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Abstract— We developed a novel mathematical model to
study the mechanical properties of endovascular stents in their
expanded state. The model is based on the one-dimensional
theory of slender curved rods. Stent struts are modeled as
linearly elastic curved rods that satisfy the kinematic and
dynamic contact conditions at the vertices where the struts
meet. A Finite Element Method for a numerical computation
of its solution was developed and used to study mechanical
properties of two commonly used coronary stents (Palmaz-like
and Xience-like stent) in their expanded, fractured state. A
simple fracture (separation), corresponding to one stent strut
being disconnected from one vertex in a stent, was considered.
Our results show a drastic difference in the response of the two
stents to the physiologically reasonable uniform compression
and bending forces. In particular, deformation of a fractured
Xience-like stent (with one strut separated from one vertex)
is significantly larger than that of a fractured Palmaz-like
stent when exposed to uniform compression and bending. This
presents conditions which may be a precursor for the clinically
observed complications associated with in-stent thrombosis and
in-stent restenosis of fractured coronary stents.

1. METHODS

Mathematical and computer modeling of endovascular
stents is an efficient way to improve their design and per-
formance [1-11]. Currently available computational tools in-
clude ”off the shelf,” commercial software which is based on
various three-dimensional Finite Element Method structure
approximations of stent struts that form a three-dimensional
stent mesh. Accurate, three-dimensional approximation of
stents is often computationally very expensive in terms of
time and memory requirements. This is why we developed
a novel mathematical and computational algorithm which
approximates three-dimensional stents as a mesh of one-
dimensional, elastic curved rods [12].

Stent struts were modeled as linearly elastic, slender
curved rods that satisfy the kinematic and dynamic contact
conditions at the vertices where the struts meet. A weak
formulation for the stent problem was defined and a Finite
Element Method (FEM) for a numerical computation of its
solution was developed in [12]. The resulting FEM algorithm
is incomparably simpler and faster than any corresponding
three-dimensional solver, thereby enabling simulations of
a large number of stent configurations in a short time.
We have been working with frames consisting of 100-250
vertices, giving rise to matrices of the discretized system of
differential equations which are of dimension up to 2000.
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The time to solve the problem for one stent configuration
numerically varied from 0.3 to 5 seconds on a server with
one Intel Xeon 3.00 GHz processor and 2GB of RAM. This
is to be compared to the three-dimensional FEM simulations
which require at least one day for a numerical simulation of
one stent configuration.

Using this algorithm, we studied elastic deformation of
stents in their expanded state, exposed to the physiolog-
ically reasonable pressure loads of 0.5 atm [12] causing
compression, expansion and bending. In particular, in this
work we compared the mechanical response to compression
and bending of two commonly used coronary stents: a
Palmaz-like stent and a Xience-like stent, shown in Figure 1.

Fig. 1.

The figure shows photographs of Xience stent by Abbott
(left) and Palmaz stent by Cordis (right).

Furthermore, a fracture (separation) was introduced prior
to the computer simulations, corresponding to a separation
of one stent strut from one vertex in the stent frame. Stent
fractures and separation of coronary stent components are
relatively rare (although fracture of stents used in larger
arteries such as those of the legs, are more common) but they
cause potentially serious complications of coronary artery
stenting [13], [14]. Patients whose coronary stents suffer
from stent fracture may present non-specific symptoms of
angina as a result of restenosis or in-stent thrombosis, or both
[14], [13]. In order to insure proper recognition and treatment
of this problem, physicians must be aware of its existence
and of the stent behavior under these circumstances [15]. In
this manuscript we present a few scenarios that shed light
on the mechanical behavior of two commonly used coronary
stents under the assumption of a disconnection of one of the
struts in the stent frame. The following is a short summmary
of the results.
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Fig. 2. The figure shows numerical simulation of a non-fractured
Xience-like stent (top) and Palmaz-like stent (bottom) exposed to
the same bending forces. Stent struts are colored based on the
magnitude of contact moment. Much higher bending rigidity can
be observed in the Palmaz-like stent (bottom).

II. RESULTS

Drastic differences between the mechanical responses to
uniform compression and bending of the Xience-like stent
and of the Palmaz-like stent were detected:

1. Palmaz-like stent is much stiffer than a Xience-like stent
both under uniform compression and under bending force,
see Figure 2. This, in turn, implies less deformation of a
fractured Palmaz-like stent than the Xience-like stent, as
shown in Figure 3,

2. Large contact moments in the fractured Xience-like stent
introduced by a disconnection of a strut from the stent frame
were observed (see Figure 3), providing potential for further
stent fractures and component separation.
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Fig. 3. The figure shows numerical simulation of a fractured
Xience-like stent (top) and Palmaz-like stent (bottom) exposed to
the same bending forces. The disconnected vertex lies at the bottom
center of each stent (denoted by the black dot in the Palmaz-like
stent at the bottom panel).

3. Disconnection of a horizontally placed strut in a Xience-
like stent may lead to catastrophic deformation, as shown in
Figure 3 (top), when such a stent is located in a tortuous

(curved) geometry, such as, for example, the one shown in
Figure 4, which is a typical application of Xience-like stents.

Fig. 4. Blockage in a right coronary artery at bending point which
requires stenting with a flexible stent that conforms to the artery
morphology.

4. Disconnection of any one strut in a Xience-like stent
causes protrusion of a stent strut into the lumen of a stented
artery by around 30% of its expanded radius, providing an
environment that promotes coronary in-stent thrombosis and
restenosis as clinically observed in [13], [14]. See Figure 5.
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Fig. 5. The figure shows numerical simulation of a fractured
Xience-like stent under uniform pressure load, viewed from two
different angles. Stent struts are colored based on the magnitude of
the radial displacement. The circles on the figure denote the points
corresponding to the fractured vertex of a stent. Under the uniform
radially applied pressure load, the disconnected strut, shown in blue,
protrudes into the lumen by around 30% of its reference radius,
causing high potential for the clinically observed complications
associated with in-stent thrombosis and in-stent restenosis [14],
[15].

5. Disconnection of a diagonally-placed strut in a Xience-
like stent causes visible bending of the stent even when the
stent is exposed to uniform compression forces.

III. CONCLUSIONS

We have developed and used a novel, simple, fast and
efficient FEM-based computational software, to study the
mechanical properties of endovascular stents in their ex-
panded state. In this work we used this software to study the
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mechanical response of a Xience-like stent and a Palmaz-
like stent with a simple fracture (separation of one stent
strut from one vertex) under physiologically relevant uni-
form pressure loads and bending. Both stents have been
widely used in clinical practice, with the Xience-like stents
now capturing over 50% of the market for coronary artery
stenting [16]. Our numerical results showed that Xience-
like stents are much softer than Palmaz-like stents, which
correlates with clinical experience. As a consequence, our
numerical simulations showed that deformation of a fractured
Xience-like stent (with one strut separated from one vertex)
is significantly larger than the deformation of a fractured
Palmaz-like stent when exposed to uniform compression
and bending. Although fractures and separation of coronary
stent components are relatively rare, they couase potentially
serious complication of coronary artery stenting. The kind
of deformation of a fractured Xience-like stent shown in
our study (see Figures 3 and 5) presents conditions which
may be a precursor for the clinically observed complications
associated with in-stent thrombosis and in-stent restenosis of
fractured coronary stents [14], [15].
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