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Development of Finite Element Model for Impact Human Brain Injury
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ABSTRACT

The impact response of the human brain has been determined by three-dimensional finite ele-
ment modeling. The model includes a layered shell closely representing the cranial bones with the

interior contents occupied by an incompressible contimuum to simulate the brain. Flax and tentori-
um modeled with 4 node membrane element were also incorporated. The computed pressure-time
histories at 4 locations within the brain element compared quite favorably with previously pub-
lished experimental data from cadaver experiments. A parametric study was subsequently con-
ducted to identify the model response when the impact site, impact area and duration of impact

were varied.
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Fig.1 Developed 3-D brain model
(skull, falx and tentorium are not
shown)
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“Table 1 Material properties
Young’'s modulus Poisson’s ratio Density
[MPa] [kg/mm?*]}
Skull 1.0E+04 0.22 2.07E—-06
Brain 5.04 0.4996 1.0E—06
CSF _ 1.48 0.489 1.0E—06
Falx & tentorium 31.5 0.45 1.13E—06
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Fig.3 Calculated parietal, occipital, coup
and contrecoup pressure compari-
son with experimental data®
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according to the boundary conditions
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Fig.b Coup-contrecoup pressure variation
in case of frontal and occipital
impact

32 £ Yo A9

FARYo) W) 4ol wAE FPE BT
71 98, 29 ElgA FEA] o8-8 iHy olH
& AHgEle S "W, ¥4, 539, &9
of didle 27 2L e FAFE M F
2 998 wasath

Fig.5¢ Fig62 AW, &8, =47, @2
Aol Wato] Fig2ol Mo} 2 $20] haAs
A% Aol BE Mol GAARS ez 2
o ¥Y, ¥4, =449, &9 § 2 o
2} 21 e FAAGANA 170kPa, 220kPa,
235kPa, 200kPac 2 7}z S5l A1 28%
Aol ateld Ho|x U3, FANIE AN
£+ —107kPa, —125kPa, OkPa, —130kPas]
&9hEe]l YAstH o ole} e FHE H
4 EFo) YAl E A1ZH(5.5ms) F22l 5.5
~6msol M g3}

$E A, ¥, &9 549 A5dMe 2
A i FedAs ¢ ¢l 2R = F
Zo]&(cavitation theory)@4te] #EH o1}
AW 2244 BAAANNE B2 ¢Ho] §
Qe v AR e Ao fEHEst et

250

— D preie
(parienl impact)
—— comtrerTng prciture
(parieml irmpuct)
-== coup pressure
(side impact)
== CONUECOUD pressurs
(side irpact)

200 -

150 =

100

50

Pressure{kPa)

I er

-100 - ' ‘

Time(ms)

Fig.6 Coup and contrecoup pressure
variation in case of parietal and side
impact



AL Ho] FF Fddl g FP242Y A BH A7 108

el 4, 8 % 39 797 AW 37
o Z¢Ert ot A dehti=d, TH549
Ate TN AHEQ HAHe FRF
FH7t FEFRRC 2g ok ohg FAs
el Wyl 49l Rew @odEn, &ug)
A4 AU e st HE Aow o4
Holot dabzelmy) dulFer g7 wid)
diH oz B A0 AEHH, iy =g
GHFERT FH9-(transvers) 2] Zo]7} ]
gl A8 Ex Y FHo A9 gL ¢ W
B Holx Utk ole Y RAEA 2 &
T2 fAlmolm E9jo 4L we Fad)
A SANY 99 ¥ &4do] Nivsite 44
AaelE 7 4R HedFn,

33 &4 one g#

FHA FHEH0] B4R v dFL
V237 A3, dFAM FHEUGgo dF F
@oll Nahume] ALH A@A] 0] 8% 222g 2
Z} 400mm? 800mm? 1200mm%e] HH | 7}5
23 F2o] 741 M whAHe -4
RAEE Fig79 2ol hehget. 84 Aol 4
E F A%0l 22 A9 golakx 40| 7}ey
A @A i} RYFT7) 2= AL & 5
(. F, FZe] ZhlA WA 400mm?2Ql e
7F 1,200mm*Ql B4-B} o] Aol wy
ol 12% A Ushiz vk zehd =27

SRR () FRR) e 3R] A BH]

= B2 9% oA ¥4 B9 £ 224
Aol w2 HICZE o dwoA $2wz o)
74zt 400mm? 800mm? 1,200mm?e] 7. 2}
71 989, 945, 8509 &, wo] FwidN 631,
613, 503 2@ mele] A FAMIA 756,
724, 6419] PZ Holn o] L AL W=
A% 24 F97) 2% He oL e vy
= g Zojge dvtd o3y 2 IxEn
Atk 2y ¥e) AW olPRE(&o vl ¢
F-E)ellMe o] ghe] #7) 1,171, 1,142, 1,143

o] gtoz Jeh} £7 WA A gL vz
BE ¥ut opa} ddjF ez HICY gx & &
& Holn vt AW FAHA ddHez 4
o] BgollAl FAto] AR 9lor} o]of thdk
BET A o] XF7A| o] FoJR A Eahn
AT 2} £ A o3t 99} Zo] o]
E AEE 7 UUE BT ol Ho A
AG-EHEEE o] B AdiHoz 57 o}
Eht A4t Aol digk o] ssdtele} 7]
g}

3.4 =4 XF AlREe| g%

Ho 2350 & A9 F30) A A
el e PAARE 2] A, H S
AElgo] 7,900N<] 412td dHee 22=e H
HoflA Td wako 2 800mm?*e] W) 7}3)e.
w, 224 2&A17FE 4dms, 8ms, 12ms, 16msd
A9 7HE WA A & Hed st 3
A Aa, 29 99AMe} 2L FRE dg 5
UUTE. 2N A B & QF0] 27 A& A|Zhe]

Pressure{kPa)

Time(ms)

: Area= 400mm?(coup)
> Area= 800mm?*(coup)
. Area=1,200mm*(coup)
. Area=1,200mm*(contrecoup)
. Area= 800mm?(contrecoup)
I Area= 400mm?(contrecoup)

HEiOoQ o

Fig.7 Coup and contrecoup pressure vari- ,
ation according to impact area



104 AL E- 2w

200 1900
F z
5
150 E]
'S
100 o
]
5
\5 50
[
% L
9
g
i L
-50
-tao
-150

0 2 4 B : n 12 14 18 i8
Time(ms)
A : AT= 4, coup pressure
B : AT= 8, coup pressure
C . AT=12, coup pressure
D : AT=16, coup pressure
E ! AT= 4, contrecoup pressure
F [ A= 8, contrecoup pressure
G : AT =12, contrecoup pressure
H : AT=16, contrecoup pressure

Fig.8 Coup and contrecoup pressure vari-
ation according to impact duration
(4r)

Anterior

Posterior

(A) 4T=8ms (b) AT=16ms

Fig.9 Shear stress dstribution(Bottom
view)

dms e F AR A Hj el & 170kPa, ¥
A A —100kPac] EA3tH 32, 8msd Wi
200kPa, —150kPa, 12ms% wj: 185kPa, —
174kPa, 16ms% W= 170kPa, —180kPao]
Asted, 28 2AsME FHA S 2to] W
off weh FAAFAME A3 15%, DAEA
M #AL 80% <] Ael& Holm lvy. =g, 3
AAEAZYe] AF% AR S G £
Ehitirl dAFAASAZHBms) o) dellMe
2382 A Holn Lot At 2|3
YEHE FAXNZAZ ] FUHgel Wt og &
0 g¥o] BYFL B F AU ol B2
AlNBAE 9 Aels 2 gAS ok
FTAFAEGE 37 G RYAHE Fiao]
8] TAHY 53] FAAS Ao 4 AS
&9 7hedol T wolA L 9ol WRH R
&3] #2711 iy @9 FFAL ARk g
HIC#HE vlusd) B FAA1% Alzko] 8msoA
lbmsz 20j2 ol m2} AFFARdHe
1102914 35382 HAF-FodrMe 1166014
21102, 2=l 39 F9jdAM= 107094 F
3 21422 FvHEe € 5 slnh oL AW
AHe) A7 Fig8dlA & 5 KXol 2309
ot Eolgx ot HICS @ o] dmy
oA oF 202 FIhE T At mEbA 2] &
49 a7] e A% FARAM] HICHS] 2
719 w2t 24 7he FHR Bagdes 718
TANE FHAZL] ZolF Aoz ALY B
& Hyes Hrlde RVt AuEs Ae ¢
F ovh ¥ Qe 7 ulwE Pt

TR Ho AW o}UE HRNY AW &

JLorz

g #EE AHEY Figdold & & ARl F
ARE Alde] 8msl Aole FA FHe 7t

1 ,

T @ ADgEol WAEY FHASE A7)
16ms7} S0 Ao AF-gHe] FR7} AW of
Sl AHY Ad-gge] Pifo] FAF Paa
Aol o] FRoA Fado] AR + ULE ¢
T Uk olet 2 A A dA gadelM
g e ATHet 933 dAge Reln
glo] &8 BET B oo g Qla)m AL
¥ 4 e Az,



A7 o) 27 Rald h& &

4. # B

49 2 82F& YA vleld 344 &

o

29€ Agstel 24 B U5

ANe A e 2 AEL ¥ 4 Y

.
1)

2)

3)

£

(714133 : ME94-G-01)ell &) o]Fein A
o],

AP Fts4Awde o]gdld F4&
7V T AE olf A dlolEe) bl
3 A3 9EY vk AL Holxw 9l
Aok AAAE gds A 4L )
3 ASoME BabdEo) HEg AlEE
= Az ¥gT HICZ Atelolal d=d
AHAEE Rolx e &4 ol ¢
3o 22 HIC gh& 83t 2499 4
ke FAAe HultHd 4% &
vhato] gle] T elxpzre] @AM U
A& Heolx glA REHch

ARFHA FHB0H] &S F45 9
9] o¥=¥ ¢ HIC gro] &A Jetgted, &
AN FHAAF ZA dgg B
7 ¢rog g 2= 9lqirl,

ZL Arle F3e) NAE A9 334
&N 7ke] AolA5E Hz FrlHe o
Bt FAAEAIZEe] U AIZH(8ms)
ol el e L3y ZAdtn ok 2y
ZA0Y 2HoA EAEE S0 YL
F2AA %7} F7tel we AL ZAe
T w9 MW oY R FoMe M
J& FAAZAILe] F7ee] wa) o
FA4E WEE "o BAde sH5Aol
& en ool e AnE 444 2
ol wh$ & Lx)&m gk

=

|

-{o o[o_.'l;l,

= 7
A= 1994¢E WEH S LEAN

ool AR A2 @A AL =Puich,

. Gennarelll, T. A., 1983,

. Engine, A. E. 1969,

8459 Agd 4 a7 105

g

“Head Injury in
Man and Experimental Animals : Clinical
Aspects”, Acta Neurochirurgica, Suppl.
32, pp. 1~13.

. Melvin, J. W,, Lighthall, J. W., and Ueno,

K., 1989, “Brain Injury Biomechanics”, in
Accidental Injury(Ed. Nahum, A. M. and
Melvin, J. W) Springer-verlag.

. Lighthall, J. W., Melvin, J. W., and Ueno,

K., 1989, “Toward a Biomechanical Crite-
rion for Functional Brain Injury”, SAE
Technical Paper, No. 896074.

. Ommaya, A. K., Fisch, F. J., Mahone, R.

M., Corrao, P., and Letcher, F., 1970,
“Comparative Tolerances for Cerebral
Concussion by Head Impact and Whiplash
Injury in Primates”, SAE technical Paper,
No. 700401.

“Axisymmetric
Response of a Fluid-Filled Spherical Shell
to a Local Radial Impulse-A Model for
Head Injury”, J. Biomechanics, Vol. 2, pp.
325~341.

. Nahum, A. M., Smith, R., and Ward, C,,

1977, “Intracranial Pressure Dynamics

during Head Impact”, SAE Technical

Paper, No. 770922.

. Landkof, B., Foldsmith, W., and Sack-

man, J. L. 1976,
Neck Structure”, J. Biomechanics, Vol. 9,
pp. 141~151.

“Impact on a Head-

. Shugar, T. A., and Katona, M. G., 1975,

“Development of Finite Element of Head
Injury Model,” J. ASCE, Vol. 101, pp. 223
~239.

. Khalil, J., and Viano. D. C., 1982, “Criti-

cal Issues in Finite Element Modeling of
Head Impact”, SAE Technical Paper, No.
821150.



106

10.

11.

12.

13.

RS- HUE-FF

Shugar, T. A., 1977, “A Finite Element
Head Injury Model”, I and I, Civil Eng.
Lab., USN, TR-R-954-1.

Hosey, R. R., 1981, “A Homeomophic Fi-
nite Element Model of Impact Head Inju-
ry”, Ph. D. Dissertation, Tulane Universi-
ty.

Ward, C. C., Chan, M., and Nahum, A,
1980, “Intracranial Pressure-A Brain In-
jury Criterion”, SAE Technical Paper,
No. 801304.

Lighthall, J. W., Melvin, J. W, and Ueno.
K., 1989, “Toward a Biomechanical Crite-
rion for Functional Brain Injury”, SAE
Technical Paper, No. 896074.

14.

15.

16.

Ruan, J. S, Khalil, T. and King, A. L,
1990, “Human Head Dynamic Response
to Side impact by Finite Element Model-
ing”, Advances in Bioengineering ASME,
BED-Vol. 17. pp. 601~606.

Ruan, J. 8., Khalil, T,, and King, A. L,
1994, “Dynamic Response of the Human
Head to Impact by Three-Dimentional Fi-
nite Element Analysis”, J. Biomech. Eng.,
Transations of the ASME, Vol. 116, pp.
44~50.

g2 AT, 1992 “UVAAEFY ¥
A AAS A% I BE AY 2ALEn
A", AT dFRIA



