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Abstract

The present study aimed to examine the effect of an 8-week balance training on the agility,
strength, balance performance and tennis skills of tennis players aged 10-14. The study was
participated by 19 tennis players (10 males and 9 females) playing in the EA Tennis Academy.
The participants were selected randomly and divided into two groups as experimental group
(9 players) and the control groups (10 players). Firstly, vertical jump, pro-agility, dynamic
balance and ITN tennis skills tests were applied to all the participants. After all the test were
completed, the experimental group were applied 8 weeks of balance and tennis training while
the players in the control group continued tennis training only. The same tests were applied to
the participants at the end of the 8 weeks. The findings of the study showed statistically
significant improvement in the agility, balance index and tennis skills tests in the pre-test and
post-tests of the experimental group (p = 0.034, p = 0.025, p = 0.003), whereas improvement
was seen only in the tennis skills test of the control group (p = 0.000). In addition, no
statistically significant difference was found in the vertical jump performance used to
determine the explosive strength both in the experimental and control groups. As for the
difference between groups, a significant difference was found only in the pro-agility
post-tests of the experimental and control groups (p < 0.05). Based on these findings, it was
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revealed that balance training would improve agility and balance in 10-14 year-old children
as well as contributing to their tennis skills. Therefore, it is considered that balance training
should be included in training plans.

Keywords: Tennis, Balance, Tennis skills, Vertical jump, Pro-agility
1. Introduction

Tennis has become one of the world’s most popular sports with the gradually increasing
number of active athletes (Mallilou et al., 2010). Competition and success in tennis requires a
number of physical characteristics like speed, agility, endurance, flexibility and strength as
well as tennis specific skills (Fernandez et al., 2009; Isha et al., 2018). Moreover, it also
involves the skills of reacting fast and coping with fatigue and pressure during a match the
elite adolescent player averages 2.3 hours of practice or play per day, a mean of 6.1 days a
week (Barber-Westin et al., 2010). A tennis player should work on 4 characteristics to
maximize his/her athletic performance. These are branch-specific physical and conditional
fitness, mental quality, mobility on the court and stroke productivity (Giir & Ersoz, 2017).
Balance training was used to prevent injuries as an important part of the rehabilitation process;
to re-gain neural awareness needed for necessary proprioceptor and kinesthetic skills for
years (Oliver & Brezzo, 2009). Recent studies, on the other hand, have revealed that balance
and mobility are the main factors in improving athletic performance. While balance training
is considerably important for the neuromuscular system in athletes, it is also reported to be
among the main factors of developing athletes’ performance (Zech et al., 2010). If trained
correctly balance and mobility skills are expected to improve movement awareness in the
body’s all ranges of motion. This improvement is believed to strengthen the basis of athletic
skills in all branches as well as enabling the necessary power and strength gain (Hrysomallis,
2011). Proprioception is highly important in tennis because tennis skills consist of complex
moves requiring improved balance skills, and they involve multi-directional movements and
explosive movements of short intervals. Physical condition in tennis is built upon focusing on
the recovery time along with anaerobic energy systems, agility, balance, speed and explosion
(Mallilou et al., 2010). Balance is one of the main qualities to be improved for a tennis player
while a limited number of studies can be found in the literature on the subject. Kibele and
Behm (2009) found a statistically significant increase in the knee extension movement, static
and dynamic balance, long jump, hopping tests and shuttle run tests as a result of a 7-week
balance training.

Simec et al. (2007) reported that 10-week balance training improved explosive strength and
agility in physically active men. In addition, the level of balance in tennis in the
children-young category is reported to cause changes in the course of the game, mistakes
made by the players are caused by loss of balance under the effect of the racket and ball and
balance reaching a stable position before hitting brings along fewer mistakes (Mosoi, 2012).
Mallilou et al. (2010) state that tennis training alone does not improve balance performance,
so balance training exercises should be included in training programs. Moreover, tennis is a
branch in which direction changing skills are often used and Okudur and Sanioglu (2012)
report a positive significant relationship between agility and balance performance in 12
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year-old tennis players. Sannicandro et al. (2014) revealed that balance training prevent lower
extremity asymmetry and protects from injuries in young tennis players.

Proprioception is known to coordinate such variables as position of movement (location),
power and speed. Therefore, it helps to control the lower extremity during a tennis match.
This feature makes it more important for branches like tennis that require movement skills.
Knee and hip Proprioception in tennis has been revealed to be a distinctive feature of elite,
amateur or novice tennis players (Lin, 2006). However, there are only a limited number of
studies aiming to determine the effect of branch-specific balance training exercises on
biomotor abilities and tennis performance and the subject is not yet very clear.

The objectives of this study are to determine the effect of balance training on strength, agility
and balance performance and to examine the effect of balance training on tennis skills. In
addition, the study aims to determine whether an 8-week training program is sufficient to
improve dynamic balance.

2. Material Method
2.1 Participants

The present study was voluntarily participated by 19 (10 males and 9 females) participants
aged 10-14 playing tennis in EA Tennis Academy in the city of Aydin. The participants were
selected randomly and divided into two groups as the experimental group (9 players,
49.11£5.37 kg, 159.66+4.63 cm) and control group (10 players 44.10£8.79 kg, 150.50+8.66).
The participants have no muscular/skeletal injuries. All the participants signed the form
explaining the aim and content of the study with their families’ consent and filled out the
sports health history inventory. The study was approved with the decision number 16 of
Adnan Menderes University Faculty of Health Sciences Ethics Committee numbered with the
protocol number 53043469-050.04.04.

2.2 Procedure

At the beginning of the study, vertical jump, pro-agility, dynamic balance and ITN tennis
skills tests were applied to all the participants and then the participants in the experimental
group (n = 9) were given a tennis specific 8-week balance training program on stable and
unstable grounds. The athletes in the control group continued only tennis training exercises
during 8 weeks. In order to examine the effect of explosive strength, agility and balance
performance and tennis skills prior to the balance training sessions, vertical jump, reactive
agility and dynamic balance tests along with the ITN tennis skills tests were applied to all the
participants again. Before each test protocol, the participants practiced a warm-up program
consisting of standardized 10-minute dynamic stretching exercises.

2.3 Vertical Jump Test

Static squat jump test was applied to assess strengths of the 10-12-year-old tennis players.
The test was conducted using a jumping mat and a handheld computer (FusionSport, Austria),
the athletes were asked to perform two maximal repeats with 3-minute resting intervals and
the higher score was recorded. During the test, the athletes were asked to be ready on the
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jumping mat on both feet with their hands on their waist and their knees at 90° squat (bent at
90°) and then to jump as high as they could from the position they were standing in.

2.4 Pro-agility Test

Participants’ agility was measured with Pro Agility test. Photocell doors were placed at 60 cm
height at the starting point with pins placed at 4.57 m on the right and left sides (Figure 1).
Athletes setting off at maximal speed from the starting point touched one pin and changed
direction to touch the other one and the test was finalized when they returned to the starting
point. Their performance was tested twice with 3-minute resting intervals and the better score
was recorded.
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Figure 1. Pro-agility Test (Vescovi & VanHeest, 2010)

2.5 Dynamic Balance Test

A device produced by EasyTech (a computer placed on a platform of 43 cm length, 42 cm
width and 65 cm height) was used to measure dynamic balance. Easy dynamic balance
system is composed of a platform and a computer to control the system. The system is
completed by connecting the balance platform to the USB interface EasyTech 2.2001-2.0
computer software. The lower platform of the dynamic balance system platform can be set to
difficulty levels of 10 cm, 25 cm and 40 cm from difficult to easy with a plastic apparatus. In
the present study, difficulty level was arranged with the 40 cm apparatus. The test was
performed with both feet, for 30 seconds at level 9. Easytech software obtains the angular
changes in the position of the device against the ground and time from the swinging balance
platform while using the parameters of total area, external area, external time and recovery
time. The present study employed the data obtained from the device together with the scores
estimated on the index of balancing precision (Tchorzewski et al., 2013).

Indexing of Balancing Precision (IBP) = (EA/TA) x 100 (1)

Calculated using the formula: EA = ,/External arearight + +Externalarealeft, TA =
J/Total area right + vTotal area left (Tchorzewski et al., 2013).

2.6 ITN Tennis Skills Test

ITN, stands for the phrase International Tennis Number. It is a practice that was started by the
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International Tennis Federation in order to determine game levels of those who play tennis
around the world. It is possible to find an ITN number appropriate for the degree of players of
all levels from the beginner level to professionals. When conducting this test, instead of the
technical properties of individuals’ tennis strokes; stability, depth and power elements of their
services, groundstrokes and volleys in their 5 game states are evaluated as well as their
physical mobility qualities. In the present study, depth, power and precision strokes in the
ITN test were limited to skills test measurement method for forehand and backhand tennis
skills. (a) Groundstrokes depth and power test; Calculated over the total sum of the scores
obtained from 10 balls stroke to the farthest area of the tennis court. (b) Groundstrokes
precision and power test; In this test, players are asked to strike 6 balls (3 forehand-3
backhand) to the farthest point from the parallel court area and 6 balls (3 forehand-3
backhand) to the farthest point from the cross court area (Seyrek et al., 2017).

2.7 Balance Training Program

After the participants completed the tests, the experimental group participated in the balance
training program 3 times a week during 8 weeks in addition to the tennis training whereas the
players in the control group continued tennis training only. Balance training programs were
designed so as to include tennis specific movements on stable and unstable grounds. Unstable
grounds were provided by using a bosu, wobble board and balance pad. The content of the
8-week balance training program applied to the participants within the scope of the study is
given in Table 1.

Table 1. Content of the 8-week balance training

TRAINING CONTENT
Week 1 Basic Balance Stances Basic Balance Stances Basic Balance Stances
ee
on Hard Ground on Hard Ground on Hard Ground
Single/Double feet balance Touch on targets on
Week 2 ) Walks on Wobble Board
on Wobble Board Standing ‘Wobble Board
Week 3 Ball control with racquet Forehand strokes on Backhand strokes
ee
on Wobble Board ‘Wobble Board on Wobble Board
Stance on Bosu Single/Double Ball control with
Week 4 Jumps/Turns on Bosu
Feet Balance Stances racquet on Bosu
Ball control with racquet
Week 5 Forehand strokes on Bosu Backhand strokes on Bosu
on Bosu
Week 6 Ball control with racquet Forehand strokes on Backhand strokes
ee
on Bosu Balance Pad on Balance Pad
Forehand-backhand strokes Double stroke drills
Week 7 Walks on Balance Pad
on balance pad on balance pad
Week 8 Juggling. Controlling the ball | Forehand-Backhand strokes Double stroke drills
ee
on Bosu and Balance pad on Bosu and Balance Pad on Bosu and balance pad
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2.8 Statistical Analysis

The data were analyzed using SPSS 20.0 package program. Shapirowilk test was conducted
for normality in distribution between groups. Student T test was applied to the normally
distributed data for the variables between groups, and the statistical assessment of the
difference between repeated measures was performed using Paired T Test for each group.
Level of significance was accepted as (p < 0.05).

3. Findings

The present study aimed to determine the effect of 8-week balance training exercises on
10-14 year-old tennis players’ agility, strength, balance performance and tennis skills. The
results of the Paired Samples T test showing the statistical difference between the balance

index, agility, explosive strength and ITN tennis skills pre-test results are presented in Table
2.

Table 2. Difference between the balance index, agility and explosive strength pre-test results
of the experimental and control groups

Balance Training Group (n =9) Control group (n =10)
pre post )4 pre post )4
Vertical Jump | 31.20+6.27 31.20+4.79 906 | 26.94+4.20 27.85+2.42 341
Pro-agility 5.83+0.24 5.54+0.33 .034* | 6.33+0.45 6.07+0.34 .052
Balance Index | 68.31+7.83 62.45+6.17 .025% | 67.73£14.09 | 65.94+9.40 73
ITN 138.22+34.12 | 160.55+23.90 | .003* | 134.80+32.23 | 172.30+29.36 | .000*

Note. * p <0.05.

While a statistically significant progress is seen in the agility, balance index and tennis skills
tests of the experimental group, only tennis skills improved in the control group in the pre
and posttests. On the other hand, no statistically significant difference was found in the
vertical jump performance that is used to determine the explosive strength both in the
experimental and control groups.

The results of the Student T Test which is used to reveal the difference in the qualities
examined between the groups are shown in Table 3.
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Table 3. Differences in the dynamic index, agility, explosive strength and ITN test between
the experimental group and control group

Balance Training Group (n =9) | Control Group (n=10) | p
Vertical Jump Pre-test 31.20+6.27 26.94+4.20 0.12
Vertical Jump Post test 31.20+4.79 27.85+2.42 0.08
Pro-agility Pre-Test 5.83+0.24 6.33+0.45 0.09
Pro-agility Post Test 5.54+0.33 6.07+0.34 0.03*
Balance Index Pre Test 68.31+7.83 67.73+14.09 0.91
Balance Index Post Test 62.45+6.17 65.94+9.40 0.35
ITN Pre Test 138.22+34.12 134.80+32.23 0.82
ITN Post Test 160.55+23.90 172.304+29.36 0.35

Note. * p <0.05.

A significant difference is seen only in the agility test of the control and experimental groups,
while the posttest results of the balance training group were found to be higher than those of
the control group.

4. Discussion

Tennis is an explosive sport that requires multidirectional movements at short intervals. In
addition, maintaining balance with the proprioceptive information coming from the lower
extremity is important in tennis by the nature of the game. Therefore, proprioception is
considerably important in tennis as tennis skills comprise complex movements that require
improved balance ability (Mallilou et al. 2010). Determining the effect of balance training on
other motoric qualities is significant in terms of performance enhancement. In this regard, the
present study aimed to reveal the effect of balance training exercises on the strength, agility
and balance performance along with the tennis skills of tennis players aged 10-14.

The findings of the present study show that an 8-week balance training program enhances
agility and balance performance, improves tennis skills but does not affect vertical jump. The
related literature includes studies reporting positive effects of balance training. In the study
conducted with 29 amateur footballers aiming to determine the effects of balance and
proprioception training on football-specific technical skills, Evangelos et al. (2012) found
that balance training exercises improved technical skills. Cug et al. (2012) stated that
10-week training exercises on unstable ground enhanced core strength and joint
proprioception and showed that it could bring about a long-term progress as a result of the
test they conducted 9 weeks after the training. Arumugam (2018) revealed that balance
training improved the static and dynamic balance in 20 male football players, while there was
no statistically significant improvement in the control group. Gioftsidou et al. (2012) created
3 different training groups in the training exercises done at different frequencies to improve
balance and prevent injuries and revealed the positive effect of balance training held at least 3
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times a week. Heitkamp and ark. (2001) reported that balance training could increase strength
as well as eliminating muscular imbalances. Yaggie and Campbell (2006) tested sport-related
skills, vertical jump, shuttlerun and the time spent on the dominant leg on BOSU, and found
that balance training contributed to posture maintenance with these skills, but there was
uncertainty about the transfer of the skills to general functional improvement. Acar and Eler
(2019) reported that balance training done by 10-12-year old girls and boys 3 times a week
during 8 weeks generated statistically significant difference in the agility, speed and balance
measures of the experimental group; Cerrah et al (2016) concluded that functional balance
training 3 times a week enhanced adolescent footballers’ balancing skills and stroke
performances. Morera et al. (2017) suggested that proprioceptive training positively affected
speed and agility performances of footballers. According to iri et al (2018), improving
balance performance in 12-15-year-old wrestlers could enhance agility performance; and
special balance training exercises to be taken would increase static-dynamic balance
performance as well. Benis et al. (2016) stated that neuromuscular training increased postural
control and lower extremity stability in women basketball players with the balance assessed
with Y balance test; and including neuromuscular training in the exercise routines of
volleyball players would raise joint awareness and reduce the risk of lower extremity injuries.
Similarly, Kubal and Padwal (2016) revealed 6-week balance training could enhance agility
performance. In summary, studies on balance training or performance in the literature have
focused on its relationship with agility performance. Agility is defined as the ability to start
explosively, slow down, change direction and speed up again while maintaining body control
and minimizing any reduction in speed (Kubal and Padwal 2016). Maintaining body control
is an important parameter for agility performance. It is possible to assert that balance training,
with its significant contribution to body control, can have an improving effect on agility
performance as well. In the findings of the present study, progress in agility performance is
remarkable in the analyses both within and between groups. In addition, the apparent increase
in agility performance with the enhancement of balance through balance training is
considered to bring along improvement in tennis performance with its contributions to the
practice of technical movements.

Contrary to the studies cited, Celik et al. (2017) reported no statistical correlation between
balance performance and agility performance in footballers. Verhagen et al. (2005) measured
the center of pressure reaction of the ground reaction strength of a 5.5-week balance training
program (using a power platform, determining postural swing) and concluded that it did not
cause a decrease in the center of pressure deviation. Giiler and Eniseler (2017) found that
6-week football-specific balance training enhanced promptness and power performance in
footballers aged 15. The increase in promptness performance supports the findings of the
present study while the increase in the vertical jump heights used to determine the power
outcome is different. Manolopoulos et al. (2015) aimed to examine the effect of resistance
training and the balance training performed along with resistance training on the strength,
balance and jumping performance of footballers and found no difference between the two
training practices in terms of balance and power enhancement. Moreover, a relationship is
reported between muscle strength and balance. Specifically, they claimed that balance would
considerably improve following muscular strength training and this improvement would be
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connected with the neuromuscular mechanisms that lead to a faster and more accurate
mechanical reaction of the muscle in order to maintain balance. The results of this study
reveal that balance training do not contribute to strength improvement. The period defined as
sensitive for balance improvement is between the ages of 8 and 12. The greatest increases
occur with the balance training exercises during this period and it reaches maturity at age
12-14. Strength, on the other hand, develops with the increased muscle mass along with
growth and development (Bereket Yiicel et al., 2020). The fact that no improvement was seen
in strength performance while agility and balance performance enhanced through balance
training is considered to have resulted from the growth periods of the 10-14-year-old tennis
players composing the study sample. However, Erkmen et al. (2007) stated that balance
performances may also change in different sports branches. This study was applied to 10-14
year-old tennis players. Study results may differ in athletes from different branches in the
same age group.

5. Conclusion

In conclusion, the data obtained from the present study reveal that an 8-week balance
training enhances balance, agility and tennis skills, but does not affect strength in tennis
players aged 10-14. Tennis is a technical branch that involves the subsequent practice of
multi-dimensional skills. It would not be sufficient to improve one single characteristic only
for success in tennis. However, based on the findings of the present study, it could be asserted
that balance training to be integrated in tennis training programs could help enhance agility
and balance, which are among the most critical factors for success in tennis, as well as
contributing to the development of tennis skills. For the reasons above, the present study is
believed to help tennis trainers with their training plans and studies to be conducted in the
future. It is suggested that future studies should focus on longer term training effects with
larger participants and also different exercises could content balance trainings for different
grounds.
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