
Accepted Manuscript

Comparison of Aneurysmal and Non-pathologic Human
Ascending Aortic Tissue in Shear

Henry W. Haslach, Jenna Gipple, Bradley Taylor, Joseph Rabin

PII: S0268-0033(18)30558-8
DOI: doi:10.1016/j.clinbiomech.2018.07.002
Reference: JCLB 4566

To appear in: Clinical Biomechanics

Received date: 6 December 2017
Accepted date: 2 July 2018

Please cite this article as: Henry W. Haslach, Jenna Gipple, Bradley Taylor, Joseph Rabin
, Comparison of Aneurysmal and Non-pathologic Human Ascending Aortic Tissue in
Shear. Jclb (2018), doi:10.1016/j.clinbiomech.2018.07.002

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 proof before
it is published in its final 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.

https://doi.org/10.1016/j.clinbiomech.2018.07.002
https://doi.org/10.1016/j.clinbiomech.2018.07.002


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

Comparison of Aneurysmal and Non-pathologic Human
Ascending Aortic Tissue in Shear

Henry W. Haslach, Jr.1, Jenna Gipple1, Bradley Taylor3, and Joseph Rabin2

1 Department of Mechanical Engineering
University of Maryland, College Park, MD 20742, USA

2 R. Adams Cowley Shock Trauma Center,
University of Maryland School of Medicine, Baltimore, MD USA

3 Division of Cardiac Surgery, University of Maryland School of Medicine, Baltimore MD USA

Abstract

Background: The mechanical properties of the aorta may provide some guidance to cardiovascular surgeons

treating aortic disease. While tensile tests are traditional, recent work suggests that shear is important in aor-

tic dissection. Characterizing the differences or similarities in the mechanical shear stress response of non-

pathologic human ascending aortic tissue and of tissue that has remodeled to become aneurysmal contributes

to understanding the differences in behavior of the two tissues.

Methods: Fresh non-pathological and aneurysmal tissue acquired from the operating room is deformed in trans-

lational shear at approximately physiological rates to 67% deformation followed by stress relaxation to allow

comparison of their mechanical behavior. Aneurysmal tissue is tested at 1 mm/s or 12 mm/s and normal tissue

at 12 mm/s. The deformation is either in the circumferential or longitudinal direction for a total of 48 specimens.

Findings: The shear response at 12 mm/s in non-pathological and aneurysmal tissue is similar in the circum-

ferential direction but different in the longitudinal direction. Tissue type accounts for up to 30% of the variation

in the longitudinal direction. The aneurysmal tissue response is rate-dependent. Both tissues exhibit significant

shear stress relaxation.

Interpretation: Remodeling to create the aneurysm modifies the bond strength between collagen fibers and

the extracellular matrix. The time-dependent response is probably due to interstitial fluid behavior. Thoracic sur-

geons must use caution in applying aortic stress values in the literature because they depend on the deformation

rate.
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