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Abstract. Aim. This study aimed to determine the acute effects of WR on Taekwondo front kick kine-
matics. Methodology. 24 elite taekwondo athletes were recruited and were required to perform front kick in 
four conditions; 1) WR with 3% of body mass (3WR), 2) WR with 5% of body mass (5WR), 3) WR with 8% 
of body mass (8WR) and 4) without WR (0WR). Movement kinematics (foot velocity, knee velocity and peak 
height) were analyzed during the movement in both dominant and non-dominant leg. Cameras attached to mo-
tion analysis systems were used to record participant’s kicking kinematics. The kinematics data obtained were 
compared between each conditions. Results. Results showed that only wearing WR of 3% body mass did not 
changed the knee velocity and kicking peak height as without WR. The foot velocities were found to be signi-
ficantly different between each loadings with velocities become lower as loading increased. Conclusion. 
Wearing WR of 3% body mass were found to be suitable for athletes during training session as they can main-
tain their technical effectiveness while also increase stimulus for body to adapt in long term. Chronic studies 
need to be conducted to determine the long term effects of WR loadings on the kicking techniques.  
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Аннотация. Цель. Целью исследования было определение мгновенного эффекта от ношения 
утяжелителей на кинематику прямого удара ногой в тхэквондо. Материалы и методы. В исследова-
нии участвовали 24 элитных тхэквондиста. Спортсменам предстояло выполнить прямой удар ногой 
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© Надзалан А.М., Жанеп М., Джахизи А.А.М., Мохамад Н.И., Рахим Н.А., Шалан Н.А.А.М., Зайнудин Ф.Ф., 2022 



Nadzalan A.M., Janep M., Jahizi A.A.M. et al.        The effects of wearable resistance loading 
       on kinematic of front kick among elite taekwondo athletes 

Человек. Спорт. Медицина  
2022. Т. 22, № 2. С. 92–99  93

Introduction 
Originated from Korea in 1940s, Taekwondo 

has been improved in terms of the technical and 
tactical features by various masters from Korean 
army during 1950s [14]. Taekwondo involves 
kicking and punches as the main strike tech-
niques. 98 % of scoring in Taekwondo has been 
shown to be produced by kicking [17]. Athlete’s 
ability to produce a good kicking is measured by 
the velocity and force of the kick. Ability to pro-
duce fast and powerful kick will result in oppo-
nents have less time to react and are more likely 
to concede points because of the forces produced. 

Many aspects of Taekwondo have been scien-
tifically investigated such as speed of kicking 
foot and movement time [4, 10, 11, 13, 25], im-
pact force of participants of distinct level of ex-
pertise [26] and nutritional aspects [27]. Some 
authors have focused in the kinematics and ki-
netics of the lower extremity and pelvis [2, 5, 6]. 
Throughout many researches that had been con-
ducted, it is obvious that kicking ability will affect 
the match outcomes, thus, explosive kick should 
be a principle focus of Taekwondo training, and 
training with resistance is recommended to fulfil 
the need [3, 7, 12, 24]. 

Resistance training is a kind of training that 
involve any kinds of equipment/tools to become 
the resistance. The traditional methods of resis-
tance training involved individuals to go to the 
gym and lift weights. This is due to the mounting 

evidences that had shown the effectiveness of 
gym training to improve maximal strength by 
increasing muscle contraction velocity [8, 29, 
30]. However, until now, the issue of transfera-
bility of strength gains achieved from traditional 
resistance training methods to sport-specific per-
formance is still debated among strength and 
conditioning coaches, practitioners and athletes 
[1, 8, 22]. Several strength and conditioning re-
searchers have argued that a better training trans-
fer can be achieved from exercises that display 
mechanical specificity to the movement per-
formed in competition [16, 23] and specificity of 
velocity of movement [15].  

Currently, similar to most other sports, 
strength training protocols for combat sports 
utilize the normal available weight machines and 
free weight apart from the most widely used bo-
dyweight strength training [19, 28]. It is thus 
proposed here that training should utilize loading 
methods that are more functional in nature, and 
able to be loaded while performing the actual 
combat sports movement. Therefore, loadings 
that permit performer to move freely according  
to sports movement is suggested. 

Wearable resistance training involves an ex-
ternal load being attached to certain segments of 
the body during various sporting movements, and 
is an example of the application of the concept 
of training specificity [9, 21]. Wearable resis-
tance is used in athletic training with the aim of 

в четырех условиях; 1) ношение утяжелителя (WR) весом 3 % от массы тела (3WR), 2) ношение утя-
желителя весом 5 % от массы тела (5WR), 3) ношение утяжелителя весом 8 % от массы тела (8WR) и
4) без утяжелителя (0WR). Кинематику движений (скорость стопы, скорость колена и максимальная
высота удара ногой) анализировали во время движений как ведущей, так и неведущей ноги.
Камеры, подключенные к системам анализа движения, использовали для записи кинематики ударов
ногами. Полученные данные кинематики сравнивали для разных условий выполнения ударов. Резуль-
таты. По результатам исследования установили, что только ношение утяжелителей весом 3 % от
массы тела не повлияло на скорость колена и максимальную высоту удара ногой. Обнаружено, что
скорость стопы значительно меняется под воздействием нагрузки, снижаясь при каждом ее увеличе-
нии. Заключение. Установлено, что ношение утяжелителей весом 3 % от массы тела подходит для
тренировки тхэквондистов, поскольку при данной нагрузке спортсмены сохраняют свою техниче-
скую эффективность, стимулируя при этом адаптацию организма в долгосрочной перспективе. Тре-
буется проведение долгосрочных исследований, чтобы определить влияние длительного ношения
утяжелителей на технику прямого удара ногой. 

Ключевые слова: силовая тренировка, отягощение, специфичность, тренировка с отягощением,
тренировочные нагрузки 
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increasing power output and performance by 
enabling specific movements to occur with addi-
tional loading without adversely affecting the 
technical execution of the action being performed 
[20]. The new wearable resistance technologies 
(e. g. the Lila TM Exogen TM exoskeleton suit) 
enable much greater customisation of load magni-
tudes, orientations and locations around the body. 
This kind of wearable resistance enables sport 
specific actions to be performed in an overloaded 
manner [20]. 

Compared to the traditional resistance training, 
wearable resistance allow the performer to train 
more specific to the main movements involved 
in the sport. It is the author’s interest to find out 
the effects of wearable resistance during kicking 
execution. Currently, as to the authors’ know-
ledge after articles searching through several 
databases, no studies had yet been conducted on 
determining the effects of wearable resistance 
on martial art kicking biomechanics. Thus a study 
in this area will provide new knowledge on the 
wearable resistance training, with also consi-
dering the loading effects. 

It is the aim of this study to determine and 
compare the movement kinematics (foot velocity, 
knee velocity and peak height) between WR with 
3% of body mass (3WR), WR with 5% of body 
mass (5WR) and WR with 8% of body mass 
(8WR) with without WR (0WR) during Taek-
wondo front kick. 

Methodology 
Participants 
Twenty-four elite Taekwondo athletes were 

recruited as participants in this study. Participants 
should have black belt in Taekwondo and should 
currently active participating in any Taekwondo 
tournament at least at University level. All partici-
pants should be free of any injuries. Participants 
were needed to fill in the Physical Activity Rea-
diness Questionnaire (PAR-Q) and inform con-
sent. All participants were reminded that their par-
ticipation in this study is based on volunteerism 
they are free to withdraw from the study at any 
time. This study has been approved by researchers’ 
University Human Research Ethics Committee 
[Code: UPSI/PPPI/PYK/ETIKA(M)/014(164)] 

Procedures 
Participants were required to attend five testing 

sessions. The first sessions was the briefings and 
familiarization sessions. The second, third, fourth 
and fifth sessions were the testing sessions sepa-
rated by 72 hours in between. Each session lasted 
approximately one hour, considering the prepara-

tion of participants by the researcher and the ac-
tual testing of the protocols. 

For the first session, participants were given 
the briefings which include details of the study, 
personal rights to withdraw, consent letter and 
pre-exercise questionnaire screening. Once agreed 
by participants with the participant’s signing in 
the consent letter, the session continued with 
introduction to all testing apparatus that will be 
used, and trial of all the equipment for the pur-
pose of the study. During the other four testing 
occasions, the exercise protocol were completed 
with three different percentages of loads to body 
mass (3, 5 and 8% of body weight) and one more, 
without WR in each day. Each loading were done 
in separated days as a way to minimize training 
effects from other loading used. During data col-
lection sessions, as participants arrived at labora-
tory, they were given fifteen minutes to perform 
general and specific warm up. After that, partici-
pants were given three trials in each dominant 
and non-dominant leg sides. Each trials were se-
parated by five minutes to allowed recovery for 
the participants. The best technique performed 
was selected to be analyzed and compared be-
tween loading. During the four testing sessions, 
while participant performed the kicks, cameras 
attached to motion analysis systems were used to 
record participant’s kicking kinematics (foot ve-
locity, knee velocity and peak height) in both 
dominant and non-dominant leg. 

Front kick procedure 
Front kick begin with participant stand in  

L stance (L shape) position with shoulder-widths 
apart. During this position, one foot was placed 
in front of the other, the front foot was face for-
ward as a supporting leg and the back foot was 
turned out 90 degrees as kicking leg. With body 
pointing about 45 degrees diagonal towards the 
target and arm in guarding block position. Parti-
cipant then raising the knee of the kicking leg 
approximately to hip level and extending the knee 
towards the target with the toes. Following by 
return foot back to starting position. 

Data Analysis 
Six infra-red cameras motion analysis system 

(Vicon T10s, Oxford Metrics, UK) were used  
to collect kinematics data, sampled at 100 Hz. 
Based on the Plug-in-Gate Marker Set, reflective 
markers were attached to participant body at the 
second metatarsal, lateral malleolus, calcaneus, 
lateral shank, lateral femoral epicondyle, lateral 
thigh and anterior superior iliac spine at both sides 
of body. Analysis of data were conducted using 
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Vicon Nexus Workstation software. The kine-
matic model of the lower body consisted of  
the shank, thigh and pelvis of the kicking leg. 
The joint displacement and movement time were 
obtained through tracking the reflective makers 
automatically, and then the joint velocity were 
derived from the time series. 

Statistical Analysis 
Descriptive statistic was used to show mean 

standard deviations of participants’ demographic 
background and kinematics data. One way re-
peated measure analysis of variances (ANOVA) 
were used to determine if significant differences 
existed across different percentage of loads.  
An alpha level of 0.05 were set to assess statistic-
al significance for all tests. 

Results 
Table 1 showed the demographic background 

of participants involved in this study.  
Table 1  

Participants’ demographic background 

Age (years old) 22.19 ± 1.34 
Height (m) 1.73 ± 0.08 
Body mass (kg) 69.84 ± 4.53 

 

Analysis of both the dominant and non-
dominant leg showed significant main effects 
for all the kinematic variables investigated in all 
loadings: 1) dominant leg foot velocity, F(3,69) = 
= 435.89; p < 0.001, 2) non-dominant leg foot 
velocity, F(3,69) = 176.38; p < 0.001, 3) dominant 
leg knee velocity, F(3,69) = 934.02; p < 0.001,  
4) non-dominant leg knee velocity, F(3,69) = 
= 341.28; p < 0.001, 5) dominant leg peak height, 
F(3,69) = 1129.34; p < 0.001, 6) non-dominant 
leg peak height, F(3,69) = 1265.52; p < 0.001. 
Table 2 showed the mean and standard deviation 
of foot velocity, knee velocity and peak height of 
both dominant and non-dominant leg. 

Pairwise comparison then was conducted to 
compare specifically between all the variables 
between loads. Foot velocities were different  

between each of the loadings used in both domi-
nant and non-dominant legs (p < 0.05). Knee  
velocities were found to be significantly different 
between 0WR with 5WR and 8WR, 3WR with 
5WR and 8WR, and 5WR and 8WR. Peak 
heights were found to be significantly different 
between 0WR with 5WR and 8WR, and 3WR 
with 8WR. 

Discussion 
The purpose of this study is to determine  

the acute effects of wearable resistance on Taek-
wondo front kick kinematics. Knee velocity, foot 
velocity and peak height were analyzed in both 
dominant and non-dominant leg and were com-
pared between four loading conditions (3% body 
mass, 5% body mass, 8% body mass and without 
wearing wearable resistance).  

After analysis of data collected in table 2, we 
can assume that the loading of WR influences  
the kinematics of lower limb during front kick. 
The highest velocity was recorded when there 
were no WR worn by participants. The speed of 
the dominant leg knee was faster than the non-
dominant one. The difference appeared in all par-
ticipants. This is in line with findings from se-
veral previous studies [32] and contrast to other 
studies [18]. 

As like other kicks, front kick need to be per-
formed fast to enhance chances to hit the target. 
Therefore, speed training is crucial to achieve 
victory. As a way to enhance kicking speed, 
training should include resistance to create more 
challenge for adaptation. A more specific training 
is recommended, to enhance the transferability of 
training to sports skill. Thus, using WR is be-
lieved to be beneficial, as it allow athletes to do 
their movement while carrying the loads. 

A good front kick should be started with  
a great knee and foot velocity. [31] in their study 
found kick velocity is influenced by the knee ve-
locity. With just one component lack, the effec-
tiveness of the kicking will be affected. 

Table 2 
Score mean and standard deviation 

Variables 0 WR 3 WR 5 WR 8 WR 
Dominant leg foot velocity (m/s) 7.43 ± 0.17bcd 7.32 ± 0.39acd 7.15 ± 0.45abd 6.94 ± 0.74abc 
Non-dominant leg foot velocity (m/s) 7.39 ± 0.26bcd 7.23 ± 0.47acd 7.04 ± 0.74abd 6.80 ± 0.87abc 
Dominant leg knee velocity (m/s) 5.09 ± 0.19cd 5.05 ± 0.32cd 4.97 ± 0.56abd 4.88 ± 0.74abc 
Non-dominant leg knee velocity (m/s) 5.05 ± 0.24cd 4.99 ± 0.42cd 4.88 ± 0.67abd 4.79 ± 0.86abc 
Dominant leg peak height (m) 1.75 ± 0.05cd 1.73 ± 0.08d 1.70 ± 0.10a 1.67 ± 0.11ab 
Non-dominant leg peak height (m) 1.73 ± 0.09cd 1.71 ± 0.05d 1.68 ± 0.12a 1.65 ± 0.09ab 

Note: a – significantly different from 0 WR; b – significantly different from 3 WR; c – significantly different 
from 5 WR; d – significantly different from 8 WR. 
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Results showed that each loading conditions 
caused the foot velocities to be significantly dif-
ferent between each other in both dominant and 
non-dominant leg. It is the interest of this study 
to look at how the use of wearable resistance af-
fect the kinematics during the front kick when 
compared to 0WR. For the dominant leg, it was 
found that 3WR, 5 WR and 8WR caused 1.48%, 
3.77% and 6.59% changes to the foot velocities 
respectively. What can we see here is that, foot 
velocities di significantly affected by just wearing 
WR with 3% body mass. As the loading in-
creased, the changes become bigger. The changes 
in the non-dominant leg is greater as the similar 
loadings caused 2.17%, 4.74% and 7.98% changes 
respectively. Thus, we can see that asymmetry 
(dominant vs non-dominant) become greater as 
loading increased. 

Next, results showed that knee velocities to 
be significantly different between 0WR with 5WR 
and 8WR, 3WR with 5WR and 8WR, and 5WR 
and 8WR. This happened to both dominant and 
non-dominant leg. Compared to the foot velocity, 
it can be seen here that significant changes to  
the knee velocity didn’t occur when wearing 3% 
of body mass. This might be due to the simple 
movement of knee in which the knee is just lift 
upward. For the dominant leg, it was found that 
3WR, 5 WR and 8WR caused 0.79%, 2.36% and 
4.13% changes to the knee velocities respectively. 
Compared to the foot velocity, the changes here 
is lesser, again, probably due to the simple mo-
vement of knee lift. The changes in the non-
dominant leg is greater as the similar loadings 
caused 1.19%, 3.37% and 5.15% changes respec-
tively. Again, asymmetry (dominant versus non-
dominant) become greater as loading increased 
even the movement is simple.  

Finally results showed that peak heights were 
found to be significantly different between 0WR 
with 5WR and 8WR, and 3WR with 8WR for 
both dominant and non-dominant legs. As knee 
velocity, again the results showed 3% of body 
mass WR did not change the height of kicking. 
This showed that the leg is able to lift the foot high 
enough even when carrying 3% WR loading.  
For the dominant leg, it was found that 3WR, 5WR 
and 8WR caused 1.14%, 2.86% and 4.57% changes 
to the peak height respectively. The changes in 
the non-dominant leg is not so much differences, 

as the similar loadings caused 1.16%, 2.89% and 
4.62% changes respectively. Unlike the knee  
and foot velocity, it is seen here that the peak 
height did not differed too much between domi-
nant and non-dominant leg. This could be pos-
sibly contributed by the facts that both legs are 
similarly strong and flexible enough to move 
with weights. 

In terms of comparison between dominant 
and non-dominant leg, pairwise comparison was 
also conducted to compare specifically in all  
the variables in each loads. Foot and knee velo-
cities were significantly different between domi-
nant and non-dominant during 3WR, 5WR and 
8WR (p < 0.05). No significant differences in 
terms of peak heights between dominant and non-
dominant leg in all loading conditions. This re-
sults showed that asymmetry occur in terms of 
velocity but not flexibility. 

Conclusions 
Until now, there are still coaches that unsure 

about the effectiveness of resistance training as 
how it was performed, the loads lifted and the 
efforts given might cause coaches and athletes 
fear to have much increment of muscle mass 
that could affect their movement effectiveness. 
Wearable resistance permits athletes to wear it 
and move specifically according to their sport, 
thus given a bigger opportunity for athletes to 
train more specific and maintain the movement 
effectiveness during the training session. How-
ever, it is a need to find appropriate weights to be 
used during training to maintain its specificity 
with the actual movement. Wearing too much 
load might affect the movement effectiveness as 
athletes might perform the movement slower, 
while wearing too light will not give enough sti-
muli for better body adaptation. Wearing WR of 
3% body mass were found to be suitable for ath-
letes during training session as they can maintain 
majority of kicking kinematics data that were 
studied. Thus, it is concluded that 3 % of body 
mass is the preferred choice of WR loadings as 
participant can move while lifting loads on their 
body while at the same time could maintain their 
kicking effectiveness. It is recommended for the 
studies in the future to focus on other loadings to 
be used, the effects of WR if used during warming 
up session, and how the WR affect a more simple 
or complex movement.  
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