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Effects of long-term occupational exposure to high-frequency noise in specific frequency bands
on auditory function of the inner ear: an analysis based on bone conduction audiometry and

acoustic physical model

LU Tianhao, HE Jianqiao, WANG Anzhao, ZHOU Yide
Department of Otolaryngology, the First Affiliated Hospital of Navy Medical University, Shanghai 200082, China

Abstract: Objective To investigate the effects of long-term occupational exposure to high-frequency noise in specific frequency
bands on auditory function of the inner ear, and to evaluate the mechanisms of auditory threshold damages due to high-frequency
noise exposure utilizing bone conduction audiometry and acoustic physical models. Methods The study subjects included factory
workers and airport ground staff working in high-noise environments for a long period. Two groups (an exposure group and a control
group) were established, and the exposure group was further divided into 3 subgroups according to exposure duration: 5-9 years,
10-14 years, and over 15 years. Bone conduction audiometry was used to assess auditory threshold changes in different frequency
bands (4, 6, 8 kHz), while a sound level meter was employed to record noise exposure intensity. The impact of noise on the cochlea
was simulated using an acoustic physical model. Multivariable regression analysis, controlling for confounding factors such as
age and gender, was used to further analyze the independent effects of exposure duration and intensity on auditory damage. Results
The auditory thresholds of exposure group were significantly higher than those of control group in the high-frequency bands,
particularly in 8 kHz frequency band (P<0.001). With increasing exposure duration, auditory damage in exposure group
progressively worsened, and the most significant auditory threshold changes was found in the group exposed for over 15 years.
The predictions made by the acoustic physical model closely matched the actual measurements, and the high model fitting degree
(R*: 0.85-0.90) in the long-term exposure group indicated a strong predictive capability for the cumulative effects of cochlear

damage. Conclusion Long-term exposure to high-frequency noise in specific frequency bands results in significant cumulative
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damage to auditory function of the inner ear. Exposure duration and intensity are the primary independent risk factors.

Keywords: occupational exposure; high-frequency noise; inner ear; auditory function; bone conduction audiometry; acoustic

physical model
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Table 1 Comparison of noise exposure duration, auditory thresholds, and demographic characteristics

At XIELH (n=150) BFEA(5~94F)(n=100) FFEH(10~144F)(n=100) FFHEH(I54ELLE)(n=100) P4
UNEEZ ¢
a8 b 41.91£6.32 40.23+6.11 42.34+6.58 44.10+£5.99 0.692
PR, %) 66.70 68.33 68.50 68.00 0.715
TAEADCE
TR AR IR /A ¥ 7.1241.25 12.41£1.21 17.34+2.07
5 H TAERH/h 8.06+1.18 8.11+£1.22 8.15+1.20 8.09+1.28 0.498
IR 75 kR 0k 2 /d B I 85.58+5.49 86.0045.12 87.21+5.60
HAL T /dB
Wi 15 # (2 kHz) 12.88+3.13 14.20+3.42 14.5143.60 15.30+3.75 0.112
Wi 15 {E (4 kHz) 15.0243.53 24.60+5.21 26.84+5.14 30.53+5.66 <0.001
W B (6 kHz) 16.03+4.01 28.55+5.88 31.54+5.97 34.42+6.02 <0.001
W B (8 kHz) 18.01+4.52 32.1245.98 36.53+6.04 40.24+6.10 <0.001
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Table 2 Auditory threshold changes in different frequency bands in the group exposed for 5-9 years

: 4 kKH AR L 6 kHz 4B 8 kHz 4B
i Wi 5 {EL/dB P{E W [ {E/dB P{E W [ {E/dB PH
2020 4% 24.60+5.21 28.55+5.88 32.12+5.98 -
2021 4F 24.98+5.12 0.047 28.88+5.75 0.051 32.71£5.99 0.038
2022 4F 25.27+5.15 0.058 29.40+5.64 0.046 33.35+6.04 0.042
2023 4F 25.92+5.09 0.041 29.77+5.81 0.054 33.64+5.87 0.031
2024 4F 26.13+5.19 0.033 30.02+5.72 0.049 34.29+5.93 0.029

R3 REFR10~14FHEINERTRERENER
Table 3 Auditory threshold changes in different frequency bands in the group exposed for 10—14 years

: 4 kHz JiiBt 6 kHz 4B 8 kHz Ji B
i W 58 [ /B P W5 5 {EL/dB PfH W 3¢ [ {F/dB P{H
2020 4F 26.84+5.14 31.54+5.97 36.53+6.04
2021 4 27.15+5.20 0.035 32.21+5.78 0.042 37.19+6.10 0.039
20224 27.8545.16 0.052 32.88+5.65 0.039 37.97+6.08 0.033
2023 4F 28.13+5.09 0.028 33.4745.91 0.048 38.56+5.95 0.030
2024 4F 28.65+5.12 0.021 34.11+5.88 0.037 38.90+5.89 0.024

R4 FEFRISFUALASNBRWRHEENTL

Table 4 Auditory threshold changes in different frequency bands in the group exposed for over 15 years

i 4 kKHz M B 6 kHz i B 8 kHz i B
e W3 B fi/dB PfA Wr 3 14 Fi/dB PIH W 5 13 fi/dB PlA
2020 4% 30.535.66 34.426.02 40.24+6.10
20214F 30.87+5.71 0.029 34.79+5.94 0.035 40.98+6.07 0.024
20224 31.3945.57 0.043 35.30+5.89 0.041 41.67+6.03 0.032
2023 4F 31.80+5.64 0.025 36.01+5.77 0.028 42.2145.99 0.018
2024 4F: 32.2245.61 0.017 36.47+5.85 0.022 42.89+5.95 0.015
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Figure 1 Actual vs predicted auditory thresholds (Scatter plot + Fitted curve)
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Figure 2 Multivariable regression analysis of auditory damage
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