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ABstRACt
Introduction: The purpose of this study was to assess and compare motor abilities in young and adult 

male South African Taekwondo athletes. To date, knowledge of the motor ability demands of this combat 
sport is in its infancy. Methodology: Participants were profiled as junior (n = 25, 15.5 ± 2.6 years, 163.0 
± 13.4 cm, 53.3 ± 10.7kg) and senior (n = 20, 23.5±2.5 years, 166.8 ± 7.9cm, 68.6±7.9kg) males from a 
local Taekwondo (WTF) club in South Africa. Flexibility (sit-and reach), abdominal strength and endur-
ance (60-second sit-ups and 2 minutes push ups), explosive leg power (vertical jump), agility (T-test), 
aerobic power (20 m bleep test) converted to maximum oxygen uptake (VO2max) were measured. Data 
were analysed with t-test for independent samples and Z-score individual radar plot statistics for each 
athlete. Results: There was no significant difference in agility between juniors (10.9 ±0.4s) and seniors 
(12.6 ± 1.2s) (p>0.05). The seniors showed significant (p<0.05) higher values in sit ups (53.1 ± 6.1 vs 
48.9 ±13.8), push-ups (76.6 ± 17.1 vs 25.6 ±10.6), sit & reach (54.6 ±5.8 vs 40.1± 7.5 repetitions), hori-
zontal jump (2.6 ± 1.1 vs 1.9 ±0.3), and VO2max (52.5 ± 2.8 vs 42.2 ±6.6) than in juniors. More extensive 
research is required before extending existing knowledge from this study in order to permit specialized 
conditioning with junior athletes leading to improved motor ability at an early stage of Taekwondo 
training, resulting into better combat performances. Conclusions: The results showed that the perfor-
mance of senior male Taekwondo athletes is higher than the juniors’. 
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IntRoDUCtIon
Taekwondo (TKD) was officially accepted 

as an Olympic combat sport at the Sydney 
Olympics in 2000 (Lin et al., 2006). TKD 
has technically advanced into one of the fre-
quently practiced martial arts worldwide with 
about 70 million participants in 180 countries 
(Fong & Ng, 2011). TKD is a dynamic form 
of unarmed self-defence that incorporates a 
variety of techniques for the purpose of attack, 
and can be distinguished from other martial 
arts by its focus on kicking techniques that are 
performed at a high speed (Bridge et al., 2014; 
Hammami et al., 2013). 

TKD is characterized by three main ar-
eas in competition: sparring (free fighting), 

poomsae (forms), destructions (breaking of 
wood and tiles) which require complex motor 
and functional skills, tactical excellence and 
a high level of fitness to excel (Cular et al., 
2013; Melhim, 2001). International TKD ath-
letes are categorised in different weight divi-
sions for both male and female athletes to par-
ticipate in poomsae and sparring. Poomsae is a 
structural form of group competition in which 
the participant simultaneously uses both hands 
and feet to display various techniques (Haddad 
et al., 2014). In Kyorugi, combat matches are 
typically performed in three rounds of 2 min-
utes with 1-minute rest period (World Taek-
wondo Federation, 2015). Points are awarded 
when kicks and punches make contact on the 
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allowed body area. A winner is determined by 
scoring more points or by a knockout. 

There is an insufficient amount of scientific 
information on anthropometric and energy de-
mand (Kazemi et al., 2009; Ball 2011), physi-
ological profile (Kazemi et al., 2009), mental 
development skills (Chiodo et al., 2011; Pieter 
& Heijmans, 2000) with high technical and 
tactical proficiency (Bridge et al., 2011; Ka-
zemi et al., 2009) of TKD sport. Additionally, 
there is lack of information regarding age and 
development in Taekwondo making it chal-
lenging to determine the impact of differences 
in physical profile between junior male and fe-
male TKD athletes (Mathunjwa et al., 2015). 
More so, research among Senior South Afri-
can Taekwondo athletes during both Interna-
tional Taekwondo Federation (ITF) and World 
Taekwondo Federation (WTF) competitions 
is scarce. Therefore, the purpose of this study 
was to assess and compare motor abilities in 
both senior and junior male Taekwondo ath-
letes.

MetHoDoLoGY 
Participants in this study were junior (n 

= 25) and senior (n = 20) males from a local 
Taekwondo (WTF) club in South Africa who 
freely volunteered to participate in this study. 
Following an explanation of all procedures, 
risks and benefits, each participant expressly 
gave their informed consent to participate in 
the study. The participants were involved in 
Taekwondo training and were members of the 
South African Taekwondo Federation. Ethical 
clearance for the study was obtained from the 
University of Zululand. Data were analysed 
using t-test for independent samples and Z-
score individual radar plots statistics for each 
athlete.

Procedure
The following tests were administered: 

measurements such as flexibility (sit-and-
reach test), abdominal strength and endurance 

(60-second sit-ups and 2-minute push ups 
test), explosive leg power (vertical jump test), 
agility (t-test), aerobic power (20 m bleep 
test) converted to maximum oxygen uptake 
(VO2max). 

Anthropometric measurements 
Body mass of the individuals was meas-

ured in kilogram (kg) using a digital scale 
(Kubota KA – 10 – 150V, Japan). Stature was 
measured using a stadiometer (La Fayette In-
strument Co. USA) and body mass index was 
calculated as weight divided by height squared 
(kg/m2) (Ross & Marfell-Jones, 1991).

Physical tests and physiological 
performance measurements
The details of these measurements were 

presented in a previous paper (Mathunjwa et 
al., 2015). Flexibility (cm) was measured in 
centimetres by the modified sit-and-reach test 
using the Lafayette sit and reach box (Model 
01285A, La Fayette, USA). The T-test (sec) 
was used to determine the agility of body 
trunk without loss of balance including for-
ward, lateral and backward running (Raven 
et al., 1976; Getchell, 1985). Leg power was 
measured by standing broad jump (cm) (John-
son & Nelson, 1986). A tape measure was 
used (Stanley Power Locks, Tokyo, Japan) to 
measure the distance after jumping forward on 
a floor surface. The 20 min multi stage fitness 
test (MSFT) was used to measure endurance 
capacity. This test measured continuous run-
ning between two lines 20 meters apart in time 
to recorded beeps (Gabbett et al., 2009). Mus-
cular strength and endurance were assessed by 
the one-minute sit-ups and two-minute push-
up test (repetitions) respectively (Sparling, 
1997). 

Statistical analysis
Data were analysed using mean and stand-

ard deviations. The t-test was computed to de-
termine if differences exist between senior and 
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Table 1. Physical characteristics between South African Senior 
vs Junior Taekwondo athletes (mean±SD).

Parameters )Senior )n=20 )Junior )n=25 ∆ ∆%

)Age )years 23.5±2.5 15.5±2.6 0.3 34.0

)Weight )kg 68.6±9.0 53.8±10.7 0.2 21.6

)Height )cm *7.9 ± 166.8 13.4 ± 163.0 0.2 2.3

)BMI )kg/m2 22.9±2.3 20.9±1.3 0.1 8.7

)Sit & Reach )cm *54.2±5.8 40.1±7.9 0.3 26.0

Sit ups 60 s 53.1±6.1 48.9±13.8 0.1 7.9

Push-ups 2mins **76.8±17.4 25.6±10.5 0.6 66.7

)Horizontal Jump )m *2.3±0.3 1.2±0.1 0.5 47.8

)VO2max )ml/kg/min *52.5±2.8 42.2±6.8 0.2 19.6
**p<0.001, *p<0.05, ∆: change, % percentage, cm: centimeters, kg: kilograms

Z-criterion statistics was used to design 
Z-score radar plots based on the following 
physical characteristics (Sit-and- reach, sit-
ups, push-ups, horizontal jump, T-test, aerobic 
power) that are key performance indices in 

Taekwondo. The results of individual Z-score 
radar plots (in %) of a senior TKD athlete ap-
proximately the same weight category with a 
junior TKD athlete is presented in Table 2 and 
figure 1 and 2. 

junior athletes. Significance was set at p<0.05. 
Due to the relatively small sample size, the 
statistical power of the study was calculated 
using two statistical power calculators: Alpha 
error level criterion set at 0.05 or 5% confi-
dence level and Beta criterion set at 0.80 or 
80% confidence level (Zodplay, 2004). The Z-
criterion statistics (Marronna et al., 2006) was 
applied for preparing computerized individual 
performance Z-score radar plots (Mathunjwa 
et al., 2015), which were then used for com-
parison.

ResULts
The descriptive statistics of the perfor-

mance variables in both senior and junior 
South African Taekwondo athletes are dis-
played in Table 1. Senior Taekwondo athletes 
tend to have higher body mass and stature than 
juniors. No significant difference was noted in 
BMI and sit-ups. Statistically, significantly 
higher difference (p<0.001) in push-ups, hori-
zontal jumps, sit & reach and VO2max (p<0.05) 
was found in senior athletes when compared 
to junior athletes. 
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Table: 2. Individual Z-score (in %) of senior and junior TKD athletes

 Z-score
Sit & Reach 

)cm)
 Sit ups

60 s
 Push-ups

2mins
Horizontal 
Jump )m)

VO2max )ml/kg/
min)

NM Senior 51 49 68 2.2 52.1
MZ Junior 42 47 28 1.1 42

   Figure 1: Z-score individual radar plots (in 
%) of senior athlete NM

     Figure 2: Z-score individual radar plots (in 
%) of junior athlete MZ

Analysis of individual Z-score
Athlete NM (Figure 1) displayed a high-

er level of push ups and good flexibility. His 
kicking execution will be strong when attack-
ing an opponent. Due to high flexibility, the 
athlete will be able to reach the targeted area 
during a fight. Athlete MZ, being a junior, 
has an advantage due to his better VO2max. He, 
therefore, needs to avoid effective kicks from 
an opponent by always counter attacking, so 
that he can endure longer during fights since 
his muscular endurance is poor.  

DIsCUssIon 
This study has been able to support the fact 

that enhanced motor abilities play an impor-
tant role in improving combat performance, 
and contributing to short and long term health 
of athletes. This is in consonance with the 
study of Ortega and colleagues (2008). The 

five main components of motor ability (flex-
ibility, endurance, strength, power and cardi-
orespiratory fitness) (Ruiz et al., 2006) were 
assessed in senior and junior TKD athletes. 
Stature, weight and body mass index (BMI) 
were also measured at the same time points. 

TKD athletes regularly reduce their body 
mass to compete in selected weight categories 
and to optimize their power during combat 
(Tsai et al., 2011). The body mass recorded in 
this study correlates with data values report-
ed in previous studies and have been recom-
mended to facilitate performance and maintain 
good health (Bridge et al., 2014; Rodriguez et 
al., 2009).  

The study also confirms that flexibility 
plays an important role in TKD and gives ath-
letes an advantage in performing high kicks. 
As reported by Chan and colleagues (2001), 
TKD training is known to enhance flexibil-
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ity due to multiple bouts of static and ballis-
tic stretching that increases during physical 
fitness. It was noted in this study that junior 
TKD athletes produced lower sit and reach 
than seniors (see Table 1). Kim et al. (2011) 
established that training adaptation and the 
technical demands of sport produces higher 
flexibility. This, therefore, explains the reason 
why senior athletes display higher flexibility 
scores than the juniors (Bridge et al., 2014). 

A study reported that VO2max scores of jun-
ior male TKD athletes ranges between 41-49 
ml/kg/min (Bridge et al., 2011). This shows 
that the cardiorespiratory fitness of the ath-
letes in our study is comparable with other 
international athletes (see Table 1). Although, 
the value of the senior athletes was higher than 
that of the junior athletes nonetheless, it was 
noteworthy to show that the present results 
from this study meet international standards. 

TKD athletes require submaximal mus-
cular endurance and strength to sustain re-
peated combat movement in competitons 
(Moir, 2012). The data obtained from sit-ups 
and push-ups in both senior and junior ath-
letes gave an insight of muscular endurance 
and strength (see Table 1). Even though there 
are limited studies that have examined push-
ups and sit-ups of international TKD athletes 
(Toskovic et al., 2004; Markovic et al., 2005), 
the results from these studies was in agree-
ment with the data from our study.

The Z-score radar plots based on the five 
most relevant motor abilities (flexibility, en-
durance, strength, power and VO2max) were 
measured to assess the individual performance 
of the TKD athletes. In conclusion, the indi-
vidual Z-score analysis implemented in the 
current study was used to analyse and inter-
pret the result of individual performances of 
TKD athletes in order to provide coaches with 
specific information relevant for the design of 
unique training regimen for each athlete.    
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