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Temperature dependence of complex shear modulus in porcine liver
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Abstract Elasticity is an important parameter in medical diagnosis. The values of shear modulus in soft tissues are
required especially at high temperatures, which provide fundamental data for monitoring temperature of ablated tissues in
HIFU or radio-frequency ablation method. We measured surface-wave velocity and absorption in the frequency range of
200-500 Hz in porcine liver at temperatures of 21, 37, 49 and 59 °C. Shear elasticity (real part of shear modulus) and shear
viscosity were obtained from the frequency dependences of the velocity and absorption on the basis of the viscoelastic Voigt
model. The values of shear elasticity and viscosity obtained are 1.4 - 6 kPa, 2.5 - 24 Pa-s, respectively. These values
increase rapidly above 50 °C, which may be caused by collagen denaturation.
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Fig.1. Experimental set up. A liver sample is
immersed in a thermally-controlled water bath.
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Fig.2. Surface wave velocity as a function of
frequency at 21, 37, 49 and 59 °C. The solid and
dashed lines are fitted curves of eq.(5) providing
the values of shear modulus G; and viscosity 7 .
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Fig.3. Surface wave absorption as a function of
frequency at 21, 37, 49 and 59 °C. The solid and
dashed lines are fitted curves of eq.(6) providing
the values of shear modulus G, and viscosity 7 .

Table 1. Shear elasticity and viscosity in porcine
liver at four different temperatures.

Temperature | Shear elasticity | Viscosity
0 (kPa) (Pa-s)

21 1.4 2.5

37 2.2 4.8

49 3.3 6.4

59 4.5 19
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Fig.4. Temperature dependences of the shear

modulus, denoted by solid circles, and viscosity,
denoted by triangles, which were obtained from the
surface-wave velocity and absorption.
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