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ABSTRACT

The aim is to understand different nanomaterials used in periodontal tissue engineering. The application of dentistry of
Nanomaterials and tissue engineering have revolutionised perspectives. Tissue engineering is based on stem cell, signalling molecule
and scaffold trial. Periodontal regeneration remains ideal goal for clinicians in the treatment of various periodontal tissue
engineering. Various regenerative treatment modalities used so far have shown limited success. The advancement in
nanotechnology has the potential to become important in achieving predictable periodontal regeneration
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INTRODUCTION

ecently, much attention has been paid to the use

of nanomaterials in periodontal tissue engineering.

Scientists in the field of regenerative engineering
are looking for new ways to apply the principles of
material science, bioengineering to construct substitutes
for biological tissues that will restore and maintain
normal function of diseased or injured tissues'. A
nanomaterial in tissue engineering has revolutionized
perspectives and complements traditional
restorative/surgery techniques and benefits from recent
advances in stem cell biology, genomics and proteomics.
Applications of such developed technology in dental
science, and periodontics in particular, are no exception
as periodontal destruction can be found to increase with
older age.

Nanomaterials were used for the first time in dentistry in
2002 with the inclusion of nano fillers in composite resins
for dental reconstruction. Nanomaterials have evolved in
recent years with significant progress in the development
of various metallic and polymeric materials structured in
nano scales, and development of various biomaterials
that form ideal interfaces with tissues. Using natural
processes as a guide, substantial advances have been
made at the interface of nanomaterials and biology,
including the fabrication of nanofiber materials for three-
dimensional cell culture and tissue engineeringl. Nano
particles have been used in therapeutic application are
the fact that nano particles exist in the same size domain
as proteins.

Nanomaterials

Nanomaterials are materials with components less than
100 nm in atleast one dimension, grains less than 100 nm
in size, fibers that are less than 100 nm in diameter, films
that are less than 100 nm in thickness in the form of
nanopowders, nanoscaffolds, nanogels or

nanomembranes. Nanomaterials are being developed for
a number of biomedical and biotechnological applications
such as drug delivery, enzyme immobilization and DNA
transfection. Major nanoparticles are being explored
widely for various applications of which the management
of periodontal diseases could be a prime target. Major
nanomaterials include- nanotubes, nanoplatelets,
nanorods, nanofibrils and quantum wires, all of which are
less than 100 nm in diameter. Advantages of
nanostructures include high colloidal stability, improves
dispersibility, capacity to be developed into nanodomains
or nanophases leading to unique nanobuilding blocks with
inbuilt  nanocontrol and nanodelivery  systems.
Nanomaterials can be organic (eg: chitosan, silk fibroin) or
synthetic (eg: PGLA nanoparticles, dendrimers).

Structure and Diseases of Periodontal Tissues

The periodontium is defined as the supporting structures
that comprises of root cementum, periodontal ligament,
alveolar bone (bone lining the tooth socket) and the part
of gingiva facing the tooth i.e dentogingival junction’.

Cementum is a hard avascular connective tissue that
covers the tooth root. Its primary function is to invest and
attach the principle periodontal ligament fibers
periodontal ligament is a soft specialized connective
tissue situated between the cementum and the bone
forming the socket wall. It plays a major role in a)
supporting the tooth in their sockets b) permitting them
to withstand varied forces of mastication and c) acts as a
cell reservoir for tissue homeostasis and repair /
regeneration.

Alveolar process is the thickened ridge of the bone
containing the tooth socket. It consists of outer cortical
plates (buccal, lingual, and palatal) of compact bone, a
central spongiosa, and bone lining the alveolus (alveolar
bone). The alveolar bone plays an important action of
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support and it is continually renewed in response to
functional forces.

Periodontal diseases include gingivitis and periodontitis.
Gingivitis is the mildest form of periodontal disease
characterized by redness, swelling and bleeding.
Gingivitis often leads to periodontitis resulting in
destruction of the supporting apparatus of the teeth.
There are several direct and indirect mechanisms
involved in the initial changes in the superficial tissues
and progressive destruction of connective tissue and
bone. Direct mechanisms include enzymes released by
the plaque bacteria eg: hyaluronidase, collagenase etc.
Finally agents produced by the plaque organisms
indirectly stimulate the host-mediated responses that
lead to tissue destruction. In order to retrieve the
damaged tissues, regeneration of these tissues is
necessary, which is done using various techniques such as
flap surgery, bone grafts and GTR (guided tissue
regeneration). However the major drawback of the above
techniques is the formation of long junctional epithelium
rather than true regeneration. Hence the choice of ideal
regenerative technique still remains a debate which leads
to the need for tissue engineering which involves
scaffolds, signaling molecules and stem cells®.

Nanomaterials for Periodontal Tissue Engineering

Among the dental and medical field, periodontics was
among the first to regenerate the structure and functions
of damaged tissues through the use of barriers which
were able to replicate the exact regeneration of hard and
soft tissues in the periodontal apparatus. Introduction of
the use of nanomaterials has led to further advances for
example nanopowders and the periodontal membranes
required in techniques like GTR and GBR (guided bone
regeneration) were obtained from nanotechnological
methods such as film casting and electrospinning®

The advancement of nanotechnology then allowed to
structure membranes with different layers which
consisted of core layer and two functional surfaces in
contact with the bone (nanoHA) and the epithelium
(metronidazole) and the core layer obtained by a central
portion of PLCL (polyactidecaprolactone) and by the two
layers of PLC/PLA hydrogels. Very interesting are the
degree of precision involved in biphasic scaffolds made of
FDM (Fusion Deposition modeling) for bone and
alectrospun micro fibrous membrane for periodontal
ligament deliberating simultaneous regeneration of
alveolar bone and periodontal ligament complex.4

Types of Nanomaterials
Organic nanomaterials

1) Chitosan Nanoparticles (CNPs)
For the past few years, there has been increasing
interest in the use of chitosan and chitin for various
applications in dental science. Chitosan is obtained
from partial deacetylation from chitin which is a
positively charged polysaccharide found in

2)

a)

b)
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crustaceans’. Advantages include: biocompatibility,
mucus adhesion, low cost, no cytotoxicitys'B.
Researchers have reinforced bioactive scaffolds
containing CNPs incorporated with protein growth
factors for bone tissue regeneration> with
promising in vivo results. Titanium implants
laminated with CNPs loaded with biologically active
bone morphogenetic protein-2 (BMP-2) managed to
instigate ectopic bone growth on mice™.CNPs
displayed antibacterial properties solely because of
their polycationic charge, with higher reactivity in
nanoform than in bulk'>*°. CNPs could be integrated
into toothpastes or even used in dental prophylactic
therapies aimed at minimizing the bacterial biofilms
present in the oral cavity.

Composite chitosan nanoparticles

Researchers have attempted to combine chitosan
particles with different polymeric or inorganic or
organic substances due to its disadvantages such as
poor mechanical and processing properties or
insolubility in common organic solvents.

Composite materials have prudent characteristics in
biomedical applications because it has the ability to
blend the advantages of chitosan with the added
substance. Composite CNPs have also been
developed for bone tissue engineering. Recent
studies have exhibited that bone regeneration could
be assisted by PCL( poly-caprolactone) nanofibers
scaffolds containing CNPs i) Advantage of chitosan-
PCL copolymer is i) its biocompatibility with bone
cells®, ii) nanofiber matrices of PCL-chitosan
functionalized with collagen | led to higher alkaline
phosphatase (ALP) activity and mineralization of rat
bone marrow-derived stromal cells®.

have managed to
37

Chitosan-gold nanoparticles
augment osseointegration of dental implants
incorporated with anti-inflammatory molecule PPAR
(peroxisome proliferator activated receptor gamma)
or with the transcription factor c-myb. Chitosan-
gold nanoparticles with PPAR were used to modify
dental implants in vitro, but also in vivo with rat
mandible. These modified implants led to the
formation of new bone with high mineral density
and reduced inflammation. Since the anti-
inflammatory effect of PPAR has been demonstrated
in periodontitis38, chitosan gold nanoparticles can be
combined with PPAR for future use in periodontal
regeneration.

An important bioactive molecule — hydroxyapatite
plays a major role in guided bone regeneration.
Hence several composite hydroxyapatite-containing
nanomaterials have been developed. For example,
biocompatible coatings of cellulose acetate
nanofibers and composites of hydroxyapatite
nanoparticles and chitosan brought about the
formation of bone like apatite layer on implants.
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3) Silk Fibroin nanoparticles

Silk fibroin is a natural biomaterial that has been studied
as a substrate for tissue engineered cartilage, bone,
ligaments, nerves and also for drug delivery applications.
Silk fibroin is a structural protein isolated from silk fibers
separated from the cocoons of the silkworm
Bobymexmori®® *. Silk fibroin nanoparticles could have
numerous applications in dentistry, but mainly in bone
regeneration procedures, where they have been used in
the form of nanospheres, nanofibrous membranes, or
nanofibrous scaffolds®. Studies found that experimental
nanofibrous electrospun silk scaffolds incorporated with
bone morphogenetic protein-2 supported human
mesenchymal stem cells osteogenic differentiation”. Also
recently, a thin nanofibrous membrane containing silk
fibroin/chitosan/ nanohydroxyapatite/ bone
morphogenetic protein-2, subcutaneously implanted
together with human mesenchymal stem cells, resulted in
ectopic bone formation in vivo™. The chitin/silk fibroin
blend nanofibrous matrix, containing 75% chitin and 25%
SF, has been shown to promote excellent cell attachment
and spreading for human keratinocytes and fibroblasts®.

Synthetic organic Nano-delivery systems
1) PGLA Nanoparticles

Poly (lactic-co-glycolic acid) PLGA, is one of the most
opportunely developed biodegradable polymers.
PLGA has attracted considerable diligence due to its
impressive properties: 1. biodegradability and
biocompatibility. 2. method of production adapted
to various forms of drugs e.g. hydrophilic or
hydrophobic small molecules or macromolecules
and 3. possibility to target nanoparticles to specific
organs or cells®®.

Although PLGA nanofibers are widely used in the
manufacture of scaffolds for tissue regeneration and
despite  their  biocompatibility, the clinical
applications of pure PLGA for bone regeneration are
hindered by its poor osteoconductivity®® *°.

2) Composite PLGA nanoparticles

Since pure PLGA have a drawback of osteo
conductivity in bone regeneration, varieties of
composite scaffolds have been developed.
Nanosized composite PLGA systems have been
desirable in inducing osteogenic differentiation of
stem cells for example: PLGA/collagen nanofibers
with  calcium phosphate, PLGA/ poly (3-
hydroxybutyrate-co-3-hydroxyvalerate)

nanoparticles etc. Some of the PLGA composite
nanosystems such as PLGA/collagen/calcium
phosphate nanomembrane were able to support
osteogenic differentiation on their own while other
nanostructures needed the incorporation of growth
factors like (bone morphogenetic protein) BMP-
2,BMP-7, insulin like growth factor -1. Interestingly,
PLGA nanoparticles have future approaches in
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chondrogenic, adipogenic or osteogenic new tissue
formation™®

3) Dendrimers

Dendrimers are synthetic, highly branched polymers
with micelle like behavior. Reports show that
dendrimers may be used as releasing-scaffolds for
releasing  anti-periodontopathogenic  agents™’;
implant surface coating with phosphoserine and
polylysine-dendrimers do not improve their
osteointegration‘?’1 while other studies report that
they can build up osteoblast differentiation’; poly-
amidoamine-dendrimer molecules have anti-
adhesive properties and modulate the oral bacterial
response; dentine surface coating with poly-
amidoamine-dendrimers can induce hydroxidapatite
formation and thus contribute to dentinal tube
occlusion®**,

4) Lipid nanoparticles and liposomes

Solid lipid nanoparticles are one of the beneficial
drug carrier systems which enacts as a solid
substitute to carriers such as micro nanoparticles.
These particles have several advantages such as
physically stable system, small size (50-100 nm),high
drug loading, low toxicity and improved delivery of
lipophilic active compounds. Unfortunately, there
are very few studies that focus on the interaction
between these nanoparticles and the biology of oral
cavity.

Liposomes are spherical vesicles with a diameter
ranging from 20 nm to several micrometers, which
are made up of natural lipids like phospholipids with
several attributes like non toxicity, non-
immunogenic and biodegradable. They are the most
employed nanodevices used to encapsulate
antibiotics for treating intracellular infections and
therefore could have promising applications in
periodontology. Recent studies have framed
antibiotic incorporating liposomes for use against
various periodontal pathogens including liposomes
containing  metronidazole against  S.mutans,
chlorhexidine and triclosan for Streptococcus oralis,
triclosan against Streptococcus sanguis. Liposomes
incorporating bovine lactoferrin (LbLF) could be used
for periodontal prevention in patients undergoing
orthodontic treatments>* >

CONCLUSION

Although the achievement of the goal of complete
regeneration of the periodontal tissues (cementum,
periodontal ligament and bone) for periodontal
management may not be possible for many years, recent
developments in nanomaterials and nanotechnology have
provided a promising insight into the commercial
applications of nanomaterials in the management of
periodontal diseases’. Despite the various properties ,
there are certain limitations which have been studied for
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example PGLA has poor drug loading coupled with high
release burst of the drug, and also PGLA gets degraded by
hydrolysis to the two initial acids unlike chitosan and silk
fibroin which can alter the pH at the delivery site. Other

pi

tfalls related to organic nanoparticles such as chitosan

and silk fibroin are variation in properties b) insufficient
data of their impact on oral environment.

The combinatorial use of various stem cells, signaling

m

olecules, and nanostructures (with creation of specific

rigid or not rigid scaffolds) has already been obtained, in
animals, for the regeneration of damaged dental tissues.
However, there are still several problems concerning the
safety and standardization of techniques that must be
solved in the near future before clinical application in
humans.
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