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BACKGROUND: The effect of chronic noise on the middle ear is not fully known. This study aimed to evaluate the middle ear functions of metal 
workers exposed to chronic noise using wideband tympanometry.

METHODS: In this study, 62 male workers exposed to chronic noise and 30 healthy men were included. Workers exposed to chronic noise were 
divided into 2 groups according to their pure tone averages. Totally 30 workers (60 ears) with pure tone average less than 20 dB were included in 
group I, and 32 workers (64 ears) with pure tone average more than 20 dB were included in group II. All individuals were subjected to wideband 
tympanometry. Tympanometric peak pressure, equivalent ear canal volume, static acoustic admittance, resonance frequency, and absorbance 
ratios at peak pressure and ambient pressure values were analyzed.

RESULTS: There was no difference between the groups in terms of traditional tympanometric parameters such as tympanometric peak pressure, 
equivalent ear canal volume, and static acoustic admittance (P  >.05). Resonance frequency of workers exposed to chronic noise (group I and 
group II) was lower than the control group (P  <.05). The absorbance ratios of workers exposed to chronic noise at approximately 4 kHz were lower 
in both peak pressures and ambient pressures (P  <.05).

CONCLUSION: Chronic noise does not only damage the inner ear but also causes changes in the middle ear structures. Wideband tympanometry 
can be used to detect minor auditory damage due to noise that cannot be detected by audiogram early. In this way, necessary measures can be 
taken in the early period before noise-induced hearing loss occurs.
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INTRODUCTION
Inner ear disorders, such as sensorineural hearing loss, tinnitus, hyperacusis, and balance problems, can occur in workers exposed 
to chronic noise.1,2 Outer hair cells are the first to be affected by noise. In longer and more severe exposures, these damages directly 
spread to the inner hair cells, stria vascularis, and endolymphatic sac.3,4 In addition to direct damage to hearing structures, noise 
can also cause metabolic damage by producing reactive oxygen, reactive nitrogen species, and other free radical molecules in the 
cochlea.5 The most important finding of noise-induced hearing loss (NIHL) is hearing loss at high frequencies, which is characterized 
by the acoustic notch at 3, 4, or 6 kHz in a pure tone audiometry test. Although rare, noise can also affect the tympanic membrane 
and middle ear. Excessively severe acute noise (acoustic trauma) can perforate the eardrum and disrupt the ossicular chain.6 In addi-
tion, a study with multifrequency tympanometry reported that noise can cause loosening of the annular ligament without causing 
any obvious middle ear damage.7

Wideband tympanometry (WBT) uses click stimuli, unlike the single-probe tone used in traditional tympanometry. Thus, WBT allows 
imitansmetric measurements in the range of 226‐8000 Hz, with both ambient and outer ear canal pressure.8 The acoustic absor-
bance value in WBT refers to the sound energy absorbed by the middle ear. On the contrary, the acoustic reflectance value refers 
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to the sound energy reflected from the eardrum.9 Another param-
eter is the resonance frequency (RF), which expresses the frequency 
at which the mass and stiffness components of the middle ear are 
equal. At the RF, the middle ear is only affected by friction, and sound 
energy is transmitted better at this frequency than at other frequen-
cies. Resonance frequency, which shows the conduction properties 
of the middle ear, is also affected by the mechanical impedance of 
the cochlea. Studies have reported that RF changes significantly in 
cases such as inner ear anomaly, superior semicircular canal dehis-
cence (SSCD), and Meniere’s disease.8,10,11 Hence, WBT can offer a non-
invasive, simple, fast, and reliable method for evaluating the middle 
and inner ears.

Traditional tympanometry (226 Hz) uses a low-frequency tone to 
evaluate changes in the mass effect properties of the middle ear, but 
multifrequency tones are a much more sensitive method for control-
ling small changes in the transmission properties of the tympano-
ossicular system.12 Although chronic noise affects inner ear structures, 
it can also cause minor changes in middle ear structures. However, 
to the best of our knowledge, no studies have investigated the find-
ings of WBT in workers exposed to chronic noise. This study aimed 
to investigate WBT parameters in workers exposed to chronic noise.

METHODS

Study Design and Setting
This prospective case–control study was conducted in a university 
hospital otorhinolaryngology outpatient clinic between January 
2021 and May 2021. Approval was obtained from the local eth-
ics committee of the university for the study (protocol number: 
2021/557). Written and verbal consent was obtained from all indi-
viduals included in the study.

Participants and Eligibility Criteria
The 70 participants in the study group were metal workers who 
worked together at the same workplace for at least 4 years. All work-
ers were exposed to Lex 93.2 dBA values, measured annually in accor-
dance with international ISO 9612 standards. A total of 70 workers 
were examined by an otorh inola ryngo logis t. Eight of them were 
excluded due to asymmetric hearing loss in 5 workers, eardrum 
perforation in 2 workers, and type C tympanogram in 1  worker. 

The remaining 62 male workers who met the inclusion criteria were 
included in the study. These workers were divided into 2 groups 
according to their pure tone averages (PTA) (average of 500, 1000, 
2000, and 4000 Hz). Thirty workers (60 ears) with bilateral PTA less 
than 20 dB were included in group I. Thirty-two workers (64 ears) with 
an acoustic notch of more than 15 dB at 4 or 6 kHz and bilateral PTA 
of more than 20 dB were included in group II. Thirty healthy male 
(60 ears) office workers with similar age distribution to these workers 
were included in the study as the control group. All control group 
individuals were exposed to Lex 35.2 dBA noise measured in accor-
dance with ISO 9612 standards. Participants with eardrum pathology, 
previous otologic surgery, and type B and C tympanograms were not 
included in the study. Hearing and WBT measurements of all individ-
uals in the study (group 1 and group 2) and control group (92 work-
ers) were performed by a specialist audiologist in the audiology clinic 
at the weekend.

Noise Exposure Measurements
Personnel-based noise measurements (Lex dBA, 8 hours/working 
day daily noise exposure level; P peak dBC) were performed in the 
machine area. Personal noise dosimeter (SV104, Svantek; Warsaw, 
Poland) device was used for noise measurement. For personnel-
based noise measurement, the device was placed on the shoulders 
of the participants and recorded between 08:00 am and 05:00 pm in 
1 working day. In personnel-based measurements, the average Lex 
was 93.2 dB (A) and the P peak C was 137.98 dB (C). Workers were 
included in the study according to the Lex dB (A). The noise level of 
the machinery area where the workers in the study group worked 
was Lex 93.2 dBA. The noise level of the office area where the work-
ers in the control group worked was 35.2 dBA. The specified noise 
measurements were made annually according to the international 
standards ISO 9612.

Audiological Evaluation
Bilateral air conduction thresholds between 250 and 8000 Hz and 
bone conduction thresholds between 500 and 4000 Hz of all par-
ticipants were determined by a pure tone audiometry test (Madsen 
Astera; 2 GN Otometrics, Taastrup, Denmark) in a quiet cabin. Pure 
tone average of the participants was calculated by taking the aver-
age of air conduction hearing thresholds at 500, 1000, 2000, and 
4000 Hz. Pure tone average < 20 dB was considered normal hearing.

Wideband Tympanometry
Wideband tympanometry was measured between 226 and 8000 Hz 
octave frequencies (107 different frequencies) and 100 peSPL inten-
sity level (Interacoustics Titan version 3.1; IMP440, Denmark) in a quiet 
environment (Figure-1). The test was started after placing the appro-
priate probe in the outer ear canal of the participants. The data were 
saved in the database as a .xls file created by the system. Traditional 
tympanometry (226 Hz) parameters, such as tympanometric peak 
pressure (TPP), equivalent ear canal volume (Veq), and static acous-
tic admittance (Ytm) and WBT parameters, such as RF, ambient pres-
sure absorbance ratios (APAR), and peak pressure absorbance ratios 
(PPAR), were analyzed.

Statistical Analysis
The Inernational Business Machines Statistical Package for the Social 
Science 21 (IBM SPSS Corp.; Armonk, NY, USA) program was used for 
statistical analysis. The distribution of normality was analyzed using 

MAIN POINTS

• Stiffness and mass are important factors that determine the con-
duction properties of the middle ear.

• Wideband tympanometer, unlike traditional tympanometer, can 
detect the resonance frequency and absorbance value of the mid-
dle ear.

• Some causes such as aging may affect the conductivity properties 
of the middle ear without causing any pathology in the middle ear. 
In addition, noise may affect middle ear conduction properties.

• In this study, it was observed that there was a decrease in RF and 
4 kHz absorbance ratios of workers with both noise-induced hear-
ing loss and those with normal hearing despite chronic noise expo-
sure compared to healthy individuals.

• Wideband tympanometry can be used to detect minor auditory 
damage due to noise that cannot be detected by audiogram early.
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the Shapiro–Wilk test. Normally distributed data were presented with 
mean ± standard deviation (SD), and data not showing normal dis-
tribution were presented with median (min-max). To compare the 
3 groups, the one-way analysis of variance test, one of the paramet-
ric tests, was used in cases where the assumptions of normality and 
homogeneity of variances were provided, while Tukey, one of the 
post hoc tests, was used to compare the groups among themselves. 
In cases where assumptions were not met, the Kruskal–Wallis test, 
one of the non-parametric tests, was used. A P  <.05 was considered 
statistically significant.

RESULTS
The mean age of group I was 38.67 ± 8.47 (range, 27-54), the mean 
age of group II was 42.84 ± 7.25 (range, 30-57), and the mean age of 
the control group was 40.73 ± 8.37 (range, 24-55). There was no dif-
ference in age distribution between the groups (P  = .132). The aver-
age working time of the workers in group I in noisy environments 
was 14.57 ± 8.35 (4-24) years, while the working time of the workers 
in group II in noisy environments was 18.19 ± 8.48 (4-35) years.

There was no difference between the groups in terms of TPP, Ytm, 
and Veq (P  >  0.05, Table 1). A comparison of RF values among the 
groups revealed that workers in group I and group II had lower RF 

values than those of the healthy group (P  <  0.05, Table 2). When 
the mean RF values of group I and group II were compared among 
themselves, there was no significant difference between the groups, 
although the RF value of group II was worse than group I (P  > .05)

In comparing the absorbance values, we observed no differences 
between the groups in terms of 226, 500, 1000, 2000, and 8000 Hz 
APAR and PPAR values (P  > .05). However, both the APAR and PPAR 
values of group I and group II were lower than those of the healthy 
group at 4000 Hz (P  <.05). Assessment of the average absorbance 
values (average of 107 frequencies) showed that the APAR values of 
group II were worse than those of the other groups (P  <.05); how-
ever, there was no difference between the PPAR values of the groups 
(P  > .05). When the mean absorbance values of group I and group II 
were compared among themselves, although the absorbance value 
of group II was worse than group I, there was no significant difference 
between the groups. The absorbance values between the groups are 
presented in Table 2. The absorbance graphs of the groups are pre-
sented in Figure-2.

There were no differences between the groups in terms of 500, 1000, 
and 2000 Hz air-bone gaps (ABG) (P  > .05). However, the ABG at 
4000 Hz in group I and group II were worse than in the control group 

Figure 1. Three-dimensional wideband tympanogram plotted according to frequencies.

Table 1. Traditional Tympanometry Parameters According to Groups

Group I (Mean ± SD) or  
(Min-Max) n = 60 Ears

Group II (Mean ± SD) or  
(Min-Max) n = 64 Ears

Control Group (Mean ± SD) or 
(Min-Max) n = 60 Ears

P*

TPP (daPa) 2.0 (−52 to 47) 2.5 (−90 to 46) 2.50 (−88 to 44) .691

Veq (mL) 1.47 ± 0.25 1.52 ± 0.23 1.37 (1.03 to 1.98) .069

Ytm (mL) 0.70 (0.32 to 2.80) 0.60 (0.30 to 2.60) 0.60 (0.34 to 1.50) .864

*Kruskal−Wallis test.
 TPP, tympanometric peak pressure; Veq, equivalent ear canal volume; Ytm, static acoustic admittance.
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(P = .002, <.001, respectively). Air conduction thresholds, bone con-
duction thresholds, and air-bone gaps by groups are shown in Table 3.

In addition, we performed a correlation test for the relationship 
between PPAR, APAR, and ABGs at 500, 1000, 2000, and 4000 Hz. 
A  moderate negative correlation was observed between ABG and 

both PPAR and APAR at 4000 Hz in group I and group II. In addi-
tion, a moderate negative correlation was observed between PPAR 
and ABG at 500 Hz in the control group and at 1000 Hz in group I.  
The correlation coefficients and P-values between APAR, PPAR, and 
ABG according to the frequencies within the groups are presented 
in Table 3.

Table 2. Resonance Frequencies and Absorbance Values of Individuals According to Groups

Frequency
Group I (Mean ± SD) or 
(Min-Max) n = 60 Ears

Group II (Mean ± SD) or 
(Min-Max) n = 64 Ears

Control Group (Mean ± SD) or 
(Min-Max) n = 60 Ears

P P (Post Hoc)

RF (Hz) 755 (498-1406) 761 ± 137.0 875 (447-2686) .034b .531x

.047y

.012z

226 APAR 0.18 ± 0.06 0.17 ± 0.07 0.15 (0.06-0.38) .275b

PPAR 0.18 (0.07-0.46) 0.17 (0.08-0.35 0.15 (0.06-0.34) .225b

500 APAR 0.37 (0.13-0.95) 0.34 ± 0.13 0.34 ± 0.12 .205b

PPAR 0.41 ± 0.13 0.38 ± 0.12 0.36 ± 0.12 .124a

1000 APAR 0.65 ± 0.13 0.61 ± 0.15 0.64 ± 0.13 .287a

PPAR 0.72 (0.31-0.90) 0.65 ± 0.14 0.68 ± 0.13 .221b

2000 APAR 0.66 ± 0.15 0.58 ± 0.18 0.63 (0.01-0.95) .090b

PPAR 0.65 ± 0.15 0.60 ± 0.16 0.63 (0.10-0.95) .141b

4000 APAR 0.45 ± 0.19 0.42 ± 0.18 0.54 ± 0.18 .001a .735x

.017y

.001z

PPAR 0.45 ± 0.19 0.38 (0.09-0.95) 0.54 ± 0.18 <.001b .652x

.023y

<.001z

8000 APAR 0.45 ± 0.18 0.47 ± 0.19 0.42 ± 0.14 .187a

PPAR 0.44 ± 0.18 0.47 ± 0.18 0.41 ± 0.14 .117a

Mean APAR 0.48 ± 0.09 0.45 ± 0.10 0.49 ± 0.07 .023a .079x

.920y

.030z

PPAR 0.50 ± 0.09 0.47 ± 0.09 0.50 ± 0.07 .185a

aOne-way ANOVA; bKruskal–Wallis test; XGroup I-group II; YGroup I-control group; ZGroup II-control group.
RF, resonance frequancy; APAR, ambient pressure absorbance ratio; PPAR, peak pressure absorbance ratio; ANOVA, analysis of variance. Bold data indicates statistical significance.

Figure 2. Absorbance values according to frequencies at both peak pressure and ambient pressure.
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DISCUSSION
When noise comes to the outer ear canal, it is transmitted to the inner 
ear by the middle ear ossicles, which act as a bridge between the 
tympanic membrane and the inner ear. The most important factor 
affecting the transmission properties of noise in the middle ear is 
the mass and stiffness effects of the middle ear and cochlear.13 Mass 
and stiffness determine the resonance frequency of objects. Mass 
enables low-frequency sounds to be transmitted, while stiffness 
enables high-frequency sounds to be transmitted. Therefore, the 
transmission of sound energy is maximum at the frequency where 
the mass and stiffness effect are equal, which is the RF. The cochlea is 
an important structure that determines RF due to the mass and stiff-
ness of the middle ear.7 Increased pressure in the cochlea can push 
the stapes base and annular ligament, which can reduce the move-
ment of the ossicular chain. In other words, a decrease in pressure in 
the cochlea can increase flexibility in the ossicular chain. In addition 
to RF, middle ear absorbance ratios can also be evaluated according 
to frequencies in WBT. Therefore, WBT is a more reliable test method 
in diagnosing middle and inner ear pathologies.8,10,11

The effectiveness of WBT has been investigated in some middle ear 
and inner ear pathologies.10,11,14-16 Karuppannan et al14 compared the 
WBT results of individuals with otosclerosis and healthy individuals. 
In the study, it was reported that the absorbance ratios in the oto-
sclerosis group were lower between 250 and 2000 Hz compared 
to the control group, and individuals with otosclerosis had higher 
RF. The authors also reported that the absorbance rate of 1000 Hz 
has a high diagnostic rate (>90% sensitivity and specificity). Kelava 
et al15 reported that the absorbance ratio between 432 and 1059 Hz 
was lower in individuals with otosclerosis, and the absorbance ratio 
between 4238 and 8000 Hz was higher than in healthy individuals. 
In these studies, it was stated that WBT may be useful for detecting 
otosclerosis.14-16

In inner ear pathologies investigating WBT, findings related to 
Meniere’s disease and inner ear anomalies were generally eval-
uated.10,11 Demir et  al10 investigated the results of WBT in indi-
viduals with Meniere’s disease. The authors stated that hydrops 
formed in the inner ear due to Meniere’s disease creates resis-
tance against the passage of sound energy, and therefore, the 
absorbance ratio at low frequencies (250-1000 Hz) decreases, 
similar to the low-frequency hearing loss in the audiogram. Some 
studies have reported a low-frequency ABG in individuals with 
Meniere’s disease.17,18 Absorbance rates may decrease depending 
on this ABG in Meniere’s disease. In addition, Meniere’s disease 
also affects RF. Resonance frequencies due to hydrops increase 
during an acute attack19 and a decrease in RF was observed due 
to a decrease in pressure between attacks.10 Kaya et al11 evaluated 
157 patients with different inner ear anomalies (cochlear hypopla-
sia, incomplete partition I, incomplete partition II, cochlear apla-
sia, complete labyrinthine aplasia) with WBT. They stated that the 
wideband absorbance ratio was lower in individuals with inner ear 
anomalies than in healthy individuals, especially at high frequen-
cies. It was also stated that RF was higher in complete labyrinth 
aplasia compared to other groups and that WBT could be used 
to differentiate inner ear anomalies. In our study, we divided the 
workers exposed to chronic noise into 2 groups as those with NIHL 
and those without hearing loss and compared the WBT results of 
these workers with healthy individuals. In our study, there was no 
difference between the groups in terms of traditional tympanom-
etry parameters (TPP, Veq, Ytm). However, we found that workers 
exposed to chronic noise (group I and group II) had a decrease 
in RF and absorbance ratios at mid-high frequencies (especially 
4 kHz). In this respect, WBT can be used to detect minor auditory  
damage due to noise that cannot be detected by audiogram early. 
In this way, necessary measures can be taken in the early period  
before NIHL occurs. 

Table 3. Pure Tone Averages According to Groups and Correlation Coefficient (P-Value) Between Ambient Pressure Absorbance Ratios, Peak Pressure 
Absorbance Ratios, and Air-Bone Gap According to Frequencies

 Hz  

 Group I  Group II  Control Group 

 PTA (dB)  

 APAR/PPAR 

 PTA (dB)  

 APAR/PPAR 

 PTA (dB)  

 APAR/PPAR 

 Correlation coefficient 
(P-value) 

 Correlation coefficient 
(P-value) 

 Correlation coefficient 
(P-value) 

 500  ACT  11.67 ± 4.38   15.89 ± 6.17   6.42 ± 4.79  

 BCT  8.92 ± 4.79   13.63 ± 6.53   4.75 ± 3.61  

 ABG  2.75 ± 3.95  −0.09 (0.45)/−0.07 (0.55)  2.26 ± 4.21  0.02 (0.86)/0.01 (0.88)  1.66 ± 2.54  −0.23 (0.06)/−0.30 (0.01) 

 1000  ACT  10.92 ± 4.55   15.73 ± 6.82   7.92 ± 4.98  

 BCT  9.17 ± 4.79   13.31 ± 5.50   5.75 ± 3.99  

 ABG  1.75 ± 2.88  −0.21 (0.93)/−0.30 (0.01)  2.42 ± 4.12  0.01 (0.91)/−0.12 (0.31)  2.16 ± 3.60  0.02 (0.82)/0.05 (0.66) 

 2000  ACT  10.83 ± 5.61   24.19 ± 13.76   6.50 ± 5.31  

 BCT  9.50 ± 5.18   22.18 ± 11.36   5.50 ± 4.75  

 ABG  1.33 ± 3.03  −0.18 (0.16)/−0.07 (0.57)  2.02 ± 4.56  −0.11 (0.36)/−0.10 (0.41)  1.00 ± 2.21  0.11 (0.40)/−0.01 (0.90) 

 4000  ACT  20.67 ± 10.55   52.15 ± 15.50   8.08 ± 6.18  

 BCT  15.33 ± 8.53   46.45 ± 12.42   6.16 ± 4.98  

 ABG  5.33 ± 5.51  −0.30 (0.02)/−0.29 (0.02)  6.53 ± 6.11  −0.37 (<0.01)/−0.30 (0.01)  1.91 ± 2.77  0.00 (0.98)/0.01 (0.91) 

Significant r and P-values are shown with highlight-bold font. ACT, pure tone average; ACT, air conduction threshold; BCT, bone conduction threshold; ABG, air-bone gap; APAR, ambi-
ent pressure absorbance ratios; PPAR, peak pressure absorbance ratios.
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Broadband stimulation is used in WBT, and the absorbance value 
can be determined between 226 and 8000 Hz. Absorbance mea-
surements can be made at both peak pressure and ambient pres-
sure. Therefore, non-pressure tests are useful for evaluating the 
condition of the middle ear in situations where tests cannot be per-
formed under pressure, such as after middle ear surgery. Wideband 
tympanometry graphs the absorbance value at the frequencies 
it evaluates. Morgalis et al20 reported that the absorbance ratio is 
maximum at 1.2 kHz and 3.5 kHz in adults and begins to decrease as 
it goes below and above these values. The authors also stated that 
absorbance measurements made by changing the pressure were 
more sensitive to middle ear pathologies than measurements made 
at ambient pressure. In our study, we found that consistent with 
the study by Morgalis et al.20 the absorbance ratio in healthy adults 
made a double peak in both APAR (ambient) and PPAR (pressurized) 
in the region of about 1.2 kHz and 3.5 kHz, and the absorbance in 
these regions was maximum (Figure-2). In our study, the configu-
rations of the APAR and PPAR graphics were also similar. However, 
unlike Morgalis’ study,20 we found that APAR results were lower in 
workers exposed to noise than in healthy individuals. This may be 
an indication that these 2 measurements are sensitive to different 
pathologies, as stated by other authors.11

In addition to the ossicles, there are muscles and ligaments in the 
middle ear. Therefore, small changes in these structures that cannot 
be detected in traditional tympanometry may affect RF and absor-
bance ratios. Darrouzet et  al7 evaluated the middle ears of guinea 
pigs with multifrequency tympanometry before and after exposure 
to noise at 4 different intensities (105 dB SPL or 115 dB SPL for 2 or 
3 hours). The authors reported that RF did not change in the guinea 
pigs, but there were changes in the admittance, susceptance, and 
conductance graphics of the guinea pigs. It has been stated that 
these changes resemble graphs of decreased perilymphatic pres-
sure and may occur due to the "loosening" of the annular ligament. 
As a result, the authors reported that the noise caused temporary 
damage to the middle ear structures; these damages healed after 
exposure, and RF should be investigated with chronic noise in  
subsequent studies.

In our study, group I and group II had worse ABG at 4000 Hz than 
the control group, and there was a moderate negative correlation 
between ABG and absorbance values, similar to the literature.21 
Similar to our study, it has been reported that elderly individuals 
with presbycusis also have ABG that affects mid-high frequencies 
besides the sensorineural component.22,23 This transmission com-
ponent appears as an ABG of approximately 6-12 dB in the 4 kHz 
region on the audiogram.23,24 Feeney et  al24 investigated WBT find-
ings in elderly individuals and reported that middle ear absorbance 
increased between 800 and 2000 Hz and decreased especially at 
4000 Hz in individuals with presbycusis. The authors explained this 
change in absorbance ratio in elderly individuals with a decrease in 
middle ear stiffness. In our study, the absorbance values of workers 
exposed to chronic noise were lower than healthy individuals, espe-
cially at 4 kHz. In addition, although there was no statistically signifi-
cant difference, the PPAR of workers exposed to chronic noise was 
higher than healthy individuals, especially between 226 and 3000 Hz 
(Figure-2). Therefore, severe chronic noise and aging may affect the 
middle ear system in a similar way. However, more studies investigat-
ing noise and WBT findings are needed.

The limitation of our study is that the effect mechanism of noise on 
the middle ear has not been fully revealed. More morphological stud-
ies are needed on this subject.

CONCLUSION
We observed a decrease in RF and mid-high frequencies absorbance 
ratios in workers with both noise-induced hearing loss and those 
with normal hearing despite chronic noise exposure compared to 
healthy individuals. Our study shows that chronic noise does not 
only damage the inner ear but also causes changes in the middle ear 
structures. Wideband tympanometry can be used to detect minor 
auditory damage due to noise that cannot be detected by audio-
gram early. In this way, necessary measures can be taken in the early 
period before NIHL occurs.
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