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Abstract of Thesis

This study discusses thin-film deposition using low-pressure plasma for orthopedic applications. Plasma
polymerization and sputter deposition were chosen as methods to modify the surface of artificial bone. Plasma
polymerization of amine groups was performed on surfaces of calcium phosphates e.g., hydroxyapatite (HA) and p-
tricalcium phosphate (B-TCP) surfaces, which are widely used as artificial bone. The gas mixture of CH«#/N2/He was
used to deposit amine groups by plasma-enhanced chemical vapor deposition (PECVD) with bipolar pulsed plasmas.
The plasma system used for our experiments generates high-voltage +1.1 kV low-frequency (5 kHz) pulsed plasmas
with a pulse duration of 1 ws. Chemical properties of deposited polymer films were investigated with X-ray
photoelectron spectroscopy (XPS) and Fourier-transform infrared spectroscopy (FTIR). Derivatization with 4-
trifluoromethyl benzaldehyde (TFBA) was used to estimate the concentration of primary amines in deposited polymers.
For interconnected porous HA and B-TCP, it was found that plasma polymerization could take place not only on the
outer surfaces of such materials but also on the surfaces of their inner pores.

The results of in-vitro experiments showed that plasma-treated calcium phosphate exhibited significantly
enhanced hydrophilicity, facilitating the deep infiltration of cells into interconnected porous calcium phosphate. The
cell adhesion and osteogenic differentiation on the plasma-treated artificial bone surfaces were also enhanced. The
plasma polymerization afforded high bone regeneration capacity in in-vivo observation. These results suggest that
amine modification of artificial bone by plasma technology can provide high osteogenic ability and represents a
promising strategy for resolving current clinical limitations regarding the use of artificial bone.

With the PECVD experiments discussed above, it was found that only a small percentage (about 12 %) of the
deposited nitrogen atoms formed primary amine groups (-NH2). To understand how to increase the percentage of
primary amines in the deposited polymer, the interactions between the deposited film surface and incident precursors
were performed using molecular dynamics (MD) simulation. To evaluate a possible upper limit of the primary amine
concentrations in the deposited film, simulations of a rather unrealistic process were performed, where all nitrogen
atoms from the plasma were supplied as amino radicals (NH2) together with other hydrocarbon radicals and ions. If
all incident amino radicals were to stay as NH2 in the deposited polymer, the primary amine density would be
extremely high. However, it has been found that, even under such “ideal” conditions for the maximum primary-amine
content, hydrogen atoms of incident NHz radicals tend to be transferred to surrounding C atoms in the polymerization
process, leaving a relatively small amount of primary amine (the concentration ratio of primary amino groups (NHs)
to nitrogen atoms N being approximately 10 %) in the deposited polymer films. The results indicate that an increase
of NH: radicals in the gas phase of PECVD hardly increases the primary-amine content in the deposited films and,
therefore, the primary-amine content may not depend strongly on the plasma conditions as long as a sufficient amount
of nitrogen and hydrogen is supplied during the plasma polymerization process. The primary amine content predicted
by the simulations was found to be in good agreement with earlier experimental observations.

I also examined the possibility of improving the biocompatibility of different types of artificial bone made of
Polyetheretherketone (PEEK). In this study, SrTiOs (STO) was deposited on PEEK surfaces using an RF magnetron
sputtering plasma under varying conditions. It is known that Sr can significantly enhance the osseointegration of
PEEK implants and surrounding native spinal bone. It was found that, with simple deposition of STO, Sr can be
released to the surrounding tissues (or water contained in such tissues) quickly if the STO-coated artificial bone is
implanted in a human or animal body. This study successfully demonstrated that multi-layer structures of Ti and STO
can control the release rate of Sr into surrounding water when the coated film is immersed in water. Such multi-layer
Ti and STO coating is an effective candidate to achieve sustained Sr release from PEEK implants over an extended

period.
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