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Abstract. Materials for otolaryngological stents have to
be characterized by good tensile strength, wear resistance,
biocompatibility, and specific degradation time. This work
aimed to synthesize polyurethanes based on various
biodegradable polyol blends. Their biodegradability and
mechanical properties were tested and compared to
commercial BIOFLEX material.
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1. Introduction

The first application of the bioresorbable vascular
scaffold was carried out about 20 years ago for the
treatment of narrowing in the blood vessels of the lower
extremities. Bioresorbable stents are designed to clear a
clogged vessel, release the drug substance, and restore the
proper functioning of the damaged tissue segment, after
which it undergoes absorption (slow degradation). Stents
are also used in the treatment of otolaryngological dise-
ases, such as thrombosis of the cerebral venous sinuses or
chronic nosebleeds.'

An important aspect is that the stent as well as the
products resulting from its degradation in human body
fluids were biocompatible. A group of synthetic polymers,
including polyurethanes, has proven to be a suitable can-
didate for a bioresorbable stent material. Biodegradable
macromolecular compounds are characterized by good
tensile strength and wear resistance, they do not interact
with the organism, and most importantly, their modi-
fications make it possible to obtain polyurethane with a
specific degradation time. These features contributed to
the growing interest in this material and the possibility of
using it in the production of biodegradable stents.”
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The research focused on the synthesis and cha-
racterization of polyurethanes suitable for usage as
otolaryngological stents using commercially available
substrates. Their mechanical properties were characterized
and compared with the use of various research techniques,
and the degradation time of the obtained polyurethanes in
solutions stimulating human body fluids was investigated.

2. Experimental

2.1. Synthesis

Polyurethanes (PUR) were synthesized using a
two-step reaction. The example synthesis scheme: The
urethane prepolymer (8 wt % of free isocyanate groups)
was obtained in the reaction of poly(e-caprolactone) with
1,6-hexamethylene diisocyanate (HDI, Sigma Aldrich,
Poznan, Poland) in a three-necked glass reactor. Polyol
was first degassed and dehydrated for 3 h at 353 K.
Hexamethylenediisocyanate (HDI, Sigma Aldrich Che-
mistry, Poland) was added to the reactor and a prepoly-
merization reaction was carried out at 353 K for 3 h. As a
result of this process, a urethane prepolymer, called pre-
PUR PCL, was obtained with 6.19 % of unreacted NCO
groups. In the second stage, the prepolymer at 353 K was
mixed using a mechanical stirrer with one droplet of the
dibutyltindilaurate catalyst. In the next step, the calculated
1,4-butanediol amount was added to extend the PUR
chain. The whole mixture was transferred to a vacuum
vessel to degas the mixture and then was poured onto a
metal mold placed on a heating plate at 353 K. After 24 h
of annealing, PUR PCL was obtained. Other syntheses
with different polyols proceeded similarly. In the case of
two polyol systems, the mass ratio between them was 1:1.
Five syntheses were carried out based on different polyol
blends: poly(e-caprolactone) (PCL, CAPA 2000, Sigma
Aldrich Chemistry, Poland), poly(ethylene glycol) (PEG,
CAPA 400, BASF SE, Poland), a,0-oligo(ethylene-buty-
lene adipate)diol (POLES 55/20, CAPA 2000, ZACHEM
S.A., Bydgoszcz). The polyurethanes were obtained: PCL,
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PEG:POLES (1:1) (two polyurethanes with different
NCO:OH ratio, 1 — 1:2, 2 — 1:1.1), POLES and
POLES:PCL (1:1). BIOFLEX (natural color, 1.75 mm,
F3D Filament, Poland) filament was used as received.
Fig. 1 shows a scheme for the preparation of
polyurethane-based on PCL.?
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Fig. 1. Two-step method of obtaining polyurethane PCL

2.2. Degradation Test

The degradation time of the synthesized polyu-
rethanes and BIOFLEX filament was investigated by
measuring the weight loss of the samples placed at 310 K
in 2M HCI, 5M NaOH, and 0.01 M phosphate buffer
solution (PBS) stimulating degradation in human body
fluids. Chosen media allow studying both short-term and
long-term (accelerated due to media high concentrations)
degradation behavior. The evaluation of changes in the
microstructure of polyurethanes was examined using the
Delta Optical MET-1000-TRF optical microscope using a
MTR3CMOS20000KPA camera and a ToupView prog-
ram. Pictures were taken before and after the degradation
test.

2.3. Modification with the Active
Substance

The modification using Corhydron 25 was carried
out on the previously synthesized polyurethane PEG:
POLES 2 and on the biodegradable BIOFLEX filament.
Materials were immersed in 1 wt % solution of Cor-
hydron 25 in DMSO for 5 min at 333 K. Samples were
then immersed in 0.01 M PBS and placed in an oven at
310 K. After a definite time droplets of solution were
placed on a microscopic glass and dried. The images were
then obtained using a Delta Optical L-1000 microscope
with an epifluorescence kit equipped with a ToupTek
Photonics model: SCCCD01400KPA camera and Toup
View software. The G filter for the active substance
solution and the U filter for the remaining samples were
used to take the pictures.

2.4. Tensile Test

The strength test was carried out on a Zwick/
ROELL Z020 universal testing machine at room
temperature according to the ISO 37 standard. The tensile
speed was 50 mm/min. The static tensile test consisted of
uniaxial stretching of the oars at a constant speed. For the
obtained results, the standard deviation was calculated
using the function: standard deviation in MS Excel as the
average deviation of the value of a given parameter from
its arithmetic mean, which was calculated from five
measurements made for the samples of each type.

2.5. Fourier-Transform Infrared
Spectroscopy

The analysis of the molecular structure in the
modified polyurethane samples was performed using
FTIR spectroscopy. The FTIR spectroscopy method uses
variable infrared energy for sample analysis. The infrared
radiation beam passes through the sample and interferes
with the beam that has the same source (reference beam)
but has not passed through the tested object. The bonds in
the molecule oscillate with different energies and thus
absorb different wavelengths of this radiation. The
spectrum picture consists of numerous absorption bands.
FTIR spectroscopy allows testing the compatibility of raw
materials, intermediates, or end products. The analysis of
the molecular structure of all polyurethane samples as
well as samples after modification and release was
performed on the Nicolet IS10 apparatus in the range of
500-4000 cm™ with a resolution of 16 cm™ and 128 scans.
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3. Results

3.1. Degradation — the Influence
of Factors on the Obtained Polyurethane
Compounds

Biodegradable polyurethanes should  be
characterized by an optimal degradation time under the
influence of factors corresponding to body fluids in the
human body. PUR samples based on various polyols were
tested for biodegradability (Fig. 2). The degradation time
was determined by the weight loss of the samples in three
solutions (2 M HCI, 5M NaOH, and 0.01 M PBS). The
tested materials in an acidic environment (Fig. 2a) showed
greater susceptibility to degradation, as exemplified by
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PEG:POLES 1 and PEG:POLES 2 polyurethanes, which
completely degraded after 14 days of incubation in 2 M
HCI. A significant decrease in weight was also observed
for PUR:POLES, after 28 days it was about 80 %,
although up to 3 days the weight loss was slight. The
smallest changes showed BIOFLEX (~30 % weight loss)
and PCL (~50 % weight loss). The acidic environment
causes greater mass losses of polyurethanes obtained from
polyesters because they contain a large number of ester
bonds, which are attacked primarily by hydrochloric acid.
The degradation rate in the alkaline environment was
relatively linear (Fig.2b). The exception was POLES-
based PUR, which after 28 days of incubation showed a
significant decrease in weight (almost 80 %). Ester bonds
were hydrolyzed, which resulted in the formation of
shorter chains in the polyurethane.
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Fig. 2. Degradation results: 2 M HCl (a), 5 M NaOH (b), 0.01 M PBS (c)

As a result of the buffer solution, the number of
crystalline phases in the polyurethane samples is reduced
and the appearance of their structure changes. As a last
resort, there are noticeable changes on the surface of the
samples and a significant increase in their roughness.
Such changes were noticed for the polyurethane sample
PEG:POLES 2 and PEG:POLES 1 after 7 days (Fig. 2¢).
The greatest weight loss was observed for PUR PEG:
POLES 1 (about 45 %), which means that the resulting
PUR has a low resistance to degradation. Hydrolytic
activity is due to the presence of numerous ester bonds.
PEG:POLES 2-based polyurethane began to degrade after
14 days, its weight loss was approx. 19 % (Fig. 2¢). This
is due to the high molecular weight of the polycapro-
lactone used in the PUR PCL synthesis.

The analysis of microscopic photos allows us to
determine the homogeneity of the obtained polyurethanes.
Fig. 3 presents pictures of the microstructure of samples
of the obtained polyurethanes before and after the
degradation process under 5x magnification, and Fig. 4
under 20x magnification. Before the degradation, the
surface of the samples was flat, with no visible cracks and

no major defects in the structure. Only numerous scra-
tches were observed. After the degradation in sodium
hydroxide, the PUR PCL sample shows deep cracks,
although the sample did not disintegrate. On the other
hand, the samples after incubation in HCI showed uneven-
ness and delamination in the structure. Minor defects and
surface porosity were noticed for the samples that were in
the PBS solution. After degradation in hydrochloric acid,
the samples broke and remained whole in the buffer so-
lution.

For the samples of PCL:POLES-based polyu-
rethane placed in hydrogen chloride, clearances and
serious delamination in the structure were observed,
which made it impossible to take a photo of the sample at
higher magnification (too high height differences on the
sample surface). An extensive network of cracks was
noted for the samples that degraded in an alkaline
environment, while for the samples in PBS solution, no
changes were noted on the surface. The hydrogen chloride
disintegrated the material into small pieces, and the
samples in NaOH and PBS remained unchanged. Sig-
nificant changes in the structure were noted for the PEG:
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POLES 1 samples after incubation in all three environ-
ments. The highest delamination was observed for the
sample immersed in a buffer solution, and the smallest
was in HCI. The samples fell to pieces after incubation in
NaOH, while in HCI and PBS they crumbled to fine a
powder. These solutions penetrated deeply into the struc-
ture of the samples. For the samples with PUR PEG:
POLES 2, numerous surface irregularities caused by
sodium hydroxide were observed. Considerable cracks
and delamination were noted for the samples in the buffer
solution. The samples in the HCI solution crumbled to a
fine powder and it was not possible to take sharp pictures.
After the period of degradation in HCl and PBS, the
samples partially disintegrated. For the POLES samples in
the acidic environment, the structure disintegrated into
parts, the edges of which were not frayed and looked like
sugar cubes. Wide cracks and delamination were noticed
on the surface of the samples after incubation in NaOH
solution. They were very similar in structure to the
samples in HCI. The samples immersed in PBS had an
uneven surface in the form of stuckstickingach other (20x
magnification). The buffer solution penetrated deep into
the sample and crystallized, but it did not disintegrate the

sample. The samples from POLES disintegrated into
powder after incubation in HCIl. The smallest changes
were noted for the samples from Bioflex. Apart from scra-
tches and porous structure, there were no major defor-
mations on the surface of BIOFLEX in individual places.

3.2. Modification with the Active
Substance

Fig. 5a shows the microstructure of the evaporated
PBS solution. For this sample, no fluorescence was
observed in any of the available filters. The image was
taken with a U filter and a small amount of white light to
show the structure of the PBS crystals. Fig. 5b shows the
microstructure of the evaporated solution of the active
substance with the G-type filter used without white light.
The active substance does not show fluorescence in this
range, so it can be easily seen as black spots in the picture.
The red color, on the other hand, is a matrix made of
polyurethane and BIOFLEX, which were partially disso-
Ived during the modification process. Using the U filter, the
entire sample glowed and it was not possible to distinguish
the places with the more active substance.

Sample Neat Sample HC1 2 M)

PCL

PCL:POLES

PEG:POLES 1

POLES

PEG:POLES 2

BIOFLEX

NaOH (5 M) PBS (0.01 M)

Fig. 3. Microscopic photos of the samples before and after degradation under 5x objective magnification
* Failed to capture a sharp image of the sample due to high roughness
** Failed to capture a sharp image of the sample due to the small size of the sample
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Sample Neat Sample

PCL

PCL:POLES

HCIQM)

PBS (0.01 M)

PEG:POLES 1

POLES

PEG:POLES 2

BIOFLEX

Fig. 4. Microscopic photos of the samples before and after degradation under 20x objective magnification
* Failed to capture a sharp image of the sample due to high roughness
** Failed to capture a sharp image of the sample due to the small size of the sample

a b

Fig. 5. Microstructure of evaporated solutions: PBS (a), active substance (b)

In BIOFLEX, the active substance (Fig.6) was
released in a large amount into the solution and crystallized
with the PBS solution (Figs. 7, 8). The U filter was used for
the photos, which show the active substance released in the
solution in blue. There is a visible increase in the intensity
of the crystals glow with the duration of the release process.

For the samples made of PEG:POLES 2 polyu-
rethane, the active substance penetrated deeply into the
polymer and was released slowly. For the sample after
1 day of release (Fig. 9), the phenomenon of fluorescence
was visible in a few places, e.g., on the edge of the
sample. In the case of the sample after 3 days of release,
the phenomenon of fluorescence was observed in more

places, but still, most of the sample did not show any light
(Fig. 10). The situation changed after 7 days of release
(Fig. 11) — the whole sample showed the phenomenon of
fluorescence, but with a much lower intensity than in the
case of BIOFLEX samples. PUR PEG:POLES 2 was also
partially degraded, the photos show pieces of polymer
shining with a celadon-colored light (Fig. 11), as in the
case of the entire BIOFLEX degradation solution after
7 days. The use of a fluorescence microscope confirmed
the effectiveness of the selected surface modification
method and the ability of both selected polymers to rele-
ase the active substance in the PBS solution, simulating
the environment of body fluids.
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Fig. 9. Release of an active substance in the samples — images of microstructure in several shots: PEG:POLES 2 after 1 day
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Fig. 10. Release of an active substance in the samples — images of microstructure in several shots: PEG:POLES 2 after 3 days

29
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Fig. 11. Release of an active substance in the samples — images of microstructure in several shots: PEG:POLES 2 after 7 days

3.3. Mechanical Properties

The samples from the obtained polyurethanes,
except for PEG:POLES 1, were subjected to the strength
test, because they had too high brittleness and stiffness,
and the paddles were unstable and broke during cutting.
The remaining samples were tested in a static tensile test.
Paddles made of PCL:POLES showed the highest
permanent deformation (60.9 + 3.0 %) with a maximum
stress of 33.5 = 3.2 MPa (Table 1). The Young's modulus
for this compound was 37.6 + 4.5 MPa. Samples made of
PCL polyurethane showed lower tensile strength than
PCL:POLES (8.64+0.96 MPa), and lower permanent
deformation (49 + 15 %), which indicates that PUR PCL
showed greater flexibility. Moreover, for PCL-based
polyurethane, Young's modulus was 32.3+1.4 MPa,
which means that it was deformed to a greater extent than
PCL:POLES. The POLES polyurethane paddles were
characterized by a maximum stress of 6.0 £ 0.46 MPa and
a permanent deformation after fracture of 3.7 +4.7 %.
Low deformation and high Young's modulus indicate that
the sample was very flexible and underwent small
deformation, as exemplified by PEG:POLES 2, the
permanent deformation of which was 1.4+ 1.2 % and the
modulus was 43.1 £3.7 MPa. The highest elongation at
break was recorded for PUR PCL:POLES, and the lowest
one was for PUR POLES.

3.4. Fourier-Transform Infrared

Spectroscopy

Fig. 12 shows the results of FTIR tests of
synthesized PUR and the commercial polymer BIOFLEX.
For all samples, local maxima of about 2940 and
2860 cm' were observed, corresponding to the stretching

vibrations of C-H bonds. In the case of all polyurethanes,
a maximum is visible at approx. 3300 cm™, corresponding
to the stretching vibrations of the N-H bonds. For all
samples at approx. 1725 cm’', a maximum was observed
coming from C=0O stretching vibrations attributed to the
ester group. For the polyurethane samples, the maxima
were also observed at approx. 1685 cm’, which probably
corresponds to the stretching vibrations of the C=0 bonds
in the N=C=0 group. Other signals appearing only in the
case of polyurethanes are signals at approx. 1540 cm’
bending vibrations of the N-H bonds. Another si;?’nal that
can be observed is the signal at approx. 1250 cm ™, which
corresponds to the vibration stretching the C-O bonds in
the ester group.® The maximum at approx. 1100 cm™ can
be attributed to the tensile vibrations of the ether bonds in
the case of BIOFLEX and PEG-based polyurethanes. The
last signal considered is the maximum at 728 cm’, which
is visible only for BIOFLEX and may come from C-H
vibrations in the aromatic ring.’ In conclusion, the
presence of N-H bonds and ester bonds was confirmed for
all polyurethanes. In the case of PEG-based polyuretha-
nes, the presence of ether bonds has also been observed.
In the case of BIOFLEX, the manufacturer does not
specify the chemical structure of the polymer but based on
the FTIR test, it can be concluded that the chemical
structure of this polymer contains both ester and ether
bonds and probably aromatic rings, while the content of
nitrogen-related groups can be excluded: amide, amine,
and urethane.

Fig. 13 shows the results of FTIR BIOFLEX tests,
before modification, after modification, and after 1, 3, and
7 days of degradation. The graph shows no major diffe-
rences between the samples, except for a small maximum
at about 800 cm'l, which can be attributed to the sub-
stituted aromatic rings derived from the active substance.’
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Table 1. Static tensile test results for the obtained polyurethanes

Otolaryngological Stents
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Sample o, [MPa] €, [ %] E, [MPa] g, [ %]
PCL 8.64+0.96 30664 32.3+14 49415
POLES 6.00+0.46 136+12 41.9+2.5 3.7+4.7

PEG:POLES 2 3.89+0.64 48.7+6.5 43.1+£3.7 1.4+1.2
PCL:POLES 33.5+3.2 1387+126 37.6+4.5 60.9+3.0
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Fig. 12. FTIR test results for the obtained PUR and for Bioflex
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Fig. 14. FTIR test results for PEG:POLES 2

Fig. 14 shows the results of FTIR PEG:POLES 2
tests, before modification and after 1, 3, and 7 days of
degradation. The chart shows no major differences bet-
ween the samples.

When analyzing the FTIR spectra of samples after
modification, it should be remembered that the modifi-
cation process was focused only on the modification of
the sample surface. The amount of active substance that
was present on the surface of the samples was probably
below the FTIR test capability. For these samples, other
structural analyzes, e.g., NMR, would be desirable.

4. Discussion

The chemical structure of the obtained biomedical
polyurethanes as well as their mechanical properties, final
form, and shape must be properly adapted to the
environment in which they will stay. Fourier-transform
infrared spectroscopy (FTIR) was used to determine the
chemical structure of the synthesized bioresorbable poly-
urethanes. The analysis of absorption spectra confirmed
the presence of N-H bonds and ester bonds for all polyu-
rethanes. In the case of PEG-based polyurethanes, the
presence of ether bonds has also been observed. However,
for BIOFLEX, the presence of ester and ether bonds and
probably aromatic rings were confirmed. The mechanical
properties of biodegradable polyurethanes were tested in a
static tensile test. For PUR PCL: POLES, the highest
permanent deformation (60.9 + 3.0 %) was recorded at the
maximum stress of 33.5 MPa. This means that the
material was very flexible. Its elongation at break was

1387 %, and Young's modulus was one of the lowest
among all polyurethanes, ie., 37.6+4.5 MPa. Similar
parameters were shown by PCL-based polyurethane,
elongation at break was equal to 306 + 64 % and Young's
modulus — 32.3 = 1.4 MPa. The most deformed samples
were PUR PCL. PEG-based polyurethane: POLES 2 had
the lowest deformation after fracture of 1.4 + 1.2 %, because
the presence of PEG in the material increased its viscosity, so
its maximum stress was only 3.89 + 0.64 MPa. PUR POLES
obtained a similar permanent deformation as PUR
PEG:POLES 2, in the order of 3.7+4.7% with a
maximum stress of 3.89 +0.64 MPa. PEG:POLES 1-
based PUR, which could not be tested in the strength test
due to its high level of brittleness, turned out unfavorably.
Materials for bioresorbable stents should be
characterized by optimal distribution in solutions similar
to those found in the human body. For this purpose, the
obtained polyurethanes were subjected to 4-week degra-
dation in solutions with different pH: acidic, alkaline, and
buffer. The rate of PUR degradation was measured by
measuring the weight loss. The greatest loss of mass and
susceptibility to degradation in an acidic environment was
shown by PEG-based materials: PEG:POLES 1 and
PEG:POLES 2, which almost completely degraded after
14 days of incubation in HCI. The reason for faster
degradation may be the high content of ester bonds, which
are attacked primarily by hydrochloric acid, which makes
them break down faster. The smallest weight loss was
recorded for BIOFLEX (about 30 %), PCL (about 50 %),
and PCL: POLES (about 57 %). In the alkaline
environment, the degradation rate of all polyurethanes was
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linear, except for PUR POLES, where 80 % weight loss
was recorded after 28 days. It happened because of the
high content of ester bonds that were subject to hydro-
lysis. After 4 weeks of incubation in the buffer solution,
no changes were noticed for PCL and PCL:POLES. A
significant increase in roughness and weight loss (about
61 %) was demonstrated by PUR based on PEG:
POLES 1.

The greatest changes in the microstructure were
observed for PEG:POLES 2 in the form of numerous
porosity, delamination, and cracks for samples placed in
NaOH and PBS solutions. The smallest changes were
observed on polyurethane samples based on PCL:POLES
after the degradation process in a buffer solution. The
PUR PCL sample showed deep cracks after being
degraded in NaOH, but the sample did not disintegrate.
On the other hand, the samples after incubation in HCI
showed unevenness and delamination in the structure.
After degradation in hydrochloric acid, the samples were
broken and remained whole in the buffer solution. The
samples of polyurethane PCL:POLES placed in hydrogen
chloride showed clearances and serious delamination in
the structure. An extensive pattern of cracks was noted for
the alkaline degrading samples but was not noticed in the
PBS solution. In HCI, the samples looked like crumbs,
and the samples in NaOH and PBS were unchanged. On
the surface of the PEG:POLES 1 samples, changes were
noted in all three environments. The highest delamination
had the sample in PBS and the lowest one it had in
hydrochloric acid. The samples fell to pieces after
incubation in NaOH, while in HCI and PBS they fell to
powder. For the samples with PUR PEG:POLES 2, nume-
rous porosities were observed due to the action of sodium
hydroxide and numerous cracks and delamination on the
samples in the buffer solution. On the other hand, the
samples disintegrated into powder after incubation in HCI.
After degradation in HCI and PBS, the samples partially
disintegrated. The structure of POLES samples resembled
sugar cubes, which had crystallized. Wide cracks and
delamination were noticed on the surface of the samples
after incubation in NaOH solution. The samples immersed
in PBS had an uneven surface in the form of balls stuck to
each other. The buffer solution penetrated deep into the
sample and crystallized, but this did not disintegrate the
sample, whereas the POLES samples disintegrated into
powder after incubation in HCI. For comparison, the tests
were carried out on the commercial BIOFLEX material,
which, apart from scratches and porous structure, did not
show any deformations on its surface.

A fluorescence microscope was used to determine
the active substance’s release rate from the surface of

modified polyurethanes with the PBS solution. In the
samples based on PEG:POLES 2, the active substance
penetrated deeply into the polymer and was released
slowly. After 1*day of release, the phenomenon of
fluorescence was noticeable only in some places, mainly
at the edges of the sample. The situation changed after the
7™ day of release, when the fluorescence phenomenon was
visible on the entire surface, unfortunately, the release
intensity decreased and the sample was partially degraded.
In the case of BIOFLEX samples, after 7 days the active
substance was released in large amounts into the PBS
solution and crystallized with it. Nevertheless, the release
intensity was greater compared to the PEG:POLES 2
samples. The noticeable increase in glow intensity of the
crystals increases with the length of the release process.
Such an effect is desirable in materials intended for
otolaryngological stents due to the possibility of the drug
faster delivery to the vessel.

5. Conclusions

The properties of the synthesized bioresorbable
polyurethanes and their subsequent use in biomedical
implants depend primarily on the chemical composition of
the material, manufacturing technology, and the selection
of its parameters. Polycaprolactone-based polyurethane
(PCL) is the most promising material for otolaryngo-
logical stents. It is distinguished by a permanent
deformation (49 =15 %), with a maximum stress of
8.64 = 0.96 MPa. Moreover, it has an optimal degradation
time in an environment with different pH. Cracks were
observed on the sample of PUR PCL after the degradation
in NaOH, although the sample remained intact. The
samples after incubation in HCI showed unevenness and
delamination in the structure, which resulted in broken
samples. In contrast, the PCL samples remained whole in
the buffer solution and no major changes were noted.

The observed properties may allow the drug
substance to be delivered before it is completely dissolved
in human body fluids, so far in a period not longer than
4 weeks. To investigate its total degradation time, an addi-
tional series of studies should be carried out, including
extending the incubation in solutions corresponding to the
fluids in the human body and checking for pharma-
cokinetics, i.e., all release parameters of the active
substance.

The properties of new polyurethane materials
presented in the work constitute the basis for further
research on the use of the synthesized materials in 3D
printing. The next step would also be to test the obtained
materials from the biological point of view — possible
bactericidal properties or cell survival.
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PO3POBJIEHHSI MATEPIAJIIB
JUUISI BIOJIET PAJTABEJILHUX
OTOJIAPUHTOJIOTTYHUX CTEHTIB

Anomauin. Mamepianu 0151 0OMONAPUHEONOIUHUX CIMEHMIE
NOBUHHI MAMU XOPOULY MIYHICIb HA PO3PUS, 3HOCOCMILIKICIb, OIOCy-
micHicmp i nesnuil yac Oecpadayii. Lls poboma cmocysmubcsi cunmesy
noniypemanie Ha OCHOGI pisHux 6iodecpadabenvHux cymiuieli no-
nionie. Jlocniodcero ixnio 6iodecpadabenvuicmo i MexauiuHi enac-
mugocmi ma nopieHAHO 3 komepyitinum mamepiaiom BIOFLEX.

Knrouoei cnosa: noniypeman, 6iodecpadayis, cmenmu,
CYOUHHI KapKacu, cucmemu 00OCMAsKU JiKig.



