
Introduction

The miniinvasive implantation of stents or stentgrafts
for various indications is a very quickly developed sophisti-
cated trend in medicine (1,2). These methods are used for
correction of aneurysms or stenosis in the cardiovascular
system, for correction of limited passage in the digestive
system, in the urinary tract or in the biliary duct. The mini-
mal traumatization of the patient, the improvement of the
life comfort, shorten of the patient’s stay in the hospital are
the typical advantages of these methods. But on the oppo-
site side also some disadvantages can occur, typically the le-
akage or the shift of stent, limited chemical resistance of
the materials of the stents. We suppose that the main rea-
son of these problems is that the mechanical properties, di-
mension and the dynamical properties of the stent do not
correspond to the properties of the vessel or generally of
tissue where this stent is implanted. That is the reason, why
we want to identify and to describe these relations between
the mechanical properties of stents and tissues. Our origi-
nally developed device for measurement of mechanical pro-
perties of stents or vessels and results of measurements of
selfexpandable Nitinol stents and short reference to their
chemical resistance are described in this paper.

Chemical resistance

The stents are designed for the long time implantation
so that the chemical interaction with the inner environment

of the human body is expected. This long time interaction
(at least 10 years) is substituted by experiments that simu-
late the expected corrosion in the real time. The electro
chemical degradation tests (according to ISO/DIS 10993–
15/2000) were applied for the evaluation of the resistance
of Nitinol and steel wires, the typical material for the con-
struction of stents. The special solution of electrolytes si-
mulates the inner environment of the body, in our case the
blood plasma+oxygen, but also the artificial saliva can be
used. The level of corrosion of different material is given in
the figures 1 (laboratories of Technical University of Ostra-
va). There are many parameters that characterize the che-
mical resistance of materials but the pictures are the most
illustrative for the first information. Results show the diffe-
rent corrosion level of tested material that depends not only
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Fig. 1: Wire in the artificial plasma (exposition 160 min.).



on the chemical composition and the surface protection but
also on the technology of processing that can be different
according to the producer.

Measuring system

The developed original measuring system allows mea-
surement of mechanical properties of stents, measurement
of strain-stress curves or simulation of radial and axial de-
formation. We designed two arrangements of measuring
systems, the measurement of the stent response to the
axial and to the radial deformation. In case of radial defor-
mation the device consists of hermetically closed plastic
glass vessel in which the stent is placed in the distilled water
or in the air. The stent is joined to the system of the tubes
with the valves. The temperature of water can be held on
constant value or its course can by defined by using the
accurate thermostat with cooling for fast response. The tubes
can be closed or opened by the valves so that the defined
pressure of peristaltic pump affects the wall of stent. The
expansion and the compression of the stent can be simu-
lated in this way. Pressure course and corresponding change
of stent radius are on-line measured by the probes con-
nected to the computer. The original contactless method of
measurement of the stent radius is based on the on-line pro-
cessing of the digitalized image from the video camera
(Topica TP 606D/3) by using the NI program. The axial
prolongation of the stent is measured by the accurate linear
potentiometer (position sensor) that is directly bounded
with the screw of the positioning system that is used for
longitudinal deformation. The axial force for longitudinal
deformation is measured by the dynamometer that is con-
nected directly to the positioning device. All measurements
are on line controlled and processed by the LabVIEW soft-
ware and hardware platform. The schematic diagrams of
the measuring system in the arrangement for the measure-
ment of radial forces, dynamic measurement and simula-

tion and in the arrangement for axial (longitudinal) forces
measurement are given in the figures 2.

Method of measurement

The mechanical response of selfexpandable spiral
Nitinol stents of the same design and different geometry
was compared. The spiral stents are knitted from one Niti-
nol wire and can be described as a set of horizontally and
vertically shifted spirals (springs). Measured stents differ in
the diameter of Nitinol wire and in the rising of the wind-
ing. Number of single left and right spirals (number of the
left and the right arms of stent) is common. We measured
and compared stents, which differed only in one from above
mentioned two parameters. From the practical point of
view it is technically simpler to generate the axial force for
deformation of stent instead of the radial force. It is very
important from this reason to know the relation between
the effect of radial and axial forces. We suppose for mea-
surement that the result deformation doesn’t depend on the
type of functioning force (axial or radial) or that the rela-
tion between radial and axial forces effect is exactly given.
This assumption we can verify experimentally by measure-
ment of both arrangements of measuring device (see figure
2). All parameters of stents (diameter, length, temperature,
axial force) are measured on-line simultaneously and re-
peatedly with given sampling frequency (typically 1 s). Niti-
nol stent follows some properties, which correspond with
the exclusive behavior of Nitinol, especially its superelasti-
city (3). Nitinol can exist in two phases, soft martensite for
the lower temperature and hard austenite for the higher
temperature. The temperature of transformation is given
not only by the composition but also by the stress of stent.
We must also study the relation between the strain-stress
curves course and temperature from these reasons. All me-
asurements were done for the laboratory and the body tem-
perature.
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Fig. 2: Measuring system (a – arrangement for measurement of deformation by radial force, b – arrangement for measu-
rement of deformation by axial force).



Results of measurement

We compared the results of measurement of Nitinol
stents with these parameters:

Diameter of Nitinol wire: 0.2 and 0.18 mm
Number of left and right arms of stents: 12 left arms +

12 right arms (arm = single spiral)
Rising of winding: 25 mm and 28 mm (distance betwe-

en successive coils of the single spring)
Geometry of stents: diameter 16 mm, length 72 mm or

diameter 12 mm, length 77 mm
Temperature of environment: laboratory temperature

(approx. 20 oC) and body temperature 37 oC
We combined for measurements pairs of stents that differ

only in one parameter, in diameter of Nitinol wire or in the
rising of windings. Absolute value of diameter and length of
the stents are not important because the deformation of the
stent can be expressed as the relative change of the original
size. The figure 3 illustrates the effect of axial force to the
radial deformation of the stents with different diameter of
Nitinol wire. The figure 4 illustrates the same type of de-

formation for two stents with different rising of windings.
The figure 5 illustrates the relative radial deformation of the
stent caused by the radial force (outside pressure) and at
last the figure 6 describes the influence of the temperature
to the radial and axial deformation of stent.

Conclusion

The originally developed measuring system and me-
thodology were successfully tested for measurement of
mechanical properties of Nitinol selfexpandable stents. Sys-
tem allows according to its arrangement the generation of
defined course of axial and radial forces functioning to the
stent or biological system. The set of sensors and probes
allows the accurate contactless measurement of strain; it
means the radial and the axial deformation of stressed sys-
tem. The experiments cleared some mechanical characte-
ristics of tested stents and also confirmed the theoretical
assumptions concerning the relation between the geometry
and the construction of stent and its mechanical perfor-
mance. For instance the relation between the radius and
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Fig. 3: Strain-stress curves of Nitinol stent for different wire
diameter. The effect of axial force to radial deformation is
illustrated.

Fig. 4: Strain-stress curves of Nitinol wire for different ri-
sing of windings. The effect of axial force to radial defor-
mation is illustrated.

Fig. 5: Strain-stress curve of Nitinol stent. Effect of radial
force (pressure) to radial deformation is illustrated.

Fig. 6: Strain-stress curve of Nitinol stent. Effect of the tem-
perature to the radial and axial deformation is illustrated.



length changes enables us to estimate exactly the real length
of stent after its pushing out from the delivery system and
its expansion into the vessel. The measurements also con-
firmed theoretical assumption (4,5) that the suitable choi-
ce of the diameter of wire is the best way of setting of
required rigidity of the stent because the spring stiffness is
directly proportional to fourth power of the diameter of
the wire. It is necessary to accent on the opposite side that
the diameter of the wire limits minimal size of the delivery
system.
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