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Progress of Blast-Induced Traumatic Brain Injury and Protection
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Abstract; Traumatic brain injury caused by blast shock waves represents a significant type of injury in modern
warfare and civilian explosion accidents. Its high incidence and complexity have attracted a widespread attention,
and the injury mechanism and cranial brain protection have become current research hotspots. This review first
analyzes the dynamic load characteristics of blast shock waves and introduces the development and verification of
cranial brain constitutive and finite element models to explore the mechanical responses of the cranial brain at
tissue and cellular levels under blast waves and bullet impacts. Subsequently, the current state of research on
injury mechanisms at tissue and cellular levels and cranial brain protection, is systematically summarized based
on domestic and international studies. Finally, the current research challenges and future development directions
are outlined, and the importance of interdisciplinary cooperation and innovation to promote the research and
application transformation of blast-induced traumatic brain injury is emphasized. The findings provide a valuable
reference for enhancing the comprehension of injury mechanism and fostering multi-disciplinary integration and
protective helmet development.

Key words: blast wave; traumatic brain injury; craniocerebral mechanical response; injury mechanism; brain
protection
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Tab.1 U.S. Department of Defense statistics on craniocerebral trauma in the U. S. military
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Fig.1 Forms of craniocerebral injuries induced by blast shock waves

(b) Comparison between traumatic brain injury and post-traumatic stress disorder
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Fig.2 Main research on traumatic craniocerebral injuries in the field of biomechanics
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Fig.3 Load forms for various blast scenarios
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HA p/(kg-m™) E /MPa v K/GPa G,/kPa G, /kPa B /s Sk
i 2070 6.5 0.20 [40]
35 200 6.9 0.30 [33]
1210 8.0 0.22 [56]
L/NDikE 1 750 5. 66 0.22 [47]
1 000 0.56 0. 30 [57]
R 3 000 15 0.22 [47]
2 100 6 0.25 [57]
TR i g 1130 0.0315 0.45 [56,31]
i 1130 0.0315 0.23 [58]
1130 0.0315 0.45 [56,31]
Y35 1 060 2.19 10.0 2.0 80 [36]
1 040 0.558 1. 66 0.928 16. 95 [33]
1 040 2.19 34 6.4 400 [59]
1 040 2.19 34 6.4 700 [56]
1 040 2.278 0. 407 0.233 125 [60]
S 1 060 2.19 12.5 2.5 80 [36]
1 040 0.558 1. 66 0.928 16.95 [33]
1 040 2.19 41 7.8 400 [59]
1 040 2.19 41 7.8 700 [56]
1 040 2.278 0. 407 0.233 125 [60]
Ji T 1 060 2.19 22.5 4.5 80 [36]
1 040 0.558 1. 66 0.928 16. 95 [33]
1 040 2.19 58 7.8 400 [59]
N 1 060 2.19 12.5 2.0 80 [36]
1 040 0.558 1. 66 0.928 16. 95 [33]
1 040 2. 190 0. 407 0.233 125 [60]
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