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AbSTRACT
Purpose. The paper describes the relationships between anthropometric features, body composition, and anaerobic alactic 
power (AAP) in elite post-pubertal and mature male taekwondo athletes.
Methods. The sample of 41 taekwondo athletes was divided into two groups: post-pubertal (P-P, n = 19, Mage = 15.6 ± 1.1 years) 
and mature (M, n = 22, Mage = 20.7 ± 2.8 years). Anthropometric features (Wb-150, ZPU Tryb-Wag, Poland), body composition 
(bC-418 MA, Tanita, Japan), maturational status (Pubertal Maturational Observational Scale), and AAP (10-s version of the 
Wingate Anaerobic Test) were assessed.
Results. Post-hoc testing revealed significant between-group differences (3.2–20.4%, p < 0.01) in all anthropometric and body 
composition measures, with effect sizes (ES) between −0.79 and −1.25 (p < 0.001), except for fat content and percentage of skeletal 
muscle mass (SMM) (p  0.05). In group M, the maximal power output (Pmax) was greater (ES = −1.15, p < 0.001) and the time 
of its attainment shorter (ES = 0.59, p < 0.001) than in group P-P. Correlation analyses indicated notably strong associations 
between body mass (bM) and Pmax in group P-P (r = 0.950 [95% CI, 0.85–0.98], p < 0.001) and M (r = 0.926 [95% CI, 0.81–0.97], 
p < 0.001), and similar-sized strong correlations between fat-free mass (FFM) and Pmax in group P-P (r = 0.955 [95% CI, 0.86–0.99], 
p < 0.001) and M (r = 0.924 [95% CI, 0.82–0.96], p < 0.001). Additionally, a strong correlation was found between body height 
and Pmax in groups P-P and M (r = 0.805 [95% CI, 0.54–0.92], p < 0.001 and r = 0.819 [95% CI, 0.58–0.93], p < 0.001, respec-
tively). Linear regression analyses demonstrated that FFM, bM, and absolute SMM best explained the variance in Pmax in both 
groups (r, 0.939–0.951; r2, 0.882–0.909).
Conclusions. The strong correlations observed in both groups between bM, FFM, SMM, and Pmax demonstrate the significant 
effects of body size and composition on AAP. by determining the current levels of these measures for individual athletes and 
via regressive modelling, one can anticipate the individual developmental dynamics of AAP. On the basis of anthropometric 
profiling, we recommend the recruitment and selection of tall and lean individuals with high anaerobic predisposition in 
taekwondo. Such a profile may enable coaches to better predict future athlete development, particularly in AAP.
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Introduction

Taekwondo (TKD) is a combative, full contact, free 
sparring, weight-classed competitive sport. This Korean 
martial art form is considered one of the more physi-
cally demanding combat and self-defence techniques. 
Competitive TKD fighting involves three 3-min rounds 
interspersed with 1-min rest periods. If the score is tied 
at the end of the third round, a fourth sudden death or 
‘golden round’ is held. Sparring in TKD involves bouts 
of intensive effort of 3–5 s, alternating with low inten-

sity periods at an average ratio of 1:3 to 1:4 [1]. Practi-
tioners of TKD believe that the leg, as the longest and 
strongest extremity, has the greatest potential to exact 
powerful strikes, at the same time minimizing success-
ful retaliation. For this reason, a successful kick is con-
sidered to be dependent on the athlete’s ability to generate 
great muscular force together with speed and unpre-
dictability [2, 3]. TKD training generally involves de-
veloping sport-specific skills such as muscular perfor-
mance, agility, balance, and reaction time [4]. Studies 
have found that movement speed and coordination are 
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the most fundamental components of successful TKD 
performance [2, 5].

As established in numerous studies, one of the key 
factors determining the effectiveness of a TKD athlete 
is body size [6–9]. It was concluded that a number of 
anthropometric and physiological characteristics ap-
peared to be highly correlated with performance in TKD 
[4, 9, 10]. For instance, Heller et al. [1] determined that 
the physiological profile of male and female TKD black 
belts consisted of very low percentage body fat (%bF) 
and high fat-free mass (FFM) along with high anaerobic 
potential. A physiological analysis of competitive spar-
ring has suggested that high performance in TKD is as-
sociated with the ability to generate short-term anaerobic 
power and also to quickly recover after fights [11–13].

Given our knowledge of the various metabolic pro-
cesses available to supply energy to a working muscle, 
short-duration maximal intensity activity (up to 5 s) is 
believed to be met by a ca. 85% contribution of the phos-
phagen (ATP-PCr) pathway, whereby ca. 10% is met by 
the glycolytic and ca. 5% by the oxidative pathways [14]. 
A series of studies [1, 15–19] have further indicated that 
TKD sparring is an activity that requires large anaerobic 
alactic power (AAP), explosive strength expressed via 
the stretch-shortening cycle, agility, and aerobic power. 
These findings are in line with the metabolic profile of 
a typical TKD match as developed by Campos et al. [12]. 
Studying a simulated competition (three 2-min rounds 
interspersed with 1-min recovery), they found that the 
anaerobic alactic and lactic processes contributed to 30 ± 
6% and 4 ± 2% of total energy expenditure, respectively.

For the above reasons, training adaptations in TKD 
need to be based on the improvement of sport-specific 
skills, dominated by anaerobic processes. Although the 
contribution of anthropometric features and body com-
position in TKD performance was to some extent rec-
ognized in adult athletes, these variables in relation to 
AAP have not been well-studied in elite-level adolescent 
(pubertal and post-pubertal) or young adult (mature) 
athletes. This deficiency is pertinent as while body size 
is one of the factors determining TKD performance, it is 
confounded by variation in maturity status. The effects 
of growth- and maturity-related changes in puberty need 
to be considered when administering exercise tests and 
comparing outcome measures, particularly during the 
talent identification stage [20]. It is natural that as bio-
logical age increases, the anthropometric features and 
body tissue components change, and subsequent matu-
ration of the nervous, endocrine, muscular, and cardio-
vascular systems is generally associated with enhanced 
neuromuscular function [20, 21]. In this context, an un-
explained interaction in TKD athletes of various age 
groups (who are often highly differentiated by matu-
rational status) are the relationships between the indi-
vidual body size, body composition, and measures of the 
anaerobic alactic and lactic energy systems. The short-

age of detailed knowledge regarding these complex re-
lationships and the adaptive processes triggered by the 
use of specialized loads in TKD training represents a chal-
lenge for those working with young elite-level athletes. 
Problematic is also the lack of a gold standard in the 
assessment of anaerobic power in TKD [22]. Previous in-
vestigations have frequently applied the Wingate Anaer-
obic Test (WAnT) to ascertain the anaerobic profile of 
TKD and other martial arts athletes [23]. While non-
specific to the movement structure in TKD, the WAnT 
has been validated by the more TKD-specific Adapted 
Anaerobic Kick Test, showing strong correlations across 
six anaerobic variables (r, 0.543–0.865) [24]. This has 
been explained by the intermittent activity of TKD com-
petition, which elicits a high neuromuscular activation 
of the lower extremities [23]. Presently, the WAnT still 
remains the most common and most universal method 
of assessing peak anaerobic power and capacity and is 
considered the most appropriate in evaluating the an-
aerobic profile of TKD competitors [24].

Therefore, the aim of this study was to examine the 
quantity and relationships between anthropometric fea-
tures, body composition, and AAP variables in elite male 
TKD athletes of two different age brackets, those bio-
logically immature (post-pubertal) and mature (young 
adults), and consequently at different stages in their 
training career. It was assumed that as age and training 
experience increased, so would AAP owing to the impact 
of specialized TKD training loads (i.e. efforts based on 
overcoming large external resistance with maximal ve-
locity) whose energy demands were primarily met by 
anaerobic metabolism. With this in mind, we formu-
lated the following research questions:

– What are the anthropometric, body composition, 
and AAP characteristics of TKD athletes of different 
ages and training experience?

– To what extent do the values of these anthropo-
metric and body composition measures and AAP vari-
ables differentiate athletes of different ages and training 
experience?

– Are the correlations between anthropometry, body 
composition, and AAP in mature athletes, with longer 
training and competitive experience, different than in 
post-pubertal athletes?

Material and methods

Ethical approval

The study was approved by the institutional review 
board and conducted in accordance with the ethical 
standards established by the Declaration of Helsinki. 
Informed consent was obtained from all participants over 
legal age, otherwise from their parent or legal guardian.
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Participants

In this investigation, a non-experimental, descrip-
tive correlational design was adopted to study a sample 
of male TKD athletes (n = 41; age range, 13.6–26.2 years). 
The inclusion criteria were: (a) good health status, (b) min-
imum 3 years training experience, and (c) elite-level com-
petitive experience – the minimum requirement was 
being a medallist in the Polish championships. In addi-
tion, each participant needed to be medically cleared 
and certified for exercise testing. All the athletes were 
free from any lower body injury or neuromuscular dis-
order. The majority of the recruited athletes had achieved 
a significant competitive success. In total, 22 were junior 
or senior Polish championships masters, 7 were inter-
nationally ranked athletes (1st and 3rd places in the Eu-
ropean championships), and 2 were ranked 5th and 6th 
in the World Taekwondo Championships; 36 of the par-
ticipants were also under the supervision of 2 former 
national team coaches during the study duration.

The total sample was divided into two groups ac-
cording to the maturational status: post-pubertal (P-P, 
n = 19, Mage = 15.6 ± 1.1 years) and mature (M, n = 22, 
Mage = 20.7 ± 2.8 years). In group P-P, the age distribution 
was 13 years (n = 2), 14 years (n = 4), 15 years (n = 5), 
and 16 years (n = 8). In group M, the age distribution was 
19 years (n = 5), 20 years (n = 7), 21 years (n = 6), 22 years 
(n = 3), and 24 years (n = 1). The distribution of the 
athletes according to weight class was < 58 kg (n = 4), 
< 68 kg (n = 10), < 80 kg (n = 3), and > 80 kg (n = 2) in 
group P-P and < 68 kg (n = 5), < 80 kg (n = 8), and > 80 kg 
(n = 9) in group M. Twelve athletes from group P-P were 
holders of 1st–3rd poom and 7 were holders of 4th poom. 
Sixteen athletes from group M had black belts (1–3 dan). 
The training experience of group M was almost twice 
that of group P-P (11.2 ± 3.3 and 6.9 ± 2.1 years, re-
spectively).

Strength and conditioning training programs

This study was conducted over a timeframe of 4 weeks 
during a training mesocycle in a pre-competition pe-
riod. Athletes from group P-P participated in 16 train-
ing sessions, four 1.5–2-h sessions per week. Athletes 
in group M attended 24 training sessions, 6 times per 
week, 2–2.5 hours per day. The training intensity was 
monitored throughout to ensure that a standardized 
training stimulus was administered by recording heart 
rate (HR) with a portable transmitter (Polar T-31, Polar 
Electro OY, Kempele, Finland). because maximal heart 
rate (HRmax) is determined by age, we adopted the equa-
tion:

HRmax = 205 – 0.5 × age

to individually determine HRmax for each athlete [25]. 
This method was used to quantify the internal train-
ing load.

Table 1 presents the detailed training characteristics 
(training zones and loads) of groups P-P and M. For 
group P-P, slight differences (14.3%) were present be-
tween the amount of training involving targeted and 
specialized exercises, although both mainly involved 
the contribution of the aerobic and anaerobic pathways 
(2 and 3). Training conducted in the zones developing 
the lactic (4) and alactic (5) anaerobic systems accounted 
for 16.6% of the total training load. Training designed 
to actively recover aerobic capacity at very low intensity 
(1) involved only general exercises. For group M, the 
volume and intensity of aerobic training was identical to 
that of group P-P. However, there was a greater share 
of aerobic training performed by group M at lower in-
tensity (2). The greatest differences between the train-
ing structure of group M and group P-P concerned the 
amount of specialized training employed at moderate 

Table 1. Training loads (min) corresponding to the types of training and intensity zones during the selected training 
microcycle in post-pubertal (P-P) and mature (M) taekwondo athletes

Type of 
training

Training intensity zone

1 2 3 4 5 [6]  1–5

G
ro

up
 P

-P G 75 60 75
T 60 30 7.5 7.5 105
S 45 30 7.5 7.5 90

 G/T/S 75 105 60 15 15 60 270

G
ro

up
 M

G 75 75
T 75 90 75
S 75 150 45 30 300

 G/T/S 75 150 150 45 30 90 450

Types of training: G – general, T – targeted, S – specialized 
Training zones: 
1 – aerobic active recovery (65% HRmax [120 beats/min]) 4 – anaerobic lactic (> 95% HRmax [> 190 beats/min]) 
2 – aerobic endurance (< 85% HRmax [160–180 beats/min]) 5 – anaerobic alactic (65–90% HRmax [130–180 beats/min]) 
3 – mixed (aerobic–anaerobic, > 95% HRmax [> 180 beats/min]) 6 – muscular hypertrophy (highly varied HR)
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to high intensities (3–5). For example, mixed training 
(3) in group M involved 5 times more specialized exer-
cises than in group P-P. Totalled across the entire mi-
crocycle, the specialized exercises performed by group 
P-P accounted for only 30% of those performed by 
group M.

Maturational status

The maturational status of group P-P was deter-
mined with a slightly modified version of the Pubertal 
Maturational Observational Scale (PMOS) [26]. The 
PMOS utilizes parental questionnaires and investiga-
tor observations to classify individuals into four pu-
bertal categories (pre-pubertal, early pubertal, pubertal, 
post-pubertal) and was used to affirm the P-P cohorts 
as pubertal (n = 4, equivalent to Tanner stage IV) and 
post-pubertal (n = 15, equivalent to Tanner stage V). 
The PMOS has shown high reliability and can be ap-
plied to differentiate pubertal stages on the basis of in-
dicators of adolescent growth, axillary and leg hair growth, 
muscular development, presence of acne, and evidence 
of sweating during physical activity [26, 27].

Anthropometry and body composition

Measurements of body height (bH) to the nearest 
0.1 cm and body mass (bM) to the nearest 0.1 kg were 
performed with a scale/stadiometer (Wb-150, ZPU 
Tryb-Wag, Poland) in the morning in a fasted state. body 
mass index (bMI) was calculated to determine the weight 
status. body composition, including %bF, fat mass (FM), 
and FFM, was determined by bioelectric impedance 
analysis (bC-418 MA, Tanita, Japan). Total-body skele-
tal muscle mass (SMM) was calculated on the basis of 
an equation developed by Lee et al. [28]

SMM [kg] = 0.244 × bM + 7.80 − bH − 0.098 × age + 
6.6 × sex + race − 3.3

where sex is 1 for male and 0 for female, and race is 
1.4 for African American, 0 for white or Hispanic, and 
−1.2 for Asian ethnicity. Additionally, total-body SMM 
was also indicated as a percentage (%SMM). All anthro-
pometric measurements were carried out by the same 
certified investigator in compliance with the proce-
dures recommended by the International Society for 
Advancement of Kinanthropometry (ISAK).

Anaerobic alactic power  
(Wingate Anaerobic Test protocol)

AAP was assessed with the use of a 10-s variant of 
the WAnT on a calibrated cycle ergometer (874-E, Monark 
Exercise, Sweden) integrated with a PC. The WAnT is 
the most commonly applied test to assess anaerobic 
power and capacity, with previous studies confirming 

its reliability [29] and validity [30]. The WAnT was per-
formed in accordance with standardized methodology 
[31], in which exercise lasting up to 10 s is believed to 
employ predominantly the phosphagen system. For the 
purposes of our study, we accepted that a 10-s version 
of WAnT could provide a valid measure of short-term 
maximal AAP.

On the day prior to testing, the participants performed 
a shortened 1.5-h training session at low and moderate 
intensity (65–85% HRmax training zone). The WAnT was 
implemented before noon (10:00–12:00), with resistance 
individually adjusted relative to bM (7.5% of bM). In 
accordance with standardized procedures [31], the test-
ing was preceded by a 10-min warm-up on a cycle ergom-
eter (load, 2.0 W/kg bM), with the participant’s ped-
alling at 60 rpm interspersed with three all-out sprints 
(ca. 90 rpm) lasting 2–3 s in order to elicit HR between 
150 and 160 beats/min. The participants then rested 
for 5 min before performing the WAnT. During the test, 
they were instructed to remain seated and were verbally 
encouraged by the researchers and other participants 
to provide maximal effort in the full 10 s of the test.

Four variables were adopted to analyse AAP: maxi-
mal power output (Pmax), defined as the average value of 
power during the time at or above 97.7% of peak power 
(Ppeak) and expressed in W; relative Pmax (Pmax/bM), deter-
mined by dividing Pmax by bM and expressed as W/kg; 
time of attained Pmax (Tat), expressed in s; and time of 
sustained Pmax (Tsu), also expressed in s. Real time Ppeak 
was recorded at the frequency of 1000 Hz.

Statistical analysis

Data are presented as means or relative changes (%) 
with standard deviations (± SD). Coefficients of vari-
ance (CV) were also calculated for all measures. The 
distribution of the data was analysed with the Shapiro-
Wilk test. To test the assumption of homogeneity of vari-
ance, Levene’s test was applied. To detect any significant 
differences between the mean values, one-way analysis 
of variance (ANOVA) was used. The alpha level of 0.05 
was assumed as statistically significant. Multiple pairwise 
comparisons were made post hoc with the Tukey’s hon-
estly significant difference test (HSD). The differences 
were expressed as Cohen’s d at 95% confidence inter-
vals (± 95% CI) with the use of pooled SD. Threshold 
values for effect sizes (Cohen’s d) were 0.2 (small), 0.5 
(medium), and 0.8 (large) [32]. Pearson’s product-mo-
ment correlation coefficients (r) were determined between 
the values of age, training experience, bH, bM, body com-
position, and the AAP variables. For the interpretation 
of correlational effects (the magnitudes of r), the bench-
marks established by Cohen were applied: < 0.10 (trivial), 
0.10–0.29 (small), 0.30–0.49 (moderate), and  0.50 
(large) [32]. The independent associations of age, bH, bM, 
body fat, and SMM with Pmax were evaluated with a lin-
ear regression model. The Statistica 10 package (Stat-
Soft Inc., Tulsa, USA) was used for all statistical analyses.
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Ethical approval
The research related to human use has been complied 

with all the relevant national regulations, institution-
al policies and in accordance the tenets of the Helsinki 
Declaration, and has been approved by the authors’ in-
stitutional review board or equivalent committee.

Results

Statistical testing confirmed the normal distribution 
of the data set in each group (normal Gaussian distribu-
tion) and the assumption of homogeneity of variance 
between the groups for all variables. Subsequent analysis 
of the groups’ training characteristics during the studied 
pre-competition period proved that group M imple-
mented greater training loads and at a higher intensity 
(particularly specialized loads), conceivably owing to the 
developmental maturation and longer training experi-
ence of the group. Table 2 presents the body size, body 
composition, and AAP variables. As the participants 
from group P-P were younger and in a period of rapid 
development, they were unsurprisingly characterized 
by a number of significantly lower anthropometric and 
body composition values (p < 0.01). The only body tis-
sue components that did not differ between the groups 
(p  0.05) were fat content, both as %bF and total meas-
ure (FM), and percentage skeletal muscle mass (%SMM). 
The remaining anthropometric features and body tissue 
components that significantly differentiated the groups 
were: bH (by 3.2%; d = −0.79, p < 0.001), bM (by 18.8%; 
d = −1.06, p < 0.001), FFM (by 20.4%; d = −1.25, p < 0.001), 

SMM (by 20.2%; d = −1.22, p < 0.001), and bMI (by 
11.6%; d = −1.08, p < 0.01). It should be noted that these 
variables are interdependent: bMI is a derivative of bH 
and bM; SMM is the main part of FFM, which itself is 
a component of bM. Group M was found with signifi-
cantly larger values of Pmax and Pmax/bM, as confirmed by 
the large effect sizes. However, the magnitude of these 
differences was quite different. There was a greater dif-
ference between the two groups in Pmax (by 26.4%; d = 
−1.15, p < 0.001) than in Pmax/bM (by 7.0%; d = −0.87, p < 
0.01). The Tat in group M was significantly shorter (by 
10.8%; d = 0.59, p < 0.001). Although the Tsu was also 
shorter (by 8.9%) in group M, this difference was not 
statistically significant (p = 0.2428).

Tables 3 and 4 independently present the correla-
tion analyses (intercorrelation matrices) performed in 
groups P-P and M, respectively. Many of these rela-
tionships are very high, given that the individual body 
tissue components are interdependent. There were a 
number of similar-sized correlations in group P-P. This 
group demonstrated statistically significant relation-
ships between Pmax with age (r = 0.616 [95% CI, 0.23–
0.83], p < 0.01) and training experience (r = 0.560 
[95% CI, 0.15–0.81], p < 0.05). However, no significant 
relationships were observed in group M between Pmax, 
age, and training experience (all p  0.05) as these cor-
relations were classified as trivial to small. Group P-P 
demonstrated a statistically significant relationship 
between Pmax/bM and age (r = 0.527 [95% CI, 0.17–0.78], 
p  0.05], but much larger with training experience 
(r = 0.714 [95% CI, 0.22–0.85], p < 0.001). Concurrently, 

Table 2. Age, training experience, body mass and composition, and AAP variables between the post-pubertal (P-P)  
and mature (M) groups of taekwondo athletes

Variables
Age TE bH bM bF FM FFM SMM SMM bMI Pmax Pmax/bM Tat Tsu

(years) (years) (cm) (kg) (%) (kg) (kg) (%) (kg) (kg/m2) (W) (W/kg) (s) (s)

G
ro

up
 P

-P

Mean 15.55 6.9 175.2 64.7 14.0 9.22 55.5 44.9 29.0 21.0 719.2 11.0 4.8 3.3
SD 1.08 2.13 7.07 11.23 2.50 2.89 8.75 1.55 4.37 2.41 168.22 0.97 0.75 0.95
95% CI < 15.03 5.96 171.8 59.28 12.81 7.83 51.26 41.62 26.86 17.79 638.11 10.56 4.40 2.80
95% CI > 16.07 8.01 178.6 70.10 15.21 10.61 59.70 47.36 31.07 22.11 800.19 11.50 5.12 3.72
CV% 6.96 30.44 4.03 17.4 17.9 31.38 15.8 3.5 15.1 11.5 23.39 8.8 15.9 29.2

G
ro

up
 M

Mean 20.70 11.2 180.8 76.8 12.9 10.03 66.8 45.3 34.8 23.4 908.7 11.8 4.3 3.0
SD 2.80 3.31 7.27 11.83 3.12 3.53 9.46 1.84 5.22 2.16 165.71 0.83 0.98 0.60
95% CI < 19.46 9.76 177.6 71.59 11.52 8.46 62.60 39.91 32.50 22.42 835.23 11.43 3.82 2.69
95% CI > 21.94 12.71 184.0 82.09 14.28 11.60 71.00 48.73 37.12 24.34 982.21 12.17 4.68 3.22
CV% 13.53 29.47 4.02 15.4 24.2 35.18 14.2 4.06 15.0 9.2 18.2 7.0 23.0 20.3

Effect size (d) –2.39 –1.52 –0.80 –1.07 0.39 –0.25 –1.25 –0.12 –1.22 –1.08 –1.15 –0.87 0.59 0.39
ANOVA (p)  0.001  0.001 0.0160 0.0018 0.2190 0.4271  0.001 0.4762  0.001 0.0016  0.001 0.0091  0.001 0.2428
Difference (%) 33.2 60.5 3.2 18.8 8.0 8.9 20.4 1.1 20.2 11.6 26.4 7.0 10.8 8.9

TE – training experience, bH – body height, bM – body mass, bF – body fat, FM – fat mass, FFM – fat-free mass, SMM – skeletal 
muscle mass, bMI – body mass index, Pmax – absolute maximal power output, Pmax/bM – relative maximal power output,  
Tat – time of attained maximal power output, Tsu – time of sustained maximal power output, SD – standard deviation,  
CI – confidence interval, CV – coefficient of variance
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group M was found to present a statistically significant 
relationship between Pmax/bM and training experience 
(r = 0.566 [95% CI, 0.16–0.80], p < 0.01), but not be-
tween Pmax/bM and age (p  0.05).

Group M was observed to show a large negative cor-
relation between Pmax and Tat (r = −0.578 [95% CI, 0.17–
0.85], p < 0.01) and also a large but positive correlation 
between Tat and Tsu (r = 0.578 [95% CI, 0.19–0.84], p < 
0.01). Group P-P demonstrated no such relationship 
between Pmax and Tat (p  0.05) or Tat and Tsu (p  0.05). 
Correlation analyses revealed notably high coefficient 
values (r) between bM and Pmax in groups P-P (r = 0.950 
[95% CI, 0.85–0.98], p < 0.001) and M (r = 0.926 [95% CI, 
0.81–0.97], p < 0.001) and similarly-sized large corre-
lations between FFM and Pmax in groups P-P (r = 0.955 
[95% CI, 0.86–0.99], p < 0.001) and M (r = 0.924 [95% 
CI, 0.82–0.96], p < 0.001). Additionally, a strong cor-
relation was found between Pmax and bH in groups P-P 
and M (r = 0.805 [95% CI, 0.54–0.92], p < 0.001 and 
r = 0.819 [95% CI, 0.58–0.93], p < 0.001, respectively].

Linear regression analyses were employed to exam-
ine the relationships between Pmax and the measures of 
age, training experience, bH, bM, bF (% and kg), FFM, 
SMM (% and kg), and bMI. Figures 1–4 present the lin-

ear regressions of the four variables that best explain 
Pmax (W) in the whole sample of 41 TKD athletes (r = 
0.939–0.953, r2 = 0.882–0.909). Regression analysis for 
Pmax and bH was also performed, and a strong relation-
ship between the two variables was observed (r = 0.840, 
r2 = 0.705). Regression analyses performed separately 
for each group demonstrated that FFM, bM, and abso-
lute SMM offered the best overall explanation of Pmax 
(W) in group P-P (r = 0.941–0.955, r2 = 0.879–0.912). 
A similar relationship (with high predictive r2 values) 
was also observed in group M (r = 0.907–0.926, r2 = 
0.814–0.855).

Discussion

This study aimed to determine the relationships be-
tween anthropometric features, body composition, and 
measures of AAP in post-pubertal (P-P) and mature (M) 
elite male TKD athletes. To date, only a limited number 
of studies have compared the associations between the 
aforementioned variables in these two populations [7]. 
This is regrettable as differences in anthropometry and 
other physiological characteristics at various training 
stages can influence TKD performance and competitive 

Figure 1. Relationship between fat-free mass (FFM)  
and absolute maximal power output (Pmax) for the whole 

sample (n = 41; r = 0.953, r2 = 0.909, p < 0.01)

Figure 2. Relationship between body mass (bM)  
and absolute maximal power output (Pmax) for the whole 

sample (n = 41; r = 0.951, r2 = 0.905, p < 0.001)

Figure 3. Relationship between absolute skeletal muscle 
mass (SMM) and absolute maximal power output (Pmax) 
for the whole sample (n = 41; r = 0.939, r2 = 0.882, p < 

0.001)

Figure 4. Relationship between body height (bH)  
and absolute maximal power output (Pmax) for the whole 

sample (n = 41; r = 0.840, r2 = 0.705, p < 0.001)
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success [6]. body size and composition are particularly 
important attributes in weight-sensitive sports such as 
TKD [4, 33]. Available studies on these characteristics 
have reported a variety of findings. Research on elite 
male TKD somatotypes has proved the ecto-mesomor-
phic body type most dominant [8]. In a study by Noh 
et al. [8], the –80 kg weight class had the highest mes-
omorphic and the lowest endomorphic component 
value. Other works have indicated that even 8 weeks of 
pre-season TKD training is beneficial in reducing bM, 
%bF, and fat tissue [9], thus impacting technical skills 
and moves. The beneficial effects of TKD training were 
also indicated by Toskovic et al. [13], who estimated 
that around 30 min of TKD practice three times per 
week was sufficient in controlling bM and enhancing 
fat loss. In the present study, athletes from group M had 
8.0% lower %bF than those from group P-P, but this 
difference was not statistically significant (p = 0.2190) 
owing to large inter-individual differences (17.9% CV 
in P-P, 24.2% CV in M). This finding was anticipated, 
as it is well known that both body size (bH and bM) and 
body tissue components (FFM and SMM) increase dur-
ing maturation and reach peak values after puberty [34]. 
SMM also increases with age until the end of adoles-
cence, approximating 54% of bM in boys at 17 years 
of age [34]. In group M, the significantly higher values 
of bM, FFM, and SMM, lower levels of bF, with rela-
tively minor differences in bH were undoubtedly the 
result of more advanced development, longer training 
experience, and larger training loads.

As mentioned, various anthropometric measures were 
found to be highly correlated with TKD performance 
[4, 9, 10]. This was confirmed by our study, where the 
very high correlations observed between bM, FFM, 
SMM, and Pmax are indicative of a series of cause-effect 
relationships. One study involving professional athletes 
also proved a relationship between measures of bH and 
lower limb anaerobic power [35]. Our results point to 
the existence of a strong correlation between bH and 
Pmax in elite-level male TKD athletes; this relationship 
was noted both in group P-P (r = 0.805 [95% CI, 0.54–
0.92], p < 0.001) and in group M (r = 0.819 [95% CI, 
0.58–0.93], p < 0.001). Accordingly, the selection of fu-
ture TKD athletes should take into account the bH.

The biggest difference that we observed between 
groups P-P and M concerned Pmax (26.4%, p < 0.001), 
followed by the difference in FFM (20.4%, p < 0.001) 
and SMM (20.2%, p < 0.001). The significant differ-
ence in Pmax could be attributed to increased FFM (mainly 
SMM) and enhanced anaerobic performance, itself as-
sociated with the effects of intensive TKD training [1, 
16]. Increased SMM in group M may also explain the 
significant between-group differences in Pmax and other 
AAP variables found in our study. Strength and power 
development during puberty is known to be influenced 
by the linear increase of skeletal muscle size and mass 
[5, 36–38]. Even a slight increase in SMM in males be-

fore puberty can raise their work efficiency [39]. One 
must also take into account that efficient and effective 
motor performance has a genetic aspect. Furthermore, 
muscle strength and power are especially subject to modi-
fication by resistance training which modifies maximal 
motor unit recruitment. It has been demonstrated that, 
compared with adults, adolescents show decreased re-
cruitment and/or are unable to utilize full motor unit 
potential during resistance training [40] because of in-
efficient and ineffective neuromuscular activation. There-
fore, the significant between-group difference in Pmax 
compared with the differences in bM, FFM, and SMM 
could result from a higher level of neuromuscular co-
ordination in group M.

A number of studies have reported that TKD training 
could improve muscular strength and power in young 
and experienced athletes [1, 13, 17]. In a sample of 
post-pubertal males (n = 19, Mage = 13.8 ± 2.2 years), 
Melhim [17] found significant increases in peak anaero-
bic power (28%, p < 0.05) after 8 weeks (three 50-min 
sessions per week) of specific TKD training. The intense 
utilization of AAP in TKD has been found to result in 
high post-sparring concentrations of blood lactate in 
elite athletes [18]. Another research group [5] studied 
7 international-level female TKD fighters (Mage = 22.9 
± 3.5 years) to find mean post-fight blood lactate of 11.7 ± 
1.8 mmol/l. A similar value (11.9 mmol/l ± 2.1) was ob-
tained by bridge et al. [11] in 8 male TKD black belts 
(Mage = 22.0 ± 4.0 years) following competition. Given 
these insights, the significant differences in Pmax com-
pared with the differences in FFM and SMM between 
groups P-P and M appear to be rather a result of TKD 
AAP-oriented skills and specialized training. This kind 
of training protocol may elicit biochemical adaptations 
in skeletal muscles and associated enhanced enzymatic 
activity, catalysing energy generation and higher concen-
trations of phosphagens in skeletal muscles [1, 15–18, 41].

When compared with literature data, the between-
group differences in the absolute values of Pmax were sub-
stantially lower than the 121% increase of Ppeak found by 
Armstrong et al. [34] in a group of untrained 12–17-year-
old boys. An explanation for the seemingly small dif-
ferences obtained in our study may well be that the 
participants comprised an elite group of TKD athletes 
with high anaerobic potential, enhanced by their rela-
tively extensive training experience (11.2 ± 3.3 years). 
In addition, the small percentage difference between the 
studied groups in terms of Pmax/bM (7.0%) compared 
with the significant difference in Pmax (26.4%) may in-
dicate a minor impact of specific TKD training on the 
mechanical exercise performed on a cycle ergometer. 
However, a more TKD-specific evaluation of AAP in 
the form of a 10-s repetitive kick test proposed by San-
tos and Franchini [42] may have demonstrated greater 
differences between the groups.

The significantly higher Pmax and significantly shorter 
Tat found in group M could probably be due to matured 
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motor skills. Such functional adaptations could aug-
ment both power production (strength) and maximal 
movement dynamics (speed) in movements lasting less 
than 5 s. The effectiveness of this performance is in-
herently determined by the simultaneous recruitment 
of motor units and a high capacity for power genera-
tion [43]. On the basis of these assumptions, it can be 
considered that with an increase in Pmax, the Tat would be 
reduced. The WAnT-determined Pmax/bM achieved by 
group M (11.8 ± 0.8 W/kg) was identical to that found in 
elite senior American TKD athletes (11.8 ± 2.0 W/kg) 
[44] and only slightly lower than the value observed 
in Czech TKD athletes (12.1 W/kg) [1]. This result con-
firms the high AAP level in both studied groups and 
simultaneously indicates the elite nature of these TKD 
athletes.

As reported above, the results of our study confirm 
the findings evidenced by a number of authors on the 
strong relationships between body size (anthropomet-
ric features and body composition), anaerobic power, 
and performance in TKD. We believe that the study 
highlights the importance of making comparisons as 
presented herein, as they could assist national TKD teams 
in establishing a training program focused on improving 
the physiological characteristics most critical in elite 
TKD performance.

The limitations pertaining to the study design are 
its cross-sectional nature, relatively wide range of age 
within the groups, and significant differences in body 
size and training experience. Additional research should 
address these shortcomings in order to ascertain a more 
detailed understanding of the associations between 
anthropometric characteristics (e.g., lower extremity 
length) and alactic and lactic AP indexes. In particu-
lar, future investigative efforts are needed to quantify 
these findings in elite TKD athletes during the training 
macrocycle (preparatory, competitive, and off-season). 
Finally, more applicative conclusions could be drawn by 
adopting an allometric scaling approach to determine 
the relationships between body size and composition 
and WAnT-determined power data.

Conclusions

The presented study is one of the few ones that have 
examined the complex relationships between body 
size and composition measures and AAP in male elite 
TKD athletes across developmental stages. The two ex-
amined groups of post-pubertal (group P-P) and ma-
ture (group M) TKD practitioners were exemplified with 
a high level of AAP although they differed in Pmax, 
with group M attaining significantly higher values in 
significantly less time (Tat). This, to a large extent, was 
believed to result from significantly advanced bH, 
bM, FFM, SMM, as well as longer training experience 
and larger training loads.

The relatively larger between-group differences in 
Pmax than in bM, FFM, and SMM could be a result of 
enhanced neuromuscular coordination in group M as 
a consequence of TKD AAP-oriented skills and special-
ized training. In turn, the relatively minor between-group 
differences in Pmax/bM can be credited as a function of 
motor unit potential, itself determined by genetic fac-
tors that may therefore constrain the effects of train-
ing on AAP. This genetic aspect highlights the limited 
potential of training for developing AAP.

The strong correlations observed in both groups 
among bH, bM, FFM, SMM, and Pmax demonstrate 
the significant effects of body size and body composi-
tion on AAP. In light of the strong influence of genetics 
on both body characteristics and motor unit potential, 
we recommend the recruitment and selection processes 
in TKD focus on tall and lean individuals with high 
AAP predispositions. by considering such a profile, 
coaches may better predict future athlete development, 
particularly in AAP, an essential element in TKD per-
formance.

The present findings also indicate the possibility of 
further enhancing AAP in TKD athletes specific resist-
ance training aimed at increasing SMM and strength. 
Taking into account that group P-P executed a relatively 
uniform training protocol, systematic improvements 
could be expected in the magnitude of the AAP vari-
ables considered herein. by determining the current 
level of these variables for individual athletes and via 
regressive modelling, it is possible to anticipate the de-
velopmental dynamics of AAP on a per-individual basis.
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