£

and Public Health

International Journal of
Environmental Research

Review

Physical Characteristics and Physical Fitness Profiles of Korean
Taekwondo Athletes: A Systematic Review

Jeong-Weon Kim ! and Sang-Seok Nam %*

check for

updates
Citation: Kim, J.-W.; Nam, S.-S.
Physical Characteristics and Physical
Fitness Profiles of Korean Tackwondo
Athletes: A Systematic Review. Int. |.
Environ. Res. Public Health 2021, 18,
9624. https://doi.org/10.3390/
jjerph18189624

Academic Editors: Tadeusz Ambrozy,
Mariusz Ozimek, Andrzej Ostrowski,
Henryk Duda and Michat Spieszny

Received: 21 August 2021
Accepted: 11 September 2021
Published: 13 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Graduate School of Professional Therapy, Gachon University, 1342 Seongnam-daero, Sujeong-gu,
Seongnam-si 13120, Korea; zeezone@gachon.ac.kr

Taekwondo Research Institute, Kukkiwon, 32 Teheran 7-gil, Gangnam-gu, Seoul 06130, Korea
Correspondence: playdata.n@gmail.com; Tel.: +82-2-3469-0181

Abstract: This study aimed to present a standard and normal distribution of Taekwondo athletes’
physical characteristics and physical fitness profiles using a systematic review. A systematic search
was conducted using four Korean databases (Research Information Sharing Service, National Digital
Science Library, DBpia, and Korean Studies Information Service System). From 2010 to 2020, we
reviewed 838 papers on Taekwondo athletes’ physical characteristics and physical fitness factors
(e.g., body composition, muscle strength, muscular endurance, flexibility, cardiorespiratory fitness,
power, agility, balance, speed, and reaction time). Of them, 24 papers were selected and analyzed.
The criteria for selecting the physical characteristics and physical fitness factors for data extraction
were set to have a total sample size of more than 30 individuals and included two or more studies.
The sample size and average and standard deviation of physical characteristics and physical fitness
factors were extracted from each selected study. In this study, the estimation error of all variables,
except for the eyes-closed single-leg stance (15.71%), was less than 8%. Therefore, it was confirmed
that there was no problem with the validity of the estimated values. These results could be used as
an essential objective basis for evaluating the physical characteristics and physical fitness profiles of
Taekwondo athletes in most countries worldwide and setting training goals.

Keywords: taekwondo; physical characteristics; physical fitness; systematic review; normal distribution

1. Introduction

Taekwondo is an international martial arts sport conducted in 210 countries worldwide
as an official Olympic sport. A Taekwondo competition occurs in three rounds, with
a duration of 2 min per round and a rest duration of 1 min between rounds [1]. Athletes
who score more points or knock out their opponent win. During a competition, athletes
use powerful and fast kicks and punches on their opponent’s trunk and sometimes kicks
to the face [2]. These movements are high-intensity anaerobic or aerobic exercises that
induce powerful lower-extremity movements [3]. In addition, agility, flexibility, and
muscular endurance are required to maintain an excellent performance among Taekwondo
athletes [4-6]. Therefore, it is necessary to manage physical fitness factors to improve
their performance [7]. This can be achieved by accurately evaluating the level of fitness of
athletes and setting goals. Athletes need to know their physical characteristics and physical
fitness profiles for effective training because high levels of physical fitness can affect their
exercise performance [8]. Suppose there is a basis for the standard distribution of physical
fitness profiles necessary for the characteristics of sports events. In this case, it can be used
to evaluate athletes’ fitness levels and set training goals. Although the physical fitness
profiles of taekwondo athletes have been well described in the previous studies, no studies
have examined the standard distribution of physical fitness [9-11].

Heller et al. [9] compared the physical fitness factors of 23 national Taekwondo athletes
from the Czech Republic to those of the general public. Meanwhile, Markovi¢ [10] divided
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13 women from the Croatian national Taekwondo team into medal-winning and non-
medal-winning athletes at World Championships or Olympic Games, comparing the
physical fitness profiles between them. In addition, Mathunjwa et al. [11] studied the
physical characteristics of 36 internationally ranked junior Taekwondo athletes; the physical
fitness test results were standardized in z-scores, which were then compared among the
athletes. Furthermore, Bridge et al. [12] and da Silva Santos et al. [13] reported the physical
characteristics and physical fitness of Taekwondo athletes using a systematic review but
did not present any quantitative results.

Previous studies have provided information on the physical characteristics and physi-
cal fitness of Taekwondo athletes [12,13]. However, it is difficult to use them as a specific
indicator because there is no standard distribution to evaluate the level of physical fitness
of Taekwondo athletes. Standard distribution data are needed to determine the mean
and percentile values of Taekwondo athletes’” physical characteristics and physical fitness
parameters. In general, a standard distribution is meaningful when the measurement
results of a large sample form a normal distribution [14]. However, it can be analyzed via
a systematic review using the measured variables in a previous study [15]. In other words,
the results could be interpreted as a normal distribution when the sum of sample sizes is
sufficiently large by integrating each previous study [15]. Nevertheless, the validity and
reliability of the resulting values can be questioned if different prior studies have different
measurement tools. However, the measurement of physical characteristics and physical
fitness variables has become common worldwide. Furthermore, the systematic review
method can resolve the concerns about reliability and validity by eliminating extreme
values when integrating the results of variables [15]. Thus, the standard distribution of
physical characteristics and physical fitness factors can be estimated using the pooled mean
and pooled standard deviation from previous studies.

The purpose of this study was to present a standard and normal distribution of
Taekwondo athletes” physical characteristics and physical fitness profiles using a system-
atic review.

2. Materials and Methods
2.1. Search Strategy

A systematic search was conducted using four Korean databases. Korean taekwondo
athletes were selected as the research subjects because they have the best performance in
the world. We searched the Research Information Sharing Service (RISS), National Digital
Science Library (NDSL), DBpia, and Korean Studies Information Service System (KISS),
using the following terms: “Taekwon”, “athlete”, “physical fitness”, and Korean terms.
Data were collected up to December 2020 and regularly updated manually. At the initial
stage of screening, articles published before 31 December 2009 were excluded. The study
was conducted in accordance with the guidelines of the Declaration of Helsinki and was
approved by the Institutional Review Board of Konkuk University (7001355-201804-E-077).

2.2. Inclusion and Exclusion Criteria

In the first step we input the database search results to Microsoft Excel 2019 and per-
formed duplicate elimination. This study focused on describing the physical characteristics
and physical fitness profiles of Korean Taekwondo athletes. For this reason, all papers
on the physical characteristics and physical fitness of Korean Taekwondo athletes were
included in this study. Articles were excluded for the following reasons: (1) data aside
from physical characteristics; (2) data aside from physical fitness; (3) irrelevant data for
analysis; (4) non-competition Taekwondo athletes; (5) unavailable full-text; (6) duplicates;
and (7) conference presentations, case reports, commentaries, and review articles. Two in-
dependent authors evaluated the eligibility of each item. In addition, qualified articles
were collected for data extraction steps via reading and evaluation of the full text of each
paper. Finally, an article suitable for the data extraction process was included.
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2.3. Data Extraction

Two independent authors performed the data extraction. The criteria for selecting
the physical characteristics and physical fitness factors for data extraction were set to have
a total sample size of more than 30 individuals and included two or more studies. The
sample size and average and standard deviation of the physical characteristics and physical
fitness factors were extracted from each selected study.

2.4. Data Calculation and Statistical Analysis
2.4.1. Pooled Mean Calculation

Two independent authors performed the data extraction. The pooled mean was
calculated using the mean and sample size from the final selected study using Formula (1).

(m1><n1)+(m2><n2)+(m3><n3)+...+(mi><ni)
ny+np+n3—+...+n;

M

Meanpooled =

Formula (1). Calculation formula for the pooled mean. Note. m: mean of each study;
n: sample size of each study; and i: number of studies.

2.4.2. Pooled Standard Deviation Calculation

The pooled standard deviation was calculated using the standard deviation and
sample size from the final selected study using Formula (2).

()

sD _ (nl—l)><Slz+(n271)><822+...+(ni—1)><512
pooled n+ny+...+m—1i

Formula (2). Calculation formula for the pooled standard deviation. Note. SD: stan-
dard deviation; n: sample size of each study; S: standard deviation of each study; and
i: number of studies.

2.4.3. Estimated Physical Characteristic and Physical Fitness Value Calculation

The estimated values were calculated using the pooled mean, pooled standard devia-
tion, and Z-score in the cumulative normal distribution (Table 1) using Formula (3).

Estimated Value,o, = Meanyooled + Zp% X SDpooled 3)

Formula (3). Calculation formula for the estimated valuesyq,. Note. p%: cumulative
probability in the normal distribution, Zye,: Z-score of cumulative p%.

Table 1. Z-score in the cumulative normal distribution.

p(%) 1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99%
z —233 —1.64 —128 —0.84 —052 —0.25 0.00 025 052 084 128 164 2.33

2.4.4. Estimation Error Calculation
The estimation error was calculated using the sample size, standard deviation, and
Z-score for a confidence level of 95% using Formula (4).

o
Errorestimation = £1.96 X —= 4)

v/n

Formula (4). Calculation formula for the estimation error. Note. n: sample size, o:
standard deviation.
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3. Results
3.1. Study Selection

After a systematic search that selectively focused on clinical trials and cross-sectional
studies, we retrieved 130, 66, 279, and 363 articles from DBpia, KISS, NDSL, and RISS,
respectively. During the screening phase, 389 duplicate records and 29 conference pre-
sentations were excluded from the 838 articles. In addition, 327 not presenting physical
characteristics and physical fitness data, 10 focusing on non-competition Taekwondo ath-
letes, and 23 reporting irrelevant data for analysis were excluded from the 420 articles.
Finally, 19 not including adults, 1 with unavailable full-text, 2 with unclear physical fit-
ness data, and 14 with unclear patient sex were excluded from the 60 remaining articles.
Twenty-four articles were then included after the screening and selection processes. The
screening and selection processes are shown in Figure 1.

838 records identified through database searching
DBpia: 130 studies

KISS: 66 studies

NDSL: 279 studies

RISS: 363 studies

!

420 records after duplicate removal

360 records excluded by first screened

‘ *  Studies without measurement data of physical fitness factors: 327
R studies
420 records screened ?| +  Taekwondo types are not suitable for the purpose of this study: 10

studies (Poomsae, 5 studies; demonstration, 1 study, etc., 4 studies)

+  Studies not suitable for the purpose of this study: 23 studies

36 of studies excluded after second screening (full-text screening)
A

60 studies included in the eligibility a t B
i R *  Study in which full-text is not searched: 1 study

* Studies in which study subjects did not include adults: 19 studies

* Studies in which the values of the physical fitness factors are

unclear: 2 studies
* Studies in which the study subject’s sex is not clear: 14 studies

y

24 studies included in the data analysis

!

[ Inclusion ]

24 studies included to make the standard distribution

Figure 1. Flow diagram of the study screening and selection processes.

3.2. Study Characteristics

The study characteristics of the selected literature are listed in Table 2. Data were ex-
tracted from 22 studies on male Taekwondo athletes (n = 430, age: 20.10 & 1.00 years, career:
5-15 years) and 7 studies on female Taekwondo athletes (n = 99, age: 19.40 & 1.18 years,
career: approximately 7.7 years). The variables involving a total sample size of more than
30 were extracted for each physical characteristic and physical fitness factor. As a result,
37 variables were extracted from studies on male Taekwondo athletes and 28 from studies
on female Taekwondo athletes. We reviewed whether the final selected literature could
allow an analysis of the physical characteristics and physical fitness factors by weight class;
however, no weight class information was described. We attempted to classify the weight
classes by the weight values from previous studies, although errors can occur because of the
mean values. Therefore, weight classification was not analyzed, considering the validity of
the resulting values. In addition, the side-step variables were excluded from the analysis owing
to a lack of reliability because each study had different metrics. We then considered separating
the excellent Taeckwondo athletes from the non-excellent Tackwondo athletes. However, we
failed to analyze them because the number of studies was very small.
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Table 2. Study characteristics and extracted outcome variables.

Sex Study

Sample
Size

Age
(y)

Career

(y)

Weight
(kg)

Outcome Variables

Cho et al., 2011 [16]

40

20.56 =+ 1.25

>5

75.33 £ 8.68

Physiques (height, body fat); Cardiorespiratory endurance (VO,max, HRmax);
Isokinetic muscular strength (left knee joint flexion at 60° /s, left knee joint extension
at 60°/s, right knee joint flexion at 60° /s, right knee joint extension at 60°/s)

Cho, 2020 [17]

67

19.69 +1.13

NR

70.48 £ 7.56

Physiques (height, BMI)

Feng et al., 2020 [18]

27

19.7 £1.03

NR

70.5 £ 8.73

Physiques (height, BMI); Cardiorespiratory endurance (VO,max); Isokinetic
muscular strength (peak anaerobic power)

Hong et al., 2020 [19]

28

20.18 £10.8

9.61 £2.27

74.01 £ 8.29

Physiques (height, BMI, body fat, fat mass, LBM, thigh circumference); Muscular
strength (back strength); Muscular endurance (sit-up per 60 s); Muscular power
(standing long jump, vertical jump); Flexibility (backward flexion, sit and reach);
Balance (eyes-closed single-leg stance); Agility (whole-body reaction time to light,
whole-body reaction time to sound); Isokinetic muscular strength (average power,
relative peak anaerobic power, absolute peak anaerobic, peak drop, total energy, left
knee joint flexion at 60° /s, left knee joint extension at 60° /s, right knee joint flexion
at 60° /s, right knee joint extension at 60°/s)

Male Jang and Park,

2020 [20]

10

20.7 £ 0.95

NR

69.8 £1.17

Physiques (height, BMI, body fat); Muscular endurance (sit-up per 30 s, sit-up per 60
s); Muscular power (standing long jump); Flexibility (sit and reach); Isokinetic
muscular strength (average power, relative peak anaerobic power, absolute peak
anaerobic power, peak drop)

Jang, 2020 [21]

10

20.7 £ 0.95

NR

69.8 + 4.93

Physiques (height, BMI, body fat); Muscular endurance (sit-up per 30 s, sit-up per 60
s); Muscular power (standing long jump); Flexibility (sit and reach); Isokinetic
muscular strength (average power, relative peak anaerobic power, absolute peak
anaerobic power, peak drop)

Jung, 2015 [22]

16

22.44 £+ 0.96

NR

70.23 £ 6.28

Physiques (height); Muscular strength (back strength, hand grip); Muscular
endurance (push-up per 60 s, sit-up per 60 s); Muscular power (vertical jump);
Flexibility (sit and reach); Isokinetic muscular strength (left knee joint flexion at
60° /s, left knee joint extension at 60° /s, right knee joint flexion at 60° /s, right knee
joint extension at 60° /s, left knee joint flexion at 180° /s, left knee joint extension at
180° /s, right knee joint flexion at 180° /s, right knee joint extension at 180°/s, left
hip joint flexion at 60° /s, left hip joint extension at 60° /s, right hip joint flexion at
60° /s, right hip joint extension at 60° /s, left hip joint flexion at 180°/s, left hip joint
extension at 180° /s, right hip joint flexion at 180° /s, right hip joint extension at
180° /s, trunk joint flexion at 60° /s, and trunk joint extension at 60° /s
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Table 2. Cont.

Sample Age Career Weight .
Sex Study Size ¥) ) (ke) Outcome Variables
Physiques (height, BMI, body fat, LBM, and thigh circumference); muscular strength
Kim and L (back strength, left hand grip, and right hand grip); muscular power (vertical jump);
201a 1 [Zg]ee, 14 NR >10 71.01 £11.15 flexibility (backward flexion, sit and reach); agility (whole-body reaction time to
light, whole-body reaction time to sound); and isokinetic muscular strength (relative
peak anaerobic power, peak drop)
Physiques (height, body fat); muscular strength (back strength); muscular endurance
Kim et al., 2012 [24] 20 NR NR 68.80 + 8.29 (sit-up per 30 s); muscular power (vertical jump); flexibility (sit and reach); and
cardiorespiratory endurance (VO;max)
Physiques (height, body fat, and thigh circumference); muscular strength (hand
Kwon and Cho, grip); muscular endurance (sit-up per 60 s); muscular power (standing long jump,
>
2017 [25] 8 2170 +1.50 10 6650 + 3.15 vertical jump); cardiorespiratory endurance (Harvard step test); flexibility (sit and
reach); and balance (eyes-closed single-leg stance)
Physiques (height); agility (eyes-closed single-leg stance); muscular strength (left
Kwon and Cho, hand grip, right hand grip); muscular endurance (sit-up per 30 s); muscular power
2019 [26] 14 2250 £1.56 10454263 72.57 £2.20 (standing long jump, vertical jump); flexibility (sit and reach); and agility
Male L
(whole-body reaction time to sound)
Lee and Ham, . .
2018 [27] 13 20.00 £ 1.08 6.23 £1.23 72.57 £11.12 Physiques (height)
Physiques (height, body fat, and LBM); muscular endurance (sit-up per 60 s);
muscular power (vertical jump); cardiorespiratory endurance (VO,max, HRmax,
and all-out duration time); flexibility (sit and reach); and isokinetic muscular
strength (average power, relative peak anaerobic power, absolute peak anaerobic
Monks, 2016 [28] 17 19.78 £ 0.58 798 £2.13 7446 £1047 power, peak drop, left knee joint flexion at 60° /s, left knee joint extension at 60° /s,
right knee joint flexion at 60° /s, right knee joint extension at 60° /s, left knee joint
flexion at 180° /s, left knee joint extension at 180° /s, right knee joint flexion at
180° /s, and right knee joint extension at 180°/s)
Moon et al., 2016 [29] 11 19.64 £+ 0.92 NR 74.29 £ 10.56 Physiques (height)
Noh, 2015 [30] 31 19.60 + 0.20 7.80 £ 0.30 72.50 £ 1.70 Physiques (height, BMI)
Park & Yan Physiques (height, BMI, body fat); muscular endurance (sit-up per 30 s, sit-up per
2020 [31] & 8 20.9 £ 1.06 NR 69.65 1= 2.35 60 s); muscular power (standing long jump); isokinetic muscular strength (average

power, relative peak anaerobic power, absolute peak anaerobic power, and peak drop)
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Table 2. Cont.

Sex Study

Sample
Size

Age
(y)

Career

(y)

Weight
(kg)

Outcome Variables

Park, 2016 [32]

29

18.87 + 0.24

NR

70.09 £ 4.11

Physiques (height, BMI, body fat, fat mass, and LBM); muscular strength (hand
grip); muscular endurance (sit-up per 60 s); muscular power (standing long jump);
cardiorespiratory endurance (20-m MST); flexibility (sit and reach); and agility (10-m
two repeated run test)

Seo et al., 2015 [7]

22

19.40 £+ 0.95

9.50 £1.91

69.80 £ 9.46

Physiques (height, body fat, fat mass, and LBM); muscular power (standing long
jump); cardiorespiratory endurance (20-m MST); flexibility (sit and reach); and
isokinetic muscular strength (relative peak anaerobic power, and peak drop)

Song et al., 2010 [33]

10

19.40 +1.20

NR

69.30 £ 3.80

Physiques (height, body fat, and fat mass); cardiorespiratory endurance (VO,max,
HRmax); isokinetic muscular strength (relative peak anaerobic power, peak drop,
left knee joint flexion at 60° /s, left knee joint extension at 60° /s, right knee joint
flexion at 60° /s, right knee joint extension at 60° /s, left knee joint flexion at 180°/s,
left knee joint extension at 180° /s, right knee joint flexion at 180° /s, and right knee
joint extension at 180°/s)

Male
Tak et al., 2019 [34]

15

19.20 £ 0.78

>6

74.87 £10.28

Physiques (height); muscular strength (left hand grip, right hand grip); muscular
endurance (sit-up per 60 s); muscular power (standing long jump); cardiorespiratory
endurance (VO,max); flexibility (sit and reach); and agility (eyes-closed

single-leg stance)

Yoo et al., 2015 [35]

12

20.58 £0.79

11.08 + 2.27

7242 £9.96

Physiques (height, body fat, and muscle mass); muscular power (standing
long jump)

Yoo et al., 2011 [36]

21.87 £1.12

NR

78.03 £+ 8.80

Physiques (height, body fat, and muscle mass); muscular power (standing
long jump)

Feng et al., 2020 [18]

20.00 £ 0.82

NR

62.67 £ 6.35

Physiques (height, BMI); cardiorespiratory endurance (VO,max); and isokinetic
muscular strength (relative peak anaerobic power)

Female
Monks, 2016 [28]

16

20.00 £ 0.83

8.16 £1.91

64.15 £ 8.49

Physiques (height, body fat, and LBM); muscular endurance (sit-up per 60 s);
muscular power (vertical jump); cardiorespiratory endurance (VO;max, HRmax,
and all-out duration time); flexibility (sit and reach); and isokinetic muscular
strength (average power, peak anaerobic power, peak drop, left knee joint flexion at
60° /s, left knee joint extension at 60° /s, right knee joint flexion at 60° /s, right knee
joint extension at 60° /s, left knee joint flexion at 180° /s, left knee joint extension at
180° /s, right knee joint flexion at 180° /s, and right knee joint extension at 180°/s)
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Table 2. Cont.

Sample Age Career

Sex Study Size ) )

Weight
(kg)

Outcome Variables

Han, 2014 [37] 22 19.13 £ 1.29 6.81 £1.78

59.86 £+ 3.27

Physiques (height, body fat, fat mass, and LBM); muscular endurance (sit-up per 60 s);
muscular power (standing long jump); cardiorespiratory endurance (20-m MST);
flexibility (sit and reach); isokinetic muscular strength (left knee joint flexion at 60° /s,
left knee joint extension at 60° /s, right knee joint flexion at 60° /s, right knee joint
extension at 60° /s, left knee joint flexion at 120° /s, left knee joint extension at 120° /s,
right knee joint flexion at 120° /s, right knee joint extension at 120° /s, left knee joint
flexion at 240° /s, left knee joint extension at 240° /s, right knee joint flexion at 240° /s,
right knee joint extension at 240° /s, left hip joint flexion at 30° /s, left hip joint extension
at 30°/s, right hip joint flexion at 30° /s, right hip joint extension at 30° /s, left hip joint
flexion at 60° /s, left hip joint extension at 60° /s, right hip joint flexion at 60° /s, right
hip joint extension at 60° /s, trunk joint flexion at 60° /s, trunk joint extension at 60° /s,
trunk joint flexion at 120° /s, and trunk joint extension at 120° /s)

Moon et al., 2016 [29] 10 19.50 £ 1.10 NR

61.95 £ 8.73

Physiques (height)

Seo et al., 2015 [7] 12 18.90 +1.24 890 £2.23

59.80 £ 6.56

Physiques (height, body fat, fat mass, and LBM); muscular power (standing long
jump); cardiorespiratory endurance (20-m MST); flexibility (sit and reach); and
isokinetic muscular strength (relative peak anaerobic power, peak drop)

Song et al., 2010 [33] 10 19.60 £+ 1.30 NR

62.50 £ 7.20

Physiques (height, body fat, and fat mass); cardiorespiratory endurance (VO,max,
HRmax); and isokinetic muscular strength (relative peak anaerobic power, peak
drop, left knee joint flexion at 60° /s, left knee joint extension at 60° /s, right knee
joint flexion at 60° /s, right knee joint extension at 60° /s, left knee joint flexion at
180° /s, left knee joint extension at 180° /s, right knee joint flexion at 180°/s, and
right knee joint extension at 180°/s)

Female

Song et al., 2015 [38] 22 19.16 £ 1.33 NR

55.96 £ NR

Physiques (height, body fat, fat mass, LBM); muscular strength (hand grip);
muscular endurance (sit-up per 60 s); muscular power (standing long jump);
cardiorespiratory endurance (20-m MST); flexibility (sit and reach); and isokinetic
muscular strength (left knee joint flexion at 60° /s, left knee joint extension at 60° /s,
right knee joint flexion at 60° /s, right knee joint extension at 60° /s, left knee joint
flexion at 120° /s, left knee joint extension at 120° /s, right knee joint flexion at

120° /s, right knee joint extension at 120° /s, left knee joint flexion at 240° /s, left knee
joint extension at 240° /s, right knee joint flexion at 240° /s, right knee joint extension
at 240° /s, trunk joint flexion at 60° /s, trunk joint extension at 60° /s, trunk joint
flexion at 120° /s, trunk joint extension at 120° /s, trunk joint flexion at 240° /s, and
trunk joint extension at 240°/s)

NR, not reported; MST, multistage shuttle-run test; BMI, body mass index; LBM, lean body mass; VO,max, maximal oxygen consumption per minute; and HRmax, maximal heart rate per minute.
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3.3. Pooled Mean Value and Estimated Error
3.3.1. Physical Characteristics

For the male Taekwondo athletes, the total sample size in relation to the physical
characteristics was 224-430, and the estimated error was +0.28-2.79%. The estimated error
was the smallest height and the largest percentage of body fat. In addition, the estimated
error of body mass index (BMI) (n = 224, +0.89%) was smaller than that of the percentage
of body fat (n = 236, £2.79%).

For the female Taeckwondo athletes, the total sample size in relation to the physical
characteristics was 82-99, and the estimated error was +0.64-3.05%. The estimated error
was the smallest height and the largest percentage of body fat. The pooled and estimated
error statistics for each variable are listed in Table 3.

Table 3. Pooled and estimated statistics for the Taekwondo athletes” physical characteristics.

Sex Variables Total Pooled Estimated
Sample Size Mean + SD Error (%)
Height 430 178.00 % 5.27 (cm) +0.28
Mal Weight 430 71.76 + 11.84 (kg) +1.56
a€  Percentage of body fat 236 12.67 + 2.77 (%) +2.79
BMI 224 22.16 + 1.51 (kg/m?) +0.89
Height 99 168.49 + 5.48 (cm) +0.64
Female Weight 99 60.30 & 5.88 (kg) +1.92
Percentage of body fat 82 23.25 4+ 3.28 (%) +3.05

SD: standard deviation; BMI: body mass index.

3.3.2. Physical Fitness Variables

For the male Taekwondo athletes, the total sample size in relation to the physical
fitness variables was 42-203, and the estimated error was +0.01-0.71%. The estimated
error for all fitness variables was less than 8% without the eyes-closed single-leg stance
(n =65, £15.71%). In addition, the estimated error of the maximal heart rate per minute
(n =67, £1.26%) was smaller than that of the maximal oxygen consumption per minute
(VO,max) (n =129, +2.49%).

The pooled and estimated error statistics of the physical fitness variables of the male
Taekwondo athletes are shown in Table 4.

For the female Tackwondo athletes, the total sample size in relation to the physical
fitness variables was 33-72, and the estimated error was +1.94-7.44%. The estimated error
for all fitness variables was less than 8%. The pooled and estimated error statistics of the
physical fitness variables of the female Taekwondo athletes are shown in Table 5.

Table 4. Pooled and estimated statistics for the male Taekwondo athletes’ physical fitness.

Sex Variables Total Pooled Estimated
Sample Size Mean + SD Error (%)

Hand-grip strength 53 44.68 £ 4.38 (kg) +2.64

Back strength 78 120.13 £+ 19.59 (kg) +3.62

Sit-up per 30 s 62 30.52 % 4.50 (times) +3.67

Sit-up per 60 s 141 57.41 £+ 6.09 (times) +1.75

Sit and reach 203 15.95 4+ 6.52 (cm) +5.63

Backward flexion 42 58.61 + 6.87 (cm) +3.54

Male VO,max 129 52.71 + 7.62 (mL/kg/min) +2.49

HRmax 67 179.95 + 9.51 (bpm) +1.26

20-m MST 51 97.75 + 6.63 (times) +1.86

Standing long jump 164 242.97 4+ 13.90 (cm) +0.88

Vertical jump 117 54.54 £ 5.23 (cm) +1.74

Whole-body reaction time (light) 42 0.283 4+ 0.027 (ms) +2.89

Whole-body reaction time (sound) 56 0.280 £ 0.032 (ms) +3.01
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Table 4. Cont.

Sex Variables Total Pooled Estimated
Sample Size Mean + SD Error (%)

Eyes-closed single leg stance 65 35.70 4= 23.06 (s) +15.71

Anaerobic average power 73 534.70 4 76.09 (watt) +3.26

Peak anaerobic power (relative value) 146 11.07 £ 1.31 (watt/kg) +1.92

Peak anaerobic power (absolute value) 73 720.08 + 115.17 (watt) +3.67

Peak drop 119 48.71 + 7.78 (%) +2.87

Isokinetic flexion muscle strength of the left knee joint

Male (60°/5) 94 127.30 £ 23.66 (Nm) +3.76

Isokinetic extension muszéeO C?’;rsesngth of the left knee joint 94 208.27 + 33.26 (Nm) 1303

Isokinetic flexion muscle( 6s;c)1;e/n§th of the right knee joint 04 131.13 + 2435 (Nm) 1375

Isokinetic extension myscle sotrength of the right knee o4 21413 + 32.24 (Nm) 1304

joint (60°/s)

SD, standard deviation; VO;max, maximal oxygen consumption per minute; HRmax, maximal heart rate per minute; and MST, multistage

shuttle run test.

Table 5. Pooled and estimated statistics for the female Taekwondo athletes” physical fitness.

. Total Pooled Estimated
Sex Variables Sample Size Mean + SD Error (%)
Sit-up per 60 s 60 54.20 £ 6.84 (times) +3.19
Sit and reach 72 21.33 + 6.87 (cm) +7.44
48.28 + 5.68
VO;max 33 (mL/km /min) +4.01
20-m MST 56 81.04 + 12.32 (times) +3.98
Standing long jump 56 192.47 £+ 14.25 (cm) +1.94
Peak anaerobic power (relative value) 45 9.22 £ 1.08 (watt/kg) +3.43
Peak drop 38 52.16 &+ 6.14 (%) +3.74
Isokinetic flexion muscle strength of the left knee 70 97.77 + 14.84 (Nm) 1356
joint (60° /s) ’ ) ’
Isokinetic extension muscle strength of the left 70 172.82 + 24.80 (Nm) 1336
knee joint (60°/s) ’ ) ’
Isokinetic flexion muscle strength of the right 70 97.38 + 15.93 (Nm) 1383
knee joint (60°/s) ’ ) )
Isokinetic extension muscle strength of the right 70 167.01 + 25.70 (Nm) 1361
. q knee joinlt (60:’:1/5)  the Lof ) ' ’
Isokinetic flexion muscle endurance of the left
knee joint (120° /s) 44 75.77 £ 6.95 (Nm/s) +2.71
Isokinetic extension muscle endurance of the left
Female knee joint (120° /s) 44 125.80 + 15.84 (Nm) +3.72
Isokinetic flexion muscle endurance of the right 44 73.62 + 8.79 (Nm) 1353
. knee joint (1%0O /sc% ‘ih ) ) )
Isokinetic extension muscle endurance of the
right knee joint (120°/s) 44 125.12 + 15.65 (Nm) +3.70
Isokinetic flexion muscle power of the left knee 44 58.30 + 7.41 (Nm) 13.76
joint (240°/s) ’ ' '
Isokinetic extension muscle power of the left knee 44 90.90 + 11.91 (Nm) 1387
joint (240°/s) ’ ' '
Isokinetic flexion muscle power of the right knee 44 56.36 + 6.32 (Nm) 1331
. joint (240‘; /s) the riah ’ : :
Isokinetic extension muscle power of the right
ke joint (2 4012 79 & 44 90.53 + 11.42 (Nm) +3.73
Isokinetic flexion muscle strength of the trunk 44 143.45 + 23.46 (Nm) 1+4.83
joint (60°/s) ’ ) ’
Isokinetic extension muscle strength of the trunk 44 154.62 + 30.41 (Nm) 4581
k fl N 1(600 GS) f th k . | |
Isokinetic flexion muscle endurance of the trun
joint (120°/s) f 44 143.08 £ 29.51 (Nm) +6.09
Isokinetic extension muscle endurance of the
trunk joint (120°/s) 44 140.91 + 27.78 (Nm) +5.83

SD, standard deviation; VO,max, maximal oxygen consumption per minute; and MST, multistage shuttle-run test.
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3.4. Estimated Normal Distribution and 95% Confidence Interval
3.4.1. Physical Characteristics

The estimated values of each grade were calculated by applying the pooled mean
and pooled standard deviation for each physical characteristic to the normal distribution
and setting the grade at 10% intervals of cumulative probability. Examples of the esti-
mated values corresponding to the top 10% of each physical characteristic in the study
results were as follows: (1) the top 10% for the BMI of the male Taekwondo athletes was
20.0-20.4 kg/m?; and (2) the top 10% for the percentage of body fat of the female Taek-
wondo athletes was 18.3-19.8%. The estimated normal distribution and 95% confidence
interval of each physical characteristic are listed in Table 6.

Table 6. Ninety-five percent confidence intervals for the Taekwondo athletes” physical characteristics.

Sex Variables 95% CI 1% 5% 10% 20% 30% 40% 50% 60% 70% 80%  90% 95% = 99%
Height (cm) 9%5%LV 1652 168.8 170.7 1731 1747 1762 1775 1788 1803 1819 1843 1862 189.8
& 95% UV 1662 1698 1717 1741 1757 1772 1785 179.8 181.3 1829 1853 1872 190.8
Weight (kg) 9%5%LV 431 512 555 607 644 676 706 736 769 806 8.8 901 982
Mal ght (kg 95% UV 453 534 577 629 667 699 729 759 791 828 8.1 924 1004
ale Percentageof ~ 95%LV 188 169 159 147 138 130 123 116 109 100 8.8 7.8 5.9
body fat (%) 9%5%UV 195 176 166 154 145 137 130 123 116 107 95 85 6.6
) 95%LV 255 245 239 232 228 223 220 216 212 207 200 195 185
BMI(kg/m%) 950, Uv 259 248 243 236 232 227 224 220 216 211 204 199 188
Height (cm) 95%LV 1547 1584 1604 162.8 1645 1660 1674 1688 1703 1720 1744 1764 1802
& 95% UV 1568 160.6 1625 1650 1667 1682 1696 171.0 1724 1742 1766 1786 1823
Femal Weight (kg) 95%LV 455 495 516 542 561 577 591 606 622 641 667 688 728
emale & & 9%5%UV 478 518 539 565 584 600 615 630 645 664 690 711 752
Percentage of  95%LV 302 279 267 253 243 234 225 217 208 198 183 171 149
body fat (%) 95% UV 316 294 282 267 257 248 240 231 222 212 198 186 163

BMI, body mass index; CI, confidence interval; LV, lower value; and UV, upper value.

3.4.2. Physical Fitness Variables

The estimated values of each grade were calculated by applying the pooled mean and
pooled standard deviation for each physical fitness variable to the normal distribution and
setting the grade at 10% intervals of cumulative probability.

Examples of the estimated values corresponding to the top 10% of each physical fitness
variable in the study results were as follows: (1) the top 10% for the hand-grip strength of
the male Taekwondo athletes was 49.1-51.5 kg; and (2) the top 10% for the VO,max of the
female Taekwondo athletes was 61.2-63.8 mL/kg/min. The estimated normal distribution
and 95% confidence interval of each physical fitness variable are listed in Table 7.
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Table 7. Ninety-five percent confidence intervals for the Taekwondo athletes” physical fitness.

Sex Variables 95% CI 1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99%
Hand-grip strength (kg) 95% LV 33.3 36.3 379 39.8 41.2 42.4 43.5 44.6 45.8 47.2 49.1 50.7 53.7
95% UV 35.7 38.7 40.3 42.2 43.6 44.8 45.9 47.0 48.2 49.5 51.5 53.1 56.0
Back strength (kg) 95% LV 70.2 83.5 90.7 99.3 105.5 110.8 115.8 120.7 126.1 132.3 140.9 148.0 161.4

95% UV 78.9 92.2 99.4 108.0 114.2 119.5 124.5 129.4 134.8 141.0 149.6 156.7 170.1

Sit-up per 30 s (times) 95% LV 18.9 22.0 23.6 25.6 27.0 28.3 29.4 30.5 31.8 33.2 35.2 36.8 39.9

95% UV 21.2 24.2 25.9 27.8 29.3 30.5 31.6 32.8 34.0 35.4 374 39.0 42.1

Sit-up per 60 s (times) 95% LV 422 46.4 48.6 51.3 53.2 549 56.4 57.9 59.6 61.5 64.2 66.4 70.6

95% UV 44.2 48.4 50.6 53.3 55.2 56.9 58.4 60.0 61.6 63.5 66.2 68.4 72.6

Sit and reach (cm) 95% LV —0.1 4.3 6.7 9.6 11.6 13.4 15.1 16.7 18.5 20.5 234 25.8 30.2

95% UV 1.7 6.1 85 114 13.4 15.2 16.8 18.5 20.3 22.3 25.2 27.6 32.0

Backward flexion (cm) 95% LV 40.6 45.2 47.7 50.8 52.9 54.8 56.5 58.3 60.1 62.3 65.3 67.8 72.5
95% UV 447 494 51.9 54.9 57.1 59.0 60.7 62.4 64.3 66.5 69.5 72.0 76.7

VO,max (mL/kg/min) 95% LV 33.7 38.9 41.6 45.0 47 4 49.5 51.4 53.3 55.4 57.8 61.2 63.9 69.1
95% UV 36.3 415 443 47.6 50.0 52.1 54.0 56.0 58.0 60.4 63.8 66.6 71.8

Male HR b 95% LV 155.6 162.0 165.5 169.7 172.7 175.3 177.7 180.1 182.7 185.7 189.9 193.3 199.8
max (bpm) 95% UV 1601  166.6 1700 1742 1772 1798 1822 1846 1872 1902 1944 1979 2043
20-m MST (times) 95% LV 80.5 85.0 87.4 90.4 92.5 94.3 95.9 97.6 994 101.5 104.4 106.8 1114

95% UV 84.1 88.7 91.1 94.0 96.1 97.9 99.6 101.3 103.0 105.2 108.1 110.5 115.0

Standing long jump (cm) 95% LV 208.5 218.0 223.0 229.1 233.6 237.3 240.8 244 .4 248.1 252.5 258.7 263.7 273.2
95% UV 212.8 222.2 227.3 233.4 237.8 241.6 245.1 248.6 2524 256.8 262.9 268.0 2774

Vertical jump (cm) 95% LV 41.4 45.0 46.9 49.2 50.8 52.3 53.6 54.9 56.3 58.0 60.3 62.2 65.8

95% UV 43.3 46.9 48.8 51.1 52.7 54.2 55.5 56.8 58.2 59.9 62.2 64.1 67.7

Whole-body reaction time 95% LV 0.338 0.320 0.310 0.298 0.289 0.282 0.275 0.268 0.261 0.252 0.240 0.231 0.212
(light, ms) 95% UV 0.355 0.336 0.326 0.314 0.306 0.298 0.292 0.285 0.277 0.269 0.257 0.247 0.229
Whole-body reaction time 95% LV 0.346 0.324 0.313 0.299 0.288 0.280 0.272 0.263 0.255 0.245 0.230 0.219 0.197
(sound, ms) 95% UV 0.363 0.341 0.330 0.315 0.305 0.297 0.288 0.280 0.272 0.261 0.247 0.236 0.214
Eyes-closed single-leg stance (s) 95% LV —23.6 —7.8 0.5 10.7 18.0 24.2 30.1 359 422 49.5 59.6 68.0 83.7
95% UV —12.3 3.4 11.7 219 29.2 35.5 41.3 47.1 53.4 60.7 70.9 79.2 95.0
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Table 7. Cont.

95% LV 340.2 392.1 419.7 453.2 477.3 498.0 517.2 536.5 557.1 581.3 614.8 642.4 694.3

Anaerobic average power (Watt) oo iy 751 470 4506 4881 5123 5329 5522 5714 5921 6162 6497 6773 7292

Peak anaerobic power 95% LV 7.8 8.7 9.2 9.8 10.2 10.5 10.9 11.2 11.5 12.0 12.5 13.0 13.9
(relative value, watt/kg) 95% UV 8.2 9.1 9.6 10.2 10.6 11.0 11.3 11.6 12.0 124 13.0 134 14.3
Peak anaerobic power 95% LV 425.7 504.2 546.1 596.7 633.3 664.5 693.7 722.8 754.1 790.6 841.3 883.1 961.6
(absolute value, watt) 95% UV 4786  557.1 5989  649.6  686.1 7173 7465 775.7 8069 8434  894.1 9359  1014.4
Peak drop (%) 95% LV 29.2 34.5 37.3 40.8 432 45.3 47.3 49.3 51.4 53.9 57.3 60.1 65.4
95% UV 32.0 37.3 40.1 43.6 46.0 481 50.1 52.1 54.2 56.7 60.1 62.9 68.2
Male Left knee joint flexion 95% LV 67.5 83.6 922 102.6 110.1 116.5 122.5 128.5 134.9 142.4 152.8 161.4 177.6
(60°/s, Nm) 2 95% UV 77.0 93.2 101.8 112.2 119.7  126.1 132.1 138.1 144.5 152.0 1624 1710 187.1
Left knee joint extension 95% LV 124.2 146.8 158.9 173.5 184.1 193.1 2015 2100  219.0 2295 2442 2563 2789
(60°/s, Nm) 2 95% UV 137.6 1603 1724 187.0 1975 2066 2150 2234 2324 2430 2576 2697  292.4
Right knee joint flexion 95% LV 69.5 86.1 95.0 105.7 1134 1200 1262 1324 139.0 1467 1574 1663 182.9
(60° /s, Nm) 2 95% UV~ 79.4 96.0 104.8 115.6 123.3 129.9 136.1 1422 148.8 156.6 167.3 176.1 192.7
Right knee joint extension 95% 1LV 1326 1546 166.3 180.5 190.7 1994  207.6 2158 2245 2348 2489  260.6  282.6
(60°/s, Nm) 2 95% UV 1456  167.6 179.3 1935 2037 2125 2207 2288  237.6 2478  262.0 2737 2957
Situp per 60's (times) 95% LV 36.6 412 437 46.7 489 50.7 525 54.2 56.1 58.2 61.2 63.7 68.4
95% UV 40.0 44.7 47.2 50.2 52.3 54.2 55.9 57.7 59.5 61.7 64.7 67.2 71.8
Sit and reach (cm) 95% LV 3.8 8.4 10.9 14.0 16.1 18.0 19.7 215 233 255 28.5 31.0 35.7
95% UV 6.9 11.6 14.1 17.1 19.3 212 229 247 26.5 28.7 317 34.2 38.9
VOymax (mL/kg/min) 95% LV 33.1 37.0 39.1 416 434 44.9 463 47.8 493 51.1 53.6 55.7 59.5
95% UV 37.0 40.9 429 45.4 47.2 48.8 50.2 51.7 53.2 55.0 57.5 59.6 63.4
Female 20-m MST (& 95% LV 492 57.6 62.0 67.4 71.4 74.7 77.8 80.9 84.3 88.2 93.6 98.1 106.5
-m (times) 95% UV 556 64.0 68.5 73.9 77.8 81.1 843 87.4 90.7 94.6 1001 1045 1129

95% LV 155.6 165.3 170.5 176.7 181.3 185.1 188.7 192.3 196.2 200.7 207.0 2122 221.9
95% UV 163.1 172.8 177.9 184.2 188.7 192.6 196.2 199.8 203.7 208.2 214.5 219.6 229.4
Peak anaerobic power 95% LV 6.4 7.1 7.5 8.0 8.3 8.6 8.9 9.2 9.5 9.8 10.3 10.7 114
(relative value, watt/kg) 95% UV 7.0 7.8 8.2 8.6 9.0 9.3 9.5 9.8 10.1 104 10.9 11.3 12.1

Standing long jump (cm)
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Peak drop (%) 95% LV 35.9 40.1 423 45.0 47.0 487 50.2 51.8 53.4 55.4 58.1 60.3 64.5

p 7o 95% UV 39.8 440 46.2 489 50.9 52.6 54.1 55.7 57.3 59.3 62.0 64.2 68.4

Left knee joint flexion 95% LV 59.8 69.9 75.3 81.8 86.5 90.5 94.3 98.1 102.1 106.8 1133 118.7 128.8

(60°/s, Nm) 2 95% UV 66.7 76.8 82.2 88.8 93.5 97.5 101.2 105.0 109.0 113.7 120.3 125.7 135.8

Left knee joint extension 95% LV  109.3 126.2 135.2 146.1 154.0 160.7 167.0 173.3 180.0 187.9 198.8 207.8 224.7

(60°/s, Nm) 2 95% UV 1209 137.8 146.8 157.8 165.6 172.3 178.6 184.9 191.6 199.5 210.4 219.4 236.3

Right knee joint flexion 95% LV 56.6 67.4 73.2 80.2 85.3 89.6 93.6 97.7 102.0 107.0 114.1 119.8 130.7

(60° /s, Nm) 2 95% UV 64.1 74.9 80.7 87.7 92.8 97.1 101.1 105.1 109.5 1145 1215 127.3 138.2

Right knee joint extension 95%LV 1012 118.7 128.0 139.4 1475 154.5 161.0 167.5 1745 182.6 193.9 203.3 220.8

(60°/s, Nm) 2 95% UV 113.2 130.8 140.1 151.4 159.6 166.5 173.0 179.5 186.5 194.7 206.0 2153 232.8

Left knee joint flexion 95% LV 57.5 62.3 64.8 67.9 70.1 72.0 73.7 75.5 77.4 79.6 82.6 85.1 89.9

(120° /s, Nm) 2 95% UV 61.7 66.4 68.9 72.0 74.2 76.1 77.8 79.6 81.5 83.7 86.7 89.3 94.0

Fernal Left knee joint extension 95% LV 84.3 95.1 100.8 107.8 112.8 117.1 121.1 125.1 129.4 134.5 141.4 147.2 158.0
emaie (120°/s, Nm) 2 95% UV 93.6 104.4 110.2 117.2 1222 126.5 1305 134.5 138.8 143.8 150.8 156.5 167.3
Right knee joint flexion 95% LV 50.6 56.6 59.8 63.6 66.4 68.8 71.0 73.3 75.6 78.4 82.3 85.5 91.5

(120° /s, Nm) 2 95% UV 55.8 61.8 65.0 68.8 71.6 74.0 76.2 78.4 80.8 83.6 87.5 90.7 96.7

Right knee joint extension 95% LV 84.1 94.8 100.4 107.3 112.3 116.5 1205 1245 128.7 133.7 1405 146.2 156.9

(120° /s, Nm) 2 95% UV 933 104.0 109.7 116.6 1215 125.8 129.7 133.7 137.9 142.9 149.8 155.5 166.1

Left knee joint flexion 95% LV 38.9 439 46.6 49.9 522 54.2 56.1 58.0 60.0 62.4 65.6 68.3 73.4

(240° /s, Nm) 2 95% UV 433 483 51.0 54.3 56.6 58.6 60.5 62.4 64.4 66.7 70.0 72.7 77.7

Left knee joint extension 95% LV 59.7 67.8 72.1 77.4 81.1 84.4 87.4 90.4 93.6 97.4 102.6 107.0 115.1

(240° /s, Nm) 2 95% UV 66.7 74.8 79.2 84.4 88.2 91.4 94.4 97.4 100.7 104.4 109.7 114.0 122.1

Right knee joint flexion 95% LV 39.8 441 46.4 49.2 51.2 52.9 54.5 56.1 57.8 59.8 62.6 64.9 69.2

(240° /s, Nm) 2 95% UV 435 47.8 50.1 52.9 54.9 56.6 58.2 59.8 61.5 63.5 66.3 68.6 72.9
Right knee joint extension 95% LV 60.6 68.4 72.5 77.5 81.2 84.3 87.2 90.0 93.1 96.8 101.8 105.9 113.7

(240° /s, Nm) 2 95% UV 67.3 75.1 79.3 84.3 87.9 91.0 93.9 9.8 99.9 103.5 108.5 112.7 120.5

Trunk joint flexion 95% LV 81.9 97.9 106.4 116.8 1242 130.6 136.5 1425 148.8 156.3 166.6 175.1 191.1

(60° /s, Nm) 2 95% UV 95.8 111.8 120.3 130.6 138.1 144.4 150.4 156.3 162.7 170.1 180.4 189.0 205.0

Trunk joint extension 95% LV 74.9 95.6 106.7 120.0 129.7 137.9 145.6 153.3 161.6 171.2 184.6 195.7 216.4

Fernal (60°/s, Nm) 2 95% UV 92.8 113.6 124.6 138.0 147.7 155.9 163.6 171.3 179.6 189.2 202.6 213.6 234.4
emaie Trunk joint flexion 95% LV 65.7 85.8 96.5 109.5 1189 126.9 134.4 141.8 149.8 159.2 172.2 182.9 203.0
(120° /s, Nm) 2 95% UV 83.2 103.3 114.0 127.0 136.3 144.3 151.8 159.3 167.3 176.6 189.6 200.3 220.4

Trunk joint extension 95% LV 68.1 87.0 97.1 109.3 118.1 125.7 132.7 139.7 147.3 156.1 168.3 178.4 197.3
(120° /s, Nm) 2 95% UV 84.5 103.4 1135 125.7 134.6 142.1 149.1 156.2 163.7 172.5 184.7 194.8 213.7

VO,max, maximal oxygen consumption per minute; HRmax, maximal heart rate per minute; MST, multistage shuttle-run test; CI, confidence interval; LV, lower value; UV, upper value; ?, isokinetic

muscular strength.



Int. J. Environ. Res. Public Health 2021, 18, 9624 15 of 18

4. Discussion

For Taekwondo competitions, athletes must have excellent physical fitness, including
aerobic capacity, anaerobic capacity, muscle strength, muscle endurance, flexibility, speed,
and agility [9,10,39,40]. In addition, data-based exercise science information is helpful in
improving Taekwondo athletes” physical fitness and weakness [6]. Therefore, this study
aimed to provide a profile of physical characteristics and physical fitness for Taekwondo
competitors. To increase the value of this study’s data-based exercise science information,
we secured the validity of the estimation results. In a previous study that developed
an estimation model of the physical fitness level, the validity of the estimation results
was recognized when the estimated error was within 8-10% [41-43]. In this study, the
estimation error of all variables, except for the eyes-closed single-leg stance (15.71%), was
less than 8%. Therefore, it was confirmed that there was no problem with the validity of
the estimated values.

The following can be interpreted as the causes of the higher estimation error in the
eyes-closed single-leg stance than in the other variables. First, the sample size in relation
to the variable was small. The estimation error was calculated by dividing the standard
deviation by the square root of the sample size; therefore, the smaller the sample size, the
larger the estimation error. However, the total sample size for the eyes-closed single-leg
stance was 65, so the sample size was not small compared to that of the other variables.
Therefore, this problem is hardly attributable to the increase in the estimation error. Second,
there was a large deviation between individuals in the measurement of the variables.
The eyes-closed single-leg stance is a variable that shows a large individual difference in
measurement. Therefore, the estimation error was calculated based on the eyes-closed
single-leg stance data presented in a previous study.

Based on the results of the previous study, the estimated error of the eyes-closed single-
leg stance was calculated to be 40.7% for 16 college soccer players (34.0 £ 28.21 s) [44] and
54.6% for 10 high school female volleyball players (59.5 £ 52.4 s) [45]. Therefore, the
estimation error increases proportionally because the individual difference between the
measurements is large in the eyes-closed single-leg stance test. However, the results of
our study have general validity because the estimation error of all variables, except for the
eyes-closed single-leg stance, was less than 8%.

The utilization of different measurements that evaluate the same physical fitness
factors favoring indicators with small estimation errors may be preferred. However,
they should be carefully selected considering the inherent reliability of the measurement
methods. For example, selecting BMI should be avoided because it has a smaller estimation
error than the percentage of body fat when measuring obesity. The percentage of body
fat directly tested using the bioelectrical impedance method was more accurate in obesity
assessment than BMI calculated based on height and weight [46,47]. Nevertheless, BMI is
being used to assess obesity in the public health and sports fields. The results of this study
may be fully utilized for evaluation because the error in the estimated BMI distribution was
not significant. For sit-up tests, it is recommended to conduct such for 60 s with a lower
estimation error than that for 30 s. Measurements via the same test method and reliability
should utilize a distribution with a smaller estimation error. Nevertheless, sit-up tests for
30 s are also available in public health and sports because of the low estimation error.

Combat sports, such as Taekwondo, require high levels of physical fitness and physical
characteristics [48]. Exercise program plans are important for improving and maintaining
a high level of physical fitness suitable for the characteristics of Taekwondo events [49].
Taekwondo athletes should be conditioned to effectively manage and improve their phys-
ical fitness through systematic exercise programs [50]. Conditioning management re-
quires detailed knowledge of the physiological and physical abilities required for competi-
tion [51,52]. Therefore, sports scientists and Taekwondo coaches should organize long-term
and short-term training programs and provide objective feedback to motivate athletes. As
in this study, objective collection and presentation of information on an athlete’s physical
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ability are important for feedback to the athlete [53]. The results of this study can help
identify the physical profiles favorable to Taekwondo competitions and provide indicators
of physical fitness standards for Taekwondo athletes [9,10]. This study had limitations. In
the study, Korean Taekwondo athletes were considered the study subjects for the systematic
search because they have the best performance in the world. However, Taekwondo athlete’s
skills and performance are becoming similar around the world. Therefore, future studies
need to analyze the physical characteristics and physical fitness factors of Taekwondo elite
athletes worldwide.

5. Conclusions

This study estimated the standard distribution of each factor by aggregating previous
studies measuring the physical characteristics and physical fitness variables of Taekwondo
athletes in South Korea through a systematic literature review. This study found that
almost all physical characteristics and the estimated distribution of the physical fitness
variables were generally applicable (estimated error of less than 8%). These results could
be an essential objective basis for evaluating Taekwondo athletes” physical characteristics
and physical fitness factors and setting training goals.
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