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ON THE CELL/MATERIAL INTERACTION IN VITRO TESTS
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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. Material properties such as implant surface composition, roughness, topography can influence
events at bone –implant interfaces and cell 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 properties it’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. TiO2 titanium dioxide is widely used
in biomedical application because its excellent
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 material and coating
surfaces are the basic tools to determine the material
surface/ tissue response on a cellular level [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 generally increased on rough surfaces compared to
smooth ones [8] but sometimes no effects are shown [9].
The surface energy is also the fundamental material
property that can influence on cell behavior [10]. The aim
of the present study was the comparative analysis of cell
adhesion on the surface of load bearing metal materials
with ceramic coatings in vitro tests.

2. MATERIALS AND 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 Al2O3 by Plasma Spray Method
(PS), c) oxide- films TiO2 by electrochemical method, d)
oxide Al2O3 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 Al2O3 (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 electrochemical treatment of
titanium samples in salt solution of disubstititued sodium
sulphate medium at different stabilize voltage values from
10 to 100 V in DC regime was made. Al2O3 (MS) coating
deposition was performed in high vacuum pumping
system with the base pressure about 10-5 mBar. A
schematic description of the magnetron and ion source in
the sputtering chamber is shown in Fig.1.

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- swivel damper; 8- RF-ECR
plasma; 9- substrate 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
Tensiometer at temperature 20o 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/material
interaction in vitro – in culture of fibroblasts were carried
out. Rat hypodermic cellular tissue was extracted for
initial fibroblast culture obtaining. The suspension of
extracted cells was centrifuged at 750 orb/min during
15 min. The estimation of the total cell number and
detached cell number was made by means of 0,1% trypan
solution. Sowing cell area was 2x104 cell/ml density of
cultural medium. The fibroblast cultivation was made by
methods of mono layer culture at thermostat condition
(temperature 37o C) during 7 days. The isolated cells 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. RESULTS AND DISCUSSION

3.1. SURFACE STRUCTURE AND PROPERTIES

The characteristic features of coating roughness were
presented at Fig .2 for TiN and Al2O3 (MS) coatings. The
roughness data for all samples are presented in the table
bellow. The increasing of oxidation potential from 20 V
to 100 V for TiO2 coatings results in the roughness
parameter rise.

    a b
Fig.2. Surface roughness coatings of:

a) TiN (Arc PVD), b) Al2O3
Advancing water contact angle was measured by

Wilhelm’s method at temperature 20o 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 TiO2, TiN, Al2O3
coatings and glass

Coating properties Surface propertiesCoatings
type Thick-

ness,
m

Rough-
ness,
Ra, m

Water
contact
angle,
degree

Surface
free
energy,
SFE,
N/m

TiO2 (20 V) 0,5 0,1 65.91 42,12
TiO2 (30 V) 0,8 0,15 64,80 42,80
TiO2 (50 V) 1,0 0,22 58,44 46,58
TiO2 (70 V) 1,2 0,26 57,85 46,91
TiO2 (100 V) 1,5 0,3 55,85 48,07
Glass 0,02 84,8 29,9
TiN 1,5 0,09 67,15 41,43
TiN 1,8 0,12 69,50 39,98
Al2O3 (PS)  35 2,4 76,74 35,31
Al2O3 (PS) 30 2,2 77,85 34,5
Al2O3 (MS) 2,2 0,04 58,7 46,42
Al2O3 (MS) 1,9 0,03 61,15 44,98

The ratio of the detached cell number Nd to the total
cell number Nt may be approximated by equation ctb,
(where t- time in culture, c – scale coefficient and b-
kinetic coefficient b  0,5). The model of cell/material
interaction and the analytical expression for td (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 cells after 1day) was used for
most statistical analysis. The best results were obtained in
the case of oxide coatings: TiO2 at 100V, Al2O3 (PS) and
Al2O3 (MS).

4. CONCLUSIONS

The initial cell behavior on the biomaterial interface will
influence the cell differentiation, proliferation and extra
cellular matrix formation. The surface topography,
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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 –TiO2 20V,50V,100V, 4,5- TiN
(PVD), 6 Al2O3 (PS),7-Al2O3 (MS),8 –glass
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roughness, energy and chemistry 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 TiO2 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)

Use of modern advancing methods of multifunctional
coating deposition allows improving the biocompatibility
of implanted materials and prolonging prosthesis service
life in the patient organism.
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Fig.4.  The ratio of the detached cell number to the
total cell number (%) for the TiO2 coatings after

cultivation time (days)


