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ABSTRACT

Breast cancer remains one of the leading causes of cancer-related deaths among women, with early detection
being the most effective strategy for improving out- comes. One key biomarker for breast cancer is the
alteration in surface heat patterns of the breast, which thermography leverages for detection. A major
advantage of thermography over other imaging techniques is its ability to identify tumours at an early stage.
However, a significant limitation is its reduced sensitivity to deeper tumours due to low thermal contrast. To
address this challenge, we have developed a novel imaging approach, Vibro-Acoustic Thermography, which is
a non-invasive, advanced, and dynamic technique capable of detecting deeper tumours. This method enhances
thermal contrast by using differences in acoustic and mechanical properties between normal and malignant
tissues.

Computational analysis is performed to evaluate its effectiveness in realistic tissue models. Acoustic wave
propagation through tissue is modelled using the Westervelt equation, while the Pennes bioheat equation is
used to determine temperature distribution. Both homogeneous and heterogeneous tissue cases are analysed.
Results show that this technique can increase the temperature in the malignant region by up to 3°C.
Depth-wise analysis indicates that a 3 mm tumour, typically detectable only at a 4 mm depth using
conventional thermography, can now be detected at a depth of up to 10 mm.

The computational findings are validated experimentally using an agar-based tissue phantom, chosen for its
similarity in Young’s modulus to pathologically measured invasive ductal carcinoma. Dual Focused
Ultrasound is used to excite the tissue at its resonant frequency. The experiment also evaluates temperature
changes due to induced vibrations and explores acoustic absorption behaviour within the tissue.

Keywords: Breast cancer, Thermography, vibro-acoustography, Active thermography, Pennes Bioheat
Equation.
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