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An auditory damage model for inner ears of miniature pigs
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Abstract: A realistic blast injury model was developed for simulating auditory damage in the inner ears of miniature pigs
under controlled explosion conditions to investigate the impact of varying blast shockwave pressures on auditory impairment.
Fourteen healthy miniature pigs were selected and underwent auditory brainstem response (ABR) testing prior to exposure to
explosions. A free-field explosion platform was constructed utilizing 1.9 kg and 8.0 kg of TNT, with the explosive source 1.8
meters above the ground. The pigs were securely fixed in protective devices, exposing only their head, and placed at varying

distances from the blast source. Peak shockwave pressures were measured, and immediate mortality rates were calculated
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accordingly. Post-explosion ABR tests were conducted, followed by examination of cochlear tissues using scanning electron
microscopy to analyze hair cell damage. Shockwave peak pressures ranged from 96.3 kPa to 628.3 kPa over a distance range of
1.8 m to 3.8 m, with pressure decreasing as distance increased. At a distance of 2.6 m, a peak pressure of 628.3 kPa resulted in
a mortality ratio of 50%. ABR threshold comparisons before and after the explosion revealed significant increases across all
tested frequencies (P < 0.05), with the most notable changes at a frequency of 4 kHz. Scanning electron microscopy analysis
demonstrated that inner hair cells exhibited greater susceptibility to damage compared to outer hair cells, with higher
shockwave pressure leading to more sever damage. Blast shockwaves caused substantial auditory system damage to miniature
pigs as evidenced by elevated ABR thresholds and destruction of cochlear hair cell. Inner hair cells proved more vulnerable to
blast shockwaves. The established model can provide a valuable experimental foundation for further studies on blast injury
mechanisms and protective strategies.

Keywords: blast injury; miniature pig; inner ear auditory function; cochlear injury
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(c) Pre-explosion protection device (d) Protection device after explosion
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Fig. 1 Layouts of miniature pigs with two explosions
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Table 1 Results of TNT shock wave overpressure test and mortality of miniature pigs

FRNE Y kg FIHROPRES /m WA R J1/kPa AE R 1) /ms AN BRI ZIFE T4 /%

1.8 511.6 1.40 0(0/2)

1.9 2.6 170.0 2.80 0(0/2)
3.2 96.3 4.65 0(0/2)
2.6 628.3 1.30 50(1/2)
2.9 528.7 2.11 0(0/2)

8.0
3.2 378.5 2.98 0(0/2)
3.8 237.0 426 0(0/2)

22 BRIt
5 1 R SCG v, BT A /NRUE LTS . R4 2 K SEie T, 8.0 kg TNT M5, BHES R0 2.6 m 4b
AU AE 5 71 h 628.3 kPa, S8 1 Sk/NRISERET, SET-FR K 50%., 1M fH 25480 2.9 m AL Y E{E & 1l
528.7 kPa, /NRUREIAEE o X PR/ B (E K J1# 3 600 kPa 1] fE & S BUNIEAET .
23 BRIERTRTMER TR &
TEJG 7 (click) MU 4li3 (2. 4 1 8 kHz) i & &M, BEVERT IS B9 ABR 7 9% B (E 34 2B A3 B & k22
%2 NEBIRIERIS ABR BESFENEE

Table2 Comparison of ABR sound pressure level (SPL) thresholds before and after explosion of miniature pigs

. ABR SPL threshold/dB
205
Click 2 kHz 4 kHz 8 kHz
JRKETT 52.00+8.37 46.00+5.48 54.00+11.40 42.00+13.04
WRYESS 90.00+17.32 84.00+8.94 112.00+10.95 90.00+10.00
P 0.027 0.001 0.000 0.004
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Fig. 2 Statistical analysis of ABR threshold before and after explosion of miniature pigs
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Fig. 3 Cochlear injury under different explosion conditions
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