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• 硝子体のモデリング

• まとめ

偏平足モデリング

Symptoms

1. Pain and swelling;

2. Abnormal gait;

3. Stiffness in other joints;

4. Associated deformities.

Causes:

1. Born with；

2. Posterior Tibial Tendon 

Dysfunction；

3. Ligament injury, bone 

fracture, dislocation;

4. Obesity, diabetes, aging, 

pregnancy.

Difficulty:

Foot surgeons tend to have different opinions 

regarding to the optimal surgery for an 

individual patient.

Definition of flatfoot

偏平足モデリングの過程

CT 

Image

シミュレーションの実験的検証

Emed-M (Novel, Germany)

The flat bottom of the measured geometry

Simulated stress distribution Measured stress

Wang, Imai, Kido, Ikoma, Hirai, InMed 2015

踵骨切断手術(MCO)のシミュレーション

The 1st step of the MCO simulation

MCO (Medializing

calcaneal osteotomy)



シミュレーション結果：MCOの前後

Simulated stress distributions before MCO surgery

Simulated stress distributions after MCO surgery

踵立方関節延長(LCL)のシミュレーション

The 1st step of the LCL simulation

シミュレーション結果：LCLの前後

Simulated stress distributions before LCL surgery

Simulated stress distributions after LCL surgery
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触覚

The DEKA  Arm

Deka Research and Development Corp.

Biomimetic fingertip

Mechanoreceptors in skin
Reach, grasp, 

secondary adjustment 

and lift
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Slippage, especially incipient slippage 

which occurs before the overall 

slippage, is an important 

phenomenon in tactile sensation 

during object grasping and 

manipulation.

触覚受容器
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1. Fast-adapting type I (FA-I, Meissner’s ending)

2. Slow-adapting type I (SA-I, Merkel’s disc)

3. Fast-adapting type II (FA-II, Pacinian ending)

4. Slow-adapting type II (SA-II, Ruffini ending)

SA-I responses to grating indentation (Phillips and Johnson, 1981)



指先モデリングの過程

MR image

3D FE model

Wang, Wang, Ho, Morikawa, Hirai, IEEE IM, 2012

Wang, Abe, Hirai, Morikawa, HAVE 2011

シミュレーション結果
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Simulation 

snapshots
Slippage

感覚受容器の反応
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Acceleration response at FA-I and SA-I mechanoreceptors

Acceleration response at FA-II and SA-II mechanoreceptors

末節骨形状の違いが与える影響
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Acceleration response at FA-I and SA-I with flat distal phalanx

Acceleration response at FA-I and SA-I with scaled distal phalanx

比較
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Incipient and overall slippage moments and 

time latencies using different phalanges

Wang, Damith, Hirai, EMBC 2015

指紋と摩擦の効果

Acceleration response at FA-I and SA-I mechanoreceptors with fingerprint

Effect of friction coefficient on slippage moments and latency

Friction coefficients:

0.2, 0.4, 0.6, 0.8



二点弁別

Gap = 0.2 mm Gap = 0.4 mm Gap = 0.6 mm

Gap = 0.8 mm Gap = 1.0 mm
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硝子体内マイクロデバイス 硝子体のモデリング

Microsphere moving inside the vitreous 3D FE mesh of vitreous humor and microsphere

physical model

Position trajectory under stepped magnetic force

Estimating three 

parameters: E, C1, C2

硝子体内マイクロデバイス

Estimated parameters of porcine vitreous humor

Simulation result vs experimental measurement

Parameter E (Pa) C1 (Pa·s) C2 (Pa·s)

Value 3.527 1.402 47.370

Wang, Pokki, Ergeneman, Nelson, 

Hirai, IEEE EMBC 2013

結論
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• 生体力学モデルを用いたシミュレーション

CT/MRI画像ベースモデリング

解剖学的に正確なモデル

個別のモデル

• 手術シミュレーション：

事前の評価

• 触覚のシミュレーション：

計測が困難な量の評価

• 硝子体のモデリング

固体・液体の混合物のモデル
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