
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ENGINEERING SCIENCES (SCI)

LICENTIATE THESIS IN
STOCKHOLM, SWEDEN 2006

Computer Aided An-
gioplasty

Patient-specific arterial modeling
and smooth 3D contact analysis of
the stent-balloon-artery interaction

DIMITRIOS KIOUSIS

Academic Dissertation which, with due permission of the KTH
Royal Institute of Technology, is submitted for public defence for the
Licentiate in Technology on Friday the 26th January 2007, at 10:15
a.m. in 2, D, Lindstedtsvägen 5, KTH, Stockholm.



Trita-HFL. Rapport/ Institutionen för hållfasthetslära, KTH 0428 | ISSN 1654-1472
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4263

Abstract

Paper A: In this paper, the development and implementation of a contact
algorithm based on C2-continuous surface representations is discussed. In 3D
contact simulations involving models with arbitrarily curved surfaces (as in
the case of vessel walls), the discretization of the contact surfaces by means
of facet-based techniques could lead to numerical instabilities and finally loss
of quadratic convergence. These instabilities arise mainly due to the sliding
of contractor (slave) nodes over the boundaries of target (master) contact
facets, where jumps of the normal vector are experienced. The paper addresses
successfully this problem, by discretization of the target surfaces by means of
C2-continuous parameterization schemes. Initially, the uniform cubic B-spline
surfaces are introduced. Next, in an attempt for more accurate representations
of the geometric models of the contact surfaces, a new parameterization based
on the expression of cubic B-splines is developed. The two approaches are
implemented into a finite element framework and more specifically, into the
multipurpose finite element analysis program FEAP. The special merits of the
developed algorithms and the advantages of the smooth surfaces over facet-
based approaches are exhibited through a classical contact mechanics problem,
considering incompressibility, finite deformations and large slidings. Next, a
simulation of balloon angioplasty with stenting is presented, where the contact
between both medical devices (balloon and stent) with the arterial wall is
modeled. The arterial wall is modeled in this first approach, as hyperelastic,
homogeneous, isotropic, while a cylindrically orthotropic model is developed
to capture the nonlinear, anisotropic behavior of the balloon catheter under
pressure. Two stents with the same geometry but different strut thickness, are
studied. Both are considered elasto-plastic. The performed simulations point
out the outcome of the balloon angioplasty and stenting in terms of luminal
gain and mechanical strains. Finally, a comparison between the two stent
configurations is presented.

Paper B: The second paper makes use of the contact tool developed in
Paper A and focuses on the changes of the mechanical environment of the
arterial wall due to stenting, as a function of a set of stent design parameters.
In particular, Paper B presents a detailed geometric and material model of a
postmortem human iliac artery, composed by distinct tissue components, each
associated with specific mechanical properties. The constitutive formulation for
the artery considers anisotropic, highly nonlinear mechanical characteristics
under supraphysiological loadings. The material and structural parameters
of the arterial model are obtained through uniaxial tensile tests on stripes
extracted from the several arterial tissues that form the stenosis, axially and
circumferentially oriented. Through cooperation with a well-established
stent manufacturing company, an iliac stent was acquired. The dimensions
of the stent are measured under a reflected-light microscope, while it is
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parameterized in such a way as to enable new designs to be simply generated
through variations of its geometric parameters. The 3D balloon-stent-artery
interaction is simulated by making use of the smooth contact surfaces with
C2-continuity, as previously mentioned. Next, scalar quantities attempt to
characterize the arterial wall changes after stenting, in form of contact forces
induced by the stent struts, stresses within the individual components and
luminal change. These numerically derived quantities allow the determination
of the most appropriate stent configuration for an individual stenosis.
Therefore, the proposed methodology has the potential to provide a scientific
basis for optimizing treatment procedures, stent material and geometries on a
patient-specific level.
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