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Abstract: Blast-induced traumatic brain injury (bTBI) is one of the major injuries sustained by soldiers in armed conflict,
which has been widely concerned by domestic and overseas researchers in recent years. The brain injury caused by a direct
interaction between the blast wave and the head is called primary bTBI. Currently, the injury mechanism of primary bTBI is
still unclear. The primary bTBI may be the combined result of multi-factors, such as stress wave propagation, skull flexural
deformation, cerebrospinal fluid cavitation, and trunk compression. Since it is a complex problem involving the
interdisciplinary of medical and engineering, multi-physical field coupling, and coexistence of short-term and long-term
effects, it is necessary to reveal the injury mechanism of bTBI by combining physical experiments, numerical simulations, and
medical diagnosis. There are three strategies to investigate bTBI. One is to establish a high-precision and multi-physical-field

numerical model to describe the interaction of the blast wave and the head. The second is to develop a surrogate head model to
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measure the skull strain, intracranial pressure, acceleration, and other mechanical quantities. The third is to analyze human and
animal pathology and physiology. Comparing the results of these three strategies can reveal the injury mechanism of bTBI in
medicine and mechanics. The research status and development in this field are introduced in this paper based on the authors’
previous research. The evaluation indexes of bTBI are summarized, including the medical indexes related to behavior and
physiology and the critical mechanical indexes, such as skull strain, intracranial pressure, and local stress. Furthermore, the
protective structure design based on the injury mechanism and the evaluation indexes is described, including the improvement
of the helmet system based on new materials, the design of the helmet buffer system, the increase of the sealing of the head
protection system, etc. To figure out the bTBI mechanism, more accurate measurement of the in-situ mechanical properties of
the brain tissue, and high fidelity numerical and physical models are needed. For bTBI protection research, it needs to improve
the biological matching degree and the accuracy of the experimental platform. Finally, three development trends of the bTBI
research are pointed out, including the development of multi-scale head models, accurate measurement and verification of the
injury indexes and threshold, comprehensive investigation of injury mechanism, evaluation, and protection.
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Fig. 1(a) Traumatic brain injury caused by blast wave'” Fig. 1(b) Characteristics of blast loading
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Fig.2 Flexural deformation process of the skull*!!
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Fig. 4 Nephograms of the brain pressure and skull displacement caused by the frontal impact of the blast wave!*”
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Fig. 8 Damage classification
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Table 2 Correlation of the injury threshold™*
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Fig. 9 Shock wave overpressure tolerance curves of the human head and lungs'
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Dynamic strain gauge

Sensor installation ©p3 .
(skull strain)

Dynamic measurement
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Fig. 10  Sensor layout on the high-fidelity head and neck model (Tsinghua University)*”
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Fig. 11 High-fidelity head and neck model and shock tube experimental platform!*?
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Fig. 12 Layout of the explosion experiment'®!
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Fig. 13 Head pressure monitoring positions'®’!
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Fig. 14 Details of the model of explosive brain injury (bTBI)*"!
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Fig. 15 Blasting experimental device!*”
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Fig. 16 Location of rat head exposed "
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Table 3 Common medical indexes of bTBI'™"

M A FREY
Fiff Bl — — —
BREEQIE 50 rh R RO M R4 P A4 i
N #1295 NSE, PNF-H, NF-H, #1295 NSE, PNF-H, NF-H,
JiZ2 T NSE, Ctau, SBP,
JU—— NMDAR, Hsp70, UCH-L1, C-tau, NMDAR, Hsp70, UCH-L1, C-tau,
y:2 - " oy
IR S fih R SR TR ” JTA L2 1, SBP, {2 i3 JTA LA, SBP, fEMER
KB AnEAe T AT REF WEAE . S1008 MIZEER: S1008, GFAP,MBP,  #iZ 5 Jfi: S100B, GFAP, MBP,
T ’ NMDAR, Hsp70, IL-18, L-6, L-8, NMDAR, Hsp70, IL-1p, IL-6,
GFAP, MBP, C-tau
TN-a, C-tau, AQP4 IL-8, TN-a, C-tau, AQP4
JliK:¢ . Hsp70, TNF-a, VEGF, Hsp70, TNF-a, VEGF,
IR RIRAG % - P P
S Claudin-5, vWF Claudin-5, vWF
K RIS AE R 5 R A i S Hsp70, IL-1B, IL-6, IL-8, VEGF, Hsp70, IL-1p, IL-6, IL-8, VEGF,
A RN 2 e Claudin-5, vWF, AQP4, MMP9  Claudin-5, vWF, AQP4, MMP9
100, NSE, C-tau, MBP S100B, MBP, NSE, PNF-H, S100B, MBP, NSE, PNF-H,
N . 5 , C-tau, 5
WA LA ;s P 2Tt SBP. B MBS NMDAR, Hsp70, C-tau, NMDAR, Hsp70, C-tau,
5 7 . " .
” FF ATl 4 11, SBP JiAT liL5 8 11, SBP
. IL-1B, IL-6, IL-8, Hsp70, IL-1B, IL-6, Hsp70, IL-1B, IL-6, IL-8,
R A PR S P 70 1L-1p P70, 1L-1p
TNF-q, IFN -y IL-8, TNF-a, IFN -y TNF-q, IFN -y
A AR TR
AR BFRASSHEEE; - M3 %R, HIF-10 M348 A, HIF-1a
HomTEE R
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Fig. 17 Protection effectiveness of different helmets!”®
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Fig. 18 The vertical plane and coronal plane of the head, as well as the helmet configuration
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Fig. 19 Influences of the foam material on the sagittal model and coronal plane model'
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Fig. 20 The time history of stress in the foam pads of different thicknesses™!!
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Fig. 21 The time histories of stress in the foam pads with different properties'®!!
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Fig. 22 Explosive ordnance disposal helmet model™
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