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Titanium and titanium alloy have the characteristic of good biocompatibility, and they
have been used widely as dental implants, orthopedic surgical hip joints, etc.. Many
studies examining various surface modification methods to improve the surface for
dental and orthopaedic implants have been reported. Among the many surface
modification methods, anodic spark oxidation can satisfy simultaneously the
abovementioned advantages, therefore many researchers have been carrying out studies
on the anodic oxidation. In particular, TiO, nanotube (TN) arrays produced by
electrochemical anodization have been extensively explored in recent years as a new
biomaterial for implants, drug delivery system, immunoisolations, biosensors, cell
growth, bioartifical organs and tissue engineering. In this study, the electrochemical
modification by anodic oxidation was performed to increase bioactivity and
biocompatibility of titanium. In addition, we evaluated the characteristics of modified
layer by changing the parameters of process. Moreover, we fabricated a novel platform
on Ti implants by loading gelatin stabilized gold nanoparticles into anodized titania
nanotube using simple lyophilization method.

In section 1, electrochemical treatments were performed while applying a direct

current, a pulse current, and a reverse pulse current during anodic spark oxidation. A



mixed solution of 0.015M DL-a-GP (DL-a-Glycerophosphate Disodium salt) and 0.2M
CA (Calcium Acetate) was used as the electfolyte. The micropore size generated after
anodic spark oxidation was smallest in the group exposed to the reverse pulse current
followed in order by the pulse current and direct current. Anatase was the major crystal
phase of the TiO, produced on the surfaces treated with 280 V, and the rutile phase was
additionally detected in the group treated with 320 V. The crystals precipitated on the
surface after the hydrothermal treatment were HA crystals, and the crystals had a
polygonal bar shaped needle structure. Good activity was observed in the 320 V pulse
treated group in which very thin needle shaped crystals being observed after immersing
the samples in Hanks’ solution for 4 weeks. The cell viability was increased greatly by
anodic spark oxidation, and the surface roughness was also increased. It is believed that
the excellent characteristics of the surface treated using a pulse current is suitable for

applications to biomaterials.

In section 2, the bioactive and electrochemical properties of titanium implant
materials with a nanotube surface treatment and various types of post-treatments were
examined. Two types of amorphous TiO, nanotubes were grown homogeneously on the
surface: one with a larger diameter (approximately 85 nm) and one with a smaller
diameter (approximately 50 nm). Amorphous TiO; nanotubes were partially crystallized

to anatase and rutile by heat treatment at 500 C for two hours. The corrosion potential
(Ecorr) of the heat-treated sample (HT) had a novel value of 0.102 V due to the stable
TiO; crystal phase compared to the -0.106 V observed in the anodic oxidation sample
(AN). The corrosion current density (I.or) ranged from 0.20 to 0.64 yA/cut according to
the post-treatment conditions. After evaluating the hydroxyapatite-forming ability by
immersion in a simulated body fluid (SBF) solution, the CP process induced the
adsorption of Ca and P onto HT. A comparison of the time-dependent amount of Ca and
P adsorption showed that Ca adsorption plays a role in determining the rate at which
hydroxyapatite (HA) is formed. For the induction of HA formation, a level of Ca
adsorption above a critical level is required.

In section 3, Gelatin-stabilized gold nanoparticles (AuNPs-gelatin) with controlled



particle size were- synthesized with simple variation of concentration of gelatin by
reducing in situ tetrachloroauric acid with sodium citrate. The nanoparticles showed
excellent colloidal stability. Transmission electron microscopy (TEM) revealed the
formation of well-dispersed gold nanoparticles (AuNPs) with different sizes. The
methodology produces particles 10~15 nm in size depending on the concentration of
gelatin used. The measured AuNPs are 10, 11, 12, 13, 14, and 15 nm for AuNPs-gelatin
1, 0.5, 0.25, 0.1 and 0.05%, and pure AuNPs, respectively. The AuNPs-gelatin exhibit
size-dependent localized surface plasmon resonance behavior as measured by UV-
visible spectroscopy. UV-vis spectroscopy and TEM results suggest that higher
concentration of gelatin favor smaller particle size and vice versa. FTIR spectroscopy
analysis of AuNPs-gelatin revealed the amino bands and carboxyl peak of gelatin. The
crystalline nature of AuNPs was investigated by X-ray diffraction.

In section 4, we fabricated highly ordered TiO, nanotube arrays via electrochemical
anodization of high purity Ti plate in fluorine containing electrolytes with the addition
of cationic and anionic surfactant, respectively. The effects of anodization parameters
(both surfactant in electrolyte and applied voltage) on nanotube morphology were
comprehensively investigated. It was observed that the nanotube topography, diameter,
length and wall thickness were clearly influenced by the addition of surfactant in the
electrolyte and applied voltage. As a consequence, TiO; nanotube arrays with average
tube diameters ranging from 65 to 120 nm and wall thicknesses ranging from 20 to 28
nm were obtained. The average tube diameter was found to decrease with using
surfactant in the electrolyte, while the length of the tube was found to increase. A linear
increase in nanotube diameter and length with increasing applied potential is evident. At
30 V tube to tube spacing is increased using surfactant as a composition of electrolyte.
At 40 V tubular surface morphology completely collapsed but no effect on tube length
in electrolyte without surfactant. The TiO, structure depends on the heating condition,
amorphous phase is found at room temperature, the anatase phase is the predominant
phase at 500°C in the XRD pattern. The mean average roughness (R,) value of nanotube
surface fabricated with addition of surfactant in electrolyte is lower than without
surfactant.

In section 5, we investigated in vitro cell-materials interactions using MC3T3-El
mouse osteoblast cells on four different types of titanium surfaces: polished Ti surface,

TiO; nanotube surfaces fabricated in fluorinated glycerol solution, fluorinated glycerol



solution with 1wt% anionic surfactant sodium dodecyl sulphate, and fluorinated
glycerol solution with 1wt% cationic surfactant cetyl trimethyl ammonium bromide,
respectively. Four different types of surfaces show distinctive surface morphologies and
geometrical features. Mouse osteoblast cell growth behavior was studied with four
different surfaces using MC3T3-E1l cell line for 1, 3 and 5 days. When anodized
surfaces were compared for cell-materials interaction, it was noticed that each of the
surfaces has different properties, which led to variations in cell-materials interactions.
Colonization of the cells was noticed with distinctive cell-to-cell attachment in the TN.
Good cellular adherence with extracellular matrix extensions in between cells was
noticed for samples TN. The TiO; nanotubes grown in surfactant assisted fluorinated
electrolyte did not show significant cell growth on thé surface and some cell death was
noticed. Cell adhesions and differentiation and alkaline phosphatase results were more
pronounced on TN surface. 3- (4, 5-Dimethylthiazol-2yl)-2, 5-diphenyl tetrazolium
assays also showed increase in living cell density and proliferation with TN surfaces. It
was clear that rough surface morphology was important factor for better cell materials
interaction.

In section 6, we developed a very simple method for surface modification of TiO,
nanotube to tailor new interfacial properties important in many biomedical applications.
TiO, nanotubes were fabricated by electrochemical anodization of titanium plate using
70wt% glycerol/30 wt% Hy0/1wt% NH4F. Lyopholization method has been applied to
impregnate gelatin stabilized gold nanoparticles into the TiO, nanotube followed by
vacuum dry.

In conclusion, such a novel TiO; nanotube platform on Ti implant surface can be
useful as an excellent bioactive surface for orthopedic and dental applications as well as

the cell adhesion and bone growth on implant surface can be significantly accelerated.
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