Real-Time Measurement of Basilar Membrane’s Transient Response to Blast Overpressure
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ABSTRACT RESULTS
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Blast overpressure (BOP) i1s a major cause of auditory injury in
military personnel, yet the relationship between BOP intensity and
cochlear basilar membrane (BM) motion under high-intensity blast
loading remains poorly understood. This study experimentally
quantified basal and middle turn BM responses to high BOP levels
ranging from 26 to 64 kPa (182—190 dB) using human cadaveric | DV
temporal bones (TBs). A dual laser Doppler vibrometry system
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simultaneously measured BM motion and TB movement, while . .. : . (<10 5) (108 )
synchronized pressqre sensors recorded incident ar.ld .ear-canal 4 Channel e © 14{;,05 Q — (@ :
pressures. As BOP increased, peak-to-peak BM velocity increased Oscilloscope 1200} SR S e e
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the basal and middle turns, respectively. Directional BM velocities measurement system. LDV and SLDV track TB and BM motion. oy
exhibited consistent pressure-dependent trends and high waveform 200f
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BOPs and offer important insights into mechanisms of blast-induced microbeads gy 1= /;jif;/'bover laser] TR Fig. 5. Pressure—-BM motion relationships. (A,B) V Fig. 6. Power-law scaling of basilar membrane motion
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BOP exposure 1s a leading cause of auditory injury among military / \ Bridge |\ w |
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While previous studies have investigated middle ear responses to  ————— . ® - o® '
blast loading, the mechanical behavior of the cochlear BM under Fig. 2. (a) Surgical opening window at the basal turn of the cochlea 2 4004 a:' .4._-" g 400~ ° } A o = 1. o, ’ B 300__ L o’
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transduction. However, experimental data directly linking BOP o | '
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measuring intracochlear motion during blast events. This study aims (a) : bones (b) membrane PO(Kpa) P1(Kpa) PO(Kpa) P1(Kpa)
to quantitatively characterize BM motion in response to controlled u Fig. 7. Distribution of BM motion measurements at the middle turn. Peak-to-peak velocity (V) measured at
BOP exposures using human cadaveric temporal bones and high- e § (a) PO and (b) P1, and peak-to-peak displacement (D, ) measured at (¢) PO and (d) P1. Each point represents
speed laser Doppler vibrometer. é = an individual measurement from the middle-turn basilar membrane.
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METHODS

1. Fifteen fresh human cadaveric TBs were included in this study,
with measurements obtained from the basal turn (n = 8) and
middle turn (n = 7). The cochlea was surgically accessed through
the scala tympani (ST).

BM motion at basal turn increased with BOP intensity, indicating a strong cochlear mechanical response, with
major-axis RMS deviations of approximately 7.77 — 23.74 um/ms for velocity and 11-25 um for displacement.
Energy-based analysis revealed a power-law relationship between BM motion and pressure-derived energy
flux, with scaling exponents ranging from 0.160 to 0.279. However, middle turn BM motion exhibited high
nonlinear behaviors and required more experimental data like cochlear pressure for further analysis. These

Fig. 3. (a) Three-dimensional finite element model of the human ear. (b)
Enlarged cochlear model highlighting the UV-curable glue region (green).

2. Reflective microbeads were applied to the BM surface to enable findings highlight the mechanical impact of BOP on the cochlea and provide a foundation for improved
laser LDV signal acquisition for motion tracking and sealed with a - prediction of blast-induced hearing injury and the design of protective strategies.
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