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Introduction Human auditory and vestibular systems change due to noise exposure. 
Professional musicians are often subjected to loud music and longer durations as part 
of their practice. Although the effects of music have been explored extensively on the 
auditory system, it is important to understand changes in the vestibular system also. 
The current study is aimed to compare cervical vestibular evoked myogenic potential 
(cVEMP) findings in nonmusicians and violinists to understand if there are any changes 
in the P1 and N1 latencies and absolute amplitudes in the violinists’ groups because of 
their exposure to violin music.
Materials and Methods Twelve participants (6 nonmusicians and 6 violinists) of 
both genders were included in the study. Pure tone audiometry and distortion product 
otoacoustic emissions (DPOAEs) were performed on all the participants. cVEMP P1 and 
N1 latencies and absolute amplitudes were obtained, and overall mean differences 
were compared within and between groups.
Results Pure tone average and DPOAE were within the normal range between and within 
the groups. Results indicate that P1 and N1 absolute amplitudes and latencies were slightly 
prolonged in the violinists’ group; however, the mean difference was not statistically sig-
nificant. Comparison of mean absolute amplitudes and latencies between the ears in the 
violinists’ group showed longer latencies and greater absolute amplitudes in the left ear 
of violinists as compared with the right ear. In the study, the violinists’ group consisted of 
participants who had an average daily exposure of about one-and-a-half hours and had an 
experience of playing the instrument for more than 5 years.
Conclusion cVEMP is useful in detecting early changes in the saccule that may occur 
due to noise exposure. It can be concluded that, even before a clinically detectable 
hearing loss or vestibular damage, changes in saccule are observed with the help of 
cVEMP and should be included in the audiovestibular test for early identification.
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Introduction
Music is a recreational as well as a professional activity that 
has been practiced throughout the years. Although music 
is deemed to be a fun-loving activity, it is proven to have 

detrimental effects on an individual’s hearing.1 Musical 
information is comprised of a more balanced and meaningful 
arrangement of musical information, while on the contrary, 
noise is often less constrained.2
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The human auditory system undergoes physiological 
changes due to noise exposure, specifically outer hair cells 
(OHCs) causing permanent or temporary damage to the 
structures and functionally, resulting in decreased auditory 
sensitivity.3 This type of noise exposure typically results in 
damage at higher frequencies, commonly affecting the region 
between 3 and 4 kHz.4 To regulate these effects, Occupational 
Safety and Health Administration has set the permissible 
sound pressure level at 85 decibel A (dBA) for an exposure 
duration of 8 hours. A similarity in the pattern of damage 
in the cochlea and the vestibule was observed after intense 
exposure to noise.5 Reduced hearing in both ears, ringing 
sensation in the ear, inability to hear a speaker in background 
noise, and dizziness are some of the most commonly reported 
symptoms of noise-induced hearing loss.6,7 The onset of ves-
tibular symptoms has been seen without the evidence of 
measurable hearing loss in persons exposed to industrial 
equipment noise.8 Illustrative human studies have reported 
a greater percentage of complaints related to the vestibular 
system,9,10 and increased cervical vestibular evoked myogenic 
potential (cVEMP) latencies in individuals who experienced a 
high level of noise exposure. Professional musicians are sub-
jected to a high amount of practice hours and are at high risk 
of hearing loss that can be attributed to long-term exposure 
either due to playing musical instruments or the use of per-
sonal music systems.11

A study conducted on individuals using personal music 
systems for more than 1 hour, every day for 2 years, reported 
significantly prolonged absolute peak latencies in cVEMP with 
latencies of P13 and N23 peaks also being prolonged.11 This 
study demonstrates the unfavorable consequences of per-
sonal music system use on the sacculocollic pathway and the 
results obtained were similar to that of occupational noise 
exposure. Reduced vestibular excitability is observed by pro-
longed P13 and N23 latencies among musicians along with 
the other audiological findings.12

The effects of occupational hearing loss have been studied 
in musicians and predominantly have the same characteris-
tics as that of noise-induced hearing loss, but variations may 
exist in symmetry when instruments such as the violin are 
taken into consideration. The music conveyed by the violin 
maybe classical or western and usually extends in the lower 
frequency ranges from 196 to 659.3Hz. It must be noted 
that the sound pressure level measured from the violin was 
approximately 85.4 dB (A).13 Violists and violinists had poorer 
thresholds at 3 to 6 kHz in the left ear as compared with the 
right ear, consistent with the left ear’s greater exposure from 
their instruments.14

Recent research is inclined toward illustrating the influ-
ence of the use of musical instruments on the vestibule. In 
the case of violinists, it is important to understand whether 
the effect of exposure to music may influence an individual’s 
vestibular responses. The auditory and the vestibular system 
have common genealogy and anatomical proximity, and the 
vestibular end organs can adversely be affected by the sound 
produced by the violin. The proximity of the violin to the ear 
and posture utilized while playing the violin as it involves 
tension in the sternocleidomastoid muscle that is innervated 

by the inferior vestibular nerve could affect the human audi-
tory and balance system. Effects on the auditory system have 
been studied, but its effects on the balance system have not 
been established. Hence, there is a need to study the effect of 
sound produced by violin on the saccular system.

Methodology
Participants
Twelve student participants, from the age group of 18 to 
30 years, after informed consent, volunteered to be a part of 
the study. A case–control study design was utilized. Control 
group and the experimental group comprised nonmusicians 
and violinist, respectively. Based on the inclusion and exclu-
sion criteria, age-matched six participants were recruited in 
each group. With the approvals from the Institutional Ethics 
Committee, Kasturba Hospitals, Manipal (IEC:136/2020) and 
CTRI Registration, data were collected at the Department of 
Speech and Hearing, Manipal College of Health Professions 
(MCHP), Manipal Academy of Higher Education (MAHE), 
Manipal, Karnataka.

The violinists' group consisted of participants who had 
an average daily exposure of about one and a half hours and 
had an experience of playing the instrument for >5 years. 
Furthermore, they had no middle ear pathologies or any neu-
rological and psychological conditions. The nonmusicians 
group had no experience of playing any instruments, both 
professionally and for recreational purposes. Similar criteria 
as that of the experimental group were utilized to exclude 
participants from the control group. All participants were 
advised to avoid the use of muscle relaxant, ototoxic or ves-
tibulotoxic drugs for 48 hours before testing. Participants 
who for any reason could not withdraw these drugs were 
not considered for the study. The recruited participant first 
underwent an audiological evaluation, which included pure 
tone audiometry, screening tympanometry, and distortion 
product otoacoustic emissions (DPOAE) (to ensure that par-
ticipant fit the inclusion criteria), followed by a vestibular 
evaluation assessing the latencies and absolute amplitudes of 
P13 and N23 peaks with cVEMP.

Instrumentation and Procedure
A calibrated pseudo-two-channel audiometer (GSI-61, 
Grason Stadler Inc., United States) was used to estimate hear-
ing thresholds using TDH-50 P earphones and a Radioear 
B-71 bone vibrator. Calibrated GSI Tympstar middle ear ana-
lyzer was used to screen middle ear function. DPOAEs were 
recorded using an Echoport ILO292 (Otodynamics Ltd, United 
Kingdom) using v.6 software. A sound-treated room with per-
missible background noise level15 was utilized to carry out all 
the tests, including the baseline evaluations. Pure tone aver-
age was calculated using thresholds at 500 Hz, 1 kHz, and 
2 kHz. cVEMP testing was done using the IHS SmartEP system. 
All the participants were instructed to sit upright in a com-
fortable chair. Commercially available abrasive gel Nuprep 
was used to clean the electrode sites and obtain acceptable 
impedance. The gold-plated cup electrodes were placed using 
Ten20 conductive paste and secured with surgical tape.
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The electrode montage used was as follows: nonin-
verting electrode was placed on the upper one-third of 
the sternocleidomastoid muscle, inverting electrode was 
placed on the sternoclavicular junction, and the ground 
electrode was placed on the forehead. Absolute and inte-
relectrode impedance were 5 and 2 Ohms, respectively. All 
participants were requested to turn their heads toward 
the opposite side of the ear being stimulated to obtain ten-
sion in the sternocleidomastoid muscle. A visual feedback 
monitor was used to maintain neck tension. The stimulus 
and analysis parameters were as follows: Tone bursts of 
500 Hz with alternating polarity, ramped with rise/fall 
time and 1 ms plateau, were used. The stimulus inten-
sity was 100 dB normal hearing level, with a repetition 
rate of 5.1/s. The waveform was analyzed using an anal-
ysis window of 74 ms, with 20 ms prestimulus baseline. 
Responses were averaged across 256 sweeps after being 
bandpass filtered between 10 Hz and 1,500 Hz with an 
amplification of 5,000.

Statistical Analysis
Analysis was done using IBM SPSS software (version 23). 
Descriptive statistics such as mean and standard deviation 
were obtained for pure tone thresholds data, and cVEMP 
latencies and absolute amplitudes were analyzed using an 
independent sample t-test for between and within-group 
comparisons.

Results
The current study aimed to understand whether exposure 
to music from the violin influences an individual’s saccular 
responses. The age range of all the participants was 21 to 
27 years. The nonmusicians group had six participants (four 
male and two female) and the violinists' group had six par-
ticipants of which one was male and five were females. 
Participants in the group of violinists had an average daily 
exposure of about one and a half hours and had been practic-
ing the instrument for 5 years or more.

Mean values of pure tone average at all frequencies for 
non musicians and violinist group are reported in ►Table 1. 

Pure tone audiometry revealed hearing thresholds at all fre-
quencies within the range of 25 dB hearing level suggesting 
hearing sensitivity within normal limits16 in both ears for 
both groups. However, hearing thresholds in the group of 
violinists were elevated in comparison to the nonmusician 
group, especially in the left ear as compared to the right ear, 
respectively.

Paired t-test was used to compare within and 
between-group cVEMP latencies and absolute amplitudes in 
the nonmusician and violinist group. Mean, standard devia-
tion, and p-value are reported in ►Table 2.

Greater differences in latencies of both P13 and N23 peaks 
were observed in the violinist group. An average mean dif-
ference of 2 ms was seen for both the peaks in the violin-
ist group; however, this difference was not statistically 
significant. Absolute amplitude comparison between the two 
groups also revealed larger absolute amplitude variations for 
P13 and N23 peaks, greater in the left ear as compared with 
the right, in the violinist group. In the right ear, the abso-
lute amplitude of P13 was greater by 7 mV as compared with 
the nonmusician group. In the left ear, the average mean dif-
ference for absolute amplitude was 4 mV, in comparison to 
the nonmusician group. Overall, both latency and absolute 
amplitude of P13 and N23 showed larger deviations in the 
violinist group (left ear > right ear); however, this difference 
was not statistically significant.

A within-group comparison between the ears of the vio-
linists was performed. Mean, standard deviation, and p-value 
are reported in ►Table 3.

Latencies of both peaks were greater in the left ear in 
comparison with the right ear, as mentioned previously. 
Similarly, the absolute amplitude of both peaks was greater 
in the left ear in comparison to the right; however, both 
latency and absolute amplitude differences were not statis-
tically significant.

Discussion
This study aimed to understand whether exposure to music 
from the violin influences an individual’s saccular responses. 
In our study, the violinist group had elevated cVEMP absolute 

Table  1  Mean values of PTA for nonmusician and violinist group

Nonmusician Violinist

Frequencies PTA (dBHL)

Right ear Left ear Right ear Left ear

250 Hz 14.16 11.6 17.5 21.6

500 Hz 10.8 10 15.8 19.16

1 kHz 10 9.16 12.5 16.6

2 kHz 9.16 10 10.8 14.16

4 kHz 8.3 6 11.6 13.3

8 kHz 6.6 6 13.3 12.5

PTA 10 9.72 13.05 16.6

Abbreviations: dBHL, decibel hearing level; PTA, pure tone audiometry.
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amplitudes and latencies. cVEMP latencies in the violinist 
group were prolonged by 2 ms in both ears and the absolute 
amplitudes were increased by 4 and 7 µV in the right and 
left ear, respectively. This may be indicative of early changes 
occurring in the saccule17 due to continuous noise exposure, 
but the changes may not be significant as they are not involv-
ing the inferior vestibular nerve, hence maintaining the func-
tion of the sacculocollic pathway.18

Occupational noise exposure is often said to result in 
reduced excitability of the saccule.19,20 The group of violinists 
in our study had been exposed to violin music, on an aver-
age of one and a half hours, every day for more than 5 years. 
This type of continuous noise exposure of longer durations 
has proven to have detrimental effects21 on hearing, but 
these small changes in latencies and absolute amplitudes of 
cVEMP may reflect changes in the saccule that occur with-
out any alterations in the auditory sensitivity.9 The simi-
larity in the structure of the hair cells in the cochlea and 
vestibule and common blood supply of the cochlea22 and 
vestibular end-organs by the same artery support the likeli-
hood of saccular deterioration related to cochlear damaging 
factors,23 resulting in slightly longer latencies in violinists. 
Studies also state that pathologies affecting the saccule, such 
as Meniere's disease are, likely to not affect the latencies of 
cVEMP,24 suggesting that the changes occurring are limited 
to the saccule.

Furthermore, larger absolute amplitudes of the P13 and 
N23 peaks cVEMP were seen in this group indicating the 
recruitment of the saccular receptors. Recruitment in these 
cells may be the result of bone-conducted vibrations that 
lead to irregular otolithic motion showing activation of neu-
rons at higher stimulus levels showing a steep increase in 
firing with an increase in intensity.25 Long-term exposure to 
violin music may result in early damage at the morphological 
level, causing abnormal growth of saccular responses.

Conclusion
cVEMP may be used as a part of the auditory vestibular test 
battery to detect these prior changes. Detecting these early 
changes could help monitor them over a while and benefit 
cochlear and vestibular assessment and management. Future 
studies could benefit by incorporating a larger sample size 
and understanding the effect of age and duration of practice 
in early detection of these changes in musicians and accord-
ingly provide remediation measures to avoid further deterio-
ration in the system.
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