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The surface of an implant plays a basic role in determining biocompatibility and integration due to its direct contact
with the adjacent tissues. There is now the good understanding that life time of orthopedic implants and the design of
the novel tissue-engineering medical products may be associated with local and remote biological tissue response and
cell-material interaction. Materia properties such asimplant surface composition, roughness, topography can influence
events at bone —implant interfaces and cdll response to implant material.

PACS: 87.80 Rb

1. INTRODUCTION

In order to accelerate tissue-engineering research and to
obtain artificial implants with enhanced physical,
chemical, mechanical propertiesit’s necessary to combine
the advantages of materials nature with biocompatibility,
bioactivity, high wear and corrosion resistance, low
elastic modulus and friction coefficient. The way to the
solution of the problem of load-bearing prosthesis
producing is the deposition of multifunctional coatings on
their working parts. TiO, titanium dioxide is widely used
in  biomedical application because its excdlent
biocompatibility [1]. TiN titanium nitride has been used
for orthopedic and dental implants due to its high
hardness, wear and corrosion resistance [2]. In vitro
studies of cell adhesion on various materia and coating
surfaces are the basic tools to determine the materia
surfacel/ tissue response on a cdlular leve [3,4]. The
effects of materials composition, surface chemistry and
surface topography on cell adhesion and proliferation
have been largely studied [5].The material composition
always influences cell attachment [6]. The roughness of
substrate also significantly effects on cell attachment,
adhesion, proliferation and differentiation [7]. Attachment
is generaly increased on rough surfaces compared to
smooth ones [8] but sometimes no effects are shown [9].
The surface energy is aso the fundamenta material
property that can influence on cell behavior [10]. Theam
of the present study was the comparative analysis of cell
adhesion on the surface of load bearing meta materials
with ceramic coatingsin vitro tests.

2. MATERIALSAND METHODS

The substrates for deposited coatings were titanium
(Ti, Fe- 0,2% Si- 0,1%) samples. The substrates were
cleaned in ultrasonic bath with standard technology.
Various types of coatings were deposited: a) nitride
coatings TiN, b) oxide Al,O; by Plasma Spray Method
(PS), c) oxide- films TiO, by electrochemical method, d)
oxide Al,O; by means of Magnetron Sputtering Method

(MS). The TiN coatings were deposited by means Arc-
PVD Method. The main parameters of the process were
described in our previous study [11]. The method of
ceramic Al,Os (PS) coating deposition was typical: on the
treated by means of sand-blasting and anodized methods
titanium surface the corundum powder was sprayed at
room temperature. The electrochemica treatment of
titanium samples in salt solution of disubstititued sodium
sulphate medium at different stabilize voltage val ues from
10to0 100 V in DC regime was made. Al,O; (MS) coating
deposition was performed in high vacuum pumping
systlem with the base pressure about 10° mBar. A
schematic description of the magnetron and ion source in
the sputtering chamber is shown in Fig.1.
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Fig.1. Scheme of the magnetron installation: 1-coil of the
magnetic field; 2 —target; 3- permanent magnet;

4- magnetic force lines; 5-protective screen;

6- magnetron plasma; 7- snivel damper; 8- RF-ECR

plasma; 9- subgrate holder; 10- DC voltage source;
11-RF generator; 12- inductive coil

The analyses of surface parameters such as surface
roughness, wettability, surface free energy were made.
The surface roughness was measured by means of
profilometer Hommel T-2000. Advancing water contact
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angle was measured by Wilhelm’'s method in Kruss K12
Tensometer a temperature 20°C [12]. For next
calculations of surface free energy (SFE) were used the
values of advancing water contact angle by Roberson
equation [13,14], which is in a good agreement with
values obtained by means of Owens-Wendt-Rabel-
Kaeble' and Van Oss methods for TiN surfaces[12].

The experiments on study of cell/materia
interaction in vitro — in culture of fibroblasts were carried
out. Rat hypodermic celular tissue was extracted for
initial fibroblast culture obtaining. The suspension of
extracted cells was centrifuged at 750 orb/min during
15min. The estimation of the total cell number and
detached cell number was made by means of 0,1% trypan
solution. Sowing cell area was 2x10* cdl/ml density of
cultural medium. The fibroblast cultivation was made by
methods of mono layer culture at thermostat condition
(temperature 37° C) during 7 days. Theisolated cdlls were
seeded onto the sample surface after sterilization. After
incubation for 1,3,5,7 days samples were removed and
assayed for next cell account study. The terms 5-7 days
are the step from fibroblast stabile culture growth to
culture degeneration stage. After cultivation the adhered
cells were trypsinized using trypsin- EDTA. The data
were elaborated by standard variation statistical methods.
Experiments were independently triplicate.

3. RESULTSAND DISCUSSION
3.1. SURFACE STRUCTURE AND PROPERTIES

The characteristic features of coating roughness were
presented at Fig .2 for TiN and Al,O; (MS) coatings. The
roughness data for all samples are presented in the table
bellow. The increasing of oxidation potential from 20V
to 100V for TiO, coatings results in the roughness
parameter rise.
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Fig.2. Surface roughness coatings of:
a) TiN (Arc PVD), b) Al,O;

Advancing water contact angle was measured by
Wilhelm’s method at temperature 20° C [12]. For next
calculations of surface free energy (SFE) were used the
values of advancing water contact angle by Roberson
equation [13,14], which is a good approximation for
hydrophobic surfaces. The advancing water contact
angles of the samples were in the range 60-70 degrees at
standard condition and surface energies values change
from 40-50 mN/m according to the material and surface
properties (see the table).

3.2. CYTOCOMPATIBILITY IN VITRO

The adhesive activity of cells in vitro test was
investigated for next modeling cell /coating interaction.

The surface properties of TiO,, TiN, Al,O3
coatings and glass

Coatings Coating properties | Surface properties
type Thick- Rough- | Water Surface
ness, ness, contact | free
um Ra, um | angle, energy,
degree | SFE,
N/m
TiO,(20V) | 05 0,1 65.91 42,12
TiO,(30V) |08 0,15 64,80 42,80
TiO,(50V) | 1,0 0,22 58,44 46,58
TiO, (70V) |12 0,26 57,85 46,91
TiO, (100V) | 1,5 0,3 55,85 48,07
Glass 0,02 84,8 29,9
TiN 15 0,09 67,15 41,43
TiN 1,8 0,12 69,50 39,98
Al,O; (PS) 35 2,4 76,74 35,31
Al,O;(PS) 30 2,2 77,85 34,5
Al,O; (M) | 2,2 0,04 58,7 46,42
AlLO;(MS) |19 0,03 61,15 44,98

The ratio of the detached cell number Ny to the total
cell number N, may be approximated by equation ct’,
(where t- time in culture, ¢ — scale coefficient and b-
kinetic coefficient b = 0,5). The model of cél/material
interaction and the analytical expression for ty (time taken
by the trypsin to detach the cell) which finally describes
the adhesion of cells on biomaterials after a time t in
culture (without proliferation) was proposed in [15].

Fig. 3 shows the proliferation kinetics of fibroblast
cells. The proliferation ratio (PR, number of cells after 7
days in culture/ number of cdls after 1day) was used for
most statistical analysis. The best results were obtained in
the case of oxide coatings: TiO, a 100V, Al,O; (PS) and
Al,03(MS).

I 3 days cultivation
I 5 days cultivation
I prolifiration ratio (PR)

Number of detached cells / total cell number %

1 2 3 4 5 6 7 8
Number of the samples

Fig.3. Ratio of the number of detached cell to the total
cell number after 3 and 5 days cultivation (%) and cell
proliferation ratio PR (the total cell number after 5 days
cultivation/the total cell number after 1 day cultivation)
for the samples 1,2,3 -TiO, 20V,50V,100V, 4,5- TiN
(PVD), 6 AlL,O; (PS),7-Al,05 (MS),8 —glass

4. CONCLUSIONS

The initial cell behavior on the biomateria interface will
influence the cell differentiation, proliferation and extra
celular matrix formation. The surface topography,
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roughness, energy and chemidry are the main factors
which adjust cell growth and function. The analysis of
cell adhesion on the surface of the samples with ceramic
coatings and study of surface parameter influence on cell/
material interaction in vitro tests was made.

The results show some correlation between the surface
properties and cell adhesion. The best biological response
parameters (total cell number, PR) were obtained in the
case of oxide coatings deposited by various methods in
comparison with TiO, at 20V potential and TiN coatings
(Fig. 4). The dependence between surface parameters
(roughness, SFE) and adhesive behavior has been
observed only in the case of oxidation process parameter
changes. The increasing of the process potential from 20
to 100 V leads to roughness and SFE parameter rise (see
the table above). The greater surface roughness, higher
surface energy results in greater total number of attached
fibroblast cells, higher cell activity and proliferation ratio

(Fig. 3)
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Fig.4. Theratio of the detached cell number to the
total cell number (%) for the TiO, coatings after
cultivation time (days)

Use of modern advancing methods of multifunctiona
coating deposition allows improving the biocompatibility
of implanted materials and prolonging prosthesis service

life in the patient organism.
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BJIMSTHUE TOBEPXHOCTHBIX CBOMCTB MOKPHITHIA, HAHOCUMBIX PA3JIMUHBIMUA BAKYYM-
IJIASMEHHBIMU METOJAMM, HA ITPOIIECC UX B3AUMOJENCTBUS C KJIETOYHBIMHA
CTPYKTYPAMMU INVITRO

A. 3vikosa, B. Cagponos, B. JIykvanuenxo, A. Banvkosuu, P. Pozoséckan
[ToBepxHOCTHBIE CBOMCTBA (DYHKIMOHAJIBHBIX MOKPHITHH, IIMPOKO IPUMEHSEMBIX B COBPEMEHHON MEIMIIMHE,
UTPAIOT OMNPEAEIAIONIYIO POJIb NPH OLEHKE MX OnocoBMecTUMOCTH. CpoK ciyXOBI CyIIECTBYIOIINX 3HIIONPOTE30B U
JU3aifH HOBBIX OWOMHXKEHEPHBIX pPa3pabOTOK HEMOCPEACTBEHHO CBSI3aHBI C JIOKAJIBHBIMA M OTAAICHHBIMU
MOCTICZICTBUSAMHE B3aUMOJICHCTBUSI OHOMATEePUaIOB 1 OHOJIOrMYeCKUX TKaHeH. [lOBEpXHOCTHBIC XapaKTEPUCTHKH, TaKHe
KaK COCTaB, IIEPOXOBATOCTb, IIOBEPXHOCTHAS SHEPIHs OKA3BbIBAIOT NPSIMOE BO3JICHCTBUE HA MIPOLIECC B3aUMOICHCTBUS C
TKaHSMH OpraHH3Ma Ha KJIETOYHOM YPOBHE.

BILJINB TIOBEPXHEBUX BJACTUBOCTEM MOKPUTTIB, IO HAHECEHI PI3HUMHW BAKYYM-
IJIASMOBHUMHA METOJAMM, HA ITPOIIEC iX B3AEMO/II 3 KJIITUHHAMUA
CTPYKTYPAMM IN VITRO
I'. 3ukosa, B. Cagponos, B. JIyk’anuenko, A. Banskosuu, P. Pozosécvka

[ToBepxHeBi BIACTHBOCTI (PYHKIIIOHATHHUX TOKPHUTTIB, IO ITUPOKO 3aCTOCOBAHI y CyYacHi MEIOWIMHI, MaIOTh
BHU3HAYHE 3HAYCHHS IIPH OINHII iX GiocymicHOcTi. TepMiH BUKOPHCTAaHHS iICHYIOUHX CHIOMPOTE3iB Ta MU3AMH HOBHUX
OioimKeHepHUX PO3p0oOOK Oe3rmocepeTHRO 3B sA3aHi 3 JIOKATFHAM Ta BiJIaJICHUM BIUTMBOM B3aeMOIii OiomarepialiB Ta
Oionoriyanx TkaHWH. [loBepXHEBI XapaKTEPUCTUKH, TaKi SK CKJIAJ], TIOPCTKICTh, IOBEPXHEBA CHEPrisl MAalOTh MPSIMHN
BIUIVB HA TIPOLICCH B3a€MOIIi 3 TKAHMHAMH OPTaHi3My Ha KIIITHHHOMY PiBHi.
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