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Abstract: Tennis is an entertaining sport that includes a combination of technical, tactical and
physical fitness components. The aim of the study was to investigate the effect of core training on
anaerobic performance and some physical performance values of tennis players studying at
university and training on certain days of the week. 30 students between the ages of 18-23 who were
studying at Sivas Cumhuriyet University, participated in the study as experimental group (15 male )
and control group (15 male). Height, body weight, flamingo balance test, vertical jump test, balance
and pro-agility test were applied to the subjects as pre-test and post-test. The experimental group
practiced core training 3 times a week along with the tennis training 3 days a week. The control group
participated only in tennis training. The study was conducted for 6 weeks. Since the data were
normally distributed, independent sample t test was used to compare independent groups and
paired sample t test was used to compare dependent groups. In the data obtained as a result of the
research, it was determined that there was a significant difference in crunch, balance, vertical jump
and agility values in the experimental group, and there was a significant difference in crunch, vertical
jump and agility values in the control group but there was no difference in other variables. As a result,
we can say that 6-week core trainings applied to tennis players have positive effects on physical
performance, and trainers should include core trainings in their annual plans in order to increase and
maintain performance in their studies.

Keywords: core; training; tennis; agility; balance

Introduction

Tennis is an entertaining sport that is popular around the world and played by nearly 75 million
people (Pluim et al., 2007). In addition, it is also an enjoyable sport to watch and one of the competitive
sport branches attracting many followers (Fernandez et al., 2013). Since there is no time limitation in
tennis, the matches can be played for more than 5 hours (Kilit and Arslan, 2017). Tennis is a sport that
anaerobic and aerobic capacity, speed, agility, balance and strength abilities are used together (Bashir
et al., 2019). Athletes who have good aerobic and anaerobic capacity are able to use technical and
tactical capacities longer in prolonged matches, thus making their performances last for a long time.
Additionally, they are able to recover in a shorter period of time and perform in other matches or sets
more preparedly (Urhausen and Kindermann, 2002). Along with being an entertaining sport, tennis
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also brings the risk of injury on the lower and upper extremities because it is played in high intensity
with rapid and sudden direction changes (Kermen, 2002). Core training and the strengthening core
muscles will be beneficial to prevent athletes from injuries and to ensure them to recover and return
to the courts more quickly after injuries. Core muscles serve as a bridge especially between the lower
and upper extremities (Sandrey and Mitzel, 2013). Core exercises give an opportunity for the arms
and legs to strengthen (Zurar, 2019) as well as developing the balance ability of the athletes (Yiiksel
et al.,, 2016). Core training provides increase in the balance and strength of muscles in the core area
(Hsu and Ark., 2018). Core area muscles will also decrease the risk of other muscle injuries by
ensuring body control and balance (Zurar, 2019). Core muscles contribute to increase body
performance as well as strengthening the spine by enhancing the body’s ability to move (Bozlak,
2019). Muscles in the core area support the spine due to being in the center of the body. Deterioration
in body balance can occur as a result of long term exercises. In turn, this deterioration prevents the
body to produce the desired amount of strength (Sato and Mokha, 2009). Core training is a type of
training that individuals perform with their own body weight and improves body performance by
strengthening the spine through abdominal and spinal muscles (Akuthota et al., 2008). Core training
is especially preferred to improve the functions of balance and flexibility and anatomical functions
that are important to many sport branches (Sun and Ark., 2016). In the studies conducted in this field,
psycho motor movements, muscle strength, respiratory muscle endurance and athletic performance
are stated to be improved (He et al., 2019). It is reported that a strong core area had a positive impact
on the reaction of hitting the ball and hitting the ball quickly (Bompa, Pasqual and Cornacchia, 2014).
It is stated that core training performed by tennis players contributes to physical fitness, body
strength and athletic performance (Giir and Ersoz, 2017). In another study, it is observed that core
training contributed to 50 m swimming performance (Weston et al., 2015). Similarly, it is stated that
core training performed by tennis players contributed to serving accurately (Sever, Kir and Yaman,
2017). The purpose of our study is to search the effects of core training performed by students
studying at university on tennis performance.

Method
Research Model

The research was designed as pretest and posttest. The information on what core training was
included and how it would be performed was provided in the first interview. 2 measurements were
taken from the individuals participating in the study as pretest and posttest. A total of 30 people
participated in the study. The study was conducted for 6 weeks. The experimental group (15 males)
participated in trainings strengthening their core area in addition to tennis training for 3 days a week.
The control group (15 males) only participated in designated tennis training but not the core training.
Core training was performed 3 days a week.

Study Group

30 students between the ages of 18-23 and studying in the faculty of sports sciences of Sivas
Cumhuriyet University participated in the study. Individuals having a disease were not included in
the study. The purpose of the study was explained to the subjects participating in the study
voluntarily and they signed a volunteer consent form. The study was designed and conducted in
accordance with the rules of Declaration of Helsinki (World Medical Association, 2013).

Data Collection Tools

Crunch

Athletes wait readily lying on supine position with knees bent and hands on the nape. Then they
are asked to lift their bodies up and touch the knees with the elbows for 30 seconds. The repetitions
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that do not follow the rules are not accounted for. Crunches performed correctly for 30 seconds are
recorded (Mackenzie, 2005).

Flamingo Balance Test

Athletes stand on the balancing beam and try to stay balanced for one minute. The foot balanced
on is placed on the beam, and the other foot is held by hand and pulled to the hip. Timing is stopped
when athletes lose balance or fall down from the beam. Scoring is recorded as total balance achieved
in one minute (Jakobsen et al., 2011).

Vertical Jump Test

Subjects are asked to stand with feet aligned with pelvis and hands in both sides, and to achieve
a 90 degree angle and squat, then jump quickly and as high as they could. They land on the
designated spot. Those landing outside the spot repeat the test. Feet must be strained and knees must
not be pulled to the chest when jumping high. The test was performed twice and the highest score
was recorded (Wehbe et al., 2015).

Standing Long Jump Test

Athletes are asked to leap forward from a designated spot with adjacent feet. The test was
applied 3 times and the highest score was recorded (Bostanci et al., 2019).

Pro-Agility Test

Cones are placed to 4-57 meters on the right and left of the starting line. Athletes wait readily on
the starting line. Timing starts when athletes are ready. The test ends when athletes reach the starting
line by first touching the cone on the right, then the cone on the left. The best score out of 3 test results
was recorded (Bayraktar, 2013).

Training Schedule

The training was applied for 6 weeks and 3 days a week. The experimental group attended core
training along with tennis practice. The control group only attended designated tennis practice. The
training exercises included 10 separate exercises every week. A training plan including 2 sets and 8
sets of repetitions was performed. While a five second rest time was given between the repetitions,
complete rest was given between tests.

Results

Upon reviewing Table 1, the age average of the tennis players was determined to be 20,93+2,282
in the experimental group and 20,00+1,772 in the control group, the average height was 173,86+9,280
in the experimental group and 170,40+£10,972 in the control group, and the average body weight was
67,07+9,989 in the experimental group and 61,13+9,970 in the control group.

Table 1. Explanations of the core exercises.

Core
Explanations
Exercises

Students sit on the floor and place the soles of their feet on the floor. They lie on supine position
Crunch  with bent knees. The hands are next to the head. They lift their bodies until upper shoulder

blades lift off the floor. The training continues until number of repetitions is completed.
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Students lie on supine position with knees bent. Hands and arms are placed on the chest. Knees

Reverse
are lifted in a 90 degree angle to align with the chest. Legs and hips are slightly lifted from the
Crunch
floor.
Students stand on hands and knees with their head held straight. Their spine stays in neutral
Bird Dog

position. Their right leg and the left arm are lifted together being parallel to the floor.

Students lie on the floor with their feet next to each other, spine in neutral position and palms
Prone Plank  of their hands touching the floor. Their bodies are lifted by palms and toes. Heads, bodies and

legs are kept in a straight position.

Students lie face down on the floor with their hands in front of their body. They lift their arms
Superman and legs at the same time. They wait for approximately a second in this position before slowly

leading their arms and legs down.

The students lie on the floor on supine position placing their hands next to their hips and stretch
their legs forward. They move their waist region towards the floor in order to bring their
Leg Lower

abdominal muscles to contraction. They lift their legs until the legs are at a 45 degree angle,

and then slowly lead their legs down.

Students stand with bent knees and their feet contacting the floor. They sit on the floor and

cross their hands on their chest. With the start command, they lift their shoulders off the floor

Sit-Up
and continue the movement until they come to a sitting position. Then, they return to the
position at the beginning.
Students start the movement with their hands on the edge or just outside of slide board
equipment, their arms in full extension, their bodies is push-up or front bridge position, and
Slide Board
their feet in dorsiflexion position. One of their knees and hips are in flexion position, while the
Mountain
others are in extension. They wait in the flexion position for a predetermined amount of time
Climber

(5, 10, 15, 30 seconds), then they return to the beginning position. They repeat the movement

with the leg on the other side.

Students lie on the floor on supine position. They stretch their arms and legs. They lift their
Jackknife  shoulders and one of their legs off the floor. While doing this, they apply a slight rotation. They

join their legs with the opposite arms.
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Students lie on the floor on supine position and hold a medicine ball in each hand. They flex
Plate V-Up (In their hips with their arms and legs stretched. They lift off the floor in order to bring their body
weight use) and legs together at the midpoint and try to maintain their balance using gluteal muscles. Then,

they slowly lower their body and legs to the floor.

(Willardson, 2018).

Upon reviewing Table 2, while statistically significant difference was observed in the crunch,
balance, vertical jump and agility values of the tennis players in the experimental group (p<0.005),
the standing long jump values showed no significant difference (p>0.05). Whereas in the control
group, while a significant difference occurred in the crunch, vertical jump and agility figures
(p<0.005), no significant difference was determined in balance and standing long jump values

(p>0.05).
Table 2. The Comparison of the physical characteristics of the tennis players.
Variables Groups N Mean Standard Deviation
Experimental 15 20,93 2,282
Age (years)
Control 15 20,00 1,772
Experimental 15 175,86 7280
Height (cm)
Control 15
170,40 10,972
67,07
Experimental 15 9,989
Body Weight (kg)
Control 15 9,970
61,13
(p<0.005).

When table 3 was reviewed, while a significant difference was observed in the pre-test
measurements of balance and agility values of the tennis players (p<0.005), no significant difference
was determined in the other variables (p>0.05). There was a statistically significant difference in the
agility values in the post-test measurements (p<0.005), but no significant difference was found in the
other variables (p>0.05).

Table 3. The statistical comparisons of in-group measurements.

Experimental (n:15) Control (n:15)
Variable
X +SS t P X xSS t P
Pre-test 15,07+3,19 15,53+3,68
Crunch (number) -4,620 0,000 -4,620 0,000
Post-test 18,40+4,38 16,40+3,20
Pre-test 4,93+2,89 2,13+0,35

Balance (number) 2,591 0,021 -1,852 0,085
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Post-test 3,00+1,73 4,07+4,16
Pre-test 41,53+8,89 44,00+9,05
Vertical jump (cm) -3,780 0,002 -3,780 0,002
Post-test 44 ,87+7,68 45,47 9,10
Pre-test 2,24+0,29 2,19+,0,23
Standing long jump
-1,589 0,134 -0,824 0,424
(cm)
Post-test 2,29+0,29 28,15+68,39
Pre-test 6,37+0,41 6,98+0,59
Agility test (sec) 3,879 0,002 4,003 0,001
Post-test 6,20+0,35 6,64+0,61
(p<0.005).
Table 4. The statistical comparison of the intergroup measurements.
Pre-test (n:15) Post-test (n:15)
Variable
X +SS t P X +SS t )
Experimental 15,07+3,19 18,40+4,38
Crunch (number) -0,371 0,714 1,426 0,165
Control 15,53+3,68 16,40+3,20
Experimental 4,93+2,89 3,00+1,73
Balance (number) 3,725 0,002 -0,916 0,371
Control 2,13+0,35 4,07+4,16
Experimental 41,53+8,89 44,87+7,68
Vertical jump (cm) -0,753 0,458 -0,195 0,847
Control 44,00+9,05 45,47 £9,10
Experimental 2,24+0,29
2,29+0,29
Standing long jump
0,559 0,581 0,622 0,539
(cm)
2,23+0,26
Control 2,19+,0,23
Experimental 6,37+0,41 6,20+0,35
Agility test (sec) 3,296 0,003 -2,370 0,025
Control 6,98+0,59 6,64+0,61
(p<0.005).

Discussion and Conclusion

Core training decreases the risk of injury by helping individuals gain strength and contributes
the increase of performance by decreasing the period of recovery after injury (Tiirksoylu and Islegen,
2013). Core training also contributes to the vestibular sense operating efficiently (Rajendran, Roy and
Jeevanantham, 2013) and the improvement of the arm and leg muscles (Willardson, 2014).
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A significant difference was discovered in vertical jump values in the results we obtained. It was
revealed in a study on football players that there was a significant difference in the vertical jump
values (Dogan et al., 2016). Savas and Ugras stated that a significant difference was found in vertical
jump figures in the research they conducted (Savas and Ugras, 2004). Furthermore, in another study,
core training was performed for 25-30 minutes three days a week in a time span of 10 weeks. After
the study, a significant difference was revealed in the vertical jump values of the football players
(Boyac1 and Biyikli, 2013). Goktepe et al. stated that although there was an increase in the vertical
jump values after 2 days a week core training for 8 weeks, this increase was not statistically significant
(Goktepe et al., 2019). Core training can cause an increase in muscle strength and vertical jump values
due to strengthening the body and lower extremity muscle groups. We believe that the significant
difference revealed in vertical jump values in our study was because of the core training the
experimental group performed and the participation of the control group actively in other sport
branches along with tennis.

In the data obtained, a significant difference was observed in the balance values of tennis players.
The improvement of balance ability is necessary for succeeding in sports. The decrease of balance
performance can also reduce the performance of athletes by increasing the risk of injury (Ates, Cetin
and Yarim, 2017). The improvement of balance performance also contributes in other performances
(Okudur and Sanioglu, 2012). No statistically significant difference was revealed in the pretest and
posttest results after 12 weeks of core training performed by female badminton athletes (Eris, 2018).
Lengkana et al. declared that the core training performed by the students in the age group of 10-11
resulted in a significant difference in their static balance (Lengkana and Tangkudung, 2019). A 12
week core training performed by tennis players showed no significant difference in their balance
performance (Giir and Ersoz, 2017). We can claim that the training we applied had a positive
contribution to the balance performances of the athletes. Our study is observed to have similarities
to and differences from the other studies conducted in this field.

In our study, a significant difference was observed in crunch values in favor of both groups. The
areas core area affects in our body are listed as abdominal muscles, paraspinal muscles, gluteal
muscles, oblique muscles, pelvic hip muscles and the diaphragm muscle (Shinkle et al., 2012). Study
results parallel to our study can be observed in other studies conducted in this field. In their study
on tennis players, Ar1 and Colakoglu stated that the group that performed core training had a
significant increase in their crunch figures (Ar1 and Colakoglu, 2021). Similarly, it was expressed that
core training performed with the help of swissball resulted in a significant increase in the strength
and the activation rate of m. rectus abdominis and m. obliques internus/externus muscles (Escamilla
etal., 2010). Cosio-Lima et al. reported increases in the abdominal muscle stability and strength levels
of athletes after core training (Cosio et al., 2003). It is explained that core training results in a strength
increase in m. rectus abdominis muscle and corresponding to this, it caused an increase in crunch
values by transferring the strength to upper extremities with the help of its own connective tissue
(Akuthota and Nadler, 2004). We can state that the reason of that our study showed significant
difference is that core training specifically strengthens the abdominal muscles and increase their
stability.

A significant difference was observed in agility values after the core trainings performed by the
tennis players. Tennis is a branch of sport that has sudden and quick direction changes and requires
being active during the game. Core training can especially contribute to strengthening lower
extremities and increasing explosive strength. The reason of the significant difference in the agility
values of both experimental and control groups might be that both groups actively participated in
tennis and other sports branches alongside it. In their study on core training, Shaikh et al. stated a
significant difference in the agility figures of individuals participating in the study (Shaikh et al.,
2019). In a study performed on basketball players, core training was revealed to increase muscular
endurance and thus, improve the agility performance (Aksen et al., 2019). Similarly, in another study,
a 6 week core training performed by adolescent basketball players resulted in a positive contribution
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to the agility values of the athletes and decreased agility time (Kafa et al., 2020). Our study is observed
to be similar to the studies conducted in this field.

No significant difference was found in the standing long jump values of the tennis players as a
result of the 6 week core training in our study. Standing long jump is one of the measuring methods
used to determine the explosive strength of lower extremities, which is necessary for many sports
branches (Castro et al.,, 2010). It can be observed in many studies that core training strengthens
especially the lower area muscles and contributes to increasing explosive strength. The reason of that
no significant difference was revealed in our study was that similar increases were observed in the
standing long jump average values of both groups. The reason of that no significant difference was
observed might be that the 6 week core training program we conducted was insufficient or the control
group performed multiple other sports branches alongside tennis. Unlike our study, significant
difference can be observed in many other studies. In the study Bas conducted on football players, he
stated that 10 weeks of core training contributed in the standing long jump performance of the
athletes (Bas, 2018). Results of a similar study performed on female football players also revealed
positive contribution in the athletes’ standing long jump performance (Taskin, 2016). It was also
stated that 12 weeks of core training performed by football players between the ages of 12-14 who
train actively resulted in an increase of the standing long jump values of the athletes (Boyac1 and
Afyon, 2017).

Consequently, it is observed that the core training we applied in our study have contributed the
balance, crunch, vertical jump and agility values of the tennis players. Especially applying core
exercises within the determined program ensures the strengthening of lower and upper extremities.
Core training not only helps strengthening but also enables athletes to exercise for longer periods of
time by preventing injuries. The fact that trainers and athletes include core training for sport branches
requiring strong lower and upper extremities in their annual plans will increase athletes’
performance and contribute the maintenance of the existing performance. We believe that increasing
the weekly training time and number of repetitions of core exercises will contribute to the increase in
performance values.

Limitations of the Study

Male students between the ages of 18-23 were included in the study.

Regularly participating in tennis training

Students studying at Sivas Cumhuriyet University Sports Sciences

The students participating in the study did not have any health problems

Exercises are limited to 6 weeks and 3 days a week

The subjects that make up the research group are limited to tennis specialization and students
who have been playing tennis for at least one year.

Author Contributions: The introduction part of the research was carried out by the first author, the method part
by the second author, the findings part by the third author, table 1 by the fourth author, table 2 by the fifth
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