L 2023 CMBEC45
Vancouver, B.C.

cmBes/scee May 16-18, 2023

Shear modulus and incompressibility imaging using quasi-static elastography
Matthew Caius?, Abbas Samanil23
1School of Biomedical Engineering, Western University, London, Ontario, Canada
2Department of Medical Biophysics, Western University, London, Ontario, Canada
3Imaging Research Laboratories, Robarts Research Institute, London, Ontario, Canada

I. INTRODUCTION

Breast cancer is one of the most common cancers,
representing 25% of all new cancers and 13% of all cancer
related deathsin Canadianwomen [1]. Early detection before
treatment of breast cancer is paramountassurvivalrates de-
crease significantly over time. Some of the most common di-
agnostic and screening proceduresinclude breast MRI, mam-
mography, and manual examination. These methods are
either too costly or have difficulty detecting or differentiating
malignant tumors from benign ones without a follow-up bi-
opsy. One technique that has shown a potential to minimize
the number of biopsy casesis ultrasound elastography (USE),
which images the breast stiffness which is known to be sub-
stantially different for normal and pathological tissue [2].

Currently, the images produced by USE tend to be
of low quality, plagued by noise and distortions due to the
nature of ultrasound, inconsistent mechanical stimulation by
the operator,and otherinconsistencies in acquisition or tissue
structure. We have developed new real-time techniques
aimed at improving the data quality by enforcing known
physical properties [3]. This work aims at developing a
method by which the Young’s modulus, shear modulus, and
Poisson’s ratio are simultaneously reconstructed.

11.PROPOSED METHODS

The reconstruction algorithms follow an iterative
technique that includes stress calculation based on Hooke’s
law where both axial and lateral strains are utilized for the
Young’s Modulus reconstruction. The resulting stress fields
were then used to calculate the shear modulus by taking the
ratio between the shear stress and experimentally measured
shearstrain field. The Poisson’s ratio was then calculated us-
ing the relationship between the shear modulusand young’s
modulus. These techniques were validated on an in-silico
phantom study of a cancerous lesion with a highly incom-
pressible periphery. Then, the method was tested on clinical
data of cancerous breast lesions.

I11. RESULTS

Measured by their high signal-to-noise ratio and contrast-
to-noise ratio, the results of both in-silico and clinical cases
show that, the reconstructed images of Young’s modulus,
shear modulus and Poisson’s ratio are of high quality. Each
image shows some unique featuresthat can be used as cancer
biological signatures. For example, while the Young’s mod-
ulus measurestissue stiffness the shear moduluscan be used
to assess bonding between adjacenttypesof tissue. The latter
shows a difference in shearmodulus atthe outline of benign
or malignant lesions despite similar Young’s Moduli.

IV.CONCLUSION

The investigation shows promising capability of the
proposed algorithms to produce high quality images of tissue
Young’s modulus, shear modulus and Poisson’s ratio that
showed complementary features that can be fused for accu-
rate breast cancer diagnosis. Further investigation is neces-
sary to measure the method’s sensitivity and specificity.
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