Modification with natural biopolymers of the surface

00rous titanium-based materials produced by powder metallurgy
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INTRODUCTION

The de
implantolog
not only funct
tissue, but pra
complications con
rejection of an imp
combine appropriate
biocompatibility and bioa
porosity into the material
Young's modulus, thereby mini
to mechanical mismatch of bone
The pores in the implant could p
ingrowth into the material, thus stab
element.

One of the most interesting natural
modifying the surface of medical implants is
natural polymer characterized by high biocomps
biofunctionality, and non-toxicity. It is widely u
medical applications such as tissue engineering, dr
delivery, or wound dressing, as chitosan is also kno
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Fig_ 1 Microscopic image of the promOting bone regeneration. Moreover, Chitosan
sample surface under study. coatings are biodegradable and bioresorbable, which
means that after fulfilling their function, the coatings
decay and are absorbed by the body.
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OBSERVATION AND ANALYSIS OF COATINGS

5 min 2.5V

30 min 10V

As mentioned earlier, the morphology
of the coatings depends on the solution
used in the EPD process. The above
study showed a significant effect of
ethanol  concentration on  the
homogeneity @ of the  obtained
biopolymer coatings. Coatings of the
most satisfactory quality were obtained
for the chitosan starting solution and ,
solution 1 (Fig. 2, 3). Increasing the | iosa8 on 16T
ethanol concentration to 50% resulted 2000 &
in cracking and peeling of the applied
coating (Fig. 4). This was probably due
to too rapid evaporation of the alcohol
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its rapid shrinking and cracking. In Fig. 2 SEM images of the coating deposited from the chitosan stock solution: a, b (5 min/2.5V); c, d, e (5min/10V); Fig. 3 SEM images of the coating deposited from solutio
f, g, h (5min/20V); i, j, k (30min/10V). f, g, h (5min/20V); i, j, k (30min/10V).
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contrast, a solution with a 75% ethanol
concentration affected the deposition 5 min 2.5V S5 min 1V

of thin coatings (Fig. 5). It is possible ML o EEENETR
that such high ethanol concentration in
the solution affected the solubility of
chitosan in the solution, which == A > P s e 3 g ¢ &% S ? £ | o e e
adversely affected the performance of s = Rl A Namn o I o Y e B < iy RS T R
the EPD process. The thickest coatings B T nem. ' ‘ :
were obtained in 30 min at a deposition
voltage of 10 V. However, it should be
noted that hydrogen was released at
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these deposition parameters, which W et Dl e s ‘_ -k AE & g7 | . By P mi N
caused the formation of bubbles and e . _ | | > M A, = Y
pores in the chitosan coating. The pores " K s © . RN AL - ﬁm“pgf ;
present in the biocoating may promote ‘, V3 AT Rl ot 8 A Y
osseointegration. The SEM study also S ] - ‘ 2R, ' |
showed the effect of changing time and s h , P 2 ) J— A

Voltage on the morphology of the Fig. 4 SEM images of the coating deposited from solution 2 (50% ethanol): a, b (5 min/2.5V); ¢, d, e (5min/10V); Fig. 5 SEM images of the coating deposited from solution 3 (75% ethanol): a, b (5 min/2.5V); ¢, d, e (5min/10V);

: , : f, g, h (5min/20V); i, j, k (30min/10V). f, g, h (Bmin/20V); i, j, k (30min/10V).
deposited biopolymer coatings.

CHARACTERISTICS OF BIOCOATING
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Fig. 6 Diffractograms of chitosan coatings. Fig. 7 FTIR spectrum of chitosan powder. Fig. 8 FTIR spectra of chitosan coatings.
Based on the summary of the diffractogram (Fig. 6), the sample deposited for 30 The FTIR spectrum of chitosan powder is shown in Fig. 7. FTIR analysis revealed the presence of characteristic
min at 10 V in solution 1 with 25% ethanol has the highest thickness. The functional groups of chitosan. It thus confirms the presence of deposited coatings on the porous titanium substrate
diffractogram of the sample deposited in the starting solution using the (Fig. 8).
parameters of 5 min/2.5 V does not contain reflections from chitosan. This may The characteristic bands for chitosan have the following values: 3359 cm™1, 2920 cm™1, 1651 cm1, 1558 cm1, 1456
indicate the absence of a chitosan coating or the formed coating is too thin to be cm1,1377cm 1, 1315 cm 1, 1151 cm 1, 1062 cm 1, 1028 cm 1, and 895 cm 1.
recorded.
CYTOTOXICITY

RESULTS AND DISCUSSION

The EPD method makes it possible to obtain
chitosan-based biopolymer coatings on porous
titanium substrates. Studies have shown that the
developed deposition parameters allow the
penetration of the coating material into the pores
of the substrate. It was shown that it is possible to
control the thickness and morphology of the
coatings by selecting the deposition conditions.

It was found that as the deposition time and
voltage increase, the coatings are thicker. An
increase in voltage in the electrophoretic
deposition process promotes the formation of
bubbles and gas pores in the chitosan coating. An
increase in ethanol concentration in the solutions
increases the likelihood of cracking and peeling of
the coating. The best coatings were obtained for
process parameters: 30 min/10 V.

Vital staining showed a high cell survival rate of
09.71%. Biological tests also show the absence of

sis of the results using the one-way ANOVA (after checking the normality of the distribution) confirmed the lack of cytotoxic ?}’tht](J)IXiC effects of the produced biomaterial on
material. 1broblasts.

toxicity results. Fibroblast viability observed microscopically at x100 magnification. Cell viability for samples with ethanol (A), for samples without ethanol (B), and control
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