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* Visible Human Project
+ Digital Human (Model)
» Digital Astronaut (NASA) “ )
 Virtual Soldier (DoD)
 Physiome project

— IUPS Physiome Project

— Simbios: Physics-based Simulation
Biological Structures

— Virtual Physiological Human
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Diseases _
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AR Grid System for Artery with Stenosis
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RIKZN Steady State Results

Mormalized Static Presszure
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- 2. Fluid-Structure Coupling Sim.

e Pulsatile flow, elastic
wall

 Maxwell model,
weakly coupled mode
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O A physio-model for human left ventricle

RIKZN
Measured inflow velocity(Q) is imposed at mitral valve (f&@E5¢) .
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ﬂ CFD modeling of left ventricle hemodynamics

RIMEN
Re=1000/6000, Womersley Number=15 with realistic dynamic motions
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p. Dynamic Vortical Flow in the LV

RIK=H _ _ _
Front view Side view
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Stenosis

Segmentation
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RII‘E.H Flow and WSS distribution in the stenosis model

Qpeax = 80 cm?/s
D =0.8cm
Re, .= 1000

St =0.012
Womersley number=8.1

sk 514
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Iso-¥ contour
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Re .= 2500
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RIK=N Simulation of actual aneurysm
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Operation instrements

Stent Coil
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Catheter and Balloon Double Catheter
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p Image-based modeling: example for rat vertebra
O

RIKEN

- 201 Slices
- 480 X 480 pixels
- 32mm/pixel

N
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ﬁnage—based modeling: example for rat vertebra (cont.)

O
RIKEN

If you use VOXELCON (Quint corp.),

(1) Read Seq uenti al image data LG i T O RA O Bl e RO

(2) Create voxel elements for  um———
FEM (automatically...) - 88 elems. |

(3) Create B.C. (manually...)
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Distribution of mechanical quantities in rat vertebra
S predicted by image-based FE analysis

. \ Cran.
7 Right| Post.
B Ant| Left

- 4.5 million elems.
- 12.8 um/voxel
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p. Computational biomechanics for bone
RIKEN remodeling

- Understanding mechanical bone remodeling
- Complicated three-dimensional structure
- Mechanical environment of trabeculae
- Morphological change of trabeculae

- Application of the simulation method
- Medical image data
- Individual comp. modeling
- Evaluation and design of bone-implant
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p Microstructural changes under compressive loading
O
RIKEN

- Canine distal femur under compressive loading (Guldberg97)
- Local stress nonuniformity as a mechanical stimulus

-uCT
- 25 pm/voxel

o4 : Representative
stress around ¢

]
Formation: o.>

1

* Bone data from ORL, U-M Resorption: o



p Microstructural changes under compressive loading
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p Image-based model of human proximal femur
O

RIKEN

- CT image data

- One million voxels
- 250 um/voxel

- Isotropic structure

- VVolume fraction of
cancellous bone: 0.51
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CaselLLl1:L2:L3=3:1:1

i

X — Z section

X =Y section

Stem Shape
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p Computational design system for bone implant
O

Individual modeling e 4 Evaluation
of bone and implant SRS of implant m

Medical image, 3D CAD data
Design of
. stem shape
Choice of the P
Implant type \ }

Manufacturing directly

RIKEN
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HeEE v HOXDE

Original image : mouse
320 X 240 (pixel / slice)
150 slices (212 4 m/ pix)
Z-axis resolution : 30 um

2008/11®riginal image and extea&tiori7esttt From continuous 150 images
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Validation stage
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s Results of Direct Simulation
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