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Measurement of Relative Displacement between Skull and Brain
using a 3D Transparent Physical Head Model
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A Three dimentional transparent physical model of a human head with real shape was constructed to visualize and

measure relative motion between skull and brain in order to clarify the mechannism of acute subdural hematoma.

The model consists of a transparant skul, brain made of syllicone gel, cerebrospinal fluid to reconstruct relative

motion between brain and skull and meninges which constraints the motion. The shape was based on real-shaped

three dimentional CAD data constructed from CT/MRI images of a specific individual. The results of experiments

in the cases of impactor collision to the occipital skull showed that shape of impact force pulse applied to the head

was not affected on maximum bridging vein strains because of relative motion between skull and brain due to

existance of cerebro spinal fluid.
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Fig.1 Skull model

Fig.2 Mold of the brain part Fig.3 Brain model
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Fig.6 Experimental apparatus
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Fig.7 Bridging vein locations
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Fig.13 Bridging vein strain in each position
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Tablel Rigid body motion parameters of the head in case of changing
the impact surface thickness

Table2 Rigid body motion parameters of the head in case of changing
the impactor energy

Impact Max. Duration Max Max Max  HIC
Condition Load [ms] Ang. Ang, Res.
IN] Acc. Vel. Acc.
[rad/s’] [radis] [ms’)

Thick 270 237 543 742 177 9
Normal 756 153 1397 717 507 35
Thin 1179 7.6 2274 6.79 954 93

B Thick BBase OThin

Strain

1 2 3 4 5 6 7
Bridging vein locations

Fig.14 Max. bridging vein strains in each position in case of changing
the impact surface thickness
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Fig.15 Max. bridging vein strains in each position in case of changing
the impactor energy

Table3 Correlation coefficients between Rigid body motion parameters

and max bridging vein strain
Parameters bv2 bv4 bvs bvo Average
Max Res.Acc. 0.18 0.20 0.26 0.36 0.25
HIC 0.17 020 0.25 0.34 024

Max.Ang.Acc. 0.21 021 0.28 038 0.27
Max.Ang.Vel. 0.68 035 0.52 044 0.50
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