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Abstract
Purpose. This study aimed to investigate the effectiveness of core muscle high-intensity interval training on core stability 
and power in swimmers.
Methods. The subjects in this study were 20 male swimmers. They were randomly assigned to 2 groups by testing and 
sequencing the swimming speed in a 50-metre swim. The experimental group received core muscle high-intensity interval 
training (n = 10) in addition to their conventional training program, and the control group received a conventional swimming 
program (n = 10). In the experimental group, core muscle high-intensity interval training consisted of 6 main exercises that 
were performed 3 days/week for 6 weeks. Core stability was measured by the plank test, core power was tested by 30 and 
60-second sit-ups.
Results. The results of the study found that core stability from the electromyography (EMG) muscle stability test showed 
that the muscle activity in the m. rectus abdominis after 4 weeks and 6 weeks, the m. obliquus externus after 4 weeks, and 
the m. erector spine L3 after 6 weeks were significantly different in the experimental group compared to the control group 
(p < 0.05). Core power from the 30-second and 60-second sit-up tests in which participants performed sit-ups as quickly as 
possible showed that after 6 weeks, the experimental and control groups had no difference in core power.
Conclusions. The results of this study showed that 6 weeks of core muscle high-intensity interval training can improve core 
muscle stability and power. These results can be used as information to help coaches and athletes improve the efficiency 
of the muscles that support swimming performance.
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Introduction

The core muscles of the human body consist of sev-
eral muscle groups, such as the m. rectus abdominis 
(the front side), the m. internal and m. external obliques 
(the lateral side), the m. erector spinae, m. lumbar multi
fidus, and m. quadratus lumborum (on the back), the 
m. diaphragm, and the m. iliac psoas [1, 2]. They are 

considered important parts of the overall spinal func-
tion during the movement of the upper and lower ex-
tremities to provide stability for everyday movement 
and are a major factor that allows athletes to move their 
bodies using various forms of muscle contractions 
quickly and efficiently [3, 4]. Core stability results from 
the control of movement and efficiency of the muscles 
in the lumbopelvic-hip complex developed through 
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a systematic training pattern, allowing the core mus-
cles to function efficiently in response to a variety of 
movement activities [4–6]. Properly developed core 
muscles result in reduced resistance to fatigue and in-
jury during the performance of various activities [7]. 
They also allow athletes to perform more effective 
skills in terms of muscle strength and core stability, 
which is the result of integrated muscle work resulting 
from training the muscles at appropriate levels, leading 
to the transmission of force from the trunk and pelvis 
to the limbs, stimulating muscle function, neurologi-
cal control, cognition, and muscle power [8, 5, 9].

Core muscle strength properly training is very im-
portant as the results of the training can help to con-
trol the body and improve the efficiency of movement 
during complex skill movements, especially in various 
swimming strokes such as freestyle, backstroke, and 
butterfly [10]. Previous studies have demonstrated the 
effectiveness of specific core muscle training for swim-
mers, where 6–8 weeks of core muscle high-intensity 
interval training (HIIT) combined with a regular train-
ing program improved muscle properties, contraction 
time, extensibility, and elasticity, leading to signifi-
cantly greater improvements in swimming performance 
and speed compared to an untrained group [11–14]. 
Meanwhile, a study on training to develop muscle 
strength in swimmers using a pattern of HIIT combined 
with traditional dry-land swimming was reported to 
be able to develop maximum muscle strength in swim-
mers, which is due to improved neuromuscular adap-
tations leading to faster and more efficient perception 
of responses. From the HIIT pattern [15], it was also 
found that the HIIT pattern in the unstable and stable 
surface groups increased maximal muscle strength 
and balance more than the traditional training control 
group [16]. Additionally, HIIT has been shown to im-
prove muscle strength and balance in athletes [15, 16].

HIIT is a type of physical activity characterised by 
interval training, in which high intensity is alternated 
with short periods of moderate and easy intensity train-
ing or alternated with rest periods [16–18]. Therefore, 
the above evidence demonstrates the effectiveness of 
HIIT and core training in improving core strength and 
stability, which are key components in enhancing 
swimming performance in swimmers. Accordingly, this 
study aimed to compare the effectiveness of HIIT on 
core muscle strength in male swimmers. The study hy-
pothesised that after 6 weeks, the experimental group 
receiving core muscle HIIT would have increased core 
stability and power than the control group.

Material and methods

Study design

This randomised controlled study involved 20 swim-
mers who were randomly assigned to an experimental 
group (n = 10), who underwent HIIT, and a control group 
(n = 10), who underwent their usual training program. 
They were randomly assigned to 2 groups by testing 
and sequencing the swimming speed in a 50-metre 
swim. The participants were blinded to the interven-
tion before assignment and were unaware of the pre-
vious outcomes. Blinding was used to prevent bias in 
this study. All participants were screened using the 
physical activity readiness questionnaire (PAR-Q) and 
were free of any injuries, including musculoskeletal 
problems that might affect training participation. Be-
fore, 4 weeks after, and 6 weeks after initiation of train-
ing, subjects were tested for core stability and power. 
This study was conducted at the Health Science Center, 
Roi Et Rajabhat University, Roi Et Province, Thailand, 
with data collection from June 14, 2024, to August 1, 
2024.

Participants

The participants in this study were male swimmers. 
A pre-test power analysis (G power V 3.1.9.2) was per-
formed in this study, indicating that a sample size of at 
least 8 participants in each group would be required 
based on a literature review by Karpinski et al. [11], to 
detect a large effect size (d = 1.86), with a power of 0.8 
[19]. The total sample size was 16 participants, and an 
additional 20% were added to account for any drop-
outs, resulting in a total of 20 participants and set-
ting the level of statistical significance at 0.05. They 
were randomly divided into two groups, an experimen-
tal group (EG, n = 10; age: 21.40 ± 0.84 years; height: 
1.71 ± 0.05 m; body mass: 76.67 ± 15.47 kg) who per-
formed HIIT 3 days per week for 6 weeks, and a control 
group (EG, n = 10; age: 20.40 ± 0.70 years; height: 
1.74 ± 0.05 m; body mass: 73.00 ± 18.49 kg) who per-
formed a routine swimming program. All swimmers 
used in this study were 19–22 years old, had at least 
1 year of competitive experience, had no history of mus-
culoskeletal injuries before participation, and had never 
received a HIIT regimen (Figure 1). However, if a par-
ticipant sustained a musculoskeletal injury while par-
ticipating in this training regimen, they were excluded 
from participation. All participants were explained the 
study procedures and objectives, and written informed 
consent to participate in this project was recorded. 
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Table 1 shows the general characteristics of the experi-
mental and control groups.

Protocol

Participants were randomly assigned to the exper-
imental or control groups. Swimmers in both groups 
performed the same routine training program, while 
swimmers in the experimental group received core 
muscle HIIT 3 days per week for 6 weeks, totalling 
18 sessions. The routine training program for both 
groups occurred between 6–8 a.m. Training in the ex-
perimental group occurred after the swimming train-
ing program. During the study, the same procedure 
was performed at the same time of day and was con-

ducted in the same order. The assessments were per-
formed at the Health Science Center, Roi Et Rajabhat 
University, two days before and after completing the 
core muscle HIIT. All subjects were tested for core sta-
bility [13] using electromyography (EMG) measure-
ments by attaching EMG electrodes to the core muscles 
[20] and tested for core muscle power using 30-second 
sit-up and 60-second sit-up tests [21] at baseline and 
after 4 and 6 weeks. The experimental group was as-
signed to perform core muscle HIIT for 6 weeks, while 
the control group was assigned to perform their usual 
training. Before participating, they were informed in 
detail about the testing procedure and data collection.

Core muscle high-intensity interval training

The training performed in this study consisted of 
6 core exercises (flutter kicks, single leg v-ups, trunk 
extension, alternating arm Russian twists, plank to 
push up, and bird dog) performed 3 days a week for 
6 weeks. The intervention in the experimental group 
occurred after the routine swimming program on Mon-
days, Wednesdays, and Fridays, totalling 18 sessions. 
HIIT was performed at high speed and was divided 
into 3 periods. During period 1, weeks 1–2, swimmers 
performed 6 sets of 15 seconds for each exercise, rested 
15 seconds between sets, and rested 30 seconds be-
tween exercises. In weeks 3–4, swimmers performed 
6 sets of 20 seconds for each exercise, rested 10 sec-
onds between sets, and rested 45 seconds between 

Table 1. General characteristics of experimental  
and control groups

Variable
Experimental 
group (n = 10)

Control group 
(n = 10)

Age (year) 21.40 ± 0.84 20.40 ± 0.70
Height (m) 1.71 ± 0.05 1.74 ± 0.05
Experience (year) 2.00 ± 0.82 1.80 ± 0.79
Body mass (kg) 76.67 ± 15.47 73.00 ± 18.49
Left rectus abdominis (mV) 0.425 ± 0.25 0.958 ± 0.90 
Right rectus abdominis (mV) 0.399 ± 0.24 0.792 ± 0.81
Left erector spine L3 (mV) 0.298 ± 0.20 0.297 ± 0.25
Right erector spine L3 (mV) 0.310 ± 0.59 0.929 ± 0.60
60-second sit-up test 40.30 ± 8.87 34.40 ± 10.28

Figure 1. Consort flowchart of participants



HUMAN MOVEMENT

A. Hiruntrakul et al., Core muscle HIIT in swimmers

118
Human Movement, Vol. 26, No 1, 2025

exercises. In weeks 4–6, swimmers performed 6 sets 
of 30 seconds for each exercise, rested 15 seconds be-
tween sets, and rested 30 seconds between exercises. 
The research assistant conducted a controlled training 
exercise in the experimental group by inducing the 
participants to perform at full speed, all of which were 
monitored by a heart rate monitor. The entire proce-
dure is presented in Table 2.

Testing procedures

Core stability was assessed using a surface EMG 
device (BTS FREEEMG 300, surface EMG device 
l-35129, Italy), wireless technology, and commercial 
software (Windows XP, Microsoft.NET framework 1.1). 
The EMG data signal was acquired with 8 channels 
at 4 KHz frequency and 16-bit resolution. The software 
allowed for advanced EMG signal processing, com-
bining electrical muscle data with motion data over 
a signal range from 0 to 10 seconds in mV values ​​as the 
muscle is stimulated. Before testing, skin preparation 
was performed by cleaning the muscles at the specified 
locations with alcohol before placing the self-adhesive 
gel-coated electrodes. The core stability test in this study 
used the plank test [13] and EMG to test the core mus-
cle function by attaching EMG electrodes [20] at the 
lower rectus abdomen (1 cm lateral to the umbilicus), 
upper rectus abdomens (3 cm lateral to the umbilicus 
and approximately half the distance between lower 
sternum and umbilicus), the external abdominal 
oblique (approximately 15 cm from the umbilicus), 
the erector spine at T9 and L3 (located 3 cm lateral to 
each spinouts process, Figure 2). The core muscle sta-
bility test [21] was performed on a flat surface using 
the elbow and forearm weight-bearing pads to perform 
the test sequentially in all 8 stages (Figure 3). The pro-
cedure for the core stability test is shown in Table 3.

The core power test used a 60-second maximal sit-
up test, in which participants performed sit-ups as 
quickly as possible for 60 [21] and 30 seconds using 

a timer. The steps were as follows: (1) Participants lay 
supine on the cushion with their hips bent at 45 degrees 
and their knees bent at 90 degrees; (2) Both palms were 
placed on their temples, and the research assistant ex-
tended both participants’ feet to initiate movement; 
(3) When the “start” signal was given, the participants 
bent up so that both elbows could touch their thighs; 
(4) The participants lowered their torso until their shoul-
der blades touched the cushion, and repeated until 
the test time was up; and (5) The number of repetitions 
achieved in the 30- and 60-second testing periods was 
recorded (Figure 4).

Statistical analysis

The data in this study are presented as means ± 
standard deviations. Normality was tested using the 
Shapiro–Wilk test. Levene’s test for equality showed 

Table 2. Core muscle high-intensity interval training

Exercise intervention: (1) flutter kicks, (2) single leg 
V-ups, (3) trunk extension, (4) alternating arm Russian 
twist, (5) plank to push up, and (6) bird dog

High-intensity interval  
training

Week 
1–2

Week 
3–4

Week 
4–6

Repetition (s) 15 20 30
Set 6 6 6
Rest between set (s) 15 10 15
Rest between exercise (s) 30 45 30

Figure 2. EMG electrode placement locations

Figure 3. Shows the core muscle stability test  
using an EMG

Figure 4. Shows the core power test

upper rectus abdominis

external abdominal oblique external abdominal oblique

lower rectus abdominis

erector spine

T9

L3



HUMAN MOVEMENT

A. Hiruntrakul et al., Core muscle HIIT in swimmers

119
Human Movement, Vol. 26, No 1, 2025

Table 3. The core muscle stability test

Stage Description Position

1 Get into the plank position and hold for 60 seconds.

2 Extend your right arm in front of you until it is at your torso level and  
hold for 15 seconds.

3 Switch to your left arm and hold for 15 seconds.

4 Return to the plank position and then lift your left leg off the floor and  
hold for 15 seconds.

5 Switch to your right leg and hold for 15 seconds.

6 Extend your right arm in front of you and lift your left leg and hold for  
15 seconds.

7 Switch to your left arm and lift your right leg and hold for 15 seconds.

8 Return to the plank position and hold for another 30 seconds.
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no significant differences in group variances. Two-way 
ANOVA with repeated measures and Bonferroni’s post 
hoc test were used to examine the main effects and in-
teractions between groups (experimental and control 
groups) and time factors (before, after 4 weeks, and after 
6 weeks). Cohen effect sizes were as follows: < 0.2, triv-
ial; 0.2–0.6, small; 0.6–1.2, moderate; 1.2–2.0, large; 
and > 2.0, very large. Statistical analysis was performed 
using SPSS IBM 22. The level of statistical significance 
was set at p < 0.05.

Results

Core stability

Core muscle stability tests using EMG are shown 
in Table 4. No differences between groups were found 
in core stability at the baseline of the intervention, in-
dicating similar initial data in both groups and nor-
mality of the data using the Shapiro–Wilk test. The 
intergroup of the experimental and control groups, 
a two-way ANOVA with repeated measures, and Bon-
ferroni’s post hoc test showed EMG muscle stability in 
the m. rectus abdominis area after 4 weeks (left; 0.289 
± 0.25 mV, Cohen’s d = 0.54; small, partial eta squared 
( p

2) = 0.207, p < 0.05) and 6 weeks (left; 0.365 ± 
0.23 mV, Cohen’s d = 1.00; moderate, p

2 = 0.221, right; 
0.418 ± 0.26 mV, Cohen’s d = 0.96; moderate, p < 0.05), 
m. obliquus externus area after 4 weeks (left; 0.527 ± 
0.08 mV, Cohen’s d = 0.65; moderate, p

2 = 0.081, p < 
0.05) and m. erector spine L3 after 6 weeks (right; 0.162 
± 0.13 mV, Cohen’s d = 0.85; moderate, p

2 = 0.169, 
p < 0.05), which were significantly different from the 
control group. There was a group × time interaction, the 

m. obliquus externus area in the experimental group 
was significantly increased after 6 weeks (left; 0.731 
± 0.35 mV, Cohen’s d = 0.16; trivial, p

2 = 0.01, p < 0.05) 
from baseline (left; 0.323 ± 0.44 mV), and the m. erec-
tor spine L3 area was significantly decreased after 4 
weeks (left; 0.138 ± 0.09 mV, Cohen’s d = 1.03; mod-
erate, p

2 = 0.004, p < 0.05) and 6 weeks (left; 0.150 ± 
0.11 mV, Cohen’s d = 0.27; small, p < 0.05) from base-
line (left; 0.298 ± 0.20 mV). In the control group, the 
m. rectus abdominis (left, right), m. obliquus externus 
(left, right), erector spine T9 (right), and m. erector 
spine L3 (right) areas before and after 4 and 6 weeks 
were not significantly different. The m. erector spine T9 
area was significantly decreased after 4 weeks (left; 
0.151 ± 0.06 mV, Cohen’s d = 0.92; moderate, p

2 = 
0.001, p < 0.05) and 6 weeks (left; 0.156 ± 0.07 mV, Co-
hen’s d = 0.86; moderate, p

2 = 0.019, p < 0.05) and de-
creased significantly from baseline (0.293 ± 0.21 mV). 
The m. erector spine L3 area was found to be signifi-
cantly decreased after 6 weeks (left; 0.124 ± 0.08 mV, 
Cohen’s d = 0.93; moderate, p

2 = 0.021, p < 0.05) from 
baseline (left; 0.297 ± 0.25 mV).

Core muscle power

The core power ability using the sit-up test is shown 
in Table 5. No differences were found between the ex-
perimental and control groups using two-way repeated 
measures t-tests showing core strength values ​​in the 
30-second sit-up and 60-second sit-up tests. But in the 
experimental group, a significant increase after 4 weeks 
(30-second sit-up; 25.10 ± 4.70 reps, Cohen’s d = 0.76; 
moderate, p

2 = 0.137, 60-second sit-up; 47.30 ± 11.08 
reps, Cohen’s d = 0.70; moderate, p

2 = 0.280, p < 0.05) 

Table 4. The EMG activity in the core stability plank test of the experimental and control groups

Variable
Experimental group (n = 10) Control group (n = 10)

before 4 weeks 6 weeks before 4 weeks 6 weeks

Left EMG (mV)            
Rectus abdominis 0.425 ± 0.25 0.289 ± 0.25† 0.365 ± 0.23† 0.958 ± 0.90 0.997 ± 1.00 0.917 ± 0.74
Obliquus externus 0.323 ± 0.44 0.527 ± 0.08† 0.731 ± 0.35* 0.715 ± 0.75 0.728 ± 0.23 0.782 ± 0.26
Erector spine T9 0.372 ± 0.66 0.153 ± 0.08 0.173 ± 0.06 0.293 ± 0.21 0.151 ± 0.06* 0.156 ± 0.07*
Erector spine L3 0.298 ± 0.20 0.138 ± 0.09* 0.150 ± 0.11* 0.297 ± 0.25 0.126 ± 0.10 0.124 ± 0.08*

Right EMG (mV)            
Rectus abdominis 0.399 ± 0.24 0.402 ± 0.40 0.418 ± 0.26† 0.792 ± 0.81 0.947 ± 0.94 0.847 ± 0.57
Obliquus externus 0.429 ± 0.23 0.480 ± 0.15 0.636 ± 0.23 0.576 ± 0.32 0.600 ± 0.26 0.788 ± 0.46
Erector spine T9 0.509 ± 0.99 0.250 ± 0.17 0.245 ± 0.14 0.645 ± 0.97 0.230 ± 0.07 0.272 ± 0.26
Erector spine L3 0.310 ± 0.59 0.179 ± 0.15 0.162 ± 0.13† 0.292 ± 0.60 0.111 ± 0.07 0.080 ± 0.04

T9 – thoracic 9, L3 – lumbar 3 
significant from before, * p < 0.05; from week 4, ** p < 0.05, and between groups, † p < 0.05
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and 6 weeks (30-second sit-up; 31.80 ± 6.18 reps, 
Cohen’s d = 0.54; small, p

2 = 0.485, p < 0.05, 60-sec-
ond sit-up; 60.20 ± 10.35 reps, Cohen’s d = 0.39; small, 

p
2 = 0.641, p < 0.05) from baseline (30-second sit-up; 

21.40 ± 5.06 reps; 60-second sit-up; 40.30 ± 8.87 
reps) was observed. After 6 weeks (30-second sit-up; 
31.80 ± 6.18 reps, Cohen’s d = 1.22; large, p

2 = 0.292, 
60-second sit-up; 60.20 ± 10.35 reps, Cohen’s d = 1.20; 
large, p

2 = 0.412, p < 0.05) a significant increase from 
4 weeks (30-second sit-up; 25.10 ± 4.70 reps, 60-second 
sit-up; 47.30 ± 11.08 reps, p < 0.05) was observed. In 
the control group, the core power values ​​in the 30-sec-
ond sit-up and 60-second sit-up tests were found to be 
significantly increased after 4 weeks (30-second sit-up; 
23.80 ± 3.26 reps, Cohen’s d = 1.39; large, p

2 = 0.350, 
60-second sit-up 45.10 ± 7.58 reps, Cohen’s d = 1.18; 
moderate, p

2 = 0.280, p < 0.05) and 6 weeks (30-sec-
ond sit-up; 28.90 ± 4.31 reps, Cohen’s d = 2.54; very 
large, p

2 = 0.642, 60-second sit-up 56.70 ± 7.01 reps, 
Cohen’s d =2.53; very large, p

2 = 0.641, p < 0.05) from 
before (30-second sit-up; 19.40±3.06 reps, 60-second 
sit-up 34.40 ± 10.28 reps) and after 6 weeks (30-sec-
ond sit-up; 28.90 ± 4.31 reps, Cohen’s d = 1.33; large, 

p
2 = 0.331, 60-second sit-up; 56.70 ± 7.01 reps, Co-

hen’s d = 1.59; large, p
2 = 0.412, p < 0.05) from 4 weeks 

(30-second sit-up; 23.80 ± 3.26 reps, 60-second sit-up; 
45.10 ± 7.58 reps), respectively.

Discussion

This study aimed to compare the effects of 6 weeks 
of core muscle HIIT on core stability and power in male 
swimmers. The results of this study were in line with 
the study hypothesis that core muscle HIIT could sig-
nificantly improve core stability and core power in 
swimmers compared to before. The study showed sig-
nificant improvements in core stability. In the experi-
mental group, there were statistically significant dif-
ferences (p < 0.05) in the m. obliquus externus (left), 
and m. erector spine L3 (left), and m. erector spine T9 
(left). Part of the reason for the lack of significant im-
provements in some core muscles may be due to the fact 
that the participants in this study were only experi-

enced collegiate swimmers, which may have affected 
the quality of core training received by all participants 
due to the different participant levels [22].

In line with previous studies, when trained athletes 
flexed and moved both shoulder muscles, there were 
significant improvements (p < 0.05) in the m. rectus 
abdominis and m. external oblique (left, right) core mus-
cles in both groups [23–26]. Since most conventional 
swimming training programs are performed face-down, 
requiring swimmers to maintain a horizontal posture 
using primarily lumbar extensors, this may have con-
tributed to the partial success of our intervention [24]. 
However, it can be seen that from the core stability test 
on the plank test [13] with EMG, it was found that there 
was a statistically significant improvement in m. rectus 
abdominis (left, right), m. obliquus externus (left, right), 
and m. erector spine L3 (right) in the experimental 
group (p < 0.05) when compared to the control group. 
From the data of the core muscle power test in both the 
experimental and control groups, which was tested by 
the 30- and 60-second sit-up tests [21], it was found 
that before, after 4 weeks, and after 6 weeks there were 
statistically significant differences (p < 0.05). But no 
difference was found between the groups, which is in 
line with previous studies indicating that the form of 
core muscle training and swimming skill training 
have the characteristics of bending the body forward 
and stretching the body backwards as well, causing 
many tasks related to the oblique muscles and oppo-
site to the abdominal muscles and back muscles, which 
these muscle groups are involved in rotational move-
ments, such as throwing, kicking, lifting, swinging 
arms and legs up and down in various planes [25, 26], 
which may allow both groups to develop stability and 
core muscle power as well. However, considering the 
incremental improvements in both groups, it can be 
seen that the muscle power test in the sit-up position 
in the 30-second max and 60-second max after 6 weeks 
in the experimental group had an average of 26.10 
times and 49.27 times, respectively. It can be said that 
the group that received HIIT of the core muscles for an 
additional period of time in addition to the normal 
training program had faster neural activation, result-

Table 5. Core muscle power sit-up test of the experimental and control groups

Tests Experimental group (n = 10) Control group (n = 10)

before 4 weeks 6 weeks before 4 weeks 6 weeks

30 s max  (reps) 21.40 ± 5.06 25.10 ± 4.70* 31.80 ± 6.18*,** 19.40 ± 3.06 23.80 ± 3.26* 28.90 ± 4.31*,**
60 s max (reps) 40.30 ± 8.87 47.30 ± 11.08* 60.20 ± 10.35*,** 34.40 ± 10.28 45.10 ± 7.58* 56.70 ± 7.01*,**

significantly from before, * p < 0.05; from week 4, ** p < 0.05, between groups



HUMAN MOVEMENT

A. Hiruntrakul et al., Core muscle HIIT in swimmers

122
Human Movement, Vol. 26, No 1, 2025

ing in more efficient motor unit coordination, percep-
tion, and response, which allowed them to improve core 
muscle power more than the control group that trained 
according to the normal program.

Consistent with previous studies, it was found that 
strengthening the core muscles at an appropriate inten-
sity for 6 weeks can improve the stability of the lumbar 
spine, resulting in biomechanical changes that allow 
swimmers to have good muscle power. Muscle power 
can be an indicator of swimmers’ performance in mov-
ing faster and more durable in the water [13, 27, 28]. 
This ability is due to the musculoskeletal system’s joint 
efforts to allow the body’s arms, legs, upper extremi-
ties, and lower extremities to move efficiently. There-
fore, improving the core muscles to address proper sta-
bility and muscle power will allow athletes to control 
their body position. The parts related to body position-
ing are the head, shoulders, torso, and legs. When these 
muscles can be arranged in a near-straight line, it will 
help reduce the resistance of the water mass to the body 
well throughout the swimming movement [29–31].

Limitations of the study

The limitation of this study is that the participants 
were only university-level amateur swimmers aged 
19–22 years who trained in the national university 
sports competition. The training program may not be as 
intensive as the national level. Therefore, the results 
are only for this population group. This study only meas-
ured core muscle performance using EMG in the plank 
position. Future studies should consider using EMG in 
muscle power testing for athletes to identify changes 
in muscle function more completely and conduct the 
experiment in female swimmers.

Conclusions

Six weeks of core muscle HIIT significantly improved 
core stability in the experimental group compared to 
the control group that did not receive HIIT as an addi-
tion to their conventional program, and the trained group 
also improved core muscle power more than the con-
trol group. These results can be used as information to 
help coaches and athletes optimise the function of the 
muscles that support swimming performance.

Acknowledgement
The authors would like to thank Roi Et Rajabhat 

University for providing us with appropriate research 
equipment and data collection locations for this study. 
Special thanks also go to all participants who partici-
pated in this study.

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, The Belmont Report, CIOMS Guide-
line, and International Conference on Harmonization 
in Good Clinical Practice, and has been approved by 
the Human Ethics Committee of the Rajamangala Uni-
versity of Technology Isan (approval No.: HEC-01-
65-015).

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Conflicts of interest
The authors state no conflicts of interest.

Disclosure statement
No author has any financial interest or received any 

financial benefit from this research.

Funding
This research received no external funding.

Reference
[1]	 Akuthota V, Nadler SF. Core strengthening. Arch 

Phys Med Rehabil. 2004;85(3 Suppl 1):86–92; 
doi: 10.1053/j.apmr.2003.12.005.

[2]	 Shinkle J, Nesser TW, Demchak TJ, McMannus 
DM. Effect of core strength on the measure of pow-
er in the extremities. J Strength Cond Res. 2012; 
26(2):373–80; doi: 10.1519/JSC.0b013e318226 
00e5.

[3]	 Selvakumar K, Manoharlal MA, Binti Rusli PNS, 
Jing LW, Thiruvevenkadam IA. Effectiveness of 
modified plank vs conventional plank on core mus-
cle endurance and stability in recreational ath-
letes: a quasi-experimental study. J Clin Diagn 
Res. 2021;15(6):4–10; doi: 10.7860/JCDR/2021/ 
48224.15043.

[4]	 Akuthota V, Ferreiro A, Moore T, Fredericson M. 
Core stability exercise principles. Curr Sports Med 
Rep. 2008;7(1):39–44; doi: 10.1097/01.CSMR.0 
000308663.13278.69.

[5]	 Kibler W, Press J, Sciascia A. The role of core sta-
bility in athletic function. Sports Med. 2006; 36(3): 
189–98; doi: 10.2165/00007256-200636030-00 
001.

[6]	 Santos MS, Behm DG, Barbado D, Desantana JM, 
Silva-Grigoletto MED. Core endurance relation-
ships with athletic and functional performance 



HUMAN MOVEMENT

A. Hiruntrakul et al., Core muscle HIIT in swimmers

123
Human Movement, Vol. 26, No 1, 2025

in inactive people. Front Physiol. 2019;10:1490; 
doi: 10.3389/fphys.2019.01490.

[7]	 Barati A, SafarCherati A, Aghayari A, Azizi F, Ab-
basi H. Evaluation of relationship between Trunk 
muscle endurance and static balance in male stu-
dents. Asian J Sports Med. 2013;4(4):289–94; doi: 
10.5812/asjsm.34250.

[8]	 Chung E-J, Kim J-H, Lee B-H. The effects of core 
stabilisation exercise on dynamic balance and 
gait function in stroke patients. J Phys Ther Sci. 
2013;25(7):803–6; doi: 10.1589/jpts.25.803.

[9]	 Willson JD, Dougherty CP, Ireland ML, Davis IM. 
Core stability and its relationship to lower extrem-
ity function and injury. J Am Acad Orthop Surg. 
2005;13(5):316–25; doi: 10.5435/00124635-
200509000-00005.

[10]	 Cook CL, Coughlin DJ. Rainbow trout Oncorhyn-
chus mykiss consume less energy when swimming 
near obstructions. J Fish Biol. 2010;77(1):1716–23; 
doi: 10.1111/j.1095-8649.2010.02801.x.

[11]	 Karpinski J, Rejdych W, Brzozowska D, Golas A, 
Sadowski W, Swinarew AS, Stachura A, Gupta S, 
Stanula A. The effects of a 6-week core exercise on 
swimming performance of national level swim-
mers. PLOS ONE. 2020;15(8):e0227394; doi: 
10.1371/journal.pone.0227394.

[12]	 Khiyami A, Nuhmani s, Joseph R, Abualait TS, 
Muaidi Q. Efficacy of core training in swimming 
performance and neuromuscular parameters of 
young swimmers: a randomised control trial. J 
Clin Med. 2022;11(11):3198; doi: 10.3390/jcm 
11113198.

[13]	 Patil D, Salian SC, Yardi S. The effect of core 
strengthening on performance of young competi-
tive swimmers. Int J Sci Res. 2014;3(6):2470–7.

[14]	 Gussakov I, Nurmukhanbetova D, Kulbayev A, 
Yermakhanova A, Lesbekova R, Potop V. The im-
pact of the high level of intensity training process 
on the performance and recovery of young swim-
mers at the national level. J Phys Educ Sport. 
2021;21(1):440–3; doi: 10.7752/jpes.2021.01044.

[15]	 Amara S, Hammami R, Zacca R, Mota J, Negra Y, 
Chortane SG. The effect of combining HIIT and 
dry-land training on strength, technique, and 
100-m butterfly swimming performance in age-
group swimmers: a randomized controlled trial. 
Biol Sport. 2023;40(1):85–92; doi: 10.5114/biol-
sport.2023.110747.

[16]	 Abuward K, Mansy M, Megahed M. High-inten-
sity interval training on unstable vs stable surfaces: 
effects on explosive strength, balance, agility, and 
Tsukahara vault performance in gymnastics. Ped-

agog Phys Cult Sports. 2024;28(1):43–52; doi: 
10.15561/26649837.2024.0105.

[17]	 Feuerbacher JF, Dragutinovic B, Jacobs MW, 
Schumann M. Acute effects of combined lower- 
body high-intensity interval training and upper-
body strength exercise on explosive strength per-
formance in naturally menstruating women. Int 
J Sports Physiol Perform. 2023;18(4):386–92; doi: 
10.1123/ijspp.2022-0377.

[18]	 Fuentes-Garcia JP, Diaz-Garcia J, Lopez-Gajar-
do MA, Clemente-Suarez VJ. Effects of combined 
HIIT and stroop on strength manifestations, serve 
speed and accuracy in recreational tennis players. 
Sustainability. 2021;13(14):7717; doi: 10.3390/
su13147717.

[19]	 Cohen J. Statistical Power Analysis for the Behav-
ioral Sciences. 2nd ed. Lawrence Earlbaum Asso-
ciates; 1988.

[20]	 Saeterbakken A, Andersen V, Brideseth A, Lund H, 
Fimland MS. The effect of performing bi- and uni-
lateral row exercises on core muscle activation. Int 
J Sports Med. 2015;36(11):900–5; doi: 10.1055/
s-0034-1398646.

[21]	 Shaikh AI, Nuhmani S, Kachanathu SJ, Muaidi 
QI. Relationship of core power and endurance with 
performance in random intermittent dynamic type 
sports. Asian J Sports Med. 2019;10(1):e62843; 
doi: 10.5812/asjsm.62843.

[22]	 Fone L, van den Tillaar R. Effect of different types 
of strength training on swimming performance 
in competitive swimmers: a systematic review. 
Sports Med Open. 2022;(19):1–26; doi: 10.1186/
s40798-022-00410-5.

[23]	 Puranik S, Shenoy S. Surface electromyography 
analysis of core stabilizing muscles during iso-
metric shoulder contractions in athletes with low 
back pain. J Bodyw Mov Ther. 2023;364–9; doi: 
10.1016/j.jbmt.2023.04.019.

[24]	 Ekstrom RA, Donatelli RA, Carp KC. Electromyo-
graphic analysis of core trunk hip and thigh mus-
cles during 9 rehabilitation exercises. J Orthop 
Sports Phys Ther. 2007;37(12):754–62; doi: 
10.2519/jospt.2007.2471.

[25]	 Saeterbakken AH, van den Tillaar R, Seiler S. Ef-
fect of core stability training on throwing velocity 
in female handball players. J Strength Cond Res. 
2011;25(3):712–8; doi: 10.1519/JSC.0b013e3181 
cc227e.

[26]	 Saeterbakken AH, Fimland MS. Muscle activity 
of the core during bilateral unilateral seated and 
standing resistance exercise. Eur J Appl Physiol. 
2012;112(5):1671–8; doi: 10.1007/s00421-011-
2141-7.

https://brieflands.com/articles/asjsm-62843


HUMAN MOVEMENT

A. Hiruntrakul et al., Core muscle HIIT in swimmers

124
Human Movement, Vol. 26, No 1, 2025

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs (CC BY-NC-ND).

[27]	 Pinos AJ, Fernandes EM, Viana E, Logan-Spren-
ger, HM, Bentley DJ. Applicability of maximal 
ergometer testing and sprint performance in ado-
lescent endurance and Sprint Trained Swimmers. 
Sports. 2021;9(5):55; doi: 10.3390/sports9050055.

[28]	 Loturco I, Barbosa AC, Nocentini RK, Pereira LA, 
Kobal R, Kitamura K, Abad CCC, Figueiredo P, 
Nakamura FY. A correlational analysis of tethered 
swimming, swim sprint performance and dry-
land power assessments. Int J Sports Med. 2016; 
37(3):211–8; doi: 10.1055/s-0035-1559694.

[29]	 Fone L, van den Tillaar R. Effect of different types 
of strength training on swimming performance 
in competitive swimmers: a systematic review. 
Sports Med Open. 2022;8:19:1–26; doi: 10.1186/
s40798-022-00410-5.

[30]	Almeida TAF, Pessôa Filho DM, Espada MAC, 
Reis JF, Simionato AR, Siqueira LOC, Alves FB. 
Oxygen uptake kinetics and energy contribution 
in simulated maximal performance during short 
and middle distance-trials in swimming. Eur J 
Appl Physiol. 2020;120(5):1097–109; doi: 10.1007/ 
s00421-020-04348-y.

[31]	 Capelli C, Pendergast D, Termin, B. Energetics of 
swimming at maximal speeds in humans. Eur J 
Appl Physiol. 1998;78(5):385–93; doi: 10.1007/
s004210050435.


