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Abstract
Swimming is a way to maintain a
streamlined body position, which requires core muscle
strength; the core muscles must be strong to carry out their
function in maintaining body position during swimming.
Core muscle strength correlates with swimmers' buoyancy
and performance. Thus, training such as core stability
exercises is needed to increase the strength of the core
muscles. Therefore, this study aims to determine the
effectiveness of core stability exercises using a Swiss ball
to increase core muscle strength in junior swimmers. An
experimental method was employed with one group only
pretest and posttest design. The research instrument
utilized to measure the core muscle strength of junior
swimmers was the sit-up test. 50 members of the Taksaka
Swimming Club were determined as the population of the
study while only 30 of them were involved as the sample of
this study. Out of the 30 people, 15 of them were given
treatment and the rest 15 people were grouped in the
control group. They were divided using a purposive
sampling technique. The results showed that core stability
exercise using a Swiss ball was effective in increasing core
muscle strength in junior swimmers as indicated by a
t-score of 7.5 at the significance level of α = 0.05.
Therefore, it can be concluded that core stability exercises
using a Swiss ball can be used to increase the strength of
the core muscles to enable the stability around the lumbar
spine and abdominal muscles might bring about
biomechanical changes that allow swimmers to swim faster

in a more efficient way.
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1. Introduction
Swimming performance benchmarks are seen from
one's ability to cover a certain distance in the water in the
shortest possible time. Improving swimming performance
depends on the propulsion generated and minimizing
resistance to movement in the water. The speed variation
in each stroke cycle in swimming is caused by variations
in the arm, leg, and body movements that might move the
swimmer forward [1], [2]. Hence, to improve swimming
performance, it is necessary to increase technique (stroke,
coordination, starts, and turns techniques), biomechanical
standards, the good physical condition of swimmers
(flexibility, strength, aerobic, and anaerobic conditioning),
and body composition of swimmers [3].
To improve the efficiency of swimmer performance and
maintain the body position, streamlined and
hydrodynamic need to be considered. Moreover,
maintaining this posture depends on the strength of the
core muscles [4]. The reason is that swimming does not
have a foundation that can be used for the body to move
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forward and adjust the center of gravity to maintain the
body. Thus, a swimmer is required to have a strong core
muscle strength to be able to carry out the function of
maintaining balance and efficient movement in water [5].
Studies have also proven that there is a strong positive
correlation between core muscle strength, buoyancy, and
swimming performance since the strength of the core
muscles of a swimming athlete acts as a foundation to
produce movement and power which leads to increased
performance [6] [7].
Having strong core muscle strength enables a swimmer
to perform body movements more efficiently and quickly,
as it can better distribute the strength of the developing
core muscles throughout the upper and lower body [8].
Panjabi [9] defined core stability as ‘‘the capacity of the
stabilizing system to maintain the intervertebral neutral
zones within physiological limits”. The extremities
connected to the spine are responsible for propelling the
body into the water in swimming. Thus, having strong
core muscle strength will allow more energy to be
transferred to attract and maintain the one-round
component of the stroke [10] [11]. Therefore, efficiency in
swimming requires the involvement of the contractile
qualities of the core muscles and the upper body, whereas
the lower body participates little as the driving force in
swimming [12].
To maximize the efficient function of motion, an
important component, core stability, is needed. Core
stability is the ability of the muscles around the
lumbopelvic region, the center of the body during static
and dynamic positions that has a function to control
postural stability [13]. Therefore, to produce the desired
optimal performance in sports both at speed and time, the
function that must often be generated is the kinetic chain,
the activation of body segments in the distal segment
coordinated and sequential. The core muscles which
include the spine, hips and pelvis, lower limb, and
proximal are very important to give local strength and
balance to reduce back injuries [8]. The core muscle is the
center of almost all kinetic chains in sports activities.
Hence, if it can control the strength of the core muscles,
balance will be able to maximize all the kinetics chain of
upper and lower body functions [14].
It is recommended for a competitive person as well as
junior swimmers to do ground training to improve
performance [15]. It is necessary to do exercises to train
the core muscles as an integral part of a physical
conditioning program to achieve greater force production
in the upper and lower extremities. The core exercises
program includes processes that target muscle
strengthening and motor control of the core muscles to
sustain movements in the same direction [16] [17]. An
exercise that might be used to increase core muscle
strength is core stabilization exercises, exercises that
involve various muscle systems that give lumbopelvic
stability to stabilize the kinetic chain. Core stability
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exercises are shaped by body posture, the intensity of
loading, and the direction of movement [18]. Core
stability allows the individual to remain balanced. It also
allows a simultaneous increase in arm and leg strength.
[19]. Moreover, the greater the stability of the core, the
more power is expended on the arms and legs in sports
performance. This is a dynamic concept that is constantly
changing to suit posture or meets external loads. The
presence of a strong and stable lumbopelvic region plays a
role in the transfer of energy needed to create in both the
upper and lower extremities [20].
Herrington L, Davies R said that core stability
exercises are exercises that involve activation of the
multifidus, transversus abdominis, and pelvic floor
muscles that stabilize the lumbar region [21]. Core
stability exercises in a static and dynamic environment as
well as lumbopelvic stability can increase the strength of
the large and small muscle groups, increase the control
and balance of the body, and reduce the risk of injury [22].
Many training tools can be used to improve movement
performance in a variety of conditions such as sudden
changes in body direction that might lead to instability.
The use of an unstable tool for core muscles is to be more
active to maintain movement technique [23].
The use of an unstable tool causes the muscle groups to
participate in the movement at different rates. An unstable
tool that might be used in core stability exercises is the
Swiss ball. A motor control system is needed in core
stability exercises using a Swiss ball to stabilize the
muscles around the spine [24]. Core stability exercises
using the Swiss ball require a good balance to maintain
the same posture on the softball, making it possible to
relax or tighten the lumbar muscles from low back pain
and to increase the range of motion of the spinal joints
[25]. Although several studies have been conducted to
look at the effects of core stability exercises on various
athletic measures, not all studies have proven it to be
effective. Moreover, very few studies have been
conducted on swimmers relate to core stability and most
of the studies include isolated strength training. Thus, this
study focuses on investigating the effectiveness of core
stability exercises using a Swiss ball to increase core
muscle strength of junior swimmers.

2. Materials and Methods
Research Design and Subjects
This study employed a quasi-experimental design in the
form of a nonequivalent control group design for the
researchers cannot fully control external variables in the
experiment. In this design, the subjects were randomly
divided into two groups with different treatments. The
design chart is illustrated as follows.
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Table 1. Quasi-Experimental Research Design
Research Design

R

X

O

Control group

R

C

O

The population of this study was 50 athletes of the
TAKSAKA Bekasi Swimming Club. Then, 30 people
were chosen as the sample of this study using a purposive
sampling technique with the criteria of athletes with an
age range of 10-13 years old who have mastered 4
swimming styles. Out of the 30 people, 16 were boys and
14 were girls.

difference in the basic group between the experimental
group and the control group was carried out using the
unpaired t-test and using the paired t-test whether core
muscle strength in swimming athletes. Statistical
significance at p ≤.05 has been set for post-hoc research
Bonferroni’s correction was used for multiple
comparisons. All data provided in this analysis are
presented as Mean ± SD.

3. Result and Discussion

Research Procedure

Result

This study was conducted from January to March 2020.
The study was carried out in 3 steps. First, a pretest was
conducted to measure core muscle strength in all samples.
Second, after having the pretest of core muscle strength
and getting the result of swimming performance, the
sample group was divided into 2 groups (experimental
group and control group) randomly. After that, the initial
test (pretest) and the final test (posttest) were carried out
in both groups. The treatment that was only given to the
experimental group consisted of 10 forms of core stability
exercise using a Swiss ball. The treatment was adjusted to
the characteristics of the swimming sport and the form of
core stability exercise using a Swiss ball given differs
each time.
The treatment was given for 16 meetings or 6 weeks
with 16 meetings for the treatment frequency of three
times per week. The increased intensity was given after
every 3 times exercise. The intensity and duration of the
core exercise given during 6 weeks treatment was
continued to be increased. In the first week, the
participants were performed 3 sets of 15 repetitions of
each exercise. The second week, the training continued
consisting of 3 sets of 20 repetitions. The third and fourth
week, the training continued consisted of 4 sets of 20
repetitions of each exercise. And for the fifth and sixth
week, the training continued consisted of 4 sets of 25
repetitions of each exercise.
Third, a posttest was conducted to measure core muscle
strength in both experimental and control groups. The
instrument used to measure core muscle strength at the
pretest and posttest was the sit-up test for 1 minutes and
for swimming performances, used proceeds time record of
50 m butterfly,

After the research data were obtained, the data then
were presented in the form of data description which
included the highest score, lowest score, mean, standard
deviation, median, mode, frequency distribution, and
histogram of the pretest and posttest results of each group
(experimental group and control group). The data
description from each group is presented in Table 1.

Data Analysis
The obtained data were analyzed using SPSS Statistics
25.0 for Windows. Thus, ± SD was calculated for each
group, both the experimental group and the control group,
from the results of the pretest and posttest. The results
were obtained from the pretest results (before the
treatment for 16 meetings (± 6 weeks)) and were then
compared with the posttest results. Analysis of the

Table 2. Data Description of Pretest and Posttest from the Experimental
Group and Control Group
Description

Pretest
Experimental
Group

Posttest
Experimental
Group

Pretest
Control
Group

Posttest
Control
Group

Mean

27.93

43.46

27.64

34.71

Standard
Error

1.00

1.40

0.76

0.79

Median

28.5

42

28

35

Mode

25

40

25

33

Standard
Deviation

3.75

5.04

2.84

2.95

Range

13

17

9

9

Minimum

21

38

23

30

Maximum

34

55

32

39

Sum

391

565

387

486

Table 2 shows the comparison between the before and
after the 6 weeks treatment in the form of core stability
exercises in the experimental group. There were
significant differences in the experimental group with the
following results: t = 36.24; p = 0.00). It shows an
increase in core muscle strength after core stability
exercises using a swiss ball was conducted for 6 weeks in
the experimental group.
Table 3. Comparison between the Results of Pretest and Posttest in the
Experimental Group
Test

Mean

SD

t-value

p

Pre

27.93

17.26

36.24

0.00 (HS)

Post

43.46

41.8

Table 3 presents the comparison between the control
group before and after given ground exercises for six
weeks. There were significant differences in the core
group with the following results: t = 18.41; p = 0.00). This
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indicates an increase in core muscle strength after doing
ground exercises for six weeks in the control group.
Table 4. Comparison between the Results of Pretest and Posttest in the
Control Group (N = 15).
Test

Mean

SD

t-value

p

Pre

27.64

10.46

9.62

0.00 (HS)

Post

34.71

12

Table 4 shows the comparison between the
experimental group (43.9 ± 41.8) and the control group
(34.71 ± 12) after six weeks of core stability exercise
programs using the Swiss ball and floor respectively. The
results indicate that t-value = 9.62 with p<0. Thus, the
core stability exercises using a Swiss ball is deemed to be
effective in increasing core muscle strength.
Table 5. Comparison between the Results of the Experimental Group
and Control Group (N = 15)
Group

Mean

SD

Experimental

43.9

41.8

Control

34.2

12

t-value

p

9.62

0.00 (HS)

The following graph 1 showing the comparison
between the pretest and posttest mean scores of the
experimental group and the control group that clearly
shows an increase in core muscle strength in both groups.

Graph 1. Comparison between mean values of pre and post-test scores
of the experimental and control group
Table 6. Data Description of Pretest and Posttest from the Experimental
Group and Control Group
Description

Experiment

Control

Pretest

Post test

Pretest

Post test

Minimum

38.56

36.92

39.56

36.98

Maximum

54.53

52.41

58.54

58.03

Median

45.54

42.39

46.42

47.06

Modus

45.31

0

49.36

0

Average

45.76

42.88

47.11

46.73

Standard deviation

4.72

4.50

5.61

5.95

Here is a description of data from a record time of 50
meters butterfly style of pretest and posttest experimental
group and the control group.

25

Discussion
This study investigated whether core stability exercises
using a Swiss ball is effective in increasing core muscle
strength in junior swimmers. The results show that the
hypothesis proposed that core stability exercises using a
Swiss ball is effective in increasing core muscle strength
for junior swimmers is accepted. This can be seen based
on the t-count value obtained by comparing the posttest of
the experimental group with the control group of 7.5,
greater than t-table of 2.24 with a significance level of ρ <
0.05. It means that core stability exercises can be carried
out using a Swiss ball to increase the core muscle strength
of junior swimmers. High level of core muscle stability
during sports activities, is required by athletes especially
swimming athletes [26].
Core muscle strength exercises using the Swiss ball
aims to provide core muscle activation globally and
locally. The global and local muscle groups are activating
muscle subsystems that play a major role in stabilizing the
core muscles. The global group consists of large and
superficial muscles that transfer force between the
thoracic cage and pelvis as well as act to increase
intra-abdominal pressure (e.g. rectus abdominis, internal
and external oblique abdominis, erector spinae, lateral
quadratus luborum). In contrast, the local group consists
of small muscles that control intersegmental movements
between adjacent vertebrates such as multifidus, rotatores,
interspinal, and intertransverse [27]. The tension in the
core muscles is controlled by the nervous subsystem. As
tension increases within these muscles, the comprehensive
force also increases between the lumbar vertebrae that
might strengthen the lumbar spine for increased stability
[28].
Stability can change instantaneously on the condition
that there is a postural adjustment or an external load on
the body. The nervous subsystems are required to work
simultaneously to ensure sufficient stability and also allow
the desired joint motion to occur [28]. The transverse
abdominis is a key muscle that works with the nervous
subsystem to ensure adequate stability. Cresswell and
Thorstensson [29] demonstrated that the transverse
abdominis muscle functions primarily to increase
intra-abdominal pressure that reduces the stress load on
the lumbar spine. Other studies showed that the
transverses abdominis is the first muscle to activate itself
during unexpected body loading [30] and movement of
the upper and lower limbs regardless of the direction of
movement [31] [32].
It showed that some swimmers have difficulty in
achieving a proximal to distal order of muscle activation.
In fact, Gordon's findings [33] showed that the activation
sequence was important for swimmers and can help to
improve swimmers’ performance. Therefore, it was
necessary to do exercises to increase the sequence of
activation to strengthen the core muscles. One of the
exercises to train core muscle strength is by using a Swiss
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ball for studies that show that core muscle activity is
higher during exercises using a Swiss ball compared to
during exercises on a stable surface [34] [35]. Behm and
partner [36] argue that exercises prescribed to strengthen
or increase the endurance of core stabilizers for activities
of daily life, sports performance, or rehabilitation should
involve a destabilizing component. This study also proves
that lack of stability can result from the base or platform
on which the exercise is performed (in this case, it is the
Swiss ball) or by placing the limb or resistance beyond the
base of the body support (unilateral dumbbell holding
motion). According to Charles etc. [37], the stability ball
can increases hip motion and may alter muscular
recruitment pattern during semi-recument exercise with
little impact on cardiorespiratory.
The results of 6 weeks of core stability exercises using
a Swiss ball showed a significant improvement in the
strength of core muscles such as lower back and abs. Core
stability exercises using a Swiss ball emphasizes the core
muscles, namely the trunk extensors (lower back), flexors
(stomach), lower limb extensors (quadriceps), and flexor
muscle strength (hamstring), as well as abdomen, lower
back, and lower leg endurance [38] [39] [40] where these
core muscles are indispensable in swimming.
Science swimmers' performance is influenced by their
ability to be able to generate thrust and drag experienced
by swimmers while swimming, drag depends on various
factors such as physical characteristics of swimmers in
water [41]. Therefore, swimming training is focused on
actions that might increase swimming speed and reduce
movement resistance. Thus, a strong core muscle is
needed to ensure strong kicks and hand pulls as well as to
improve swimmers’ performance. Besides, having strong
core muscles can keep swimmers in a streamlined position
during swimming [42]. This is what differs swimming
from other sports. The core muscle is a reference for all
movements in all swimming styles to improve swimmer
performance.
Based on the above discussion, it can be said that it is
important to have sufficient strength and stability for the
body to function optimally both in the daily environment
and in sports. Sports performance can be improved by
training the core muscles with dynamic movements and
with additional endurance by having sufficient strength
and stability [43]. Moreover, one of the exercises that can
be used to increase core muscle strength is to use a Swiss
ball. Core stability exercises using a Swiss ball can be said
to be an effective training device to increase core muscle
strength as well as to improve spinal stability and
flexibility [44] [45]. Thus, the significant results in this
study indicate that the core stability exercises using the
Swiss ball is recommended as a training method to
improve the core muscle strength training of junior
swimmers. For future study, a study of core stability
training is possible to be carried out by comparing the
involvement of the isometric and isokinetic muscles.

Furthermore, the use of appropriate tools for each of these
muscle types can also be further studied.

4. Conclusions
Core muscles are important for stabilization and
strength building in all sports activities. Judging from the
efficient biomechanical function, core stability is
considered important in maximizing force generation and
minimizing joint loads in all types of sports activities as
well as in swimming. One of the core stability exercises
using a Swiss ball is considered suitable for training local
and global muscle strength. The results showed that core
stability exercises using a Swiss ball were effective in
increasing the strength of the core muscles. Future
research is expected to examine core stability exercises
using other tools such as TRX to improve balance both
dynamically and statically as well as its effect on
swimming performance at various swimming numbers
and distances.
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