 15.0 
± 1.6 W/kg).
Conclusion: While physiological parameters show differences based on gender, 
they do not discriminate for competition level neither experience. Nevertheless, 
the Norwegian national team exhibit levels of physical and physiological 
conditions aligned with other elite athletes in other combat sports. The results 
provide valuable insights into the physiological levels that elite ITF taekwondo 
athletes should attain.

KEYWORDS

aerobic capacity, muscular strength, power, keiser, taekwondo, ITF 

Introduction

Taekwondo athletes require a wide range of physiological factors such as speed, 
strength, power, and endurance (Marković et al., 2005) and it has been suggested that 
no single physical attribute dominates performance (Beekley et al., 2006). Understanding 
the physiological characteristics of elite taekwondo athletes is crucial for optimizing 
performance and enhancing training methodologies (Zar et al., 2008; Zhu et al., 2025). 
International taekwondo athletes, generally, possess low levels of body fat, and while
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the VO2max of taekwondo athletes is somewhat variable, it seems 
that moderate to high levels of anaerobic of physical fitness are 
necessary (Bridge et al., 2014; Franchini, 2023; Heller et al., 1998). 
However, there is evidence supporting the idea that taekwondo 
athletes should demonstrate superior performance in vertical jump 
height, higher upper and lower body strength, or superior anaerobic 
fitness to achieve success in international competition (Norjali et al., 
2019; Sadowski et al., 2012) while research also supports the idea 
that muscle strength is often not a key role (Marković et al., 2005; 
Zhu et al., 2025). Taekwondo has two international governing 
bodies and while WT taekwondo has an extensive number of 
scientific studies (Millet et al., 2021), research on ITF is scarce 
(Poliszczuk et al., 2015; Góra et al., 2024). Moreover, as far as we 
know, only one study has analysed the level of physical fitness of 
ITF athletes (Heller et al., 1998). Providing objective feedback can 
enhance athlete motivation, particularly when it is grounded in 
a clear understanding of the performance standards required at 
various competitive levels. In recent years, the Norwegian national 
team has achieved notable success on the international stage, 
ranking 1st overall at the European ITF Taekwondo Championships 
and 6th overall at the World Championships. Despite this, there 
is a paucity of research that examines the physical attributes that 
contribute to their high-level performance. With this background 
in mind, the objective of the present research is to assess the 
physiological profile of the Norwegian National Taekwondo Team. 
In addition, we also aimed to analyse athletes based on competition 
level, experience, and gender.

Methods

Participants

Thirty-three taekwondo athletes (Mage = 20.8 ± 4), members of 
the Norwegian National Team, participated in the study. 19 were 
female (Mage = 20.4 ± 3.4) and 14 males (Mage = 21.6 ± 5.5). 
Regarding their experience, 10 athletes were juniors (Mage = 16.8 
± 0.4 and 23 seniors (Mage = 22.6 ± 4.1). Athletes who obtained a 
medal in an international competition, in the following European 
or World Championships were categorized as medallists. The 
study was approved by The Norwegian Data Protection Authority 
(Ref.#135031). 

Procedures

All tests were performed on the same day, in the same laboratory, 
under similar environmental conditions (18 °C–20 °C), The physical 
tests were performed with a minimum of 30 min breaks in between. 
The participants were instructed to have no strenuous exercise the 
day before testing and told not to eat and consume caffeine and 
nicotine products 3 h prior the tests. and in the following order. 

Anthropometry and body composition

Height was measured with a stadiometer (Seca 206 and 
Seca 217, Hamburg, Germany), recorded to the nearest cm. All 

measurements were performed barefoot using standard procedures. 
Body composition and body mass were estimated using an 
eight-polar bioimpedance method using a multifrequency current 
(InBody™ 720, Biospace CO., Ltd., Seoul, Korea). 

Brutal bench

The “brutal bench” is a vertical abdominal test similar to a sit-
up (Gym 2000, Vikersund, Norway), but with higher demands for 
the hip flexors. Participants began in a vertical position with their 
feet secured at a 90-degree angle in the knee joint in the apparatus, 
their heads closest to the floor, and their hands positioned behind 
their heads. To ensure consistent hand placement throughout all 
repetitions, participants held onto a short, circular piece of rope. 
For each repetition, the elbows had to touch the knees. The 
maximum number of accepted repetitions was recorded and used 
for statistical analysis. 

Pull-up

The pull-up test was used to measure upper body strength. 
Male participants began in a vertical position with their arms fully 
extended while holding onto a bar. Female participants started in a 
horizontal position, with their bodies straight and supported by their 
heels on the floor. For each repetition, the chin had to rise above 
the bar. The maximum number of accepted repetitions was used for 
statistical analysis. 

Counter movement jump

The CMJ was conducted using both legs on a three-dimensional 
force plate (Kistler 9286B, Kistler Instruments AG, Winterthur, 
Switzerland). Participants began the CMJ from an upright stance 
and were instructed to descend to a self-selected depth before 
jumping vertically with maximum effort, with their hands on their 
hips. Each participant performed three jumps, and the best attempt 
was used for the statistical analysis. 

Leg strength and power

Maximal leg strength and power was assessed using a Keiser 
pneumatic leg press machine (Keiser A300, Keiser Co. Inc. 
United States). The corresponding Keiser A420 software (version 
9.3.42) computes power as (P = F · v) calculated from pneumatic 
cylinder pressure and velocity (m/s) from displacement sensors. 
Participants were positioned in the machine with a knee angle of 
approximately 90°, and with their hands on the handles located 
on each side of the leg press seat. Two familiarization repetitions 
were followed by an estimation of 1RM and a 10-step protocol 
with increasing loads (Lindberg et al., 2021). Participants were also 
instructed to exert maximal effort on each repetition. A retrospective 
analysis of the tests confirmed that the 1RM estimations were 
justifiable, with participants averaging 10.6 ± 2.0 repetitions before 
reaching 1RM. Maximal load (kg), peak power (W), and normalized 
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(by body weight) peak power (W/kg) were subsequently used in the 
statistical analysis. 

Aerobic capacity

Prior to testing, participants engaged in a 10-min warm-up 
by running on a treadmill (Woodway PPS55, United States) at a 
speed of 10 km/h. Maximal oxygen consumption (VO2max) was then 
measured using a standard protocol, constant incline of 5.3%, with 
the running velocity increased by 1 km/h every minute until the 
participant reached voluntary exhaustion. Gas exchange values were 
assessed using an Oxycon Pro apparatus (Jaeger GmbH, Hochberg, 
Germany) with a mixing chamber (Hans Rudolph Inc., Kansas City, 
MO, United States). Prior to each measurement, the oxygen (VO2) 
and carbon dioxide (VCO2) gas analysers were calibrated with high-
precision gases (16.00% ± 0.04% O2 and 5.00% ± 0.1% CO2, Riesner-
Gase GmbH and co, Lichtenfels, Germany). VO2max was defined as 
the highest 1-min average VO2 during the test. During the tests, VO2
consumption, respiratory exchange ratio (RER), volume of expired 
air (VE), and HR were recorded and stored. 

Statistical analysis

Data normality for all performance variables (Weight, Height, 
BMI, Fat, VO2max, Brutal Bench, Pull-up, CMJ, Load, Peak Power, 
and Normalized Peak Power) were initially assessed using the 
Kolmogorov-Smirnov test. All variables, besides Peak Power (W) 
and Normalized Peak Power (W/kg), showed a normal distribution 
(p < 0.05). For the normal distributed variables, a Univariate 
Analysis of Variance (ANCOVA) was conducted to examine the 
effects of gender (male, female), experience (junior, senior), and 
competition level (medallists, non-medallists) followed by Tukey H 
pair subsequent comparisons. Partial eta-squared (ηp

2) or epsilon 
squared (ε2) values below 0.01, 0.01–0.06, 0.06–0.14, and above 
0.14 were considered to have trivial, small, medium, and large 
effect sizes, respectively (Cohen, 1988). Moreover, it was analysed 
the 97% confidence interval and the Cohen’s d (effect sizes were 
considered as small [d = 0.2], medium [d = 0.5], and large [d = 
0.8], respectively) (Cohen, 1988). For the non-normal distributed 
variables, an independent t-test was performed included ε2 to 
analyse the effect size. Statistical analyses were performed using
Jamovi project (2024).

Results

Mean and standard deviation of each variable in each group and 
subgroup can be seen in Table 1 and Figure 1 (for competition level), 
Figure 2 (for experience), and Figure 3 (for gender), while Partial 
eta-squared (ηp2), confidence intervals (95% CI), and Cohen’s d are 
presented in Table 2.

Regarding weight, there was a significant main effect of gender 
[F(1,25) = 7.4, p =0 .01]. However, there was a non-significant main 
effect of competition level [F(1, 25) = 0.1, p = 0.92,] nor experience 
[F(1, 25) = 0.20, p = 0.65]. The interaction effects were therefore non-
significant (p > 0.05). For height, there was a significant main effect 

of gender [F(1, 25) = 12.78, p < 0.001]. However, there was a non-
significant main effect of competition level [F(1, 25) = 0.89, p = 0.36] 
nor experience [F(1, 25) = 0.01, p = 0.97]. The interaction effects 
were therefore non-significant (p > 0.05). A significant main effect 
of gender was observed for body fat [F (1, 25) = 18.65, p < 0.001]. 
However, there was not a significant main effect of competition level 
[F(1, 25) = 0.1, p = 0.91] nor experience [F(1, 25) = 3.43, p = 0.08]. The 
interaction effects were therefore non-significant (p > 0.05). In terms 
of VO2max, there was a significant main effect of gender [F(1, 13) = 
9.2, p = 0.01]. However, there was not a significant main effect of 
competition level [F(1, 13) = 1.26, p = 0.28] nor experience [F(1, 13) = 
3.72, p = 0.08]. The interaction effects were therefore non-significant 
(p > 0.05). Regarding brutal bench, there was a non-significant main 
effect of gender [F(1, 25) = 0.14, p = 0.72], competition level [F(1, 25) = 
4.4, p = 0.05] nor experience [F(1, 25) = 0.93, p = 0.34]. The interaction 
effects were therefore non-significant (p > 0.05). For Pull-ups there 
was a non-significant main effect of gender [F(1, 20) = 0.51, p = 0.48], 
competition level [F(1, 20) = 0.83, p = 0.38] nor experience [F(1, 20) = 
0.29, p = 0.60]. The interaction effects were therefore non-significant 
(p > 0.05). In CMJ, there was a significant main effect of gender 
[F(1, 25) = 34.12, p < 0.001]. However, the main effect of competition 
level [F(1, 25) = 0.52, p = 0.48] nor experience [F(1, 29) = 1.11, p 
= 0.30] was non-significant. The interaction effects were therefore 
non-significant (p > 0.05). Regarding load, there was a significant 
main effect of gender [F(1, 23) = 15.74, p < 0.001]. However, the main 
effect of competition level [F(1, 23) = 0.01, p = 0.96] was not significant 
nor the main effect of experience [F(1, 23) = 0.85, p = 0.37]. The 
interaction effects were therefore non-significant (p > 0.05).

For peak power, there were significant differences in gender (χ2 
= 18.95, p < 0.001, ε2 = 0.59). However, there were no significant 
differences regarding competition level (χ2 = 0.95, p = 0.33, ε2 = 
0.03) neither regarding experience (χ2 = 1.25, p = 0.26, ε2 = 0.04). 
Regarding normalized peak power, there were significant differences 
in gender (χ2 = 20.40, p < 0.001, ε2 = 0.64) no significant differences 
regarding competition level (χ2 = 0.69, p = 0.41, ε2 = 0.02) neither 
regarding experience (χ2 = 1.38, p = 0.24, ε2 = 0.04).

Discussion

This study aimed to assess the physiological profile of the 
Norwegian National Taekwondo (ITF) Team. In addition, we also 
aimed to analyse athletes based on competition level, experience, 
and gender.

In terms of body fat, females showed a higher percentage 
than males (high effect size). Our results are similar to previous 
studies (Bridge et al., 2014; Reale et al., 2020) and lower than those 
reported by Kim and Nam (2021) from Korean elite taekwondo 
athletes. No differences were found regarding competition level nor 
experience.

Regarding VO2max, and in line with previous studies 
(Mathunjwa et al., 2015; Kim and Nam, 2021; Heller et al., 
1998), males showed higher values than females (high effect size). 
However, no differences were found regarding competition level 
nor experience (moderate effect size). It is interesting to highlight 
that our results are higher than those reported by Franchini et al. 
(2011) in elite judo, by Chabene et al. (2012) in karate athletes, or 
by Heller et al. (1998) for the ITF Czech national team, and slightly 
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TABLE 1  Descriptive statistics (mean and standard deviation) of the taekwondo athletes, according to their competition level (medallists = 18; 
non-medallists = 15), experience (junior = 10; senior = 23), and gender (male = 14; female = 19).

Variables Gender

Medalists Non-
medalists

Junior Senior Total

M ± SD M ± SD M ± SD M ± SD M ± SD

Weight (kg)
Male 73.7 ± 14.0 71.4 ± 8.6 72.6 ± 11.1 72.8 ± 12.5 72.7 ± 11.7a

Female 63.5 ± 11.3 59.7 ± 9.7 60.0 ± 9.9 62.5 ± 11.1 61.7 ± 10.5a

Total 68.1 ± 13.3 64.4 ± 10.7 64.9 ± 11.7 66.9 ± 12.5 66.4 ± 12.2

Height (cm)
Male 179.6 ± 6.4 178.8 ± 4.1 179.5 ± 4.2 179.1 ± 5.9 179.2 ± 5.3a

Female 164.7 ± 7.0 170.7 ± 8.8 172 ± 8.3 167.5 ± 8.5 168.9 ± 8.5a

Total 172.1 ± 10.0 174.11 ± 8.1 175.0 ± 7.7 172.5 ± 9.4 173.3 ± 8.9

Fat (%)
Male 9.2 ± 4.1 9.8 ± 5.2 6.4 ± 3.9 10.7 ± 4.1 9.5 ± 4.4a

Female 20.1 ± 4.1 16.97 ± 5.5 16.9 ± 6.9 19.4 ± 3.8 18.6 + 4.9a

Total 15.3 ± 6.8 14.1 ± 6.3 12.7 ± 7.8 15.6 ± 5.9 14.7 ± 6.5

VO2max
(mL/kg/min)

Male 59.8 ± 6.8 57.7 ± 8.5 63.8 ± 5.3 56 ± 6.9 58.8 ± 7.3a

Female 51.1 ± 4.6 49.6 ± 3.6 50.9 ± 6.3 50.3 ± 3.4 50.5 ± 4.1a

Total 55.4 ± 7.1 54.1 ± 7.7 58.3 ± 8.7 53.2 ± 5.9 54.9 ± 7.2

Brutal Bench (rep)
Male 15.8 ± 6.1 15.4 ± 5.6 18.0 ± 5.2 14.6 ± 5.9 15.6 ± 5.7

Female 19.8 ± 8.96 9.5 ± 4.9 8.6 ± 5.7 17.6 ± 8.7 14.9 ± 8.9

Total 17.9 ± 7.8 11.8 ± 5.8 12.8 ± 7.1 16.3 ± 7.6 15.2 ± 7.5

Pull ups (rep)
Male 11.1 ± 6.4 11.8 ± 2.5 10.5 ± 3.9 11.9 ± 5.6 11.4 ± 5.0

Female 15.4 ± 9.1 9.6 ± 9.5 13.5 ± 11.5 12.8 ± 8.9 13.0 ± 9.3

Total 13.3 ± 7.9 10.7 ± 6.6 12.0 ± 8.1 12.3 ± 7.2 12.2 ± 7.3

CMJ (cm)
Male 42.9 ± 5.0 40.95 ± 4.5 40.4 ± 5.1 42.7 ± 4.7 42.1 ± 4.8a

Female 31.3 ± 2.7 30.7 ± 4.1 29.1 ± 3.6 31.9 ± 2.9 31.1 ± 3.3a

Total 36.5 ± 7.1 34.8 ± 6.6 33.6 ± 7.1 36.7 ± 6.6 35.7 ± 6.8

LoadMax (kg)
Male 240,9 ± 62.5 223.1 ± 41.3 234.3 ± 35.4 233.9 ± 62.7 234.0 ± 54.2a

Female 178.3 ± 33.9 158.7 ± 31.9 146.3 ± 39.2 179.6 ± 25.3 168.5 ± 33.6a

Total 207.8 ± 57.7 181.7 ± 46.7 181.5 ± 57.8 202.9 ± 51.8 195.9 ± 53.8

Peak Power (W)
Male 1497.3 ± 432.9 1446.7 ± 362.2 1407.8 ± 212.5 1964.9 ± 169.6 1475.6 ± 390.0a

Female 971.3 ± 174.4 859.6 ± 133.10 817.7 ± 90.1 964.9 ± 169.6 918.4 ± 162.4a

Total 1205.1 ± 406.9 1094.4 ± 381.6 1053.7 ± 335.3 1198.7 ± 415.4 1154.8 ± 393.5

Peak PowerNorm
(W/kg)

Male 20.1 ± 2.3 20.1 ± 3.49 19.5 ± 2.7 20.3 ± 2.9 20.1 ± 2.8a

Female 15.4 ± 1.4 14.5 ± 1.8 13.8 ± 1.8 15.5 ± 1.2 15.0 ± 1.6a

Total 17.46 ± 3.1 16.8 ± 3.8 16.1 ± 3.6 17.6 ± 3.2 17.1 ± 3.3

ameans significant differences between males and females.
Note: All tests were performed by 33 athletes, except for Brutal Bench (n = 30), Pull-ups (n = 24), and VO2max (n = 21).
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FIGURE 1
Physical and performance metrics between medalists and 
non-medalists regarding weight, height, body fat, VO2max/kg, brutal 
bench reps reps, pull-up reps, countermovement jump (CMJ) height, 
max load, peak power, and normalized peak power. Each plot shows 
individual data points, means and error bars to indicate variability 
within each level group.

FIGURE 2
Physical and performance metrics comparing junior and senior 
athletes across eight measures: weight, height, body fat, VO2max/kg, 
brutal bench reps, pull-up reps, counter-movement jump (CMJ) 
height, max load, peak power, and normalized peak power. Each plot 
shows individual data points, means, and error bars to indicate 
variability within each experience group.
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FIGURE 3
Physical and performance metrics comparing males and females 
across different metrics: weight, height, fat percentage, VO2max/kg, 
brutal bench reps, pull-up reps, counter-movement jump (CMJ) 
height, max load, peak power, and normalized peak power. Each plot 
shows individual data points, means, and error bars to indicate 
variability within each gender group.

higher than those reported by Mathunjwa et al. (2017) or Kim 
and Nam (2021) for male and female senior taekwondo athletes. 
In any case, it seems that aerobic capacity is essential in combat 
sports (Zhang et al., 2025; Kirk et al., 2024; Ruddock et al., 2021). 
Our results indicates that the Norwegian team is well inside the 
international aerobic levels, as well as showing that the level of 
preparation of the athletes has increased over the years. The results 
also show that Taekwondo ITF is an aerobically demanding sport.

To our knowledge, no previous studies in combat sports have 
utilized the brutal bench and the pull-up tests, since most of 
the studies have used 60-s sit-up tests in combat sports athletes 
(Marković et al., 2005; Noorul et al., 2008; Sadowski et al., 
2012; Toskovic et al., 2004). Therefore, the direct comparisons 
is challenging. Moreover, the effect size was moderate to large, 
suggesting that despite non-significance, the observed difference 
may reflect limited statistical power. However, the brutal bench is 
considered relevant for taekwondo athletes as it engages the hip 
flexors and abdominal muscles, which are important in this sport 
(Jeon et al., 2021). Our results are in line with previous studies 
that found no differences between two different levels of taekwondo 
athletes (Baldi et al., 1990; Toskovic et al., 2004), neither regarding 
gender (Noorul et al., 2008) and in contrast to those that has reported 
significant differences based on competition level (Marković et al., 
2005; Sadowski et al., 2012), and gender (Toskovic et al., 2004). 
The lack of significant differences in the Norwegian team could 
be explained by the fact that all athletes are members of the 
national team, and therefore, all of them are at a high level of
performance.

In line with previous studies (Noorul et al., 2008; Marković et al., 
2005), no differences were found regarding competition level and 
gender in pull-ups (small to moderate effect size). Our results 
are higher than the ones reported by Fajar et al. (2021) and 
extend previous findings suggesting that endurance properties of 
the upper extremities may be important to support several technical 
and tactical actions in combat, but it does not determine success 
in international competition. Nevertheless, the available data will 
provide coaches and trainers insight into the muscular endurance 
characteristics of ITF taekwondo athletes.

When it comes to the countermovement jump, and in line 
with previous studies in combat sports (Batra et al., 2025; 
Bridge et al., 2014; Chabene et al., 2012; Noorul et al., 2008; 
Škugor et al., 2023), males jumped higher than female athletes. 
However, no differences were found (small effect size) regarding 
competition level nor experience. Škugor et al. (2023) reported 
a significantly higher jump height for male national wrestler 
medallists compared to non-medallists, thus describing a difference 
in competition level not found in our study. Furthermore, 
Norjali et al. (2019) found significant differences between elite 
and non-elite collegiate taekwondo male athletes. Performance in 
combat sports largely depends on the ability to generate high power, 
which involves producing significant kinetic energy in a short time 
(Ravier et al., 2004; Blazević et al., 2006). However, it seems that 
when analysing high level athletes, it is difficult to determine one 
specific variable that discriminates the best from the second best. In 
any case, the findings of the present study confirms that male and 
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TABLE 2  95% Confidence intervals (95% CI), partial eta-square (ηp2) and Cohen’s d (d) according to Competition level (medallists and non-medallists), 
Experience (junior and senior) and Gender (male and female) of the analysed variables.

Variables
Gender Competition level Experience

95% CI ηp2 d 95% CI ηp2 d 95% CI ηp2 d

Weight (kg) [0.22–2.13] 0.23 1.17 [-0.84–0.94] 0 0.05 [-1.9–0.69] 0 −0.2

Height (cm) [-2.65 to −0.57] 0.34 −1.61 [-1.36–0.51] 0.03 −0.42 [-0.95–0.91] 0 −0.02

Fat (%) [-2.90 to −0.82] 0.43 −1.86 [-0.84–0.94] 0 0.05 [-1.72–0.12] 0.12 −0.8

VO2max (mL/kg/min) [0.25–2.69] 0.41 1.47 [-0.53–1.62] 0.9 0.55 [-0.19–2.06] 0.22 0.94

Brutal Bench (rep) [-0.63–0.91] 0 0.14 [-0.20–1.85] 0.1 0.83 [-1.04–0.91] 0 −0.06

Pull ups (rep) [-1.34–0.67] 0.03 −0.34 [-0.58–1.44] 0.05 0.43 [-0.75–1.25] 0.02 0.25

CMJ (cm) [1.37–3.67] 0.58 2.52 [-0.58–1.20] 0.02 0.31 [-1.35–0.44] 0.04 −0.45

LoadMax (kg) [0.69–2.79] 0.41 1.74 [-0.93–0.88] 0 −0.02 [-1.32–0.51] 0.04 −0.4

female athletes performed within the range of reported averages for 
CMJ performance.

In general, maximal leg strength values were similar to the 
ones reported by Toskovic et al. (2004) for taekwondo athletes. In 
contrast, Sbriccoli et al. (2007) reported maximal leg press strength 
for Olympic Judo athletes considerably higher than what the athletes 
in the current study achieved. However, the Judo athletes had on 
average a much higher body weight in addition to lower VO2max
values than the athletes in the current study, which highlights the 
distinct difference in physiological demands in these two combat 
sports. Furthermore, Sbriccoli et al. (2007) did not include the 
protocol for measuring maximal leg strength which make maximal 
strength comparison difficult.

Regarding peak power (W), no differences were found according 
to the competition level neither experience. However, differences 
emerged according to gender. It can be noted that elite Norwegian 
Taekwondo athletes showed lower values compared to their conte-
partner athletes from the same country, in non-comparable sports 
like ice hockey, handball, and alpine skiing (Nysether et al., 2023). 
Previous studies on combat sports have used the Wingate test or 
short duration cycle sprints to assess anaerobic power (Bridge et al., 
2014; Chabene et al., 2012; Venckunas et al., 2024). To our 
knowledge, this is the first study utilizing the Keiser leg press to 
assess anaerobic power in combat athletes. It can be argued that 
assessing peak power via a leg press is more relevant for explosive 
movements such as jumping and kicking, as opposed to the Wingate 
cycle test, which determine peak power over a 5 s period, and may 
be influenced by the ability to maintain power output and cycling 
technique. However, since Wingate is the gold standard for testing 
anaerobic power, more research should be done to assess which test 
is more valid in assessing power in combat athletes.

Normalized peak power values appear to be higher in the 
Keiser leg press compared to the Wingate test (unpublished data), 
which is expected given that the Keiser leg press measures peak 
power over a shorter time interval than the Wingate test. It is 
interesting to notice that our results are in line (similar W/kg) 

with those reported by Ravier et al. (2004) in male Karate 
athletes or by Sadowski et al. (2012) in taekwondo athletes (WT). 
In contrast to our results, the beforementioned studies found 
superior anaerobic power in international athletes compared to 
national athletes, and medallists compared to non-medallists,
respectively.

It has been reported that the athlete with the best physical fitness 
has the greatest probability of winning a championship, especially 
for female taekwondo athletes (Liu and He, 2022). However, in line 
with Heller et al. (1998) and Marković et al. (2005), our results 
indicate that physiological parameters do not evidently discriminate 
by competition level neither experience. The lack of significance 
might be explained by the fact that the tested athletes are at 
the top level, and differences are based on very small details, 
but also by the limited statistical power (due to low number of 
participants) of the study. Actually, post hoc computed statistical 
power showed that only variables brutal bench for competition 
level and VO2max for experience achieved a “decent” (≈63%) power. 
Therefore, future research should take into account the sample size 
before conducting the experiment, and also focus on technical, 
tactical and mental toughness evaluation of performance to find 
measures of success beyond physiological traits. Nevertheless, the 
results of the present study give actual and updated data to athletes 
and coaches that would like to face international competitions 
in ITF taekwondo with enough guaranties that the physiological
needs are meet.

Conclusion

The Norwegian national team is generally comparable to 
athletes in other elite combat sports even though group-level 
physiological parameters do not discriminate between performance 
levels or experience and are not direct indicators of success in 
championships. Nevertheless, the results provide valuable insights 
into the physiological levels that elite taekwondo athletes should
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attain, particularly within the Norwegian national team, but also 
among elite athletes in the International Taekwon-Do Federation.
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