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ABSTRACT

The aorta is an elastic conduit for blood flow where many cardiovascular
diseases caused by structural changes often occur. One of the implications of the
structural changes is the change in mechanical properties of the blood vessel. This
research, therefore, aims to construct constitutive equations for three dimensional
stress and strain relationship model of aortic vessel and to predict stress and strain
distribution in aortic vessel wall. Constitutive equations are constructed while the
aortic vessel is subjected by blood flow along cardiac cycle. Aortic vessel, which is
deformed by combined load of inflation and extension, is considered using strain
energy function relevant with three dimensional material parameters. Luminal
pressure from the model based on displacement data in vivo non-invasive aortic vessel
imaging technique in mouse is validated to luminal pressure from experiment.

Experimental data are supported by the Ultrasound and Elasticity Imaging



Laboratory (UEIL), Department of Biomedical Engineering and Radiology, Columbia
University, New York, USA.

In experiments with five healthy mice, luminal pressure acted to inside wall is
cause of wall movement and local aortic diameters can be obtained from cross-
correlation technique on the ultrasound signal. Continuum mechanics is used as an
approach to the results. Geometry of the vascular wall is modeled as cylindrical thick
wall tube consisted of three layers corresponding to intima, media and adventitia.
Constitutive equation of fiber reinforcement is used for each layer to representing
nonlinear elastic behavior of the aorta and nonlinear lease square method is used to
estimate relevant parameters. This developed model is then examined by comparing
dependences from the model to dependences from previous studies. This new
mechanical modeling is extended to use with human data and then used to predict
arterial failure affected by luminal pressure. The arterial wall is considered as thick-
wall three-dimension five-concentric axisymmetric layer straight circular cylindrical
nonlinear elastic tube under combined extension and inflation. Constitutive equation
of fiber-reinforced material is employed for three major layers of intima, media and
adventitia and constitutive equation of isotropic material is employed for other two
layers of endothelium and internal elastic lamina. Relevant parameters for each layer
are obtained by using nonlinear least square method fitted to in vivo non-invasive
experimental data on human aorta.

The predictions from our computational program are compared with previous
studies and good agreements are obtained with square of correlation coefficient more
than 0.99 for all cases. Results from mechanical modeling based on experimental of

mice, root of minimizes function of mean square error of pressures used to represent



Xi

the consistent of the model and experiment are good obtained by value of 0.5087 kPa.
Sets of relevant parameters are ensured by using minimum energy function. The
stresses and strains distributions can be predicted by this modeling. Results from
mechanical modeling based on experimental of human, parameters could be precisely
obtained with root of minimizes function of mean square error of pressures of 0.5631
kPa. Local stresses and strains distribution across deformed arterial wall could be
illustrated, and consequently the rupture area could be predicted by varying luminal
pressure in physiological range and beyond. The effect of pressure to arterial failure
has been interpreted based on this new developed three-dimension multilayer arterial
wall model. Practically, the present three-dimension multilayer model based on in
vivo non-invasive data is shown to be as an implement to predict stresses and strains
distributions and consequently to predict model initiated and propagated rupture area

of the arterial wall.



