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Abstract

The aim of the study was to investigate the effect of plyometric training on the
biomotoric characteristics of 10-13 years old taekwondo athletes. A total of 25
competitive tackwondo athletes aged 10-13 years, 5 males and 7 females in the control
group and 7 males and 6 females in the experimental group, participated in the study.
The experimental group in the study received regular piliometric training in addition
to routine taekwondo training for 8 weeks, while the control group continued their
routine taekwondo training program. Height and body weight measurements, BMI
measurements, jump test, filamingo balance test, sit-reach-extend flexibility test, right
and left hand grip test, leg strength test, back strength test, 20 meter sprint test and 20
meter shuttle run (Max.\VVO2) tests were applied to the athletes as pre and post tests. In
our study, the descriptive statistical values of the control and experimental groups were
given in tables and Paired-Samples t Test was used to compare the pre and post test
values within the group and Independent-Samples t test was used to compare the pre
and post test values between the groups. As a result, it was determined that plyometric
training with taekwondo theme improved the physical and biomotoric characteristics
of the athletes at a significant level and in this direction, it is thought that the training
and competition performances of the athletes will also improve at a certain level.

Keywords: Biomotoric Characteristics, Plyometric Training, Taekwondo.

10-13 Yas Taekwondo Sporcularina Uygulanan
Pliometrik Antrenmanlarin Biyomotorik Ozellikleri

Uzerine Etkisi
0Oz

Calismanin amaci1 10-13 yas taekwondo sporcularma uygulanan pliometrik
antrenmanlarin biyomotorik 6zellikleri iizerine etkisinin incelenmesidir. Caligmaya
10-13 yas tackwondo sporcularindan kontrol grubu 5 erkek, 7 kadin, deney grubu 7
erkek, 6 kadin toplam 25 miisabik sporcu katilmistir. Calismadaki deney grubuna 8
hafta boyunca rutin tackwondo antrenmanlarina ek olarak diizenli piliometrik
antrenmanlar uygulanmis, kontrol grubuna ise rutin taeckwondo antrenman
programlarina devam edilmistir. Sporculara boy ve viicut agirhigi 6lgtimii ile vki
Olciimleri, sigrama testi, filamingo denge testi, otur eris -uzan esneklik testi, sag ve sol
el kavrama testi, bacak kuvveti testi, sirt kuvveti testi, 20 metre siirat testi ve 20 metre
mekik kosusu (Max.VO2) testleri 6n ve son test seklinde uygulanmigtir. Calismamizda
kontrol ve deney grubunun tanimlayici istatistik degerleri tablolarla belirtilmis ve grup
ici on ve son test degerleri karsilastirmasinda Eslestirilmis Orneklemler t Testi ile
gruplar aras1 6n ve son test degerleri karsilastirmasinda ise Bagimsiz Gruplar I¢in t
Testi  kullanilmistir. Sonug olarak, taeckwondo temali uygulanan pliometrik
antrenmanlarin, sporcularin fiziksel ve biyomotorik ozelliklerini énemli seviyede
gelistirdigi tespit edilmis ve bu dogrultuda sporcularin antrenman ve miisabaka
performanslarinin da belirli bir seviyede gelisim gosterecegi diistiniilmektedir.

Anahtar kelimeler: Biyomotorik Ozellik, Pliometrik Antrenman, Taekwondo.
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Introduction

Taekwondo is a sport in which athletes use hand and foot techniques to score points against
their opponent, whether for offensive or defensive purposes (Imamoglu, 2010). As in other sports,
training in taekwondo can be defined as a chain of stimuli conducted at regular intervals, creating
functional and morphological adaptations in the organism (Hildbrandt, 1988). One of the different
training methods, plyometric training, consists of movements where gravity is predominant and
which involve body-weight exercises like jumps, single or double-leg hops, skips, and depth jumps
in succession (Dolu, 1994). Plyometric training is a type of training that promotes rapid and powerful
muscle contractions. This training type is of great importance especially in sports like taekwondo that
require high explosive power and speed. To understand why plyometric training is important in
taekwondo, one must look at the basic principles of this training type and the requirements of the
sport (Foran, 2001; Baktaal, 2008).

Plyometric training is based on the principle of rapidly stretching the muscles (eccentric
phase) followed by rapid contraction (concentric phase). This type of training increases the muscles'
ability to store elastic energy and release it as explosive power. Plyometric training enhances athletic
performance by developing the muscles' ability to contract and relax quickly, and it reduces the risk
of injury. Given that taekwondo is characterized by fast kicks and punches, success in this sport
largely depends on the athlete's abilities in explosive power (Chu, 1992; Parpucu, 2009), speed,
agility, and coordination (Karabina & Pirselimoglu, 2013). It is also noted that regularly performed
plyometric training is effective in improving the mentioned biomotor abilities in certain muscles
(Kraemer & Gomez, 2001; Yksel, 2001; Diindar, 1998; Sevim, 1995).

Taekwondo athletes need explosive power to deliver fast and powerful kicks and punches
during a match. Plyometric training increases this explosive power by promoting faster and stronger
muscle contractions. Research shows that plyometric training significantly improves athletic
performance by enhancing muscle strength and power (Markovic, 2007). Taekwondo is also
characterized by sudden changes in direction and rapid movements. Plyometric training increases
agility and coordination by ensuring that muscles contract quickly and in a coordinated manner. This

allows taekwondo athletes to move faster and more effectively during a match (Aydemir et al., 2001).

Taekwondo requires dynamic strength, and kicks must be delivered with explosive power as
determined by the WTF according to the legal scoring zones and weight classes (Kala, 2018; Bompa,
1998; Sevim, 1997). In taekwondo, speed is also crucial for the athlete to lift their leg to the highest
speed and complete the kick in the shortest possible time during competition. The speed characteristic

is important not only for executing the kicking technique but also for quickly and easily evading the
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opponent's moves. One of the sub-components of speed, reaction speed, is also highly decisive for

the athlete's performance in competitions (Kala, 2018).

In taekwondo, range of motion is of great importance in terms of athlete performance. That
is, the flexibility and development of a taekwondo athlete's spine, hips, and legs are crucial for
competition performance. Dynamic flexibility, a sub-component of flexibility, is considered very
important for an athlete's success. This is because an athlete with this flexibility characteristic can
perform high-level taekwondo techniques more accurately, thereby increasing their success
accordingly (Ramazanoglu, 1989; Dogan & Zorba, 1991). Therefore, plyometric training applied in
taekwondo enhances the flexibility and endurance of muscles, reducing the risk of injury. Increasing
muscle elasticity helps prevent injuries that can occur during sudden and high-impact movements.
Research shows that plyometric training reduces the risk of injury in athletes and speeds up the

rehabilitation process (Chimera et al., 2004).

In line with this information, the aim of the study was to investigate the effect of plyometric

training on the biomotoric characteristics of 10-13-year-old taeckwondo athletes.
Materials and Methods
Research Model

This research employs a quantitative research method and applies an experimental research

model.
Research Group

Using a simple random sampling method from taekwondo athletes in the 10-13 age category
in Isparta province, the athletes participating in the study were randomly divided into two groups and
two groups were formed as control group and experimental group. In the study, the control group
consisted of 5 males and 7 females, totaling 12 athletes, while the experimental group consisted of 7
males and 6 females, totaling 13 competitive athletes. All individuals involved in the research
procured parental consent forms. The sample size and the number of people (N) in the control and

experimental groups were calculated using the G*Power 3.1.9.7 power analysis program with an

effect size of d=0.2 (small).

G*Power Analysis Minimum Sample Size and N Numbers of Groups and Table
t tests - Means: Difference between two independent means (two groups)
Analysis: A priori: Compute required sample size

Input: Tail(s): Two
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Effect size d: 0.5

a err prob: 0.05

Power (1-f err prob): 0.2

Allocation ratio N2/N1:1

Output: Noncentrality parameter 6: 1.1726039 Critical t:2. 0859634
Df: 20

Sample size group 1: 11

Sample size group 2: 11

Total sample size: 22

Actual power: 0.2006271

critical t&=0Us8596
0.3l
0.2
0.4
Ol—
73 5
Place and Time of Study

All tests and measurements in the study were conducted at the Indoor Sports Hall of Egirdir
Youth Services and Sports District Directorate. The experimental group in the study received regular
piliometric training in addition to routine tackwondo training for 8 weeks, while the control group
continued their routine tackwondo training program. In the study, pre-test measurements were taken
before the athletes started their training programs and post-test measurements were taken after the

8th week of the training programs were completed.

The training programs applied to the experimental and control groups in the study were carried
out by the tackwondo coach of Egirdir Youth Services and Sports District Directorate during the out-

of-school training hours of the athletes.
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Taekwondo Themed 8-Week Plyometric Training Programme Applied to the Experimental
Group in the Study

The tackwondo-themed plyometric training program applied by Aydemir et al. (2001) in their
study titled “The Effect of Tackwondo Themed Plyometric Training on the Motoric Characteristics
of 12-14 Year Old Tackwondo Athletes” in Figure 1 was used in the experimental group in our study.

Figure 1. 8-Week Tackwondo Themed Plyometric Training Programme

Saturday Market
-10 minutes warm-up -Jump rope 5 minutes 12x3
-Jump rope 5 minutes 12x3 -Double foot jump to box + Double palding
-Single leg horizontal jump 12x3 12x3
1and 2 | -Jump to box 12x3 -Double foot jump to box + Duchagi 12x3
Weeks | -Scissors palding by jumping over obstacle 12x3 -One leg jump to box 12x3
-Squat jump 12x3 -Single leg jump to box + Tolyochagi 12x3
-Depth jumps 12x3 -Leaping duchagi 12x3
-Cool down for 10 minutes -Cool down for 10 minutes
-10 minutes warm-up -Jump rope 5 minutes x3
-Single leg horizontal jump 12x3 -Single leg horizontal jump 12x3
3and 4 | -One leg jump to box 12x3 +Tolyochagi 12x3 -Single leg jump to box + Tolyochagi 12x3
Weeks -Jump to box 12x3 + Double palding 12x3 -Vertical jump on the springboard + Tolyochagi 12x3
-Jump to box Duchagi 12x3 -Cool down for 10 minutes
-Cool down for 10 minutes
-Jump rope 5 minutes x3 -10 minutes warm-up
-Jump to box 12x3+ Double palding 12x3 -Jump over obstacle + Double palding in the air 12x3
-Jump to box Duchagi 12x3 -Jump over obstacle + Double palding in the air +
-Squat jump 12x3 Duchagi 12x3
-Squat jump + Jumping over obstacle 12x3 'EZ;SS?; pa;(lié?f Oi’ze; ;)bsmde 12x3
5and 6 -Sql{at jump + Jumping over obstacle + Double -Sciszorgpzldinggkick over obstacle + Backward side
Weeks | palding in air 12x3 jump 12x3
-Jumping over obstacle+Double palding in the air | “yertical jump over springboard + Tolyochagi 12x3
12x3 -Cool down for 10 minutes
-Side transition from springboard + Tolyochagi
12x3
-Cool down for 10 minutes
-Jump rope 5 minutes x3 -Jump rope 5 minutes x3
-Jump to box Duchagi 12x3 -Squat jump + Jump over obstacle + Palding in the
-Right left knee pull and side pass over obstacle + air 12x3
7 and 8 | Yopchagi 12x3 -Side.pas.s from springboard + Tolyochagi 1.2x3
-Scissor palding over obstacle + Backward side jump -Vertical jump on springboard + Tolyochagi 12x3
Weeks | 1553 -Jump to box + Duchagi 12x3
-Jumping over obstacle + Palding in the air 12x3 -Side jump over obstacle + Scissor palding +
-Side jump over obstacle + Scissor palding + Leaping Leaping duchagi 12x3
duchagi 12x3

8-Week Taekwondo Training Programme Applied to the Control Group in the Study

The tackwondo training program depicted in Figure 2 was utilized for the control group in

our study.

Figure 2. 8 Weekly Tackwondo Training Programme

| Saturday

Market
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-10 minutes warm-up -10 minutes warm-up Palding 12*3
-Palding-12*3 -Palding+ Tolyo Chagai 12*3

1and 2 | -Tolyo Chagai 12*3 -Double Palding+Duitchagai

Weeks -Double Palding + Tolyo Chagai 12*3 -10 minutes cooling
-Palding+ Tolyo Chagai+ Bandal Chagai 12*3 -
10 minutes cooling
-10 minutes warm-up -10 minutes warm-up
-Palding + Double Palding 12*3 -Double Palding 12*3

3 and 4 -Front Foot Double Palding + Tolyo Chagai 12*3 -Palding+ Double Tolyo Chagai 12*3

Weeks -Double Tolyo+ Neryochagai 12*3 -Double Bandal Chagai + Double Tolyo Chagai 12*3
-Pushe+Duitchagi 12*3 -Pushe + Duitchagi + Tolyo Chagai 12*3
-10 minutes cooling -10 minutes cooling
-10 minutes warm-up -10 minutes warm-up
-Front Foot Double Palding + Duitchagi 12*3 -Palding + Duitchagi + Tolyo Chagi 12*3

5and 6 -Tolyo Chagai + Bando Tolyo 12*3 -Double Bandal Chagi + Pushe 12*3

Weeks -Yopchagi + Tolyo Chagai + Bandal Chagai 12*3 -Bandal Chagai + Neryo Chagi + Tolyo Chagai 12*3
-10 minutes cooling -Tolyo Chagai + Banda Tolyo + Tolyo Chagai 12*3 -

10 minutes cooling

-10 minutes warm-up -10 minutes warm-up
-Double Palding + Duitchagai 12*3 -Double Palding + Double Tolyo Chagai 12*3
-Front Foot Double Yopcahagi + Duitchagai 12*3 -Double Tolyo Chagai + Banda Tolyo + Tolyo

7 and 8 -Front Foot Double Tolyo Chagai+Banda Tolyo + Chagai 12*3

Weeks Tolyo Chagai 12*3 ' . -Doub!e Yopchagai + Double Duitchagai + Tolyo
-Mondolyo + Tolyo Chagai + Double Bandal Chagai Chagai 12*3
12*3 -Pushe + Duit Chagai + Double Tolyo Chagai 12*3 -
-10 minutes cooling 10 minutes cooling

Materials Used in the Study

1. Jumping Stands and Rope: Cubes with a height of 40 cm are used for jumping on them and for
jumping forward and sideways over them. The jump rope is adjustable according to the athlete's

height.

2. Obstacles: These are jumping materials that serve as obstacles of various lengths and adjustable

heights (10, 20, 30, and 40 cm).

3. Tackwondo Training Materials: Various protectors and training aids used in tackwondo strikes,
such as pads, paddle gloves, guards, and helmets, were utilized. All materials and plyometric motifs

used were adapted according to the exercises in the tackwondo curriculum.
Data Collection Tools Used in the Study

Warm-up Protocol Applied Before the Tests: Before the performance tests to be applied in the
study, all athletes were provided with 15 minutes of light tempo warm-up running and light warm-up
exercise movements in order to prevent the risk of injury during the tests. The pre and post-test
performance measurement tests of all athletes after warm-up run and exercise movements were
height, weight, vertical jump, flamingo balance test, sit-reach-lie flexibility test, right and left hand

grip test, leg strength, back strength, 20 meter sprint tests respectively.
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Height and Body Weight Measurements and BMI Calculations: The height of the athletes was
measured with a height measuring device with a precision of 0.1 cm. and the results were recorded in
centimeters (cm). During height measurements, athletes were asked to participate barefoot or wearing
only socks. During the measurements, they were instructed to stand with their heads upright, the soles
of their feet pressed flat, knees stretched, heels together, and bodies in an upright position. The body
weights of the athletes were measured with a Tefal brand precision scale and the results were recorded
in kilograms (kg). During measurements, athletes were asked to maintain the same position as during
height measurement, and measurements were taken while wearing only a T-shirt and tracksuit
bottoms. Based on the athletes' body weight and height data, the body mass index (BMI) formula
(BMI: Body weight (kg)/ Height (m)"2) was calculated and recorded (Pekcan, 2008).

Vertical Jump: The athletes' jump test was conducted using the Seven Elektronik Brand SE-
JP 1 Laser Vertical Jump Sensor. Before the test, the athletes were informed about the jumping
movement in the test. The athletes were first asked to come to the full squat position and then they
were asked to jump with their arms in the free position with the support of their arms and to make a
double foot jump at the maximum level. Measurements were taken twice at 30 seconds (sec.) intervals

and the highest jump was recorded in centimeters (cm).

Flamingo Balance Test: In this test, a filamingo balance test board with a length of 50 cm, a
height of 4 cm and a width of 3 cm, standing on two legs with a length of 15 cm and a width of 2 cm
to prevent movement, and a stopwatch were used. The athletes were asked to try to maintain their
balance as much as possible for 1 minute with the balance foot on the filamingo balance board. The
athlete receives support from the helper until the athlete regains balance and the test starts when the
support ends. Athletes are calculated to fall from the filamingo balance board within 1 minute and the
time is stopped for each fall. Total balance losses of the athletes within 1 min were calculated and

recorded.

Sit-Reach-Lie Flexibility Test: Flexibility measurements of the athletes were taken with a sit-
reach-extend test table. The flexibility table is 35 cm long, 45 cm wide and 32 cm high and the top
surface of the table is 55 cm long, 45 cm wide. The top surface of the table is 15 cm further out than
the surface on which the soles of the feet rest. Athletes were directed to maneuver a measuring ruler
with their fingers within a specified region demarcated by parallel lines, each measuring 1 square
centimeter. It was mandatory for athletes to maintain straight legs without bending their knees
throughout the duration of the test. The evaluation procedure was repeated twice, and the highest

recorded value in centimeters (cm) was documented (Tamer, 2000).
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Right and Left Hand Grip Test: For the Right and Left Hand Grip Test, 57 Holtain brand hand
dynamometer was adjusted according to the athlete's hand size. Participants were instructed to exert
maximum force while squeezing the dynamometer, ensuring that their arm remained straight at an
angle of 10-15 degrees from the shoulder without any bending at the elbow. The test was repeated
twice and the highest value was recorded. (Pekel, 2007).

Leg Strength Test: The back and leg dynamometer from the Takkei brand was employed for
this assessment. Athletes were directed to position themselves with bent knees, placing their feet onto
the dynamometer stand, extending their arms, straightening their backs, and slightly leaning forward
with their torsos. Then they were asked to pull up the dynamometer bar vertically with their hands at
the highest level using their legs. The test was repeated 2 times and the best value was recorded in

kilograms (kg).

Back Strength Test: Similar to the leg strength assessment, the back and leg dynamometer
from the Takkei brand were utilized for this test. The athletes were asked to stand with their knees in
a tense position so that only the position of their knees was different from their body position in the
leg strength test. The athletes were then asked to pull up the dynamometer bar vertically as high as

they could and the test was repeated 2 times and the best value was recorded in kilograms (kg).

20 Meter Speed Test: The distance of 20 meters was measured and markers were placed at the
beginning and end of the distance. The Seven Elektronik Brand SE-160 Wireless Photocell Stopwatch
was used for this test. Athletes were given two trials and instructed to run the specified distance at

their maximum speed. The best times were recorded in seconds (sec.).

Data Analysis:

Statistical package program was used to evaluate the statistical analysis of the study. In the
test results of our study, it was determined that all values showed normal distribution. In our study,
age and gender frequency values and descriptive statistics values of age, height, weight, BMI and

sport age of Taeckwondo athletes in the control group and experimental group were presented in tables.

Paired Samples t Test was used in the comparison of weight, BMI and biomotoric
measurement test values of taekwondo athletes within groups pre-test and post-test values.
Independent Samples t Test was used in the comparison of weight, BMI and biomotoric measurement
test values of the athletes between the pre-test and post-test values between the groups. All test results

were evaluated by accepting a significance level of “0.05”.
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Ethics of Research:

During the current research, the "Directive on Scientific Research and Publication Ethics of

Higher Education Institutions™ was followed. This study was conducted with the Ethics Committee

Approval with the decision numbered 15/251 taken at the meeting of Stuleyman Demirel University
Faculty of Medicine Clinical Research Ethics Committee dated 05.12.2023 and numbered 72867572-

050.0 1.04-687793.
Findings

Tablo 1

Age and Gender Frequency Values of Control Group and Experimental Group Taekwondo Athletes.

Groups

Age

N

Control Group

Age

10

-

11

~

12

Total

N

Gen

der

Male

Woman

Total

N

Experimental Group

Age

10

11

12

13

Total

w

Gen

der

Male

Woman

Total

Plo|NlRk|lw|lo|w|N |k ~Nlo|k s

w

Tablo 2

Descriptive Statistics Table of Age, Height, Weight, and BMI Values for the Control and

Experimental Groups.

Groups N Minimum Maximum MeanzSD
Age 12 10 12 11,25+,662
Height Pre-test 12 135 158 146,58+7,70
Post Test 12 135 158 146,58+7,70
Control Group Weight Pre-test 12 27,7 58,2 38,12+9,25
Post Test 12 28,5 58,9 39,44+9,28
BMI Pre-test 12 13,20 26,20 17,67+3,71
Post Test 12 13,50 26,50 18,30+3,76
Yas 13 10 13 11,69+1,03
Height Pre-test 13 136 170 153,77+11,61
) Post Test 13 136 170 153,77+£11,61
E’:gﬁgme”ta' et Pre-test 13 275 70,6 44,99+13,90
g Post Test 13 27,8 72,5 46,1014,02
BMI Pre-test 13 13,60 24,40 18,60+3,67
Post Test 13 14,00 25,20 19,13+3,90
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Tablo 3

Pretest and Posttest Paired Samples t-Test Results of Weight and BMI Values for the Control and

Experimental Groups.

Groups Tests Average SD t p
Pre-test 12 2
Weight 38, 9,25 -7,605 ,000*
Control Gro Post Test 39,44 9,28
" BMI Pre-test 17,67 3,71 6,548 ,000*
Post Test 18,30 3,76 ’ ’
_ Pre-test 44,99 13,90
Weight -2,165 ,051
_ Post Test 46,10 14,02
Experimental Group Pro-test 18.60 367
BMI : : -2,246 ,044*
Post Test 19,13 3,90

*p<0.05

In the study, when the weight and body mass index of the athletes in the control group were

analyzed, it was determined that the development between the pre-test and post-test data showed

statistically significant differences. When the weight data of the athletes in the experimental group

were examined, it was determined that there were no significant differences between the results of

the pre-test and post-test body weights. Nevertheless, it was observed that the body mass index data

for athletes in the experimental group exhibited statistically significant differences between pre-test

and post-test evaluations.

Tablo 4

Pre-test and Post-test Paired Samples t-Test Results for Biomotoric Tests in the Control Group.

Tests Average SD t p
_ Pre-test 24,79 6,77
Vertical Jump Post Test 25.15 654 -1,819 ,096
. Pre-test 11,67 3,52
Flamingo Balance Test Post Test 1142 3.20 ,761 ,463
Sit-Lie-Reach T Pre-test 24,50 5,41 364 723
it-Lie-Reach Test Post Test 2458 508 -, ,
. . Pre-test 18,11 3,20
Right Hand Grip Strength Post Test 19.15 446 -1,473 ,169
. Pre-test 16,66 3,33
Left Hand Grip Strength -3,598 ,004*
Post Test 17,29 3,37
Pre-test 41,50 12,08 -
Leg Strength Post Test 4187 11.93 -2,470 ,031
Pre-test 42,66 13,47
Back Strength Post Test 42,90 1361 -1,525 ,156
Pre-test 3,94 ,34
Speed Post Test 3.93 26 ,333 ,745
*p<0.05
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In the study, when comparing the pre-test and post-test results of the biomotoric tests in the
control group, it was found that there were no statistically significant differences in vertical jump,
sprint, flamingo, back strength, right hand grip, and sit-reach tests. However, statistically significant

differences were observed in the leg strength and left hand grip tests.

Tablo 5

Pretest and Posttest Paired Samples t-Test Results for Biomotoric Tests in the Experimental Group.

Tests Average SD t p
Vertical Jump Eges-tt?l'sgst 5322 ?ig 2433 032
Flamingo Balance Test Eges;tﬁ_sgst 330(8)5 ggé 9,859  ,000*
Sit-Lie-Reach Test lzges-tt?l'sgst gg:gg 2:28 110,773 ,000*
Right Hand Grip Strength E:)es-tt?l'sgst ggj ggz 5816 000*
Left Hand Grip Strength E:)es-tt?l'sgst ;gg? 222 15514 000
e TN
Pre-test

Back Strength Post Test gi;i iggg 4,798  ,000*
D =
*p<0.05

In the study, when the pre-test and post-test data of the biomotoric tests of the experimental
group were compared, statistically significant differences were found in vertical jump, sprint,

filamingo, leg strength, back strength, right hand grip, left hand grip, sit-reach- reach tests.

Tablo 6
Pretest Comparison of Height, Weight, and BMI Values between Control and Experimental Groups:

Independent-Samples t Test Results.

Tests Groups Average SD t p
. Control Group 146,58 7,70
Height Pre-test Experimental Group 153,77 11,61 -1,806 084
Weight Pre-test Control Group 38,12 9,25 -1,440 163
Experimental Group 44,99 13,90 ’ '
Control Group 17,67 3,71
Body Mass Index Pre-test Experimental Group 18.60 3.67 -,631 ,535

In the study, upon examination of the pre-test measurements of height, weight, and body mass
index among participants in both the control and experimental groups, it was concluded that there

were no statistically significant variances observed between the two groups.
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Tablo 7
Independent-Samples t Test Results for Posttest Comparison of Height, Weight, and BMI Values

between Control and Experimental Groups

Tests Groups Average SD t p
e —T - " LA
Weight Post Tes Experimenta Group Y
Body Mass Index Post Test E)‘(’Sgr?r'n(;:?;pemup igfg g:gg 541 594

In the study, upon analyzing the post-test measurements of height, weight, and body mass
index among participants in both the control and experimental groups, it was established that there

were no statistically significant variances observed between the two groups.

Tablo 8
Independent-Samples t Test Results for Pre-Test Comparison of Biomotoric Tests between Control

and Experimental Groups

Tests Groups Average SD t p

Vertical Jump Pre-test E)?S;rr(i)rlnce;r:(t);pGroup gj;g 2;; -,038 970
Flamingo Balance Test Pre-test g)?;(terr(i)rln(jr:(t);pGroup Eg; jgi -1,265 219
Sit-Lie-Reach Test Pre-test E)?Sgr?#(jrrl(t);pGroup gjgg 2;1(1) ,233 ,818
Right Hand Grip Strength Pre-test Eggérr?#frr\?;p&oup ;?é; gég -1,653 112
Left Hand Grip Strength Pre-test E)c:gérr?r;fr:?;pGroup iggg ggg -1,462 157
Leg Strength Pre-test g:g;?r'nfr:?;pc;roup g;:gg ;ggj 1,074 294
Back Strength Pre-test E)c:g;rrci)rﬁr:?;pGroup 2232 ;ggz -494 626
Speed Pre-test g)?;gr(i)rln(jrrlct);pGroup jgg 2;1 -925 ,365

In the study, when the pre-test data of the biomotoric tests of the control and experimental
groups were compared, it was determined that there were no statistically significant differences in
vertical jump, sprint, filamingo, leg strength, back strength, right hand grip, left hand grip, sit-reach-

reach tests.
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Tablo 9
Independent-Samples t Test Results for Posttest Comparison of Biomotoric Tests between Control

and Experimental Groups

Tests Groups Average SD t p
Vertical Jump Pre-test E)‘(’S;rr‘i’r'nfr:?;pemup ;gég ?ig 1,260 220
Flamingo Balance Test Pre-test E)?S(tarr?rlnfrz?a:p(;roup 31032 292)(3) 1,675 ,108
Sit-Lie-Reach Test Pre-test E)‘(’S;rr?r'nf;?;p&oup ;g?g ggg -997 329
Right Hand Grip Strength Pre-test E)c:;;rrci)rln(e;r:?z;peroup ;géi gg? -2,127 ,044*
Left Hand Grip Strength Pre-test E)?Sél;ci)rlngr:?;pGroup gg? gi; -2,598 ,016*
Leg Strength Pre-test E)?Sél;ci)rln(e;rr]?z;pGroup g%% é;gg -2,533 ,019*
Back Strength Pre-test E)?Sél;?rlnSrrl?;pGroup ;Zgg ;ggé -1,386 ,179
e T

*p<0.05

In the study, when the post-test data of the biomotoric tests of the control and experimental
groups were compared, it was found that there were no statistically significant differences in vertical
jump, filamingo, back strength, sit-lie-reach tests. However, when the post-test data of the biomotoric
tests of the control and experimental groups were compared, statistically significant differences were
found in sprint, leg strength, right hand grip and left hand grip tests.

Discussion

In our study, the effects of plyometric training practices on the height, weight, body mass
index (BMI) and biomotor characteristics of vertical jump, sprint, balance, back and leg strength,
right and left hand grip and flexibility of the control group and experimental group consisting of
taekwondo athletes aged 10-13 years. In our study, height, weight, BMI and biomotor characteristics
of the athletes were measured in two stages as pre-test and post-test.

In our study, it is observed that the pre-test average weight of the control (38.12+9.25) and
experimental (44.99+13.90) groups of taeckwondo athletes increased in comparison to their post-test
average weight of the control (39.44+9.28) and experimental (46.10£14.02) groups. Similarly, an
increase is seen in the Body Mass Index (BMI) values, with the pre-test BMI averages of the control
(17.67+3.71) and experimental (18.60£3.67) groups showing an increase in the post-test BMI values
of the control (18.30+3.76) and experimental (19.13+3.90) groups. The increase in BMI values in
both groups is attributed to the athletes' height remaining constant while their weight increased. The

difference in the average weight between the control and experimental groups is thought to be due to
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the experimental group following a more intense training program, which included plyometric
training in addition to their routine taekwondo training, compared to the control group.

In the literature, a study by Sahin et al. (2011) also compared the weight values of seven- and
eight-year-old taekwondo athletes and found statistically significant differences in weight values,
which also led to statistically significant differences in BMI values. It was determined that the
findings of our study, where the height of the athletes remained constant but the increase in weight
led to an increase in BMI values, are similar to the findings of this study.

Among athletes aged 10-12, where biomotor development and performance improvement are
continuous, one of the indicators of explosiveness is vertical jump ability. When examining the
findings of the vertical jump ability of the athletes in our study, it is seen that the pre-test (24.89+6.56)
and post-test (28.62+7.15) averages of the experimental group show that the applied plyometric
training significantly improved the vertical jump ability of the experimental group. However, the pre-
test (24.79+6.77) and post-test (25.15+6.54) average vertical jJump values of the control group showed
a very low improvement. When the pre-test and post-test vertical jump averages of these two groups
are compared, it is observed that there is no significant difference in vertical jump ability between the
two groups.

In his study investigating the effect of plyometric training on the vertical jump of taekwondo
athletes, Gilen (2021) divided the athletes into two groups: control and experimental. The
experimental group was given additional plyometric training programs, unlike the control group.
Significant differences were observed in the pre-test and post-test vertical jump averages of both
groups; however, when comparing the pre-test and post-test data between the two groups, no
significant differences were found in the pre-test vertical jump data, while significant differences
were detected in the post-test vertical jJump data. Based on the pre-test and post-test vertical jump
data of the experimental group in our study and the vertical jump data from Gulen's (2021) study, we
can say that plyometric training programs applied in taeckwondo have positive effects on the vertical
jump biomotor characteristics of athletes. Cavdar (2006) stated that plyometric training methods,
arranged according to age groups, gender, and the athlete's sports background, can be used as a
fundamental exercise program to improve athletes' balance and jump performance. There are many
studies in the literature on this topic in various sports branches (Cheng et al., 2003; Oztin et al., 2003;
Orhan et al., 2008; Oztiirk, 2019; Markovic, 2007; Pancar et al., 2018).

In taekwondo, the balance characteristic during training or competitions, whether standing on
one foot or both, is considered crucial for the athlete's performance, especially when executing kicks
for defense or attack specific to the sport. In this context, when examining the findings of the flamingo
balance test measurements in our study, there is no significant improvement in the pre-test

(11.67+3.52) and post-test (11.42+3.20) averages of the control group. However, there is a significant

Mediterranean Journal of Sport Science 2024, Volume 7, Issue 3 Yilmaz & Cetintiirk


https://doi.org/10.38021asbid.1490868

Yimaz, E., & Cetintiirk, S. (2024). The effect of plyometric training on biomotoric characteristics of 10-13 age taeckwondo athletes. 439
Mediterranean Journal of Sport Science, 7(3), 425-445. DOI: https://doi.org/10.38021ashid.1490868

improvement in the pre-test (13.85+4.91) and post-test (9.00+3.93) averages of the experimental
group. When the average values of the flamingo balance test of these two groups are examined, no
statistically significant difference is observed between the two groups.

Kaplan et al. (2020) examined the effects of plyometric training on balance performance in
adolescent taekwondo athletes and found statistically significant differences in the pre-test and post-
test balance measurements of the control and experimental groups. However, when comparing the
pre-test and post-test balance measurement findings of these two groups, no statistically significant
differences were found. The balance performance results of our study are similar to those in this study
from the literature. Balance, one of the important determining characteristics for performance in
sports, is also a widely studied topic in different sports disciplines (Tekin, 2016; Patti et al., 2018;
Simsek, 2019; Sevinc and Siktar, 2016).

The flexibility characteristic in athletes varies according to multiple factors such as the
athlete's joint structure, muscle mass, flexibility of joint capsules or collagen tissues, the size or
smoothness of the articulating bony surfaces, intra- and intermuscular coordination, age, gender,
psychological state, environmental conditions, training level, fatigue, and warm-up (Ziyagil et al.,
1994; Baltaci et al., 2003). In light of this information, when examining the average flexibility
characteristics of the athletes in our study, no improvement is observed in the pre-test (24.50+5.41)
and post-test (24.58+5.08) measurements of the control group. However, an improvement is seen in
the pre-test (24.00+£5.30) and post-test (26.76+5.80) flexibility measurement averages of the
experimental group. Nonetheless, this improvement in the experimental group does not show a
significant difference when compared to the average flexibility characteristics of the athletes in the
control group.

According to the information provided by Ziyagil et al. (1994) and Baltaci et al. (2003), the
lack of variability between the flexibility measurement averages of the control and experimental
groups in our study may be an expected result. When examining the effect of plyometric training on
the flexibility characteristics of athletes in the literature, many studies (Oner, 2021; Radwan et al.,
2021; Neves da Silva et al., 2017; Séez de Villarreal et al., 2021; Faigenbaum et al., 2007; Almeida
et al., 2021; Racil et al., 2020) are found to be similar to the information provided by Ziyagil et al.
(1994) and Baltaci et al. (2003) and the findings of our study.

When examining the pre-test and post-test findings of the right and left grip strength of the
control and experimental groups in our study, no significant improvement is observed in the control
group's right-hand grip strength pre-test (18.11+3.20) and post-test (19.15+4.46) average values,
while an improvement is detected in the left-hand grip strength pre-test (16.66+3.33) and post-test
(17.29+3.37) average values. In the findings of the experimental group, significant improvement is
observed in the right-hand pre-test (21.58+6.57) and post-test (23.84+6.31) and the left-hand grip
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strength pre-test (19.26+5.26) and post-test (22.07+5.48) average values. When comparing the pre-
test right (18.11+3.20) and left (16.66+3.33) hand grip strength average values of the control group
with the experimental group's pre-test right (21.58+6.57) and left (19.26+5.26) hand grip strength
average values, no significant differences are found. However, significant differences are found when
comparing the control group's post-test right (19.15+4.46) and left (17.294£3.37) hand grip strength
average values with the experimental group's post-test right (23.84+6.31) and left (22.07+5.48) hand
grip strength average values.

Geng and Daglioglu (2021) divided young tackwondo athletes into a control group and an
experimental group and applied an 8-week plyometric training program to the experimental group.
In their study, no statistically significant differences are found in the right and left hand grip strength
measurements of the control group athletes, whereas significant differences are found in the right and
left hand grip strength measurements of the experimental group athletes. The results of Gen¢ and
Daglioglu's study are similar to the results of our study. The reason for the development in the average
grip strength characteristics in both Geng and Daglioglu's study and our study is thought to be due to
the various hand and arm exercises used in taekwondo sport and training, rather than the 8-week
plyometric training.

In our study, significant differences were found in the leg strength test of the control group,
which continued with taekwondo training for eight weeks, between the pre-test (41.50+£12.08) and
post-test (41.87£11.93) values. However, no statistically significant differences were found in the
back strength pre-test (42.66+13.47) and post-test (42.90£13.61) values. In contrast, the experimental
group, which also implemented a plyometric training program in addition to taekwondo training,
showed significant differences in both leg strength pre-test (50.26+25.74) and post-test (67.40£32.93)
values, as well as in back strength pre-test (46.73+25.34) and post-test (54.54+25.96) values. When
comparing the control group’s pre-test (41.50+12.08) and the experimental group’s pre-test
(50.26+25.74) leg strength averages, no significant difference was observed between the two groups.
However, significant differences were found in the post-test leg strength values, with the control
group’s post-test (41.87+£11.93) and the experimental group’s post-test (67.40+32.93) averages. In
the comparison of the control group’s post-test (42.90+13.61) and the experimental group’s post-test
(54.54+25.96) back strength values, no significant difference was detected. According to the findings
on leg and back strength averages in our study, it is evident that taekwondo training, which primarily
utilizes the legs, is effective in developing athletes' leg strength. Additionally, it has been observed
that the plyometric training applied alongside taekwondo training leads to further improvement in the
athletes' leg strength. While the plyometric training also contributes to the development of athletes'
back strength, similar to leg strength, it does not have a significant effect on the development of back

strength beyond the taekwondo training, as seen in the findings of our study.
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In a meta-analysis study in the literature, it was found that creating combinations from
different plyometric training programs suitable for the sport, rather than preferring a single method
in the training programs applied by athletes, is more effective in maximizing athletes' power
performance (Villarreal et al., 2009). In another study, Reyment and colleagues (2006) determined
that plyometric training conducted twice a week for four weeks significantly improved the athletes’
leg strength; however, they indicated that four weeks of plyometric training was insufficient for power
performance and that a longer duration was necessary. Similarly, Wilson and colleagues (1996)
reported that eight weeks of plyometric training applied to 41 trained male athletes resulted in a
statistically significant increase in the athletes' lower extremity force production values. These studies
in the literature support the findings of our study regarding leg and back strength. Additionally, there
are many studies in the literature showing that plyometric training applied in various sports
significantly increases athletes' leg and back strength (Topuz, 2008; Agilonii and Kiratl, 2015; Dallas
et al., 2020; Yarayan and Miiniroglu, 2020).

The speed characteristics of athletes in certain sports are expressed as important factors
determining performance (Gil et al., 2007). In taekwondo, the speed characteristics of athletes are
also considered a decisive feature of competition performance. In our study, there was no observed
improvement in the speed characteristic averages of the control group athletes between the pre-test
(3.94+0.34) and post-test (3.93+0.26). However, significant differences were found in the speed
characteristic averages of the experimental group athletes applying plyometric training between the
pre-test (4.06£0.27) and post-test (3.11+0.25). When comparing the control group's pre-test speed
characteristic averages (3.94+0.34) with the experimental group's pre-test averages (4.06£0.27), no
difference was observed. In contrast, significant differences were identified between the control
group's post-test speed characteristic averages (3.93+£0.26) and the experimental group's post-test
averages (3.11+0.25).

When examining the findings of the study by Sarisoy and Sefa (2022) titled ‘The Effect of
Eight Weeks of Structured Plyometric Training on Selected Physical and Physiological Parameters
in Competitive Female Tackwondo Athletes,” it was found that the plyometric training applied did
not result in statistically significant improvements in speed characteristics between the control and
experimental groups in the pre-test and post-test results. Additionally, no development was observed
in the comparison of the speed characteristics between these two groups in the study. The reason for
the statistically different results in speed characteristics compared to our study may be attributed to
the intensity and frequency of the plyometric training applied in our study. In line with these results,
we can say that the plyometric training program we implemented in our study is effective in the

development of speed characteristics in tackwondo athletes.
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In another study in the literature, Agilonii and Kiratli (2015) also applied an eight-week
plyometric training program; however, unlike our study, this research was conducted on female
handball athletes. When examining the findings related to the speed characteristics of the female
handball players in the study, it was found that there was no improvement in the pre-test and post-
test speed characteristics of the control group, while the experimental group showed improvements
in their speed characteristics from pre-test to post-test. This study demonstrates that plyometric
training is an effective training method for developing the speed motor characteristics of athletes,
similar to our findings. There are also many other studies in the literature on this topic (Villarreal et
al., 2009; Orhan et al., 2008).

In conclusion; taekwkondo sport is a type of sport that includes jumping, leaping, single and
double foot hopping movements. In order to increase the performance of the athlete with the
development of these movements, it is thought that planning and implementing plyometric training,
which is an important type of training in order to produce power in the muscle contraction / stretching
cycle, with movements specific to taekwondo sport will be important in terms of improving the
performance of athletes. With these thoughts, it has been determined that plyometric training with
taekwondo theme causes a significant improvement in the physical and biomotoric characteristics of
the athletes and in this direction, it is thought that the training and competition performances of the

athletes will also improve at a certain level.

Ethics Committee Permission Information

Ethical evaluation board: Stileyman Demirel University Faculty of Medicine Clinical Research

Ethics Committee

Date of the ethical assessment document: 05.12.2023

Issue number of the ethics evaluation document: 15/251
Statement of Researchers' Contribution Rates

Both authors contributed equally at all stages of the research.
Conflict Statement

The authors do not declare any conflicts with the research.

References

Agiloni, A., & Kiratli, G. (2015). 8 haftalik pliometrik antrenmanin 12-16 yas kadin hentbolcularin bazi fiziksel uygunluk
parametrelerine etkisinin incelenmesi. International Journal of Human Sciences, 12(1), 1216-1228.

Almeida, M. B., Leandro, C. G., Queiroz, D. D. R., José-da-Silva, M., Pess6a Dos Prazeres, T. M., Pereira, G. M., das-
Neves, G. S., Carneiro, R. C., Figueredo-Alves, A. D., Nakamura, F. Y., Henrique, R. D. S., & Moura-Dos

Mediterranean Journal of Sport Science 2024, Volume 7, Issue 3 Yilmaz & Cetintiirk


https://doi.org/10.38021asbid.1490868

Yimaz, E., & Cetintiirk, S. (2024). The effect of plyometric training on biomotoric characteristics of 10-13 age taeckwondo athletes. 443
Mediterranean Journal of Sport Science, 7(3), 425-445. DOI: https://doi.org/10.38021ashid.1490868

Aydemir, B., Yilksek, S., Olmez, C., & Halit, S. A. R. (2001). Tackwondo temal1 pliometrik antrenmanlarin 12-14 yas
tackwondo sporcularinin motorik 6zellikleri lizerine etkisi. Uluslararasi Giincel Egitim Arastirmalarit Dergisi,
7(1), 335-351.

Baktaal D. G. (2008). 16-22 yas bayan voleybolcularda pliometrik ¢alismalarin dikey sigrama iizerine etkilerinin
belirlenmesi. Cukurova Universitesi, Saglik Bilimleri Enstitiisii. Yayinlanmamis Yiiksek Lisans Tezi, Adana.

Baltaci, G., Tunay, V. B., Tuncer, A., & Ergun, N. (2003). Spor yaralanmalarinda egzersiz tedavisi. Alp Yayinevi,
Ankara.

Bompa, T. O. (1998). Antrenman kurami ve yontemi. Cev. Ilknur Keskin, A. Burcu Tuner, Kultir Ofset, Bagirgan
Yayinevi, Ankara.

Cheng, C. F., Lin, L. C., & Lin, J. (2003). Effects of plyometric training on power and power- endurance in high school
basketball players. Annual Journal of Physical Education and Sports Science, 3(1), 41-52.

Chimera, N. J., Swanik, K. A., Swanik, C. B., & Straub, S. J. (2004). Effects of plyometric training on muscle-activation
strategies and performance in female athletes. Journal of Athletic Training, 39(1), 24-31.

Chu, D. A. (1992). Jumping into plyometries, leisure press. Champing. Europen Journel of Physical Education and Sport
Science, 6(4), 1-18, 25-75.

Cavdar, K. (2006). Pliometrik antrenman yapan égrencilerin sigrama performanslarmn incelenmesi. Yiksek Lisans
Tezi, Marmara Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitimi ve Spor Anabilim Dal1, s.135, Istanbul.

Dallas, G. C., Pappas, P., Ntallas, C. G., Paradisis, G. P., & Exell, T. A. (2020). The effect of four weeks of plyometric
training on reactive strength index and leg stiffness is sport dependent. J Sports Med Phys Fitness, 60(7), 979-
984.

Dogan, A. A., & Zorba, E. (1991). Esnekligin gelistirilmesinde kullanilan farkli esnetme tekniklerinin etkinligi. HA
Egitim Fakiiltesi Spor Bilimleri Dergisi, 2(4), 41-48, Ankara.

Dolu, E. (1994). Pliometrikler. Atletizm Bilim ve Teknoloji Dergisi, 13(1), 5-9.
Dindar, U. (1998). Antrenman teorisi. Bagirgan Yayimevi, Ankara, ss.167.

Faigenbaum, A. D., McFarland, J. E., Keiper, F. B., Tevlin, W., Ratamess, N. A., Kang, J., & Hoffman, J. R. (2007).
Effects of a short-term plyometric and resistance training program on fitness performance in boys age 12 to 15
years. J Sports Sci Med. 1, 6(4), 519-25.

Foran, B. (2001). High performance sports conditioning. US: Human Kinetics.

Geng, F. A., & Daglioglu, O. (2021). Effect of plyometric training program on athletic performance in young tackwondo
athletes. European Journal of Physical Education and Sport Science, 7(5).

Gil, S. M., Gil, J., Ruiz, F., Irazusta, A., & Irazusta, J. (2007). Speed and power predictors of soccer performance. Journal
of Strength and Conditioning Research, 21(2), 431-438.

Giilen O. (2021). Pliometrik antrenmanlarin tekvandocularda denge ve dikey si¢rama iizerine etkisi. Yiiksek Lisans Tezi,
Siileyman Demirel Universitesi, Saglik Bilimleri Enstitiisii, Spor Bilimleri Anabilim Dali, s.3, Isparta.

Hildenrandt, G. (1988). Die bedeutung circadianer rhythmen fiir die bewegungs-therapie. Z. Phys. Med. Baln. Med.
Klim., 17, 126-14.

Imamoglu, O., Acak, M. & Bayram, L. (2010). Taekwondo miisabaka kurallarinda yapilan bazi degisikliklerin
miisabakalardan kullanilan tekniklere olan etkisinin arastirilmasi. Journal of Sports and Performance,
Researches.1, 30,37.

Kala, C. (2018). Taekwondo’da bacak kuvvetinin teknik siirate ve vurusa etkisinin incelenmesi_. Yiksek Lisans Tezi,
Marmara Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitim ve Spor Anabilim Dali, Istanbul.

Kaplan, A, Usgu, S., & Yakut, Y. (2020). Adolesan tekvando sporcularinda pliometrik egitimin denge {izerine etkisi.
Zeugma Saglik Arastirmalary Dergisi, 2(3), 130-135.

Karabina, F., & Pirselimoglu, E. T. (2013). Koordinasyon. MEB Devlet Kitaplari.

Kraemer, J. W., & Gomez, L. A. (2001). High-Performance sports conditioning. Edit. Foran Bill; Human Kinetics; US,
$s.83-95.

Mediterranean Journal of Sport Science 2024, Volume 7, Issue 3 Yilmaz & Cetintiirk


https://doi.org/10.38021asbid.1490868

Yilmaz, E., & Cetintiirk, S. (2024). The effect of plyometric training on biomotoric characteristics of 10-13 age taeckwondo athletes. 444
Mediterranean Journal of Sport Science, 7(3), 425-445. DOI: https://doi.org/10.38021ashid.1490868

Markovic, G. (2007). Does plyometric training improve vertical jump height? A meta-analytical review. British Journal
of Sports Medicine, 41(6), 349-355.

Neves da Silva, V. F., Aguiar, S. D. S., Sousa, C. V., Sotero, R. D. C., Filho, J. M. S., Oliveira, I., Mota, M. R., Simdes,
H. G., & Sales, M. M. (2017). Effects of short-term plyometric training on physical fitness parameters in female
futsal athletes. J Phys Ther Sci, 29(5), 783-788.

Orhan, S., Pulur, A., & Erol, A. E. (2008). ip ve agirlikli ip ¢alismalarinin basketbolcularda bazi fiziksel ve fizyolojik
parametrelere etKisi. Firat Universitesi Saglik Bilimleri Dergisi, 22(4), 205-210. Elazig.

Oner, S. (2021). T enisgilerde pliometrik ve diren¢ antrenmanlarinin bazi motorik ve performans parametrelerine etkisi.
Doktora Tezi, Inonii Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitimi ve Spor Anabilim Dali, Malatya.

Oztin, S., Erol, A. E., & Pulur, A. (2003). 15-16 yas grubu basketbolculara uygulanan ¢abuk kuvvet ve pliometrik
calismalarinin fiziksel ve fizyolojik 6zelliklere etkisi. Gazi Beden Egitimi ve Spor Bilimleri Dergisi, 1(1), 41-
52.Ankara.

Oztiirk, A. (2019). Déviis sanatlarinda uygulanan pliometrik antrenmanin bazi performans parametrelerine etkisinin
incelenmesi. Yiiksek Lisans Tezi, Diizce Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitimi ve Spor
Anabilim Daly, ss. 89, Diizce.

Pancar, Z., Biger, M., & Ozdal, M. (2018). 1214 yas grubu bayan hentbolculara uygulanan 8 haftalik pliometrik
antrenmanlarin se¢ilmis bazi kuvvet parametrelerine etkisi. Spor ve Performans Arastirmalari Dergisi, 9(1), 18-
24,

Parpucu, T. 1. (2009). Saglikli bireylerde el bilegi cevre kas kuvvetinin degerlendirilmesinde dijital el dinamometresinin
etkinlik ve giivenirliginin arastirilmasi. Yayimmlanmamis Yiiksek Lisans Tezi, Siileyman Demirel Universitesi,
Saglik Bilimleri Enstitiisii. Fizik Tedavi ve Rehabilitasyon Anabilim Dali, Isparta.

Patti, A., Messina, G., Palma, R., Barcellona, M., Brusa, J., lovane, A., & Palma, A. (2018). Comparison of posturographic
parameters between young taekwondo and tennis athletes. Journal of Physical Therapy Science, 30(8), 1052-
1055.

Pekcan, G. (2008). Beslenme durumunun saptanmasi. Diyet El Kitabi, 726, 67-141.

Pekel, H. A. (2007). Atletizmde yetenek aramasina bagl olarak 10-12 yas grubu ¢ocuklarda bazi degiskenler iizerinde
normatif ¢calisma. Yaymlanmamis Doktora Tezi., Gazi Universitesi, Saglik Bilimleri Enstitiisii, s.125, Ankara.

Racil, G., Jlid, M. C., Bouzid, M. S., Sioud, R., Khalifa, R., Amri, M., Gaied, S., & Coquart, J. (2020). Effects of flexibility
combined with plyometric exercises vs isolated plyometric or flexibility mode in adolescent male hurdlers. J
Sports Med Phys Fitness, 60(1), 45-52.

Radwan, N. L., Mahmoud, W. S., Mohamed, R. A. & Ibrahim, M. M. (2021). Effect of adding plyometric training to
physical education sessions on specific biomechanical parameters in primary school girls. J Musculoskelet
Neuronal Interact, 21(2), 237-246.

Ramazanoglu, N. (1989). Taekwondo 'da motorik ozelliklerden esnekligin performans iizerindeki rolii. Yiksek Lisans
Tezi, Marmara Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitimi ve Spor Anabilim Dali, Istanbul.

Reyment, C. M., Bonis, M. E., Lundquist, J. C., & Tice, B. S. (2006). Effects of a four week plyometric training program
on measurements of power in male collegiate hockey players, J. Undergrad. Kin. Res., 1(2), 44-62.

Séez de Villarreal, E., Molina, J. G., de Castro-Maqueda, G., & Gutiérrez-Manzanedo, J. V. (2021). Effects of plyometric,
strength and change of direction training on high-school basketball player's physical fitness. J Hum Kinet., 78,
175-186.

Santos, M. A. (2021). Plyometric training increases gross motor coordination and associated components of physical
fitness in children. Eur J Sport Sci, 21(9),1263-1272.

Sarisoy, F., & Lok, S. (2022). Sekiz haftalik diizenlenmis pliometrik antrenmanin miisabik kadin tackwondocularda
secilen fiziksel ve fizyolojik parametrelere etkisi. Turk Spor Bilimleri Dergisi, 5(2), 138-148.

Sevim, Y. (1995). Antrenman bilgisi. Gazi Biro Kitapevi, Ankara, ss. 27-108-214.
Sevim, Y. (1997). Antrenman bilgisi. Tutibay Ltd. Ankara. ss. 29-1009.

Sevinc, D., & Siktar, E. (2016). The association of physiological and physical parameters of athletes in different sports
with multiple intelligences. International Journal of Sport Culture and Science, 4(4), 431-442.

Mediterranean Journal of Sport Science 2024, Volume 7, Issue 3 Yilmaz & Cetintiirk


https://doi.org/10.38021asbid.1490868

Yimaz, E., & Cetintiirk, S. (2024). The effect of plyometric training on biomotoric characteristics of 10-13 age taeckwondo athletes. 445
Mediterranean Journal of Sport Science, 7(3), 425-445. DOI: https://doi.org/10.38021ashid.1490868

Sahin, M., Sahin, A., Coskuner, Z., & Coban, O. (2011). Tackwondo sporu yapan, 7 ve 8 yaslarindaki erkek ¢ocuklarin
bazi fiziksel ve antropometrik Olgiimlerinin incelenmesi. Journal of New World Sciences Academy Sports
Sciences, 6(2), 148-158.

Simgek, E. (2019). Miicadele sporlarinin denge parametreleri iizerine etkilerinin incelenmesi. Sporda Yeni Akademik
Calismalar-3 (ss. 69-78), Akademisyen Kitabevi.

Tamer, K. (2000). Sporda fiziksel ve fizyolojik performansin dl¢iilmesi ve degerlendirilmesi. Bagirgan Yayinevi, Ankara.

Tekin, Y. S. (2016). Atletizm, giires, tackwondo bransi yapan sporcularin denge performanslarinin incelenmesi. Y Uksek
Lisans Tezi, Saglik Bilimleri Enstitiisii, Selguk Universitesi. Konya.

Topuz, F. (2008). Qzel pliometrik ¢alismalarin geng voleybolcularin bacak giic gelisimine etkisi. Yuksek Lisans Tez,
Kirikkale Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitimi ve Spor Anabilim Daly, s.51, Kirikkale.

Villarreal E., Requena B., & Newton Ru. (2009). Does plyometric training improve strength performance? a metaanalysis.
Journal Science Medicine Sport, 6, 343-35.

Wilson, G. J., Murphy, A. J., & Giorgy, A. (1996). Weight and pliometrik training: effects an eccentric and concentric
force production. Can J Appl Physiol, 21(4), 301-15.

Yarayan, M. T., & Miiniroglu, R. S. (2020). Sekiz haftalik pliometrik antrenman programinin 13-14 yas grubu
futbolcularda dikey sigrama, geviklik, siirat ve kuvvet parametreleri lizerine etkisi. Spormetre The Journal of
Physical Education and Sport Sciences, 18(4), 100-112.

Yiiksel S. (2001). Ozel diizenlenmis pliometrik antrenmanlarin geng basketbolcularin (15-17 yas) anaerobik gii¢lerine
etkisi. Yiiksek Lisans Tezi, Firat Universitesi, Saglik Bilimleri Enstitiisii, Beden Egitimi ve Spor Ana Bilim
Daly, s.80, Elaz1g.

Ziyagil, M. A., Tamer, K., & Zorba, E. (1994). Beden egitimi ve sporda temel motorik ozelliklerin ve esnekligin
gelistirilmesi. Emel Matbaacilik, Ankara.

This work by Mediterranean Journal of Sport Science is licensed under CC BY-NC 4.0

Mediterranean Journal of Sport Science 2024, Volume 7, Issue 3 Yilmaz & Cetintiirk


https://doi.org/10.38021asbid.1490868
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1

