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Abstract: We firstly verified the protective performance of eye equipment (goggles) based on a head dynamic test system and
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shock tube and field live blast test environments. The results show that goggles have better protective performance and suggest
that duty personnel should be equipped with goggles that have combined functions of anti-ultraviolet, anti-glare, anti-smoke
and anti-fragmentation in to improve eye protection capabilities. After that, we investigated the tissue damage and functional
impairment changes after explosive eye blast injury, and the protective effect and mechanism of the goggles for animal
experimental version. This may provide a theoretical basis for prevention and treatment, and also have important implications
for the design and improvement of protective goggles. Beagles and C57 mice were used for related animal experiments, and the
changes in retinal layer thickness and cell apoptosis were observed after blast injury by HE, Tunel, Nissl staining, visual
electrophysiology detection and other methods. It was found that with the increase of blast intensity and the extension of time
after explosion, both the degree of retinal injury and cell apoptosis increased, among which the ganglion cell layer and
photoreceptor inner and outer segments suffered the most severe damage. Further research on molecular changes indicates that
the expression levels of autophagy-related regulatory proteins SQSTM1/p62 (P << 0.0001) and LC3-1I (P = 0.8437), as well
as LC3-1 (P = 0.003), are significantly increased, suggesting that retinal damage is, to some extent, induced by autophagic
mechanisms. The protective goggles could effectively reduce the damage of blast wave to retina, protect the structural integrity
of retinal nerve fiber layer, inner and outer nuclear layer, ganglion cell layer and photoreceptor inner and outer segments. At
the same time, compared with that of other groups, the difference in retinal layer thickness and cell apoptosis was most
significant in the 3.5 MPa group, suggesting that the glasses played the maximum protective effect at this intensity, which may
be related to the reduction in the retinal autophagy.
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Fig. 1 Photos of protective sunglasses and protective goggles
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Fig. 2 Experimental devices for testing protective performances tof sun glasses and goggles
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under three different protection conditions

212 IHEHREBRASE

K] 4 SR TE AN 2SR AP T, BRI ISR B 58 R XU Sk A5 By 77 ik e i 2 SR .
B 4(a) S A H1 37 BT IR - 1] (Ap-t) 26, 18] 4(b) S BRSRASE (a4 B 45 A0 XU Sk A5 e s - 1 1)
(Ap-t) 1%k Hh &l 4 AT, Al oK BH A8 R0 XU T A 28 DR 4P PR N D3 IR 958 4 32 o e i 9 35, L XUBE 1Y B
PRCR I AL T H . SRRSGEAH L, sk B 55, SRR AR A vy il R G (8 R 1% 72.2%, fil 8
WG T B2 80%, %R 25 5k B MR 45 R — 3. Pl 20 E R W 3 k. Ik, 454 SR
YL IO, B PENN 51 ABC & M 25 b7 55 A1 L ot N8 25 R  Fr Dy il 8 XU Bl 477 it

1.2 7
— Bare head/goggles 6 Bare head
L0 - - - Sun glasses --------- Sun glasses
g 08} o sep T Goggles
== = 4
g 061 ]
Z 2
g 04t g 3
5 5 2
> 02 | >
¢ , S
0 e
0
—0.2 ;
. . . . . . . . -1 . . . . . . 7 |
4.5 5.0 5.5 6.0 6.5 7.0 5.0 5.4 5.8 6.2 6.6 7.0
Time/ms Time/ms
(a) The mouth of the shock tube (b) The eyes of the head models

B4 3 FORFIR 250 4 B E S SRR A s - ] th 2%
Fig.4 Overpressure-time curves of the free field and the eyes of the head models
under three different protection conditions

2.2 EMRBEIPRR S

ASBIESE H TR IR 326 P AR KA/ B ST T Sh MR b i e A B o PO R A AR BRAS R | AR AE
38 A 15 5755 07 T 5 N ST s H RS W7 nl LAASTADLRR K oo B 2405 19 B2 2 PE R 2 1, T RE R A
HBBIE S B AR AL | o BEAS AL | SO BERE DL KBTI TR I . O ol S 0 25 S T HAT BCSE M R T R, 1
FH/IN SR ST AR A il Dl A0 U A B A5 45 SR B

121441-6



5 44 45 SEEAT, . B P RUBEXT AR AR 1575 S AL IR S BR3P ) A 2 %12

221 BXeAFHE A R AR RENEF R

T RS K s X L A R A I RS B A 22 i s ), ARS8 PR A T HE B3k (81 5) . 5B
P AR L, 353405 2H 04 400 ) i 4 25 1 2 )2 (retinal nerve fiber layer, RNFL) #1 P 4% JZ (inner nuclear layer/
outer nuclear layer, INL/ONL ) J& B ¥3ali /N (5] 6) o Horfr, INL JE B2 i/ I e i 35, $ 78 H AT e xof i i 43 4
F U R 25 SR R I B, W0 I JEA 45 R B S el R R R TE AR OG o (BB T Y, 5.5 MPa ZH AR Y
P 0 2 B B A1, AN HERR 5 8h R 22 A G . I, 3.5 MPa 20 5 A ZE AR LE, B 47 117 I A0 0 o J52 B 2%
SR, ATFZR EE N B A T e RO AP o 5.5 MPa ZH A0 IO J5E 82 3 22 S de /DN, PR S8 3 KA
AR, BRI G S90S )R 2% S G, DRk — 2828 PR C57/B6T /N BT 1A JCSE B i Stk

Protection

Bl5  ANEIFGRREEE T B2 S LRI HE Je(agi )

Fig. 5 Retinal HE staining results of the protection group and the injury group under different shock wave intensities
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Fig. 7 Retinal HE staining results of the protection group and the injury group
under 4.5-MPa shock wave at different sampling times
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Fig. 9 Retinal Tunel staining results of the protection group and the injury group under different shock wave intensities
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Fig. 10 Retinal Tunel staining results of the protection group and the injury group under 4.5-MPa shock wave
at different sampling times
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Fig. 17 Apoptotic number of cells in unit field of the protection group and the injury group under different shock wave intensities
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Fig. 18 Retinal Nissl staining results of the protection group and the injury group under different shock wave intensities
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Fig. 19 Retinal Nissl staining results of the protection group and the injury group
under 4.5-MPa shock wave at different sampling times
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Fig. 22 Retinal HE staining and Nissl staining results of the protection group and the injury group
under 4.5-MPa shock wave intensities
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