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Abstract

Tennis is a sports branch with a lot of coordinated properties. The physical, physiological and motoric properties of the
athlete are at optimum level, which influences the stroke performance positively. The aim of this study is to investigate the
relationship between biomotoric properties and Hewitt test performance in 13-15 years old tennis players. 10 healthy female
tennis players (age: 14.00+1.05 years, height: 158.6043.69 cm, weight: 53.5745.22 kg, experience: 3.40+1.58 years) who
played in Pamukkale University tennis club participated in this study voluntarily. In anthropometric measurements height,
body weight, leg lengths and dominant hand were recorded. Left and right hand grip, countermovement and squat jumps test,
flexibility, standing long jump, static and dynamic balance, star test, Wall Catch coordination test and Hewitt performance
test were applied to the tennis players. In the statistical analysis of the data, descriptive analyzes of all test performance
characteristics of the tennis players were calculated as mean and standard deviation. The relationships between biomotoric
properties and Hewitt test performance were evaluated using Pearson Product Moment Correlation analysis. The statistical
significance was set at p<0.05. Statistically significant correlation was found between Hewitt test (groundstroke
performance) and Wall Catch coordination test (r= 0.865; p<0.01). There was no significant correlation between Hewitt test
and leg lengths, dominant hand, left-right foot dynamic balance, standing long jump, flexibility, jump performance, left and
right hand grip and star tests (p>0.05). As a result, the use of tests with similar movements special to tennis in evaluating the
athlete's performance can accurately reflect the athlete's test values.
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1. Introduction

Tennis is a performance sport that requires aerobic and anaerobic loadings to be at a good level in biomotoric properties
such as force, speed, endurance, flexibility and coordination (Ferrauti et al, 2002). Age, height, gender, body composition,
conditional, biomotor and coordinative characteristics are important factors affecting skill acquisition. Optimal physical,
physiological and motoric characteristics of the athlete have a positive effect on performance stroke. There are studies
suggesting that coordinating skills and skills are very important for an effective stroke, and that physical fitness
parameters such as static and dynamic balance, speed, agility, flexibility with aerobic and anaerobic capacity are
important factors in performance (Besier and Lloyd, 2001; Crespo and Miley., 1998; Ferrauti et al., 2002; Kermen, 1997;
Olgiicii et al, 2011; Ozer and Ozer, 2009; Atis et al., 2018). In the studies that has been done, conditional properties that
needs to have every tennis player are classified with 15% strength, 15% speed, 25% durability, 35% coordination and 10%
flexibility (Karag6z, 2008; Akyiiz et al., 2017; Dogru et al., 2018).

It is known that the force produced during leg extension and flexion, and transferred from the body to the upper extremity
and from there it is transferred to the racket and ball (Schmidt and Wrisberg, 2004). With the onset of movement, the force
produced by the lower extremity is transferred to the waist and shoulders, then to the elbow, wrist and racket (Bahamonde,
2000; Elliott et al., 2003; Aky(z et al, 2016). In the tennis game, which is a contactless individual sport, the player needs
fast direction changes, quick arm movements, jumps and moves (Gullikson, 2003; Akyir et al., 2016).

When it comes to thinking that the skills gained at a young age are transferred in the future, it is very important to transfer
the skills of the tennis players to the newly acquired skills (Crespo and Miley, 1998, Kermen, 1997, Olcittet al., 2011).
Children who play sports during the adolescence period exhibit different energy requirements, physical and physiological
characteristics which are specific to the branches they are working with. It is tested various physical and motoric
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characteristics which are specific to the general structure of the tennis and then the appropriate training is planned
according to these results, in this way the performance of the athlete can be positively effected (Reid et al., 2008). The
purpose of this study is to search the relationship between biomaterial properties and ground impact performance in tennis
players aged 13-15 years.

2. Method
2.1 Study Group

10 healthy female tennis players aged 13-15 years (average age: 14.00 =1.05 years, average length: 158.60 +3.69 cm,
average body weight: 53.57 +5.22 kg, playing at Pamukkale University Tennis Club, average training age: 3.40 +1.58
years) participated voluntarily in this study.

2.2 Anthropometric Measurements

height measurements of the subjects were measured with a stadiometer (Seca, Germany) with a sensitivity of 1 mmand a
body weight of 0.1 kg. The measurements were made at the anatomical posture by keeping heels together , by holding the
breath, by fitting the head in frontal stage, after the position of the head-top touching the vertex point had been taken, the
measurement was recorded as cm, and kg . The leg lengths of the tennis players were measured by measuring the distance
between anterior superior iliac spine and tibial medial malleousu.

2.3 Hand Gripping Force Measurement

Takei Physical Fitness Test (Japan) hand dynamometer which can measure the force between 0 kg and100 kg is used on
the right and left hand gripping forces of the subjects. The hand grip strength measurement of the subjects was made while
they were standing. After the dynamometer had been adjusted according to the hand size of the subjects, the arms of the
subjects were measured at the side while the arms were making an angle of 10-15 degrees from the shoulder. The best
values were recorded as right and left hand gripping forces after two attempts for both hands (Zorba, 2000; Tamer, 2000).

2.4 Flexibility Measurement

The flexibility of the participating tennis players was measured and the seat-access platform was used. The subjects were
given two chances as in the naked feet and the best result was recorded in cm (Zorba, 2000).

2.5 Vertical Jumping Measurement

In the vertical jump test, the iPhone My Jump 2 program was used (Fernandez et al., 2015). In the active jump, the
subjects tried to reach the highest point where they could leap without bending their knees. In Squat's jump, the subjects
tried to reach the highest point where the hands were at the full squat position with their hands on the waist and they could
leap from the knees with maximum force without any movement of spring. Measurements were taken as cm. After each
measurement, the device was reset and attention was paid to the stability of the device. 2 measurements were made and
the best ratings were recorded.

2.6 Long Jump Measurement by Stopping

In the standing position without taking speed, the double leg is measured in cm between the line at the point of jJump and
the distance left by the last mark at the long jump which made in connection with each other. The participants were given
the test twice again and the best result was recorded (Sevim, 1997).

2.7 Balance Measurement

Static balance measurement; flamingo balance test was applied. In the test, a wooden balance tool that is 50 m length, 4
cm height and 3 cm width was used. When the subjects were in equilibrium with one foot, the time was started and tried to
stabilize for 1 minute. If the subject lays his foot while holding the foot, falls from the wooden floor, he touches the floor
with any part of his body and so on, the time has been stopped. When the balance was restored by riding up balance device,
the time was restarted. When the period was completed, each balance supply attempt was counted, this number was
recorded as points at the end of the test (Bressel et al, 2007).

In dynamic balance measurement; SEBT (Star Excursion Balance Test) battery was applied. In the measurement, the
distance among the three graveyards is 120 degrees. Before starting the test, the athlete made dynamic warming and
stretching for 10 minutes. The subject stood shoe-free on the central junction. While the test was in the starting position as
a foot balance knee, above the center junction, the leg stayed slightly behind the knee. In the test protocol, the order is as
follows: anterior, posteromedial, posterolateral. Subjects were given two trials before the actual measurement. In the
measurements, three measurements were taken for each direction on both legs. Two minutes resting time between the
experiments were given. During the test, it is desirable that the leg extending from the subjects is touched very lightly with
their toe tips and returned to the starting position. Measurements are repeated if the athlete’s hands leave his waist, if the
athlete is out of balance, if the heel is lifted, if the balance loses its position in the starting position, if the extending leg has
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assisted the balance leg and has touched the floor to support balance, if the leg has been used with the aim of extending the
leg to support base and balance area (Olmsted et al., 2002). Dynamic equilibrium scores; To calculate the reach distance,
the average of the three measurements taken in each direction was divided into the leg length and multiplied by 100. In
addition, to obtain a combined dynamic balance score with the SEBT battery, averages of the calculated values of
distances in 3 directions were taken.

2.8 Star Test Measurement

It was placed 3 tennis balls at equal intervals to the mini-court line. The athlete, starting from the bottom line, placed the
balls one by one on the bottom line racket. When the 3 balls were collected on the racket, the test was completed and
recorded as the best degree seconds in 2 repeats (Karagcx et al., 2015).

2.9 Wall Catch Coordination Test Measurement

The subject stays by facing the wall at a distance of 3 meters. The ball is thrown from the bottom to the top on the
condition that catching the ball with the same hand that the ball is thrown. After a certain number of tests, the other hand
is tested. Scoring of successful shoots is done in the same way in both hands. In order to assist in the evaluation of the
results, the shots of the subject's preferred hand were recorded (Burn, 1979).

2.10 Hewitt Test Measurement

The opposite side of the court was scored by dividing by 4. The tennis net and the first intervals are scored (4.5 meters),as
2 points, the second and third intervals are scored (4,5 meters) as 3 points, the third and fourth intervals (4,5 meters) are
scored as 4 points. A total of 12 balls were thrown to the athletes by a racquet from the mini court line of the opposing field
of the subjects and the athletes are scored points according to the first fall range of the ball by shooting forehand and
backhand respectively. In the event of an incorrect stroke, if the ball falls out of the field lines and if the ball is inserted
into the netting, if the ball is bounced twice in the ground, a score of zero is given (Hewitt, 1966).

2.11 Analysis of Data

In the statistical analysis of the data, descriptive statistical values related to all test performance characteristics of the
tennis players were calculated as mean and standard deviation. The relationship between biomotor features and ground
impact performance in tennis players was examined by Pearson Correlation analysis.

3. Results

The physical characteristics of the participating tennis players and the performance values obtained from the tests are
shown in Table 1.

Table 1. Descriptive Statistical Table of Physical and Biomorphological Characteristics of Tennis Players Attending to
Study

Physical and Biomorphic Properties X £SS

Age (years) 14,004,05
Length (cm) 158,60+3,69
Body Weight (kg) 53,5745,22
Training Age (years) 3,40+1,58
Leg Length (cm) 82,7043,33
Right Foot Dynamic Balance (cm) 91,0149,25
Left Foot Dynamic Balance (cm) 91,3948,55
Standing Long Jump (cm) 150,20+16,34
Flexibility (cm) 24,1244,73
Active Jump (cm) 23,9042,31
Squat Jump (cm) 21,6242,65
Right Hand Gripping Force 24,2942 98
Left Hand Gripping Force (kg) 20,5944,32
Star Test (sec 13,9840,83
Wall Catch Coordination Test 9,20+1,93
Hewitt Test 18,20+44,83

The relationship between the Hewitt test (ground impact performance) and biomotor characteristics of the participating
tennis players is given in Table 2.

Table 2. The Relationship Table Between Biomotoric Properties and Bounce Performance

SADD SOADD DUA Esneklik AS SS SEK SEK YT WCKT
r -0,002 -0,188 0,195 0,503 0,355 0,267 0,098 0,547 -0,445 0.865**
0,996 0,603 059 0,138 0,314 0456 0,788 0,102 0,198 0,001

** p <0.01; SADD: Right Foot Dynamic Balance; SOADD: Dynamic Equilibrium; DUA: Long Jump; AS: Active
Bounce; SS: Squat Bounce; SEK: Right Hand Grip; SOEK: Left Hand Grip; PT: Star Test; WCKT: Wall Catch
Coordination Test).

Hewitt Testi
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In this study, a statistically significant relationship was found between the Hewitt test (ground stroke performance) and
Wall-Catch coordination test (r = 0.865; p <0.01). There was no statistically significant relationship between leg length,
dominant hand, right-left foot dynamic balance, standing long jump, flexibility, active-squat jump, right-left hand grip
strength and star test on ground stroke performance test (p> 0.05).

4. Discussion and Conclusion

As an individual sport, tennis is a sport in which the level of physical fitness such as quick changes in direction of movement,
quick and strong arm movements and jumps that are at the top level. Achieving successes due to these features is possible by
doing the sport from the earliest ages and by practicing training programs as much as possible and that will improve the
biomotorics of children such as coordination, agility, strength, speed, flexibility and balance (Chu, 1995; Aky(z et al., 2016).

In the tennis players, the lower extremity strength provides the fastest way to reach the ball during the match, while the
upper extremity strength also makes the ball faster. A proper racket grip helps to protect the arm balance, especially
during off-center beats, while preventing injuries on the wrist and elbow. In this sense, it is considered that hand
anthropometric measurements and grip strength values are important in directing the athlete in sports branches where
hand use is important. Arslan (2009) found that the dominant hand strengths of the tennis players were 55.57 +3.36 kg
and the non-dominant hand grip strengths were 47.49 +3.19 kg. In another study; from, Gelen et al (2006), dominant hand
grip strength values of tennis players in 1st league were 46.2 £3,43 kg, and non-dominant hand grip strength was 39,6 +
3,41 kg. 2. The dominant hand grip strength values of the league tennis players are; 46.0 £4.90 kg, non-dominant hand
grip strength values are 37.7 £4.96 kg. In this study it is seen that hand grip strength of the subjects participating in the
research is low. Due to the fact that the hand strength is inadequate, the elastic force transmitted from the arm to the racket
during the stroke is reduced, it is seen that the accuracy rate of the stroke is reduced.

In the tennis players whose agility and flexibility are not good enough, these problems are encountered such as high risk of
injury, lack of quality of movement and slowing of the overall performance development, and the prevention of the
development of force and velocity characteristics (Schéaborn, 2000). Acceleration and short sprints in a tennis court are
important to an athlete who wants to achieve a balanced shot. Equilibrium plays a pivotal role in many of the skills such as
serving, hitting the ball, bouncing the ball or meeting the ball (Evangelos, 2012). Successful and effective performance of
any technical skill relates to the ability of tennis players to control their balance and to show a good and rapid adaptation
to their position on the changing body posture and court during training or competition. In this study; In the tennis players
at the age of 13 to 15 years, there is not found statistically significant difference between the ground stroke performance,
leg length, dominant hand, right-left foot dynamic balance, standing long jump, flexibility, active-squat jump, right-left
hand grip strength and stellar test (p> 0.05). The Hewitt test is a performance test that measures the motion of strokes on
the ground. It is expected that there will be a negative relation between the ground stroke movements and the values of star
test, speed test and equilibrium test in tennis sport. Because of the star test that measures the agility skill in tennis sport,
the speed tests that measure the skill of speed are expected to make a better timing and hitting the ball quickly. In addition,
the high static balance performance of the athlete will have a positive impact on ground impact performance. It is
expected that long jump, flexibility, ball launch and dynamic equilibrium will be positively correlated with similar
reasons (Hudson, 2007; Roetert et al., 1996).

The most important part of the tennis branch in terms of training parameters is the coordination training. Hudson (2007),
in his study, emphasized that coordination training is especially important for motor development in young children. The
learning curves exhibit high individual differences in skills that require coordination. He explained that some athletes
learned faster than others. When these results are examined, it is concluded that the trainings made a positive contribution
to the ability of the ball to hit the ball. Schmidt and Wrisberg (2004) show that in their study of the factors affecting motor
learning in tennis, while they apply tennis techniques, the chain of action is very important and in addition, the principles
of kinetic chain will help to make the movements more smooth and effective without the risk of disability. Dyer (1998),
designed the wall test from the strokes against the wall in order to rate the skill level of the tennis players. 736 female
college players were included in the study and the correlation scores of the test scores and the league-style tournament
results were evaluated. In the study, the correlation coefficient between 0.85 and 0.92 was determined.

In another study, after 8-week (16 lessons, 1 hour) training on 8 mid-level men over the age of 20, Revised Dyer wall test
was applied to determine the players' learning levels. After the tests, a strong correlation value was determined as
0,84-0,90 between the achievement levels and test scores of the players. In the studies, a very strong relationship between
Revised Dyer wall test and Hewitt test was found as 0,92-0,99 (Stoebe, 1976). In this study, a statistically significant
relationship was found between the Hewitt test (ground stroke performance) and Wall-Catch coordination test (r = 0.865;
p <0.01). Cimen and Ginay (1996), in their study, investigated the effect of rapid force on motoric properties and the
reason of the technical characteristics observed in athletes was the result of the positive contribution of coordination
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trainings along with strength training to the neuromuscular coordination. In this study, it was concluded that the existing
coordinative features have a positive effect on the forehand technique after Wall Catch coordination test.

As a result; the use of tests with similar movements specific to tennis in assessing the performance of athletes may
accurately reflect the athlete's test values. The lack of training and the level of professionalism and insufficient number of
subjects may limit this study results.
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