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INTRODUCTION

Endodontic regenerative procedure (ERP) is a biological procedure to
replace diseased, damaged, or missing structures including dentin, cells of the
pulp-dentin complex and root structures to restore the normal physiologic
functions of the pulp-dentin complex. Delivering and stimulation of the
mesenchymal stem cells into root canal systems via different approaches
during the regenerative procedures are necessary to attain a successful
treatment. Because of their anti-inflammatory ability, these stem cells may
survive in inflammatory situations and continue to play a critical role during

the re-apexogenesis of developing roots arrested by periapical diseases®.

Stem cell’s origin is the mesenchyme, in vitro, they undergo multiline
age differentiation and have magnificent clonal expansion capacity®. Different
stem cells’ sources have been identified including stem cells from human
exfoliating deciduous teeth (SHED), dental pulp stem cells (DSPSCs), and
stem cells from the apical papilla (SCAP). In 2006, SCAP were first
discovered and isolated from the apical papilla tissue of incompletely

developed tooth ©.

Evidence is supporting the hypothesis that SCAP appear to be the
source of primary odontoblasts that are responsible for the formation of root
dentin, whereas DPSCs are likely the source of replacement odontoblasts.
Conservation of these stem cells when treating immature teeth may allow
continuous root development®. SCAP have the characteristics of expression
of MSCs markers, self-renewal, proliferation, migration, differentiation, and
immunosuppression. Moreover, SCAP are capable of differentiating to

various lineages of cells, such as osteogenic, odontogenic, neurogenic,




Fntroduction

adipogenic, chondrogenic, and hepatogenic cells, which a promising source
for stem cell-based therapy ©.

Biomaterials used in endodontic always come in direct contact with the
pulp and periapical tissues. Therefore, they should be biocompatible and have
no adverse effect on differentiation and proliferation of stem cells present in the
area. Among the various bioactive materials developed, Bioactive Glass (BG)
that the ability to bond to hard and soft tissue. In recent years, nano-sized
Bioactive Glass (nBG) particles were presented and possess a higher specific

surface area, a more regular size, than the traditional micron-sized BG particles
®

Nano hydroxyapatite (nHAP) is another material that is widely used,
because the particle size of this material is close to the size of natural apatite
crystals present in human mineralized tissue which can used as a scaffold
material in tissue engineering. Chitosan, a chitin’s deacetylated derivative, is
biodegradable, biocompatible, bio adhesion and lack of toxicity. It is a

cationic biopolymer that has strong antibacterial properties ).

Therefore, in this study, the Nanohydroxyapatite coated by chitosan
and Nano bioactive glass were evaluated regarding their ability to trigger the

osteogenic differentiation and proliferation of SCAP in vitro.



REVIEW OF LITERATURE

I. Use of Nanomaterials in regenerative endodontics:
Nano-BIOACTIVE GLASS:

Bioactive glass (BG) is highly biocompatible, osteoinductive, and
osteoconductive calcium silicate—based biomaterial. It has been applied in
periodontitis treatment, maxillary cystic bone defects treatment and implantation.
Studies®® have proven that BG regulates osteoblast behavior by altering the
expression of several relative genes. These genes have an important function in
cell proliferation, differentiation, and bone matrix formation. Moreover, the ionic
products of BG dissolution have an indispensable function. Nanoscaled 45S5
bioactive glass particles can be considered a promising material for bone tissue
engineering, providing very fast kinetics for bone-like hydroxyapatite
mineralization without any toxic effects on osteoblast cells.®

Surface reactive Bioceramics were first developed by Hench and
colleagues in the early 1970s. Since then, numerous studies have focused on
bioactive glasses for bone tissue repair due to their ability to bond to bone.
Glasses of various compositions such as melt-derived 45S5 Bioglasss and the
sol-gel derived glasses of 58S composition have been investigated. It has been
previously found that 45S5 Bioglasss causes osteoblast gene up regulation in
response to extensive research due to its excellent potential to repair diseased or
damaged tissue via regeneration rather than replacement. Third generation
biomaterials which are bioactive, resorbable and which stimulate specific and

controlled cell responses at the molecular level are now being investigated®?).

A melt-derived glass, 45S5 bioactive glass, with composition in
weight percent: 45% SiO», 24.5% CaO, 24.5% Na;O and 6% P»Os, was first
developed in the early 1970s and in multiple studies has shown to have good

3



