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Summary: Voice production is a complex process requiring coordination of multiple bodily systems, including 
core muscles, which play a crucial role in breath control and vocal stability. This study aimed to investigate the 
impact of core stabilization exercises on vocal performance and acoustic properties in individuals undergoing 
voice training. A total of 27 music students were divided into an experimental group (n = 17) and a control 
group (n = 10). The experimental group participated in a 10-week core stabilization program under phy
siotherapist supervision, while the control group did not receive any intervention. Assessments included acoustic 
voice analysis, vocal performance evaluation, and muscle strength tests conducted before and after the program. 
Results showed significant improvements in the experimental group compared to the control group in key 
acoustic parameters (mean pitch, jitter, shimmer, and harmonics), vocal performance (musicality, technique, 
and breath control), and core muscle strength. Participants reported better vocal control, improved breathing, 
and greater singing comfort. These findings suggest that core stabilization exercises can enhance vocal per
formance by improving respiratory control and core muscle strength. Integrating such exercises into vocal 
training programs may benefit singers and voice professionals. Further studies with larger samples and long- 
term follow-ups are recommended. 
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Voice is the most effective means of communication be
tween individuals, and all people use their voices to a 
greater or lesser extent during the day. Although sound 
production may seem easy from the outside, it is achieved 
by the coordinated use of many systems in our body. A 
song constitutes a continuation of speech, whereas an in
strumental piece represents the transposition of a song onto 
a musical instrument. Linguistic elements are incidental 
within the composition of a song. The fundamental nature 
of a song lies in its melody, which functions as an extended 
auditory expression akin to a single elongated Word.1

Training the voice is a very difficult process, both because 
we cannot see it and because it is directly affected by many 
changes in the body. In addition to overcoming technical 
difficulties, a relaxed mind and body are required for the 
correct and effective use of voice, especially for those who 
use their voice professionally.2

The respiratory process in humans is not limited to dia
phragmatic movement and lung function. The participation of 
abdominal and lumbar muscles is also necessary to facilitate 
and support respiration.3 Human respiration depends on the 
rhythmic contraction and relaxation of abdominal and lumbar 
musculature also called core muscles to support diaphragmatic 
motion and pulmonary function.4 It is important to note that 
both core muscle strength and core stability directly affect 

vocal performance, but they are two different concepts. Core 
muscle strength generally refers to the ability of the core 
muscles to produce force, while core stability focuses more on 
trunk stability and control, and this stability mostly depends on 
the deep muscles.5 A correct understanding of the functional 
effect of the core muscles and the development of a scientifi
cally based exercise plan in this direction are very important for 
vocal training.6 In addition to their vital functions, respiratory 
muscles play a fundamental role in controlling posture and act 
simultaneously with the core muscles. Conversely, the core 
muscles simultaneously assist in respiration.7,8 Hodges et al 
showed a relationship between the activity of the pelvic floor 
muscles and expiration muscles. They emphasized the need of a 
good pelvic floor muscle activity for a normal function of the 
deep abdominal muscles, such as the transversus abdominis.9

The transversus abdominis provides, together with other sta
bilizing musculature, a profound lumbopelvic stability, which 
is necessary for breath support during singing.10–13 It is re
ported in the literature that core and exercises increase dynamic 
performance by improving breath support and control and 
also improve posture and voice resonance and pitch accu
racy.2,6,14 Despite this, there are few large-sample and long- 
term studies in the existing literature examining the effects of 
core exercises on voice performance and acoustic properties. 
Therefore, in this study, 27 participants were included in a 10- 
week core muscle strengthening program, and the effects of this 
program on the voice were investigated.

METHODS
Participants
This study was approved by the local ethics committee 
(Approval No: 2024-10-82). The research group consists of 
volunteer students studying at the Music Department of 
the Faculty of Fine Arts who have completed 4 half-term 
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voice training. A total of 27 individuals receiving voice 
training were included in the study, 17 of whom were in the 
experimental group and 10 in the control group.

Participants were assigned to the experimental and 
control groups by simple random method (drawing lots) in 
the presence of a third observer. The numerical imbalance 
between the groups (17 vs. 10) was due to the number of 
individuals who volunteered to participate in the active 
exercise program.

Inclusion criteria: (1) Having received voice training for 
at least two years, (2) No known vocal cord pathology, (3) 
No neurological or musculoskeletal disease, (4) Voluntary 
participation. Exclusion criteria: (1) Chronic respiratory 
disease, (2) Abdominal or back surgery in the last six 
months, and (3) Not being able to participate in the ex
ercise program regularly.

Before determining the groups, the voice performance 
and core muscle strength of all participants were evaluated, 
and no significant difference was found in the initial values. 
This shows that the groups were equivalent at the be
ginning.

The participants’ socio-demographic information, such 
as age, gender, height, and body weight were recorded. 
Then, pre exercise assessments were made to the 
participants.These assessments: 

1. Evaluation of the acoustic properties of the voice.
2. Evaluation of voice performance.
3. Evaluation of muscle strength.

The exercise protocol was applied for 30 sessions, 3 days 
a week for 10 weeks. This duration and frequency were 
determined based on studies in the literature showing 
neuromuscular adaptations in the respiratory/core mus
cles.15,16 After the initial assessments, the participants 
performed a total of 30 sessions of core stabilization ex
ercises with the help of a physiotherapist 3 days a week for 
10 weeks. At the end of the 10th week, the assessments were 
repeated and the changes were compared. Each exercise 

session consisted of a training program that started with a 
10-minute warm-up program and ended with a 5-minute 
cool-down program, lasting a total of 60 minutes. In ad
dition, individual interviews were conducted with the core 
stabilization group at the end of the 10th week.

OUTCOME MEASURES

1. Acoustic properties: The acoustic properties of the 
voice were evaluated by voice recording. Before the 
recordings were taken, the participants were made to 
do voice warm-up exercises. Voice warm-up exercises 
were performed with single, double, triple, quadruple, 
quintet, and sextet consecutive sounds and skips 
(combinations of 1-3-5th degrees of the exercised tone 
or 1-3-5-8th degrees etc, for example; do-mi-sol or do- 
mi-sol-do) with legato and staccato exercises, lip trill 
exercises. Voice exercises were performed before per
formance and acoustic analyses. Voice Recording The 
participants’ voices were recorded with a PG57 Shure 
brand microphone and the Audacity program. During 
the measurement, the distance between the mouth and 
the microphone was set as 15 cm and the microphone 
was placed under the mouth at a 45° angle. The par
ticipants were asked to give the /a/ sound in four 
voices: in the chest register, middle register, head 
register, and speech tone. Each measurement was re
peated three times, and the best measurement they 
could make was analyzed. The voice types of the 
participants were determined as follows (Figure 1). 
The sounds given in the chest, middle, and head reg
isters were voiced with the piano, and the participants 
were asked to produce a sound with the vowel "a" at 
the same frequency as the sound they heard from the 
piano. The sounds given from the piano were de
termined according to the participants’ voice type as 
follows and are shown in red on the piano touch in 
Figure 1.

FIGURE 1. A. Tenor, B. Alto, C. Baritone, and D. Soprano. 
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A) Tenor: The left voice in the 3rd octave of the chest 
register piano, the left voice in the 4th octave of the middle 
register piano, and the mi voice in the 5th octave of the 
head register piano.

B) Alto: The left voice in the 3rd octave of the chest 
register piano, the mi voice in the 4th octave of the middle 
register piano, and the mi voice in the 5th octave of the 
head register piano.

C) Baritone: The left voice in the 3rd octave of the chest 
register piano, the mi voice in the 4th octave of the middle 
register piano, and the D voice in the 5th octave of the head 
register piano.

D) Soprano: The a voice in the 3rd octave of the chest 
register piano, the left voice in the 4th octave of the middle 
register piano, and the left voice in the 5th octave of the 
head register piano.

The recordings were made with the supervision of a fa
culty member who is an expert in the field of music. The 
obtained voice recordings were analyzed with the Praat 
program. 

2. Vocal performance: A video recording was made in the 
same environment to evaluate vocal performance. 
Before recording, participants were made to do vocal 
warm-up exercises. These recordings were made with 
works appropriate to the participants’ own vocal 
characteristics and levels. The video recordings were 
evaluated by three faculty members (not from the re
search team) who are experts in the field of vocal 
training. In the video, the participant’s musicality, 
technique, correct use of breath, correct use of body, 
and legato singing characteristics were scored between 
0 and 100 points. The average of the vocal perfor
mance evaluated by the three experts was taken.

3. Muscle strength: Muscle strength was evaluated by 
timed functional tests. Sorensen, Curl-up, Side Plank 
(right), Side Plank (left), and Prone Plank tests were 
used for functional evaluations.

4. Student opinions: At the end of the 10th week, in
dividual interviews were conducted with the core sta
bilization group and student opinions were evaluated. 
Participants in the experimental group were inter
viewed individually using open-ended questions as:

• Please evaluate the differences between your perfor
mance before doing core stabilization exercises and 
your performance after the 10-week exercise program?

• What effects of the exercise did you observe on 
yourself?

Intervention
The abdominal drawing-in maneuver was practiced as a 
starting exercise for all patients. With this maneuver, the 
transversus abdominus muscle was taught to contract in 
isolation. Diaphragmatic breathing was practiced on the 

participants. The participants were asked to inflate their 
abdomen while breathing. The effectiveness of the appli
cation was determined by the researcher physiotherapist 
who performed the exercise, checking whether the muscle 
contracted or not. The exercises were performed in three 
stages: beginner, intermediate, and advanced. All partici
pants were taught to activate the deep abdominal muscles. 
When these activation techniques were learned and the 
transversus abdominis muscle was activated, upper ex
tremity exercises were added. The starting exercises were 
performed in the supine, crotch position, and crawling 
position. When the participants could successfully perform 
the exercises (three sets, 15 repetitions, and 10 seconds of 
contraction), they gradually moved on to intermediate level 
exercises. Plank exercises were added at this level and ex
ercises performed on unstable surfaces were included in the 
program at the advanced level. Visuals of the exercise 
program are presented in Figure 2. A control group was 
also used in the study and the control group participants 
were not included in any exercise program. Only acoustic 
properties, voice performance, and muscle strength were 
evaluated in the control group at the beginning and at the 
end of the 10th week.

Statistical analysis
In our study, statistical analyses were performed to eval
uate the effect of the exercise program applied to the ex
perimental and control groups. The Shapiro-Wilk test was 
used to examine the conformity of the data to normal 
distribution, and it was determined that the data did not 
show a normal distribution. Therefore, nonparametric tests 
were preferred. Wilcoxon Signed Rank Test was used to 
evaluate the change between the pretest and post test 
measurements of the experimental and control groups. This 
test allowed the comparison of the effect of the exercise 
program within the groups in both groups. Mann-Whitney 
U Test was applied to evaluate the difference between the 
post test measurements of the experimental and control 
groups. This test was used to determine whether the ex
ercise program created a significant difference between the 
groups.

In addition to the quantitative data in the study, quali
tative data analysis was also performed to understand the 
experiences and opinions of the students. In this direction, 
individual interviews were conducted with the students, 
and the data obtained from the interviews were evaluated 
with the descriptive analysis method. Frequency analysis 
was applied to determine the most frequently used words 
and phrases in the students’ statements. Within the scope of 
this analysis, the interview records were transcribed, the 
texts were coded, and the frequency distribution of the 
most frequently repeated expressions was obtained. The 
findings were used to interpret the students’ general per
ceptions and experiences of the exercise program by sup
porting them with quantitative data.
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RESULTS
The demographic characteristics of the participants in
cluded in the study are given in Table 1. Accordingly, no 
significant difference was found between the core stabili
zation group and the control group in terms of demo
graphic characteristics. The comparison of the acoustic 
characteristics of the voice, voice performance and muscle 
strength before and after the core stabilization exercises is 
given in Table 2. Accordingly, no significant difference was 
found between the core stabilization and control groups in 
terms of the acoustic characteristics of the voice, voice 
performance, and muscle strength before the exercise pro
gram was implemented. In the experimental group that 
applied the core stabilization exercise program, significant 
improvements were observed in both voice parameters and 

muscle strength and vocal performance components. Ac
cording to the voice analysis results, in the core group, 
mean fundamental frequency (mean pitch) values increased 
significantly in all vocal registers (chest, head, middle, 
speaking); significant decreases in jitter and shimmer per
centages and significant increases in harmonics-to-noise 
ratio (HNR) values were detected (P  <  0.05). In contrast, 
no significant change occurred in these parameters in the 
control group (P  >  0.05). In the comparisons between the 
groups, statistically significant differences were found in 
favor of the core group in terms of all voice para
meters (P  <  0.05).

In the evaluations regarding muscle strength, significant 
increases were observed in the Sorensen test, plank varia
tions (front, right, and left) and curl-up tests in the core 

FIGURE 2. Example of exercise levels A-B-C: beginner, D-E-F: intermediate, and G-H-I: advanced. 

TABLE 1.  
Demographic Characteristics 

Core Stabilization Group Mean  ±  SD Control Group Mean  ±  SD P

Gender female (n) % 15 (88.2) 7 (70) 0.059
male (n) % 2 (11.8) 3 (30)

Age (years) 25.17  ±  7.36 30.40  ±  7.38 0.054
Height (cm) 163.94  ±  7.26 167.40  ±  5.50 0.062
Weight (kg) 60.00  ±  8.75 65.10  ±  12.11 0.227
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group (P  <  0.001). In the control group, no significant 
improvement was recorded in muscle strength measure
ments. In the comparisons between the groups, significant 
differences were obtained in favor of the core stabilization 
group in all tests (P  <  0.05).

When evaluated in terms of vocal performance, the core 
group showed significant increases in musicality, technique, 
correct breathing, legato singing, and total performance 
scores (P  <  0.001). In the control group, no statistically 
significant change was observed in performance para
meters. The differences between the groups were found to 
be significant in favor of the core stabilization group in all 
performance components (P  <  0.001). The codes and fre
quencies according to the descriptive analysis in which the 
student opinions were taken are given in Table 3.

DISCUSSION
This study investigated the effects of core stabilization ex
ercises on the acoustic properties and performance of the 
voice in individuals receiving voice training. According to 
the study results, a statistically significant difference was 
found in the group that performed regular core stabiliza
tion exercises for 10 weeks compared to the control group 
in terms of both acoustic parameters and voice perfor
mance.

During singing, motor control, and muscular endurance 
levels are the determining factors in terms of muscle-voice 
coordination. Optimum oxygenation of the whole body 
depends on the endurance of the respiratory muscles. This 
endurance is related to increasing lung capacity through 
appropriate respiratory exercises.14 At this point, it is im
portant to emphasize that our study focuses on “core sta
bility” rather than “core muscle strength.” Core muscle 
strength refers to the force-producing capacity of the 
muscles; while core stability requires the body to remain in 
a controlled balance during movement and especially the 
coordination of deep muscle groups (transversus abdo
minis, multifidus, etc). The core muscles form a cylindrical 
block surrounding the thoracic cavity, pelvic floor, ab
dominal and lumbar region.17 The majority of these mus
cles assist in breathing. The exercises applied in this study 
primarily targeted deep stabilizer muscles such as the 
transversus abdominis, multifidus, diaphragm, and pelvic 
floor. In addition, superficial muscles, such as the obliques 
and spinal extensors were secondarily activated through 

plank and unstable floor exercises. Therefore, strength
ening the core muscles improves the endurance of the re
spiratory muscles in singers and increases respiratory 
capacity. Thus, the singer can develop his artistic skills by 
using his voice more economically with the activation of 
the core muscles.18 Therefore, in this study, considering the 
literature data mentioned above, core stabilization ex
ercises targeting basic aspects of singing, such as re
spiratory capacity, vocalization, and artistic skill were 
tested on individuals receiving voice training. As a result of 
our study, the acoustic properties of the voice and vocal 
performance were found to be better in the group per
forming core stabilization exercises.

Without proper breath control, a singer’s tone can be
come shaky, weak, or breathy, which negatively affects 
performance. Inconsistent subglottic breath pressure can 
cause pitch and tone distortion and make it difficult to 
sustain long musical phrases due to excessive air loss. While 
the power of the voice is provided by exhaling air from the 
lungs. Phonation—the vibration of the vocal cords in the 
larynx—is the basis of the voice. It is important for singers 
to skillfully use breath control in order to achieve a strong 
and consistent tone and effectively fulfill the requirements 
of their art.19 It can be thought that the core stabilization 
exercises applied in our study increased the core muscle 
strength in the abdominal region and therefore improved 
respiratory control through the diaphragm.

Improving the flexibility and coordination of core and 
respiratory musculature significantly influences the func
tion of the vocal folds, enabling singers to achieve more 
precise pitch modulation, particularly in higher registers. 
Existing literature suggests that singers can exert greater 
control over their vocal folds, resulting in enhanced pitch 
stability at elevated frequencies.20 This minimization of 
extraneous sound variations contributes to increased sta
bility in jitter, shimmer, and harmonic balance, ultimately 
enhancing vocal esthetics and achieving a more polished 
and consistent singing performance. Similarly, findings 
from our study indicate that mean pitch values are higher 
in the intervention group compared to the control group 
across all register points. As a result of a study measuring 
abdominal muscle thickness during phonation in 25 
healthy singers. It was reported that peri-abdominal mus
cles play an important role in supporting performance or 
professional voice control in healthy singers.21 In our 
study, the core group muscles, including the peri-abdom
inal muscles, were trained and as a result, a significant 
difference was observed in favor of the experimental group 
in all acoustic properties of the voice and vocal perfor
mance parameters compared to the control group. Based 
on these results, it can be said that not only peri-abdominal 
muscles but also other core muscles are effective in the 
process.

Working only one muscle group in music education can 
lead to muscle imbalances, and in some cases, it has been 
shown to increase the risk of injury.22 There is some debate 
about abdominal and shoulder exercises for singers. Some 

TABLE 3.  
Student Perspectives 

Code Frequency (n)

Better vocal control 33
Breathing properly 26
Singing comfortably 15
The benefits of exercise 6
Increased muscle strength 6
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literature argues that doing sit-ups and abdominal muscle 
exercises will cause tension in the rectus abdominis muscle, 
neck tension, spinal injuries/hyperflexion, and limitation of 
respiratory function while singing due to the inability to 
fully release the abdominal muscles during inhalation. In
stead, sit-ups or abdominal muscle exercises should be done 
together with spinal extension exercises such as arm leg 
extensions in crawling. It is also important to consider 
isometric exercises such as front/side planks. Front/side 
planks can be useful in increasing the strength and stability 
of the abdominal muscles.23 In our study, the exercises were 
performed under supervision to prevent possible injury or 
incorrect application risks.

In a study conducted on patients with central nervous 
system disorders, it was reported that strengthening the 
abdominal muscles may have positive results on vocaliza
tion.24 In a study investigating the effects of musculoske
letal exercises and muscle stretching on the duration of 
vocalization time. Participants were asked for their per
sonal opinions after 8 weeks of exercise and most of them 
said that the body looked more balanced and that 
breathing had a positive effect on good vocalization.25 In 
this study, the participants’ opinions were also taken at the 
end of the process, and they stated that they had better 
voice control, correct breathing, comfortable singing, and 
increased muscle strength.

In addition, the Alexander technique (AT) has been de
scribed in the literature. The AT is a psychophysical reed
ucation method that helps individuals identify and change 
negative movement habits by increasing their kinesthetic 
awareness. This approach supports the person in releasing 
unnecessary tension in the muscles and achieving better 
coordination in body use. Thus, the person’s movement 
and behavior in various activities becomes more efficient. 
This improved use can facilitate more comfortable move
ment and breathing, especially in areas related to perfor
mance, such as sound production and technical skills in 
musicians. This technique was shaped by Alexander’s ob
servation that vocal strains that occur during poetry 
reading were associated with head-neck posture disorder. 
Thereupon, he developed the principles of "inhibition" and 
"direction," which aim to replace habitual and automatic 
reactions with conscious and controlled movements. These 
principles aim to restore the dynamic and balanced re
lationship between the head, neck, and spine and form the 
basis of the method. In the literature, the relationship be
tween body awareness, vocal performance, and posture has 
been known for many years within the scope of A.26 It is 
also reported in the literature, that the core muscles must 
be strong for correct posture.27,28 In our study, as a result 
of the core muscle strengthening exercise applied, vocal 
performance in individuals increased. This situation is 
consistent with the AT hypothesis that core stabilization 
ensures correct posture formation and thus increases body 
awareness and self-confidence.

STUDY LIMITATIONS
This study has some limitations. First, the sample size is 
limited, and the generalizability of the findings may be 
limited. Second, EMG or imaging methods were not used 
to confirm the activation of the targeted muscles during 
exercise. In these respects, more comprehensive and long- 
term studies are recommended.

CLINICAL IMPLICATIONS
The findings of this study suggest that core stabilization 
exercises can improve voice production quality and per
formance by increasing respiratory support in vocal artists. 
Integrating such exercises into conservatory education 
programs or voice therapy processes may provide benefits 
in terms of both performance and vocal health.

According to the results of this study, although strength
ening the core muscles improves acoustic performance. There 
are many factors that affect acoustic performance, such as 
gender,29 mood, blood pressure, ambient temperature, vital 
capacity, and hormonal status.30 In order to have more defi
nitive judgments on this issue, it is necessary to standardize 
most of the factors affecting the voice. As a result, it has been 
observed that core stabilization exercises play an important 
role in improving vocal performance. Therefore, it can be re
commended that exercise programs for singers include core 
muscle strengthening training and breathing exercises.
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