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Influence of Different Genres of Music on Static and Dynamic Balance Control of Young Adults

Farkh Miizik Tiirlerinin Geng Eriskinlerin Statik ve Dinamik Denge Kontroltine Etkisi

Turhan KAHRAMAN', Mahmut BESLI?, Bayram UNVER?, Yesim SALIK SENGUL*

ABSTRACT

Objectives: Since listening to music is very common while performing various activities of daily living among
young adults, it is important to know its effects on balance control. This study aimed to examine the effects of
different genres of music on static and dynamic balance control, especially during common activities of daily
living such as sit-to-stand and walking, using both clinical and computerized balance assessment tools.

Materials and Methods: Thirty-six healthy young adults participated in this crossover study. Static balance was
assessed using the modified Clinical Test Sensory Interaction on Balance in a computerized balance assessment
device. Moreover, the dynamic balance during the common activities of daily living were assessed using the sit-
to-stand test and walk across test in the same device. The timed up and go test as a clinical measure was also used
to assess dynamic mobility. All the tests were performed in different conditions, including without listening to
music, listening to pop, rock, and classical music.

Results: There were 18 female and 18 male participants with a mean age of 23.0 (SD = 1.0) years. No statistically
significant differences were found in the static and dynamic postural control variables (p>0.05). Partial eta
squared values indicated that the effect sizes were small.

Conclusion: This study showed that different genres of music including classical, rock, and pop do not influence
the static and dynamic balance control in young adults. The influence of different genres of music with different
frequency or groove properties on balance control and chronic effects of music should be investigated in future
studies.
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0z

Amagc: Miizik dinlemek, geng eriskinler arasinda cesitli giinliik yasam aktiviteleri sirasinda ¢ok yaygin yapilan
bir aktivite oldugu i¢in miizigin denge kontroliine etkisini bilmek 6nemlidir. Bu ¢alismada, farkli miizik tiirlerinin
statik denge ve 6zellikle oturup ayaga kalkma ve yiiriime gibi giinlitk yasam aktiviteleri sirasindaki dinamik denge
kontrolu Uzerindeki etkilerinin klinik ve bilgisayarli denge degerlendirme araglarini kullanarak arastirilmasi
amaclanmistir.

Gere¢ ve Yontemler: Otuz alti saglikli geng eriskin bu ¢apraz tasarimli ¢aligmaya katildi. Statik denge,
bilgisayarli denge degerlendirme cihazinda modifiye Denge Duyu interaksiyonu Klinik Testi kullanarak
degerlendirildi. Ayrica, yaygin giinliik yasam aktiviteleri sirasindaki dinamik denge ayni cihazda, otur-kalk testi
ve yliriime testiyle degerlendirildi. Klinik bir test olarak zamanli kalk ve yirii testi de dinamik mobiliteyi
degerlendirmek i¢in kullanildi. Tiim testler, miizik dinlemezken, pop, rock ve klasik miizik dinlerken olmak iizere
farkli kogullar altinda gergeklestirildi.

Bulgular: Ortalama yaslar1 23,0 (SS = 1,0) y1l olan 18 kadin ve 18 erkek katilimci vardi. Statik ve dinamik
postiirel kontrol degiskenlerinde istatistiksel olarak anlamli fark bulunmadi (p>0,05). Parsiyel eta kare degerleri,
etki bitytikliiklerinin kii¢lik oldugunu gosterdi.

Sonug: Bu calisma, klasik, rock ve pop gibi farkli miizik tiirlerinin geng¢ erigkinlerde statik ve dinamik denge
kontroliinii etkilemedigini godsterdi. Gelecekteki ¢alismalarda farkli miizik tiirlerinin farkli frekans ve ritim
ozellikleri ile denge kontroli ve bu muziklerin kronik etkileri arastirilmalidir.

Anahtar kelimeler: Giinliik yagsam aktiviteleri, miizik, postiirel denge
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Introduction

Balance is maintained with a variety of inputs
from visual, vestibular, and somatosensory
systems that are integrated into brainstem and
cerebellum (1, 2). It is known that these parts of
the central nervous system play an important role
in the oculomotor and postural control (1, 2).
High-intensity acoustic stimuli may cause a
vestibular  activation that causes vertigo,
nystagmus and  postural imbalance (2).
Additionally, the vestibulocochlear  nerve,
brainstem, thalamus, and auditory cortex are
activated while listening to music (2). Frontal
cortex and limbic system which are the specific
areas related to emotional behaviors are also
activated with music (3-5).

Previous researchers have noted that music
can improve physical function including gait and
balance in several populations such as stroke,
Parkinson’s disease, geriatrics, and healthy people
(6-10). Many studies have examined postural
responses under sound stimuli to investigate their
associations. In these studies, the static balance
was assessed using computerized balance tools,
and some studies reported no change in the static
balance under the sound stimuli, whereas, some
studies reported some changes (2, 11-13). There is
no consensus on which sounds have effects on
postural control (14-18). Additionally, most of the
studies have examined the effects of music/sound
on static balance (2, 11-13). Only one study
reported that daily music listening can improve
dynamic posturographic scores, which suggests
that listening to music has potential to change
postural stability, and can be used as a fall
prevention and rehabilitation method (19).
However, in that study, the dynamic
posturographic measures were obtained 10
minutes, 1 week, and 1 month after music
listening (19). Thus, it is still unclear how the
dynamic balance is affected during listening to
music.

Besides the positive effects of music, it can
also have negative effects such as noise-induced
hearing loss and other health effects including
cardiac autonomic modulation, hypertension, and
annoyance (20-25). In addition, previous studies
showed that exposure to noise of high intensities
may cause larger postural sway indicating the
worse performance of balance (26, 27). On the
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other hand, a recent study has reported that there
was a significant association of better balance
with high exposure (>46.6dB) at 100Hz
compared to low exposure at 100 Hz in young
adults (28).

Dual tasks such as walking and listening to
music are considered to affect the dynamic
balance necessary for functional activities by
reducing the cognitive ability and fall risk can be
increased (29, 30). Listening to music with
personal listening devices such as MP3 players,
smartphones, and other portal music players are
very popular, especially among adolescents and
young adults, while performing various activities
of daily living (29, 31). Although there is growing
research on the effects of a sound stimulus on
balance control, little is available for the specific
genres of music. A study revealed that listening to
different genres of music did not significantly
change the static balance variables in healthy
people (2). However, this study compared only the
effects of classical music vs. the subjects' favorite
music on static balance (2). If some differences
between the genres of music can be found, this
genre of music can be used to make the conditions
more challenging in balance and/or dual-task
related rehabilitation programs. In addition, it can
be advised to be more careful while listening this
genre of music while performing activities of
daily living. Therefore, our study aimed to
investigate the effects of popular genres of music,
including pop, rock, and classical, on both static
and dynamic balance control, especially during
common activities of daily living such as sit-to-
stand and walking, using both clinical and
computerized balance assessment tools.

Materials and Methods

Participants

Thirty-six healthy young adults aged between 18
and 25 years old participated in this crossover
study. The participants were recruited from the
students of School of Physical Therapy and
Rehabilitation, Dokuz Eylal University, Izmir,
Turkey between May 2016 and June 2016.
Participants were excluded from the study if they
had been diagnosed with the neurological
disorder, vertigo, and hearing loss or have an
orthopedic problem that could prevent the
implementation of the assessments.

343



Kahraman, Besli, Unver et al.

The required sample size for the study was
calculated using the G*Power (Version 3.1.9.2,
University of Disseldorf, Diusseldorf, Germany).
Since there was no study with a similar protocol,
the sample size was calculated as 34 participants
to reach a medium effect size and power = 0.80
with an alpha error probability = 0.05.

The study was approved by the
Noninvasive Research Ethics Board of Dokuz
Eylul University according to the Declaration of
Helsinki (Protocol No: 2677-GOA, Approval No:
2016/12-20), and all participants provided
informed consent before participating in the study.
Assessments
NeuroCom® Balance Master® system (ver. 8.1;
Neurocom International Inc., Oregon, USA),
which is a computerized balance assessment tool,
was used for the assessment of static and dynamic
balance. The static balance was assessed using the
modified Clinical Test Sensory Interaction on
Balance (mCTSIB). The dynamic balance during
the common activities of daily living was assessed
using the sit-to-stand test and walk across test.
Moreover, the timed up and go test (TUG) as a
clinical measure was used to assess the dynamic
mobility performance.

The standard protocols described in the
Balance Master Operators Manual were followed
in this study to perform the tests with the
NeuroCom® Balance Master® system (32). All
the tests were performed for three times and the
computer system calculated the mean scores.
During the mCTSIB, the participants were
evaluated on four different conditions; (1) eyes
open — firm surface, (2) eyes closed — firm
surface, (3) eyes open — foam surface, and (4)
eyes closed — foam surface (32). Postural sway for
each condition and composite postural sway were
reported. The sit-to-stand test quantifies the
individual’s ability to rise from a seated to
standing position (32). The participants were
positioned while their both legs were kept at
shoulder width and feet were placed
symmetrically and parallel to each other on each
force plate in a sitting position on a seated surface
(40.64 cm in height). Then they were asked to
stand up as fast as possible without using arm
support and maintain an upright posture. Weight
transfer time (time required to transfer weight
from the buttock to the feet), rising index (the
amount of force exerted by the legs during the
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rising phase, expressed as a percent of body
weight) and the center of gravity sway velocity in
the standing position were reported. The walk
across test was used to assess dynamic balance
during walking (32). Step width, step length, and
speed were reported.

The TUG is a simple test used to assess
mobility performance and requires both static and
dynamic balance (33). The participants were
asked to sit on a standard chair and place his/her
back against the chair and rest his/her arms chair’s
arms. The participants walked to a 3-meter line
turned around at the line, walked back to the chair,
and sat down. The test was ended when the
participant’s buttocks touched the seat (34). At the
TUG-Cognitive test, the participants were asked
to complete the test while counting backward by
threes from a randomly selected number between
20 and 100 (34). At the TUG-Manual test, the
participants were asked to walk while grasping a
cup filled with water (34). In addition, music
listening characteristics were assessed using a
simple questionnaire and a 10-cm visual analog
scale.

Genres of music and music tools

“Por Una Cabeza — Carlos Gardel”, “Misery —
Hypnogaja, duration”, and “Satellite — Lena” were
used as different genres of classical, rock, and pop
music, respectively. The music volume was set as
10/15 for all genres of music with an average
65+5 decibel (dB) measured using an Android
application [Sound Meter (ver. 1.6.5a)] in each
test. The same smartphone (General Mobile,
Discovery) and headset (GoldMaster, HP-296)
were used for listening to music in each
participant.

Test Procedure

All the tests were performed in different
conditions, including (1) without listening to the
music, (2) listening to pop music, (3) listening to
rock music, and (4) listening to classical music.
The order of the tests and conditions were
randomly changed for minimizing the order effect.
There were six different tests with four different
conditions, which simply created 24 different
situations (i.e. tests). All the participant numbers
were written in a Microsoft Office Excel
spreadsheet before the participant recruitment.
Then, for each participant number, a different
testing sequence was generated using a simple
randomization method generated by Microsoft
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Office Excel. The participants wore the headset
during the condition without listening to music to
ensure the same test conditions. All the
assessments were done on the same day. Between
the assessments, 1-to-5-minute intervals were
given to the participants according to their
perceived fatigue levels.

Statistical analysis

Normal distribution was checked with the
Shapiro-Wilk test, and the Q-Q plot and histogram
graphics were also investigated. Descriptive
statistics were used to describe the characteristics
of the participants. Mean and standard deviations
(SD) were reported for continuous variables, and
number and percent were reported for categorical
variables. The comparison of the different
conditions was conducted with the repeated
measures analysis of variance (ANOVA). Partial
eta squared values were interpreted as small=0.01,
medium=0.06, and large=0.16. Level of
significance was set at p<0.05. All data were
analyzed using IBM SPSS Statistics for Windows
(Version 22.0. Armonk, NY: IBM Corp.).

Results

In total, 36 participants (18 female and 18 male)
were included in the study. The mean age was
23.0 (SD = 1.0) years. The mean height, weight,
and body mass index were 1.70 (SD = 0.09) m,
66.08 (SD = 11.63) kg, and 22.64 (SD = 3.03)
kg/m?, respectively (Table 1).

The participants reported that they were listening
to music with a mean of 2.8 hours per day. The
participants reported that they were listening to
music during walking (61.1%), travelling (66.7%),
lying down (50.0%), and studying (50.0%). Most
of the participants (83.3%) were listening to music
with an earphone.

Table 1. Demographic characteristics of the
participants

Variables Mean Star]da}rd
Deviation
Age (years) 23.0 1.0
Gender*
Female 18 50
Male 18 50
Height (m) 1.70 0.09
Weight (kg) 66.08 11.63
Body mass
- deﬁ’( kgm?) 22.64 3.03

*Presented as number and percent.
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The participants reported that they liked
classical, rock, and pop music with a mean 7.13
cm, 6.82 cm, and 7.60 cm on a 10-cm visual
analog scale, respectively. On the other hand, the
participants reported that they were listening to
classical music (38.9%), listening to rock music
(61.1%), and listening to pop music (55.6%). The
participants reported that they were familiar with
the songs used in this study with 50% of classical,
36.1% of rock, and 72.2% of pop music.

No statistically significant differences were
found in the static and dynamic postural control
variables (p>0.05). Partial eta squared values
indicated that the effect sizes were small. Table 2
presents the detailed results of the comparisons.

Discussion

This study aimed to investigate not only balance
performance while listening to music but also the
influence of different genres of music on balance
performance. The findings of this study have
revealed that different genres of music including
classical, rock, and pop did not have a notable
influence on the static and dynamic balance in
adults.

We chose to investigate the effects of
classical, rock, and pop music due to their
popularities. Although the participants reported
that they enjoyed all genres of music used in our
study, the frequency of classical music listening
was relatively low compared to rock and pop. In
addition, they were familiar with the songs used in
this study with 50% of classical, 36.1% of rock,
and 72.2% of pop music. Despite the familiarity
difference in the genres of music, it seems that
familiarity could not have a notable effect on dual-
task performance. This finding is line with the
previous studies reporting a lack of sensitivity to
difficulty and lack of practice effect during dual
tasks (35). In addition, music listening task might
not reach a significant level to affect balance
control. Because while participants were listening
to music during testing protocols, they were
waiting for commands from the screen or
researcher, and they had targeted to the motor
tasks. This might mean that participants
prioritized the balance control over listening to
music (36).
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Some studies have reported that there is a
significant increase in body sway representing
decreased static balance, especially while eyes
closed, while the participants are listening to high-
intensity tones of low frequencies (37, 38). On the
other hand, the other studies have not found any
significant differences in the static balance with
and without a sound stimulation similar to our
findings (11, 39). However, our study differs in
terms of the sound stimulus used in those studies.
Only Forti et al. (2) investigated the influence of
different genres of music on the static balance.
That study revealed that listening to different
genres of music did not significantly change the
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static balance variables (2). Since the participants
of our study and most of the other studies were
generally young, having high capacity to easily
compensate for balance changes, no significant
change in the static balance might be observed
while listening to different genres of music.
According to the existing evidence, our
study presents important findings. To the best of
our knowledge, this was the first study, examining
the influence of music on dynamic balance
especially during the common activities of daily
living assessed by a computerized tool. Hyong
(29) found that dynamic balance was decreased in
a dual-task which was performing a clinical

Table 2. Static and dynamic postural control while listening to different genres of music and the condition

without music

Without  Classical Rock Pop = - Paér:;al Observed
. Music Music Music ~ Music P Power**
Variables Squared
Modified clinical test
sensory interaction on
balance
Eyes open on a firm 0.34 0.31 0.35
surface (°/s) (0.38)  (009)  (0.09) (032 0484 0591 0014 0121
Eyes closed on a firm 0.32 0.31 0.30
surface (°/s) (010)  (0.10)  (0.08) (0.09) 0856 0449 0024 0211
Eyes open on a foam 0.39 0.41 0.39
surface (°/s) 012  (0.16)  (0.11) (0.09 0380 0715 0011 0.113
Eyes closed on a foam 0.49 0.51 0.46
surface (°/s) 0.16)  (017)  (0.14) (0.12) 349 0266 0.037 0.304
. 0.40 0.40 0.39
Composite sway (0.15) (0.11) (0.08) (0.11) 0.439 0.629 0.012 0.116
Sit-to-stand test
. 0.66 0.70 0.66
Weight transfer (s) (0.32) (0.45) (0.26) (0.33) 0.389 0.679 0.011 0.110
S 21.58 21.19 21.31 22.14
0
Rising index (%) (6.45) (21.31) (5.85) (6.96) 0.841 0.475 0.023 0.210
Centre of gravity sway 2.60 2.45 2.61
velocity (°/s) (109)  (0.95)  (0.88) (0.99) 591 0.609 ~ 0.017 0.164
Walk across test
. 15.80 15.50 14.95 15.05
Step width (cm) (3.41) (3.26) (3.49) (3.14) 1.280 0.285 0.035 0.323
68.16 67.02 68.18 64.89
Step length (cm) (13.91) (11.07) (15.84)  (11.66) 0.730 0.503 0.020 0.179
85.16 85.92 84.45 87.54
Walk speed (cm/s) (13.26) (13.30) (12.68)  (14.24) 0.668 0.574 0.019 0.178
Timed up and go test
5.20 5.20 5.09
Normal (s) (0.60) (0.78) (0.73) (0.73) 1.258 0.293 0.035 0.298
. 5.30 5.41 5.33
Cogpnitive task (s) (0.70) (0.78) (0.71) (0.82) 0.692 0.536 0.019 0.179
5.59 5.78 5.69
Manual task (s) (0.66) (0.91) (0.72) (0.74) 1.592 0.206 0.044 0.354

Values are presented as mean (standard deviation).
*Repeated measures analysis of variance (ANOVA).
**Computed using alpha = 0.05
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dynamic balance test while listening to music.
However, the balance assessment method used in
that study is different from the present study and
genre of music they used was not specified (29).
Carrick et al. (19) investigated the effects of
listening to daily certain types of music on the
dynamic balance control in adults. In that study,
the dynamic posturographic measures were
obtained 10 minutes, 1 week, and 1 month after
listening to music (19). Findings of that study
suggest that daily certain types of music can
improve  dynamic  posturographic  scores
demonstrating music has the potential to change
postural stability and can be used as a fall
prevention and rehabilitation method (19).
However, our study has not revealed such a
relation. Therefore, future studies should
investigate the chronic effects of different genres
of music on balance control.

The main strength of our study is being the
first study, to the best of our knowledge,
investigating the effects of popular genres of
music, including pop, rock, and classical, on both
static and dynamic balance control, especially
during common activities of daily living such as
sit-to-stand and walking, using both clinical and
computerized balance assessment tools. In
addition, we have reached the calculated sample
size and the effect size values have indicated that
the non-significant findings could not be due to
inadequate sample size.

There are several potential limitations of
current study. First, since our study consisted
solely of young and healthy participants,
generalization of the findings is difficult for other
people such as older adults and people with a
specific disease. Future studies conducted on
those populations, especially patients with a
balance disorder, are highly required. Second, we
randomly selected the genres of music. However,
it is known that the musical groove can influence
the neural mechanisms associated with balance
control (40). Future studies are warranted to
investigate the effects of different musical grooves
on balance control.

Conclusion

This study showed that different genres of music
including classical, rock, and pop did not
influence the static and dynamic balance control
in young adults. The influence of different genres
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of music with different frequency or groove
properties on balance control and chronic effects
of these music genres should be investigated in
future studies.
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