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Editors note: Data leading to a dysfunction referred to as cochlear synaptopathy (also colloquially
referred to as hidden hearing loss) has been appearing in the literature since 2000. Since that time
researchers have looked at measures ranging from the SP/AP ratio to amplitude measures of the
Wave I/Wave V ratio, and to various measures of speech-in-noise testing. This interesting pilot
study by some students at the University of British Columbia, under the guidance of Dr. Navid
Shanaz examines a range of typical audiometric measures, as well as some that are designed to
examine more central areas of possible dysfunction. While statistical significance was not achieved
for any of the measures, this pilot is quite important to underscore the importance of finding the
potential next audiometric test(s) in order to examine this allusive auditory dysfunction.

This project was conducted as a part of an assignment for three graduate-level courses in

audiology by the 2nd year audiology students at the School of Audiology & Speech Sciences,

The University of British Columbia.

Abstract
Background
Noise exposure can cause hidden hearing loss through synaptic deficits between inner hair cells
and auditory nerve fibers. The resulting cochlear neural degeneration can cause decreased
performance with a speech in noise, despite the presence of normal hearing thresholds. The current
study seeks to aid in the development of a reliable test battery that will lead to a better
understanding and diagnosis of hidden hearing loss.

Methods
Six music students and 6 normal hearing participants were recruited. Both groups completed
questionnaires concerning noise-exposure and underwent a rigorous test battery comprised of the
standard audiometric test as well as extended high-frequency testing and central auditory
processing assessments.

Results

https://canadianaudiologist.ca/
https://canadianaudiologist.ca/hearing-loss-in-music-students/
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The music group was found to have significantly higher scores on the noise exposure questionnaire
(NEQ) than the NH group. Behavioural audiometric thresholds for all subjects were within normal
limits. A significant interaction between thresholds as measured in equivalent sound-pressure
levels (RETSPLs) and the group was found but no differences were found at any specific
frequencies. No significant differences were found in any other measures used in this study.

Conclusions
The small sample size was a limitation of our study. In addition, the type of noise exposure for our
hidden hearing loss group (music students) is different from most of the previous research which
could contribute to the lack of significant differences between groups.

There is a noise exposure epidemic that is causing hearing damage to our population of an
unknown magnitude. Although both may result from noise exposure, hidden hearing loss (HHL) is

distinct from traditional sensorineural hearing loss associated with outer hair cell damage.1 The
reason why this type of hearing loss is “hidden” is because behavioural and electrophysiological

thresholds are not typically elevated until the damage is extensive.2 The prevalence and impact of
HHL cannot be accurately assessed, as a thorough diagnostic test battery has not yet been
developed.

Cochlear synaptopathy has been proposed as a theory to account for HHL.3 Cochlear neural
degeneration is evidenced by synaptic ribbon damage that inhibits the functional connection

between inner hair cells and auditory nerve fibers.3 The inner hair cells are left intact and therefore,

conventional audiometric thresholds remain unaffected by this damage.3 A study by Wan and

Corfas suggests that HHL could be caused by cochlear neuropathy.4 It is posited that the condition

could arise from cochlear Schwann cell or nodal structure pathology.4

It has been proposed that HHL falls under the broader category of central auditory processing
disorder (CAPD). The condition is characterized by normal conventional audiometric thresholds

with temporal processing deficits and difficulties with speech-in-noise.5 It follows that deficits in
the processing of auditory stimuli may be caused by a pathology originating from the central

nervous system.6 HHL can be caused by both aging and noise exposure. Aging and noise exposure
has been related to temporal processing problems that cause issues with speech understanding in

noise even in the absence of increased thresholds in conventional audiometry.7–12

Furthermore, animal studies indicate that aging and noise can result in a functional deterioration

between inner hair cells and auditory nerve fibers.13–16 This damage results in lost synapses and

subsequent degeneration of auditory nerve fibers.13–16 Sensitivity to soft sounds remains unaffected

by these physiological changes, whereas there is a reduction in sensitivity to loud sounds.13

It has been theorized that HHL resulting from aging or noise exposure affects low spontaneous rate

(SR) fibers that have high thresholds and code for high-level intensities.17 Therefore, these auditory
nerve fibers are typically activated and required to understand speech in continuous background

noise.18 High spontaneous rate fibers that are responsible for low-intensity sounds are thought to

remain undamaged.13 For this reason, attaining supra-threshold information may indicate the early
stages of noise-induced HHL. Some theories exist surrounding the vulnerability of low SR fibers to
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noise-induced damage, although there is currently no direct evidence for this correlation.17

Kujawa and colleagues found that the auditory brainstem response (ABR) Wave I, which
represents auditory nerve function, is reduced in animals with noise exposure at supra-threshold

levels when compared to control animals.14 Similarly, a correlation was noted between reduced
Wave I amplitude and age.15 The Wave I amplitude is reduced at moderate-to-high intensities that

relate to this loss of low-spontaneous rate fibers.14,15 However, contradictory results have been
found in human studies, along with poor test-retest reliability. High intra-subject and inter-subject
variability due to differences in head size and noise levels decrease the reliability of ABR as a

diagnostic method.19–21 Contrary to animal models, several human ABR studies indicate no
statistically significant changes resulting from noise exposure. The predicted decrease in ABR
Wave I amplitude in the noise-exposed human population was not observed by Prendergast et al.

study.21 However, the increased latency of Wave V was noted.22 Although these results provide no
direct evidence for the noise-induced cochlear synaptopathy in young human populations,

differences may be observed in older individuals and within the extended high-frequency range.21

Another study found no significant correlation between behavioral measurements and the existing

electrophysiological animal results in the literature.21 It is suggested that the lack of correlation

between animal and human study results may be due to the nature of noise exposure.22 Noise
exposure in daily life is difficult to characterize and not always comparable to the noise delivered

to rodents in the lab.22 The authors theorize that perhaps noise exposure that is significant enough
to damage cochlear neural synapses in humans may also damage the outer hair cells, leading to the

elevation of high-frequency thresholds.22

Electrocochleography results measured in the ear canal are more reliable than ABR recordings at

the mastoid.23 A human study by Liberman et al revealed a significant difference between the

response of the hair cells and the cochlear neural response measured with electrocochleography.10

The ratio between the summating potential (SP) and the action potential (AP) was found to be

increased in the noise-exposed population.10 Another study compared the test-retest reliability of
the SP/AP ratio compared to the measurement of Wave I and V amplitudes and found that the

latter method produced more reliable results.23 Despite these findings, no significant differences

were reported between the amplitudes of any waves measured in the two groups.23

Electrocochleography represents a non-invasive and reliable option for the assessment of
differences in auditory nerve function. If intra-subject and inter-subject variability can be
controlled, this may prove to be a useful diagnostic method for the detection of HHL in the future.
Some other useful test batteries have been proposed to be potentially valuable in identifying HHL,

are; the threshold in noise,1 Frequency Following Response (FFR), and psychophysical
discrimination tasks.

Current Study Protocol
The selected test battery for the current study includes: noise exposure questionnaire,
tympanometry, DPOAEs, TEOAEs, pure tone air conduction thresholds (250 Hz – 16 000 Hz),
threshold-in-noise (TEN) test, QuickSIN, screener for masking level difference (MLD), and the
Multiple Auditory Processing Assessment (MAPA). The current literature suggests that noise-
exposed populations have decreased hearing thresholds in the extended high frequencies before the
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loss is observed at conventional frequencies.24,25 A recent study by Liberman et al. also observed

the differences between normal hearing individuals and college music students.10 Their results
noted a significant threshold elevation with extended high-frequency testing in the high-risk group,

consistent with early stages of noise-induced hearing loss.10 The QuickSIN test has been used to
assess the listener’s SNR loss, and to provide a functional measurement of their ability to

understand speech in noise.26 The music students also demonstrated abnormally poor performance
with speech testing in noise.10 The TEN tests has been found to be a good predictor of HHL in

humans when paired with other tests.1 Abnormal performance on the MLD is consistent with a

brainstem disorder.27 Loudness scaling was conducted to determine the dynamic range of each
participant. Because HHL had been proposed to be a sub-type of CAPD, we conducted MAPA as
well. MAPA testing has been recognized in the literature as an appropriate multiple-test CAPD

battery.28

The current study seeks to advance our knowledge of how HHL presents clinically. It is our
intention to aid in the development of a test battery that will lead to a better understanding and
diagnosis of HHL. New information could lead to earlier detection of HHL, providing the
opportunity for prevention and the possible development of a treatment. In addition, this
knowledge could bring about the implementation of new noise exposure regulations. Music
students were selected as the noise-exposed population due to their regular exposure to loud sound
with the absence of hearing protection. This group is expected to have normal hearing thresholds
through conventional testing but may have incurred some damage resulting from exposure to noise.

Methodology
Subjects
Twelve participants were tested in total, six of which were music students from the University of
British Columbia. Music students were selected for testing as they are deemed to be at higher-risk
of noise exposure than their counterparts, as a result of regular practice and rehearsal sessions as

well as performance.10,29 Five of these students were female and one was male. They played a
variety of different instruments, including clarinet, oboe, soprano, trumpet, flute, and piccolo. They
ranged from the ages of 18 to 27 (mean: 20 years). The low-risk noise exposure group was
comprised of five females and one male, all were between the ages of 22 and 26 (mean: 24 years).

All participants were required to have no history of chronic middle ear infections and normal
middle ear functions as determined by clear otoscopy results and results from immittance testing.
Participants were also required to have air conduction thresholds within normal limits (<25 dB HL)
at conventional testing frequencies (250 – 8000 Hz) with no conductive components. The normal
hearing (NH) subjects were subjected to stricter requirements on top of those previously
mentioned. They had to have no history of head trauma or concussions, no tinnitus, and no
extended noise exposure (including no shooting of firearms, and no band or orchestra experience).
Acoustic reflexes had to be present and otoacoustic emissions had to be present for 3 out of 5
frequencies tested (1–4 kHz) with 4 kHz being mandatory. The NH Group was also required to
have normal extended high-frequency thresholds (9–16 kHz) with no asymmetrical loss, which
was defined as being a 10 dB HL interaural gap between two consecutive frequencies, or a 20 dB
HL interaural gap at one frequency. Prior to testing, participants were required to give their written
informed consent.
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Methodology
A biological check of the audiometer was completed daily, prior to testing, and calibrations of the
immittance machine were conducted whenever the machine was turned on. All participants were
subject to the following testing protocol. After participants completed their questionnaires,
otoscopy was conducted bilaterally, followed by immittance testing. Immittance testing involved
wideband acoustic immittance as well as acoustic reflexes at 0.5, 1, 2 and 4 kHz, and broadband
noise (BBN). Distortion product otoacoustic emissions (DPOAEs) and transient evoked
otoacoustic emissions (TEOAEs) between 1 and 4 kHz were collected as well. Sound pressure
levels (SPL) were recorded in both the conventional and extended high-frequency range using a
Larson Davis System 824 sound-level meter to convert all the HL values to equivalent sound-
pressure levels (RETSPLs) at conventional (0.25–8 kHz) and extended high frequency (9–16 kHz).
The calibration set-up used a Larson Davis PRM902 preamplifier, a Larson Davis AEC101
artificial ear, a Larson Davis one-half inch microphone” Model 2559, a flat plate attachment, and a
3.2 lb (1.5 kg) weight.

All participants filled out a case history which was acquired from Liberman et al.10 This case
history was used as a screener to ensure that participants were meeting the study criteria and gave a
general picture of their overall hearing health. Participants also completed the Noise Exposure
Questionnaire designed by Johnson et al.30 The Noise Exposure Questionnaire was created with
the purpose of collecting detailed and specific information concerning an individual’s annual noise
exposure (ANE) in order to determine if a person was at high- or low-risk of noise-induced hearing

loss.30  For the purpose of their study, Johnson et al. (2017) stated that if an individual had a ? 79
LAeq8760h (annual noise exposure [ANE] ? 79) they are considered to be at high risk of
developing a noise-induced hearing loss (NIHL). In our study, the annual noise exposure of
participants was determined using the same calculations as Johnson et al.30 Music students who
also stated they had tinnitus filled out the Tinnitus Handicap Inventory available on Otosuite by
OTOmetrics.

Pure-tone air conduction thresholds were obtained using Otosuite, OTOmetrics Bekesy module and
a circumaural headset (HDA 200). Thresholds were obtained from 250 Hz to 16,000 Hz at octave
intervals and also at 9, 10, 11.2, 12.5 and 14 kHz. Extended high frequencies were chosen to be
tested as there is evidence showing that those exposed to noise have decreased hearing thresholds

in the extended high frequencies before showing a loss at conventional frequencies.24,25 Testing
extended high frequencies for early detection of noise-induced hearing loss has been found to be a

useful tool in current research.31 Bone-conduction thresholds were acquired from 250 Hz to 4,000
Hz by placing a standard bone conduction transducer over the mastoid process of the temporal
bone of the poorer ear. In both the low-risk and high-risk group, one to two air-bone gap of > 10
dB HL were acceptable as long as there were no other indications of middle ear pathology.

For the remainder of testing, circumaural headphones were worn. Threshold-in-noise (TEN) testing
was conducted, as this has been found to be a good predictor of hidden hearing loss in humans

when paired with other tests.1 This was followed by masking level difference testing (MLD).

Abnormal performance on the MLD is consistent with brainstem disorder.27 A 69% sensitivity

result for the MLD test for subjects with brainstem involvement.32 The MLD test was conducted
using the AStera audiometer in a screening mode. First the masking needed to completely mask the
test tone when the tone and the masking noise was in phase between both ears (SONO) was
measured and then this was compared with a condition when either the tone was 180 degrees out of
phase between the ears (S?NO) or the masking noise was (S?Np). The difference in MLD
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threshold was automatically calculated when the necessary data for the different conditions were
stored. Loudness scaling was conducted to determine the dynamic range of each participant and
QuickSIN was implemented to assess signal to noise ratio loss. Multiple Auditory Processing
Assessment (MAPA) was administered during testing. Through MAPA all participants completed
the Monaural Selective Auditory Attention Test, the Tap Test, the Pitch Perception Test, the
Dichotic Digits Test, Competing Sentences Test, and the Gap in Noise Test. MAPA testing was
conducted as there is evidence deeming it to be an appropriate multiple-test CAPD battery (Domitz
and Show, 2000).28 Domitz and Show found that when the mSAAT, the dichotic digits test and
the pitch perceptions test were used in conjunction they have a sensitivity of 90%.28 Animal
research and emerging human research suggests a potential link between the effects of cumulative
noise exposure and auditory processing difficulties, without a change in audiometric

thresholds.14,28,33,34 If cumulative noise exposure has the potential to aggravate neural degeneration
without changes in hearing detection, tests of auditory processing could be valuable in the
prevention of later problems.

Results
Statistical Analysis
Two-tailed t-tests were used to test the significant differences between groups for tests with two
independent variables. Two-way general linear model ANOVAs were used to compare the
differences between groups for tests with more than two independent variables (Statistica, TIBCO
Software).

NEQ
The total amount of noise exposure was measured using the Noise Exposure Questionnaire (NEQ).
The music group showed significantly higher exposures (mean = 78.2%) than the NH group (mean
= 67.8%) (p < 0.001) (Figure 1).

Figure 1. Results from the noise exposure questionnaire. Significant difference between
groups (p < 0.05). Error bars represent standard deviations.
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Audiometry and Immittance
All subjects had normal audiometric thresholds (<20 dB HL) in the conventional audiometric
frequencies (250 to 8 kHz), as this was part of the inclusion criteria. Differences between group
thresholds in RETSPL (for 250 Hz to 16 kHz) were evaluated using a general linear model
ANOVA with normal vs. music exposed as a between-subject factor and RETSPLs across
frequencies as a within-subject factor. There was no significant main effect of the group (F(15,
315), p < 0.05). However, there was a significant interaction between RETSPLs across frequencies
and groups indicating that the music exposed group RETSPLs varies differently from the normal
group across frequencies. A planned posthoc Bonferroni comparison was used due to a large

number of comparisons.35 The posthoc analysis revealed no differences at any specific frequencies
(Figure 2).

Figure 2. Differences in Bekesy thresholds across frequencies between groups. There was a
significant difference between the groups F(15, 315) = 2.0251, p = 0.01349. Vertical bars
denote .95 confidence intervals.

Objective immittance measures were recorded to determine the function of the middle ear. There
were no significant differences between groups in terms of peak pressure and ear canal volume p >
0.05. There was a significant difference between the music group (mean = 871.33 Hz) and the NH
group (mean = 1077 Hz) in the resonant frequency of the left ear (p < 0.05) (Table 1).
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Table 1. Resonant Frequency Average, Median, 5th and 95th Percentiles in Music and
Normal Hearing Groups in Each Ear Acoustic reflex thresholds were obtained using
broadband noise to determine normal stapedial reflex pathways. There were no significant
differences between groups (p > 0.05), although one music student did not have a reflex in one
ear with a stimulus level at the maximum tested of 100 dB (Table 2 and Figure 3).

Table 2. BBN Acoustic Reflex Results Average, Median, 5th and 95th Percentiles in Music
and Normal Hearing Groups for Each Ear

Figure 3. Results of the broadband acoustic reflex thresholds. No significant difference
between groups (p > 0.05). Error bars represent standard deviations.

Outer hair cell function was evaluated using distortion product and transient evoked otoacoustic
emissions (DPOAEs and TEOAEs). Amplitudes (Figures 4 and 5) and noise floors for both
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DPOAEs and TEOAEs were not significantly different between groups using a general linear
model ANOVA (p > 0.05).

Figure 4. Differences in DPOAE amplitudes across frequencies between groups. F(11, 231) =
.68717, p = .75022. Vertical bars denote .95 confidence intervals.
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Figure 5. Differences in TEOAE amplitudes across frequencies between groups. F(4, 84) =
.53771, p = .70840. Vertical bars denote .95 confidence intervals.

Central Auditory Processing
The Threshold-Equalizing Noise (TEN) test was used to determine thresholds in noise at 1 kHz
(Figure 6) and at 4 kHz (Figure 7). No significant difference was found between groups at either
frequency (p > 0.05).

Figure 6. Results from the TEN test at 1 kHz. No significant difference between groups (p >
0.05). Error bars represent standard deviations.

Figure 7. Results from the TEN test at 4 kHz. No significant difference between groups (p >
0.05). Error bars represent standard deviations.
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The Masking Level Difference (MLD) test was used to determine the release of masking abilities
to a 500 Hz tone. No significant difference was found between groups (p > 0.05) for changes in
either S?NO (signal) or SON? (Noise) conditions. (Figure 8).

Figure 8. Results for the MLD test for S?NO (signal) and SON? (Noise) conditions. No
significant difference between groups (p > 0.05). Error bars represent standard deviations.

Loudness scaling was used to determine dynamic ranges. No differences were found between
groups in either ear (p > 0.05) (Figure 9)

Figure 9. Results for the loudness scaling. No significant difference between groups (p > 0.05).
Error bars represent standard deviations.

QuickSIN was used to determine SNR loss. No differences were found between groups in either
ear or binaurally (p > 0.05) (Figure 10).
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Figure 10. Results for the QuickSIN. No significant difference between groups (p > 0.05).
Error bars represent standard deviations.

The Multiple Auditory Processing Assessment (MAPA) is a test battery used to identify auditory
processing disorder. It contains tests of monaural (MSAAT-NC and MSAAT-C, temporal, Pitch
Perception Test, and Gap in Noise test, and binaural processing (Dichotic Digits and Competing
Sentences. There were no differences between groups for any of the MAPA tests (p > 0.05). For
the non-competing MSAAT, all participants reached the ceiling.

Discussion
Significant differences between the NH Group and Music Group were found for the NEQ and the
resonant frequency of the left ear. The interaction between groups and RETSPLs across
frequencies was also significant. No significant differences between groups were found for: TEN at
1000 Hz and 4000 Hz, MLD, loudness scaling, QuickSIN, all MAPA subtests, ear canal volume,
tympanometric peak pressure, BBN acoustic reflex thresholds, DPOAE, and TEOAE amplitudes.

NEQ
As expected, we found a significant difference in the mean annual noise exposure (ANE) between
the NH Group and the Music Group. The question that contributed most to the difference in mean

was question 7: “How often did you play a musical instrument (in the past year?).”30 As we
recruited subjects from the music department at the University of British Columbia, all of the
Music Group were current music students who practice their instrument every day. This supports
our assumption that the Music Group represents a high-risk for noise exposure population and that

the NEQ developed by Johnson et al. was sensitive to the difference.30

However, the NEQ was limited in its ability to describe the subjects’ lifetime exposure to noise.
From casual conversations with the subjects from NH Group, we noticed that some of the
participants were active in a band or played an instrument at an earlier time in their life. This was
not taken into account by the NEQ because the questionnaire only sampled activities within the last
year from the time of administration. Thus, even though our NH Group may have a lower mean
ANE from the Music Group, the NEQ may have underestimated their lifetime exposure to noise.
This may explain the lack of significant differences as measured by the other behavioural tests. A
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future direction would be to use a questionnaire that sampled the lifetime history of noise exposure
to more accurately capture potential damage to the cochlea.

Audiometry and Immittance
Significant differences were found in the interaction between RETSPL thresholds across
frequencies (250–16K Hz) and the Music Group and NH Group; however, no significant
differences were observed at any individual frequencies between the two groups using a posthoc
analysis. In their study, Liberman et al. found a significant difference in thresholds between the

high-risk and low-risk groups for noise exposure.10 Other studies have also shown that noise
exposure can cause an elevation in extending high frequency (EHF) thresholds before conventional

frequencies are affected.24,25 As well, in their study comparing the thresholds of music students to
normal hearing participants, Lüders and Conto found that thresholds at 9K, 10K, and 11.2K Hz

were elevated in both ears for the former group.31 Our data does show a slight elevation in
thresholds for the music students in the range of 9 to 11.2K Hz, which might have been significant
if our sample size was larger.

Immittance testing was expected to have no significant difference between the groups as each
participant was required to have a normal middle ear function as part of the inclusion criteria. The
BBN acoustic reflexes were also expected to be normal if there was no underlying middle ear
dysfunction or sensorineural hearing loss. The only truly significant difference was found in the
resonant frequency of the left tympanic membrane of the Music Group, which was higher than the
NH Group. A high resonant frequency is known to be caused by certain middle ear pathologies

such as otosclerosis.36 To the best of our knowledge, there is no literature that correlates a higher
resonant frequency with excessive noise exposure, and this finding in our study needs to be further
investigated in a larger sample size.

Although there is no significant difference in the BBN acoustic reflex thresholds between the
groups, a trend is noted. The average dB of the reflexes of the Music Group were higher than the
NH Group in both ears (right ear = 3.33 dB higher, left ear = 0.63 dB higher). Also, subjects from
the Music Group who ranked in the 5th percentile had a right BBN acoustic reflex at 80 dB
compared to 67.5 dB for the NH group. As low spontaneous rate fibers are part of the acoustic

reflex pathway37 it could be predicted that if synapses are damaged at these sites, then acoustic
reflex thresholds would be slightly elevated in those with a hidden hearing loss. This may be
observed in a future study with larger sample size. This study did not measure the growth of the
acoustic reflex over increasing high levels. A recent study observed a weak growth of the acoustic

reflex in individuals who had noise-induced tinnitus and normal/near normal hearing thresholds.37

Similar findings were observed in mice with excessive noise exposure and confirmed cochlear

synaptopathy.38 This measurement could be included in future studies to develop an appropriate
test battery for hidden hearing loss.

Otoacoustic emissions testing is a non-invasive objective way to measure the function of the outer

hair cells.39,40 Detection of OAE’s is an important part of this study’s test battery as the outer hair
cells are found to be intact in hidden hearing loss. However, previous studies have examined the
ability of OAE’s to detect temporary noise-induced hearing loss via their change in amplitudes due
to noise exposure. Korres et al. observed decreased amplitudes of DPOAEs at 2–5 KHz after

exposure to noise, which was reversed after recovery time.41 In our study, there was no significant
difference between the groups’ DPOAE and TEOAE amplitudes. A reason for this may be due to
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our small sample size and the fact that the Music Group may not have been exposed to noise
recently enough (less than 24 hours) for a temporary noise-induced hearing loss to be detected by
OAE’s or PTA.

Central Auditory Processing
The TEN test can be used to evaluate thresholds in noise, as well as identify the presence of
cochlear dead regions, which are thought to be present if the TEN masking noise resulted in a

change of threshold greater than 10 dB HL.42 There was no significant difference found between
the TEN scores for the NH Group or the Music Group. While the cochlear dead regions typically
exist in people who have at least a moderate to moderately-severe sensorineural hearing loss in the

low or high frequencies (Moore, 2004; Moore, 2001)43,44; however, Ridley et al. have recently

reported that measures of the threshold in noise may be useful in predicting HHL.1

No significant differences were found between groups for the release of masking levels. MLD is a
test of binaural listening and the processes that underlie the integration of timing, lateralization,

and localization of the acoustic stimuli.32,45 It is sensitive to brainstem lesions but only a limited

number of research studies have examined it relative to cochlear synaptopathy.27 We hypothesized
that the increased difficulty with listening in noise in subjects with cochlear synaptopathy could be
related to a weaker integration of binaural temporal and amplitude cues. However, the MLD
differences were not significant which may be due to the use of a screening version of the test and
small sample size.

Loudness scaling demonstrates the change in a listener’s perception of loudness with increasing
intensity of the stimulus. It has been shown to relate to an individual’s audiogram with normal
hearing listeners demonstrating a more subtle increase in perception of loudness at low to moderate
level stimuli, and a steeper increase in perception at high intensities. Those with sensorineural
hearing loss typically exhibit quickly steepening loudness scaling curves. Our results demonstrated
no significant differences between the NH and Music Group, as would be predicted based on their

similar audiograms.46 Sanchez, et al stated that “tinnitus and reduced sound level tolerance (SLT)
are early indications of a vulnerability to possible hidden synaptic injury that is prevalent among

adolescents and expressed following exposure to high-level environmental sounds.”47,48 Little is
currently known about loudness scaling in the HHL and further research needs to be conducted in
order to evaluate this categorical measure in different populations.

HHL is believed to affect low spontaneous rate fibers that are responsible for the coding of stimuli

in the presence of background noise.17 In order to test hearing ability in the presence of background
noise, the results of QuickSin tests were compared between groups. Studies have shown positive
correlations between subjects with high risk of cochlear synaptopathy (the potential source of

HHL) and poorer abilities to recognize words in noise.10 Other studies have shown an opposing
perspective, with no significant differences between speech in noise scores and noise exposure. In

a study by Smith et al49 with 194 participants, QuickSin scores were extremely similar for both the
noise exposure group and the control group who both demonstrated normal audiograms. The
results of our study might be explained due to noise-exposure-induced HHL not presenting itself as
poorer speech in noise perception. In one study by Guest et al no correlation was found between
self-reported noise exposure and those who reported speech in noise perception difficulties with

otherwise normal pure tone audiograms.50 This research suggests that hidden hearing loss related to
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noise exposure does not certainly degrade the perception of speech in noise. Other studies have
shown a positive correlation between lifelong musical experience and better perception of speech

in noise in both young and older adults.34,50 Perhaps it is possible then that this might offset the
potential decreases in a speech in noise perception that could occur as a result of music-related
noise exposure. This might also explain the similar results seen between both the NH and
Music groups in our study. Interestingly, a study by Skoe et al, showed that noise exposure might
dominate when it comes to the opposing effects of musical experience and noise exposure on

speech in noise perception.51 In this study, 56 college students with normal thresholds in
conventionally tested frequencies with musical experience were examined. QuickSin scores were
higher for those with more years of musical practice and lower for those with greater degrees of
noise exposure, but when considered altogether, noise exposure triumphed, overpowering the
increases of speech in noise perception due to the musical experience. Lastly, the aforementioned
study by Liberman that demonstrated poorer recognition of words in noise in high risk individuals
utilized a much larger sample size of 22, therefore our smaller sample size may account for the

absence of any significant difference between groups.52

Many researchers believe that the most probable reason for HHL is deficits in central auditory

processing.5 Additionally, both the aging populations and noise-exposed individuals that are
commonly associated with hidden hearing loss have demonstrated difficulties with speech

perception, especially in noise, while having normal conventionally-tested thresholds.53 These
difficulties with speech perception have been speculated to be the result of deficits in temporal

processing, a component of central auditory processing.12 To test for central auditory processing

deficits, the MAPA was utilized, which includes subtests in the temporal processing domain.28

Gallun et al conducted a study evaluating the results of several central auditory processing tests
administered to a population of 36 individuals with normal conventional hearing thresholds who

had been previously exposed to blast noise.52 Blast-exposed individuals performed significantly

worse than controls on the Gaps-in-Noise (GIN) gap detection test.54 In this same study, dichotic
digit test scores were similar, demonstrating similar binaural integration abilities between the two
groups. In another study by Nelson, Wilson, and Kornhass there were no significant differences

demonstrated on the dichotic digits test between the Music (n=24) and NH groups (n=24).33

In our study, none of the results for the MAPA subtests were significant. This might be due to the

small sample size used in this study. In the study mentioned previously by Gallun et al,54 the Gaps-
in-Noise test may have demonstrated significant results due to the larger sample size of 36
individuals, or the difference in noise exposure type, blast exposure, as opposed to music exposure.
The subtests of the MAPA test battery including the dichotic digits test and the pitch pattern test
have demonstrated sensitivity to aspects of central auditory processing disorders in other

populations such as those with neurological disorders or brain injury.5,55 Another reason for the
results of this study might be that the MAPA subtests were not sensitive enough to the diminished
levels of temporal processing deficits due to noise exposure, as they are with deficits as a result of
neurological injuries/disorders. Although MAPA tests various aspects of central auditory
processing, additional tests could be employed to examine a greater scope of central auditory
processing and its potential connections with hidden hearing loss.
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Conclusion
In our study, we did not find any significant differences between NH and Music Groups beyond
the mean ANE as measured by the NEQ and a significant interaction between RETSPLs across
frequencies and the groups. A limitation of our experiment was the small sample size. We recruited
and tested 6 music students and 6 individuals with self-report of no noise exposure. There were
some tests which showed a trend and which might have been significant if our sample size was
larger.

In addition, we focused on a population whose high noise exposure was due to playing and
listening to music. It is possible that the type of noise exposure could have influenced the lack of
significant results that were found for the majority of tests. Furthermore, the NEQ was limited to
self-report of activities done within the last year. It is possible that our NH Group and Music Group
has a similar lifetime exposure to noise, which could explain the inconclusive results for the other
tests. Future directions would be to include a bigger sample size and use a questionnaire sensitive
to the noise exposure within a lifetime combined with an array of electrophysiological assessments.
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