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Measurement of the reduced elastic modulus of biological soft
tissues with mm-indentation elastometer
YANG Hong—suil, GAO Qiz, LIU Xiao-yil, ZHOU Hong—sheng1

(1. Shanghai Acoustics Laboratory, Chinese Academy of Science, Shanghai 200032, China
2. Changchun University of Science and Technology, Changchun 130022, Jilin, China)

Abstract: The elasticity of biological tissue is the major basis to determine if any disease occurs within the tissue. Young’s
modulus is a key parameter that represents the elasticity of the tissue. This paper mainly deals with the set-up of an
mme-indention elastometer using Labview software platform and some hardware like data acquisition card and motion
control card etc. And by using the mm-indention elastometer, the experiments are conducted for purchased cold-fresh beef,
pork, pig liver & kidney samples from the market. During the experiments the data of load force and indentation depth on
tissue samples acted by a spherical indenter are directly obtained by the system itself. Then the reduced elastic modulus of
tested samples can be deducted according to the analytic relationship between indenter radius R, load force F, indentation
depth and sample’s equivalent Young’s modulus E* after the measured data are calibrated. The experimental results are
coincident with that in reported papers. It shows that that the designed indentation device in millimeter scale can be
adapted to measure the equivalent Young’s modulus of biological tissue.
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Fig.1 The schematic diagram of F-0 curve measurement
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Fig.2 The schematic diagram of mm-indentation elastometer
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Fig. 3 Illustration of acted force between indenter and sample




> I I S N 2016 4F
Fy — = ﬂ\\ F, }Fﬁé
B4 EkZ R K
Fig. 4 Received load by indenter
F, F
] (153 ——

K5 33z IR s R
Fig. 5 Received load by spring

HIRREE 6 S pLE & R Ly 3k
MR R% | Z AAFAER R o=L—, DAl i LML
6 S 5 KA A AT AT A 21 R

T, B E SRR R . T
s sha R A SR sh 4%, IR sh el s L &
(BB MR Lw] s shs bl R3S, s iket
SR I B 2 AR PR . 0 N B e [
HI {5 5 SRR R OGRS A% I 4L A 5 R AR
ARG, SRR ATy F ULL SRS 11
SEINSRAEAIR I o
22 ] #

)2 PR R AR T B AL, BA Labview
NTFICY 6, FE SR AR LT s sh sl 5
FRENHT S WornThRE, KRR 6 s,

(1) BshfEH

BRI N TNl Hl a2, SEik
Jikt/ 5 1) RN BRA S AR S, A IR &
Foglo HIAL A e 8 i BRI R

() fF5RE o5 Eor

56 BN HHBOG AL AR A I 3 52 Ot I ER BH AL RS AT
1 A AR SRR B 32 A 0 A5 5 R a
X AT A OIS R 3, B4k S R A 20
Pz IR A 26
23 KR O#

(1) FIRERIE

AN 2 A M JRR B Kl ok B T L &
SR AN s Sk A RS, DRI T 28040 PR e 2 M
TR G ARG L, D MR 2,
BEATREE

HI T ANVEE AR AR P AR ey, I Sk AT In
JaANE PR IIRR I, MO A NS HR SR . I35l
X AEBANAAIREREA T T Sk MRN8, Ak
DN A » ARTR] R FULIHT 65 082 TR (NN AR
Rl SN L, WA R S L, W
L=L), ANFENBRAIERALRE 1, R BURE ) Sk Ar
¥ | 5IEIRIREE 6 Z A, 1=1+6, T2 o=l—-1.

HLBL T BV e
*

ik B AR REEA . RS WO

| l |

TS F (| Bkl L PR RS 1

N

BB SN LB EN

-
s

K6 AL
Fig. 6 The software flow chart

LR A D BT I RR A IE, I 7 Bl
SR AE AN N SR AT IE, R3RA
RIS & AL F S SRR MU, VRN IE IR
WIS M. LB OV SERT S, KR
RIS & A7 RIS S RS MU, 45 2R
TR SN 2. Bk TENS IR, 2% ey
S 2 AEAT [FIRE AR B T BITRE I PRGN A B R 221
BV Ay A T i ) s TR

8
Sl o b
ol bty
2O mmis .
Es| gkt —
By 0
&3 bt
b
1
0

2 3 4 5 6 7
HLALHE & 12F5/mm
K7 IR R E
Fig.7 The adjustment to indentation depth
(2) AW LA FEBANE (1) 5 )
FIHASE EAC AT IR R, 5T WA 25 by
AL SRR ) MR SR, AR T BEAEAE

(=]
—



55 4 1

W2 RS R R E R TR IR 22K s JRAX 339

(IR A, AR ARSI L i AT RE ™ AR I
A2, A AR A A VLS 15 2 F-o 2
DU ARZNE, HES A B R SRR 2. Tl
I/ N E LA ARG A U R s, SO AN [
FIRVRIE & 43 33 oS HO0s B 1) 2580 IO R: B
IR 4l 6 5 EBHATIEI o BICH A ob A
A E HWEAE M — B, AR AR N, RNZEL
FIRRSBE T, AR IR e K47, PR 4LZA
TIIEH, S5 B R B E R
A LU 5 B S5 2ok IR I 2 25 LI 8).

60
55

++

=30

o+
20 e
# etk

15f-------""%% ot e bbbt gt F T

00 02 04 06 0.8 1.0 12 14
S/mm
P 8 AR S A AL A e 1 e

Fig. 8 Removing the effect of tissue’s viscoelastictiy on test result
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Fig. 9 Measured F-J curves of tissue samples
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