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Construction of a Head Physical Model with Actual Human Shape for
Clarification of Brain Injury-Mechanism and the Deformation Measurement
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Hiroshi TACHIYA, Akihiro HOJO and Yuichiro SAKAMOTO

** Faculty of Mechanical Engineering, Kanazawa University.
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The purpose of this study is to construct a head physical model with actual human shape by using
CAD/CAM technolugies, in order to clarify head injury mechanism such as diffused axonal injury
{DAI1) under rotational impact. The head physical model was constructed from CT images of a
subject, which consists of the parts reconstructed the skull, falx, cerebrospinal fluid (CSF) and brain.
The skull model was processed rom the 3D CAD model by using five axis machining. The falx
celebri part was attached to the skull model. Moreover, the brain model, including complex structure
and shape of the actual human head such as cerebral sulci, gyrus, and ventricles, was constructed by
curing silicone gel in the mold processed by stereo-lithography. Finally, the gap hbetween the skull
and brain model was filled with water to simulate relative rotational motion of the skull and brain.
Severe rotational acceleration corresponding to the occurrence of AISH head injury was applied
around saggital axis of the model. As the results of the experiments, shear strain concentrated near
the corpus callosum in depth of brain, where focal lesion is observed in grade Il DAL The result has
nol showed in other physical models with simplified the shape and construction. Therefore, a head
physical model reconstructed a real human shape is needed to clarify the mechanism of brain injury

due to rotational impact.
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Fig.1 Method to construct a head physical model with actual human shape
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Fig.2 Physical model of the skull with falx

Table 1 Comparison of material properties for human
skull with those of the physical model

Human body

Material Inner and Physical
i Tt model
property  Diploe table
Density
kg/m’ | 1500 1900 1200
Young's
modulus 1.00 12.2 245
[GPa]
Poisson's
rilio 0.05 0.21 0.33

Table 2 Comparison of material properties for human

falx with those of the physical model
Material i
Human Physical model
property Ry S
; 0.58+0.03 0.50
[mm]
Young's
modulus 21.3-71.1 39.8
[MPa]

Table 3 Comparison of material properties between
human brain and those of the physical model

Human Physical

Material property Body Model
Density [kg/m’ | 1040 970
Complex elastic modulus [kPa] 0.7-13 14

(Frequency at 10Hz)
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(a) Brain shape Iookmg fmm front view point

(b) Shape on the cut plane -

Fig.3 Physical model of the brain
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Table4 Marker positions of origin of measured area

Measured area x[mm] y[mm]
Pl 292 -18.8
P2 7.01 -5.11
P3 438 -17.2
P4 -5.54 -5.91
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Fig.6 Skull rotational motion and brain deformation behavior imaged with the hi-speed camera
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Table 5 Relationship between angular acceleration
responses of the skull and maximum shear strain at P1

Maximum ~ Max. angular

shear acceleration
[ms]

_ strain [rad/s?]
sg‘ 0265 4320 7.07
! 0.381 -1039 34.1
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Fig.8 Maximum shear strain at P1, P2, P3 and P4
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