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Abstract---Nanotechnology has completely revolutionized the field of
Dentistry with enormous applications and opened up ample research
opportunities in the field. Most research activities in Endodontics are
performed in pursuit of regeneration of pulpo-dentinal complex. As in
other fields, nanotechnology has ameliorated regenerative
Endodontics and has brought about considerable promise to the field.
Application of nanotechnology could even increase thesuccess rate of
regeneration owing to biomimetic modifications in stem cells and
scaffolds, which may soon be translated to clinical practice. This
review highlights the important research activities in regeneration of
dental pulp in collaboration with nanotechnology.
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Introduction

Nanotechnology deals with synthesis of nanomaterials exhibiting improved
physicochemical and biolological properties (1). Nanotechnology is now being
applied to almost every field of Dentistry in toothpastes, restorative materials,
bone and dental tissue regenerative procedures, implantology, drug delivery etc.
leading to the genesis of a new field called Nanodentistry. Nano-hydroxyapatite
tooth pastes have shown disrupt dental biofilms on the tooth surface with
remineralization of incipient lesions. Nanotechnology assisted site specific drug
delivery into periodontal pockets has come into practice. In Implantology,
nanotechnology has led to production of implants with controlled surface
architecture geometry and improved biological properties (2,3).

Regenerative Endodontic procedures endeavor to regenerate the lost cells of
pulpodentinal complex(PDC) along with dentin and root structures.(4). The
principal components of regeneration are stem cells, scaffolds and growth factors.
Stem cells are undifferentiated cells that are capable of indefinite proliferation
into various other types of cells. Dental mesenchymal stem cells include Dental
pulp stem cells (DPSCs) (5),Stem cells from human exfoliated deciduous
teeth(SHED), immature dental primary teeth stem cells (IDPS) (6,7), Stem cells
from dental follicle(DFSCs), Periodontal ligament stem cells(PDLSC), stem cells
from the apical papilla(SCAPs), stem cells derived from supernumerary
teeth(SNTSC) (8-11). Among these stem cells, DPSC and SHED are capable of
regenerating dental pulp(12,13). SCAP regenerated dentin and vascular pulp-like
tissue in vivo (14,15) and SHED differentiated into endothelial cells that could
contribute to the blood vessels and vascular supply of the pulp, in vivo ,(16).

A scaffold acts as a 3 dimensional temporary framework for seeding and
proliferation of stem cells until replacement by newly formed array of host cells
(17,18). Scaffolds play a pivotal role by serving as a biological platform for seeding
of stem cells, regulating internal communications and cellular activities. Collagen,
with excellent biocompatibility is the most extensively studied natural scaffold
material for tissue engineering in dentistry. Collagen has demonstrated in vitro
differentiation of SHED to odontoblast and in vivo dental pulp regeneration to the
full length of the root (19).Synthetic materials such as polylactic acid (PLA),
polyglycolic acid (PGA), and their copolymer poly lactic-glycolic acid (PLGA), poly-
D,L-lactide/glycolide (PLG), have all shown desirable outcomes in the delivery of
stem cells to the target site, all the three being FDA approved. While PGA was
found to be more conducive for proliferation DPSCs (20), PLG scaffolds with SCAP
could miraculously regenerate pulp-like tissue in empty root canal spaces
accompanied by dentin formation along the walls of the canal, deposited by newly
formed odontoblast-like cells (21).The pore size of the scaffold is crucial and must
be of minimum 100 um for tissue regeneration (22). Platelet-rich fibrin (PRF) and
Platelet-rich plasma (PRP) derived from blood have also demonstrated highly
favourable proliferation and dentinogenic differentiation of DPSCs owing to ability
to release angiogenic growth factors like vascular endothelial growth factor
(VEGF), basic fibroblast growth factor(bFGF), platelet-derived growth factor
(PDGF) etc (23,24).
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There are two methods of regenerating pulpo dentinal complex, one is cell
transplantation and the other one is cell homing. Cell transplantation consist
isolating the stem cells, cultivating them invitro, increase them in number and
then insert them into scaffolds with or without adding growth factors. The entire
assembly is then transported to the sterile endodontic space. In cell homing,
residual stem cells are stimulated using hydrogels and dental pulp regeneration is
brought about. In this technique, in vitro isolation and manipulation of stem cells
is not needed (26-27).

Growth factors, in the local environment, play a key role in determining the fate of
stem cells. Multitude of growth factors with definite implications in pulp tissue
regeneration have been identified (28). Addition of bone morphogenetic
proteins(BMPs) resulted in synthesis of extracellular matrix, osteoblast-like cell
proliferation and rapid tertiary dentin formation(29). There are two major
strategies implied in the regeneration of pulpodentinal complex, implanting stem
cells with or without scaffolds or implanting prefabricated tissue constructs into
target location. These tissue constructs consist of engineered stem cells and
scaffolds (3). The comprehensive research data pertaining to the role of
nanotechnology in dental pulp regeneration seems to be limited so the aim of the
review is to provide a comprehensive update of current research activities in the
field.

Materials and Methods

An electronic search was conducted in Pubmed and Google scholar search
engines until september 2020 using the keywords were used
'Nanotechnology','dental Pulp’,regeneration’','Nanodentistry' , ‘pulpo-dentinal
complex’,'Nanoparticles','Endodontics'. Relevant article published so far in
English language were retrieved.

Applications Of Nanotechnology In Pulp Regeneration
Stem Cells And Nanotechnology

a. Magnetic nanoparticles - After stem cells have been transplanted, it is
important to track the fate of these cells, its survival and migration in vivo.
This tracking can be done by labelling with magnetic nanoparticles like
super paramagnetic iron oxide (SPIO) which can be visualized using MRI
(30-32). These particles are in the size range of 60-150nm. These particles
contain aqueous soluble iron coated with dextran or carboxy dextran to
prevent aggregation (33,34). These particles are biodegradable and can be
recycled by cells. SPIO particles can be attached to either stem cell surface
or internalized by phagocytosis. The process of phagocytosis does not seem
to affect viability or differentiation of stem cells (35).

b. Quantum dots (Qdots)- consist of light-emitting nanoparticles for labelling
of stem cells. These nanocrystals with 2-10nm diameter can be detected
using simple optical imaging rather than complex MRI (36,37).Qdots are
usually internalized by endocytosis after which they reach the perinuclear
region of the cells (38-40).When Qdots are degraded, it leads to
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mitochondrial dysfunction and wultimately cell death (41). There are
conflicting results regarding the cytotoxicity of Qdots.

c. Intracellular delivery of genes and proteins — when nanomaterials are used
for intracellular gene delivery, the stem cells can be directed to specific sites
and can be made to differentiate into the required cell types (42, 43). Gene
delivery can be done using nanoparticles, carbon nanotubes or nanowires
made of silicon (44,45). Polymeric nanoparticles which are biodegradable
can be used for delivery of proteins or other chemicals into stem cells. These
particles are in size range of 100-300nm and they reach the perinuclear
region of the cells after internalization. The particles do not affect the
viability of stem cells but have a negative impact on their differentiation
(30).

Scaffolds And Nanotechnology

a. Nano-fibrous scaffolds —Scaffolds, being templates for 3D tissue growth,
should emulate the extracellular matrix(ECM). The native ECM is nano-
fibous in nature. Nanotechnology can support synthesis of biomimetic
nano-fibrous scaffolds which not only support endodontic regeneration but
also act as reservoirs of growth factors, anti-inflammatory and antibacterial
molecules. Nano-fibrous scaffolds have superior surface area to volume
ratio and promising microstructural properties, exhibiting highly
interconnected porous networks (46). There are three techniques by which
nano-fibrous scaffolds can be fabricated namely electrospinning, molecular
self-assembly and thermally induced phase separation (TIPS) (47). In
Electrospinning, a polymer solution is drawn from an orifice to a collector
using an electric field to produce polymer fibers having diameter in the
nanoscale and microscale levels (48). Molecular self-assembly is a process
by which structurally organized arrangement is stabilized by non-covalent
interactions like hydrogen bond, Van der Waals forces etc. Most common
example of such assembly in nature is collagen. Inspired by nature,
researchers have designed peptide molecules which, under favourable
conditions, can self-assemble into a nano-fibrous structure (48). The third
technique, TIPS, consist of controlling the temperature of the polymer
solution to induce phase separation. This results in formation of two
phases, one being polymer-rich and the other being polymer-lean. The
solvent is then removed by evaporation or extraction and the residual
polymer-rich phase undergoes solidification to form polymer foam, the
microstructure of which can be varied based on the type of the polymer and
solvent (48). Recently, electrospun scaffoldings have found new application
as drug delivery vehicle. Antibiotic scaffolds fabricated by electrospinning
can disinfect root canals more effectually owing to the slow but effective
release of antibiotics and also continue serve as matrix for seeding of stem
cells from apical papilla after induced bleeding. Nanocomposite
polydioxanone II scaffolds that contain metronidazole or ciprofloxacin have
shown powerful antimicrobial activity against Enterococcus faecalis and
help pulpal regeneration (49). Electrospunnanohydroxy apatite containing
gelatin scaffolds promote differentiation of DPSC into odontoblast like cells
whereas nano-fibrous scaffolds functionalized by dexamethasone and BMP -
7 promote regeneration of dentin (50,51).
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b. Designing of artificial stem cell niches using nanotechnology — stem cells

can be directed towards a definite site and function by creating artificial
microenvironments using nanotechnology. The cell adhesion sites created
by artificial nanostructures vary in its size, shape, spacing, concentration
and surface chemistry. The artificial nanostructures can be nanotubes or
nanolines and the shapes they form can be of pores, pits, grooves or ridges
(52-54). Studies have shown that surface irregularities improve the
adhesion and osteogenic differentiation of human mesenchymal stem cells
(53).

Conclusion

Nanotechnology has promising applications in the regeneration of pulpodentinal
complex. It is now possible to precisely deliver, track and induce highly specific
differentiation of stem cells with an appropriate biological seat for seeding them.
However, one should accept the fact that these reseach activities, may take quite
some time to be translated to our dental clinics.
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