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Personal music systems and hearing
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Abstract
Objectives: To measure the output sound pressure levels of personal music systems and evaluate their effect on
hearing.

Methods: Output sound pressure levels at preferred volume settings and listening environment were measured
using a manikin. Effects of personal music system use on hearing were evaluated using pure tone audiometry
(in conventional and extended high frequency ranges), transient evoked otoacoustic emissions, syllable
identification in noise, intensity discrimination, frequency discrimination and temporal modulation transfer
function.

Results: Results showed, alarmingly, that large proportions of young adults are using personal music systems at
levels higher than the safety limits set by regulatory bodies. Individuals who listened to personal music systems at
levels higher than 80 dB LAeq exhibited poorer extended high frequency thresholds, reduced transient evoked
otoacoustic emission amplitudes, poorer frequency discrimination, reduced modulation detection thresholds at
32 Hz modulation frequency, and reduced syllable identification in noise at —5 dB signal-to-noise ratio.
Listening levels were significantly correlated with extended high frequency thresholds and transient evoked

otoacoustic emission amplitudes.

Conclusion: These results suggest that listening to music through personal music systems at higher volume levels

may be hazardous to hearing.
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Introduction

There are growing concerns over hearing deterioration
following noise exposure via personal music system
use. Loud music, if listened to for long durations at
increased volume levels, might result in permanent
noise-induced hearing loss. The habit of listening to
loud music is very common among young adults.'*?
Most young adults prefer using personal music
systems when travelling or before sleeping, and in
either condition the listening duration might be long.
Music is typically listened to at high volume during
travelling in an attempt to restore audibility in concur-
rent vehicle noise. As there has been a massive increase
in the popularity of personal music systems, an alarm-
ing proportion of young adults may be at risk of hearing
loss, and this will be an important social concern to the
next generation.

The National Institute for Occupational Safety and
Health guidelines for workplace settings specify that
any exposure of 85 dBA for more than 8 hours
exceeds the maximum daily allowable noise level cri-
terion.® As the intensity of the signal increases, the
maximum allowable duration of exposure decreases.
Although this standard is based on industrial noise, it
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is currently used as the guideline for recreational
noise exposure, including listening to music. In India,
the Ministry of Environment and Forests (2000) has
imposed the guidelines for maximum allowable noise
levels.* According to these guidelines, the maximum
allowable noise dose for an 8-hour period is 90 dBA
per day, with a ‘5 dB exchange rule’. In adherence to
this guideline, every 5 dB increase in the exposure
level will be compensated by halving the exposure
time, to keep the risk constant. The maximum permis-
sible levels are not considered completely harmless, as
a few people may still incur a permanent hearing loss if
exposed to these levels of noise.

Since the invention of personal music systems,
researchers have tried to investigate the deleterious
effects of these devices on hearing. There are a few pub-
lished reports in the literature on the hazardous output
sound pressure levels generated by personal music
systems.>® These investigators found maximum sound
pressure levels as high as 124 dBA and 110-128 dBA
respectively for compact disc (CD) and cassette players.
Based on these reports, it can be concluded that personal
music systems using either CD or cassette players can
produce sound levels that are hazardous to hearing.
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Fligor and Cox systematically explored the output
levels of the different commercially available CD
players in combination with a variety of earphone
styles on a manikin.” Free-field equivalent sound pres-
sure levels measured at maximum volume control set-
tings ranged from 91 to 121 dBA. Output sound
pressure levels varied for different configurations of
earphone styles and were greater for the insert type of
earphones. They concluded that in most of the CD
player models, the maximum permissible noise dose
would be reached within 1 hour of listening to music
at 70 per cent of the volume control setting. Torre mea-
sured the output sound pressure levels of personal
music systems in the ear canal of 32 participants at 4
loudness categories: low, medium, loud and very
loud.® The findings revealed mean output sound pres-
sure levels of 62, 72, 88 and 98 dB SPL for low,
medium, loud and very loud categories, respectively.
Based on these measurements, it was concluded that
output sound pressure levels produced by personal
music systems at medium or loud volume control set-
tings may not be hazardous if listened to for 1-3
hours a day. All these early studies concentrated on
measuring the output sound pressure levels of the per-
sonal music devices and seldom evaluated their effect
on hearing.

Lee et al. reported on the hazardous effects of per-
sonal music systems on hearing.’ In a pilot study, the
hearing thresholds of 16 young volunteers were evalu-
ated after they had listened to 3 hours of music through
a personal music system. Six volunteers showed tem-
porary threshold shifts.” Kumar et al. measured the
mean output sound pressure levels at preferred listening
settings in quiet conditions, in the presence of 65 dB
SPL bus noise and at maximum volume control set-
tings, for mobile phones, iPods™ and locally made
‘MP3’ players.'® The mean loudness equivalent expos-
ure levels (Leq) for continuous 8-hour durations at the
volunteers’ preferred volume control settings in quiet
conditions were: 73 dBA for mobile phones (range,
40-93 dBA), 76 dBA for iPods (range, 56—86 dBA)
and 79 dBA for locally made MP3 players (range,
70—84 dBA). The output sound pressure levels in the
presence of bus noise were similar to those in the
quiet condition, but at the maximum volume control
settings the output levels were higher compared to the
volunteers’ preferred volume control setting. They
reported a significant negative correlation between lis-
tening levels and distortion product otoacoustic emis-
sion amplitudes at high frequencies. Individuals who
tended to listen at higher levels had poorer otoacoustic
emission (OAE) amplitudes. The study demonstrated
subclinical cochlear damage in individuals who lis-
tened to music at higher levels through personal
music systems.'® Peng ef al. reported that the hearing
thresholds in the 3, 4, 6 and 8 kHz frequency range
were significantly increased in personal music system
users, though hearing thresholds in low frequencies
were within the normal range."!
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As the popularity of personal music systems is
increasing, the damage caused by listening to personal
music systems is of social concern. This study aimed to
measure the output sound pressure levels of commer-
cially available personal music systems, and to evaluate
their effect on hearing using various subjective and
objective tests. If the listening levels are above
damage risk criteria and if there is an effect on
hearing then this warrants strict laws to limit the
output of these personal music systems.

Materials and methods
Participants

Sixty participants aged between 15 and 30 years parti-
cipated in the current study. The participants were
selected from different schools and colleges in
Mysore, a city in South India. The study consisted of
two groups: regular users of personal music systems
and non-users of personal music systems. There were
30 participants in both groups.

Selection criteria

The participants were selected after administering a
custom-made questionnaire on personal music system
use, developed as a part of the current study. From
the pool of 1000 school and college students surveyed,
60 individuals who met the inclusion criteria were ran-
domly selected for the study.

The inclusion criteria were as follows: no history of
otological problems, occupational noise exposure, or
ototoxicity; both ear canals were free from cerumen,
debris and any foreign body, as observed from otoscop-
ic examination; speech identification scores were
greater than 90 per cent at 40 dB SPL (using the
average of pure tone hearing thresholds at 0.5, 1, 2
and 4 kHz as a reference), as assessed using phonetic-
ally balanced word lists; and normal middle-ear func-
tioning, as indicated by a type ‘A’ tympanogram,'”
with the presence of acoustic reflex for broadband
noise above 75 dB SPL but within 90 dB SPL.

The participants were assigned to two groups.
Personal music system non-users did not use or rarely
used (once a week for less than 1 hour at a time) person-
al music systems. Personal music system users were
regular users of the devices, having listened to music
through personal music systems for at least 2 hours
per day for a minimum of 2 years.

The purpose and nature of the study was explained to
each participant and written consent was obtained. The
study adhered to the All India Institute of Speech and
Hearing Ethics Committee ‘ethical guidelines for bio-
behavioural research involving human subjects’, and
ethical committee approval was obtained.

Procedure

The study was carried out in two phases. In phase I, the
output sound pressure levels produced by different per-
sonal music systems were measured using a Knowles
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FIG. 1

Typical frequency response characteristics of coupler.

electronic manikin for acoustic research (Kemar 45BB-
1; GRAS, Holte, Denmark). In phase II, the effect of
listening to music using personal music systems on
hearing was measured using various behavioural and
physiological tests.

Phase I

Phase I involved measurement of the output sound pres-
sure levels produced by different personal music systems
using a Kemar. This phase was carried out only for the
personal music system users group. Output of the person-
al music systems was recorded in situations where parti-
cipants reported that they used it most (e.g. in quiet
conditions or in the presence of bus noise).

Experimental set-up. A Kemar, with an ear simulator
(RA0045), connected to a sound level meter (type
2270; Briiel & Kjer, Nerum, Denmark), was used to
measure the output sound pressure levels of the person-
al music systems. The GRAS Kemar 45BB-1 manikin
is a human head and torso model for in situ measure-
ment of hearing aids, earphones and communication
devices. It simulates the way an average human influ-
ences a sound field. The Kemar is fitted with a pinna
simulator, ear canal extension and ear simulator that
have similar acoustic impedance to that of the human
ear. The ear simulator comprises an externally
polarised (polarisation voltage of 200 V) pressure
microphone (model 40AG) and an occluded ear simu-
lator. Figure 1 shows the frequency response of the ear
simulator coupled to a standard ear canal extension and
pinna. The output of the Kemar was connected to the
sound level meter via a 12AK power module.

Output sound pressure levels of the personal music
systems were recorded in situations where participants
reported that they used it most. The majority of
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participants reported using their personal music
systems either in quiet conditions during their leisure
time or while commuting. In those who reported
using their personal music systems in quiet conditions,
the output of the personal music system was measured
in a quiet environment. In those who reported using
their personal music systems while commuting, the
output was measured in the presence of background
bus noise.

To replicate the commuting condition, bus noise pro-
duced by a front engine bus was recorded using a sound
level meter attached to a 12.7 mm (0.5 inch) free-field
microphone. The sound level meter was kept at a dis-
tance of 1 m from the engine, and the noise was
recorded for 15 minutes. The average A-weighted
equivalent continuous noise level (LAeq) value for
the bus noise was found to be 80 dB SPL. Out of the
recorded sample, a 2-minute steady portion was
selected and used as the stimuli. This was presented
at 80 dB SPL through the calibrated loudspeaker
placed at a distance of 1 m from each participant.

In both listening conditions (in the quiet environ-
ment and in the presence of 80 dB SPL bus noise (to
simulate noise while travelling)), the output sound pres-
sure levels were measured at preferred volume control
settings. Each participant was asked to play the music
of their choice through their own personal music
system, using their own earphones or headphones,
and adjust the volume control levels to their most pre-
ferred settings in a quiet environment or in the presence
of bus noise as the case may be.

Subsequently, each personal music system’s ear-
phones or headphones were mounted onto the Kemar
pinna and the same music was played at the volume
control settings noted earlier. Output sound pressure
levels of the personal music systems were recorded in
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dB LAeq units. In addition, overall ear canal LAeq, and
LAeq at individual frequencies between 0.1 and 20
kHz (two points per octave), were recorded. These
ear canal output values were converted into equivalent
diffuse field sound pressure levels by subtracting the
head-related transfer function of the Kemar, in order
to assess exposure levels in terms of damage risk
criteria.

The LAeq values for 8-hour durations were obtained
for each participant in the experimental (personal
music system user) group. Using these values, the per-
sonal music system users were subdivided into two
groups: those whose LLAeq values for 8-hour durations
were lower than 80 dBA and those whose values were
greater than or equal to 80 dBA.

Phase II

Both the users and non-users of personal music systems
participated in phase II of the study, in which the
effects of personal music system use on hearing were
assessed using both behavioural and physiological
measures. Behavioural measures included: standard
pure tone audiometry in a conventional frequency
range (0.25-8 kHz) and extended high frequency
range (9-16 kHz), syllable identification in noise,
and psychophysical measures (intensity discrimination,
frequency discrimination and temporal modulation
transfer function). Physiologically, the effects of listen-
ing to music on hearing were assessed through transient
evoked OAEs (TEOAE:).

Pure tone audiometry. Pure tone hearing thresholds were
measured at a conventional audiometric frequency range
(0.25,0.5, 1, 2, 3, 4, 6 and 8 kHz) and an extended high
frequency range (9, 10, 11.2, 12.5, 14 and 16 kHz). Pure
tone audiometry was carried out using a calibrated two-
channel diagnostic audiometer (Piano; Inventis, Padova,
Italy). The audiometer was calibrated at the beginning of
the experiment using a sound level meter (model 2270;
Briiel & Kjer) connected to an artificial ear (type 4152),
with a 25.4 mm (1 inch) pressure microphone (model
4144). Before testing each participant, biological cali-
bration of the audiometer was carried out using the
routine procedure employed in the audiology clinic at
the All India Institute of Speech and Hearing, Mysore.
Pure tone hearing thresholds in a conventional audio-
metric range (0.25—-8 kHz) were assessed using TDH-
39 headphones, while the thresholds in an extended
audiometric range (9—16 kHz) were assessed using
HDA 200 headphones. Pure tone thresholds were esti-
mated using a modified version of the Hughson and
Westlake procedure.'?

Syllable identification in noise. The stimuli for this task
consisted of 16 syllables (/ba, cha, da, dha, dza, ga, ka,
la, ma, na, pa, ra, sa, sha, ta, tha/). These syllables were
recorded from a female native speaker of Kannada.
Stimuli were recorded using a Microbook II audio
interface (MOTU, Cambridge, Massachusetts, USA)
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connected to a personal computer using Adobe
Audition software (version 3; Adobe Systems, San
Jose, California, USA). The microphone was kept at
a distance of 15 cm from the speaker’s mouth. A sam-
pling rate of 44 100 Hz was used. The recorded stimuli
were edited to remove intervals of silence before and
after the stimulus. All the stimuli were root-mean-
square normalised using Adobe Audition software.
Speech noise was added to the normalised stimuli to
generate stimuli with 0 dB and —5 dB signal-to-noise
ratios, using a custom written code implemented in
Matlab® software.

Participants were seated comfortably in a quiet room
in front of a computer monitor at a distance of 1.5 m.
Stimuli were presented monaurally to participants at
their most comfortable levels using Sennheiser™
HDA449 circumaural headphones. The participants were
instructed to click on the corresponding consonant-
vowel syllable on the computer screen after hearing
the stimuli. Each syllable was presented five times in
each signal-to-noise ratio condition. This resulted in a
total of 160 presentations (5x16x2 =160). The
order of presentation of stimuli was randomised for
each participant. Presentation of the stimuli and acquisi-
tion of the responses were controlled using Paradigm
experiment builder software (version 2.4; Perception
Research Systems, Lawrence, Kansas, USA).

Psychophysical tests. Psychophysical testing included
assessment of basic auditory skills. Specifically, fre-
quency processing, intensity processing and temporal
processing were evaluated by measuring frequency dis-
crimination, intensity discrimination and temporal
modulation transfer function respectively.

These basic auditory skills were evaluated with a
two-up, one-down staircase procedure using a psycho-
acoustic toolbox implemented in Matlab.'* Stimuli were
generated at a 44 100 Hz sampling rate. A three-inter-
val, alternate forced-choice method was employed to
track an 80 per cent correct response criterion. During
each trial, a stimulus was presented in each of three
intervals: two intervals contained a reference stimulus
and the other interval contained a variable stimulus
(described below). The participants were instructed to
indicate the interval containing the variable stimulus.
The stimuli for all the tests were presented at 70 dB
SPL through Sennheiser HD449 circumaural head-
phones connected to a MacBook Air®.

The minimum intensity difference that was neces-
sary to perceive the two otherwise identical stimuli
was measured. The standard stimulus was a 250 ms
long pure tone at 1000 Hz with a 10 ms ramp. The vari-
able stimulus was similar to the standard stimulus
except that its intensity was varied depending on each
participant’s responses. In the three-interval, alternate
forced-choice procedure, the participants’ task was to
indicate which interval contained the louder signal.

Frequency discrimination was measured for the
250 ms long pure tones at 1000 Hz with a 10 ms ramp.
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In the three-interval, alternate forced-choice task, partici-
pants were required to identify the interval with a higher
pitch. The frequency of the variable tone was adapted
according to each participant’s responses.

Temporal modulation refers to a reoccurring change
(in frequency or amplitude) in a signal over time. A
500 ms Gaussian noise was sinusoidally amplitude-
modulated at modulation frequencies of 8, 16, 32, 64
and 128 Hz. The noise stimuli had two 10 ms raised
cosine ramps at onset and offset. In order to assess tem-
poral modulation transfer function, the participants had
to detect the modulation and determine which interval
had the modulated noise. Modulated and unmodulated
stimuli were equated for total root-mean-square power.
Depth of the modulated signal varied according to each
participant’s response, up to an 80 per cent criterion
level. The modulation detection thresholds were
expressed in decibels using the following equation:
modulation detection thresholds in decibels =20
log;p m, where m = modulation detection threshold
in percentage.

Transient evoked otoacoustic emissions. The TEOAEs
were recorded using a commercially available
computer-based otoacoustic emissions analyser (ILO-
V6, Otodynamics, Hatfield, UK). Participants sat in a
comfortable chair and the OAE probe was adequately
sealed in the external ear canal. An intrinsic real ear
intensity calibration was used to determine the quality
of the OAE probe seal before measurement com-
menced. The TEOAEs were measured for 65 dB SPL
linear clicks of 80 us duration. The average response
from a total of 260 clicks was used for the analysis.
A recording was rejected if the stimulus stability was
less than 95 per cent. The global TEOAE amplitude
and amplitudes at 1000, 1414, 2000, 2828 and
4000 Hz frequency bands were noted and used for
analysis.

Results
Phase I results

The overall in situ output sound pressure levels (LAeq
values) obtained at participants’ preferred volume
control settings using the Kemar are shown in
Figure 2. The figure shows that preferred listening
levels varied considerably among participants (range,
51-98 dB).

The mean LAeq levels, with one standard deviation,
measured across frequencies, are plotted in Figure 3.
From Figure 3, it can be inferred that songs listened
to using personal music systems had more energy in
the 0.4—4 kHz frequency region.

Figure 4 shows the equivalent diffuse field sound
pressure levels (LAeq) for individual participants.
This shows that a small proportion of the participants
were listening to music at levels higher than the
safety limit set by the Indian Ministry of
Environment and Forests, which is 90 dBA for
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FIG. 2

A-weighted equivalent continuous sound level (dB LAeq) values of
individual participants.

8 hours with a 5 dB exchange rule.* This safety limit
is less stringent when compared with the standards on
hazardous levels of noise exposure set by international
committees or organisations. For example, the
International Organization for Standardization defines
a time-weighted average of 85 dBA for an §-hour
period per day as a maximum permissible exposure
limit.'> This standard uses a 3 dB exchange rule. The
limit of 85 dB is not completely harmless, as some
individuals may still incur permanent hearing loss if
exposed to it. Noise regulations at workplaces in the
UK limit the daily exposure level to 80 dBA.'°

In order to further understand the impact of noise
levels on hearing, the study participants were divided
into two groups based on diffuse field LAeq levels.
The first group consisted of individuals who used per-
sonal music systems at levels higher than 80 dB LAeq
and the second group comprised individuals who lis-
tened to music at levels lower than 80 dB LAeq. All
behavioural and physiological measures of hearing
acuity were determined for both of these groups separ-
ately. There were 15 participants in each group.

Phase II results

Pure tone audiometry. The pure tone thresholds of all
participants were well within normal limits (less than
15 dB HL) for frequencies between 0.25 and 8 kHz
in both ears. Figure 5 shows the mean pure tone thresh-
olds (in dB HL) of non-users and users of personal
music systems (listening at levels lower than 80 dB
LAeq or higher than 80 dB LAeq) for frequencies
between 0.25 and 8 kHz.

As shown in Figure 5, the mean pure tone thresholds
of personal music system users listening at levels
higher than 80 dB LAeq are slightly poorer when com-
pared to the other two groups, especially at high fre-
quencies. To test whether these differences were
statistically significant, separate multivariate analyses
of variance were carried out for each ear. The results
revealed a significant main effect of group in both
right ears (F(16, 102) = 1.8, p <0.05) and left ears
(F(16, 102) =1.7, p <0.05). Pairwise comparisons
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Equivalent diffuse field A-weighted equivalent continuous sound
level (dB LAeq) values for individual participants.

with Bonferroni correction showed that pure tone
hearing thresholds were significantly worse in the per-
sonal music system user group listening at levels higher
than 80 dB LAeq at 0.5 kHz in the right ear, and at 0.5,
2,3, 4, 6 and 8 kHz in the left ear, in comparison with
the other two groups. There was no statistically signifi-
cant difference between non-users and users of person-
al music systems listening at levels lower than 80 dB
LAeq at any of the frequencies in either ear.

Extended high frequency audiometry. Figure 6 shows the
mean extended high frequency pure tone thresholds (in
dB SPL), with one standard deviation, for the three
groups.

The figure shows that the mean extended high fre-
quency thresholds of the personal music system user
group listening at levels higher than 80 dB LAeq is
poorer than that of the other two groups for most of
the frequencies. Multivariate analysis of variance
revealed a significant main effect of group in both
right ears (F(12, 106) = 3.5, p <0.05) and left ears
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(F(12, 106)=2.3, p <0.05). Pairwise comparison
with Bonferroni correction showed that personal
music system users listening at levels higher than
80 dB LAeq had significantly worse pure tone thresh-
olds in both ears at all frequencies except 9 kHz and
10 kHz in the right ear when compared to the other
two groups. There was no statistically significant differ-
ence between the mean pure tone hearing thresholds of
non-users and users of personal music systems listen-
ing at levels lower than 80 dB LAeq at any of the fre-
quencies in either ear.

Syllable identification in noise. The mean numbers of
syllables identified by the participants at 0 dB and
—5 dB signal-to-noise ratio are shown in Figure 7.

A one-way analysis of variance was performed for
each signal-to-noise ratio separately to determine the
statistical significance of differences in mean syllable
identification scores among the three groups. The
results showed no significant main effect of group at
0 dB signal-to-noise ratio (F(2, 57)=2, p> 0.05).
However, there was a significant main effect of group
at —5 dB signal-to-noise ratio (F(2, 57)=3.4, p<
0.01). Bonferroni post hoc analyses showed that the
personal music system user group listening at levels
higher than 80 dB LAeq had significantly poorer syl-
lable identification scores compared to personal
music system non-users.

Psychophysical tests. Figure 8 shows the mean intensity
discrimination thresholds for the three groups. The
figure demonstrates that the personal music system
users listening at levels higher than 80 dB LAeq had
poorer intensity discrimination threshold values com-
pared to the other two groups. However, one-way ana-
lyses of variance showed no significant main effect of
group on intensity discrimination threshold (F(2, 57) =
2.4, p>0.05).
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FIG. 5

Mean pure tone thresholds of non-users and users of personal music systems (listening at levels lower than 80 dB LAeq or higher than 80 dB
LAeq) for frequencies 0.25, 5, 1, 2, 3, 4, 6 and 8 kHz, in right (a) and left ears (b). Error bars represent standard deviations.
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FIG. 6

Mean extended high frequency pure tone thresholds of non-users and users of personal music systems (listening at levels lower than 80 dB LAeq or
higher than 80 dB LAeq) for frequencies 9, 10, 11.2, 12.5, 14 and 16 kHz, in right (a) and left ears (b). Error bars represent standard deviations.
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Mean number of syllables identified by non-users and users of per-

sonal music systems (listening at levels lower than 80 dB LAeq or

higher than 80 dB LAeq) in noise at 0 dB and —5 dB signal-to-
noise ratios. Error bars represent one standard deviation.

Figure 9 shows the mean frequency discrimination
thresholds, with one standard deviation, for the three
groups. The figure shows that the personal music
system user group listening at levels higher than
80 dB LAeq had poorer frequency discrimination
thresholds compared to the other two groups. One-
way analyses of variance showed a significant main
effect of group on frequency discrimination thresholds
(F(2, 57) = 6.4, p <0.05). Bonferroni post hoc ana-
lyses revealed that personal music system users listen-
ing at levels higher than 80 dB LAeq had poorer
frequency discrimination thresholds compared to the

5.0 1
4.5+
4.0 4
)
S 35
o
2230
28"
[9]
E% 254
S i<
% _g 2.0
£
5 1.5
D
©
1.04
0.5 1
0-
Non-users Users <80 Users >80
dB LAeq dB LAeq
Group
FIG. 8

Mean intensity discrimination thresholds of non-users and users of

personal music systems (listening at levels lower than 80 dB LAeq

or higher than 80 dB LAeq groups). Error bars represent standard
deviations.
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Mean frequency discrimination thresholds of non-users and users of

personal music systems (listening at levels lower than 80 dB LAeq

or higher than 80 dB LAeq groups). Error bars represent standard
deviations.

other two groups. There was no statistically significant
difference between the frequency discrimination
thresholds of non-users and users of personal music
systems listening at levels lower than 80 dB LAeq.

Temporal modulation transfer function. Mean modula-
tion detection thresholds as a function of frequency,
with one standard deviation, across the three groups,
are depicted in Figure 10. The figure shows that
mean modulation detection thresholds were poorer in
the personal music system user group listening at
levels higher than 80 dB LAeq compared to the other
two groups.

The multivariate analysis of variance showed a sig-
nificant main effect of group on mean modulation
detection thresholds only at 32 Hz (F (2, 50) = 6.75,
p <0.01). At other modulation frequencies, although
personal music system users listening at levels higher
than 80 dB L. Aeq had lower mean modulation detection
thresholds, the difference did not reach statistical sig-
nificance (F(2, 57)=1.2, p>0.05, for 8Hz
F(2, 57) = 1.164, p > 0.05, for 16 Hz; F(2, 57) =2,
p > 0.05, for 64 Hz; and F (2, 57) = 2.6, p > 0.05,
for 128 Hz). Pairwise comparisons with Bonferroni
corrections for multiple comparisons showed that the
personal music system user group listening at levels
higher than 80 dB LAeq had significantly poorer
mean modulation detection thresholds compared to
the other two groups.

Transient evoked otoacoustic emissions. The global tran-
sient evoked OAE (TEOAE) amplitudes were consid-
ered for analysis. The mean TEOAE amplitudes in
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FIG. 10

Mean modulation detection thresholds of non-users and users of personal music systems (listening at levels lower than 80 dB LAeq or higher
than 80 dB LAeq) at 8, 16, 32, 64 and 128 Hz. Error bars represent one standard deviation.

non-users and users of personal music systems (listen-
ing at levels lower than 80 dB LAeq or higher than
80 dB LAeq) are shown in Figure 11.

The figure shows that mean TEOAE amplitude was
lower in the personal music system user group listening
at levels higher than 80 dB LAeq compared to the other
two groups. The one-way analysis of variance revealed
a significant main effect of group on global TEOAE
amplitude in right ears (F(2, 57) = 9.5, p < 0.01) and
left ears (F (2, 57) = 4.76, p < 0.01). Pairwise compar-
isons with Bonferroni corrections revealed that the per-
sonal music system user group listening at levels higher
than 80 dB LAeq had significantly smaller TEOAE
amplitudes compared to the other two groups, in both
ears. There was no statistically significant difference
between TEOAE amplitudes for non-users and users
of personal music systems listening at levels lower
than 80 dB LAeq.

Output listening levels and auditory behaviour

Pearson’s product-moment correlation analysis was
conducted to assess the relationship between auditory
behaviours and listening levels. Table I shows the cor-
relation coefficients (r wvalues) and levels of
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FIG. 11

Mean transient evoked otoacoustic emission (TEOAE) amplitudes

in non-users and users of personal music systems (listening at

levels lower than 80 dB LAeq or higher than 80 dB LAeq), for
right and left ears. Error bars represent one standard deviation.


https://doi.org/10.1017/S0022215116001031

726

TABLE I

CORRELATION BETWEEN A-WEIGHTED EQUIVALENT
CONTINUOUS SOUND LEVELS AND
AUDITORY MEASURES

Parameter 1 value
TEOAE

— Right ear —0.4*
— Left ear —0.6*
PTA conventional

— Right ear —0.1
— Left ear 0
PTA extended high frequency

— Right ear 0.5
— Left ear 0.5*
Mean modulation detection threshold

- 8Hz 0.1
— 16 Hz 0.2
—32Hz 0.4
— 64 Hz 0.2
— 128 Hz 0.3
Intensity discrimination 0.2
Frequency discrimination 0.2
Syllable identification

— At 0 dB SNR 0

— At —5 dB SNR 0.2

*p <0.05. TEOAE = transient evoked otoacoustic emission;
PTA = pure tone average; SNR = signal-to-noise ratio

significance (p values) for significant correlations, and
Figure 12 shows scatter plots of the same. The table and
figure show that the TEOAE amplitudes of both ears
had significant negative correlations with LAeq
sound pressure levels. This means that individuals
who listened to personal music systems at higher
levels had lower TEOAE amplitudes. Furthermore,
there was a significant positive correlation between
extended high frequency average pure tone thresholds
and LAeq. This means that individuals who listened
to personal music systems at higher LAeq levels had
worse thresholds in the extended high frequency
region. All other correlations between auditory mea-
sures and LAeq were not significant.

Summary

The results showed that an alarming proportion of
young adults were using personal music systems at
levels that could damage hearing. Although all personal
music system users had clinically normal hearing thresh-
olds and OAEs, those who used these devices at higher
settings had lower OAE amplitudes and poorer pure tone
hearing thresholds, especially at higher frequencies.
These individuals also had poorer frequency and tem-
poral processing. Furthermore, there was a significant
relationship between TEOAE amplitudes, hearing
thresholds at high frequencies and LAeq levels.

Discussion

The use of personal music systems is now very
common among the young.'* Technological advance-
ments have made personal music systems more popular
than ever. Improvements in digital technology have
meant that personal music systems are now small and
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lightweight, with considerable storage capacity and
improved sound quality. This has led to prolonged
use of personal music systems at higher volume
settings.'

Output sound pressure levels

The results revealed that output sound pressure levels at
participants’ preferred volume control settings ranged
between 51 and 98 dB LAeq. Comparison of equiva-
lent diffuse field LAeq values showed that about 33
per cent of participants reached the maximum allow-
able noise level if listening for 4 hours, and more
than 20 per cent of the participants reached the
maximum allowable noise level within 1 hour. These
figures are alarming, as substantial proportions of
young adults are using personal music systems at suffi-
ciently loud levels to cause damage to hearing.

The output levels in the current study are comparable
to those reported in the literature. Torre reported that
maximum ear canal sound pressure levels of personal
music systems exceeded 100 dB SPL.® Similar results
were also reported by Kumar ez al.'® They stated that
nearly 30 per cent of the participants in their study
were using personal music systems at levels higher
than permissible limits.

As noted earlier, given the improvements in signal
processing and digital technology, music is no longer
distorted at high volume settings. Hence, young
adults are more likely to use personal music systems
for longer periods, at higher volume settings. In add-
ition, most modern day personal music systems are
used with the ear bud or insert type of earphones,
and previous research has shown that ear canal output
sound pressure levels are higher with the insert type
of earphones.”?! -8

Effects of personal music systems on hearing

Pure tone hearing thresholds. Pure tone hearing thresh-
olds showed that in high frequencies and in extended
high frequencies, the personal music system user
group listening at levels higher than 80 dB LAeq had
significantly poorer hearing thresholds compared to
the other two groups. These findings suggest that the
use of personal music systems at higher volume
levels has a deleterious effect on hearing thresholds
in the extended high frequency region. These effects
were seen despite normal hearing in the conventional
audiometric frequency region.

The insensitivity of measurements in the conven-
tional frequency region in revealing subtle cochlear
damage is well reported in the literature.'®'?-*
Extended high frequency hearing thresholds are
reported to be more sensitive to noise-induced
damage than conventional audiometric frequencies.
Peng et al. reported that extended high frequencies
may be affected by noise earlier when compared to
conventional audiometric frequencies.'' Sulaiman
et al. reported that personal music system users for
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FIG. 12

Scatter plots of average A-weighted equivalent continuous noise level (dB LAeq) values and: global transient evoked otoacoustic emission
(TEOAE) amplitudes in right ears (a) and left ears (b); extended high frequency average hearing thresholds in right ears (c) and left ears (d).

whom noise levels exceeded 85 dBA had poorer
extended high frequency hearing thresholds and an
increased incidence of tinnitus.?' Furthermore, poorer
extended high frequency thresholds were also exhibited
in those users whose noise levels were 75 dBA or less
but who had been using personal music systems for
more than four years. Poorer thresholds in the extended
high frequency region in combination with clinically
normal hearing thresholds in the conventional audio-
metric range suggests that listening to music through
personal music systems at higher intensities may
cause subtle pre-clinical damage to the auditory system,
and over the years such behaviour may be hazardous to
hearing.

Transient evoked otoacoustic emissions. Global ampli-
tudes of transient evoked OAEs (TEOAEs) were sig-
nificantly poorer in the personal music system user
group listening at levels higher than 80 dB LAeq com-
pared to the other two groups. Previous reports have
also indicated the deleterious effects of personal
music system use on OAEs. LePage and Murray
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analysed the TEOAE amplitudes of 1724 partici-
pants.?? Their results showed that TEOAE amplitudes
were lower in personal music system users.
Santaolalla Montoya et al. measured the TEOAE and
distortion product OAE (DPOAE) amplitudes in
young adults using MP3 players.”> They evaluated
incidence, amplitude and spectral content of both
TEOAEs and DPOAEs. Their results indicated that
the subjects who had used MP3 players for the most
years and for a greater number of hours per week had
a reduced incidence and lower amplitudes of both
OAE types. The OAEs were affected in the high and
low frequency regions. The authors concluded that
OAESs can be used to detect subtle cochlear damage
even before it is evident in conventional pure tone
audiometry.?

Kumar et al. compared DPOAE amplitudes between
normal hearing users and non-users of personal music
systems.'® Their results revealed that individuals who
listened to music at higher output sound pressure
levels had lower DPOAE amplitudes at 6 kHz.
However, all individuals had clinically normal
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DPOAE amplitudes and signal-to-noise ratios. These
results suggest that listening to music can cause slight
pre-clinical damage to the auditory system, and such
activity could over time adversely affect the hearing
system.

Psychophysical and speech perception measures. The
personal music system user group listening at levels
higher than 80 dB LAeq showed significantly poorer
intensity discrimination thresholds and modulation
detection thresholds compared to the other two
groups. Furthermore, the group listening to music at
levels higher than 80 dB LAeq showed significantly
poorer syllable identification in noise at —5 dB
signal-to-noise ratio. At better signal-to-noise ratio
(0 dB), there was no difference between the groups.
This result indicates a difficulty in perceiving speech
in adverse listening conditions for individuals who lis-
tened to music at higher noise levels. No such findings
(poor performance) were observed for those indivi-
duals who used personal music systems at levels
lower than 80 dB LAeq. Therefore, it seems that a
safe level to listen to personal music systems is lower
than 80 dB LAeq.

Poor performance on the psychophysical tasks could
be due to subtle damage to cochlear functioning or an
effect of prolonged exposure to loud music in the
central auditory system. In the present study, reduced
OAE amplitude, along with elevated extended high fre-
quency thresholds, indicate compromised cochlear
functioning. Cochlear damage is known to alter the
sharpness and shapes of auditory filters, which in
turn may have deleterious effects on supra threshold
auditory processing, such as speech perception in
noise.>**

Observed poor performance on speech perception in
noise, intensity discrimination and mean modulation
detection thresholds could also be due to alterations
in the central auditory pathway. Previous reports have
indicated that any damage to the cochlear structure
can eventually result in central auditory pathway altera-
tions.”® Kujala and Brattico, in their review of detri-
mental noise effects on speech perception, pointed
out that noise has transient and sustained detrimental
effects on central speech processing.”” During noise,
the well-known left hemisphere dominance in speech
discrimination became right hemisphere preponderant.
Long-term exposure to noise has a persistent effect on
brain organisation and attention control. Kujawa and
Liberman showed, in animal models, that the thresh-
olds and damage to cochlear sensory cells due to acous-
tic overexposure is completely reversible.”* However,
acute loss of afferent nerve endings is persistent.
Furthermore, overexposure also causes delayed degen-
eration of the cochlear nerve. The authors concluded
that noise-induced damage to the ear has progressive
consequences that are considerably more widespread
and are not revealed by conventional audiometry.

https://doi.org/10.1017/50022215116001031 Published online by Cambridge University Press

U A KUMAR, S R DEEPASHREE

Relationship between auditory measures and
listening levels

The results indicated that exposure levels were signifi-
cantly correlated with the extended high frequency
thresholds and TEOAE amplitudes. This suggests that
individuals who listen to personal music systems at
higher volume levels tend to have poor extended high
frequency thresholds and reduced TEOAE amplitudes,
indicative of cochlear damage. However, all the partici-
pants in the current study had normal hearing in the
conventional frequency region. As discussed earlier,
extended high frequency audiometry and OAEs are
more sensitive to subtle cochlear dysfunction compared
to conventional testing.

e Personal music system use is increasing

e Prolonged use may result in damage to
hearing

o Use of personal music systems at higher
volume levels caused elevated extended high
frequency thresholds and reduced otoacoustic
emissions

e [t also caused poor speech-in-noise
perception, and reduced frequency
discrimination and temporal modulation
detection

o There was a positive relationship between
deleterious hearing effects and noise exposure
levels

Conclusion

Our results suggest that listening to music through per-
sonal music systems at higher volume levels (over
80 dB LAeq) may not result in clinically significant
hearing loss, yet may cause subtle pre-clinical
damage to the auditory system, and over the years
such behaviour may be hazardous to hearing.
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