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1. 479032034t HDOEEFE

Micro Tactile Sensor; MTS
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Ultrasonic Hardness Tester (Kleesattel et al., Ultrasonics, 1982)
NDT (Non destructive testing; IEBIEIRE)
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A28 534 )L PUDEFE (Stiffness sensitivity)
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A8 05341t DEFE (Stiffness sensitivity)
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Kleesattel, Ultrasonics., 1968, 1969, 1970



A8 05341t DEFE (Stiffness sensitivity)
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[.A. Robertson, Proc. Camb. Phil. Soc., 1966

d =10m
Frequency r, m, k,
(kHz) (N.s.m)
10 2.46X 106 2.62X109 656106 A
102 2.46X 106 26.2X10° 65.6 X107
103(1 MHz) 2.46X 107 262X 10 6.56 107
104(10 MHz) 2.46X 107 ¥ 2.62X106 0.656 X 106

Young’s modulus = 492x103 N/m2, Poisson’s ratio = 0.5, density = 1.32x103 kg/m3



1. 49039342 DEAFE (Touch sensitivity)

A) Mass loading sensitivity

of, o (1 [k) 1 Jk (oo
am ( ]— 4z Ym A 5E HYE 2

- om,

27r. m

X

B) Stiffness loading sensitivity

of, 5£1.£]LL o= L_dmk o

ok, ok |27 \m | 4z Jmk 20 T
~ I \/\
ok, OC_rQ HIENEZ

C) Radiation resistance loading sensitivity
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1. 49039342 DEAFE (Touch sensitivity)

Coordinate system and notations :
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1. I1 728393412 DEFE (Touch sensitivity)

Stiffness loading sensitivity Mass loading sensitivity
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RAB82 75341t DEFE (Touch sensitivity)

(Glass Needle
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RAB82 75341 DEFE (Touch sensitivity)
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1. I1 728393412 DEFE (Touch sensitivity)

13 mm touch prove showed the highest sensitivit
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RAB82 75341 DEFE (Touch sensitivity)
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RAB82 75341t DEFE (Touch sensitivity)

FEM simulation result
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1.

Gain

A8 05341t DEFE (Stiffness sensitivity)

Total change in resonance frequency in the Phase Shift Method
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A8 05341t DEFE (Stiffness sensitivity)
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“Micro-mechanical sensing platform for the characterization of the
elastic properties of the ovum via uniaxial measurement”
Y. Murayama et al., Journal of Biomechanics, 2004



A8 05341t DEFE (Stiffness sensitivity)
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1. 49032934t

RAVOMR(ZF T34 ORHE

Typical example #1

FHR B R 98.2 kHz
QfE 62
INTHF—I VR
SNEE 46 dB
* | E R E 26 x 108 Hz/N
S HEEE 39 nN
AIEBIRME 0.83 %
BliEEER) Dk 9.5 % / 30 min

*Sensitivities reported previously by other groups
400 Hz/N : Quartz resonator (Muraoka, Measurement, 2003)
5x103 Hz/N : PZT resonator (Vidic and Harb, Prec.Engineering, 1998)
6.6 Hz/N : PZT resonator (Gehin et al., Sens.Actuatros, 2000)
10.5 Hz/N : DETF (Barthod et al., Sens.Actuators, 2003)



SCANNING NEEDLE MICROSCOPY :::
Murayama et al., Sens. Actuators., 120(2), 543-549, 2005
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Degrading test (1) RRJ-20091007-9
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3. T/ OBERSHAE




3. T/ OBERSHAE

IEERF IS IERF % PR AT

Harder

(1) A correlation between the liver hardness and the degree of
liver fibrosis has been indicated. (Hatakeyama et al., 2002)

(2) The liver consistency can be useful to estimate functional reserve
for hepatectomy. (Ono et al., 1997; Kusaka et al., 2000)

(3) Preoperative quantification of extra-cellular matrix components of
laminin, type Il and type IV collagen is useful as hepatectomy
for liver cirrhosis. (Sato et al., 1999)

What needs to be investigated at this juncture is to quantitatively measure the elasticity of liver components
from the cellular level for further understanding of biomechanics of the liver hardening.



3. T/ OBERLSHAE

5 J&8 5 old male Wistar rats
Thioacetamide (3 times/w, 200 mg/kg/day) RERERNIR &

p
8 10 weeks

0 6
-----1- I

Early hepatitis [ Vibratome
Chronic hepatitis _ Slice Preparation

Liver cirrhosis

7

Elasticity Measurement Area
2400um>2400um, 30um
Total 6400 points (80%80)

Sensor Tip Indentation
20 um

Measurement Time
approx. 60 min

2. 7Y g

= Nuclei, erythrocytes, fibrin, and so on are stained "red" with azocarmine G.
: Collagen fibers, and so on are counterstained “blue” with aniline blue.




3. T/ OBERLSHAE

Elasticity Image
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3. T/ OBERLSHAE

Early hepatitis

1 02 Pseudolobule Fibrous Part. Fibro/Pseudo
' Data No. mean mean
1 2.87 5.78 2.01
2 4.05 6.62 1.63
4.28 3 4.32 5.71 1.32
6.16 4 6.75 6.54 0.97
Chronic hepatitis
Pseudolobule Fibrous Part. Fibro/Pseudo
Data No. mean mean
1 5.48 1.48 0.27
2 4.45 2.16 0.49
6.01 3 4.84 2.63 0.54
4 6.12 3.07 0.50
5 7.56 4.01 0.53
1.85 1.56 Liver cirrhosis
Pseudolobule Fibrous Part. Fibro/Pseudo
Data No. mean mean
1 2.98 4.64 1.56
2 6.12 3.94 0.64
Normal Ilver 3 6.47 3.59 0.55
4 5.37 4.74 0.88
Pseudolobule Fibrous Part. Fibro/Pseudo 5 7.26 4.64 0.64
Data No. mean mean 6 3.86 5.48 1.42
1 2.3 3.18 1.38 7 8.94 7.82 0.87
2 2.77 3.53 1.27 8 8.87 11.86 1.34
3 2.27 3.1 1.37 9 11.86 5.52 0.47
4 1.6 2.67 1.67 10 12.94 7.76 0.60
5 2.1 2.9 1.38 11 12.88 6.36 0.49
6 2.48 3.86 1.56 12 11.7 8.01 0.68




3. T/ OBERLSHAE
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Ratio (Fibro./Pseudo.) (meanSD)
Nom al lwver 1438+ 005933 — —
S
Early hepatitis 1485+ 02227 _T —
Chmonk hepatitis | 04662+ 005009 j ]QS
Liver cinhosis 08460+ 01102 _

NS: not significant, *:p<0.05, **:p<0.001, ***:p<0.0001
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