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Knowing all the features required for elite performance in sports disciplines under the name of combat
sports is among the most important parameters for discipline-specific talent identification and selection.

The research group consists of male and female athletes within the age range of 12-17 who are licensed
in taekwondo, karate, judo, and wrestling. A total of 70 athletes, 21 elite and 49 non-elite athletes,
participated in the study voluntarily. Anthropometric, athletic and motor competency tests were applied
to determine the elite performance elements of the groups.

Comparing the elite and non-elite athletes, statistically significant differences were found in favor of the
elite group (p<0.05) in terms of height, sitting height, body weight, speed, core endurance, grip strength,
upper extremity strength, anaerobic power, KTK jumping sideways and hopping. There was no statistical
difference between the groups in terms of fat percentage, BMI, agility, vertical jump, flexibility, KTK
moving sideways and walking backwards values (p>0.05).

There seem to be important distinctions between athletes who reach the national peak and those who
do not, in terms of height, sitting height, body weight, speed, anaerobic power, grip strength, upper
extremity and core strength, as well as motor competency related to anaerobic power.
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INTRODUCTION

Judo, taekwondo, karate, wrestling and other combat sports have become popular in
recent years with the increasing number of participants worldwide [1]. With this increasing
popularity, coaches and federations need evidence-based talent identification and
development programs. The key question in talent identification is deciding which athlete
has the potential to perform best and be successful at the highest level of competition [2].
For this, it is necessary to know the various performance and anthropometric characteristics
of the athletes in order to be successful in a wide variety of combat sports [3]. In particular,
over the past decade, profiles of athletes active in different disciplines of combat sports
such as wrestling [4], judo [3,5] and taekwondo [6] and profiles of athletes active at various
levels of participation have been partially documented. In our country, it is expected that
the performance elements of judo, taekwondo, karate and wrestling, which are defined as
combat sports, will be determined, and that multidimensional and elite performance criteria
will be revealed.

One of the sports disciplines classified under the name of combat sports is judo. In the
body of literature, there are studies comparing the body composition elements and athletic
characteristics of judokas defined as elite and non-elite in different age and weight categories
[7, 8, 9]. Some researchers consider maximum explosive power and endurance to be the
most important physical abilities for judokas [10, 11]. Another combat sport is taeckwondo,
an indigenous Korean martial art that emerged thousands of years ago and has become
a popular sport with more than 120 million children and adults actively participating in it
worldwide [1]. In this discipline, heights between 170 cm [12] and 183 cm [6] are reported
for adult male elite athletes, but high standard deviations are also reported in these findings.
Taekwondo athletes with good lower extremity explosiveness generate more power during
kicking, which gives them an advantage during competition [13]. In addition, it is reported
that the speed of practice plays a key role in achieving success in taekwondo sport [6,
14]. Karate, one of the Far East combat sports, is defined as a respect sport in which the
competitions begin with greeting the opponent and end with the greeting [15]. There are
studies comparing some performance elements at elite and sub-elite levels of karate players
in youth leagues. There are many studies showing that elite athletes' decision-making
speed is faster than sub-elite players in reactive tests [16, 17]. For example, Gabbett and
Benton's [16] reactive agility test showed that the speed of decision making and movement
was faster in elite players. One of the sports classified as combat sport is wrestling, which
is defined as our ancestors’ sport, and which has a very important place in Turkish history.
It has been determined that wrestlers are among the strongest athletes when their body
weight is evaluated as a criterion [18]. In many studies, it has been reported that strength
performance stands out as the most important factor among the performance indicators of
wrestlers, while the anaerobic energy system is predominantly used, and factors such as
speed, flexibility, balance, muscular and cardiovascular endurance, and coordination also
affect performance [19]. There are also studies comparing the physical and physiological
parameters of elite and non-elite wrestlers [4, 20].

In summary, it is seen that evaluations are made in terms of the anthropometric and
physiological elements of the athlete performance profiles of combat sports disciplines such
as judo, taekwondo, karate and wrestling. However, it has been determined that the number
of studies comparing elite and non-elite combat athletes in terms of motor coordination
is quite low, also in Turkey. In addition, criteria that can be used in talent identification,
development and selection processes have not been established by determining the
performance characteristics of elite athletes. It is thought that determining the characteristic
features of combat athletes related to their disciplines and knowing what the necessary
qualifications for elite performance level are will contribute to both the trainers and the
relevant federations and indirectly to the development of Turkish sports. At the same time,
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it is thought that the results obtained from the research will contribute to the creation of
talent identification, development and selection criteria that should be designed under the
name of combat sports, which is another factor that increases the importance of the research.

In this direction, this study aimed to determine how and in which parameters elite and non-
elite combat athletes differ in terms of athletic skills, anthropometric characteristics and
motor competencies.

MATERIALS AND METHODS

The research group consists of male and female athletes between the ages of 12-17 who are
licensed in the disciplines of taekwondo, karate, judo and wrestling in sports clubs located in
Tekirdag province and its districts. The necessary ethics committee approval (Protocol No:
2021.109.04.04) was obtained for the research from the Tekirdag Namik Kemal University
Scientific Research and Publication Ethics Committee. In order for the athletes to be included
in the research, they had to meet the following conditions: no orthopedic, cardiological or
neurological disease that would prevent the movements to be made during the measurements
and tests, no engagement in strenuous physical activity before the measurements, and no
use of painkillers or sleep-inducing drugs the day before the measurements. In addition,
not participating in training for various reasons (injury, illness, etc.) for more than three
(3) months excluded the athletes from the study. Furthermore, necessary permissions were
obtained from the athletes’ clubs. In addition, voluntary and parent consent forms containing
information about the purpose, goal, method and permission of the research were sent to
the families of the athletes, and the athletes who received permission were included in
the study. Within the scope of the study, two groups of elite and non-elite athletes were
formed. The elite group is defined as the athletes in the Turkish National Teams in their
own discipline, and the non-elite group is defined as the athletes in local leagues. A total
of 70 athletes, 21 elite and 49 non-elite athletes, voluntarily participated in the study. The
detailed frequency distributions related to the age and gender characteristics of the study
group are given in Table 1.

Table 1. Age and gender frequencies of athletes in terms of being elite and non-elite
|

Age (year) Elite Non-elite Total
Male Female Male Female
12 - - 6 6 12
13 - 1 2 6 9
14 1 1 5 7 14
15 4 2 5 2 13
16 4 1 4 5 14
17 2 5 1 - 8
Total 11 10 23 26 70

MEASUREMENTS

Anthropometric measurements, athletic skill tests and motor coordination tests were applied
to the athletes by the researchers. All measurements and tests were carried out in the
same order and by the same researchers. The athletes performed all tests barefoot with
the exception of athletic skill tests, and motor coordination tests, which were all performed
with running shoes. Detailed explanations about measurements and tests are given below.
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ANTHROPOMETRY

Body height and sitting height were measured using a calibrated stadiometer (0.1 cm,
Mesilife 13539 brand portable stadiometer). In addition, body weight and body fat percentage
were assessed using a digital balance scale with a foot-to-foot bioelectrical impendence
system (0.1 kg, Tanita, BC 545N) according to previously described procedures [21] and
manufacturer’s guidelines. Body height and body weight values were used to calculate the
Body Mass Index (BMI in kg/m?2).

ATHLETIC SKILL

The athlete was in a standing upright position. The dynamometer (Takei brand handgrip
dynamometer) was in the athlete’s dominant hand. The athlete squeezed the handle of the
dynamometer explosively for 5 seconds without breaking the grip. The force applied by the
athlete was read from the display of the dynamometer. The test was repeated twice, 1 minute
apart, and the best value was recorded on the data sheet. In this test, the hand grip strength
of the athlete was determined. Speed was evaluated by two maximal sprints of 20 meters.
The recovery time between each sprint was set at two minutes. The fastest time for 20m
sprint was used for analysis [22]. Pro-agility test was used as the agility test. The course of
the test was determined by placing markers 5 yards (4.57m) left and right of the starting line.
Photocell door was placed on the starting line. Repetitive transition times were obtained in
this way. The athlete took his/her place at the starting line before the practice started. When
the athlete was ready, he/she first touched the right marker, then the left marker, and finally
passed the starting line, ending the test [23]. The measurement was made twice. A rest
interval of 3 minutes was given between measurements. The measurement with the lowest
second of the two measurements was used in statistical analysis. The counter movement
jump (CM]) was performed to estimate explosive leg power. The athletes performed three
single jumps without arm swing recorded with a Myotest device accelerometer (Myotest
S.A., Isvicre), and the highest of the three jumps was used for further analysis (0.1 cm).
Anaerobic power values were determined automatically by the myotest device as a result
of entering the necessary information into it. The Sport-Specific Core Muscle Strength and
Stability Plank Test, covering a period of 180 seconds, was used to observe the core strength
and core stability development of the athletes. With the start of the time, the time until the
athlete got tired and/or broke his/her posture was recorded in seconds [24]. The athletes’
upper extremity strength was determined with the medicine ball shot test. Athletes tried
to throw the medicine ball weighing 2 kg from the top of the head with both hands as far
as possible from where they were standing. The longest throw distance at the end of two
trials was recorded as the test score in centimeters [25]. Flexibility was assessed by the
modified sit-and-reach test of with an accuracy of 0.5 cm [26].

MOTOR COORDINATION

Participants' motor coordination levels were assessed with the Korperkoordinationstest
fur kinder (KTK) test [27]. KTK consists of four subtests: balance, jumping, jumping and
carrying. The KTK balance test is in the form of walking backwards on slats of 3 m length
and different widths (3 cm, 4.5 cm, 6 cm) 3 times, taking a maximum of 8 steps in each.
KTK jumping test involves jumping over foam obstacles with both feet, respectively. The
KTK jump test consists of two consecutive sideways (right-left) double-leg jumps over a 2
cm high wooden stick for 15 seconds. The KTK carrying test is the displacement of the body
from one to the other of 2 square boards with a side length of 25 cm within 20 seconds.

PROCEDURES

The test procedure was explained in detail to the athletes and trainers by the researchers,
both theoretically and practically. On the first day of the tests and measurements, the
athletes were first asked to fill in the form containing their descriptive characteristics. Then,
anthropometric measurements, respectively, height, sitting height, body weight, and body

o
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fat percentage values were measured. Later, the KTK test, which is a motor coordination
test, was applied respectively as the side jump, jump, balance and carrying test. On the
second day of the tests and measurements, athletic skill tests were applied to the athletes.
Respectively, grip strength test, 20 m running test, agility test, vertical jump test, sit-reach
flexibility test, plank test and medicine ball shooting tests were applied. Measurements and
tests were administered to the participants in the same order by the same researchers.
A standard warm-up of 5 minutes of jogging followed by 5 minutes of dynamic stretching was
performed before the athletic tests. All tests were performed at the same time of day (17:30-
19:30) to avoid the influence of circadian rhythms on study results. After the completion of
the tests, the athletes were given the necessary time to do cool-down exercises.

STATISTICAL ANALYSIS

Statistical analyses of the data obtained in the study were made using the SPSS 18.0 program.
In the analysis of the data, descriptive statistics (mean, standard deviation, median, min-max
value, ratio, frequency, etc.) were used to define the characteristics of the research group
and were expressed with the help of tables. In order to determine whether the research
data were normally distributed, kurtosis and skewness values were examined. The values
obtained according to the results of kurtosis and skewness have been found to be between
-1.5 and +1.5, and studies have shown that the data show normal distribution, and the
values outside these measures do not show normal distribution [28]. Also, the homogeneity
of variances was checked with Levene's test. While parametric tests were applied to the
data that met all these conditions, non-parametric tests were applied to the data that did not
meet the conditions. In this case, in the comparison of binary groups, independent samples
t test from parametric tests and Mann Whitney-U test from non-parametric tests were used.
Finally, Cohen's d statistics were used in the T-test analysis to calculate the strength of the
relationship between the variables in the designs of the tests with significant differences.
Cohen's r statistics were used to calculate the strength of the relationship between the
variables in the Mann Whitney-U analysis [29]. Cohen’s r coefficient calculated with the []
formula r=Z7/vN A value of p<0.05 was considered statistically significant.

RESULTS

It was determined that there was a significant difference between elite and non-elite athlete
groups in terms of sitting height (p<0.05). This difference was in favor of the elite group.
The effect size of the difference between the two groups was also high (d = 1.09) (Table 2).

As a result of the comparison of elite and Non-elite athlete groups in terms of height and body
weight, a statistically significant difference was found in favor of the elite group (p<0.05).
The effect sizes of these differences were determined as medium-level (respectively:
r = 0.39; 0.33). There was no statistically significant difference between the groups in terms
of fat percentage and BMI values (p>0.05) (Table 3).

In the comparison of the speed levels of the elite and non-elite athlete groups, it was
determined that there was a significant difference between the two groups (p<0.05), and
this difference was in favor of the elite group. In addition, the effect size of this difference
between the groups was found to be high (d= 0.86). In the comparison of the core endurance
values of the groups, it was determined that there was a statistically significant difference
in favor of the elite group (p<0.05) and the effect size of this difference was medium
(d = 0.56). No significant difference was found in the intergroup comparison of agility and
vertical jump values (p<0.05) - Table 4.
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Table 2. T-test results in terms of elite sitting height values of athletes

Elite Non-elite
Variables n=21 n =149 df t p d
Mean SD Mean SD
Sitting height (cm) 90.19 4.97 84.97 4.56 68 4260 0.00* 1.09

p<0.05* d = Cohen's d effect size

Table 3. Mann-Whitney U test results in terms of elite body height, body weight, body fat percentage and BMI
values of athletes

Mean rank Sum of ranks u z p r
Body height (cm)
Elite 47.69 1001.50 258.500 -3.283 0.00* -0.39
Non-elite 30.28 1483.50
Body weight (kg)
Elite 45.83 962.50 297.500 -2.781 0.00* -0.33
Non-elite 31.07 1522.50
Body fat percentage (%)
Elite 42.50 892.50 367.500 -1.884 0.06 -
Non-elite 32.50 1592.50
BMI (kg/m?)
Elite 41.29 867.00 393.00 -1.557 0.11 -
Non-elite 33.02 1618.00

p<0.05* r = Cohen's r effect size

Table 4. T-test results in terms of elite speed, agility, vertical jump and core endurance values of athletes

Elite Non-elite
Variables n=21 n =49 df t p d
Mean SD Mean SD
Speed (sn) 3.47 0.34 3.75 0.31 68 -3.325  0.00* 0.86
Agility (sn) 5.85 0.58 6.08 0.59 68 -1.479 0.14 -
Vertical jump (cm) 33.28 8.81 3111 6.39 68 1.155 0.25 -
Core endurance (sec) 146.66 32.63 126.79 37.87 68 2.092 0.04* 0.56

p<0.05* r = Cohen's r effect size

A significant difference was found between the elite and non-elite groups in terms of grip
strength (p<0.05). The effect size of this difference was determined as moderate level (r=
-0.33). No statistically significant difference was found between the flexibility levels of the
groups (p>0.05). In the comparison of the groups in terms of upper extremity strength
level, a significant difference was found in favor of the elite group (p<0.05), and the effect
size of this difference was determined at a high level (r = 0.49). In the comparison of the
groups in terms of anaerobic power level, a significant difference was found in favor of the
elite group (p<0.05) and the effect size of this difference was determined at a moderate
level (r = 0.30) (Table 5).

As aresult of the comparison made in terms of KTK moving sideways and walking backwards
values, no statistically significant difference was found between the groups (p>0.05) (Table 6).

As a result of the comparison made in terms of KTK jumping sideways and hopping values,
a statistically significant difference (p<0.05)was determined between the groups in favor
of the elite group (Table 6). The effect sizes of the differences between the groups were
determined as moderate (r = 0.25; 0.40, respectively) (Table 7).
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Table 5. Mann-Whitney U test results in terms of elite flexibility, upper extremity strength and anaerobic power
values of the athletes

Mean rank Sum of ranks U z p r
Handgrip (kg)
Elite 45.93 964.50 265.500 -2.807 0.00* -0.33
Non-elite 31.03 1520.50
Flexibility (cm)
Elite 38.19 802.00 458.000 -0.725 0.46 -
Non-elite 34.35 1683.00
Upper extremity strength (m)
Elite 50.90 1069.00 191.000 -4.147 0.00* -0.49
Non-elite 28.90 1416.00
Anaerobic power (p)
Elite 44.90 943.00 317.000 -2.531 0.01* -0.30
Non-elite 31.47 1542.00

p<0.05* r = Cohen's r effect size

Table 6. T-test results in terms of the elite status of the athletes' KTK moving sideways and KTK walking bac-
kwards values

Elite Non-elite
Variables n=21 n=49 df t p d
Mean SD Mean SD
KTK mOV‘Fn%)S‘deways 49.95 7.21 46.61 9.36 68 1457 0.5 .
KTK walking 45.80 11.23 51.32 10.69 68  -1.948  0.06 -

backwards (m)
p<0.05* r = Cohen's r effect size

Table 7. Mann-Whitney U test results in terms of the elite status of the athletes' KTK jumping sideways and KTK
hopping values

Mean rank Sum of ranks V] z p r
KTK jumping sideways (n)
Elite 43.45 912.50 347.500 -2.142 0.03* -0.25
Non-elite 32.09 1572.50
KTK hopping (cm)
Elite 47.17 990.50 269.500 -3.422 0.00* -0.40
Non-elite 30.50 1494.50

p<0.05* r = Cohen's r effect size

DISCUSSION

This cross-sectional study was designed to investigate differences in anthropometry,
athletic skills, and motor competencies between elite and non-elite combat athletes. While
a significant difference was found in favor of the elite group in terms of height, sitting height
and body weight in the research group, it was determined that there was no statistically
significant difference between elite and non-elite athletes in body fat percentage and BMI
values. Previous studies also showed significant differences in anthropometric characteristics
between combat sport athletes in judo [3, 5], karate [3] and taekwondo [3]. While there is
no significant difference in the fat percentage values of the combat athletes in the research
group, it is expressed in the literature as especially in combat sports with weight categories,
fat percentage is one of the most important variables [13]. There are expectations that
height will be an important factor or advantage for elite taekwondo athletes [6, 12]. In a
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study conducted with taekwondo players, no significant differences were found between
those groups in standing height or body stature [13]. Studies investigating the differences
between the anthropometric and body compositions of elite and non-elite wrestlers have
found no differences in the height, body fat percentage, lean body mass and Body Mass
Index (BMI) values [30, 31, 32]. In those studies, it was stated that the difference between
elite and non-elite groups was related to sports age, training history and experience. In a
study evaluating the body composition of Olympic combat athletes, including judo, wrestling,
taekwondo and boxing athletes, it was revealed that Olympic athletes were heavier and had
higher BMI values than other competition athletes [33]. In general, the research findings
are in parallel with the research results in the literature, and it is revealed that elite combat
athletes are taller and heavier than non-elite ones.

In the study, when comparing the athletic skills of the groups, it was determined that there
were significant differences in favor of elite combat athletes in the variables of speed, core
strength endurance, grip strength, upper extremity strength and anaerobic power. There
was no significant difference between the groups in agility, vertical jump and flexibility
parameters. It has been determined that elite and on-elite athletes in taekwondo, which is
evaluated as a combat sport, have better scores in speed and jump performances than elite
taekwondo players [13]. Moreover, it was stated in this study that speed and power are
indeed relevant determinants of taekwondo performance [14]. In another study, significant
differences were found in favor of the elite group in anaerobic power, vertical jump, and
arm strength parameters of elite and non-elite taekwondo players, while similarity was
determined between the two groups in flexibility [34]. It is stated that lower extremity power
generation, especially related to taekwondo, is of critical importance for the application of
strong strokes [35, 36]. It has been revealed that the hand grip strength of elite and sub-elite
judokas are similar [37, 38], and the elite judokas have higher values in dynamic strength
values such as 1 Repetition Maximum (RM) bench press and deadlift [37]. Fagerlund and
Hakkinen [13] reported differences in the maximum absolute and relative strength of the
back squat between recreational and international judoka; however, no differences were
detected for bench press. In addition, international medal judokas performed significantly
more pull-ups, bench presses, and squats than national medal judokas. This indicates that
elite judokas show more muscular endurance than sub-elite judokas [37]. In addition, agility
and explosive power were found to be associated with support throwing, throwing, and
clamping movements in judo [38,40]. In a study comparing the reactive agility and planned
direction change skills of elite and sub-elite young karate players, it was determined that
the reactive agility values of elite athletes were statistically shorter. There was no significant
difference between planned change of direction skills [41]. In other studies, especially leg
strength, core stability, and flexibility have been documented as prerequisites for kicking
in both taekwondo and karate [42, 43]. In wrestling, another sport discipline defined as a
combat sport, it is stated that aerobic capacity, anaerobic power and flexibility elements have
an important place in the evaluation of athletes in the elite performance athlete group [44].
In addition, Roemmich and Frappier [45] revealed that the grip strength of the left hand,
flexibility of the lower extremities and hamstrings, push-ups, right quadriceps strength, and
the total distance covered in a 12-minute run are important in predicting wrestling success.

In the comparison of the motor competence elements of the research groups, significant
differences were found in favor of the elite group in the side jump and jumping characteristics,
while no difference was found between the groups in the backward walking and carrying
characteristics. In contrast to the sport-specific motor skill tests, the KTK test used in the
study is affected only to a limited extent by sport-specific training, making it easier to
distinguish innate ability from test scores that result from training [13]. General motor
coordination has proven to be a valuable indicator of an athlete's potential to progress
and, therefore, an important skill trait in skill-based sports, such as artistic gymnastics [46]
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and combat sports [3, 5, 13]. For example, elite judo athletes demonstrated better motor
coordination and balance compared to their non-elite peers [47]. However, it is stated
that an athlete with better coordination can learn new techniques faster and easier [46].
In the KTK test applied to young taekwondo players, a different result was obtained from
the results of our study. In this study, it was determined that the elements of carrying and
walking back were distinguishable between groups according to their elite performance
abilities [13]. Moreover, Krstulovic et al. report that motor coordination and balance
are better developed in elite judo and taekwondo athletes compared to non-elite [40].
Motor coordination measures seem to be much more important when determining future
performance potential, especially for identifying and exploring potential in young athletes
[3,48,49]. In the literature, the number of studies examining the motor coordination feature
in karate and wrestling disciplines is very few. When the motor coordination of karate and
non-athletes were compared, it was determined that karate athletes had very high scores
[50]. In a study comparing the motor coordination of medalist and non-medalist fencers, it
was determined that the scores between the groups were quite close [48].

Taken together, the combination of athletic skills, anthropometric structure and motor
coordination can help coaches and performance professionals better understand their
athletes' performance and discover the best approach to improve their training organization.
In addition, considering the significant differences between elites and non-elites in this
study, more attention should be paid to sprinting, anaerobic power, upper extremity and
core strength training. However, these variables can also be used in combat sports as an
early form of detection for young talented athletes. Judo, karate, taekwondo and wrestling
are defined as combat sports in the study. Although these sports disciplines show similarities
with each other in athletic and technical elements, they can show differences in some
physiological and morphological features. Therefore, this can be considered as one of the
limitations of the study. In addition, the small number of samples and the evaluation of male
and female groups together can be another limitation of the study.

CONCLUSIONS

This research was successful in determining how elite and non-elite combat athletes differ
in terms of anthropometric characteristics, athletic skills and motor competence. Especially,
in terms of height and body weight, speed, anaerobic power, grip, upper extremity and
core strength, as well as motor proficiency related to anaerobic power, there seem to be
important distinctions between athletes who reach the national peak and those who do not.
Combat sports coaches and federations can use this information in talent identification
and development programs, but it should be noted that anthropometry, athletic skill and
coordination are only a part of talent. In the in-depth evaluation of the athlete, psychological
and cognitive factors related to the sports discipline and other social-affective characteristics
must be taken into account. All these variables are also valuable for assessing the athlete's
progress and the effectiveness of a training program.
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