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Analytical and Experimental Studies on the Measurement of Soft Biological
Tissue Elasticity using a Pipette with Rectangular Cross Section

Toshiro OHASHI, Hironobu ABE, Takeo MATSUMOTO,
Takahira AOKI and Masaaki SATO

A pipette aspiration technique has been developed to clarify the local anisotropic stiffness of soft
biological tissues. This technique provides a simple and practical method of measuring an initial
elastic modulus by comparing the slope of the pressure-deformation curve obtained from a finite
element analysis with that obtained by experiment using a pipette to aspirate the tissue surface. In
previous studies, linear numerical simulations were performed for circular cross-sectional pipettes
using an axisymmetric model that is assumed to be isotropic and homogeneous. In this paper, the use
of rectangular cross-sectional pipettes was proposed to parametrically evaluate the effects of
anisotropic properties of living tissues on the measurement of their stiffness. The calculated results
indicated that rectangular pipettes eliminated the effect of the modulus parallel to the pipette major
axis. The aspiration technique with a rectangular cross-sectional pipette should be effective for

clarifying the anisotropy of biological tissues.

performed for the canine ligamentum nuchae.

Experimental verification of this technique was

Key Words: Biomechanics, Anisotropy, Elasticity, Finite Element Method, Pipette Aspiration,
Canine Ligamentum Nuchae, Local Stiffness
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Fig.1 Schematic diagram of pipette aspiration with
rectangular cross-sectional pipette. Za, inner
width of pipette; 25, outer width of pipette;
AP, aspiration pressure ; L, aspirated length
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Fig.2 Two-dimensional finite element mesh. Zg, inner
width of pipette; 25, outer width of pipette; %,
specimen thickness; 7, specimen width
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Fig.3 Schematic diagram of canine ligamentum nu-
chae and section and direction of pipette aspira-
tion. Era, Ers, Ec;, and Ece, elastic moduli
obtained in each measurement with rectangular
and circular cross—sectional pipettes
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Fig.4 Schematic diagram of experimental setup
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By MIAROBMERE,  FRICEBRENS
RO B, DRSS B0 o e F Lo
SRS ERRICG 2 2B 2RI LIz, Eu
PEEL, E: 23R RIBSOREIER L/a O
bEFR, HPEEECR 5 7 ORERIZITH L 200
BERLDBHICOWTDAR LR, By b OFEH
GEEE (b-a)/a BYEW L/ a CRIZTEE 2T~ T8
RzM6wwrd, NAEREIEMOBEE2TT. X
XDy NEEDHE TR L/ a BEE R
U, SRS EBREC I B2 e8bh
5., IhiE—R, Exy MEENEUSBESED I
BB ROLICRZ B8, 2ETAHRELS I
WY OFEBIEHTE S, B2y MNEWEREOEMC
£V, BEORNZ LBy b DEBADHLAA
BV ULERETHL L EbnS, L/a 3R AN
DEREIZ L 5T (b-a)/a=1BETWEL, zALLE
DEBIZBVTRIER—ETH 5. D&, (b-a)/a=
1.1 CBREL CEFEL -,

R CHREOER b/aB & VIR v/a LW
L/ia CRIZTEES>M T cENENTT. hia, v/a
PHEKRT 21205 C L/a BETRWA L, BEIEE
PRIV BB ZEBRTN, Wa=3BL0 »/
a=3BETIHLZIY ETE—EIz 5.

S IERRTEMEOBE, KETHES L 3 H
IR Eapp 13 3 T OMEBMERE E & ¥ ABTEME(R S
GOMEEYTEZONS, 22T G OEELHRHT
3ZEFBEETHL, —PflL L TERE MR OR
MG (Ex=Ey=E.=E;s) I2D\T ¥ A WBiME(E
B (Coy=Gpe=Cua=G) ZEALEZ T2 & &, Eupp 8
Ewo 6 EOBBEN L2 »E2TRTEREPLE TH
5. MHEKEE <Y bR BB THIEL TH 2.
FEHMCB T 58 AR Go 2HMEL L TG

30 T i T i
Z
Ay b2
b L
0 # ;J
u - L X
E 20r  ieioos %‘7/ &
w 0.8
% 1.0 (Isotropy)
§ 1.0F "\ / 1
G0 40 60 T TTTTTTTTTT
Y /
0.0 . + . *
0.0 1.0 2.0 3.0

Relative pipette wall thickness (b- a)/a

Fig.6 Effect of pipette wall thickness
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