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Abstract
Objective: Determine the influence of dance movements on the vestibular system and compare the response magnitude of the vestibulospinal pathway between 
dancers and non-dancers. 

Methodology: The sample consisted of 61 subjects, aged between 18 and 35 years, 31 dancers and 30 controls. Cervical VEMP recordings were taken in the 
sternocleidomastoid muscle. A total of 100 tone-burst stimuli were promediated at a frequency of 500 Hz, intensity of 95 dB NAn. Results: The cVEMP of the 
dancers exhibited waves earlier and with greater amplitudes than those of the controls. A significant intergroup difference was observed for n23 latency and n23 
amplitude and p13-n23 interlatency. 

Conclusion: Greater amplitudes and lower vestibulospinal reflex latencies were observed for dancers compared to non-dancers.
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Introduction
Dance, specifically classical ballet, involves exercises that produce 

efficient muscle power and motor coordination. Integration is needed 
between the osteomuscular and central nervous systems (SNC), with 
kinesthetic feedback acting as an adjustment element [1].

Dance promotes head and trunk movements, and displacement 
from the center of gravity in all directions and from the support axis 
enables the development of factors that contribute to maintaining 
balance, such as joint mobility and coordination [2] [Swathi and Kumar, 
2013]. A number of reports suggest that dance training improves 
balance in young people and adults [3,4].

During dance, the need for constant positioning of the head in 
different directions in relation to gravity activates the vestibulospinal 
reflex, which causes compensatory displacement of the cephalic 
segment in the direction opposite to body rotation, keeping the head 
stable  [1,5].

Given that the vestibulospinal reflex is important for postural 
stabilization, knowledge regarding the effects of dance on the magnitude 
of this reflex may contribute not only to basic neuroscience, but could 
also strongly affect neurorehabilitation techniques [5,6]. No significant 
studies were found that assess this reflex in classical ballet dancers, only 
two with small samples involving different dance styles (Egyptian dance 
or salsa) [2,7].

Thus, the aim was to determine the influence of dance movements 
on the vestibular system and compare the response magnitude of the 
vestibulospinal pathway between dancers and non-dancers.

Methods
This study was conducted according to the principles expressed in 

the Declaration of Helsinki and complies with resolution 466/2012 of 
the National Health Council, for studies with human beings, and was 
approved by the University of São Paulo Research Ethics Committee, 

under protocol no. 20907713.5.0000.5505. This is a cross-sectional, 
analytical observational study conducted at the Audiology outpatient 
facility of a public university.

The sample consisted of 61 age and sex-matched individuals, 31 c 
(test group) and 30 non-dancers (control group), aged between 18 and 
35 years, with normal auditory sensitivity. The group of dancers had to 
have at least three years of professional ballet experience and the control 
group self-reported not being professional musicians or dancers. The 
subjects could have no history of auditory and/or vestibular alterations, 
exposure to occupational or leisure noise, or earwax or foreign body in 
the external acoustic meatus.

After the individuals screened to take part in the study gave their 
informed consent, they were submitted to the cervical vestibular evoked 
myogenic potential (cVEMP) test using an Interacoustics Eclipse EP-25 
audiometer.

This potential is captured by surface electrodes placed on the skin 
and fixed with adhesive tape, after cleaning with abrasive paste, alcohol, 
cotton and prior use of electrolyte paste. The active electrode was placed 
on the upper half of the sternocleidomastoid muscle, ipsilateral to the 
stimulation, the reference electrode on the upper edge of the ipsilateral 
sternum, and the ground electrode on the frontal midline. Impedance 
was measured between the electrodes, allowing a difference of up to 3 
kΩ, and of each electrode, allowing a difference of 5 kΩ.

To obtain the cVEMP recording in the sternocleidomastoid muscle, 
the patient remained seated, with maximum lateral head rotation to the 
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side contralateral to the stimulus, maintaining tonic muscle contraction 
of between 60 and 80 µV, controlled by surface electromyography. The 
stimuli, presented through ER-3A insert earphones, were initiated in 
the afferent right, and then repeated in the afferent left.

In the cVEMP test, 100 tone-burst stimuli were promediated at a 
frequency of 500 Hz, with a duration of 10 milliseconds (rise: 4 ms, 
plateau: 2 ms, fall: 4 ms), repetition rate of 5 Hz, and sound intensity 
level of 95 dB NAn, using a bandpass filter between 5 and 2200 Hz. The 
recordings were made in 50 ms windows.

P13 latency was defined as the negative polarity of a biphasic wave 
that appears in approximately 13 ms, and n23 latency as the positive 
polarity of the biphasic wave that appears in around 23 ms. The 
amplitude of the p13 wave was assessed from zero (reference) to the 
most negative peak of the wave, on the Y axis. The amplitude of the n23 
wave was assessed from zero (reference) to the most positive peak of the 
wave, also on the Y axis. Both were observed in microvolts.

The data were tabulated and processed by SPSS 21.0 software. The 
Shapiro-Wilk test was applied to determine sample normality, and the 
student’s T-Test or Mann-Whitney Test to make a comparative analysis 
between the two independent variables, depending on whether the 
sample exhibited normal or non-normal distribution, respectively. 
Alpha values < 0.05 were considered significant. The beta value was 0.1.

Results
The sample consisted of 61 subjects, namely 31 dancers (15 men = 

48.4%), of which 16 were women (51.6%), and 30 controls, 15 of each 
sex. The student’s t-test showed no age difference between the dancers 
(22.48 ± 4.8 years) and non-dancers (22.5 ± 3.20 years), with a p-value 
of 0.97.

There was no significant intergroup difference between the right 
and left ears, considering p-values < 0.05), for the Student`s T-test. In 
comparative analysis between the sexes, the cVEMP recorded in male 
dancers exhibited earlier (lower latencies) and more robust (greater 
amplitudes) p13 and n23 waves than those captured in their female 
counterparts, but with no significantly different mean values between 
the sexes with p >0.05 . The same cVEMP analysis between the sexes 
in the control group obtained similar results between men and women, 
with no significant differences (p< 0.05).

The cVEMP test showed earlier waves with greater amplitudes 
in the dancer group compared to non- dancer group (Figure 1). The 
Mann-Whitney test revealed a significant intergroup difference for n23 
latency and amplitude and p13-n23 interlatency (p< 0.05) (Table 1).

Discussion
The findings of this study showed no inter-sex difference for the 

dancer group and non-dancer group, in line with other investigations 
[8,9]. We observed that the n23 wave of cVEMP exhibited a higher 
amplitude and lower latency in the dancers than in non-dancers, 
similar to the findings of [2], but with significant differences for all p13 
and n23 latency and amplitude parameters. These results may be due to 
the fact that dance requires more balance and therefore a more reactive 
vestibular system in dancers than in non-dancers [2].

For many years individuals have enjoyed the health benefits 
of dancing through its body movement techniques. This corporal 
perception during movement results in better body control in terms of 
posture, balance, laterality, among others [10]. During dance exercises, 
the body requires greater balance, increasing the neural discharge into 

the vestibular system, in order to balance the body, which becomes 
more agile and in better equilibrium [2]. As a consequence of the 
movements executed during dance, the vestibular system can produce 
plasticity and the reactions in the vestibular organs of dancers may be 
different from those of non-dancers [7].

In contrast to our findings, a study conducted by [7] with 16 
subjects, 8 dancers (Egyptian dance) and 8 non-dancers, showed no 
intergroup difference in latency or amplitude in cVEMP or Ocular 
VEMP (oVEMP). These results may be due to the fact that the study 
considered different dance styles.

The dance style selected here was classical ballet, considered a 
physical activity that requires musculoskeletal conditioning, due to 
the complex high-impact movements and large joint range of motion 
involved, in addition to developing coordination, balance and laterality 
associated with strength and flexibility of technical execution. Thus, 
developing these skills, associated with the movements inherent to 
ballet, may result in improved vestibulospinal reflex development [11].

Conclusion
Greater amplitudes and lower latencies were observed for the 

vestibulospinal reflex in dancers than in non-dancers.
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Figure 1. Mean Values of the Vestibular evoked potentials for dancers and non-dancers

cVEMP Waves Variables Dancers Non-Dancers P-Value
Latency (ms) 12,55 ± 3,81 13,47 ± 3,59 0,306**

P13
Amplitude (µV) 6,22 ± 5,81 6,11 ± 5,88 0,678**

Latency (ms) 18,82 ± 3,84 21,27 ± 4,76 0,005 *A

N23
Amplitude (µV) 13,61 ± 8,62 11,53 ± 10,30 0,010 *A

P13-N23 Latency (ms) 6,54 ± 3,81 7,24 ± 4,53 0,045 *A

Amplitude (µV) 7,81 ± 5,24 7,31 ± 5,12 0,212*

*Test, **T Student Test;  µV:  

Table 1. P-Values on the comparison of latency and amplitude of Cervical VEMP waves 
between dancers and non-dancers
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