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Temperature- dependent dielectric properties of biological tissues at Larmor frequencies in
magnetic resonance imaging
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Abstract: In recent years, the application of magnetic resonance imaging (MRI) in biomedical field is more and more
extensive. Among them, the MRI- guided and thermometry- monitoring of tumor thermal ablation is promising. When the
tumors are treated by high energy in thermal ablation, the temperature gradient will be formed inside the human body. Because
the dielectric properties are temperature- dependent, the formed temperature gradient will change the dielectric properties
distribution of human tissues, resulting in the alteration of the MR electromagnetic field inside the human body, which will
directly influence the quality of MRI and thermometry- monitoring. Meanwhile, the dielectric properties are frequency-
dependent, so the research on the dielectric properties varying with temperature at different Larmor frequencies is meaningful
for the further study of MRI-guided thermal ablation of tumors. However, the research on the temperature-dependent dielectric
properties of tissues at various Larmor frequencies has not been reported. In this paper, open-ended coaxial transmission line
method was used to measure the temperature-dependent dielectric properties of porcine liver and bladder at 42.58 MHz (1 T),
64 MHz (1.5 T), 128 MHz (3 T), 170 MHz (4 T), 298 MHz (7 T), 400 MHz (9 T), and 468 MHz (11 T). The obtained data
could be used in further research.

Key words: magnetic resonance; tumor thermal ablation; open- ended coaxial transmission line method; temperature-
dependent dielectric properties; Larmor frequency
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Tab.1 Maxima standard uncertainties of dielectric constant and conductivity of porcine liver and bladder

Larmor frequencies(MHZ)

Tissue Maxima of standard uncertainties of ¢ & o 4258 64 128 170 208 400 468
Liver £ (%) 2.75 2.48 1.74 291 2.92 2.73 2.73
a(%) 3.65 3.39 2.96 2.76 2.36 212 2.01
Bladder &(%) 2.73 2.48 2.32 2.35 2.39 2.50 2.33
o(%) 7.64 7.04 5.85 5.57 4.84 4.44 421
2 R =45 CRISERTRE R N R4S RS R M U
Tab.2 Frequency—dependent dielectric properties of porcine liver and bladder at 45 °C
Frequency (MHz)
42.58 64 170 298 400 468

Dielectric constant * 121-125 94-97 62-65 54-56 50-53 50-52
Conductivity*® (S/m) 0.55-0.57 0.60-0.62 0.70-0.72 0.71-0.73 0.79-0.81 0.83-0.85 0.87-0.88

Dielectric constant ® 117-123 92-96 65-68 58-61 56-58 55-58
Conductivity °(S/m) 0.87-0.88 0.90-0.91 0.97-0.98 0.99-1.01 1.03-1.04 1.04-1.07 1.07-1.09

Note: Data a was from porcine liver and Data b was from porcine bladder.
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