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Abstract

Background The aim of this study was to evaluate the hearing thresholds, speech understanding abilities, and otoa-
coustic emissions tests of firefighters to determine the effects of occupational noise exposure on auditory health. This
descriptive study consisted of 25 firefighters and 25 healthy individuals with normal hearing as the control group. Fire-
fighters exposed to noise outside of working hours, those using ototoxic medications, or those with other health risk
factors were excluded from the study. Hearing functions of all participants were assessed using pure-tone and high-

at certain frequencies had significantly lower SNRs.

thresholds can be affected.

frequency audiometry, speech tests, and otoacoustic emissions measurements.

Results Firefighters pure-tone hearing thresholds were significantly higher compared to the control group,

and hearing loss was observed, particularly at high frequencies (4000 Hz and above). In the speech test results,
SRT thresholds were also found to be statistically significantly higher in the study group (p<0.05). Dynamic range
was found to be narrower in the study group. DPOAE and TEOAE results showed that firefighters exposed to noise

Conclusions These findings support similar studies in the literature, demonstrating that long-term noise exposure
has potential negative effects on hearing health in firefighters, particularly high frequencies indicate that hearing

Keywords Occupational noise, Noise pollution, Vulnerable occupations, Workplace exposures

Background

Firefighters are the professionals responsible for extin-
guishing fires and ensuring the safety of citizens in
extraordinary situations such as earthquakes, floods,
landslides and explosions within the fire department,
which is the organization that carries out firefight-
ing activities. Firefighting is among the most difficult
and dangerous professions. In addition to encountering
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various burning products, employees are also exposed to
heat and noise [1]. Due to the harsh conditions that fire-
fighters are exposed to, it is observed that they encounter
serious health problems such as heat stroke, hearing loss,
visual impairment, musculoskeletal disorders, and expo-
sure to toxic substances. Studies show that firefighting
is one of the most critical professions in terms of hear-
ing health, as firefighters are routinely exposed to haz-
ardous noise levels [2]. Hong et al. (2008) reported that
firefighting equipment such as water pumps and saws
along with firefighters shouting loudly to communicate
with each other, are sources of noise for firefighters [3].
In addition, it was reported that 73.9% of firefighters
were exposed to urban noise, 68.0% to vehicle noise, and
38.2% to telephone noise [4]. Neitzel et al. (2013) meas-
ured the noise levels to which firefighters were exposed.
105-109 dBA was obtained in ventilation activities such
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as metal, concrete, wood, and drywall cutting, and over
106 dBA was obtained with the pneumatic chisel used in
vehicle rescue missions [5]. The measurements of the fire
truck’s horn and siren were determined to be approxi-
mately 98 dBA in the interior of the vehicle and 115 dBA
in the exterior. In addition, an average sound level of 101
dBA was detected during routine alarm tests. It was also
reported that the duration of these operations, therefore
the duration of noise exposure, lasted approximately 5.5
to 33 min. These measurements shows that the noise lev-
els to which firefighters were exposed were quite high.
Additionally, it is known that firefighters may have diffi-
culty understanding speech because the acoustics of their
work environment are quite complex [6].

Based on the literature, firefighters appear to be at
risk of hearing loss due to prolonged exposure to occu-
pational noise. Therefore, the purpose of this study was
to evaluate the hearing health and speech tests of fire-
fighters. There are studies in the literature that evaluate
the hearing thresholds and otoacoustic emission meas-
urements of firefighters [7-9]. However, studies on the
speech perception of firefighters are, to our knowledge,
limited. In our study, in addition to applying pure tone
audiometry, high-frequency audiometry, and speech
tests, the dynamic range, a parameter in the evaluation of
acoustic reflexes and cochlear sensitivity, was also evalu-
ated, aiming to examine the hearing of firefighters within
a broader framework.

Methods

This study is a descriptive study. The study included fire-
fighters from a metropolitan municipality in Turkiye, and
written permission was obtained from the institution for
their participation. Additionally, voluntary consent forms
were obtained from all participants. The study was con-
ducted in the Audiology Laboratory of Biruni Univer-
sity. This study was approved by the Non-Interventional
Ethics Committee of Biruni University with the decision
numbered 2021/60-7 dated 22.10.2021.

Participants

The study sample size was calculated using the G*Power
3.1.9.4 (Universitat Diisseldorf) package, considering the
speech discrimination results from the study by Nada
et al. (2014), with 95% power and a 0.05 margin of error,
resulting in a minimum of 36 participants (study group:
18, control group:18) [10, 24]. Exclusion criteria included
having risk factors such as exposure to noise outside of
working hours, use of ototoxic drugs, hypertension, dia-
betes, history of meningitis, family history of hearing
loss, history of acute or chronic ear infection, head and
neck injuries, history of cancer, smoking, and alcohol
use. 25 volunteer firefighters meeting these criteria were
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contacted, and to ensure equal participant numbers, 25
controls meeting the exclusion criteria but not working
in a job involving noise exposure were included.

Data collection tools
Each test was performed separately on each ear.

Tympanometry and acoustic reflex threshold
Tympanometric examination was performed to examine
the middle ear status of the participants with the Oto-
metrics brand Otoflex model device. Participants with
Type A tympanogram were included in the study. For
acoustic reflex threshold measurements, ipsilateral and
contralateral recordings were taken with the same brand
and model device at 500, 1000, 2000, 4000 Hz.

Pure tone and high frequency audiometry

Hearing thresholds of the participants were deter-
mined with Otometrics brand Astera 2 model device.
Air conduction hearing thresholds were measured in
the frequency bands 125-250-500—1000-2000—4000-
6000-8000 Hz using supraaural headphones. Again, with
the same brand and model device, pure tone stimuli were
sent through circumaural headphones in the frequency
bands 10000-12500-14000-16000 Hz to determine the
participants’ high frequency thresholds.

Speech tests

Participants’ speaking tests were performed with Oto-
metrics brand Astera 2 model device. Speech Recogni-
tion Test (SRT) was performed by asking the participants
to repeat the words they heard with a spondaic word
list and the lowest level at which they heard the speech
at 50% was accepted as the threshold. In addition, the
level at which speech was most comfortable level (MCL)
and the level at which it was uncomfortable level (UCL)
were determined. The Speech Discrimination (SD) test
was administered by presenting participants with 25
monosyllabic words at their most comfortable listening
level (MCL) and asking them to repeat the words they
heard. Each correctly repeated word was scored as 4%
(maximum score 100%). The dynamic range, which is the
usable listening range and provides information about
cochlear sensitivity, was calculated using the UCL-SRT
formula.

Otoacoustic emission measurements

Distortion Product Otoacoustic Emissions (DPOAE) at
996, 1191, 1416, 1679, 2001, 2382, 3359, 4003, 4755, 5654,
6728 and 7998 Hz; Transient Otoacoustic Emissions
(TEOAE) at 1000, 1500, 2000, 3000 and 4000 Hz were
measured and Signal-Noise Ratio (SNR) were recorded
using an Otometrics brand Capella model device.



Bayrak et al. The Egyptian Journal of Otolaryngology (2026) 42:10

Statistical analysis

SPSS 27.0 was used for analyses. Analyses were per-
formed separately for the right and left ears for all col-
lected data. Descriptive statistics included means and
standard deviations for continuous quantitative variables.
Frequencies and percentages were presented for qualita-
tive variables. Quantitative data were analyzed for normal
distribution using the Shapiro—Wilk test. Quantitative
variables did not show a normal distribution, and inter-
group comparisons were made using the Mann—Whitney
U test. The chi-square test was used for qualitative data
analysis. p<0.05 was considered statistically significant.

Results

Age and gender information of the groups is shown
in Table 1. The mean age of the study group was
39.12+5.44 years, and that of the control group was
36.48 £ 8.02 years, and the ages of the two groups were
statistically similar (p>0.05). All participants in both
groups were male (100%).

Figure 1 shows the comparison of pure tone and high
frequency hearing thresholds of the groups in the right
(a) and left (b) ears. Hearing thresholds of the firefight-
ers were significantly higher than the control group at
125, 250, 500, 1000, 6000 and 8000, 10000, 12500, 14000,
16000 Hz in the right ear and 125, 250, 1000, 4000, 6000,
8000, 10000, 12500, 14000, 16000 Hz in the left ear
(p<0.05). No significant difference was found between the
groups in the hearing thresholds of 2000 and 4000 Hz in
the right ear and 500 and 2000 Hz in the left ear (p>0.05).

Figure 2 shows the comparison of ipsilateral and con-
tralateral acoustic reflex thresholds of the groups. No sig-
nificant difference was found between the right (Fig. 2a)
and left (Fig. 2c) ipsilateral acoustic reflex thresholds in
both groups (p>0.05). Right ear (Fig. 2b) contralateral
500, 1000, 4000 Hz; left ear (Fig. 2d) contralateral 500,
1000, 2000, 4000 Hz acoustic reflex thresholds were sig-
nificantly higher in the study group than in the control
group (p<0.05).

Table 1 Sociodemographic information of the groups

Study Group Control Group p
(n=25) (n=25)
X+SD X+SD
n, % n, %
Age (Year) 39.12+544 3648+8.02 0.056
Gender Female 0 (0.00%) 0 (0.00%) 1.000
Male 100 (100.0%) 100 (100.0%)

X: Mean, SD: Standard Deviation, n: Number, %: Percentage
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Figure 3 shows the comparison of the speech test
results of the groups. Right and left ear SRT (Fig. 3a)
values were significantly higher in the study group than
in the control group (p<0.05). There was no significant
difference between the groups in SD (Fig. 3b), MCL
(Fig. 3c), UCL (Fig. 3d) results (p>0.05).

Figure 4 shows the dynamic ranges of the right ear
(Fig. 4a, b) and left ear (Fig. 4c, d) of the groups. In the
right ear, the dynamic range of the study group was
80.40+11.62, while the dynamic range of the control
group was 87.20 £ 8.30. It was observed that the right ear
dynamic range of the study group was significantly nar-
rower than the control group (p<0.05). In the left ear, the
dynamic range of the study group was 80.00+ 11.72, while
the dynamic range of the control group was 87.40+8.79.
It was observed that the left ear dynamic range of the
study group was significantly narrower than the control
group (p<0.05).

Figure 5 shows the comparison of DPOAE and TEAOE
SNR results of the groups. The DPOAE SNR results
at 4003, 5654, 6728, 7998 Hz in the right ear (Fig. 5a)
and 4755, 5654 Hz in the left ear (Fig. 5b) were signifi-
cantly lower in the study group than in the control group
(p<0.05). There was no significant difference between
the groups in DPOAE SNR results at other frequencies
(p>0.05). The TEOAE SNR results at 3000 and 4000 Hz in
the right ear (Fig. 5¢) and 4000 Hz in the left ear (Fig. 5d)
were significantly lower in the study group than in the
control group (p<0.05). There was no significant differ-
ence between the groups in TEOAE SNR results at other
frequencies (p>0.05).

Discussion

Although the presence of noise in life is important in
terms of affecting hearing thresholds, it is not suffi-
ciently recognized that it poses a threat to health [11].
Firefighters who are exposed to noise excessively dur-
ing their professional work are at great risk for hearing
loss. In this regard, it has been reported in the litera-
ture that 74% of firefighters are not concerned about
hearing loss, while 82% are concerned about develop-
ing mild to severe hearing loss in the long term. Addi-
tionally, it has been reported that firefighters concerned
about their hearing health are using more hearing pro-
tection equipment [12]. In this context, our study eval-
uates the effects of high-level noise that firefighters are
exposed to throughout their professional lives on hear-
ing thresholds, speech understanding abilities, dynamic
range and outer hair cells, and provides evidence show-
ing the potential risks of occupational noise exposure
on auditory health. As far as we have encountered, our
study is the first study in which speech tests, dynamic
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Fig. 1 Comparison of right (a) and left (b) ear pure tone and high frequency pure tone thresholds of groups (*;p<0.05)

range and acoustic reflex thresholds were also evalu-
ated in firefighters.

Prolonged exposure to noise damages the cochlea, par-
ticularly the organ of Corti [13]. As a result of exposure to
noise, cochlear blood flow is disrupted, hair cells and sup-
porting structures are destroyed, nerve fibers innervating

the hair cells are also lost, and the basal region of the
cochlea is first affected [14]. As an effect of noise, vaso-
constriction occurs in the capillaries of the basilar mem-
brane and stria vascularis [15]. Moderate noise exposure
causes swelling in the nuclei of outer hair cells and affer-
ent nerve fibers extending to inner hair cells. Long-term
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noise exposure, however, can cause degeneration in the
mitochondria at the efferent nerve endings of outer hair
cells, in addition to changes in synaptic vesicles [16].
Therefore, hearing loss is first observed at high frequen-
cies. Our findings, in line with this information, show
that the hearing thresholds of firefighters, including high
frequencies, deteriorate significantly. We observed that
hearing thresholds deteriorate more especially at fre-
quencies of 4000 Hz and above. There are various stud-
ies in the literature that are consistent with our findings.
In a study involving 214 firefighters, approximately 30%
of firefighters were found to have mild to severe hear-
ing loss, and it was reported that this rate was too high
to be explained by age-related hearing loss alone [12]. In
the literature, it has been reported that 40% of firefight-
ers experience hearing loss at 4000 Hz and 6000 Hz [17].
A study conducted in Korea reported that the hearing
thresholds of Korean firefighters were significantly worse
than those of the otologically normal Korean population
[2]. These findings indicate that the high levels of noise
that firefighters are exposed to throughout their profes-
sional lives may cause irreversible damage to cochlear
structures. Therefore, it can be considered that hearing

loss observed in firefighters, especially at high frequen-
cies, is directly related to occupational noise exposure.
This situation emphasizes the importance of regular
audiological evaluations and hearing conservation pro-
grams for firefighters.

From our speech test results, there was similarity
between the groups in MCL, UCL and SD tests, while
SRT thresholds were significantly higher in the study
group. However, we believe that this difference will not
cause a speech comprehension difficulty severe enough
to affect the daily lives of the study group, and therefore
is not clinically significant. Although we do not think
that the minimal increase in SRT thresholds is clinically
significant, we think that in the long term, firefighters’
speech understanding skills are more prone to deteriora-
tion due to noise-induced hearing loss compared to those
without any otological problems. In addition, despite
the significant difference in SRT results, the similarity
between the groups in SD scores suggests that the cur-
rent hearing loss is cochlear in origin. In individuals with
cochlear pathology, a decrease in dynamic range occurs
with a moderate SD score [18]. Our findings, similar
to the SRT results, showed that the dynamic range was
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significantly narrower in firefighters than in the control
group, but this was not clinically significant. Neverthe-
less, it should be kept in mind that long-term occupa-
tional noise exposure may lead to further narrowing of
the dynamic range and auditory performance losses in
the future. Therefore, it is important to implement hear-
ing protection measures and to perform regular hearing
screenings. In future studies, it is recommended to con-
duct research in larger populations using speech under-
standing tests in noise in our population.

Acoustic reflex results, bilateral ipsilateral measure-
ments were similar between the groups. Contralateral
acoustic reflex measurements showed significantly higher
results in both ears in the study group. This statistically
significant difference indicates that the noise to which
firefighters are exposed may have a negative effect on the
central auditory pathways in the long term. However, in
a study involving 364 workers exposed to noise, it was
reported that hearing complaints were not associated
with acoustic reflexes [19]. This suggests that changes in

acoustic reflexes may not always proceed in parallel with
subjective auditory complaints and that the adaptation of
the auditory system to noise may show individual differ-
ences. Further studies are recommended to better under-
stand the relationship between acoustic reflex results
and broader clinical symptoms in individuals exposed to
noise.

The role of TEOAE and DPOAE in the evaluation of
cochlear damage in noise-exposed workers is well known
[20, 21]. Our findings of both TEOAE and DPOAE indi-
cate that outer hair cell mobility is affected in firefight-
ers exposed to noise. There are limited studies examining
the otoacoustic emission measurements of firefighters.
In a cohort study including 176 young firefighters, it
was reported that DPOAE amplitudes of firefight-
ers decreased significantly and cochlear outer hair cell
dysfunction increased as the duration of noise exposure
increased [21]. Similarly, abnormal results were reported
in both TEOAE and DPOAE tests of people exposed
to noise [22]. It has been reported in the literature that
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DPOAE results are more affected at frequencies of
4000 Hz and above in both noise-exposed and noise-
exposed individuals [23]. In line with the literature, the
results of our study also showed that DPOAE results of
firefighters exposed to noise are more negatively affected

at frequencies of 4000 Hz and above. In this context,
based on our results and the literature, it is important to
emphasize the necessity of early diagnosis and interven-
tion in the deterioration of DPOAE and TEOAE results
associated with long-term noise exposure in firefighters.
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A significant limitation of this study is that firefighters
were not questioned about their noise exposure levels,
exposure durations, exposure frequency, and whether or
not they used ear protection. These factors have signifi-
cant effects on hearing health, and this omission made it
impossible to assess the impact of these variables. How-
ever, the measurements made on the participants’ hear-
ing functions clearly reveal the potential effects of noise
exposure with the available data and provide important
evidence to the literature on this subject. Additionally, a
significant limitation of this study was that our sample
consisted only of male firefighters due to almost most
of the active personnel being male. Therefore, we could
not assess gender-based auditory differences and can not
generalize the findings to female firefighters.

In future studies, it is recommended that firefighters be
questioned about their noise exposure levels and hearing
protection equipment usage habits. These data are criti-
cal for evaluating the effects of personal protective equip-
ment usage on hearing health in more detail. In addition,
it is thought that direct measurement of noise levels will
reveal the relationship between hearing loss risk and
occupational noise exposure more clearly. In addition,
it is also of great importance to increase hearing aware-
ness among firefighters. Trainings should be organized
on the risk of hearing loss and awareness activities should
be carried out on the effects of occupational noise expo-
sure on hearing health. To reduce the risk of hearing loss,
individuals at risk can be informed about the benefits and
regular use of hearing protection equipment. Addition-
ally, regular audiological evaluations are an important
step in early detection of hearing loss.

Conclusions

This study indicates that long-term occupational noise
exposure of firefighters has serious effects on auditory
health. In addition, changes observed in tests such as
speech understanding, dynamic range and acoustic reflex
measurements indicate that occupational noise exposure
has a broader auditory functional effect. These findings
emphasize the importance of regular audiological screen-
ings and hearing protection measures in firefighters.
Hearing loss associated with noise exposure is a problem
that requires early detection and intervention, and the
findings of this study provide an important reference for
the protection of hearing health.
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