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Building and Validating a Model of Human Blast Traumatic Brain Injury:
A Hybrid Computational and Experimental Approach

Introduction

Neary 150, mﬂ of the retutming sciden from frag and Afghanstan hawe |
suffeind blast induted Traum, Bran tnjury (TR}, leswing the victions 21 ok for |

perutent K< /beh 1y lagy, woludmg hesdaches slvep |
deatder cogrtie imparment and mood daturbande Athough defin rg what |
the mjury of Hast T (s has been d Micw't and prore to confounders. fooling ¥
timica) dats has helped @ Merentiate thi injury trom other T in theate
expenerce o the physan: wha treated Blast victms idenbfied som
untgue fratures of this injury, imjury 1o the blood vessels 1 both large and wmat |
length scates mandesting with brain swelling, subarachnold hemorrhage or |
prevdoaneurysm and vasowpasm |1 4] Mere recently careful neuropathologc
studes ol wetrmt of Bast TH derocstraled o unigue pattein of astroga

Computational Methods
Materisl Models
The materal models utied » CTH and Sueirs ate £1 10 matenal property dats of human tawe publahed = the open Iawiature fo: bote, whiie matlel
matter and cerebrosgina! fied These matenal rmedels hve Been prevculy employed and vildeted o modelog B wmolation of Blast end béur impact of
human models by Taglor vl 2! of Sanda Kat-onal Lahoratares [6-9

Computational iningration - Evlerian [CTH]

CTH i3 an Tuterian finde volume oo wmidation code That i capable of nackng 90 materals wmulanroutly, smulsting ther merscnon: they
underge bast load ng Thi code 4 15 2 vabdated thock physics ureulaton swte and has bren uied to study fuid sold interactans that ocrur between bisa
aves and the test obyect model [10] Wast weve was modeled a3 2 tleb of erefgired with ovespressure of JE0RPa

L al d Lagrangian {$ierra]

wcanng al tultipie imiracranal intert whplsl, il A
and gray white junction |5 However, the mechanam{t) and thiecheld of thew
mjuries hawe rot been redcived mechanca’y, thus protectve equprrent tasnel
be optimired 1o reduce the inury The purpote ef this work i buld & mode!
whith reproduces 1he human intracranial infury after bast repotare in order 1o |
nalate the mechanitmis] of sjuty |

Hypotheses

Otxumﬂ patterns of blay traumatic bren wjury ran ke esplained by the
focusng e Blant stress woewer tha! ocour at the intracranal mechan.ca
| imterfaces (CSF brain, vessel brain, gray whie, eiz]

Pathology of Blast Traumatic Brain
Injury a:t Mechanical Interfaces =

Cerebrospinal Fluid
(CSF) - Brain {sub-pial)

Peri-vascular

Mechanical Properties of Cranial
Contents [6]

Skutl 127 (gfec) 4672 (MPa) 770 MFa
White Matter 104 nn M WPaG,. 78 kPG, B0
Gray Matter 104 17 3 WPa-G, ., 64 WPeG, A=40""

1960

Cerra mathanctin |I~g Frte plemert veeulston wite develoged by Sancta Natonal labs 10 precct brhavor of comples siruriurey under eatreme load g
st losdieg o sccomplibed by pavung prestutes rom CTH to Sermra /S, whete they are uied 11 @ boundary condtion for the Brite element
wrrulaton  The ore way couping o suificent for farge over prevsure load gy Futire work wel utire & two wiry coupling for lower amp! tude Blart dudie

White Matter

| GrayMatter
N\

The test chject employed within CTH s compred

l Computaticnal Test Object
10

CsF J ol 5 esplicit matecials with 8 spatal resclution of 1 |
i cubie il mrter Spenihraly theie matenaly |
conust of the bone whie matter gray matier
Vassel Puid (cetebrovpinal fud/bised] snd blocd vessel
- wally
3
The Sierra/SM Bnite elemant mesh of the test
object corsits of 12 milien knear
Fexabedra, with a mavwum eement vee of 05 |
cubie rillm The bone, whte m L &y
natter, C3F, and vasrular wals have been

| Skull

medeled wih a ronforming geametry |

Computational Results

OME

| Sierra Mechanics 0.5 ms 1.5ms 2.0ms 2.5ms
| B ' 3 w
Maximal Stress
Comptession ([CTH) Vapor Fraction Compresthon (Sierrs) Ten
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tmup..\n wmy mom based upon matensl medely ml!‘thed 1o "vl‘r.ln {ULTE prfd
preditection of cavitation and dilstational farces at the same mtertaces lound ta ks
autreglal scanng in blast itaumatic bran injury Such fndimgs reguire funther Fapenmenta
tion and d atstor ate mechanic sl Forees mportart in
raumatic biain cejuty |

Experimental Validation

Brain Simulinl- See poster &eihEh |/ (/0 Materah Charactenzaton ol Crama
Srmulants for Blast indured Traumatc Bran Injuty

fabrication Techniques - See poster MUl |7 1118 Addtve Manutacturng of Cran !
Srmulants for Bact induted Traumatc Bran njury

High Speed Optical Technigues and Particle Image Velosimelry

Byname messutement with witrs bgh speed imaging while the Bl wave is
troasng the text oh {above) Cavaties in the test oheet hove dmenuont Semiar -
te those i the bram {roomed in view, cppet loft cornar] Mezallc particle
embedded inthe teit ehyecl well trace srain a4 the detonalion wive propagates
[raamed in vaw 3l the edge of the detoralion wave, sbove center] Farticle
mage Velocimetry (PIV] [11] wall be used to generate 20 vector B
tepresenting stran ard virain rate {schematic of PIV process on the rght]  Below
4 the reaterial veioc ity vectars of balist wndergeng bumt navma (hemmer]




