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Purpose: The aim of our study was to examine the effect of prosthetic alloys with Ti (C, N) coatings on viability and pro life ration
of human cells employing an MTT assay with the use of human microvascular endothelial cells derived from the skin — HMEC-1 (Hu-
man Microvascular Endothelial Cells-1). Methods: Cylindrical shape samples made of Ni-Cralloy were divided into S1-S5 groups and
coated with Ti (C, N) layers with different content of C and N. SO group — control group without layer. The alloys (S0-S5) were stored
in an experimental medium (MCDB131 with antibiotics) for 30 days and then HMEC-1 cells were incubated in the alloy extract for 24
and 96 hours. Next, cell viability was determined using MTT method. Results: In the case of samples incubated for both 24 and 96 hours
there are statistically significant differences (with p-value <0.05) between the uncoated samples (SO group) and all the other Ti (C, N)
coated samples. Higher absorbance values were observed in all coated groups than in the control SO group, where cell growth was statis-
tically significantly lower. Conclusions: During incubation of endothelial cells with coated samples the number of cells was significantly
bigger than the number with uncoated alloys. The best viability of cells was obtained from the S = 3 (with 51.94% at. Ti, 28.22% at. C
and 19.84% at. N) group of samples. Ti (C, N) coatings may be applied as protective components on prosthetic elements made of base

metal alloys.
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1. Introduction

Metals and their alloys have long been used in
dental prosthetics. The side effects of using them
could be adverse reactions of organism, e.g., allergy.
The sources of the allergy are mainly corrosion prod-
ucts, as well as metal ions release during corrosion
process that infiltrate surrounding tissues. Despite this
fact, metal alloys are and very likely will be used in
dental prosthetics for long time, since at the moment
there are no alternative materials of comparable prop-
erties (resistance and durability, in particular). In or-
der to increase their biological tolerance, different
modifications of external layers are used for elements

made of these alloys. This allows biocompatibility and
increased durability to be achieved. In recent years,
various deposited layers: CVD, PVD, sol-gel [8], [9],
[21], [30] have been used more and more often. Out of
many layers obtained using this method, most widely
used are oxides, nitrides and carbides of metals [6],
[12], [14], [15], [25]. Particular attention should be
paid to titanium carbides and nitrides, because of great
durability and high corrosion resistance [19].

Alloys with chromium and nickel or chromium
and cobalt as basic components are widely used in
prosthetics. However, they have relatively low corro-
sion resistance compared to noble metal alloys [11],
[24]. Their wide use is determined by economic as-
pects. Improvement of their corrosion resistance by
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covering with layers of titanium nitrides seems to be
particularly purposeful [10]. Studies are conducted for
modifying the technology of obtaining nitride layers
in order to improve their properties that depend
mainly on TiN to Ti,N ratio in the layer. Second direc-
tion of research is obtaining layers of titanium nitrocar-
bide Ti(CN). As was proven during earlier studies [5],
[8], [10], [13], [14] layers of Ti(CN) show higher
corrosion resistance, significantly reduce amount of
metal ions passing from the base and because of that
they could potentially be used for covering prosthetic
fillings.

In order to determine suitability of layers produced
on the surface of alloys, it is necessary to complement
the studies with biological investigation — influence of
the layers with human tissues.

The aim of the study was to examine the influence
of Ti (C, N) coatings of prosthetic alloys on prolifera-
tion and viability of human cells using the MTT assay
with the application of human microvascular endothe-
lial cells HMEC-1.

2. Materials and methods

Cylindrical shape samples of 8§ mm in diameter
and 10 mm in height made of Ni-Cr alloy were used
as research material (Fig. 1). Initial composition of
the alloy, determined by X-ray fluorescent analysis
on SIEMENS XRS300 spectrometer, is presented in
Table 1. Cylinders were divided into six groups with
8 samples in each group. Cylinders without covering
were in the control group (S0). The remaining five
groups were covered with Ti (C, N) layers of different
C and N contents in the layer (Table 2).
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Fig. 1. Samples used for examinations

Table 1. Chemical composition of the alloy examined

Contents of elements — mass %
Cr Mo Si Fe Co
24.79 8.89 1.57 1.33 0.17

Mn Ni
0.12 Rest
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Table 2. Chemical composition of the layers examined

Element content at.%
Layer
Ti C N
S1 53.50 48.50 0.00
S2 5291 33.91 13.80
S3 51.94 28.22 19.84
S4 47.78 20.05 32.17
S5 56.79 0.00 53.21
Element content weight %
Layer -
Ti C N
S2 80.18 19.82 0.00
S2 79.51 13.90 6.60
S3 78.76 11.67 9.57
S4 75.26 8.61 16.12
S5 79.78 0.00 20.22

Layers were deposited using magnetron sputter-
ing method. Before applying a layer samples were
cleaned mechanically and washed with detergent and
acetone by ultrasonic method. Next, they were sub-
jected to ion cleaning. For this purpose, they were
placed in vacuum chamber, from which the air was
pumped out until the pressure of approximately
0.0021 Pa. Ion cleaning was performed with ion gun
using argon as working gas. Energy of ions reaching
the sample base was regulated. lons generated in the
ion gun had energy of 4 keV. After 5 minutes of
cleaning with these ions, a negative potential was
applied to the bases in the following order: 800 V,
1000 V and 1500 V. Voltage was changed every
5 minutes. The total time of ion cleaning with Ar
ions was 20 minutes. Then, the stage of cleaning and
heating with chromium ions followed. Work pa-
rameters were: 55 A/1.7 kW, potential on the bases
was set to 1250 V. Heating was conducted for
10 minutes. Layers were deposited by magnetron
sputtering method on the samples prepared in such
a way. In order to improve adherence of Ti(C, N)
layers, first adhesive sublayer of pure titanium was
deposited during 120 s with argon pressure equal to
0.24 Pa and with the following work parameters of
magnetron: 3 kW/approximately 4.5 A. After two
minutes reactive gas was slowly introduced: nitro-
gen, acetylene or their mixture. Deposition time of
appropriate layer was the same for all processes and
equal to 7200 s. Polarisation with constant voltage
during deposition was — 100 V. Pressure of the proc-
ess was 0.27 Pa in each case. The reactive gases and
their flow are presented in Table 3. These were the
only variables of the processes.

After deposition the vacuum chamber was cooled
down and only then were the samples taken out.



Possibilities of applying Ti (C, N) coatings on prosthetic elements — research with the use of human endothelial cells 131

Table 3. Reactive gas flow

) Samples
Gas Flow unit
S1 S2 S3 S4 S5
N, 0 4 8 12 16
[scem]
C,H, 8 6 4 2 0

In preclinical studies, cytotoxicity is determined
using a variety of assays, dyes and methods. In most
experiments, the viability of cells in direct contact
with the surface of the substance after a few or tens of
hours, assessing cell shape and the ability to create
a process or proliferation capacity using microscopic
techniques or indirectly with colorimetric assays.

2.1. Chemicals

MCDB 131 medium, fetal bovine serum, penicil-
lin-streptomycin solution (5,000 units/ml penicillin
and 5.000 pg/ml streptomycin sulphate in normal
saline), phosphate buffered saline (PBS; pH 7.4) and
trypsine-EDTA (0.25% trypsin, 1 mM EDTA-4 Na)
were purchased from Invitrogen (Carlsbad, CA,
USA). The thiazolyl blue tetrazolium bromide (MTT),
human EGF and hydrocortisone were purchased from
Sigma Chemical Co. (St. Louis, USA).

2.2. Cell cultures

HMEC-1 (human microvascular endothelial cells)
were purchased from ATCC, catalog number ATCC-
CRL-10636 (depositor Centers for Disease Control,
Dr. Edwin W. Ades, Atlanta). For experimentation,
the cells between passages 10-31 were used. HMEC-1
cells were cultured in 25 cm’ flasks in MCDB 131
medium supplemented with 10% fetal bovine serum
(Invitrogen, Carlsbad, CA, USA), 10 ng/mL epider-
mal growth factor, 1 ug/mL hydrocortisone and peni-
cillin-streptomycin solution, in a humidified atmos-
phere of 95% and 5% CO, at 37 °C. Cells were
harvested every third day in a trypsin-EDTA solution
(0.25% trypsin, | mM EDTA). HMEC-1 cells were
cultured according to the method described in the
literature [1] and the author’s own modification [29].

2.3. MTT conversion

HMEC-1 (human microvascular endothelial cells)
cells was measured using the 3-(4,5-dimethylthazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) conver-

sion method. The essence of the method is to measure
the reduction (or change) of a yellow MTT liquid to
a purple coloured formazan salt MTT-f (in the form of
insoluble crystals). The reaction proceeds thanks to mi-
tochondrial succinate dehydrogenase in living, metaboli-
cally active cells. If the cells are damaged by the factor
tested, the reaction is less intense or may not occur at all,
which can be seen in the colour change and spectropho-
tometric determination of absorbance (Optical Density,
OD). The optical density corresponds to the number of
surviving cells incubated in the test medium.

Cells were seeded (50 000 cells/well) into 96-well
plates. The treated cells were incubated for 24 h or 96
h with medium in which prosthetic alloys were stored
for 30 days or not (control group). After incubation,
50 pul MTT (1 mg/ml, Sigma) was added and the
plates were incubated at 37 °C for 4h. At the end of
the experiment, the cells were exposed to 100 pl iso-
propanol, which enabled the release of the blue reac-
tion product: formazan. The absorbance was measured
on an ELISA (ELx800, BioTek) microplate reader
with a test wavelength of 570 nm and a reference
wavelength of 630 nm.

In our study, the selection of microvascular endo-
thelial cells was dictated both by their presence in the
oral cavity and the data acquired from the literature
[16], [22]. Other works seem to confirm the choice of
endothelial cells as an optimal model for testing cyto-
compatibility [27], [28]

Test selection was dictated by the fact that the
MTT assay is one of the most widely used tests,
which is defined as referential by international stan-
dard-setting organizations. This test determines the
viability and proliferation of living cells with intact
metabolism and respiration chain.

Average absorbance for each group under exami-
nation was calculated from 8 repetitions.

Statistical test selection was based on the distribu-
tion of normality (using the Shapiro—Wilk test) and
equality of variance (Brown—Forsythe test). Having
obtained positive results of the tests, the results
were statistically analysed by using 1-way ANOVA
(a = 0.05). The null hypothesis was formulated as
follows: Ho: ul = p2 = u3, ..., pi, assuming an ab-
sence of statistically significant changes among the
analysed specimens. The null hypothesis was rejected
when F > Fica. If the test showed that this condition
was met in the analysed case, then the null hypothesis
was rejected. This indicated that statistically signifi-
cant changes had occurred in the study group. Fisher’s
Least Significance Difference (LSD) test and Sheffé’s
test were used to determine differences between a pair
of specimens.
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3. Results

Examples of microscopic images of cells after con-
tact with the extraction medium are shown in Fig. 2.

(b)

(d)

®

Table 5. Absorbance results after 96 h

Sample SO S1 S2 S3 S4 S5
Mean 0.32 | 0.38 | 0.47 | 0.53 | 0.47 | 0.47

Standard
deviation

0.03 | 0.01 | 0.04 | 0.03 | 0.01 | 0.03

Fig. 2. Examples of microscopic images of cells: (a) Sample S0, (b) Sample S1,
(c) Sample S2, (d) Sample S3, (¢) Sample S4, (f) Sample S5

The mean values and standard deviations of ab-
sorbance measurements after 24 and 96 hours are
shown in Tables 4 and 5.

Table 4. Absorbance results after 24 h

Sample S0 S1 S2 S3 S4 S5
Mean 0.27 | 035 | 039 | 0.52 | 0.41 | 0.37

Standard | 05 | 602 | 0.02 | 0.05 | 0.04 | 0.05
deviation

In the pictures, we can see that the number of cells
is different for each sample and the lowest number of
cells can be observed on SO (no coatings) and the
highest on S3.

Absorbance examinations confirmed the observa-
tions. Both after 24 and 96 hours samples SO demon-
strate smaller absorbance than samples S1-S5 (covered
with coatings). S3 coatings (with 51.94% Ti, 28.22% C,
and 19.84% N) seem to be the most beneficial.
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The results obtained were subjected to quantitative
absorbance comprehensive statistical analysis. Both
tests for samples examined after 24 and 96 hours
showed statistically significant differences between
groups S1-S5 and control group SO (the first line in
Tables 6-9).

Table 6. Fisher’s Least Significance Difference (LSD) test results
for samples examined after 24 h
(marked differences are applicable with p < 0.05)

SO S1 S2 S3 S4 SS
S0 0.00 | 0.00 | 0.00 | 0.00 | 0.00
S1 0.00 0.04 | 0.00 | 0.00 | 0.26
S2 0.00 | 0.04 0.00 | 032 | 0.33
S3 0.00 | 0.00 | 0.00 0.00 | 0.00
S4 0.00 | 0.00 | 032 | 0.00 0.05
SS 0.00 | 0.26 | 033 | 0.00 | 0.05

Table 7. Sheffé’s test results for samples examined after 24 h
(marked differences are applicable with p < 0.05)

S0 S1 S2 S3 S4 SS
S0 0.00 | 0.00 | 0.00 | 0.00 | 0.00
S1 0.00 049 | 0.00 | 0.10 | 0.93
S2 0.00 | 0.49 0.00 | 0.96 | 0.96
S3 0.00 | 0.00 | 0.00 0.00 | 0.00
S4 0.00 | 0.10 | 096 | 0.00 0.56
S5 0.00 | 0.93 | 0.96 0.0 0.56

Table 8. Fisher’s Least Significance Difference (LSD) test results
for samples examined after 96 h
(marked differences are applicable with p < 0.05)

SO S1 S2 S3 S4 SS
SO 0.00 | 0.00 | 0.00 | 0.00 | 0.00
S1 0.00 0.00 | 0.00 | 0.00 | 0.00
S2 0.00 | 0.00 0.00 | 0.94 | 0.70
S3 0.00 | 0.00 | 0.00 0.00 | 0.00
S4 0.00 | 0.00 | 0.94 | 0.00 0.76
SS 0.00 | 0.00 | 0.70 | 0.00 | 0.76

Table 9. Sheffé’s test results for samples examined after 96 h
(marked differences are applicable with p < 0.05)

SO S1 S2 S3 S4 S5
SO 0.02 | 0.00 | 0.00 | 0.00 | 0.00
S1 0.02 0.00 | 0.00 | 0.00 | 0.00
S2 0.00 | 0.00 0.03 1.00 | 1.00
S3 0.00 | 0.00 | 0.03 0.03 | 0.01
S4 0.00 | 0.00 1.00 | 0.03 1.00
S5 0.00 | 0.00 | 1.00 | 0.01 1.00

One-way ANOVA statistical analysis showed that
in the case of both samples incubated for 24 and
96 hours there are statistically significant differences

(with p value <0.05) between the uncoated samples
(SO group) and all the other Ti (C, N) coated samples,
as results from Tables 4-9. The absorbance value of
SO sample is significantly lower than that of the other
samples, which indicates that the Ti(C,N) coating has
a beneficial effect on fibroblast cells.

4. Discussion

The aim of our study was to resolve the issue con-
cerning the reaction of microvascular endothelial cells
to the extract in which Ni-Cr prosthetic alloy samples
with titanium carbonitride coatings had been stored
for 30 days, and to answer the question of whether the
examined coatings exhibit cytotoxic activity. After 24
and 96 hours, higher absorbance values than in the
SO control group with significantly and statistically
lower cell growth were observed. The absorbance
values which reflect the proliferation and viability of
cells after 96 hours were slightly higher than of those
after 24 hours in all the groups examined. The best
values were obtained after both 24 and 96 hours for
the S3 coating (Figs. 3 and 4).

Our research results correspond to scientific re-
ports of other investigators. Chien et al. [4]. Pointed
out that the cytotoxicity of prosthetic alloys based
on nickel can be reduced using a coating film of TiN
and TiAIN. Chien conducted tests evaluating gingi-
val fibroblast cell morphology after 3 and 24 hours
with the use of immunofluorescent microscopy and
an MTT assay after direct contact of the cells for
24 hours with the surface of prepared samples and
substantiating the importance of the first contact of the
cells with the surface being assessed. [4]. In Chien
et al. study, the TiN coating did not cause cytotoxic
irritation and, what is more, a significant increase in
gingival fibroblast proliferation on the surface of the
TiN coated nickel alloys was noted as opposed to the
surface of the alloys without the TiN coating [4]. Al-
though the basis and the biological test method used
in the aforementioned and our experiment differ, the
results of the tests determining metabolic activity with
MTT are convergent. It would be difficult not to em-
phasize the beneficial effect of titanium nitride coat-
ing on living human cells in comparison with the un-
coated alloys.

Beneficial effect of these kinds of coatings was
observed not only in reaction to metallic elements but
also to polymers. Lehle et al. [16] used vascular en-
dothelial cells in vitro to assess the cytotoxicity of
different uncoated and coated with titaniumcarboxo-
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nitride polymers to determine their potential use for
the purpose of reconstructive surgery of the cardio-
vascular system. After 4-day incubation, cell growth
was not observed on polymers without titaniumcar-
boxonitride layers and on silicone material, in addi-
tion, a limited growth was noted only on one polymer.
In the case of polymers coated with titaniumcarboxo-
nitride a typical standard cell growth as within the
control group was observed and, what is more, in the
case of polyurethane, polytetrafluoroethylene, poly-
propylene polymers and silicone the titaniumcarboxo-
nitride coating brought about a 7-fold increase in the
number of cells [16].
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In another study, vascular endothelial cells were
used to examine the adhesion, proliferation, meta-
bolic and anti-inflammatory activity as well as anti-
thrombogenic properties of polyurethane implants
coated with titaniumcarboxonitride [Ti(C,N,O)] layer
to determine their future use in heart and vascular

surgery [23]. The polyurethane coatings examined sig-
nificantly improved proliferation and metabolic activity
of human endothelial cells. After 72 hours, the coating
proved to contribute to the increase of adhesion of
endothelial cells, their spread and density to a form of
a single organized layer of cells, covering the whole
vascular section of polyurethane implants. The re-
search of Riescher et al. [23] also suggest that these
coatings exhibit anti-thrombocytopenic activity.

Riescher et al. [23] indicate a strikingly acceler-
ated adhesion of vascular endothelial cells to titanium
Ti(C,N,O) surfaces, which may be beneficial in clini-
cal setting.

Referring to the aforementioned study [23], we
found a similar trend in our research.

Continuing [17] the above-mentioned study, where
the most promising in vitro results [16] were achieved,
the experiment was conducted on rats using polymer
and silicone implants (discs and meshes) coated as
well as uncoated with titanium layers. Unfortunately,
histological evaluation of implants (discs and meshes)
installed subcutaneously under the light microscope
gave inconclusive results. The titanium coating of
polymers did not improve biocompatibility after sub-
cutaneous implantation in rats. Although in the initial
period after implantation the relative number of
granulocytes and lymphocytes in the Ti covered im-
plants was lower than within the group without the Ti
coating, after 4 weeks each implant caused moderate
inflammatory reaction thus presenting no difference
between the coated and uncoated materials. The pres-
ence of temperate inflammation within both coated
and uncoated implants was, in the opinion of the
authors, due to the observation time being too short,
mechanical irritation of the moving subcutaneously
implant during the movements of the animal, and
probably heavy weight of the implant as well as meshes
in discs being too small in diameter [17].

On the whole, the presence of a coating has a posi-
tive effect on cell growth, which was confirmed by the
study of Lehle et al. 16], Lehle et al. [17], Riescher et
al. [23]. Differences in the number of cells may result,
in the case of coatings, from different chemical com-
position (in our study, there was no oxygen in the
coating). Attention should also be paid to a com-
pletely different sample material and therefore the
lack of possibilities of direct comparison of research
results.

In the study of Balazsi et al. [2], silicone alloys
were coated with TiC and TiC,N layers. In this article,
the authors nonetheless discuss the composite layers
consisting of small inclusions of carbides or titanium
carbonitrides in the graphite matrix, whereas our study
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focuses on continuous layers. The similarity of Balazsi’s
[2] and our study can be marked in biological re-
search. The culture of human osteoblasts revealed that
the composite layers of TiC and TiCN deposited on
silicon did not lead to an increase in cell number after
24 hours as compared to control cell culture (culture
on a microscope cover slip). However, the viability
of cells cultured in contact with TiC and TiCN after
7 days was better than within the control culture [2].
In our study, after both 24 and 96 hours, a better vi-
ability of vascular endothelial cells of examined layers
than in control group was achieved. In the study of
Balazsi et al. [2], better effects were obtained within
the TiC layer deposited in argon, which, according to
the authors’ interpretation, explains the presence of
thin layer of antibacterial TiO, on the surface of the
TiC layer facilitating cell viability.

The coatings of titanium carbide and titanium car-
bonitride are considered as a layer on elements used
as various kinds of implants. These studies also show
their positive effect [3], [7]. Despite being conducted
with different methods they are convergent to our
observations when it comes to preserving the viability
and proliferation of cells on TiC and TiN layers. Our
studies cannot be compared, however, the trend is
similar.

4.1. Summary

The results of our experiment in the assay for the
activity of mitochondrial succinate dehydrogenase in
the form of purple-coloured formazan being the effect
of metabolic capacity of human microvascular endo-
thelial cells showed significantly better properties of
Ti(C,N) coated surface displaying higher absorbance
values in comparison to a traditional nickel and chro-
mium based alloy. Higher absorbance value resulted
from a much larger number of proliferating human
microvascular endothelial cells treated with extracts
where layers of carbonitrides were applied. The most
on Ti (63% C and 37% N). Accordingly, the titanium
carbonitride coatings on alloy’s surface can be con-
sidered as being more biocompatible and improving
surface properties as compared to common prosthetic
alloys. Our research showed that in the media which
were in contact with coated alloys, the viability and
proliferation of endothelial cells were greater than in
the medium that was in contact with the uncoated
alloys. The analysis showed that these differences
were statistically significant. It can be assumed that all
of the Ti(C,N) coatings have a beneficial influence on
viability and proliferation of endothelial cells. Corre-

spondingly, there are indications for their use as pro-
tective components on prosthetic elements made of
alloys causing an allergic reaction and may be a prom-
ising step to improve the biocompatibility of medical
materials.

Our research results cannot be directly compared
to the results of other researchers as there are differ-
ences in the composition of both the coating and sub-
strate materials. It should, however, be noted that
other studies have shown similar trends manifested by
a favourable impact of these types of coatings in cell-
based studies.

As shown by the tests there was no adverse impact
of Ti (C, N) coatings on endothelial cells which have
even better performance than Ni-Cr alloys without
coatings. These are not the only positive properties.
Previous studies have also shown that they also reduce
bacterial adhesion to the metal components. This is
particularly important in the case of dental and ortho-
dontic appliances, in which it is difficult to maintain
proper hygiene. The mechanical and tribological prop-
erties, and the adhesion of these layers are also satis-
factory. In addition, damage of the ceramics is in fact
among the most common and some authors argue that
these types of coatings can improve the adhesion of
dental veneering ceramic to metal substrate, which is
essential for the viability of prosthetic components
[18], [20].

5. Conclusions

1. During incubation of endothelial cells with coated
samples the number of cells was significantly big-
ger than the number with uncoated alloys.

2. The best viability of cells was obtained from the
S =3 (with 51.94% Ti, 28.22% C and 19.84% N)
group of samples.

3. Ti (C, N) coatings may be applied as protective
components on prosthetic elements made of base
metal alloys.

Acknowledgements

The Project has been financed from statutory research budget
503/5-108-03/503-01 of Medical University of £.6dz.

References

[1] Apes E.W., CanpAL F.J., SWERLICK R.A., GEORGE V.G,
SUMMERS S., Bosse D.C., LAWLEY T.J., HMEC-1: establish-
ment of an immortalized human microvascular endothelial
cell line, J. Invest. Dermatol., 1992, 99, 683—690.



136 K. BANASZEK et al.

[2] BaLAzst K., LukAcs LE., GURBAN S., MENYHARD M.,
BACAKOVA L., VANDROVCOVA M., BALAZSI C., Structural, me-
chanical and biological comparison of TiC and TiCN nanocom-
posites films, J. Eur. Ceram. Soc., 2013, 33(12), 2217-2221.

[3] BRAMAA M., RHODESE N., HUNTE J., RiccCiA A., TEGHILD R.,
MIGLIACCIOB S., DELLA RoccAc C., LECCISOTTIA S., LIOIA A.,
SCANDURRAA M., DE MARIAF G., FERROF D., PUE F.,
PANZINIG G., POLITIA L., SCANDURRAA R., Effect of titanium
carbide coating on the osseointegration response in vitro and
in vivo, Biomaterials, 2007, 28, 595-608.

[4] CHiEN C.C., Liu K.T., DUH J.G., CHANG K.W., CHUNG K.H.,
Effect of nitride film coatings on cell compatibility, Dent.
Mater., 2008, 24, 986-993.

[5] DE VITERI V.S., BARANDIKA M.G., DE GopreGuUl U.R.,
BAYON R., ZUBIZARRETA C., FERNANDEZ X., IGARTUA A.,
AGULLO-RUEDA F., Characterization of Ti-C-N coatings de-
posited on Ti6AI4V for biomedical applications, J. Inorg.
Biochem., 2012, 117, 359-366.

[6] EBNER R., LACKNER J.M., WALDHAUSER W., MAJOR R.,
CzARNOWSKA E., KusTtosz R., LACKI P., MAJOR B., Biocom-
patibile TiN-based novel nanocrystalline films Bulletin of the Pol-
ish Academy of Sciences, Technical Sciences, 2006, 54, 167-173.

[7] HAk W.J., Hyo-JiN L., JunG-YuNn H., Kyo-HaNn K.,
TAE-YUB K., Surface Characteristics and Osteoblast Cell
Response on TiN- and TiAIN-coated Ti Implant, Biomed.
Eng. Lett., 2011, 1, 99-107.

[8] JaNuszewicz B., KLIMEK L., Investigation of TiCN coatings on
steel substrates deposited by means of low pressure cathode
ARC technique, Acta Metallurgica Slovaca, 2004, 10, 026-929.

[9] KLIMEK L., PIETRZYK B., The influence of deposition condi-
tions on quality of TiO2 coatings deposited by sol-gel,
Inzynieria Biomaterialow — Engineering of Biomaterials,
2004, 35-36, 33-35, (in Polish).

[10] KLIMEK L., Research on corrosion resistance of Hearenium
NA dental alloy with titanium nitride and carbonitride coat-
ings, Dental Magazine — Magazyn Stomatologiczny, 2005,
1(157), 64-66, (in Polish).

[11] KLiMEK L., RYLSKA D., Corrosion protection of Ni-Cr and
Co-Cr base dental alloys by titanium nitride layers in 0.9%
NaCl solution, Inzynieria Materialowa Nr 3 — Materials En-
gineering, 2004, 140, 728-732,

[12] KLIMEK L., RYLSkA D., WENDLER B., SiC layers on the
WIROBOND dental alloy, Inzynieria Materialowa — Materi-
als Engineering, 2005, 5(147), 616—618, (in Polish).

[13] KLIMEK L., Structure and corrosion resistance of the tita-
nium nitrides and nitrocarbides layers on the WIRONIT
dental alloy, Inzynieria Biomaterialdbw — Engineering of
Biomaterials, 2005, 42—43, 4043, (in Polish).

[14] KumMek L., Titanium Nitrocarbide Coatings on the Hearenium
Dental Alloy, Surface Engineering — Inzynieria Powierzchni,
2004, 4, 63—66, (in Polish).

[15] KrzAak-ROS J., FiLipiAK J., PEzOowicz C., BASzczuk A.,
MILLER M., KOWALSKI M., BEDZINSKI R., The effect of sub-
strate roughness On the surface structure of TiO,, SiO,, and
doped thin films prepared by the sol-gel method, Acta Bio-
eng. Biomech., 2009, 11(2), 21-29.

[16] LEHLE K., BUTTSTAEDT J., BIRNBAUM D.E., Expression of adhe-
sion molecules and cytokines in vitro by endothelial cells seeded
on various polymer surfaces coated with titanium carboxoni-
tride, J. Biomed. Mater. Res., A, 2003, 65 A (3), 393—401.

[17] LeHLE K., LOHN S., REINERTH G., SCHUBERT T., PREUNER J. G,
BIRNBAUM D.E., Cytological evaluation of the tissue—implant
reaction associated with subcutaneous implantation of poly-
mers coated with titanium carboxonitride in vivo, Biomate-
rials, 2004, 25, 5457-5466.

[18] Lim H.P., Kim J. M., LEE K. M., PARK S.W., Fracture load of
titanium crowns coated with gold or titanium nitride and
bonded to low-fusing porcelain. J. Prosthet. D, 2011, 105,
164-170.

[19] MILENIN A., KOPERNIK M., Microscale analysis of strain—stress
state for TiN nanocoating of POLVAD and POLVAD EXT, Acta
Bioeng. Biomech., 2011, 13(4), 11-19.

[20] PARK S.W., KiMJ. M., LIMH.P., OH G.J., KIM H.S., ONG J.L.,
LEe K.M., Gold and titanium nitride coatings on cast and
machined commercially pure titanium to improve a tita-
nium-porcelain adhesion, Surf. Coat. Technol., 2009, 203,
3243-3249.

[21] PAWLAK R., TOMCZYK M., WALCZAK M., The favorable and
unfavorable effects of oxide and intermetallic phases in con-
ductive materials using laser micro technologies, Mater. Sci.
Eng., B, 2012, 177, 1273-1280.

[22] PETERs K., UNGER R.E., KIRKPATRICK C.J., GATTI A.M.,
MoNARI E., Effects of nano-scaled particles on endothe-
lial cell function in vitro: studies on viability, prolifera-
tion and inflammation, J. Mater. Sci. Mater. Med., 2004,
15(4), 321-325.

[23] RIESCHER S., WEHNER D., SCHMID T., ZIMMERMANN H.,
HARTMANN B., ScuMmiDp C., LEHLE K., Titaniumcarboxoni-
tride layer increased biocompatibility of medical polyether-
urethanes, J. Biomed. Mater. Res. B. Appl. Biomater., 2014,
102(1), 141-148.

[24] RisTic L., Vucevic D., Rapovic L., DJORDJEVIC S.,
NIKACEVIC M., CoLIC M., Corrosive and Cytotoxic Proper-
ties of Compact Specimens and Microparticles of Ni-Cr
Dental Alloy, J. Prosthodont., 2014, 23(3), 22-226.

[25] SzymaNowskl H., SoBczyK A., GAZICKI-LIPMAN M.,
JAkUuBOWSKI W., KLIMEK L., Plasma enhanced CVD deposi-
tion of titanium oxide for biomedical applications, Surf.
Coat. Tech., 2005, 200, 1036—1040.

[26] TsarYK R., PETERS K., BARTH S., UNGER R.E.,
SCHARNWEBER D., KIRKPATRICK C.J., The role of oxidative
stress in pro-inflammatory activation of human endothelial
cells on Ti6AI4V alloy, Biomaterials, 2013, 34(33), 8075—
8085.

[27] TsarYK R., PETERS K., UNGER R.E., FELDMANN M.,
HOFFMANN B., HEIDENAU F., KIRKPATRICK C.J., Improving
cytocompatibility of Co28Cr6Mo by TiO2 coating: gene ex-
pression study in human endothelial cells, J. R. Soc. Inter-
face, 2013, 10(86), 20130428.

[28] UNGER R.E., PETERS K., SARTORIS A., FREESE C,,
KIRKPATRICK C.J., Human endothelial cell-based assay for
endotoxin as sensitive as the conventional Limulus Amebo-
cyte Lysate assay, Biomaterials, 2014, 35(10), 3180-3187.

[29] WIKTOROWSKA-OWCZAREK A., The effect of diclofenac on
proliferation and production of growth factors by endothelial
cells (HMEC-1) under hypoxia and inflammatory conditions,
Acta Pharm., 2014, 64, 131-138.

[30] WISBEY A., GREGSON P., TUKE M., dpplication of PVD TiN
coating to Co-Cr-Mo based surgical implants, Biomaterials,
1987, 8(6), 477-480.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


