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Abstract

Background: Surface properties of titanium implants play an important role in osseointegration. From 1990, a
lot of engineering techniques have been applied to dental implant productions for improving their clinical
performance by changing surface properties. In particular, surface chemistry modification enhanced the
strength and speed of implant integration in bone and has become a marketing trend in the production of new
implants. However, it is not clearly understood why and how strongly surface chemistry modifications
reinforce the osseointegration of titanium. Hence, it is required to investigate the bone response to surface
chemistry modifications of titanium for a better understanding of the roles of surface chemistry on the
osseointegration response.

Aims: The present thesis aims to investigate the bone response to chemistry-modified titanium implants. In
particular, our purpose is to better understand the effect of surface chemistry on the osseointegration of
titanium implants.

Materials and methods: Clinical implants, such as TiUnite, Osseotite, OsseoSpeed and SLA were analyzed.
Surface engineering methods include plasma immersion ion implantation and deposition (PIIID) and micro arc
oxidation (MAO). Using these techniques, Mg-, Ca- and O-incorporated titanium surfaces were prepared.
Surface chemistry was analyzed by X-ray photoelectron spectroscopy and auger electron spectroscopy. For
topographical analyses, we used scanning electron microscopy and optical interferometry. A total of 136
screw-shape implants were inserted into rabbit tibiae and the bone responses were evaluated after 3, 6 and 10
weeks of healing. Biomechanical strengths at the bone implant interface were measured by removal torque.
Bone tissue responses were evaluated by quantifying bone metal contact, bone area and new bone formation
from undecalcified cut and ground sections.

Results: Surface chemistry of the Osseotite, OsseoSpeed and SLA implants showed mainly TiO2, but surface
topography varied with modification methods in use. In contrast, the TiUnite, prepared by an electrochemical
oxidation technique, displayed porous structures as well as P-incorporation to the oxide layer. The PIIID
process changed surface chemistry of titanium with plasma resources, but negligibly altered surface
topography at the nanometer scale. The atom concentration of plasma ion increased with ion dose, but
decreased with acceleration voltage. The MAO process not only incorporated Mg and Ca ions into titanium
surfaces, but also produced microporous structures on the surface. Furthermore, the MAO process controlled
the calcium concentration of titanium implants without significant change of chemical bonding states of Ca in
titanium oxide. /n vivo results showed that Mg-incorporated implants produced by the MAO technique
increased the biomechanical bonding strength and osseointegration rate compared to non-incorporated titanium
surfaces. Furthermore, Mg-incorporated implants produced by the PIIID demonstrated a significant increase of
biomechanical bonding strength, bony contact and new bone formation compared to O-incorporated implants.
Ca 4.2% and Ca 6.6% containing implants revealed no significant differences in biomechanical and
histomorphometrical measurement outcomes in rabbit tibiae.

Conclusions: The surface chemistry and topography of clinical and experimental implants were greatly
dependent of surface engineering methods. In particular, the PIIID technique modified surface chemistry by
tailoring plasma source with negligible alternation of surface topography at the nanometer scale, thus enabling
the investigation of the effect of bioactive implant surface chemistry on the bone response. Using the PIIID
and MAO techniques, we found that the Mg-incorporation to titanium significantly enhanced the bone
responses to implant surfaces. Furthermore, the Mg-incorporated titanium oxide chemistry played an important
role on the strength and speed of osseointegration. Choosing one of two calcium concentrations had no
significant influence on the bone response to the Ca-incorporated titanium implants.
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