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Introduction

Exposure to music is the subject of many studies because it is
related to an individual’s social and professional activities.1

Music has always accompanied military action as a means of
communication on the battlefield and as a way to positively

stimulate the troops.2 Many musicians find opportunities for
professional development in military bands,2 and this re-
quires several hours of individual and group study whose
systematic exposure to high sound pressure levels can cause
permanent hearing loss,3 which is a potential threat to the
human ear. Studies demonstrate the potential risk of music-
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Abstract Introduction Exposure to music is the subject of many studies because it is related to
an individual’s professional and social activities.
Objectives Evaluate the vestibular behavior in military band musicians.
Methods A retrospective cross-sectional study was performed. Nineteen musicians
with ages ranging from 21 to 46 years were evaluated (average ¼ 33.7 years and
standard deviation ¼ 7.2 years). They underwent anamnesis and vestibular and
otolaryngologic evaluation through vectoelectronystagmography.
Results The most evident otoneurologic symptoms in the anamnesis were tinnitus
(84.2%), hearing difficulties (47.3%), dizziness (36.8%), headache (26.3%), intolerance to
intense sounds (21.0%), and earache (15.7%). Seven musicians (37.0%) showed
vestibular abnormality, which occurred in the caloric test. The abnormality was more
prevalent in the peripheral vestibular system, and there was a predominance of irritative
peripheral vestibular disorders.
Conclusion The alteration in vestibular exam occurred in the caloric test (37.0%).
There were changes in the prevalence of peripheral vestibular system with a predomi-
nance of irritative vestibular dysfunction. Dizziness was the most significant symptom
for the vestibular test in correlation with neurotologic symptoms. The present study
made it possible to verify the importance of the labyrinthine test, which demonstrates
that this population should be better studied because the systematic exposure to high
sound pressure levels may cause major vestibular alterations.
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induced hearing loss in members of rock bands, parade
trucks, symphony orchestras, dance bands, and individual
instrumental training.4

The musician’s location in relation to the group is also an
important factor that contributes to increasing sound pres-
sure level exposure by the sound characteristics of instru-
ments played in the vicinity of the musician and the physical
aspects of the environment.4,5 The loudness increase in
orchestras are due to the characteristics of the music and
also brass, woodwind, and percussion instruments that
achieve high sound pressure levels during presentations, as
well as individual and group rehearsals.5,6

The time and intensity to which the individual is exposed
are directly related to hearing damage. In the evolution of
noise-induced hearing loss, individuals report difficulty in
understanding speech while in particularly noisy environ-
ments, as well as hyperacusis and diplacusis. Nonauditory
symptoms may be present, such as tinnitus, irritability, dizzi-
ness, headache, gastric upset, sleep disturbance, anddecreased
ability to concentrate, among others.7

For Ogido and colleagues, noise-induced hearing loss is
preventable and can cause problems from hearing dysfunc-
tion to important vestibular alterations.8

Several structures are involved in balance, and changes in
vestibular and/or auditory systems can often be the cause of
body instability.9 Okamoto and Santos,10 in correlating noise
with vestibular symptoms, observed that during or after
exposure to noise, many patients had vestibular disorders
such as vertigo with or without neurovegetative symptoms,
an unsteady gait, nystagmus, fainting, and pupil dilation. It is
known that the auditory impulse, before reaching the cere-
bral cortex, passes through several subcortical stations,which
explains the presence of nonauditory effects induced by
noise.10

Individuals exposed to occupational noise often do not
report dizziness and/or vertigo, probably due to the ability of
the vestibular system to adapt gradually to the damage
imposed by high-intensity sound. This means that alterations
can occur in important labyrinthine structures without the
generating any complaints.11

Teixeira and colleagues reported that high levels of sound
pressure can alter balance by the activation of the saccule’s
sensory cells, which are sensitive to both labyrinthine and
acoustic stimuli.12 Forti et al evaluated the postural responses
through a stabilometric platform in individuals who were
subjected to different types of music, and a significant
reduction of the visual component with a consequent in-
crease of the oscillation in the buccal and somatosensory
components to themusic ofMozart was observed.13Hartman
assessed college students submitted to disco and observed
vertigo, tinnitus, headache, nausea, and earache in addition to
hearing damage.14

Shulman found that vestibular tests performed in patients
with tinnitus suggest that primary vestibular lesion is promi-
nent among its causes.15 Thus, these examinations may be
useful in the detection of central or peripheral involvement
and could help establish the site of the lesion and the
correlation between tinnitus and the vestibular system.

Studies in which the focus is directed to investigations of
mechanisms involving changes in body balance caused by
exposure to high sound pressure levels are still scarce in both
national and international literature. Thus, the aim of this
studywas to evaluate vestibular behavior inmusicians from a
military band.

Materials and Methods

This retrospective cross-sectional study evaluated 19 musi-
cians who were members of a military band for the Army of
Paraná. All were males from 21 to 46 years of age (mean age
33.7, standard deviation 7.2 years), participating in the band
from 6 to 26 years (mean 16.8 years, standard deviation 5.5
years). The musical rehearsals took place every day in the
morning from 8:00 to 11:00 AM, in the battalion and in a
proper location. Data were collected at the Sector of Vesti-
bulometry of an educational institution.

Included in the research were military band musicians,
regardless of instrument and time participating in the band.
Subjects who showed musculoskeletal alterations that made
it impossible to perform the vestibular test were excluded
from the study. Musculoskeletal diseases do not allow the
vestibular nystagmus and position/placement without regis-
tration necessary tomove the head and bodyof the patient for
testing.

Neurotologic symptoms and professional and personal
backgrounds were investigated via questionnaire. After an
otoscopic inspection, the vestibular test was performed. The
musicians were subjected to the following tests that made up
the exam.

Initially, vertigo and spontaneous and semispontaneous
nystagmus position/positioning were checked. Then, vectoe-
lectronystagmography used a Berger (Eletromedicina, Säo
Paulo, SP, Brazil) model VN316 thermo-sensitive unit with
three recording channels, a Ferrante (Säo Paulo, SP, Brazil)
brand rotary chair, an EV VEC visual stimulator, and an NGR
model 05 air otocalorimeter (both made by Neurograff
(Eletromedicina, Säo Paulo, SP, Brazil)).

An eye movement calibration, a test for spontaneous and
semispontaneous nystagmus, a pendular tracking test, an
optokinetic nystagmus test, as well as prerotatory and post-
rotatory, precaloric and postcaloric tests were performed,
according to the criteria proposed by Mangabeira-Albernaz
et al.16 The caloric stimulation time for each ear with air at
42°C and 18°C was 80 seconds at each temperature. The
responses were recorded with eyes closed and then with
eyes open to observe the inhibitory effect of ocular fixation.

The study was approved by the Institutional Ethics Com-
mittee, protocol no. 014/2008, and the musicians were as-
sessed after authorization from their superiors and after
signing a consent form.

Statistical Analysis
Difference of proportions was used to compare the results of
vestibular tests (analysis of normal and abnormal results).
Fisher test was used correlation of vestibular exam and
participation time in the bandwithmore obvious neurotologic
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symptoms, and the participation time in the band with
vestibular exam results. Pearson correlation coefficient was
used for correlation between age and participation time in the
band. Rejection of the null hypothesis was set at 0.05 or 5%.

Results

The otoneurologic symptoms most evident in the medical
history were tinnitus (84.2%), hearing difficulty (47.3%),
dizziness (36.8%), headache (26.3%), intolerance to loud
sounds (21.0%), and earache (15.7%). The studies onpositional
nystagmus, eye movement calibration, investigation of spon-
taneous nystagmus with eyes open and closed, semisponta-
neous nystagmus, pendular tracking tests, and optokinetic
nystagmus showed no alterations.

Caloric tests revealed 4 cases (21.0%) of bilateral labyrin-
thine hyperreflexia, 1 (5.3%) of unilateral labyrinthine hypo-
reflexia, 1 (5.3%) of unilateral labyrinthine hyperreflexia, and
1 (5.3%) of asymmetric directional preponderance for nystag-
mus (DP). The test was normal in 12 cases (63.1%).

Seven patients (37.0%) had peripheral vestibular disorders,
6 (31.7%) had irritative peripheral vestibular dysfunction, and
1 (5.3%) had deficit peripheral vestibular dysfunction. The test
was normal in 12 patients (63.1%), as shown in ►Table 1.

Difference of proportions test proved that there was no
significant difference between the proportions of normal and
abnormal scans (p ¼ 0.1124).

The correlation between the results of the vestibular exam
and the most evident neurotologic symptoms is shown
in ►Table 2. Fisher test showed a significant difference
between the proportions ofmusicianswith normal vestibular
exams and abnormal vestibular exams for the symptom of
dizziness (p ¼ 0.0017).

The frequency distribution relating to the type of musical
instrument with the result of the vestibular exam and the
most evident neurotologic symptoms is shown in ►Table 3.

The correlation between the participation time in the band
with the most evident neurotologic symptoms and vestibular
exam results is shown in ►Tables 4 and 5, respectively.

Fisher test showed that there was no significant difference
between the proportion of the participation time in the band
with the most evident neurotologic symptoms and the result
of vestibular exam.

The correlation between age and participation time in the
band resulted in a Pearson correlation coefficient of r ¼ 0.61
(p ¼ 0.0055), a value of statistical significance.

Discussion

Medical history analysis verified the occurrence of neuro-
tologic symptoms in the following order of precedence:
tinnitus, difficulty hearing, dizziness, headache, intolerance
to loud sounds, and earache. These symptoms were also
observed by Gonçalves et al and Mendes and Morata,2,6

who noted tinnitus, intolerance to loud sounds, vertigo,
and hearing loss as being the most frequently reported
otoneurologic complaints in alterations related to high sound
pressure levels. Hartman evaluated 575 college students who
frequented discos and observed vertigo, tinnitus, headache,
nausea, and earache in addition to hearing loss.14 Tinnitus is a
symptom of higher incidence in this study, and, according to
the literature, is a functional alterationwhose variable causes
are not always apparent and may be related to several
diseases in various parts of the body. Among the most
common causes is a sudden or prolonged exposure to loud
sounds.17 The origin of tinnitus always causes discussion and
among the various existing theories; it is assumed to be
generated by increased spontaneous neuronal activity along
the auditory pathway, often associated with lesions of the
inner ear and the vestibulocochlear nerve.17–20 Additionally,
there may be a dynamic interaction in various regions of the

Table 1 Vestibular exam results for military band members

Results n %

NVE 12 63.1

IPVD 6 31.7

DPVD 1 5.3

Abbreviations: DPVD, deficit peripheral vestibular dysfunction; IPVD,
irritative peripheral vestibular dysfunction; NVE, normal vestibular exam.
Note: The proportions test demonstrated no difference between the
proportions of normal and abnormal exams (p ¼ 0.1124).

Table 2 Correlation between vestibular exam and most evident
otoneurologic symptoms for band members

Exam result Otoneurologic
symptoms

p

No Yes

Tinnitus

NVE 3 9 0.2270

AVE – 7

Dizziness

NVE 11 1 0.0017a

AVE 1 6

Difficulty hearing

NVE 6 6 0.5700

AVE 4 3

Headache

NVE 10 2 0.2366

AVE 4 3

Intolerance to
loud noise

NVE 8 4 0.1277

AVE 7 –

Earache

NVE 11 1 0.2962

AVE 5 2

Abbreviations: AVE, abnormal vestibular exam; NVE, normal vestibular
exam.
aFisher test showed a significant difference between the number of
musicians with NVE and AVE for dizziness.
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central nervous system between the cochlear nuclei and the
pons, important for the control of eye movements, with
the inclusion of areas that participate in neural interaction
of the pons, cerebellum, and vestibular nuclei.17–19 According
to Órfão et al,21 tinnitus can be the first manifestation of a
pathologic labyrinthine process present before the onset of
vestibular dysfunction. Adults and children can be affected,
with the prevalence of tinnitus increasing with age, and it has
a high incidence associated with both exposure to noise as
well as with hearing loss related to age.22

In the present study, we observed an alteration in the
peripheral vestibular system, identified in the caloric test,
with a predominance of irritative dysfunction. This result was
consistent with Órfão et al,21 who evaluated 22 patients with
complaints of tinnitus independent of hearing acuity; they
observed alterations only on caloric tests with a prevalence of
irritative vestibular disorder.

Teixeira et al assessed balance by examining the computer-
ized dynamic posturography in 16 workers exposed to occu-
pational noise of a printing company and observed alterations
in balance in the assessment at all stages tested that evaluate
somatosensory, visual, vestibular, and balance functions.12

Forti et al evaluated the postural responses through a
stabilometric platform in 12 patients who listened to various
types of music and observed a significant reduction in the
visual component with a consequent increase of the oscilla-
tion in vestibular and somatosensory components while
listening to the music of Mozart.13

Carrick et al used computerized dynamic posturography to
evaluate 266 asymptomatic individuals after being subjected
to various musical styles for 30 days.23 The examinations
showed a high incidence of patients who presented alter-
ations in balance with a risk of falling. The authors did not
report how many hours per day and at what volume the
patients were exposed to music, only that music by Nolwenn
Leroy was the most significant.

Cassandro et al analyzed the vestibular test and incidence
of vestibulocochlear symptoms in 40 individuals between 18
and 26 years old, without hearing or vestibular alterations,
after listening to discomusic for 3 hours at an intensity of 128
dB.24 The authors evaluated subjects before and after acoustic
stimulation through examination of vestibular evoked myo-
genic potentials and observed a significant increase in the
amplitude of the vestibular evoked myogenic potentials,
which indicates a possible irritant involvement to the macu-
lar receptor. This result suggests a direct action on the
macular receptors for acoustic stimulation that could be the
cause of the vestibular symptoms reported by individuals
after exposure to intense acoustic stimuli. This research
revealed a significant incidence of vestibular symptoms due
to acoustic stress, which led to the hypothesis that balance
disorders due to auditory stress are much more frequent.

When comparing normal and abnormal vestibular tests
with the most evident neurotologic symptoms, there is a
significant difference between the proportions for the symp-
tom of dizziness. According toTeixeira et al, several structures

Table 3 Frequency distribution related to type of musical instrument and results of vestibular exam and most common
otoneurologic symptoms for military band members

Musical instrument Exam results

NVE AVE

n % n %

Bass 1 5.3 – –

Clarinet 2 10.5 5 26.3

Percussion 1 5.3 – –

Saxophone 2 10.5 1 5.3

Trumpet 6 31.6 – –

Tuba – – 1 5.3

Total 12 63.2 7 36.8

Otoneurologic symptoms (n)

Tinnitus Difficulty
hearing

Dizziness Headache Intolerance
to noise

Earache

Bass 1 1 – – – –

Clarinet 7 4 4 2 – 2

Percussion – – – – – –

Saxophone 3 – 2 – – 1

Trumpet 4 4 – 2 4 –

Tuba 1 – 1 1 – –

Total 16 9 7 5 4 3

Abbreviations: AVE, abnormal vestibular exam; NVE, normal vestibular exam.
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are involved in the process of balance, and a loss of body
stability can often be related to changes in the vestibular and/
or auditory systems.12 High sound pressure levels can alter
balance through the activation of the sensory cells of the
saccule that are sensitive to both acoustic and labyrinthine
stimuli. According to Van Eyck,25 in experimental studies in
guinea pigs exposed to loud sounds, there was a direct
relationship between exposure to noise and the presence of
histologic lesions in the vestibular labyrinth. The most com-
mon occurrence was the rupture of a thin sheet of cells that

separates the utricle and saccule and semicircular canals of
the rest of the vestibule. Thewall of the saccule was broken in
approximately one-fourth of guinea pigs and damaged in
one-third. The sound stimulation reduced the sensitivity of
the sensory organ of the semicircular canals, indicating that
the utricle and saccule are susceptible to noise trauma.
According to Forti et al, high sound pressure levels alter
balance through the activation of the saccule, which is sensi-
tive to both vestibular and acoustic stimuli.13

Mehlenbacher et al revealed the incidence of dizziness and
visual alterations resulting from dehiscence of the superior
semicircular duct after barotrauma caused by a military and/
or terrorist explosion.26 The authors reported that barotrau-
ma is very common in war.

The correlation between the type ofmusical instrument with
the result of vestibular tests andneurotologic symptoms showed
a greater number of labyrinthine alterations for the clarinet,
which agrees with the questionnaire used in the interview that
showed that the highest number of otoneurologic complaints
were for musicians who played the clarinet and trumpet.
Mendes and Morata reported that in bands, the most common
musical instruments are brass, woodwinds, and percussion,
which reach high sound pressure levels during presentations
and practice for both individuals and groups, causing neuro-
tologic disorders with hearing loss, intolerance to loud sounds,
dizziness, and tinnitus being the most common.6

The analysis of participation time in the band with the
most evident neurotologic symptoms and the result of ves-
tibular test showed no significant results. However, when age
was analyzed with the participation time in the band, a
significant result was shown, indicating that the participation
time in the band increaseswith the age of its members. This is
a feature of the professional soldier who joins the armywhile
still young and continues in the career.2 In the present study,
the average participation time in the band was 16.8 years,
with over 10 years of exposure to loud music. According to
Mendes et al,27 hearing loss caused by exposure to high sound
pressure levels reaches itsmaximum in thefirst 10 to 15 years
of exposure, which characterizes this population as being at
risk for future vestibulocochlear problems.

Conclusion

Vestibular alterationswere found in the caloric test, and there
was a prevalence of alterations for the peripheral vestibular
system with a predominance of irritative vestibular dysfunc-
tion. Dizziness was the most significant symptom in correla-
tion of the vestibular test with neurotologic symptoms.

This study showed the importance of the vestibular test
and points out that the military band member population
should be further investigated, because the systematic expo-
sure to high sound pressure levels can cause important
vestibular alterations.
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