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Experimental and simulation studies for the brain contusion mechanism

by using a physical and FE model with high shape fidelity
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It has not been clarified the reason why brain contusion tends to occur mostly at frontal part of a brain in each
case that the impact is subjected at frontal or occipital part of the head. Therefore, the purpose of this study is
to discuss a mechanism of cerebral contusion occurring at the impact site, called ‘coup’, and the site opposite
the impact called ‘contrecoup’, from results of both experiments and simulations. Both a high-shape fidelity
physical model of a human head and the Finite Element (FE) model were constructed from same medical
images of a subject’s head. Both high impact simulations in case of possible brain injury and low impact
experiments were carried out to investigate intracranial pressure responses. The results showed that pressure
concentrates at the frontal region more than the occipital region, which corresponds with clinical data.
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Physical model
Figure 1 Schematic procedure for construction of a head FE and physical model.
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Fig.2 Comparison of pressure responses between
Nahum’s experiment (No.37) and simulation
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Table 1 Number of nodes/elements and material properties used in the FE model

Part Element | Number | Number | Material | Density Young Bulk Poisson | Shear Modulus Decay
type of of Property 0 Modulus | Modulus | Ratiov {GPa] Constant
Nodes | Elements [kg/m’] | E[GPa} | K [GPa] Gy G B
Right Solid 3807 3259
Cerebrum .
e ; Lincar
Solid 3807 3259 | Visco 1040 2.19 1.0E-5 | 2.0E-6 30
Cerebrum elastic
Cerebellum Solid 855 654
Brain Stem Solid 104 70
Pia Mater Membrane 2261 2256 1.15E-2
Falx Membrane 316 303 .
Tentorium Membrane 180 152 Elastic 1133 3.15E-2 . 045
Dura mater Membrane 1564 1556
CSF Solid 4371 2632 | EOS 1040
Inner Table Shell 1564 1556
Quter Table Shell 2332 2334 Elastic 2000 15.0 0.22
Cortical Shell 374 372
Diploe Solid 5878 3910 ]
Sll\);:fggble Solid 453 228 Elastic 1300 1.0 0.24
Total 17096 22602
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Fig.4 Experimental apparatus
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Fig.5 Maximum pressure responses at frontal or occipital
region obtained in simulations
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Fig.6 Mean pressure responses measured in the frontal
and occipital region
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Table 1 Mean and S.D. values of the impact force, the initial peak
of the intracranial pressure in the frontal and occipital region in the
case of frontal impact

Calculated impact  Impact force Peak intracranial pressure [kPa]

velocity [m/s] [N] Frontal Occipital
1.0 182+1.0 0.59+£0.03 -0.33+£0.02
1.5 66.7 + 4.9 2.02+0.13 -1.37+£0.11
2.0 172+ 4.6 499 +0.13 -3.92+0.11

Table 2 Mean and S.D. values of the impact force, the initial peak
of the intracranial pressure in the frontal and occipital region in the
case of occipital impact

Calculated impact  Impact force Peak intracranial pressure [kPa]

velocity [m/s] [N] Frontal Occipital
1.0 23406 -0.62 +0.05 0.56 £0.02
1.5 123+ 5.0 -3.10+£0.12 3.00£0.11
2.0 252+ 8.6 -6.57+0.10 591 +0.26

T o ERAE A H = X LI L TH - RaR %
5%5 2 LN TE.
@O

AHFEO—WIIRFEHSE GEEERE : 18800015) KO
() =ik LEEHACHEREZTZLDOTHD.
RBLCHELETS.

BEIHR

(1) BETZER, Tk 17 F 5 O @ FHE AR, (2006),
http://www.npa.go.jp/toukei/index.htm#koutsuu

(2) BEIRBUT, WEEOEREFICET 2R OERSIC
DT, AREESESH, Vol.47,No.5,pp.387-397(1993)

(3) Nahum A.M., et al., Intracranial Pressure Dynamics During
Head Impact, Proceedings of the 21" Stapp Car Crash
Conference, 770922 (1977)

@) FIZEEFRRI», AREEOANERICER LI2M
BED A B = X KIZOWT, BABRFS 2006 FEERK
LU, Vol.5, pp.73-74(2006)

(5) #1 %X Zhang L..et al.,, Recent Advances In Brain Injury
Research : A New Human Head Model Development And
Validation, Stapp Car Crash Journal, Vol.45, pp. 369-393 (2001)
(6) Jonas A. Pramudita, Bt IE>, WiER CEEERE S
ZOMOIRE L EABREEEDOLE, BAEBES
2006 FEFERRNSHEERICE, Vol.5, pp.71-72(2006)

(7) Kleiven S., et al., Consequences of head size following
trauma to the human head, Journal of Biomechanics, Vol.35,
p.153-160 (2002)

NI | -El ectronic Library Service



