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Abstract

Revitalisation treatment of infected immature permanent teeth shows promising results by
increasing root lengths, dentine wall thicknesses and further narrowing of the open apices.
However, previous case reports and animal studies showed variation in the outcomes of
revitalisation treatment protocols. In addition, histological studies showed that the healing
tissues were different in pulp and dentine tissues. These variations could be due to
differences in the type of trauma, infection history, treatment protocol, and animal model.
Thus standardisation is required to investigate different aspects of revitalisation protocols

to ensure more predictable outcomes.

Thus, the first objective of this project was to develop a standardised model for endodontic
revitalisation research by examining the anatomy and histology of sheep teeth at different
stages of development to find the most appropriate dental age to use for endodontic
revitalisation research. Sheep at two-, four-, six-tooth and mature stages of development
were investigated. Histology, standardised radiography and computed tomography have
been used to evaluate and measure incisor root length, apical third dentine thickness and
apex diameter of each tooth. During development, sheep at all dental ages showed small
changes in incisor root lengths and major changes in the apical diameters and the dentinal
wall thicknesses from the eruption time to maturation. Sheep appear to be a reliable animal
model for endodontic revitalisation research. Each dental age has its advantages and
disadvantages. The results of this research found that the two-tooth stage is the most
appropriate dental age because permanent incisors are anatomically similar to human
immature incisor teeth. In addition, the animals are readily available, small in size, easy to

manage, and have a high growth rate.

The second objective of this project was to examine in vivo the response of two-tooth age

sheep model to commonly used endodontic revitalisation protocol. To achieve this goal,
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sheep incisor teeth were infected for four weeks, and then treated with a revitalisation
protocol using blood clot as a scaffold. The changes in teeth diameter and the histology of
the healing tissue were evaluated six months after treatment. The results showed some
further root length development in the experimental teeth, significant increases in dentine
wall thickness, and significant narrowing of the root apices of the experimental teeth
compared with control teeth. There was also histological evidence of three or four distinct
healing regions in the experimental teeth. Less mature tissue was observed coronally and
more mature tissue was seen apically, suggesting that repair progressed from the apical to

the coronal part of the root.

Revitalisation case reports and animal studies have identified difficulties in the stimulating
bleeding during revitalisation treatment. Thus, the third objective of this project was to
evaluate the suitability of platelet rich plasma (PRP) scaffold prepared using a simple
protocol by examining its effectiveness on stimulating proliferation, migration and
differentiation of cultured ovine dental pulp cells (ODPCs). The results showed culturing
of ODPCs on both PRP and PPP scaffolds significantly increased the proliferation rate
compared to groups without a scaffold. PRP scaffold had a significant stimulation effect on
ODPCs proliferation compared to PPP. ODPCs migration rate was higher toward and
inside PRP than PPP. Alkaline phosphatase activities of ODPCs cultured on PRP and PPP
were significantly higher than the cells cultured without scaffold. ODPCs cultured on PRP
scaffolds formed more mineralised nodules than PPP groups with and without the addition
of mineralised induction medium. The addition of dentine discs to the scaffolds
significantly reduced the activities of the cells. Seeding ODPCs with PRP and PPP in
chemically cleaned roots showed migration and attachment of the cells to the dentinal

walls with PRP group showing further attachment compared to PPP.

The results of these studies have shown that:
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The sheep is a reliable animal model for endodontic revitalisation research.

The two-tooth stage is the most appropriate dental age endodontic revitalisation

research.

Endodontic revitalisation treatment using Two-tooth age sheep showed a positive
outcome with further development of the experimental teeth, and histological

evidence of three or four distinct healing regions.

PRP scaffold prepared using a simple protocol of blood centrifugation can enhance
proliferation, migration, and differentiation of dental pulp cells similar to

complicated and long step protocols.
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