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[. INTRODUCTION

Titanium is one of the most commonly
used implant materials, particularly for den-
tal and orthopedic applications and its uses
are continuously increasing. This extensive
use is based on the properties of material,
including a combination of corrosion resist-
ance and biocompatibility with satisfactory
mechanical performance”. This high degree
of biocompatibility is thought to be the re-
sult, in part, from the protective and stable
oxide layer, typically 4 nm thick film of
amorphous or poorly crystallized and non-
stoichiometric titanium oxide that presumably
aids in the bonding of the extracellular ma-
trix at the implant-tissue interface. The char-

acteristic composition and structure of the
oxide layer often differ depending on the
technique used to prepare the surface of the
metal. It has been shown that methods of
implant surface preparation can significantly
affect the resultant

face and

properties of the sur-
subsequently the biological re-
sponses that occur at the surface®. Successful
long-term stability of the biomaterial in bone
tissue relies on several factors; among them
is the important connection between the im-
plant and bone tissue.

However, titanium is generally considered
to be bio-inert and not likely to form direct
bonding with bone, and it must be fixed
clinically to bone by mechanical interlocking.

However, mechanically fixed implants can
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loosen over long periods of use. Thus, vari-
ous surface treatments have been added to
titanium to enhance bone formation around
the implant to overcome this problem. The
surface structure, morphology, and chemical
and biochemical properties of biomaterial are
important for establishing binding between
the bone tissue and biomaterial.

To improve osseointegration at the bone-
to-implant interface, several studies have
been carried out to modify titanium surface.
In these methods, there are sandblasting
method, acid etching method, combination of
sandblasting and acid etching method, plas-
ma spraying method, deposition of calcium-
phosphate, and anodizing method. Such sur-
face modifications can be divided into two
classes, one aiming on optimized three-di-
mensional physical microarchitecture of the
surface, and the other focusing on the bio-
chemical properties of surface coatings and
impregnations. Blasting titanium implants
with titanium dioxide particle is categorized
into physical and mechanical method of in-
creasing surface roughness and enlarging

3
surface area’.

A number of animal model
have demonstrated that a roughened implant
surface will lead to an elevated level of
bone contact™. Moreover, osteoblast-like
cells appear to be more differentiated on
rougher surfaces with respect to morphology,
extracellular matrix synthesis, alkaline phos-
phatase specific activity, and osteocalcin pro-

duction®”

. Synthesis of extracellular matrix
and subsequent mineralization were both

substantially enhanced on rough textured and
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porous coated titanium in vitro?. It s
known that osteoblast cells initially respond
in a different manner to titanium surface
roughness. Higher levels of cellular attach-
ment have been found on rough surfaces of
titanjum with irregular morphologies in vi-
tro>”. The primary goal of producing rough
surfaces is mainly to create the micro-
mechanical interlocking between in-growth
bone and implants not by chemical bonding.

As a method of chemical bonding, the
metals are often coated with bioactive ce-
ramics to provide materials with bone-bond-
ing ability. One of the most acceptable and
commercialized bioactive coating materials is
plasma sprayed hydroxyapatitelo). Although
good short-term clinical results have been
reported using this method, there have been
several problems with its porosity, low-fa-
tigue strength, degradation and delamination
during long-term implantation'".

Recently, it has been suggested that the
reactivity of titanium implants can also be
enhanced by anatase surface structure of
TiO, layer, because of their capability to in-
duce calcium phosphate formation in vitro
and in vivo. To improve the bioactivity of
titanium implant by anatase structure of
TiO; layer, several methods such as anodic
oxidation, alkali treatmentu), and sol-gel
" have been studied. In vitro studies
have been demonstrated that titanium with

coating

an anatase surface structure are most effec-
tive for apatite nucleation'?.
However, regarding the effect of rough-

ened surface by physical and mechanical



method including acid etching and blasting,
most studies carried out on the reactions of
cells to micrometric topography, that is mi-
cro-scaled roughness especially Ra, and cel-
lular features have been related to the sur-
face micrometric topography. Little work has
been preformed on the reaction of cells to
nanotopography. Titanium implant surface
with TiO, layer composed of anatase struc-
tare has shown good bone response in
vivo'””. However, few studies have analysed
the effect that anatase structure has on dif-
ferentiation of cells into osteoblasts.

The purpose of this study was to de-
termine if the surface topography with sub-
micro-scale isotropic pattern of implant sur-
faces contributed to the response of osteo-
blasts by observing the cell attachment and
cellular viability, and by analysing the gene
expression of osteoblastic phenotype using
ROS 17/2.8 cell lines. And the other pur-
pose of this study was to investigate wheth-
er the effect of this designed surface on
bone cell response over-ride the one of the
surface with micro-scale topography pro-

duced by conventional methods.

II. MATERIALS AND METHODS
1. Cell culture

Rat Osteosarcoma (ROS) 17/2.8 cell lines
were used for these experiments. ROS 17/
2.8 cell lines were derived from a rat osteo-
sarcoma and plated in Dulbeco’s Modified
Eagles Medium (DMEM, Gibco Co., USA)
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containing 10% fetal bovine serum (FBS,
Gibco Co., USA) and 500 unit/ml penicillin
(Keunhwa Pharm. Co., Korea), 500 1ul/ml
streptomycin (Donga Pharm. Co., Korea),
and cultured in an atmosphere of 100% hu-
midity, 5% CO, and 37C. Media were
changed every other day until the cells
When the cells
reached confluence, the cells were passaged
with 0.05% trypsin/0.02% EDTA.

reached to confluence.

2. Sample preparation and surface
treatment procedures

Grade 2 commercially pure titanium (Ti)
plate with a thickness of 0.5 mm and three
different dimensions were used in this study.
Rectangular shaped Ti samples (10x10x0.5
mm) were used for surface characterization
and for the experiment to observe attach-
ment and proliferation of osteoblast- like
cells with scanning electron microscope. For
the 3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl
tetrazolium bromide (MTT) assay to evaluate
cell viability, Ti disks with 6 mm diameter
were used. Square shaped samples sized of
55x55x0.5 mm? were used for Northern blot
analysis. As a pretreatment procedure, sam-
ples were wet abraded with 1200-grits using
SiC abrasive paper and rinsed with acetone
in an ultrasonic cleaner. After this, all the
samples were chemically washed in a sol-
ution consisting of hydrofluoric acid and ni-
tric acid (HF/HNO;, 1

order to remove the oxide formed on the

: 3 molar ratio) in

surface. The samples were then thoroughly



rinsed with ultrapure water and dried at
room temperature. The samples without fur-
ther treatment were used as the control in
this study. The other samples were subject
to further surface treatment including blast-
ing or alkaline treatment. To fabricate sub-
micro-scale porous structure with TiO, layer
composed of anatase structure, surface treat-
ment of specimens was done according to
the method described elsewhere'®. Briefly,
titanium plate was immersed in 5 M NaOH
aqueous solution at 60°C for 24 hr, gently
washed with ultra- pure water, and then
soaked in ultra-pure water at 80°C for 24
hr. After drying, the plates were heat-treated
at 600C for 1 hr in the furnace. The ex-
perimental groups were divided into four
types described as follows.
Control : machined surface ( No further
treatment)

Group 1: machined followed by alkali
treatment with SM NaOH (60°C, 24 hr)
immersion in ultra-pure water (80°C, 24 hr),
and heat treatment (600°C, 1 hr) (Alkali
treated surface).

Group 2: machined and blasted with 100 um
particles of hydroxyapatite (CalO(PO.)s
(OH),) (Blasted surface).

3. Surface characteristics:
morphology and roughness

Before and after surface treatment, the
surfaces of Ti samples were analyzed as

follows. The morphology of the surface was
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observed using the scanning electron micro-
scope (S-4200, Hitachi, Tokyo, Japan) and
surface roughness were measured by profil-
ometry using a Taylor Hobson profilometer
(London, UK). The crystalline phase of the
surface TiO2 layer was characterized using
X-ray diffractometry (XRD, X’Pert-APD,
Philips, Netherlands).

4. Attachment of osteoblast—like cell

The cultured cells were seeded at a seed-
ing density of 2.0x10* cellsfcm’ on each
well which contains each specimen of the
24 well plate and cultured in an atmosphere
of 100% humidity, 5% CO,, and 37C for
1, 3, and 24 hr. The specimens with at-
tached cells were prefixed in 0.5% gluta-
raldehyde for 1 hr, and postfixed in 1% os-
mium 1 hr and
point-dried (Freeze dryer, Model ES 2300,
Hitachi, Japan) and sputter coated with
Pt-Pd (Ion Sputter, Model E-1030, Hitachi,

Japan). The cells attached on specimens

tetroxide for critical

were examined using the scanning electron
microscope (S-4200, Hitachi, Tokyo, Japan)

5. MTT Assay

MTT (3-(4,5-dimethylthiazol-2yl)-2,5 di-

) s trans-

phenyltetrazolium bromide) assay
formed by mitochondrial dehydrogenases into
formazan, enabling mitochondrial activity
and cell viability to be assessed. The cul-
tured cells were seeded at a seeding density

of 1.5x10° cells/cm2 on each well which



contains each specimen in the 96 well plate.
Three round shaped specimens (g = 6 mm)
per each group were used. The cells were
cultured in an atmosphere of 100% humid-
ity, 5% CO,, and 37C for 1, 4 and 7
days, and then 50 nl of MTT solution pre-
warmed to 37C was added in each well
and cultured for 3 hr under the same
condition. The 200 pl of dimethyl sulf-
oxide(DMSO) and 50 ul of glycin buffer
were added and the solution was transferred
to other set of wells which does not contain
the specimens. The optical density was
measured at a wavelength of 570 nm by
ELISA reader (Precision Microplate Reader,
Molecular Devices, USA).

6. Northern blot analysis

The cultured cells were seeded at a seed-
which

contains each specimen in the g =100 mm

ing density of 1.1x105 cells/well

petri dishes. Two square shaped specimens
(55%55x0.5 mm’) per each group were used.
The cells were cultured in an atmosphere of
100% humidity, 5% CO,, and 37C during 7
days for an al(I) collagen mRNA, alkaline
phosphatase mRNA and osteopontin mRNA.

Total RNA was extracted from cultured
cells by wusing a modified acid phenol
method. Briefly, the growth medium was re-
moved and the cells were lysed with Trizol
(Life Technologies, USA). The lysate was
cleared and extracted with 1/10 volume of
1-bromo-3-chloporopane. The aqueous layer

was collected in a new tube and precipitated
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with isoporpanol. After 75% ethanol wash-
ing, the pellet was air-dried and resuspended
in DEPC-treated water, and quantified by
A260/A280 measurement by using UV spec-
trometer (DU530, Beckman, USA). Ten /g
of total RNAs were heated to 65C for 15
in 50% formamide, 0.02%
aldehyde, 40 mM MOPS (3-[-N-morpholino]
propanesulfonic acid), 10 mM sodium ace-
tate, 1 mM EDTA, and 0.1 mg/ml ethodium
bromide prior to gel electrophoresis on 1%
agarose, 55% formaldehyde, 40 mM MOPS,
10 mM sodium acetate, and 1 mM EDTA.
The RNA was blotted onto a zeta-probe
blotting membranes in 20 x SSC. The RNA
was air-dried and then cross-linked by ex-

min form-

posure to ultraviolet light. The probes were
labelled with [a-P*]-dCTP by Megaprime
DNA labelling system kit. Prehybridization
and hybridization were performed by using
the Express Hyb solution. After hybrid-
ization, the membrane was washed in 2x
SSC- 0.1% SDS at room temperature and
then in 0.1x SSC /0.1% SDS at 55C, and
exposed to Agfa X-ray film at -70C with

intensifying screens.
7. Statistical analysis

Analysis of variance(ANOVA) was used
to evaluate the differences of surface rough-

ness and cell viability between the groups.



ITII. RESULTS

1. Surface characteristics

1) Surface morphology

In scanning electron micrographs, ma-
chined, the alkali treated, and the blasted
surfaces demonstrated microscopic differ-
ences in the surface topography. The speci-
mens of the control and machined surfaces
of titanium showed relatively smooth surface
characteristics with abrasive marks. The
specimens of group 1, which was alkali-
treated with NaOH followed by water treat-
ment (80C, 24 hr) and subsequent heat
treatment (600C, 1hr), had a submicro-

scaled porous surface, with pore size about

200 nm. The specimens of group 2, which
was blasted with hydroxyapatite particles,
showed irregularity in morphology with
small (<10 pm) depression and indentations

among flatter-appearing areas of various sizes.

2) surface roughness

Based on profilometry (Table I) the ma-
chined surface (control) and group 1 had
similar Ra values of 0.31 and 0.33 unm,
respectively. The surface of group 2 was the
roughest and had an Ra of 1.93 um. Blasted
surfaces (group 2) were significantly rougher
than the machined (control) and the alkali
treated surfaces (group 1)(p<0.01). Before
and after alkali treatment, the surface rough-

ness was almost identical.

"% Figure 1. Scanning electron micrographs
% of three differently treated fitanium
surfaces. (@) Machined  surface
(x1800), (b) Machined surface
(x10000), (c) Akali freated surface
(Group 1, x1500), (d) Alkali freated
surface (Group 1. x10000), (e)
Blasted surface (Group 2, x1500), (f)
Blasted surface (Group2, x10000).

Table 1. Surface roughness in each group

Group Ra (fm) Rz (¢m) Rt (um) Rq (xm)

Control 0.31 + 0.07 2.03 + 050 232 + 071 0.40 +0.09
Group 1 0.33 + 0.05 2.56 + 0.57 2.96 + 0.70 0.43 + 0.06
Group 2 1.93 + 0.19 13.35 + 1.77 14.85 + 2.08 246 + 0.23

The values are the mean * standard deviations. ( : p<0.01)
Ra : Arithmetic average deviation of the absolute values of all points

Rz: Average peak-to-valley height of the profile

Rt : Maximum peak to valley height of the entire magnitude trace of the profile
Rg : Root mean square of the values of all points of the profile
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Figure 2. Thin-film X-ray diffraction patterns
of differently treafted titanium surfaces.
The sodium-free structure was also
confirmed in EDS and XPS analysis (data
not shown here).

3) X—ray diffraction

XRD analyses of the prepared surfaces
showed the Ti (substrate) peaks in the all
diffractograms and the peak of hydrox-
yapatite did not appear. TiO, (anatase) was
observed on the alkali surface,

whereas crystalline phases (anatase and ru-

treated

tile) of TiO, were not observed on machined
and blasted surfaces. In the XRD pattern,
the peak ascribed to sodium titanate were
not observed on alkali treated samples,
which means TiO, layer of treated surface

was composed of sodium-free anatase structure.
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2. Attachment and spreading of
osteoblast—like cell

After 1 hr incubation, scanning electron
microscopy showed that the cells were in
the process of adhesion and spreading on
3). The

morphologic appearance of the cells on

the all prepared surfaces (Figure

blasted and alkali treated surfaces was sim-
ilar to that on machined surface, and the
cells appeared to be round shaped and were
slightly spreading. The cells had been the
cytoplasm with numerous microvilli. Filopodia
were often observed extending along the ti-
tanium surface on the machined surface, but
’footpads’

which may mediate cell-substrate adhesion

filopodia or the formation of

were often observed attaching on the peak
of irregular surface on the blasted and alkali
treated surfaces. And the bulge of cell nu-
cleus was visible on the all prepared
surfaces.

After 3 hr incubation, cells on all pre-
pared surfaces continued to spread radially
from the center and had a flattened and
round shape and it was observed filopodia

as well as larger cytoplasmic extensions, la-

| Figure 3. Scanning electron micrographs
of cells affer 1 hr culturing on (a) Ma-
chined surface(x1100), (b) Machined
surface (x400), (c) Akali treated
surface (Group 1, x1100), (d) Alkali
freated surface (Group 1, x400), (e)
Blasted surface (Group 2, x1100), (f)
Blasted surface (Group 2, x400).



mellipodia on the

cells (Figure 4). On the

machined surfaces, the cells were more in-

timately attached to the surfaces, with fur-
ther areas of contact between lamellipodia
and the surfaces. However, on the blasted
and alkali treated surfaces, the spreading
cells exhibited slightly irregular shapes and
some gaps or spaces were seen where there
was no area of contact for the cytoplasmic
extensions.

After 24 hrs incubation, most cells of all
the groups had a flattened, polygonal shape,
however, the cells were more spread on the
machined surfaces than on the blasted and
alkali treated surfaces(Figure5).

3. MTT assay
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Figure 4. Scanning electron micrographs
of cells aoffer 3 hr culturing on (@) Mo-
chined surface (x1100), (b) Machined
suface (x400), (c) Alkali freated
surface(Group 1, x1100), (d) Alkali
freated surface (Group 1, x400), (e)
Blasted surface (Group 2, x1100),
(H Blasted surface (Group 2, x400).

Figure 5. Scanning electron micrographs
of cells ofter 24 hr culfuring on (0) Ma-
chined surface (x1100), (b) Machined
surface (x400), (c) Akali treated
surface (Group 1, x1100), (d) Alkali
freated surface (Group 1, x400), (e)
Blasted surface (Group 2, x1100), ()
Blasted surface (Group 2, x400).

The MTT assay was carried out to eval-
uate the cellular viability on the machined,
blasted and alkali treated surfaces at 1, 4
and 7days. As shown in Figure 2, the MTT
assay indicated the increase as following or-
der: on machined, alkali treated and blasted
surfaces according to the time. It was con-
sidered that alkali treatment has little cyto-
toxicity because the MTT assay was in-
creased according with time. The group 1
and 2 were significantly increased in opti-
cal density compared with the control at 1
day ( p<0.01), however, there was no sig-
nificant difference in optical density among
the groups at 4 and 7 days( p>0.05 ).

4. Gene expression of the bone
matrix protein
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To prove that bone formation occurs in
osteoblast-like cell cultures, we examined the
expression of genes implicated in osteo-
blastic differentiation. Therefore, we exam-
ined the
mRNA and alkaline phosphatase mRNA, os-
teopontin mRNA in osteoblast-like cell cul-

expression of al(I) collagen

ture during 7 days in culture on the ma-
chined, the blasted and the alkali treated
surfaces. The results from this experiment
are shown in Figure 3. The mRNA ex-
pression of alkaline phosphatase and al(l)
collagen were slightly high on blasted and
alkali treated surfaces compared with ma-
chined surface, and the mRNA expression of
osteopontin was the highest on the blasted
surfaces. These results showed mRNA ex-
pression level of al(I) collagen, alkaline
phosphatase and osteopontin of the osteo-

blast-like cells showed a tendency to be

G2

1111
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Figure 6. The opfical density measured
after culture for 1, 4, and 7 days af
a wavelength of 8§70 nm by ELISA
reader(n=3 in each group). The
goup 1 and 2 were significantly
increased in optical density compared
to control at l1day (p<0.01), but
there was no significant difference
in optical density among the
groups at 4 and 7 days (0>0.05).

Figure 7. Northern blot analysis of the
mRNAs of ROS 17/28 cell on
three differently  treated  titanium
surfaces at day 7. The mRNA expre-
ssion level of al(l) collagen (Col 1),
akaline phosphatase (ALP) and
osteopontin (OPN) of the osteoblast-
like cells showed a tendency to be
higher on blasted and alkali treated
surfaces than on the machined surfaces.

higher on blasted and alkali treated surfaces
than on the machined surfaces, although no
siginificant difference in the mRNA ex-
pression level of al(I) collagen, alkaline
phosphatase and osteopontin was observed
among all groups.

IV. DISCUSSION

Interactions between implants and adjacent
tissues are dependent, in part, on surface
', The initial

interactions occuring at the bone-implant in-

properties of implant materials

terface outcome at this site is dependent not
only on successful wound healing, but also
on successful bone formation®. Mineralizing
tissues have demonstrated the ability to bond
directly to titanium and that the overall suc-

cess of cellular attachment, whether occuring



in vitro or in vivo, is dependent on many
parameters including surface roughness, ox-
ide composition and thickness, and other
propertiesls).

In an attempt to improve the quantity and
quality of bone-implant interface, numerous
surface modifications have been used. There
are basically two ways to modify the im-
plant surface to improve osscointegration.
The one way is to fabricate an optimized
three-dimensional physical micro-architecture
of the surface, sand blasting and/or acid
etching, TiO, plasma spraying methods are
included in this approach. The development
and use of these surface modifications have
been based on the theory that improved os-
seointegration can be achieved by increas-
ing surface roughness and surface area of
the implant surface'. It has been suggested
that bone bonding to

face is achieved by micromechanical inter-

titanium implant sur-

digitation of surrounding bone with the ma-
terial surface’™.
good correlation between increased Ra value

21,22
). The other

way is the method focusing on the change

Several studies reported a
and stronger bone anchorage
of biochemical properties to titanium surface.

Surface

spraying, anodic oxidation, sol-gel coating of

coatings, hydroxyapatite plasma
titania and simple chemical methods are in-
cluded in this category. It has been sug-
gested that these methods produce the ana-
tase surface structures, which enhances re-
activity of titanium implants, and the ana-
tase crystal structure, the porous Ti-OH net-

work, and the negative surface charge den-
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sity of the titania may be responsible for the
apatite nucleation™.

In this study, to fabricate bioactive 1 um
thick TiO2 layer composed of mainly anatase
with submicron-scaled porous structure, sur-
face treatment was done according to the
method of Uchida et al'® To fabricate
rough surface with micron-scaled structure,
the surface was blasted with 100 pgm par-
ticles of hydroxyapatite

In this study, we observed different top-
ographies of pure titanium by different treat-
ments in all groups and these topographies
were similar to topographies which reported
previously on machined, blasted and alkali
treated surface in SEM observation. Alkali
treatment alone had a little effect on the
surface roughness(micron-scaled roughness,
Ra=0.33 ¢m) but overall surface morphology
at nanometer scale(pore size of about 200
nm) was apparently different after alkali
treatment. Blasted surfaces were significantly
rougher(Ra=1.93 (m) than the machined and
the alkali surfaces(p<0.01) and

showed irregularities in morphology with

treated

small (<10 pm) depression and indentations
among flatter-appearing areas of various
sizes. The differences in roughness resulting
from blasted surfaces were statistically sig-
nificant in comparison with machined and
alkali surfaces(p<0.01).

searches have done in order to explore the

treated Many re-
limits of roughness values that cells are able
to detect™'**”. Wojciak-Stothard et al® have
discovered that macrophage-like cells react

down to dimension at least as small as 44



nm, whereas endothelia respond to the steps

of 100 nm height or greater26)

. Deligianni
and coworkers™ reported that osteogenic
cells can sense changes in roughness of the
range of 0.6 um and other cells did “ignore”
the surface topography on 0.5 um grooved
surface. Matsuzaka and coworkers® con-
cluded that microgrooves are able to influ-
ence bone cell behavior by determining the
alignment of cells and cellular extensions,
altering the formation and placement of cell
focal ECM

production. Therefore, microgrooved surfaces

adhesions, and  altering
seem to be interesting to be applied on
bone-anchored implants. Most studies were
done on effect of the surface with grooved
pattern, ie, anisotropic surface and with di-
mensions of 0.5 um and greater. Little work
has been performed on the reaction of bone
surface with

submicro-scaled structures.

cells to isotropic implant
nanotopography,
It has been suggested that topographic cue
over-rode the chemical one. In the work of
Britland and colleagues™, they used a chem-
ical cue oriented at right angles to a topo-
graphic one. When the grooves were 500
nm deep or less, the BHK fibroblasts re-
acted chiefly to the chemical cue, on deeper
groove the topographic cue over-rode the
chemical one and at 5 um depth the topo-
graphic effect oriented about 80% of the
cells and the chemical one, 7%. The surface
characteristics used by Britland and col-
leagues®, however, was different from the
one used in this study. We fabricated isotropic

surface pattern to compare the effect of de-
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signed surfaces. The other purpose of this study
was to determine whether submicro-scaled sur-
face topography(nanotopography) with anatase
structure over-rides the effect of micrometric
roughness produced by blasting. There is
no work to compare the effect of crystalline
oxide films such as anatase structure on
bone cell response with the one of surface
directly.
Nishiguchi et al’® reported that alkali treated

titanium has a submicron-level trabecular

with  micrometric ~ roughness

and irregular structure on its surface. This
surface topology may play a role in the
bone-bonding this

However, the average roughness is less than

strength of material.
1 um and only weak mechanical interlocking
occurs if at all. Thus, it is supposed that
chemical bonding between alkali treated tita-
nium metal and bone via an apatite layer
plays a major role in bone-bonding behavior.
By blasting with hydroxyapatite particles, we
obtained similar topography to blasted sur-
face with Al,O; particles and could prevent
the Al contamination on the titanium surfa-
ces in this study. We also could not find
the hydroxyapatite on the X-ray diffraction
analyses. On the X-ray diffraction analyses,
we observed the presence of anatase and ru-
tile phases of TiO, from the alkali treated
surface in NaOH solution, whereas it was
not observed on machined and blasted
surfaces. It has been known that apatite nu-
cleation is effectively induced from anatase
structures in Ti-OH groups. Once apatite nu-
clei are formed, they grow spontancously by

consuming the calcium and phosphate ions



3D The formation

from the surrounding fluid
of a thin layer of apatite on the implant sur-
face believed to be the first step of bone
bonding process for the bioactive implant in-
cluding titania™.

The process of adhesion of cells in sus-
pension to substrate involves the following
steps: (1) adsorption of serum proteins on to
the substrate: (2) contact of rounded cells
with the substrate: (3) attachment of the
cells to the substrate: and (4) spreading of
the cells on the substrate®. In scanning
electron micrographs observation, the mor-
phologic appearance of the cells on the
blasted and alkali treated surfaces was sim-
ilar to that of machined surface. After lhr
and 3hr incubation, most of cells showed fo-
cal cytoplasmic extensions or circumferential
spreading. However the spreading cells on
roughened surface exhibited irregular shapes,
with gaps or spaces where there was no
area of contact for the cytoplasmic ex-
tensions, because the cells spanned over the
surface and creating spaces or gaps under-

34)
nea .

After 24 hours incubation, most
cells of the all groups had a flattened, pol-
ygonal shape, however the cells spread more
on the machined surfaces than on the blast-
ed and alkali treated surfaces. It has been
suggested that smooth surface is better to
spread the cell than submicro-scaled and mi-
cro-scaled surface.

Using the MTT assay, cellular viability
has increased on machined, alkali treated
and blasted surfaces according to time. It

has been considered that alkali treatment has
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little cytotoxicity because the MTT assay
was showed increased optical density accord-
ing to time. The blasted and alkali treated
groups were significantly increased in opti-
cal density compared to machined surface at
1 day( p<0.01), however there was no sig-
nificant difference in optical density among
the groups at 4 and 7 days (p>0.05).

1> showed that there is a

Deligianni et a.
time-dependent increase in cell attachment
on materials, what was observed in this
study, as more cells attached after 24 hr
than 4 hr. And Zinger et al.’® showed that
cell attachment depends on cavity spacing. It
was considered that initial increase of cel-
lular viability on submicro-scaled as well as
micro-scaled surface topography is due to
increase of the protein adsorption onto tita-
nium surface and different cavity spacing.
To prove that bone formation occurs in
osteoblast-like cell cultures, we examined the
expression of several genes implicated in os-
day 7 after

incubation. To date, there have been a little

teoblastic  differentiation at

reports regarding the analysis of osteogenic
cells on micro-scaled and submicro-scaled
surfaces. This study chose the mRNA ex-
pression level of al(I) collagen, alkaline

phosphatase and osteopontin, which are es-

tablished markers of osteogenic differ-
entiation’®. The results from this experi-

ment show that the mRNA expression of al-
kaline phosphatase and al(I) collagen was
slightly higher on blasted and alkali treated
surfaces compared to machined surface, and

the mRNA expression of osteopontin was



the highest on the blasted surfaces. These
to the report by
Matsuzaka et al.*® that mRNA expression of

osteopontin and osteocalcin of the osteo-

results were similar

blast-like cells showed a tendency to be
higher on multigrooved surfaces than on
smooth surfaces. Nishio et al.*” reported that
mRNA expression of osteopontin and al(l)
collagen showed no difference between
smooth surfaces and alkali treated surfaces
at day 7 bone marrow cell culture. The re-
sults of this study showed that the mRNA
expression level of al(l) collagen, alkaline
phosphatase and osteopontin of the osteo-
blast-like cells showed a tendency to be
higher on blasted and alkali treated surfaces
than on the machined surfaces, although no
significant difference in the mRNA ex-
pression level of al(I) collagen, alkaline
phosphatase and osteopontin was observed
among all groups. It means that the mi-
cro-scaled and submicro-scaled surfaces
could accelerate the osteogenic cell function.
that

micro-scaled surfaces on osteoblast-like cell

In conclusion, we suggest sub-
response do not over-ride the one of the
surface with micro-scale topography pro-
duced by blasting method, although the mi-
cro-scaled and submicro-scaled surfaces can
accelerate osteogenic cell attachment and
function in comparison with the machined
surfaces. Also we could not observe the
synergistic effect by TiO, layer composed of
anatase,

sign of this study. Then further studies are

although it is not clear as the de-

required to assess the difference of the os-
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teogenic cell response between the sub-
micro-scaled surfaces and surface composed
of anatase, and the effect of submicro-scaled

surfaces on the bone formation in vivo.

V. SUMMARY

To improve osseointegration at the bone-
to-implant interface, several studies have
been carried out to modify titanium surface.
Variations in surface texture or micro-
topography may affect the cellular response
to an implant. Osteoblast-like cells attach
more readily to a rougher titanium surface,
and synthesis of extracellular matrix and
subsequent mineralization were found to be
enhanced on coated

titanium. However, regarding the effect of

rough or porous
roughened surface by physical and mechan-
ical methods, most studies carried out on the
reactions of cells to micrometric topography,
little work has been performed on the re-
action of cells to nanotopography.

The purpose of this study was to examine
the response of osteoblast-like cell cultured
on blasted surfaces and alkali treated surfa-
ces, and to evaluate the influence of surface
texture or submicro-scaled surface topography
on the cell attachment, cell proliferation and
the gene expression of osteoblastic phenotype
using ROS 17/2.8 cell lines.

In scanning electron micrographs, the
blasted, alkali treated and machined surfaces
demonstrated microscopic differences in the
surface topography. The specimens of alkali

treatment had a submicro-scaled porous sur-



face with pore size about 200 nm. The
blasted surfaces showed irregularities in mor-
phology with small(<10 um) depression and
indentation among flatter-appearing areas of
various sizes. Based on profilometry, the
blasted surfaces was significantly rougher
than the machined and the alkali treated sur-
faces (p<0.01). On the x-ray diffraction anal-
ysis, anatase and rutile(TiO;) were observed
on alkali treated surfaces, whereas not ob-
served on machined and blasted surfaces.

The attachment morphology of cells ac-
cording to time was observed by the scan-
ning electron microscope. After 1 hour in-
cubation, the cells were in the process of
adhesion and spreading on the prepared
surfaces. After 3 hours, the cells on all pre-
pared surfaces were further spreaded and
flattened, however on the blasted and alkali
treated surfaces, the cells exhibited slightly
irregular shapes and some gaps or spaces
were seen. After 24 hours incubation, most
cells of the all groups had a flattened and
polygonal shape, but the cells were more
spreaded on the machined surfaces than the
blasted and alkali treated surfaces.

The MTT assay indicated the increase on
machined, alkali treated and blasted surfa-
ces according to time, and the alkali treated
and blasted surfaces showed significantly
increased in optical density comparing with
machined surfaces at 1 day (p<0.01).

Gene expression study showed that mRNA
expression level of al(I) collagen, alkaline
phosphatase and osteopontin of the osteo-

blast-like cells showed a tendency to be
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higher on blasted and alkali treated surfaces
than on the machined surfaces, although no
siginificant difference in the mMRNA ex-
pression level of al(I) collagen, alkaline
phosphatase and osteopontin was observed
among all groups.

In conclusion, we suggest that submicro-
scaled

sponse do not over-ride the one of the sur-

surfaces on osteoblast-like cell re-

face with micro-scaled topography produced
by blasting method, although the micro-
scaled and submicro-scaled surfaces can ac-
celerate osteogenic cell attachment and func-
tion compared with the machined surfaces.
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