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Deformation Measurement of Polymer Scaffold Using Particle Image Analysis
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Polydimethylsiloxane (PDMS) is used as a scaffold for cell culture. Because both the stress and
strain acting on the substrate and the hemodynamic environment are important for studying
mechano-transduction of cellular function, the traction force of the surface of a substrate has
been measured using fluorescence images of particle distribution. In this study, deformation of
the cross-sectional plane of a PDMS block was measured by correlating particle image
distributions to validate the particle image strain measurement technique. Deformation was
induced by a cone indentor and a shearing parallel plate. Measured deformations from particle
image distributions were in agreement with the results of a computational structure analysis using
the finite-element method. This study demonstrates that the particle image correlation method
facilitates measurement of deformation of a polymer scaffold in the cross-sectional plane.
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Fig. 1 Schematic diagram of the experimental set up of
the indentation test and pure shear test
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Fig. 2 Three dimensional solid model of the cone and
PDMS block for indentation test
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Fig. 3 Three dimensional solid model of the top plate
and PDMS block for pure shear test
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Table 1 Elastic modulus obtained from the indentation
test of PDMS blocks of various curing agent
concentrations (*denotes the mixture with

particles)
Depth Young’s modulus (kPa)
(mm) 30:1 35:1 40:1 40:1*
0.05 148+4.1 | 88.143.7 | 46.3+6.1 | 52.2+1.0
0.15 133+2.2 | 68.4+1.4 | 34.6+0.5 | 39.1£3.5
0.2 11842.0 | 62.4+2.2 | 27.2+0.2 | 33.3+1.5
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Table 2 Shear modulus obtained from the pure shear test
of PDMS blocks

Shear strain Shear modulus (kPa)
H=5mm H=10mm
0.05 7.29+0.36 7.33+0.34
0.10 7.01 £0.31 6.87 £0.25
0.15 6.88 £0.23 6.73 £0.20
0.2 6.74+0.17 6.66+0.19
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Fig. 4 Measured and simulated maximum indentation
displacements of the indentation test

3.2 fete sl

A ABL oG B BRAFUE o &
sof g AFANA WAL F8 b A4
o A8 A 2 EFY 148 2AYsta, Ay
oAl SA4E 3 7HElixl 3o 14 @S 45
AT male] wEA £A8 WFoR AU,
0.5 mm, 1.0 mm, 2.0 mm &4 A A7FE 33} 73
S48 An #Ag Hd] W] Fig. 4o e}
ook S4dE Hd WE g2 dME Wy gk
7 frAFSHAl e o 93k 1.5 % o]gtol
o] A3t ¢ H¥do=w SHYE HAHAFE o &
& FEes 72 MY Fads vEdn

W Hde ARoA Z4E AdgE AgE

=
9
ul
>
ofo
_O|L

e o Jf

1o fo
o o (L
o o oX

R ol

o

. -1 i X qul
of HulWE AFwkel IAERor k=
9.0 % ool @ A Agoez ZHAHH 3



ok

I USS3(X M 33# H 12 pp.69-75

January 2016 / 73

0.16
@
0.14
~0.12
=
@ 01
|9)
S
G 0.08
L
0.06
0.04 @
0.02 ® @ Experiment
. O FEM
0 1 2 3
Deformation(mm)

Fig. 5 Measured and simulated maximum displacement
of the pure shear test
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Fig. 7 Comparison of the displacement distributions of
finite element analysis (a) and particle image
analysis (b) in the pure shear test
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