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SUMMARY

Objective: This research aimed to evaluate hearing thresholds and noise sensitivity levels in industrial workers exposed to occupational
noise and compare them with normal-hearing individuals.

Materials and Methods: A total of 80 male participants, (40 noise-exposed [NE], 40 controls), aged 18-50 years were included in this
study. Pure-tone and extended high-frequency (EHF) audiometry between 125 Hz and 20 kHz were performed in both groups. The
Weinstein's Noise Sensitivity Scale (WNSS) was used to assess noise sensitivity. In the NE group, the Threshold Equalizing Noise (TEN)
test was used to evaluate possible cochlear dead region findings between 1 and 8 kHz.

Results: EHF thresholds were significantly higher in the NE group particularly between 1 and 18 kHz (p < 0.01), compared to the
control group. Characteristic threshold elevations around 4 kHz and 16 kHz were observed in both ears. WNSS scores did not differ
significantly between groups (p>0.05). While no significant correlations were observed between WNSS scores and audiological parameters
in the NE group, weak significant negative correlations were identified between WNSS scores and UCL values in the control group (right
ear: r=-0.409, p=0.009; left ear: r=-0.368, p=0.019). TEN findings compatible with possible cochlear dead region involvement were observed
at 1000, 3000, 4000, 6000, and 8000 Hz, whereas no TEN-defined findings were identified at 2000 Hz. The highest frequency of TEN-
defined findings was observed bilaterally at 4000 Hz.

Conclusion: These findings highlight the importance of including EHF audiometry and dead region assessments in the audiological
evaluation of individuals working in noisy environments.
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GURULTULU ORTAMLARDA CALISAN BIREYLERDE ODYOLOJiIK BULGULARIN INCELENMESIi

OZET

Amag: Bu calismada, endiistriyel giiriiltiiye maruz kalan bireylerin isitme esikleri ve giiriiltii hassasiyet diizeylerinin degerlendirilmesi
ve normal isitmeye sahip bireylerle karsilagtirilmasi amaglanmustir.

Gereg ve Yontemler: Calismaya 18-50 yas araliginda, 401 giiriiltiiye maruz kalan grup ve 401 kontrol grubu olmak iizere toplam 80
erkek katilimecr dahil edilmistir. Tim katilimcilara 125 Hz-20 kHz araliginda saf ses ve genisletilmis yiiksek frekans (extended high-
frequency-EHF) odyometrisi uygulanmustir. Giiriiltii hassasiyetini degerlendirmek amaciyla Weinstein Giiriiltii Hassasiyeti Olgegi (WNSS)
kullanilmigtir. Giiriiltilye maruz kalan grupta ayrica 1-8 kHz araliginda Threshold Equalizing Noise (TEN) testi uygulanarak olas1 koklear
olii bolge bulgular degerlendirilmistir.

Bulgular: Giiriiltiiye maruz kalan grupta, kontrol grubuna kiyasla 6zellikle 1-18 kHz araliginda daha yiiksek isitme esikleri saptanmigtir
(p < 0.01). Her iki kulakta 4 kHz ve 16 kHz civarinda belirgin esik yilikselmeleri gézlenmistir. Gruplar arasinda WNSS skorlar1 agisindan
anlamli fark bulunmamistir (p>0,05). Giiriiltiiye maruz kalan grupta WNSS skorlar1 ile odyolojik parametreler arasinda anlamli iligki
saptanmazken, kontrol grubunda WNSS skorlar1 ile UCL degerleri arasinda zayif diizeyde anlamli negatif iligki saptanmustir (sag kulak: r=-
0,409, p=0,009; sol kulak: r=-0,368, p=0,019). TEN testi bulgulari, giiriiltiiye maruz kalan grupta 1000, 3000, 4000, 6000 ve 8000 Hz'de
olas1 koklear 6lii bolge tutulumu ile uyumlu bulgular gosterirken, 2000 Hz'de TEN ile tanimlanan bulgu bulunmamustir. En sik TEN bulgusu
her iki kulakta 4000 Hz'de gozlenmistir.

Sonu¢: Bu bulgular, giiriiltiili ortamlarda g¢alisan bireylerin odyolojik degerlendirilmesinde EHF odyometri ve o6li bolge
degerlendirmelerinin kullaniminin 6nemini ortaya koymaktadir.

Anahtar Sézciikler: Giiriiltii maruziyeti, Genisletilmis yiiksek frekans odyometrisi, Weinstein Giiriiltii Hassasiveti Olgegi, TEN testi
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According to the World Health Organization,
approximately 16% of adult-onset hearing loss is
attributable to occupational noise exposure®.
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Noise, broadly defined as unwanted
sound that interferes with the ability to detect or
differentiate signals, represents a significant
environmental and occupational health hazard.
Beyond its auditory consequences, noise can
induce various psychological, physiological, and
behavioral effects®. Occupational noise is one of
the primary causes of adult sensorineural hearing
loss, particularly in  industrialized or
industrializing societies®. Prolonged exposure to
high noise levels in such environments often
leads to permanent and irreversible noise-
induced hearing loss (NIHL) if preventive
measures are not taken®’,

In response to this risk, many countries
have established regulations to limit industrial
workers" noise exposure. In Turkey, the Ministry
of Labour and Social Security introduced a
regulation in 2013 requiring employers to ensure
that weekly noise exposure does not exceed an
86 dB(A) limit®. It is well established that
prolonged exposure to noise levels above this
threshold increases the likelihood of hearing
loss, and research suggests that nearly one-third
of all hearing loss cases are attributable to noise®.

Individuals may vary in their
susceptibility to noise; therefore, psychometric
instruments such as the Weinstein Noise
Sensitivity Scale (WNSS) are frequently used to
assess individual differences in sensitivity to
such environmental noise®. While the WNSS
assesses subjective sensitivity, cochlear dead
regions may be evaluated using the Threshold
Equalizing Noise (TEN) test, which measures
hearing thresholds in the presence of ipsilateral
masking noise!®. Although the TEN test is
conventionally applied within the 500-4000 Hz
range, it has been reported to allow assessment
of cochlear dead regions at frequencies up to
15000 Hz**2, Few studies have investigated the
applicability of TEN testing beyond 4000 Hz.
Therefore, in the present study, the TEN test was
applied up to 8000 Hz to explore possible high-
frequency cochlear dead regions in noise-
exposed individuals.

Previous studies have assessed hearing
thresholds in the conventional (250-8000 Hz)
and extended high-frequency (EHF) ranges in
noise-exposed individuals*®*. Among workers
exposed to noise levels of 86 dB(A) and above,
the risk of hearing loss has been reported to be
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approximately three times higher, whereas the
use of hearing protection significantly reduces
this risk4,

Few studies have jointly evaluated EHF
audiometry, WNSS, and the TEN test in
individuals with occupational noise exposure. In
addition, the potential auditory effects of chronic
occupational noise exposure within currently
accepted exposure limits remain incompletely
understood. Therefore, this study aimed to
compare auditory findings between noise-
exposed industrial workers and normal-hearing
controls using EHF audiometry, WNSS, and the
TEN test, and to investigate whether these
measures  may  provide  complementary
information regarding auditory characteristics
associated with occupational noise exposure.

MATERIAL and METHODS

This study was designed as a comparative
cross-sectional study.

Ethic Approval

The study was approved by the Non-
Pharmaceutical and Non-Medical Device
Research Ethics Committee of KTO Karatay
University (Decision No: 2021/015, Dated:
27.09.2021). Written informed consent was
obtained from all participants, and the study was
conducted in accordance with the ethical
principles of the Declaration of Helsinki.

Participants

There were 80 male participants in the
study, all between the ages of 18 and 50, divided
into two groups: 40 males who worked in
locations that met noise exposure limitations and
40 males who were not exposed to such
conditions.

Participants in the noise-exposed (NE)
group were male workers aged 18-50 years who
had been employed for at least three years in
environments where the measured noise
exposure level did not exceed 86 dB(A) and who
had normal otoscopic findings. The control
group consisted of age-matched males without
self-reported occupational noise exposure with
normal otoscopic findings and normal hearing
sensitivity confirmed by audiometric testing.
Exclusion criteria for both groups included a
history of otologic surgery, neurological
disorders, chronic middle ear pathology, and
congenital hearing loss, known ototoxic drug
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exposure, and systemic diseases that could affect
auditory function.

Procedure

All participants underwent otoscopic
examination. To evaluate hearing performance,
pure-tone audiometry, speech audiometry
(including SRT, SDS and UCL measured during
speech testing), and extended high-frequency
audiometry tests were administered.
Subsequently, all participants completed the
WNSS. In addition, the TEN test was
administered specifically to the NE group. The
NE group consisted of male individuals working
in a facility manufacturing agricultural
machinery. Environmental noise measurements
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were obtained in different working areas of the
facility using a TES-1351 Sound Level Meter
(TES Electrical Electronic Corp., Taiwan; IEC
651 Type 2, ANSI S1.4). Measurements were
performed at ear level during active working
hours at multiple time points and locations
within the production environment. Noise levels
ranged approximately between 64 and 98 dB(A),
with most measurements falling within the 73-86
dB(A) range. Detailed environmental noise
measurements obtained from different working
areas are presented in Table 1. Participants
reported routine use of hearing protection
devices during occupational activities.

Table 1: Environmental Noise Measurements Obtained from Different Working Areas

Measurement Point

Noise Level (dB(A))

Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
Area 8
Area 9
Area 10
Area 11
Area 12
Area 13
Area 14
Area 15
Area 16
Area 17
Area 18
Area 19

911
97.8
72.5
86.0
93.2
80.8
64.0
73.7
73.8
74.3
73.5
81.1
82.5
82.3
79.7
82.1
74.7
73.4
73.5

Measurements were obtained during routine industrial activity from different working locations within the production
environment using a TES-1351 sound level meter (IEC 651 Type 2, ANSI S1.4).
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Assessment Methods

Pure Tone and Extended High-
Frequency Measurements

Pure-tone audiometry was performed
using an Interacoustics AC-40 clinical
audiometer in a sound-treated booth meeting
Industrial Acoustics Company standards. Air-
conduction hearing thresholds were measured
using Sennheiser HDA300 high-frequency
headphones, while bone-conduction thresholds
were obtained using a B-71 bone vibrator.
Conventional audiometric thresholds  were
assessed using the Modified Hughson-Westlake
technique. Extended high-frequency audiometry
measurements were performed up to 20 kHz.
Hearing loss degrees were classified based on
pure-tone averages (PTA). Speech audiometry
tests were conducted using TDH-39 standard
headphones.

Uncomfortable Loudness Level (UCL)
Measurements

UCL was assessed using continuous
speech stimuli during speech audiometry
measurement. Starting from the participant's
most comfortable listening level, the intensity
was increased in 5-10 dB steps until the
individual reported the sound as uncomfortably
loud. This procedure was applied for both ears
using the Interacoustics AC-40 clinical
audiometer with TDH-39 headphones. The final
UCL value was recorded as the highest intensity
level tolerated without discomfort. This method
aligns with clinical practice, where increasing in
5 dB steps is recommended unless the participant
exhibits a limited dynamic range warranting
finer resolution®®.

Weinstein Noise Sensitivity Scale

All participants completed the Turkish
version of the WNSS, whose validity and
reliability were established by Yildiz et al. The
21-item  questionnaire  assesses individual
differences in subjective noise sensitivity. The
questionnaire was administered after providing
participants with standardized instructions, and
the forms were completed independently by each
participant without researcher interference.
During the process, participants answered the
questions without requiring any guidance. The
Tr-WNSS consists of 21 items rated on a 6-point
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Likert scale ranging from 1 (strongly agree) to 6
(strongly disagree). Participants completed the
questionnaire by marking the response that best
reflected their own perception. Total scores were
calculated to determine each individual's noise
sensitivity Level*8:17,

TEN Test Measurements

The NE group participating in the study
underwent the TEN test at frequencies of 1.000,
2.000, 3.000, 4.000, 6.000, and 8.000 Hz in the
silent cabin of Industrial Acoustics Company
standard using the TDH-39 standard headphones
and Interacoustics AC-40 clinical audiometer.
Participants™ hearing threshold levels at the test
frequency were used to calculate the TEN levels.
Starting levels were adjusted as follows: For
frequencies where the hearing threshold was
better than 60 dB, the TEN level was adjusted to
70 dB; for frequencies where the hearing
threshold was between 70 dB and 90 dB, it was
adjusted to +10 dBSL; and for frequencies where
the hearing threshold was worse than 90 dB, the
TEN level was adjusted to be at the threshold
level at that frequency. A cochlear dead region
was verified when the TEN thresholds exceeded
both the original threshold and the TEN level by
at least 10 dB*8.

Statistical Analysis

Statistical analyses were performed using
IBM SPSS Statistics v26 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were presented
as frequency (n), percentage (%), mean =+
standard deviation, median, minimum, and
maximum values. The normality of numerical
variables was assessed using the Shapiro-Wilk
test, and variance homogeneity was evaluated
using Levene's test. For comparisons between
independent groups, the independent samples t-
test was used for normally distributed data,
whereas the Mann-Whitney U test was used for
non-normally distributed variables. Correlation
analyses were performed using Spearman's rho
correlation coefficient. TEN test findings were
evaluated descriptively based on frequency-
specific distributions and threshold values.
Statistical significance was accepted as p < 0.05.
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RESULTS

Demographic and clinical characteristics
of the participants are presented in Table 2. The
mean age was 35.9 £ 10.7 years in the NE group
and 33.6 £ 5.5 years in the control group. The
mean occupational exposure duration in the NE
group was 11.1 = 4.9 years. Smoking was
reported in 55.0% of the NE group and 27.5% of
the control group. Hearing protection devices
were used by 97.5% of the individuals in the NE
group.

In measurements performed between 125
Hz and 20 kHz, the NE group demonstrated
significantly higher EHF hearing thresholds in
both the right (RE) and left ears (LE) compared
to the control group. Significant differences were
observed between 1000 Hz and 18 kHz in the
right ear and between 250 Hz and 18 kHz in the
left ear (Figures 1 and 2). In the NE group,
characteristic notches were observed at 4 kHz
and 16 kHz in both ears, while hearing
thresholds improved at 9 kHz and 20 kHz.

The mean WNSS scores were 85.8 +
15.24 for the NE group and 85.08 + 12.56 for the
control group, with no statistically significant

difference  between groups (Table 3).
Additionally, Table 4 presents the correlations
between WNSS scores and audiological

parameters. In the NE group, no significant
correlations were observed between WNSS
scores and audiological parameters, including
frequency-specific hearing thresholds (p > 0.05).
In the control group, WNSS scores showed weak
negative correlations with UCL measurements in
both ears (RE: r = -0.404, p < 0.05; LE: r = -
0.365, p < 0.05). Weak positive correlations were
also identified for right-ear thresholds at 1000
Hz and left-ear thresholds at 20 kHz. No other
statistically ~ significant  correlations  were
observed (Table 4).

TEN findings compatible with possible
cochlear dead region involvement were observed
at 1000, 3000, 4000, 6000, and 8000 Hz in both
ears of the NE group, whereas no TEN-defined
findings were identified at 2000 Hz. Mean TEN
thresholds demonstrated similar patterns between
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the right and left ears across frequencies, with
higher threshold values observed particularly at
higher frequencies (Figure 3). The highest
frequency of TEN-defined findings was observed
bilaterally at 4000 Hz. Frequency distributions
and descriptive TEN threshold findings are
presented in Table 5.
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Table 2: Demographic and Clinical Characteristics of the Participants

NE Group (n=40) Control Group (n=40)

Age (years), mean = SD 35.9+10.7 33.6+£55
Occupational exposure duration (years), mean £ SD 11.1+49 —
Smoking, n (%) 22 (55.0%) 11 (27.5%)
Hearing protection use, n (%) 39 (97.5%) —

Values are presented as mean + standard deviation or n (%). NE: Noise-Exposed. Occupational exposure duration and hearing
protection use were evaluated only in the noise-exposed group.

Table 3: The WNSS Scores Compared by Groups of Studies

Groups for Study Test Statistics *
NE group Control group
n=40 n=40 Test Value P
WNSS 85.8+15.24 85.08+12.56 -0.029 0.977

i: Mann Whitney U Test (z); The mean + standard deviation is used to present summary statistics. WNSS; Weinstein’s Noise
Sensitivity Scale, NE: Noise-Exposed.
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Table 4: Correlations Between WNSS Scores and Audiological Parameters

WNSS Scores
F\izg'ﬁg‘iﬁ, NE Group rho (p) Control Group rho (p)
Right Ear Left Ear Right Ear Left Ear

125 Hz 0.05 (0.78) -0.12 (0.47) 0.31 (0.06) -0.01 (0.99)
250 Hz 0.07 (0.66) -0.04 (0.83) 0.17 (0.30) 0.08 (0.63)
500 Hz 0.05 (0.75) 0.06 (0.72) 0.04 (0.79) 0.06 (0.72)
1000 Hz -0.01 (0.96) 0.23 (0.16) 0.34 (0.03) 0.26 (0.11)
2000 Hz -0.03 (0.87) 0.08 (0.61) 0.20 (0.22) 0.01 (0.97)
4000 Hz 0.01 (0.98) 0.05 (0.74) 0.31 (0.05) -0.07 (0.68)
6000 Hz -0.16 (0.34) -0.03 (0.88) 0.06 (0.71) 0.02 (0.90)
8000 Hz -0.11 (0.49) -0.08 (0.62) -0.02 (0.90) 0.08 (0.60)
9 kHz -0.13 (0.42) -0.13 (0.43) -0.02 (0.92) 0.19 (0.25)
10 kHz -0.21 (0.20) -0.20 (0.23) 0.11 (0.49) 0.24 (0.13)
11.2 kHz -0.23 (0.15) -0.17 (0.29) 0.07 (0.66) -0.08 (0.65)
12.5 kHz -0.22 (0.18) -0.18 (0.27) -0.02 (0.89) -0.10 (0.52)
14 kHz -0.19 (0.25) -0.16 (0.33) -0.02 (0.91) -0.04 (0.80)
16 kHz -0.12 (0.48) -0.12 (0.48) 0.15 (0.37) 0.19 (0.25)
18 kHz -0.16 (0.33) 0.06 (0.70) 0.06 (0.72) 0.08 (0.61)
20 kHz -0.16 (0.33) 0.22 (0.17) 0.24 (0.13) 0.39 (0.01)
PTA Air 0.03 (0.86) 0.07 (0.65) 0.24 (0.14) 0.09 (0.57)
PTA Bone 0.13(0.43) 0.18 (0.28) 0.28 (0.08) 0.15 (0.34)
SRT -0.24 (0.13) -0.14 (0.38) 0.24 (0.14) 0.11 (0.51)
SDS 0.11 (0.5) 0.1 (0.56) 0.09 (0.55) -0.03 (0.86)
UCL -0.19 (0.25) -0.11 (0.51) -0.4 (0.01) -0.37 (0.02)

Values are presented as Spearman’s rho correlation coefficients with corresponding p values.rho: Spearman correlation
coefficients; bold values indicate statistically significant correlations (p<0.05), Abbreviations: PTA: Pure Tone Average R: Right L:
Left SRT: Speech Recognition Threshold SDS:Speech Discrimination Score UCL: Uncomfortable Loudness Level , NE: Noise-
Exposed, WNSS:Weinstein’s Noise Sensitivity Scale.
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Figure 3: Right and Left Ear TEN Thresholds for the Noise-Exposed Group

Table 5. Frequency Distribution and TEN Threshold Characteristics of Possible Cochlear Dead Region

Findings in the Noise-Exposed Group

Mean TEN

Frequency Right Ear n (%)

Threshold (dB HL)

Mean TEN
Left Ear n (%)
Threshold (dB HL)

1000 Hz 4 (10.0%) 68.5+5.7
2000 Hz 0 (0%) —

3000 Hz 12 (30.0%) 76.4+10.5
4000 Hz 17 (42.5%) 78.5+8.3
6000 Hz 9 (22.5%) 82.8+12.3
8000 Hz 7 (17.5%) 84.7+ 145

5 (12.5%) 65.0 + 11.8
0 (0%) —

14 (35.0%) 77.0+8.0

18 (45.0%) 78.4+9.3

10 (25.0%) 83.2+12.7

9 (22.5%) 83.6 +12.1

Values are presented as n (%) and mean + SD. Percentages were calculated based on the total number of participants in the

noise-exposed group (n = 40).

DISCUSSION

This study aimed to evaluate the hearing
thresholds and noise sensitivity levels of
individuals exposed to industrial noise and
compare them with those of individuals with
normal hearing. Additionally, the presence of
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possible cochlear dead regions in noise-exposed
individuals was investigated through the TEN
test. The findings demonstrated higher EHF
hearing thresholds in the NE group compared to
controls. Some interaural differences were also
observed at certain frequencies within the NE
group. TEN findings further suggested possible
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cochlear dead region involvement at several
tested frequencies. Together, these findings
suggest that EHF audiometry and TEN testing
may provide complementary information
regarding auditory characteristics associated with
occupational noise exposure.

Noise-induced hearing loss (NIHL) is
one of the most common forms of acquired
sensorineural hearing loss after presbycusis and
results from prolonged exposure to excessive
noise levels®. In this study, the NE group showed
the distinctive NIHL notch at 4 kHz and 16 kHz,
along with elevated hearing thresholds at 3, 4, 6,
and 8 kHz in the left ear. These findings are
consistent with the literature, where NIHL often
appears at 3, 4, or 6 kHz as a notch that deepens
with continued exposure and progressively
affects lower and higher frequencies®®-?,

Jaafar et al. (2017) found a notch at 3-6
kHz in 82.6% of lawnmower workers, while
Mehrparvar et al.(2014) emphasized the effects
of noise on frequencies 4-6 kHz in standard
audiometry and 14-16 kHz in EHF
audiometry?®?*, Similarly, Carrol et al. (2017)
observed bilateral or unilateral notches at 3-6
kHz in one-third of noise-exposed workers, and
Lopes et al. (2012) reported the lowest
thresholds at 3, 4, and 6 kHz in drivers'®?2, This
pattern may be related to the selective
vulnerability of the basal turn of the cochlea,
where high-frequency-sensitive outer hair cells
(OHCs) are located and are particularly
susceptible to acoustic trauma. Cochlear
biomechanics and ear canal resonance may
further contribute to the increased vulnerability
of the 3-6 kHz region and the characteristic 4
kHz notch observed in NIHLZ. Additionally,
cochlear hair cell loss progresses with age, with
OHC being affected more severely than IHC,
particularly in the cochlea’s high-frequency
regions®,

When comparing noise-exposed
individuals with controls, significant hearing
threshold differences were seen across all
frequencies from 250 Hz to 18 kHz. These
results align with De Sa et al. (2007), who found
significant  threshold  differences at all
frequencies up to 18 kHz, and Porto et al. (2004),
who reported greater hearing loss between 6 and
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14 kHz in noise-exposed workers®2, Previous
studies have suggested that EHF audiometry may
provide additional information regarding early
high-frequency auditory changes associated with
noise exposure. For example, Kumar et al.
(2017), Sulaiman et al. (2014), and Korres et al.
(2008) reported significant high-frequency
hearing losses among individuals exposed to
personal listening devices and occupational
noise?’-2°, Despite the widespread use of hearing
protection devices in the NE group, elevated
EHF thresholds and TEN findings were still
observed.

The WNSS scores were comparable
between groups, with a mean of 85.8£15.24 in
NE group and 85.08+12.56 in controls (Table 3).
These results align with Alimohammadi et al.
(2006), who reported similar scores in non-
industrial workers®. As shown in Table 4, no
significant correlations were observed between
WNSS scores and most audiological parameters,
including frequency-specific hearing thresholds,
in the NE group. This finding may suggest that
subjective noise sensitivity does not directly
correspond to measurable peripheral auditory
changes in individuals chronically exposed to
occupational noise. In the control group, weak
negative correlations were observed between
WNSS scores and UCL values in both ears,
suggesting that individuals with higher noise
sensitivity tended to report lower loudness
tolerance levels. Additionally, weak positive
correlations were identified only for right-ear
1000 Hz and left-ear 20 kHz hearing thresholds.
However, given the isolated nature and limited
strength of these correlations, their clinical
significance remains uncertain. The underlying
mechanisms of the relationship between noise
sensitivity and UCL remain unclear; however,
differences in subjective sound tolerance and
individual sensitivity to environmental sounds
may contribute to these findings®'*2. Belojevic et
al. (2003) also noted that noise impacts non-
exposed individuals by increasing annoyance
and  reducing  performance in  noisy
environments®,

The TEN test in this study identified
findings compatible with possible cochlear dead
region involvement. Table 5 demonstrated that
TEN-defined findings were most frequently
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observed at 4000 Hz in both ears, followed by
3000 Hz. Similar high-frequency TEN findings
have previously been reported in individuals
with sensorineural hearing loss and cochlear
dead regions. Moore and Vinay (2009), noted
that high-frequency dead regions are associated
with cortical plasticity and low-frequency
information processing®®. Furthermore, Pepler et
al. (2008) reported that individuals with a dead
region at 4 kHz showed a more pronounced
hearing loss curve, highlighting the specific
impact of dead regions on hearing thresholds®*.
Munro et al. (2005) reported dead regions at 5-
10 kHz in 91% of cases, and Jacop et al. (2006)
observed that dead regions are more frequent in
sloping sensorineural hearing 1oss®, The
absence of dead regions at 2 kHz in this study
diverges from prior findings, which may reflect
frequency-specific  variability or functional
contributions  from  neighbouring  cochlear
regions®’. Previous studies have suggested that
identification of cochlear dead regions may be
considered in hearing aid amplification strategies
and rehabilitation planning; however, the
additional clinical contribution of these tests
remains controversial®®. From a clinical
perspective, the identification of possible
cochlear dead region involvement in noise-
exposed individuals may also be relevant for
audiological monitoring and hearing
conservation strategies in individuals with
ongoing occupational noise exposure.

The study's inclusion of only male
participants limits the generalizability of the
findings with respect to gender. Furthermore, the
cross-sectional design of this study did not allow
for the evaluation of the long-term effects of
industrial noise exposure over time. Therefore,
causal relationships between occupational noise
exposure and the observed auditory findings
could not be definitively established. In addition,
TEN measurements were performed only in the
NE group, limiting direct comparison of possible
cochlear dead region findings between groups.
Individual noise dosimetry and cumulative
lifetime noise exposure data were also
unavailable. Potential confounding factors such
as smoking habits and individual susceptibility to
noise exposure should also be considered when
interpreting the findings. Therefore, the findings
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should be interpreted cautiously, particularly
regarding causality and the specificity of TEN
findings to occupational noise exposure.
Accordingly,  future  research  employing
longitudinal designs is recommended to better
understand the extended impact of noise
exposure on auditory function.

CONCLUSION

This study suggests that industrial noise
exposure may be associated with elevated
hearing thresholds at extended high frequencies
and TEN findings compatible with possible
cochlear dead region involvement, particularly at
higher frequencies. The combined use of EHF
audiometry, the WNSS, and TEN testing may
provide complementary information regarding
auditory  characteristics  associated ~ with
occupational noise exposure. Extending EHF
audiometry up to 20 kHz enabled the
identification of early high-frequency threshold
elevations, while extending the TEN test up to 8
kHz allowed evaluation of possible high-
frequency cochlear dead region involvement.
Together, these findings support the potential
value of incorporating extended high-frequency
assessment methods into the audiological
monitoring of noise-exposed individuals.

Financial and technical support: No
financial and/or technical support was received
for this study.

Conflict of interest: There is no conflict
of interest.

REFERENCES

1. World Health Organization W. World report on hearing.
Geneva: World Health Organization; 2021.

2. Collaborators GHL. Hearing loss prevalence and years lived
with disability, 1990-2019: findings from the Global Burden
of Disease Study 2019. Lancet. 2021;397(10278):996-10009.

3. WHO WHO. Global costs of unaddressed hearing loss and
cost-effectiveness of interventions. 2017 8 June 2017.

4. Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S,
et al. Auditory and non-auditory effects of noise on health.
Lancet. 2014;383(9925):1325-32.

5. Shahid A, Jamali T, Kadir MM. Noise Induced Hearing Loss
among an Occupational Group of Textile Workers in Karachi,
Pakistan. Occup Med Health Aff. 2018;6(4).

6. Ding T, Yan A, Liu K. What is noise-induced hearing loss?
Br J Hosp Med (Lond). 2019;80(9):525-9.



Fatma Zehra GUMUS SELEK, MSc Fusun SUNAR, MD Ercan KARABABA, PhD
An Investigation Into Audiological Findings In Individuals Exposed To Noisy Environments

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zhou J, Shi Z, Zhou L, Hu Y, Zhang M. Occupational noise-
induced hearing loss in China: a systematic review and meta-
analysis. BMJ Open. 2020;10(9):e039576.

Resmi Gazete. Caliganlarin giiriiltii ile ilgili risklerden
korunmalarina dair yonetmelik. Calisma ve Sosyal Giivenlik
Bakanligi: Resmi  Gazete; 2013 [Available from:
https://www.resmigazete.gov.tr/eskiler/2013/07/20130728-
11.htm

Li S, Fong DYT, Wan SLY, McPherson B, Lau EYY, Huang
L, et al. A Short Form of the Chinese Version of the
Weinstein Noise Sensitivity Scale through Optimal Test
Assembly. Int J Environ Res Public Health. 2021;18(3).

Stone MA, Perugia E, Bakay W, Lough M, Whiston H, Plack
CJ. Threshold Equalizing Noise Test Reveals Suprathreshold
Loss of Hearing Function, Even in the "Normal" Audiogram
Range. Ear Hear. 2022;43(4):1208-21.

Moore BC, Huss M, Vickers DA, Glasberg BR, Alcantara JI.
A test for the diagnosis of dead regions in the cochlea. Br J
Audiol. 2000;34(4):205-24.

Padilha C, Garcia MV, Costa MJ. Diagnosing cochlear
"dead" regions and its importance in the auditory
rehabilitation ~ process. Braz ~J  Otorhinolaryngol.
2007;73(4):556-61.

Caciari T, Rosati MV, Casale T, Loreti B, Sancini A,
Riservato R, et al. Noise-induced hearing loss in workers
exposed to urban stressors. Sci Total Environ. 2013;463-
464:302-8.

Wu J, Wang F, Wang DM, Dai XY, Yi GL, Chen ZL.
[Investigation of occupational noise exposure and hearing
loss among automobile manufacturing workers]. Zhonghua
Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 2021;39(8):593-7.

Valente M. How loud is too loud? Using loudness discomfort
levels to fit hearing aids. 2006 13 August 2025. Available
from:  https://www.audiologyonline.com/articles/loud-too-
using-loudness-discomfort-825-825.

Weinstein ND. Individual differences in reactions to noise: a
longitudinal study in a college dormitory. J Appl Psychol.
1978;63(4):458-66.

Keskin Yildiz M, Kemaloglu YK, Tua¢ Y, Mengi G,
Karamert R, Gokdogan C. Validating the Turkish version of
the Weinstein noise sensitivity scale: effects of age, sex, and
education level. Turk J Med Sci. 2020;50(4):894-901.

Moore BC, Vinay SN. Enhanced discrimination of low-
frequency sounds for subjects with high-frequency dead
regions. Brain. 2009;132(Pt 2):524-36.

Carroll YI. Vital signs: Noise-induced hearing loss among
adults-United States 2011-2012. MMWR Morbidity and
mortality weekly report. 2017;66.

Jaafar NI, Daud MKM, Mohammad |, Abd Rahman N.
Noise-induced hearing loss in grass-trimming workers.
Egyptian Journal of Ear, Nose, Throat and Allied Sciences.
2017;18(3):227-9.

AH, Mirmohammadi SJ, Davari MH,
Mostaghaci M, Mollasadeghi A, Bahaloo M, et al.
Conventional ~Audiometry, Extended High-Frequency
Audiometry, and DPOAE for Early Diagnosis of NIHL. Iran
Red Crescent Med J. 2014;16(1):€9628.

Mehrparvar

o1

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

KBB-Forum
2026;25(2)
www.KBB-Forum.net

Lopes AC, Otowiz VG, Lopes PM, Lauris JR, Santos CC.
Prevalence of noise-induced hearing loss in drivers. Int Arch
Otorhinolaryngol. 2012;16(4):509-14.

Le Prell CG. Prevention of Noise-Induced Hearing Loss
Using Investigational Medicines for the Inner Ear: Previous
Trial Outcomes Should Inform Future Trial Design. Antioxid
Redox Signal. 2022;36(16-18):1171-202.

Wu PZ, O'Malley JT, de Gruttola V, Liberman MC. Primary
Neural Degeneration in Noise-Exposed Human Cochleas:
Correlations with Outer Hair Cell Loss and Word-
Discrimination Scores. J Neurosci. 2021;41(20):4439-47.

Porto MA, Gahyva DL, Lauris JR, Lopes AC. [Audiometric
evaluation in extended high frequencies of individuals
exposed to occupational noise]. Pro Fono. 2004;16(3):237-
50.

de S& LC, de Lima MA, Tomita S, Frota SM, Santos Gde A,
Garcia TR. Analisys of high frequency auditory thresholds in
individuals aged between 18 and 29 years with no otological
complaints. Braz J Otorhinolaryngol. 2007;73(2):215-25.

Korres GS, Balatsouras DG, Tzagaroulakis A, Kandiloros D,
Ferekidis E. Extended high-frequency audiometry in subjects
exposed to occupational noise. B-ent. 2008;4(3):147-55.

Kumar P, Upadhyay P, Kumar A, Kumar S, Singh GB.
Extended high frequency audiometry in users of personal
listening devices. Am J Otolaryngol. 2017;38(2):163-7.

Sulaiman AH, Husain R, Seluakumaran K. Evaluation of
early hearing damage in personal listening device users using
extended high-frequency audiometry and otoacoustic
emissions. Eur Arch Otorhinolaryngol. 2014;271(6):1463-70.

Alimohammadi I, Nassiri P, Azkhosh M, Sabet M, Hosseini
M. Reliability and validity of the Persian translation of the
Weinstein Noise Sensitivity Scale. Psychological research.
2006.

Gogcegdz Giil I, Karlidag R, Ozcan AC. Vajinismus
hastalarinda P50 duyusal kapilama. Anatolian Journal of
Psychiatry/Anadolu Psikiyatri Dergisi. 2015;16(4).

Hetrick WP, Erickson MA, Smith DA. Phenomenological
dimensions of sensory gating. Schizophr  Bull.
2012;38(1):178-91.

Belojevic G, Jakovljevic B, Slepcevic V. Noise and mental
performance: personality attributes and noise sensitivity.
Noise Health. 2003;6(21):77-89.

Pepler A, Munro KJ, Lewis K, Kluk K. Prevalence of
cochlear dead regions in new referrals and existing adult
hearing aid users. Ear Hear. 2014;35(3):¢99-e109.

Jacob RT, Fernandes JC, Manfrinato J, 16rio MC. Identifying
dead regions in the cochlea through the TEN test. Braz J
Otorhinolaryngol. 2006;72(5):673-82.

Munro KJ, Felthouse C, Moore BC, Kapadia S.
Reassessment of cochlear dead regions in hearing-impaired
teenagers with severe-to-profound hearing loss. Int J Audiol.
2005;44(8):470-7.

Malicka AN, Wilson WJ, Baer T, Munro KJ, Baker RJ,
Miluzzi D, et al. No evidence for enhanced processing of
speech that is low-pass filtered near the edge frequency of
cochlear dead regions in children. Int J Audiol.
2018;57(8):632-7.

Summers V. Do tests for cochlear dead regions provide
important information for fitting hearing aids? (L). The



Fatma Zehra GUMUS SELEK, MSc Fiisun SUNAR, MD Ercan KARABABA, PhD KBB-Forum
An Investigation Into Audiological Findings In Individuals Exposed To Noisy Environments 2026;25(2)
www.KBB-Forum.net

Journal of the Acoustical Society of America.
2004;115(4):1420-3.

52



