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Abstract The purpose of the present study was to
determine in vitro the effects of different surface
topographies and chemistries of commercially pure
titanium (cpTi) and diamond-like carbon (DLC) sur-
faces on osteoblast growth and attachment. Microg-
rooves (widths of 2, 4, 8 and 10 pm and a depth of 1.5
2 um) were patterned onto silicon (Si) substrates using
microlithography and reactive ion etching. The Si
substrates were subsequently vapor coated with either
cpTi or DLC coatings. All surfaces were characterized
using atomic force microscopy (AFM), scanning elec-
tron microscopy (SEM), X-ray photoelectron spectros-
copy (XPS) and contact angle measurements. Using
the MG63 Osteoblast-Like cell line, we determined
cell viability, adhesion, and morphology on different
substrates over a 3 day culture period. The results
showed cpTi surfaces to be significantly more hydro-
philic than DLC for groove sizes larger than 2 pm. Cell
contact guidance was observed for all grooved samples
in comparison to the unpatterned controls. The cell
viability tests indicated a significantly greater cell
number for 8 and 10 pm grooves on cpTi surfaces
compared to other groove sizes. The cell adhesion
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study showed that the smaller groove sizes, as well as
the unpatterned control groups, displayed better cell
adhesion to the substrate.

1 Introduction

Understanding the role of surface topography and
chemical functionality on growth and adhesion of cells
to biomaterials is important in improving tissue/
implant interfacial strength. When bone cells are
attached on a solid substrate their behavior and
function depends on the physico-chemical and mor-
phological properties of the biomaterial surface [1].
These surface characteristics determine how biologi-
cal molecules will adsorb on the surface and more
particularly determine the orientation of adsorbed
molecules [2]. Cell-material interaction occurs in two
phases, the first phase involves the attachment,
adhesion and spreading of the cells and it is the
quality of this first phase that influences the second
phase, the capacity of the cell to proliferate and
differentiate itself on contact with the implant [1].
Early in-vitro cytocompatibility studies focused on the
morphological aspect, growth capacity and the state
of differentiation of cells on materials with various
chemical compositions [3-9]. The diversity of cell
responses to the different materials tested highlighted
the capacity of cells to discriminate between different
surface chemistries [1].

The present study is concentrated on the effect of
surface topography on the first phase of bone cell
growth and how cpTi and DLC chemistry influences

@ Springer



706

J Mater Sci: Mater Med (2007) 18:705-714

this process. The surface topographies used in this
study were developed by lithographic methods. The
transition of lithographic techniques from the semi-
conductor industry to the field of material science has
been a successful and beneficial shift. Many studies
have employed lithographic techniques to study cell
interactions on a range of topographies [10-12]. A
considerable number of these studies were conducted
using osteoblast cells on polymer replicas of etched Si
wafers and a few coated these polymers with either
titanium or titanium alloy coatings. As yet no study, to
the knowledge of the authors, has evaluated bone cell
growth on DLC coatings on well-structured topogra-
phies. This study addresses this issue and provides a
direct comparison of results with titanium coated
substrata.

Titanium (Ti) is a well-established biomaterial, used
successfully in the fabrication of hard-tissue implants,
particularly in load bearing applications. However, due
to the generally rather biopassive properties of the
titanium [13], the healing process is slower compared
to other implant materials with bioactive properties
(e.g. hydroxyapatite (HA) or HA-coated implants).
Research has shown that bone interlocking or micro-
mechanical anchorage at the interface is not a feature
common to all surfaces; to achieve it, a certain level of
roughness is required [14]. Altering the surface topog-
raphy of titanium implants has been seen as a method
for hastening the bone healing process. At present,
titanium implants in clinical use vary with respect to
surface roughness and composition, with agreement
being limited to the fact that bone forms more readily
on rough surfaces whereas fibrous connective tissue is
found more frequently on smooth surfaces [15]. In
vitro studies have shown that osteoblast-like cells
exhibit roughness-dependent phenotypic characteris-
tics [16]. The cells tend to attach more readily to
surfaces with a rougher microtopography [16, 17].
Martin et al. and Kieswetter et al. [18, 19] had found
that proliferation and differentiation of MG63 cells on
titanium surfaces were affected by the surface rough-
ness. Kieswetter et al. [19] more specifically observed
that cell proliferation was reduced but not blocked by
the surface topography and phenotypic differentiation
was enhanced by rougher surface topographies. These
tests were conducted on randomly roughened surfaces
obtained through coarse grit blasting for moderately
rough surfaces and via Ti plasma spraying to prepare
very rough surfaces. Much of the research on Ti
roughness and its effect on bone cells has been on
randomly roughened surfaces [20-22].

Titanium has been a successful implant material due
to its biocompatibility, strength and corrosion resis-
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tance. It derives its corrosion resistance from the
adherent oxide layer, which forms spontaneously at its
surface [23]. There is no perceptible degradation
except if this layer is disturbed. Titanium does interact
with its environment. It has been shown to release
metal ions and compounds into the tissues and
conversely, oxygen diffuses into it [23, 24]. Conversely,
DLC derives its resistance from its amorphous crystal
structure, which is not as easily disrupted [25, 26]. DLC
is an amorphous, carbon-based film, which possess
similar physical properties of crystalline diamond. The
molecular structure of these diamond-like carbon
(DLCQ) films is highly variable but all contain a mixture
of sp’ and sp? coordinated carbon and significant
amounts of hydrogen [25-27]. Although the specific
properties of an individual DLC film depend upon the
deposition conditions [28-30], generally films are
chemically inert and hard, possessing low coefficients
of friction [31, 32]. Allen et al. [33] tested macrophage,
fibroblast and osteoblast-like cells in vitro on diamond
like carbon coatings and found that there was no
evidence that DLC coatings, deposited on a variety of
substrates, caused cytotoxicity in vitro. They found that
cells grown on the coated substrates exhibited normal
cellular growth and morphology, proving the biocom-
patibility of DLC coatings. Many studies have concen-
trated on the biocompatibility and general surface
properties of DLC films and their affect on cells. There
is very little knowledge and study on creating defined
topographies in DLC and evaluating its effects on bone
cells.

In the present study, lithographic techniques were
used in combination with thin film coating technology
to create well-defined organized groove structures at
roughnesses at or below cell dimensions to evaluate
MG63 cell performance. This study enabled us to
separately evaluate cpTi and DLC film chemistry and
topography on osteoblast-like cells and also to
directly compare the performance of DLC with that
of cpTi.

2 Materials and methods
2.1 Preparation of specimens

Circular silicon discs of 15 mm diameter were cut from
10 cm semiconductor grade single crystal silicon (100)
wafers. A pretreatment procedure of ultrasonically
cleaning with acetone and then ethanol for 5 min in
each was applied to all discs. A few discs with
unaltered surface topography were retained as con-
trols. Microlithography was used on all other discs to
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create parallel groove patterns with groove and ridge
widths of 2, 4, 8 and 10 um and a depth between 1.5
and 2 um. All discs were vapor coated with a 300 nm
layer of chromium (Cr). A layer of photoresist (Shipley
Microposit S1813 photo resist) was applied to the
surface of the disc by spin coating. This produced a thin
uniform layer of photoresist on the wafer surface. A
mask (containing the required groove pattern) was
placed over the disc and exposed to UV light (Solitec
3000R, 200W UV) for 13 s. The exposed resist was
washed using developer solution (Shipley Microposit
MF320 Developer). The disc was then immersed in Cr
etching solution to transfer the pattern to the Cr layer.
The photoresist layer was washed away using acetone
solution. Groove patterns were then etched into the
silicon wafer using Reactive Ion Etching (RIE) with
CF, gas at a pressure of 8 Pa, 50 W for 5 min. All
lithographic procedures were conducted in a clean
room environment to avoid particle contamination.
Table 1 shows different sample groups. Each sample
group contained 6 discs.

2.2 Thin film coatings of commercially pure
Titanium (cpTi) and Diamond-Like Carbon
(DLC)

Commercially pure titanium was coated onto the
specimens using a filtered arc deposition process at a
substrate bias of -50V to produce a film thickness of
approximately 240 nm.

Diamond-Like Carbon was coated onto discs using
Plasma Enhanced Chemical Vapor Deposition (PEC-
VD) [34]. The coating process occurred in three stages,
Si wafers were initially etched at a floating bias of 600
V and 200 W RF power for 3 min, then an interme-
diate bonding layer of a-SiC(H) was synthesized from
tetramethylsilane (200 W RF power, 650 V bias).
Finally, the DLC layer was deposited onto the surface
with acetylene as the precursor gas at a partial pressure
of 6 Pa at 200 W RF power with a floating bias of 550 V
for 5 min (film thickness of 200 nm).

2.3 Surface characterization

Prior to cell culture assays all specimens were character-
ized using atomic force microscopy (AFM), X-ray pho-

Table 1 Sample groups (6 samples in each group)

Coating Surface topography
cpTi 2 um 4 pm 8 um 10 pm Control
DLC 2 pm 4 pm 8 um 10 pm Control

toelectron spectroscopy (XPS), surface profilometry,
scanning electron microscopy (SEM), and contact angle
measurements. Contact AFM was used to ensure the
integrity of the groove structures and to identify any flaws
that may exist by using a Thermomicroscopes Autoprobe
MS. A surface profilometer (DEKTAK 3030) was used to
determine coating thickness. Test samples were used with
coatings applied to only a portion of the sample and
analyzed by generating a step profile of the uncoated to
coated areas. The chemical composition of the surface
was investigated with XPS using a SAGE 150 system.
Two techniques were used to determine coating coverage
within the grooves using SEM (Philips XL.30). A focused
ion beam (FIB) approach was utilized to remove a thin
section of a cpTi sample which could then be imaged at a
high tilt angle using SEM [35]. DLC coated samples were
fractured and viewed under SEM using backscattered
electron (BSE) imaging. The surface energy experiments
were carried out on a Ramehart contact angle measure-
ment system (Ramehart, New Jersey, USA) equipped
with Ramehart software. We chose to use Deionised (DI)
water and Glycerol (Gly) to determine the contact angles
of the surface. A 3 uL droplet of DI/Gly was placed onto
the surface and photographed using a high resolution
camera and transferred to the Ramehart program where
the angle between the surface of the substrate and the
droplet is measured. This test was repeated 5 times at
different locations for both liquids. The contact angle
results from both liquids were used to determine the
surface energy of the substrate. Tests were conducted at
room temperature (23°C) at a relative humidity of 28%
(Thermo-Hygro).

2.4 Cell culture assays

All specimens were sterilized in 70% ethanol for
30 min and exposed to UV light prior to being
introduced into 15 mm diameter multi-well plastic
dishes. MG63 Osteoblast-like cells, originally derived
from osteosarcoma affected bone were seeded onto the
specimens along with DMEM containing calcium,
supplemented with 10% fetal bovine serum (FBS).
The cells were seeded at a density of 20,000 cells/well
for cell morphology studies and 70,000 cells/well for cell
number and attachment studies, and incubated at 37°C
in a humidified atmosphere of 95% air and 5% carbon
dioxide. Cultures were conducted over a 3 day period.

2.4.1 Cell morphology
The cells layers were rinsed with pre-warmed Phos-

phate Buffered Saline (PBS) solution and fixed using
2% glutaraldehyde in PBS. Cells were kept at room
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temperature for 1 h and then stored at 4°C for 24 h.
The following day, excess glutaraldehyde solution was
removed and cells rinsed once more in PBS before
being dehydrated progressively in higher concentra-
tions of ethanol baths (50, 70, 80, 90, 95, and 100%,
10 min in each bath). The samples were dried and gold
sputter coated for SEM analysis. A Phillips X130 SEM
was used at high vacuum to analyze the samples.

2.4.2 Cell number

The cells were rinsed with PBS solution and then
Trypsinized (with 400 uL of 0.2% of Trypsin) for 9 min
at 37°C. Once all cells were detached from the surface, the
solution was neutralized with 50 uL. of FBS and then
stained using 200 uL of Trypan Blue. The solution was
flushed several times to suspend cells evenly before
pipetting 10 uL into a hemacytometer for cell counting.

2.4.3 Cell adhesion

The cells were once again rinsed with pre-warmed PBS.
Ethylene Diamine Tetraacetic Acid (EDTA) at a con-
centration of 0.2% was pipetted into the wells and placed
in the incubator at 37°C for 3 min. The solution was
neutralized with Dulbecco’s Modified Eagle Medium
(DMEM) containing Ca”*. The cells were then stained
with Trypan Blue and counted using a hemacytometer.
The wells were washed once more with PBS and
Trypsinized in order to remove all remaining cells for
cell counting. The percentage of detached cells was
calculated by dividing the number of cells removed by
EDTA over the total number of cells removed by
Trypsin. The results were presented as the percentage
of attached cells after EDTA treatment. The higher the
percentage of attached cells, the higher the cell adhesion.

2.5 Statistical analysis

Statistical significance of results was determined using
an ANOVA (One-way Analysis of Variance) test with
a Tukey—Kramer Multiple Comparisons Test.

3 Results

3.1 Surface characterization

3.1.1 Atomic force microscopy

AFM images were taken of grooved and ungrooved
(control) samples. Scans (20 pm x 20 pm) of the con-
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trols were taken before and after thin film coating to
determine approximately the roughness of the silicon
wafers and to establish the level of roughness added
through the coating process.

Table 2 showed that the roughness of the coatings
and the silicon wafer were negligible in comparison to
the groove sizes. Figure 1 showed scans of the different
groove sizes. The 4, 8 and 10 pm grooves were scanned
at a range of 50 pm x 50 pm, while the 2 um grooves
were scanned at 20 um x 20 pum as a higher image
resolution was needed. The 2 and 4 pm grooves appear
to have rather angled walls and smooth groove
surfaces. The 8 and 10 um grooves appear to have
nanometer scale roughness along the groove surface.

3.1.2 X-ray photoelectron spectroscopy

XPS data of DLC films were dominated by the Carbon
(Cls) peak with a trace of Oxygen (Ols). The Ols
peak at 533 eV is mainly attributed to the absorbed
oxygen on the film surface due to air exposure.
Titanium films were dominated by the Ols and
Titanium (Ti2p) peaks with a trace of Cls. The Ols
peak at 530.2 eV is due mainly to the oxide layer that is
formed on cpTi surfaces. The relatively high amount of
C measured was due to the adsorbed organic molecules
always found on oxide films that have been exposed
and stored under atmospheric conditions [36]. Both
films were free of any surface contamination. Table 3
gives the percent chemical composition (atomic weight
percent, at w%) of each atom species in both thin film
coatings.

3.1.3 Surface profilometery

Table 4 shows the coating thickness for cpTi and DLC
coated samples. There was some variability in thick-
ness related to the uniformity of the deposition
process.

3.1.4 Scanning electron microscopy

FIB operates by emitting a beam of positively charged
particles which rasters across a specimen, the signal
(secondary electrons or secondary ions) reflected back

at each point is used to generate an image [35].

Table 2 Coating roughness for ungrooved controls

Roughness (R,) (nm)

Si Wafer 2.9
cpTi Coating 4.4
DLC Coating 3.6




J Mater Sci: Mater Med (2007) 18:705-714

709

Fig. 1 AFM images of
grooved surfaces (a) 2 pm (b)
4 pm (c) 8 um (d)10 um
groove sizes. 2 um grooves
scanned at 20 pm x 20 pm. 4,
8 and 10 um grooves scanned
50 pm x 50 pm

Table 3 Binding energies and atomic weight percentage of
chemical compositions of the coatings materials

Binding Energy Composition
(eV) (atw %)
cpTi Ti2p 458.5 16.38
Ols 530.0 59.15
Cls 285.0 24.47
DLC Cls 284.5 97.96
Ols 533.5 2.04

Table 4 Coating thickness

Coating Thickness (nm)

CpTi
DLC

190-250
200-260

Sectioned views of cpTi and DLC coated substrates are
shown in Fig. 2. Coating penetration was clearly visible
in Fig. 2(a) as it is possible to distinguish between the
cpTi and Si layers. The highly conductive nature of
cpTi resulted in the layer appearing brighter in
comparison to the Si substrate. Conversely, the DLC
coated sample was indistinguishable from the Si as

Fig. 2 FIB image of (a) cpTi
and (b) DLC coating layers

seen in Fig. 6. Insulating or electrically isolated mate-
rials, such as DLC, absorb the particles emitted by the
beam and become positively charged upon exposure.
Therefore they have a low emission of secondary
electrons and appear dark in a secondary image [37].
This combined with a semi conductive Si resulted in an
image with little contrast (Fig. 2(b)).

BSE imaging was employed to overcome the non-
conductive property of DLC coatings, as it is based on
the elemental composition of the material [38]. The
efficiency of production of BSE is proportional to the
sample material’s mean atomic number, which results
in image contrast as a function of composition—a
higher atomic number material appears brighter than a
low atomic number material. Carbon (6) has a lower
atomic number than Si (14) and therefore appears
darker. Figure 3 showed the darker DLC layer com-
pletely coating the Si substrate.

3.1.5 Contact angle measurement
Figure 4 reveals the contact angle results for cpTi and

DLC samples using DI and Gly. The 2-8 um grooves
averaged values between 40 and 80°. The 10 pm
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samples showed markedly higher contact angles with
values greater than 100° especially for DI. The control
samples did not show any significant differences
between cpTi and DLC and averaged a contact angle
of approximately 60°. In general, contact angles <90°
are considered hydrophilic and those >90° result in
beading on the surfaces and therefore are considered
hydrophobic [39]. The 2 pm. cpTi samples for DI and
Gly showed significantly greater contact angles com-
pared to the respective controls (P < 0.001 for DI and
P <0.05 for Gly). The 4 um cpTi sample for DI
showed a significantly lower contact angle compared to
its control with a P < 0.001. The 10 pm samples for DI
showed the largest contact angle with both being
significantly greater than its control with P < 0.001.
The majority of results comparing cpTi to DLC
samples did not show any significant differences. The
only exceptions were with 2 um DLC with Gly, 4 um
DLC with DI and 10 pum DLC with Gly (Fig. 4).
Figure 5 shows the surface energy results for cpTi
and DLC coated samples. The surface energy results
were derived from the contact angles found using DI

ccV Spot Magn WD
150kV 50 10000x 104

Fig. 3 BSE image of DLC coating

Fig. 4 Contact angle results
for cpTi and DLC using DI 160
and Gly as test liquids.

[mcpliDioopTi Gy sDICDInDLC QY

and Gly with the patterned and control surfaces.
Titanium results indicated a significantly greater sur-
face energy for 4 um grooves compared to the controls
with a P-value less than 0.01. Comparing this same
sample to the 4 um DLC, showed that the cpTi sample
had a significantly higher surface energy (P < 0.001).
The 10 pm DLC samples displayed a significantly
lower surface energy when compared to DLC control
and the 10 pm cpTi sample (P < 0.001). The cpTi
coated samples averaged a surface energy of about
55 J/m?. DLC samples exhibited a steady decrease in
surface energy from 2 to 10 pm grooves.

3.2 Cell culture
3.2.1 Cell morphology

Figure 6 shows SEM images of MG63 osteoblast cells
cultured on grooved cpTi surfaces. The 2 and 4 pm
samples showed the greatest degree of contact guid-
ance (Fig. 6(a) and (b), respectively). The cells on
these samples appeared to mainly extend on the ridge
surface. Cells grown on the 2 um surface show a much
smaller cell extension. Cell behavior on the 8 and
10 um samples were quite similar with little contact
guidance and a greater cell extension compared to the
smaller grooves. For all patterned surfaces with cpTi
coatings, cell fibrils were located mainly at the ends of
the cell.

Figure 7 shows the morphology of MG63 cells on
grooved DLC coated samples. Once again, the 2 and
4 um samples displayed the greater contact guidance.
Cells on these groove sizes appeared much flatter along
the ridge surface. Cell extension on the 4 pm grooves
were much greater than with the 2 pm samples. The
8 um grooves produced a much more rounded cell,
which was not as well oriented along the parallel
grooves. There was a considerably greater cell exten-
sion on the 10 pm samples, however contact guidance
was not significant.

Contact Angle

Columns marked with the *,

represent significant results i
for cpTi and DLC compared
to the respective controls. a0

Columns marked with the *,
represent significant results
for DLC in comparison to the
respective cpTi results

Contact Angle
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Surface Roughness

2 micron



J Mater Sci: Mater Med (2007) 18:705-714

711

Fig. 5 Surface energy results
of DI and Gly. Columns

Surface Energy

marked with the *, represent
significant results for cpTi and
DLC compared to the
respective controls. Columns
marked with the *, represent
significant results for DLC in
comparison to the respective
cpTi results

Surface Energy (J/m2)

Fig. 6 SEM (x1000) images
of MG63 cells on cpTi coated
(a) 2 um (b) 4 pm (c) 8 um
and (d) 10 pm grooves

“ il

o

Both control surfaces (Fig. 8) showed the random
orientation of cells on unpatterned surfaces. Titanium
coated surfaces produced a much flatter morphology
with focal adhesions progressing in all directions
compared to the DLC control.

In comparison to the controls, which displayed a
more disorganized cell layout, all grooved samples
appeared to have initiated some degree of contact
guidance. The cpTi and DLC coated samples exhib-
ited a similar trend for all groove sizes. The two
larger groove sizes displayed cell growth within the
grooves and on ridge surfaces with minimal impact
on cell guidance. The 8 pm samples showed a
more rounded cell shape. The smaller grooves only
supported cell growth on the ridges however
appeared to influence cell contact guidance a great
deal more.

i

H (a) ‘e 50 um

*

4micron
Surface Roughness

10micron

3.2.2 Cell number

Figure 9 gives the cell count after a 3 day culture. The
cpTi samples showed a general increase in counts with
groove size. The 2, 8 and 10 pm samples showed a
significantly greater cell count compared to its controls
with P values of <0.05, <0.001 and <0.001, respectively.
The DLC samples showed little variation between the
groove sizes; however the results were comparable to
the TCP. Comparing cpTi and DLC, we saw a
significantly higher count for 2, 8§ and 10 um cpTi
specimens with P < 0.001.

3.2.3 Cell attachment

Figure 10 displays the level of osteoblast attachment
after a 3 day culture period. Statistical results indicated
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Fig. 7 SEM (x1000) images
of MG63 cells on DLC coated
(a) 2 um (b) 4 pm (c) 8 um
and (d) 10 pm grooves

Fig. 8 SEM (x1000) images
of MG63 cells on (a) cpTi and
(b) DLC controls

Fig. 9 Cell viability after

3 day culture for cpTi, DLC
and tissue culture plastic
(TCP). Columns marked with

the *, represent significant 3 300000
results for cpTi and DLC g
compared to the respective Z 200000
controls. Columns marked °
with the *, represent ©
significant results for DLC in 100000

comparison to the respective
cpTi results

CONTRCL

no significant differences between cpTi coated samples
with an average attachment level of 80%. The level of
attachment was slightly lower for 4 um cpTi samples,
however it was not found to be significant. DLC coated
samples showed no significant differences for 2, 8 and
10 pm groove sizes compared to the control with about
an 80% attachment rate. Only the 4 ym DLC sample
showed a significantly lower percentage of attachment
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Cell Number
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(P <0.001) compared to its control, with levels
about 50%.
4 Discussion

Interactions between biomaterials and cells mainly
depend on surface characteristics of the biomaterial,
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Fig. 10 Cell attachment after

Cell Attachment

3-day culture. Columns
marked with the *, represent .
significant results for cpTi and & 801
DLC compared to the b=
respective controls g 60
<
x
<
T2
(@]
0

[@cpl BDLC STCP)

including surface topography, chemistry, and charge.
This study examined the MG63 osteoblast growth and
attachment on cpTi and DLC surfaces with modified
surface topographies.

Our research examined the contact angles and
surface energies of cpTi and DLC films on patterned
and control surfaces. Tests were conducted using DI
and Gly. Surfaces are considered hydrophilic if their
contact angles are below 90° [39]. Our results indicated
that all surfaces with groove size less than 8 pm were
hydrophilic as they averaged a contact angle of about
80°. In order to establish how comparable our results
were to other studies, we referred to work by Keller
et al who reported contact angles of about 52° for cpTi
surfaces with a 1 um surface roughness. This result was
comparable to the contact angles obtained on our cpTi
control surfaces, which averaged about 58°. The slight
variance would be due to differences in humidity levels
and the highly polished nature of our specimens.
Contact angle results were utilized to calculate the
surface energy of the thin films. Surface energy has
been found to influence cell behavior with cells being
more prone to attach and spread on surfaces with
higher surface energies [40, 41]. This was not as
apparent from the results obtained, which showed a
significantly higher surface energy for 4 pm cpTi,
however a slightly lower cell attachment rate in
comparison to the results from the other surface types.
The 10 pm DLC showed a significantly lower surface
energy than that of cpTi however it achieved a similar
level of cell attachment. Surface energy levels did not
appear to affect the level of cell attachment as much as
indicated by other studies.

Morphological evaluation of the cells revealed
contact guidance occurring in all grooved samples on
both cpTi and DLC. The degree of guidance and
alignment was greater along smaller grooves (2 and
4 pum) despite cells bridging the groove structures. The
results were similar to a study of osteoblast cells on
smooth and microgrooved (groove depth 0.5-1.5 pm,

8micron 10micron

4 micron
Surface Roughness

groove and ridge width 1-10 um) polystyrene sub-
strates. SEM of these cells showed that the cells, and
their extensions, closely followed the surface on
smooth and wider grooved (>5 pum) substrates, with
narrow grooves (<2 um) being bridged [42]. A com-
parison of cell morphology between the cpTi and
DLC coatings showed that cells appear flatter on cpTi
samples for most groove sizes. Higher cell numbers
for 2, 8 and 10 um grooves on cpTi substrates was in
accordance with the results published by Hunter et al.
[9] who reported that one of the main regulators of
proliferative rate in anchorage dependent cells is
shape. Cells in a rounded configuration divide at a
lower rate than those flattened and well spread on a
substratum. Consequently, cells which attach to
materials but spread little will show lower prolifera-
tive rates than those materials which allow greater
spreading [9]. Cell morphology, as well as affecting
cell numbers, also affects the degree of cell attach-
ment. Aligned cells are said to demonstrate more
favorable adhesion behavior than a spherically
shaped cell. This has been attributed to a higher
density of focal contacts when they were in contact
with the edges of the grooves and showed a better
organization of the cytoskeleton and stronger actin
fibers [43]. The present results indicated 2, 8 and
10 pm grooves experienced relatively good attach-
ment for cpTi and DLC samples which can be linked
to SEM images that indicate contact guidance (cell
alignment).

5 Conclusions

e Microlithographic techniques together with well-
established coating deposition technique were an
effective means of assessing cell growth on desired
surface topographies.

e Osteoblast cells did not show any clear preference
for a particular groove size or biomaterial surface.
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e Grooved surfaces showed contact guidance in
comparison to the disorganized cell layout on
control surfaces. A greater degree of guidance
was seen on 2 and 4 pm grooves.

e Cell number studies indicated significantly greater
numbers of osteoblast cells on 2, 8 and 10 um
grooved cpTi coated samples compared to the DLC
coated surface.

e Cell attachment levels for 2, 8§ and 10 pm grooves
were quite good at about 80% for cpTi and DLC
samples.

e Overall DLC coatings appeared to have a similar
impact on osteoblast-like cells as cpTi.
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