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Table 1
Fabrication of Si—-HA thin coatings
T. (°C) T (h) dc (W) rf (W) t (um) Si (wt.%)
600 3 3 60 0.7 0.8
9 2.2
135 | 4.9

T.: heat-treatment temperature.

T heat-treatment duration.

de: direct current power at S1 target.

rf: radio frequency power at HA target.
t: coating thickness.

surfaces, to accelerate the biological fixation [10—12]. Howev-
er, storage and sterilisation processes have been reported to
reduce the beneficial effects of these bioactive agents [13].

We have recently proposed and developed a novel chemically
modified apatite: silicon-substituted HA (Si-HA) as a bioactive
coating, to be used in bone-related applications [14,15]. The spec-
ulation that Si plays an important role in connective tissue meta-
bolism is supported by Carlisle who demonstrated that chicks fed
with unsupplemented Si diets showed reduced growth, dimimished
feather development, and significantly retarded skeletal develop-
ment [16—13].

There are several available techniques to apply Si—HA coat-
ings onto implant surfaces. In our study, magnetron co-sputtering
coupled with appropriate heat-treatment, was used. The applica-
tion of this technique is novel, and allows the establishment of
uniform, dense and well-adhered thin coatings, with the pos-
sibility of the addition of controlled levels of Si. The abihty to
achieve thin coatings (~ 1 pm) may reduce the risk of coating
delamination or fracture when the coated prostheses are press

fitted into the implantation site. This effect may reduce third body

wear from occurring since the presence of embedded foreign
particles at the interface will lead to implant loosening and failure
with time [19]. The aim of this paper is to provide a brief overview
of Si-HA coating in terms of its physical, chemical and biological
characterisation.

2. Materials and methods .
2.1. Materials

Pure titanium (Ti) substrates measuring 10x 5% 0.5 mm, were
used. They were ground using silicon carbide paper of grade 1200;
and ultrasonically cleaned with acetone before rinsing with
deionised water. Pure silicon (Si) and phase-pure sintered hydro-
xyapatite (HA) measuring 55%35x2 mm, were used as the
sputtering targets.

2.2. Magnetron co-sputtering

Deposition of silicon-substituted hydroxyapatite (Si—HA) thin
coatings was conducted at room temperature. Si and HA targets
were held onto two water-cooled magnetrons, and Ti substrates
were placed on a substrate holder facing the targets. The target—
target and target—substrate distances were fixed at 105 and 45 mm,
respectively. For each deposition run, a constant flow of high purity
argon (Ar) gas was supplied to the chamber, bringing the working
pressure to 0.6 Pa. A sputtering time of 4 h was used. A radio
frequency (tf: 13.56 MHz) power of 60 W was supplied to the HA
target, and three varying direct current (dc) powers of 3, 9 and 13w
were supplied to the Si target in order to achieve coatings with three
different Si contents. These as-sputtered coatings were then heat-
treated at 600 °C for 3 h under a water vapour-Ar atmosphere.

2.3. Physicochemcial characterisation of heat-treated Si—HA

The thickness of the coating was determined by masking a
portion of a Si substrate with aluminium foil during sputtering,
then removing the foil from the substrate, thus creating a step
in the coating. This step was measured using a profilometer.
Energy Dispersive X-ray Spectroscopy (EDS) was used to
determine the weight percentage of Si in the coatings. The phase
structure of the coatings was identified using a vertical X-ray
Diffractometer (XRD) with CuK,, radiation, operating at 40 kV
and 40 mA. Data were collected over a 260 range from 20° to 40°,
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Fig. 1. XRD patterns of heat-treated Si—HA thin coatings. (a) 0.8 wt.% Si; (b) 2.2 wt.% Si; (c) 4.9 wt.% Si.
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Fig. 3. Growth activity of HOBs at different time points. “p<0.05: Growth was
significantly higher on HA between groups; "p<0.05: Growth was signifi-
cantly higher on 0.8 wt.% Si—-HA between groups; ‘p<0.05: Growth was
significantly higher on 2.2 wt.% Si—~HA between groups; “»<0.05: Growth
was significantly higher on 4.9 wt.% Si-HA between groups; “p<0.05:
Growth was significantly higher on Si~HA than HA within groups.

of carbon. The morphology of HOBs was examined using a
Scanning Electron Microscope (SEM).

2.4.4. Statistical analysis

A t-test was used to determine whether any significant dif-
ferences existed between the mean values of the experimental
groups. A difference between groups was considered to be sig-
nificant at p<0.05.

3. Results and discussion
3.1. Physicochemical properties of heat-treated Si—HA

Hydroxyapatite (HA) thin coatings of different Si composi-
tions were produced by magnetron co-sputtering at room tem-
perature, followed by heat-treatment (Table 1). The Si conterit in
the coating increased with dc power on the Si target, whilst the
thickness of the coating remained approximately constant.

Single-phase, polycrystalline coatings were obtained after heat-
treatment, exhibiting several X-ray diffraction peaks charac-
teristic of HA (Fig. 1). This result is critical for thin coatings since it
is well-known that amorphous CaP, tricalcium phosphate or
tetracalcium phosphate have high solubilities, compared to HA
[20,21]. If the coating is non phase-pure, there is a high probability
that 1t will dissolve completely into the physiological environment,
even before 1t 1s able to accelerate the promotion of direct
attachment at the bone/implant interface. The Ti substrate was
oxidised during heat-treatment, as evidenced by the presence of
rutile titanium oxide (T10-) in the XRD patterns.

The FTIR spectra of the heat-treated Si—-HA coatings are
plotted in Fig. 2. Four typical absorption bands for HA were
observed: one at 3571 cm ', associated with the presence of O
H; and the other three at 1089, 1038 and 962 cm™ ', assigned to the
presence of P—O. An additional absorption band at 935 ¢cm™ '
suggested the mcorporation of Si into the apatite, which resulted

——
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Fig. 4. Immunostained images of nuclear DNA (blue) and actin cytoskeleton (green) in HOB at day 1, as revealed with double labelling using TOTO-3 and FITC
conjugated phalloidin. (a) 0.8 wt.% Si—HA; (b) 2.2 wt.% Si—HA; (c) 4.9 wt.% Si—-HA; (d) HA. (For interpretation of the references to colour in this figure legend, the

reader 1s referred to the web version of this article.)
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