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INTRODUCTION

Exposure to high intensity noise may cause unwanted sounds which 
mask speech and communication, as well as the long-term exposure 
to such noises causing physical (such as temporary hearing loss, 
increased blood pressure) and mental effects (such as stress, anxiety, 
mental difficulty).1-3 These effects may vary depending on the duration 
of exposure to noise, the distance to the source and the sensitivity of 
the person.1,3

The loss of the synaptic connection between the inner hair cell and 
spiral ganglion cells after noise exposure is the first pathological finding 
of temporary hearing loss.4 This deterioration is called “synaptopathy” 
due to the connection loss between the lesion area inner hair cell 
ribbon synapses and afferent hearing nerves. It is also known as “hidden 
hearing loss” since it does not reach hearing thresholds.4

Hidden hearing loss is a functional disorder which can be seen in 
individuals with noise exposure history but no permanent threshold 
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loss.5 We can investigate functional distortions in outer hair cells (OHC) 
by determining the lowest discernible hearing threshold levels in a 
given frequency region with the use of pure tone audiometry.6 Hidden 
hearing loss is assumed to affect low-spontaneous rate fibres with 
high thresholds, which are responsible for encoding moderate to high 
noise intensity.7 In this pathology which occurs after noise exposure, 
due to the peripheral loss of hearing nerve fibres with a high threshold 
and low spontaneous rate, no deterioration occurs in low-intensity 
sounds.7 High-intensity sounds, consistent with low SR fibre loss, are 
associated with non-abnormal results.8 It has been indicated that 
hidden hearing loss cannot be determined by audiometric results but 
there is a decrease in the amplitude of wave I of the auditory brainstem 
responses (ABR) to moderate-to-high intensity stimuli,8 and amplitude 
modulation detection values.9 In the study by Liberman et al.10, normal 
hearing individuals with low-risk of noise exposure and normal 
hearing individuals with high-risk were compared in terms of cochlear 
synaptopathy, and the amplitude of wave I of the ABR responses was 
not found to be decreased in the high-risk group. In another study 
conducted on individuals with and without tinnitus, it was reported 
that the amplitudes of individuals with tinnitus decreased more with 
wave I of the ABR compared to the group without tinnitus.11 Dentists 
or dental assistants can be exposed to different noise levels and types 
while working in dental offices or laboratories.12

In our study, we aimed to determine whether the ABR and distortion 
suppression of otoacoustic emissions and amplitude modulation 
detection (AMDT) tests and speech in noise tests would be useful in 
determining whether there is latent hearing loss in individuals with 
dental prosthesis associate degrees with normal hearing. At the same 
time, the results of dental prosthesis associate degree students (dental 
auxiliaries) were compared with the results of individuals with normal 
hearing who were not exposed to noise, and the damage caused by 
noise exposure to the hearing system was evaluated.

MATERIALS AND METHODS

Our study was approved by the Ethics Committee of Ankara Yıldırım 
Beyazıt University and implemented according to the Helsinki 
Declaration (approval number: 56/15). The individuals who applied for 
occupational health check-ups were informed about the aims of this 
study and consent was obtained from those who agreed to participate.

Participants: A total of 90 individuals, who were aged between 19-35 
years (23.45±3.67) took part in this study. Dental prosthesis associate 
degree individuals with high-risk (n=45; noise exposure score=5 or 
above) exposed to noise between the ages of 19-35 were compared 
with low-risk normal hearing low noise exposure (n=45; noise exposure 
score=4 or below) according to their one-minute noise questionnaire 
score. Our study was conducted with Ankara University, Vocational High 
School, dental prosthesis associate degree students and undergraduate 
students with normal hearing and no history of noise exposure. This 
study was conducted in Ankara University Faculty of Health Sciences, 
Department of Audiology between 2016-2018. Individuals who were 
over 18 years and with no hearing loss history, neurological disorders, 
or tinnitus were included in this study (hearing thresholds ≤20 dB 
HL at 125 to 12,000 Hz). Four participants with hearing thresholds 
higher than 20 dB HL were excluded from this study. After otoscopy, 
all participants were tested by pure tone audiometry, immitansmetry, 
speech in noise, Distortion Product Otoacoustic Emission (DPOAE) 
suppression measurement, auditory brain stem response, and 

AMDT with and without background noise. The measurements of all 
participants were made when the schools entered the semester break. 
None of the participants entered the laboratory within this time period 
(approximately 3 weeks).

Evaluation of noise exposure and sensitivity: The participants’ 
noise exposure scores were determined by a 1-minute noise screen 
questionnaire.13 Those with a score of 5 or above were evaluated as 
being high-risk individuals and those with a score   of 4 or below were 
evaluated as being low-risk individuals according to their questionnaire 
responses. In addition, in order to evaluate the participants’ noise 
sensitivity, we used the Turkish version of the Weinstein noise sensitivity 
scale which had been tested for its validity and reliability. The total score 
is calculated by giving 1 to 6 points (agree/disagree) to 21 questions in 
this scale (the highest possible score is 126).14 At the same time, the noise 
level of the dental prosthesis laboratory was measured using the Larson 
Davis system 824 sound level meter. The noise levels of the laboratory 
were measured every 10 minutes (10.00-12.00 and 13.00-14.00) during 
a three-month period (excluding weekends) from the same point in 
the middle of the laboratory while all devices in the laboratory were 
working. Measurements were made a total of 18 times every day.

Speech in Noise Test 

This test is carried out using monosyllabic word lists in background noise 
such as narrowband and white noise.15,16 This test can be performed at 
different signal to noise ratios as well as at fixed signal to noise ratios.17 
In our study, 50-word monosyllabic word lists were given at 40 dB SL, 
with a constant +10 dB signal/noise ratio to the ear to be tested for both 
noise and speech stimuli. Each ear was evaluated separately.

Pure tone audiometry and immitancemeter measurements: Pure 
tone audiometry were performed with Sennheiser TDH 49 P supra-aural 
headset in the range of 0.125 to 8 kHz and with Sennheiser HDA 200 
circumaural headphones in the range of 8 to 12 kHz according to the 
British Society of Audiology (2011). The participants’ middle ear pressure 
values were   between ± 50 daPa and performed by GSI TympStar device.

Contralateral suppression of distortion product otoacoustic 
emissions: DPOAE is an electro-acoustic measurement which reflects 
the mechanical properties of the OHCs. The DPOAE test is performed 
by simultaneously transmitting two pure tone sounds (to the ear at 
different frequencies f1 and f2 using an f2/f1 ratio of 1.2).18 The DPOAE 
amplitude was chosen when L1 (75 dB SPL) was 10 dB higher than L2 (65 
dB SPL). The contralateral DPOAE suppression test causes suppression of 
OHCs with contralateral noise. The contralateral DPOAE suppression test 
can either be performed by decreasing the amplitude (Input-Output-
I/O function) or by changing the frequency values   of the constant 
amplitude (DP-Gram).19 We used the Otometrics (Denmark, Taastrup) 
Capella DPOAE. DP-gram was obtained at octave frequencies of 200, 
2,383, 3,359 and 4,004 Hz at 60 dB SPL broadband-contralateral white 
noise Hz using contralateral TDH39 headphones.

Auditory brainstem response: ABR measurements of the participants 
were performed in a natural sleep state in a Faraday cage test room 
using Vivasonic (Canada, Toronto) Integrety™ V500 Auditory Diagnostic 
System in two channels. The active electrode (F

Z
) was placed on the 

upper part of the forehead, the ground electrode (F
pZ

) was placed on 
the lower part of the forehead, one of the reference electrodes was 
placed on the left (M1) and the other was placed on the right mastoid 
(M2) region (electrode skin impedance below 3 kΩ). The click stimuli 
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(with 1,024 repeats) at alternative polarity were transmitted through 
ER-3A insert headphones, using a 30 Hz high-pass filter (high-pass). ABR 
recordings were kept by using a 100 µs stimulus at a rate of 9.1 Hz (rate) 
at 70, 80, 90 and 99 dB nHL levels to the opposite ear, for both cases of 
a 55 dB nHL broadband mask and without mask.

Amplitude modulation detection test: The AMDT is used to detect 
amplitude modulation sounds which are assumed to decrease after 
noise exposure because of impairment in individual’s over-threshold 
responses. AMDT was performed with and without contralateral 
narrowband noise (40 dB SPL).20 The bandwidth of narrowband noise 
was set to 1/3 of an octave in this study. A sinusoidal sound modulated 
to 19 Hz with a carrier frequency of 5 kHz at 75 dB SPL level was used. 
The AMDT test was performed using the Parameter Estimation by 
Sequential Testing (3 interval-3 alternative selection methods) and the 
p-value was taken as 0.75. One of three randomly transmitted sounds 
was modulated to stimulus amplitude and the other two were not 
modulated. While the target tone was being transmitted, the AM depth 
was initially set as 6 dB (50%) and was adaptively randomized until the 
final modulation change size reached 0.45 dB; the mean value of the 
last two steps was accepted as the threshold.21 We used AMDT software 
with the Matlab 2019.b program.

Statistical Analysis

Data analysis was performed using SPSS v.23.0 (Statistical Package for 
Social Sciences) (SPSS Inc., Chicago, IL, US). The normal distribution of 
our study was examined with the Shapiro-Wilk test. A chi-square test was 
used to compare the demographic findings. The non-parametric Mann-
Whitney U test was used for comparisons between the high-risk and 
low-risk groups. The Wilcoxon test was used for in-group comparison 
and the Spearman test was used for the relationships between two 
variables. The p-value for statistical significance was accepted as <0.05.

RESULTS

Noise exposure and sensitivity: The average noise level of the dental 
laboratory was 97±11.3 dB (A) at 10.00 a.m. and 102±9.3 dB (A) at 2 
p.m. These hours are when the laboratory was very busy. Of the 45 
participants in the high-risk group (dental prosthesis associate degree 
students), 41 reported that they were exposed to sounds such as 
wedding halls, ambulances, and traffic noise during the day. 85% of 
the individuals in the low-risk group stated that they were exposed to 
traffic noise. As shown in Figure 1, the 1-minute noise screen scores 
of the individuals in the high-risk group (7.29±1.23) were found to be 
statistically higher than the low-risk group’s scores (2.81±1.35) (p=0.001). 
The Weinstein’s noise sensitivity scale scores of the individuals in the 
high-risk group (65.44±7.53) were statistically higher than the scores 
of the low-risk group (34.16±8.14) (p=0.011) (Figure 2). A positive and 
high correlation was observed between the 1-minute noise screen and 
Weinstein’s noise sensitivity scale of all individuals (r=0.822, p=0.001).

Pure tone audiometry: All participants had normal hearing thresholds 
(equal to or less than 20 dB HL at 125-8,000 Hz octave frequencies). No 
statistical difference was observed between the hearing thresholds of 
the groups (p>0.05).

Speech in noise test: Although no statistically significant difference was 
found between the scores of speech understanding in noise of the high 
and low-risk groups for both ears, the scores of the high-risk group were 
lower than the scores of the low-risk group.

Contralateral suppression of distortion product otoacoustic 
emissions: Contralateral DPOAE suppression amounts were calculated 
at all frequencies and were found to be 0.84 dB SPL for individuals at 
high-risk, and 2.02 dB SPL for individuals with low-risk. The difference 
in the contralateral DPOAE suppression amounts between the two 
groups was statistically significant (p=0.014).

Auditory brainstem responses: ABR records of all participants were 
made on the right ear of 68 patients and the left ear of 16 patients. While 
the amplitude of wave I of ABR with mask was statistically smaller than 
the amplitude value obtained without mask at 99 dB nHL in the high-
risk group (z=-3.087, p=0.002), the amplitude was found to be bigger 
at 80 dB nHL without mask (z=-3.155, p=0.002) (Table 1). A negative 
value was found in the amplitude of wave I of ABR in 10 individuals in 
the low-risk group and 8 individuals in the high-risk group. The latency 
of wave I obtained with mask was statistically significantly shorter 

Figure 1. One-minute noise screen questionnaire findings of both 
groups, error bars show the standard deviation.

Figure 2. Weinstein noise sensitivity scale findings of both groups, 
error bars show the standard deviation.
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than the latency without mask at 90 dB nHL (z=-2.178, p=0.029) and  
99 dB n HL (z=-2,449, p=0.014) in the high-risk group. There was no 
statistically significant prolongation of the ABR wave V latency with 
mask in the high-risk group (p>0.05).

As shown in Table 2, for the low-risk group, the wave I amplitude  
(z=-2.587, p=0.010) at 70 dB nHL and the wave III amplitude at 90 dB 
nHL (z=-2.807, p=0.005) values   were found to be statistically lower with 
mask. There was no statistical difference between the amplitude and 
latency values of the wave I, III and V with mask and without mask at 
other (80 and 99 dB nHL) intensity levels   (p>0.05). Although there was 
no statistical difference, it was observed that the amplitude increased as 
the stimulus intensity level rose.

For the high-risk group, the wave V amplitude was found to be smaller 
with mask than without mask at 99 dB nHL (z=-2.562, p=0.010) and 90 
dB nHL (z=-1.999, p=0.046), but it was found to be bigger at 80 dB nHL 
(z=-3.905, p=0.001) (Table 1).

There were statistically significant differences in the wave I amplitude at 
70 dB nHL (U=288, p=0.001), 80 dB nHL (U=586.5, p=0.011) and 99 dB 
nHL (U=635.5, p=0.035) with mask between the two groups. However, 

there was no difference at all stimulus levels without mask (Table 1, 2) 
(p>0.05).

Amplitude modulation detection threshold: For both groups, the 
AMDT scores were evaluated both with mask and without mask  
(Table 3). AMDT values with mask were statistically higher (worse) than 
the AMDT values without mask in all individuals (p=0.001 for the high-
risk group; p=0.035 for the low-risk group). The AMDT values in the 
high-risk group were lower (better) than the AMDT values in the low-risk 
group (p<0.001).

DISCUSSION

Noise-related hidden hearing loss is a functional disorder which is seen 
in individuals who suffer from noise exposure without hearing loss5 and 
it is also known as cochlear synaptopathy.8 In a cochlear synaptopathy 
study on mice, no difference was observed in the hearing thresholds 
which were measured with ABR, although half of the synapses between 
the inner hair cell and spiral ganglion neurons were lost due to noise 
exposure.22,23 In synapse loss after noise exposure, while otoacoustic 
emissions were obtained, the slope of the ABR wave I amplitude was 
observed at high stimulus levels.1

Table 1. Auditory brainstem responses amplitude with/without mask at different stimulus level for the high-risk group

Mask Stimulus level Wave I, Mean ± SD p Wave III, Mean ± SD p Wave V, Mean ± SD p

With mask
99 dB nHL

0.12±0.28
0.002*

0.33±0.25
0.169

0.45±0.22
0.010*

Without mask 0.21±0.25 0.37±0.27 0.75±0.96

With mask
90 dB nHL

0.17±0.25
0.608

0.34±0.22
0.797

0.56±0.17
0.046*

Without mask 0.17±0.19 0.31±0.16 0.49±0.17

With mask
80 dB nHL

0.22±0.23
0.002*

0.31±0.19
0.103

0.50±0.17
0.001*

Without mask 0.11±0.20 0.25±0.20 0.36±0.17

With mask
70 dB nHL

0.19±0.22
0.063

0.21±0.18
0.395

0.35±0.22
0.331

Without mask 0.16±0.36 0.25±0.22 0.33±0.19

*p<0.05, SD: Standard deviation.

Table 2. Auditory brainstem responses amplitude with/without mask at different stimulus level for the low-risk group

Mask Stimulus level Wave I, Mean ± SD p
Wave III, mean 
± SD

p
Wave V, Mean 
± SD

p

With mask

Without mask
99 dB nHL

0.15±0.14
0.786

0.29±0.16
0.678

0.53±0.22
0.120

0.14±0.17 0.27±0.19 0.46±0.25

With mask

Without mask
90 dB nHL

0.10±0.16
0.223

0.25±0.15
0.005*

0.38±0.24
0.275

0.18±0.22 0.35±0.18 0.44±0.19

With mask

Without mask
80 dB nHL

0.77±0.23
0.488

0.23±0.26
0.771

0.36±0.15
0.322

0.12±0.17 0.30±0.63 0.40±0.17

With mask

Without mask
70 dB nHL

-0.1±0.21
0.010*

0.16±0.30
0.662

0.35±0.27
0.411

0.05±0.17 0.19±0.16 0.30±0.14

*p<0.05, SD: Standard deviation.

Table 3. Amplitude modulation detection test findings with/without mask for two groups

AMDT with mask AMDT without mask

Groups Median (min.-max.) Mean ± SD Median (min.-max.) Mean ± SD p

High-risk -40.1 (-46.1, -32.6) -39.9±3.16 - 40.8 (-49.8, -28.8) -41.2±4.57 0.035*

Low-risk -32.2 (-41.5, -26.3) -32.7±3.58 -37.6 (-43.1, -31.1) -37.5±3.19 0.001*

p-value 0.001* 0.001*

AMDT: Amplitude modulation detection test, Min.: Minimum, Max.: Maximum, SD: Standard deviation, *p<0.05.
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As shown in Figure 3, 4, we found a decrease in the suprathreshold 
ABR wave I amplitude with mask in the high-risk group compared to 
the low-risk group. This decrease in amplitude value was highlighted 
in another study about mild and high spontaneous rate fibre loss-
induced hidden hearing loss.4 In animal studies, it has been reported 
that decreases in wave I amplitude are associated with synaptic loss 
with long-term exposure to noise, but the measurement of the wave 
I amplitude in humans does not provide precise information on the 
evaluation of synaptopathy.8 Studies have indicated that individuals 
with noise exposure may experience difficulties in terms of supra-
threshold processing skills, such as poor understanding and impaired 

attention.24 However, exposure to noise did not cause any hearing loss 
in the high-risk group in our study.

We observed an increase in the amplitude of wave I without mask and 
a decrease with mask as the stimulus level increased (p<0.05). There 
was a minimum prolongation in the latency of wave V with mask in 
comparison to without mask in the high-risk group, which was found to 
be compatible with previous studies.25,26 As a finding different from the 
literature, we found that the masked wave I latency was shorter than 
the unmasked wave I latency at suprathreshold levels in the high-risk 
group. In our study, the change in the wave V latency was accompanied 
by a decrease in the wave I amplitude in the high-risk group, suggesting 
that there may be hidden hearing loss in these individuals. This change 
mostly reflects the activities of low spontaneous fibre in the presence of 
background noise.27

The AMDT was performed with and without mask and was lower in the 
high-risk group than for those in the low-risk group with mask (p<0.05). 
This finding suggests that the temporal modulation of the sound may 
impair auditory sensitivity and may be useful in diagnosing hidden 
hearing loss.

The finding that individuals in the high-risk group with mask had 
lower AMDT scores than those in the low-risk group may be useful in 
the diagnosis of hidden hearing loss (Table 3). In studies which were 
previously conducted, it was stated that ABR with mask may reflect the 
efferent auditory system.28 In our study, there was no change in the 
wave I amplitude at stimulus levels of 70 and 80 dB nHL with mask 
for both groups. This finding is consistent with the study conducted by 
Matas et al.29

In our study, individuals in the high-risk group had lower suppression 
values with contralateral noise   than those individuals in the low-
risk group (p<0.05). This finding is thought to be due to the fact that 
contralateral noise results in DPOAE suppression by activating efferent 
neurons as well as a decrease in afferent electric activity.30 Marques and 
da Costa31 highlighted that especially DPOAE data would be beneficial 
in the early diagnosis of cochlear impairments before noise induced 
hearing loss occurs due to noise exposure.

We thought that a decrease in suppression, I-wave amplitude and the 
AMDT score may indicate hidden hearing loss which leads to a decrease 
in communication skills. The background noise (40dB SPL) which was 
used in our study can be used to detect low spontaneous fibre loss, 
especially since it causes suppression of high spontaneous fibre.

Although the ABR test is the gold standard in the diagnosis of occult 
hearing loss in our study and in the literature, the diagnosis of 
occult hearing loss with only the ABR test is insufficient in revealing 
all the signs of the disease in real terms. Therefore, when diagnosing 
latent hearing loss, all objective and subjective tests such as AMDT, 
otoacoustic emission tests, adaptation test, and the ABR test should be 
used together.

CONCLUSION

The control of noise in high-noise environments such as dental 
prosthesis laboratories is important for the health of employees due to 
hearing loss which can be seen in groups with high exposure to noise. In 
our study, it was observed that ABR wave I amplitude decreased as the 
intensity increased in the high-risk group. In the low-risk group, it was 

Figure 3. Amplitude findings of wave I of ABR with mask in 
individuals in the high-risk group.

ABR: Auditory brainstem response.

Figure 4. Amplitude findings of wave I of ABR without mask in 
individuals in the high-risk group.

ABR: Auditory brainstem response.
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observed that, as the stimulus intensity increased, ABR wave I amplitude 
wave increased. This is a finding that should be taken into consideration 
in the diagnosis of occult hearing loss. At the same time, periodically 
performing audiometric tests on technicians working in these locations 
and using earplugs to minimize the noise exposure of these individuals 
can help prevent hearing loss. In the process of diagnosing individuals 
with hidden hearing loss, differentiations in the ABR wave I amplitude, 
the AMDT and suppression otoacoustic emission (especially DPOAE) 
may be useful in the early diagnosis of hidden hearing loss.

MAIN POINTS

• Noise exposure can cause wave differences in auditory brainstem 
responses without causing permanent loss of hearing thresholds.

• Continuous exposure to high intensity noise in dental prosthesis 
associate degree students can cause permanent loss of auditory 
nerve cells. 

• The combined use of amplitude modulation detection tests, 
otoacoustic emission tests, auditory brainstem response and speech 
in noise tests provides useful information in the diagnosis of occult 
hearing loss.
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