Author’s Accepted Manuscript

Correlation between stress drop and applied strain
as a biomarker for tumor detection

Yichao Yang, Siqi Guo, Zhili Hao

PIIL: S1751-6161(18)30821-X
DOI: https://doi.org/10.1016/j.jmbbm.2018.07.023
Reference: JMBBM2891

To appear in:  Journal of the Mechanical Behavior of Biomedical Materials

Received date: 25 May 2018
Revised date: 4 July 2018
Accepted date: 15 July 2018

Cite this article as: Yichao Yang, Siqi Guo and Zhili Hao, Correlation between
stress drop and applied strain as a biomarker for tumor detection, Journal of the

Mechanical Behavior of Biomedical Materials,
https://doi.org/10.1016/j.jmbbm.2018.07.023

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/jmbbm
https://doi.org/10.1016/j.jmbbm.2018.07.023
https://doi.org/10.1016/j.jmbbm.2018.07.023

Correlation between stress drop and applied strain as a biomarker for tumor detection

Yichao Yang®", Sigi Guo®, Zhili Hao®
®Department of Mechanical and Aerospace Engineering, Old Dominion University, Norfolk, VA 23529, USA
bCenter of BioElectrics, Old Dominion University, Norfolk, VA 23529, USA

Email addresses: yyang007@odu.edu (Yichao Yang)
s2guo@odu.edu (Siqi Guo)
zlhao@odu.edu (Zhili Hao)

*Corresponding author at: 2381 Kaufman Hall, Department of Mechanical and Aerospace Engineering,
Old Dominion University, Norfolk, VA 23529, USA. Tel: +1(757)683-6734

Abstract

This is the first study to measure the viscoelastic behavior of tumor tissues using stepwise compression-relaxation
testing, and investigate the measured (Ac-¢) relation between stress drop (Ac) and applied strain (&) as a biomarker
for tumor detection. Stepwise compression-relaxation testing was implemented via a 2D tactile sensor to measure
stress drop at each applied strain of a sample. Pearson correlation analysis was conducted to quantify the measured
Ac-¢ relation as slope of stress drop versus applied strain (m=Ac/e) and coefficient of determination (R?). The
measured results on soft materials revealed no dependency of coefficient of determination on the testing parameters
and dependency of slope on them. Three groups of tissues: five mouse breast tumor (BT) tissues ex vivo, two mouse
pancreatic tumor (PT) tissues in vivo and six normal tissues, were measured by using different testing parameters.
Coefficient of determination was found to show significant difference among the center, edge and outside sites of all
the BT tissues, and no difference between the BT outside sites and the normal tissues. Coefficient of determination
also revealed significant difference between before and after treatment of the PT tissues, and no difference between
the PT tissues after treatment and the normal tissues. Moreover, coefficient of determination of the PT tissues before
treatment was found to be significantly different from that of the BT center sites, but slope failed to capture their
difference. Dummy tumors made of silicon rubbers were found to behave differently from the native tumors. By
removing the need of fitting the time-dependent data with a viscoelastic model, this study offered a time-efficient
solution to quantifying the viscosity for tumor detection.
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