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Blast-induced auditory injuries:

» Severe hearing damage can be caused by intense
blast overpressure (BOP) in training and battlefield.

» Hearing loss is one of the leading occupational health
concerns in military settings and high-risk industries.

\.‘).

€ D AN— * Injuries include tympanic membrane rupture,
¥ A\ & ossicular chain disruption, and sensorineural hearing
loss.

« This study investigates a 3D-printed chinchilla helmet
and earplug protection against blast-induced auditory
injuries.
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Animal model — Chinchillas in 4 cases @) gD MEoHaNcaL

The UNIVERSITY of OKLAHOMA

C
B) ) 200
A) 1 Pressure Reservoir 175 F --- Blast1
Reference Plate L :
' Plastic Film =150 --- Blast2
i > e 12s5p | Blast 3
1 < 2 < Animal 7 Pressure :; 100 |- i
Holder 7 Z ‘ Transducer = 75 L ;
m -
w 50
‘\ l (. Farpiig \ l ( Chinchilla Z o L i 5
¢ ./ 25 t N
d ) Head Top o. B H ﬁt o
> X Helmet — 0 l;o.wi- .. 1.‘ v Jeaoons Fetivepr SNy
Y Y 4 4 = T
3 4 2277727777777 5 - 4 ” 3 p s

Time (ms)

o lllustration of four experimental cases in chinchillas used in this study, red
arrow indicates blast direction.

o A schematic of animal experimental setup with blast apparatus.
o Repeated BOPs measured at the entrance of the ear canal.
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Finite element modeling of helmet protection @) oD MEcHaNcaL
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o FE model of the helmet—skull system showing the three-layer helmet structure

o Cross-sectional view of the FE model illustrating helmet materials, skull anatomy, intracranial tissue, supporting boundaries (red arrows),
and regions of blast loading (black arrows)

o Simulation results demonstrating reduced blast-induced maximum von Mises stress on top of the skull with no helmet and with helmets

o FE simulation of stress distributions in the chinchilla skull at the time of peak loading following blast exposure
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ABR tests
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o ABR threshold shifts for four post-blast time points, Day 1
(post blast) to Day 14 across four experimental groups.

o Significant differences are observed among cases,
highlighting the efficiency of dual-protection case (Case 3)
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Histological study of cochleae @) kD ECANcaL
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o All specimens are collected at Day 14
o Naive control (NC) and the 4 cases

o Hair cells (both inner and outer hair cells)
o Immunolabeled with Myosin Vlla

o Ribbon synapses
o Immunolabeled with CtBP2

o Spiral ganglion neurons (SGNs)
o Toluidine blue staining
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Case 1 Case 2

Case 3 Case 4

o Representative images of immunolabeled cochlear hair cells (survived at Day 14)

o Missing hair cells are observed in all four cases and for both inner and outer hair cells

o Cochleogram depicts the percentation of missing hair cells along the basilar membrane
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Case 4
o Representative images of immunolabeled cochlear hair cells (survived at Day 14)

o Missing hair cells are observed in all four cases and for both inner and outer hair cells

o Cochleogram depicts the percentation of missing hair cells along the basilar membrane
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o Confocal imaging shows the IHC ribbon synapses (CtBP2 immunolabeled)
o Blast exposure reduced the cochlear ribbon synapse counts in IHCs

o Dual-protection case generally preserved more ribbon synapses
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o Confocal imaging shows the IHC ribbon synapses (CtBP2 immunolabeled)

o Blast exposure reduced the cochlear ribbon synapse counts in IHCs

o Dual-protection case generally preserved more ribbon synapses
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SGNs density
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o BOPs caused significant auditory dysfunction and cochlear pathology, including HC loss, ribbon
synapse injury, and SGNs degeneration.

o Dual-protection (combined earplug and helmet protection) provided a significant reduction in ABR
threshold shifts and cochlear damage compared with single protection and no protection cases.

o These findings highlight the value of integrated protection strategies to mitigate blast-induced
auditory injury
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