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Much attention to keep healthy state and to improve the quality of life has been attracted as worldwide concern.

It is important to preserve many teeth for the maintenance of mental and physical health. For this reason,
dental treatment is shifting from "drilling teeth” to "preserving teeth" or "regenerating teeth".
Tri-butylborane (TBB) was commercialized in 1971 as a polymerization initiator for dental adhesive
material. It was reported that dental materials using TBB as a polymerization initiator showed higher tooth
adhesion and less residual monomer compared to general initiators used in dentistry. TBB has long
contributed to the advancement of dental treatment as an "adhesive material" for dental use. Furthermore,
it is expected that TBB can be expanded into new dental materials for "preserving teeth" or "regenerating
teeth". The purpose of this study was to develop "a new polymer material that can preserve teeth” using
TBB as a polymerization initiator.

In chapter 1, the significance of oral health and the role played by dental materials were described. The
effects of oral condition on general health were clarified. Then, dental treatment, classification of
materials, and requirements of dental materials were outlined.

In chapter 2, the difference between TBB and other polymerization initiators, the advantages of TBB at
the tooth interface, and biocompatibility were explained. In addition, we mentioned the significance and
purpose of this study.

In chapter 3, the polymerization behavior of methyl methacrylate (MMA) using TBB was compared with
that of benzoyl peroxide and amine (BPO/amine) as polymerization initiators commonly used in dentistry.
As a result, we clarified that the conversion of MMA by TBB was higher than that of BPO/amine.
Furthermore, the molecular weight of polymer produced by TBB was more than twice as big as that of
BPO/amine. In addition, we found that the radical intensity of polymerization by TBB was maintained for
a long time, and the polymer that was prepared by TBB had a polymerization initiator function.

In chapter 4, the features and efficacies of mineral trioxide aggregate (MTA), which is an inorganic
material combined with TBB were outlined. Then, the significance of combining TBB and MTA was
described.

In chapter 5, we designed a new material that improves the operability and sealing-ability of the
conventional MTA material. The reactivity of monomer, X-ray contrast agent, and composition of
materials were investigated. In addition, storage stability tests and cytotoxicity tests were performed
assuming clinical use, and the final composition was determined.




In chapter 6, a comparative evaluation of the new MTA material and the conventional MTA material was
carried out to evaluate the marginal sealing-ability of the crown restoration. The marginal sealing-ability
is an important factor that determines the prognosis of dental treatment. In this chapter, it was shown that
the new MTA material has excellent marginal sealing-ability.

In chapter 7, the physicochemical properties of the new MTA materials were evaluated by comparison
with light-curable MTA materials already used clinically. As a result, we clarified that the new MTA
material has the excellent physicochemical properties.

In chapter 8, "biocompatibility” and "hard tissue regeneration inducing ability” that were the most
important functions of MTA materials were evaluated by a clinical use simulation test using dogs. As a
result, the inflammatory changes by the new MTA material was less than or equal to that of the existing
MTA material. Thus, we considered that the new MTA material can be used clinically. Furthermore, the
condition of the hard tissues that were regenerated by applying the new MTA material was superior to that
of the existing MTA material.

In chapter 9, the clinical application of new MTA materials and their challenges were described.




