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The given paper deals with the issue of materials used in the treatment of heart attacks. In more detail it
focuses on individual types of stents and their specific properties. The article describes selected groups
of biocompatible metal-based materials. Our attention is mainly paid to magnesium alloys. The introdu-
ction explains the concept of biocompa-tibility and the distribution of materials according to their biolo-
gical tolerance. In the experiment, we performed an ana-lysis of the chemical composition of individual
metal stents and focused on examining their wear resistance. Since it is too difficult to imitate human
body environment, we opted for corrosion test for the experiment. Stents were exposed to the given con-
centration of the solution and temperature. The time period during which the stents were in solution was

also important. In the final part, we focused on the microscopic evaluation of the surface.
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1 Introduction

When the implant is inserted into a human body,
artificial prosthesis materials significantly affect the re-
sponse of periimplant tissues. The appropriate mate-
rial properties are required for successful implant ac-
ceptance, but it has to be taken into account that the
different materials elicit the different tissue responses
[1].

The alloys of Nitinol, cobalt-chromium and mag-
nesium belong among the most common materials
used in biomedi-cal practice [2]. In particular, the mag-
nesium alloys can be currently included into the pro-
mising materials for implants in living organisms. The
reasons of this fast involve the low density, which is
close to human bone density, biodegradability, bio-
compatibility and low toxicity [3,4]. The density of
magnesium alloys as well as their strength is close to
bone strength [5]. Nowadays, these materials are in the
experimental stage to be used as materials for bone re-
construction and replace-ment of metal cardiovascular
stents [6,7,8,9]. The high corrosion rate, associated
with the generation of large amounts of hydro-gen gas,
represents the problem of magnesium alloys for me-
dical application [10]. The hydrogen, which occurs in
the men-tioned way, forms subcutaneous bubbles du-
ring in-vivo tests. Before designing the suitable con-
struction systems for practice with controlled and ac-
ceptable corrosion, it is necessary to assess the corro-
sion behaviour of alloys. This work deals with the
commonly produced MgZnCu alloy.

Interacting with the body environment, the stent

surfaces may be coated to increase smoothness or
hydrophilicity to prevent leachate from the penetra-
ting into the body. With the increasing anatomical and
morphological complexity of destination areas, the
requirements for technical and performance characte-
ristics of stents have been increased signifi-cantly. The
main deteriorative conditions that avoid the stent pla-
cement (implementation) are the vascular contraction,
tight lesions, diffuse diseases as well as the high degree
of calcification. These individual factors can be com-
bined, result-ing in the increasing of the overall com-
plexity of the cases [11,12,13,14].

2 Experiment

The aim of the work was to analyse the nature of
wear of metal stents, which are used in percutaneous
coronary in-terventions. The stents, made of Mg alloy
and used in medical practice, were the main object of
the research. These metal stents are intended for direct
application into the human body. They are manufactu-
red by a foreign company, where they are subjected to
the highest quality standards.
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The investigation analysis consists of:

e The evaluation of the chemical composition
of materials by the EDS method,

e The calculation of weight loss of samples af-
ter the exposure to the physiological solutions
of different concentration, depending on the
time effect,

e The microscopic evaluation of the surface of
the samples.

Four stents, stent 1, 2, 3, 4 (samples with designa-
tion of No. 1, 2, 3, 4) of the different sizes were used
for the experiment.

2.1 The evaluation of the chemical composition
of materials by the EDS method

Tab. 17 Chenrical composition of sample No.4 (Mg) from the
EDS analysis

El 0

Sample No.4 ements (wt. %)
Mg) Mg O Cu /n

8 51.6 48.0 0.3 0.1

Fig. 2 Image of the EDS analysis

M Map Sum Spectrum
Wt% o
Mg 516
o 480
03
0.1

Fig. 3 Chemical spectrum of elements for sample No. 4

Chemical analysis of the sample No. 4 (stent 4) Fig.
4 is shown in Tab 1., Fig. 5, 6. It is the MgZnCu alloy,
which is characterized by specific mechanical proper-
ties, such as: the high strength, hardness, wear re-
sistance and superplasticity. However, the magnesium
alloy is limited by its poor corrosion resistance. Mag-
nesium corrosion commonly occurs in the most aque-
ous solutions. Due to the low thermodynamic stabi-
lity, the magnesium-based materials react easily with
aqueous solutions and release hydrogen gas.

2.2 Calculation of the weight differences for the
samples after exposure to the saline solution
as a function of time effect

In the second part of the experiment, we have fo-
cused on the determination of the environment effect
on the material, while the given predetermined envi-
ronment is comparable to the environment of the hu-
man body. Under the common conditions, the most
fluids in the human body contain a 0.9% solution of
NaCl and other solutions of trace ions with various
amino acids and soluble proteins, which have pH va-
lues in the range from 7.2 to 7.4 at the temperature of
37 °C and a pressure of 1 atm. As a result of injuty or
surgery, inflammatory processes of the cells may occur
and the pH of the body fluid may drop to 3 or 4 and
therefore, we have chosen more aggressive solutions
for the experiment.

2.3 Experiment procedure

Before immersion into the solution, we had
weighed each sample thoroughly with an analytical
scale. The individual stents were immersed in a solu-
tion with a concentration of 4% NaCl. The tempera-
ture of the solution was chosen to be similar to that of
the human body during the inflammatory process (40
°C). We have ensured a constant temperature throu-
ghout the whole experiment, using the temperature-
adjustable dryer. Each sample was individually immer-
sed into the solution. We have predetermined the time
effect for each sample differently: two, four, six and
eight weeks. Tab. 2 shows the differences in weight
before the beginning of the experiment and after the
end of the experiment.

Percentage differencein weight after exposure to 4% NaCl solution at 40 °C

Mg stent 1 Mg stent 2 Mg stent 3 Mg stent 4

29.87

-36.36

50 47.42
50,94

Fig. 7 Graphical representation of the percentage differences in
weight of samples
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Tab. 18 Weight differences of samples when exposed to 4% NaCl solution

Propor- Time Tempera- In1-t1al Final I?Ifferf:nce Percentage difference
Stents . o weight . in weight . . o
tion [mm] effect ture [°C] [e] weight [g] [e] in weight [%]
Mg stent 1 35x15 2 weeks 40 0.0077 0.0054 -0.0023 -29.87
Mg stent 2 3.0x25 4 weeks 40 0.0110 0.0070 -0.004 -36.36
Mg stent 3 30x15 6 weeks 40 0.0097 0.0051 -0.0046 -47.42
Mg stent 4 3.5x20 8 weeks 40 0.0106 0.0052 -0.0054 -50.94

Based on the results of the immersion test, we have
found that Mg stent samples lost weight even after 2
weeks of exposure to 4% NaCl solution and the per-
centage weight loss was up to 29.87% (see Tab. 2, Fig.
4, 5). Weight loss was not increased in dependence on
the time effect in relation to solution.

Fig. 8 Stent after 2 weeks

2.4 The microscopic evaluation of the sutface of
the samples

One of the investigated stents was selected for
microscopic evaluation, while the effect of time on
this stent was pre-determined for eight weeks. The
sample (stent) was then subjected to microscopic exa-
mination, using VEGA 3 Tescan scanning thermo-
emission electron microscope. Before the microscopic
examination, the sample No. 4 (stent 4) was pre-cisely
cleaned in an ultrasonic cleaner.

Sample No. 4 (stent 4) was observed at 37X 75X
and 350X magnifications before the immersion test
(Fig. 6). In the given figure (Fig. 6), there is the da-
maged surface of the stent observed. The damage was
probably caused by the han-dling of the sample during
its preparation for observation by electron micros-
cope.

The stent after the immersion test can be seen in
the Fig. 7. The material loses its mechanical integrity
gradually as well as it dissolves, and it corresponds to
the characteristic behaviour of resorbable stents. The
disintegration of its struts was uncontrollable because
it could not be endothelialized.

SEM HV: 20.0 kV

b)  Image of stent at 75X magnification

SEMHV: 200KV

View fied: 395 ym
SEM MAG: 350 X

VEGA3 TESCAN

500 ym

Performance in nanospace

¢)  Image of stent at 350X magnification — damage of
the surface

Fig. 9 Sample No. 4 (stent 4) before the immersion test

182

indexced on: btsp:/ [ www.scopus.com



April 2022, 10l. 22, No. 2

MANUFACTURING TECHNOLOGY

ISSN 12713-2489

d)  Image of sample No.4 (stent 4) at 6.5k Xfmzmlz'o
Fig. 10 Image of sample No. 4 (stent 4) after the immersion

3 Conclusion

The given investigation work was focused on the
process of coronary stent wear in the predetermined
environment, which was prepared to simulate the en-
vironment of the human body. The main aim of the
work was to determine the chemical composition of

samples and resistance to the environment under the
influence of various factors. The electron microscopy
was used for determination of the changes in the indi-
vidual samples. For the mentioned analysis, we used
coronary stents, which were provided by a foreign
company. An analysis of the chemical composition
was performed for the individual samples in order to
determine the exact chemical composition of the indi-
vidual stents. The samples were then exposed to saline
solution with the strictly predetermined concentration
and temperature. The time interval for the solution
effect was different.

The bioresorbable magnesium stent gradually loses
its mechanical integrity and dissolves and it is charac-
teristic fea-ture of a given type of material. Therefore,
the corrosion of the magnesium implant has to be
controlled and it has to be carried out at a suitable
speed. The speed is not allowed to be high because if
it is too high, the implant can be decom-posed before
it fulfils its function. On the other side, the given
speed is not allowed to be low because if it is too low,
the growth of the tissue can delayed or reduced. The
optimal rate of implant decomposition approximately
corresponds to the growth rate of new tissue (equi-
librium). The rate of degradation of magnesium alloys
represents the problem for further developments and
research in the field of magnesium alloys.
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