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Abstract

Nanomaterials are defined as materials that have at least one
dimension with components smaller than 100 nm. In order to
discover and make use of the advantageous qualities that result
from these dimensions, nanotechnology is the science that deals
with matter at the molecular and atomic levels and studies matter
at the nanoscale level. Over the past few years, there has been a
notable growth in the quantity of dental nanomaterials. There are
numerous practical dental nanomaterials that are being studied. It
has been demonstrated that nanoparticles are more effective than
conventional materials and possess greater surface chemistry and
bonding abilities. Additionally encouraging are their antibacterial
properties, which are useful in numerous medical treatments but
especially in endodontics. Nanomaterials are a helpful tool in
dental clinics for a number of procedures due to their versatility,
such as pulp regeneration, medication administration, root repair,
Obturation, filling, and cleansing of the canals. By combining the
fields of biotechnology and nanomaterials, nanomaterials have the
potential to revolutionize oral health by offering diagnostic and
preventative tools as well as the ability to repair damaged teeth.
Nanomaterials are frequently employed in restorative dentistry to
create coating materials, bio-ceramics, bonding agents,
endodontic sealants, and nanocomposite resins. So this review
paper for demonstrates types, potential application of
nanoparticles in endodontic treatment.
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Introduction:

Nano means "midget" in Greek. The term
"nanoparticles" refers to a factor of 10—9,
or one billionth on the American scale.
Since it is hard for the human brain to
envision such a small number, analogies
have been shown to be able to understand
the nanoscale. For example, the quotient
of a meter (m) to a nanometer (nm) is
roughly equal to the diameter of the earth
and a hazelnut. In a second, a fingernail's
length increases to roughly one nanometer
(1). The science that works with molecules
and atoms at the molecular level is called
nanotechnology. To find and utilize the
beneficial qualities that come from
components at the nanoscale level,
researchers have looked at a variety of
industries. It was N. Taniguchi who first
used the word nano- in 1974 at Tokyo
Science University (2). The distinct
physical characteristic of the nanoparticle
is its high surface to core ratio, meaning
that there are more atoms on the surface
than in the core due to the surface having
more unbound particles, which increases
surface energy and more receptive to the
opposite (3). A decrease in the melting
point of nanomaterials is caused by a
larger surface-to-volume ratio, with
particular emphasis on prosthodontics for
cast post and fabrications of metal crowns.
Because of their high surface-to-volume
ratio, the nanoparticles are easily
rearranged into several configurations,
which makes them suitable for a wide
range of dental applications (4). One of the
most modern innovations of the recent
past is nanotechnology (5).The idea and
definition of a nanomaterial have been
made public in accordance with the
European Commission's recommendation,
and they relate to the origin, formation,
form, and size distribution and particle
size (6). Two primary approaches are used
in the synthesis of nanomaterials: the top-
down approach reduces the majority of the
material to nano-metric measurements by
a variety of techniques, while the bottom-
up approach groups individual atoms
together(7) Endodontics' main goal is to
eradicate microorganisms that create
biofilms. Nanotechnology will transform
dentistry in the future, particularly in
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endodontics, as it has the enormous
potential to have a significant impact on
human health and welfare (8).

1. History and Development of
Nanotechnology:

The theory of nanotechnology was first
created by Dr. Richard Feynman (9), and
he is regarding the modern technology but
Taniguchi et al.(10) explain the meaning
of this technology as many modifications
of materials such as cracking, deformation
division, and rebound brought on by an
atom or molecule (11). Dr. Sumio Lijima
first proposed the idea of carbon
nanotubes in 1991(5). The term "nano-
dentistry" was first used in 2000 by Dr.
Freitas Jr. He created dentifrobots, or
robots inside dentrifices, and invented
nanomaterials and nanorobots. He also
assisted in the regeneration of dentition.
At first, all of these concepts were written
off as "science fiction" and were thought
to be impractical, but in the present day,
doctors are beginning to acknowledge
them (12).

2. Synthesis and of
Nanomaterials:

There are two types of methods for
developing nanostructures: top-down and
bottom-up. These two approaches differ
from one another in terms of cost, product
quality, and process speed. Within the
using a bottom-up methodology, the
nanostructures are constructed from the
bottom up by controlling the self-assembly
of atoms and molecules in nanoscale
dimensions using chemical and physical
techniques(13). The breakdown of bulk
materials into nanostructured particles by
the use of recently discovered processes
like lithography or precision engineering
is referred to as the '"top-down
method"(11). Functional method and bio
mimic approach mean creating new
materials mimicking natural matters (14).
Nanostructured materials have drawn
more interest in recent years because of
their potential uses in a variety of medical
sectors, including therapy and diagnostics.
This potential stems from the Nano-
particles distinct chemical, biological, and
physical properties linked to their large
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specific surface area as well as their
quantum phenomena. Because the atoms
available on their surface are less stable
than those in bulk materials, their behavior
differs greatly from bulk materials. This is
because the surface atoms have fewer
neighbors, which will result in less
coordination and unfulfilled bonds. The
delocalization of electrons resulting in
quantum confinement effects is the other
reason(15)(16).

3.Classification of Nanoparticles:
Nano-particles can be classified to natural
and synthetic materials due to their
composition, it has regular structures and
molecules in unbound phase, in which
about half of the molecules have the
molecular level its size not exceed of
(100nm)(17), according to shape of
materials can be spherical, tubular, plate
shape and rode shape (18). Another way of
classification for nanomaterials according
to their dimensions as shown in Figure(1);
either zero (such as fullerenes), one (such
as thin surface coatings), two (such as
graphene), or three dimensions (such as
composite nanomaterials) (8):
naturally occurring
subdivided into:

nano-particle

*Inorganic or Metallic nano-partiles:

1) Silver nanoparticles (AgNano-
particles): AgNano-particles has a broad
spectrum of anti-bacterial property for oral
micro-organisms, such as resistant to
microspecies (19), so its use as intra-canal
irritants or medicaments to sterilize or
disinfect canals of radicular system during
treatment of endodontic. The mechanism
of anti-bacterial effect of silver
nanoparticles is due to interaction with the
sulthydryl group of proteins and DNA,
the unwinding of DNA, and interfacial
with the syntheses of cell wall and cell
division (20), so silver nanoparticles can
eliminate the smear layer, in line with
eliminating E faecalis from the root canal
system (21).

2) Magnesium-containing nanoparticles
(Mg-Nano-particles): Such as
magnesium halogen-containing
nanoparticles, Magnesium-oxide,
hydroxide, are different forms of this type.
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The ability of Magnesium halogen-
containing nanoparticles is to penetrate
the bacterial cell wall, leading to the
disturbance in the potential of membrane,
inhibiting the activity of specific enzymes
in cell. The bacterio-cidal property of
magnesium oxide nanoparticles is related
to reactive oxygen species production on
the surface of bacterial cell and its activity
against to E. faecalis, S. aureus, and
Candida albicans (22)(23).

3) Zinc oxide nanoparticles (ZnO-Nano-
particles): Its possess high effect of anti-
bacterial property and killing to the
bacterial cells in environment with a
higher pH (24)(25). The anti-bacterial
properties of these types of nanoparticles
are due to the elevation the cell wall
permeability of bacteria, that leads to the
elaborate amount of cytoplasmic content,
and cell killing occurs (26). In the study of
Kishan et al. concluded that zinc oxide
nano-particles can stop the growth of E.
faecalis in the biofilm of oral cavity.
Combination between zinc oxide nano-
particles and resin-based sealer ensures a
(95%) depression in E. faecalis adhesion
to dentinal wall and biofilm production
(27).

*Organic or Polymeric Nano-materials
1) Chitosan nanoparticle: Chitosan is
commonly utilized in different medical
fields applications, especially for skin
substitutes and management of wound,
due to many specific properties such as
biodegradability, hydrophilicity,
biocompatibility, and a broad-spectrum
antimicrobial against gram-negative and
positive bacteria and also fungi (28).
Mechanism of anti-microbial property du
to electrostatic interaction when positive
charge chitosan touch negative charge of
bacterial cell membrane, this ionic
differences lead to increased permeability
of cell wall, leakage of intracellular
content and disintegration of bacterial cell
(29). Chitosan benefits include (30):

1. It does not harm mammalian cells in
any way.

2. A color that blends in with the tooth
structure.

3. Economical.

4. Accessibility.
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2) Bioactive glass: Bioactive glass (BAG)
consist of a complex mixture of (24%)
NaxO, (45%) SiOz, , (6%) P20s and
(24.5%) CaO. BAG has been used to
enhance the disinfection and sterilization
of the root canal system due to its broad-
spectrum antimicrobial effects. However,
the BAG was less activity than calcium
hydroxide (Ca(OH)) in microbial growth
stopping. The nano-particulate production
of bioactive glass (45S5) showed superior
anti-microbial efficient due to high
quantity release of alkaline species (31).
In the study of Marending et al. did a
comparison between nano-particulate
bioactive glass 45S5 and Ca(OH)2 to treat
anterior teeth immature apex with trauma
as intra-canal medicament ,who concluded
that Ca(OH)2 produced a (35%) decrease
in mean values dentin flexural strength,
but bioactive glass (45S5) has reduction
a(20%) in the same mean value and
superiority over Ca(OH)2(32).

Application of Nano-particles in
Endodontic treatment:

Almost every area of research and
development has been impacted by
nanotechnology. This technology's

immense potential has also influenced the
fields of medicine and dentistry.
Nevertheless, since the majority of the
problems in endodontics (microorganisms
and dentin) are nano-sized, it is obvious
that the field will continue to move in this
direction. The field of dentistry is heading
toward a bright future thanks to the advent
of nano-endodontics. The application of
nano-particles in endodontic treatment

(33) shown in figure (2) and as followings:

1-Using of Nanoparticles as Endodontic
Irrigants: The key point of endodontic
disinfection is irrigation because it can
inactivate, reach and removed bacteria that
attached to the walls of dentin which not
reached by mechanical instrumentation so
irrigation indicated for both the removal
and killing of microbes and also eliminate
remnants and debris of dentine and
necrotic tissues (34). In an ideal properties
of irrigants should be nontoxic or low-
toxic with ability of antimicrobial effect
and less adverse reactions if inadvertent
extrusion which such occur with sodium
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hypo chloride solution (35). Given the
shortcomings of traditional irrigants,
nanoparticles have been used to create
innovative irrigation materials.
Nanoparticles of chitosan have shown
increased antibiofilm effectiveness and the
capacity to stop the bacterial endotoxins.
These tiny particles lead to an organized
release of singlet oxygen species indicates
increased bacterial breakdown. They are
recommended to be used as a last rinse
while root irrigation because they do not
cause harm to eukaryotic cells (36)(5).
Nano-particles have bright future as
alternatives irrigants , especially Ag
nanoparticles (37), because it have a more
surface area to volume ratio which
enhances the interactions with microbes,
and have a special sizes and shapes that
increase their anti-microbial actions (38).
Ag Nano-Particles have biocompatibility
with human tissues, and highly toxic effect
for microbes, especially E. faecalis
(39,40), also Ag Nano-Particles can
penetrate and reach the apical part of the
root canal system when used as irrigants in
endodontic treatments (41). Because Size
of Ag Nano-Particles is (1 to 2 nm in size)
it have ability to penetrate the smear layer
on radicular dentine produced barrier film
on the surface of surface, which can
decrease the risk of bacterial invasion
(42), without any harmful effect on
physical structure of the radicular dentine
(43,44).

2-Using of Nanoparticles as Obturating
Materials: Obturating materials have an
important role in endodontic treatment to
fill the root canal system, The ideal filler
material must have the following qualities
in order to be utilized in endodontic
treatment: it must be biocompatible with
the tissue, promote the regeneration of
damaged cells or at least help it, be easy to
remove from the canals and adapt to them,
and have antimicrobial activity, water
insolubility, dimensional stability over
time, adhesion to the canal walls, and
good, features of handling and flow,
radiopacity, imperviousness, and non-
porosity,Gutta-percha is the commonly
used as obturating material. Although its
commonly use (8). Gutta-percha has
several disadvantages, especially the
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absence of anti-microbial properties (45).
So there is a forward direction in
incorporating Nano-Particles into gutta-
percha  points  to decrease its
disadvantages, such as nano-diamond
gutta-percha composition can decrease the
dangerous of re-infection and enhance the
mechanical properties and strength of
gutta-percha points, so enhancing their
clinical manageability (46). Regarding the
lack of true adhesion of Gutta-Percha and
consequently microleakage, root canal
reinfection, and not enough completed
mechanical properties, attempts were
made to use additives to improve these
capacities. Researchers have investigated
the medical activity of gutta-percha cones
containing different substances including
calcium hydroxide bioceramic, resin,
iodoform, zinc oxide, nonthermal plasma-
argon, and oxygen plasma chlorhexidine,
and cetylpyridinium chloride alone or used
in combination (47) . Incorporating nano-
diamond amoxicillin conjugates with
gutta-perch, the size of nano-diamond
particles is (4 to 6 nm) have adsorb
antibiotics and antibacterial properties,
possibility the elimination of persistent
microbes . Ag Nano-Particles can be
introduced into gutta-percha to produce
silver  ions releasing, that have
antimicrobial properties. Different types of
techniques have been produced for coating
Ag Nano-Particles onto gutta-percha
points, with one method that involving the
use of a plasticizer (48). Ag Nano-
Particles-coated points have less toxicity
to the cells of human body and good
biocompatibility with it, and it has
antimicrobial effect against C. albicans
and also against several bacteria, including
E. faecalis, S. aureus, and E. coli (49).

3-Using of nanoparticles as Endodontic
Sealers: Making the seal impermeable is
one of an endodontic sealer's most
important tasks. This can be achieved by
repairing any small dents and
imperfections that could exist between the
stem filling material and the root canal
wall. A polymicrobial nature characterizes
root canal infection, with E. faecalis being
one of the main culprits due to the
production of many proteolytic enzymes
and harmful aggregation components,
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endodontic infections that recur are caused
by E. faecalis because of its resistance to
calcium hydroxide alone (50).
Furthermore, in the event that the
microbes persist the sealant then satisfies
the microbiological control in the tubules
or lateral canals. Researches have
demonstrated that, despite the use of root
canals, 40-60% of the germs survived.
Considering various NaOCL
concentrations in the chemo-mechanical
root canal cleaning technique (8). In a
study by Kishen et al., obturating sealers
were treated with chitosan and zinc oxide
nanoparticles. The outcomes shown that
these Nano-particles suppressed bacterial
breach in the canal that resulted in a
resolution that adding these Nano-particles
to the sealers produced a favorable result
(5). Endo Sequence bio-ceramic sealer It
was created lately and is made up of
calcium phosphate, calcium hydroxide,
calcium silicates, zirconia, and a
thickening agent. The properties of
nanoparticles enhanced physical
characteristics. A structure of
nanocomposites of calcium silicate and
hydroxyapatite generated during. The root
canal's hydration reaction. This process of
hydration the setting time is determined by
the water's availability and in too dried
canals, the setting time may need to be
extended. Materials can be delivered from
0.012 with the use of nano-sized particles
tiny needles and adjust to uneven dentin
surfaces outstanding provide dimensional
stability and seal (51)(52). Addition of
silver nano-particles to endodontic sealer
is benefit as anti-microbial effect because
AgNano-particles can trigger a breakdown
of chemical equilibrium in the bacterial
cell, they are unique among antibacterial
nanoparticles, AgNano-particles must be
stabilized because it has been observed
that they produce ROS, which causes
membrane proteins and lipids to degrade
(53). Thus, stabilizing AgNano-particles is
necessary, because carbon nanodots are
bioactive and can scavenge ROS, they can
replace AgNano-particles and prevent the
production of reactive oxygen species
(ROS) (54). This is accomplished by the
carbon nanodots' surface producing -
COOH and -OH groups. By creating
bonds with the AgNano-particles, these
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groups stabilize the AgNano-particles

(55).

4-Using of Nanoparticles as Retro-
Filling and Root Repair Materials: The
importance of installing root-end fillings
during periapical surgery has been
highlighted by a number of studies (56).
Mineral trioxide aggregate (MTA) is still
the most popular and is regarded as the
gold standard for comparison with
recently developed materials (57). But
MTA has disadvantages as well, such as
handling challenges, a long setup time,
high cost, and a lack of characteristics that
are antibacterial and soluble in PH that is
acidic (58). According to reports, adding
Ag Nano-particles shortens the MTA
setting time, speeds up the hydration of
silicates, and may increase the material's
usefulness (59). Additionally, it is stated to
overcome MTAs and enhance dimensional
stability, which is essential for healthy
tissue regeneration. It also works well as a
radiopacifier. reduced radiopacity for
more lucid radiography images (60).
Bismuth lipophilic Nano-particles have
significantly improved MTA's
antibacterial and antibiofilm capabilities
without sacrificing any other properties.
Physical characteristics, suggesting
improved clinical results (61). The porous
structure of silver-zeolite Nano-particles,
which releases silver ions over time,
enhances MTA's antibacterial capabilities.
against a variety of microbes (62)(63).
Advantages and Disadvantages of
Nanotechnology:

1- Advantages of Nanotechnology:

1. Excellent handling qualities for all
Nano-dental products, as well as superior
hardness, flexural strength, modulus of
elasticity, translucency, and durability of
Nano-dental materials.

2.More rapid and precise diagnosis of oral
diseases  using portable  diagnostic
equipment.
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3. Shorter treatment duration combined
with quicker healing capabilities.

4. Lower rates of morbidity and death
therefore linked to specific oral illnesses.
5. Better aesthetics.

6. Patients will attend dental clinics less
frequently, and practitioners will feel less
worn out.

7. Clearly superior results
therapeutic methods.

8. Cost-effective (64).

from the

2-Disadvantages of Nanotechnology:

1. There are many moral dilemmas to
resolve (social acceptance is important).

2. The environment and humans are both
harmed by the toxicity linked to the
nanoparticles.

3. The subsequent irreversible loss of
genetic information that was necessary to
improve the prospects for nanotechnology
in general and nano dentistry in particular.

4. High cost.

Conclusion:

The scientific community should embrace
this new  discipline  with  great
responsibility because nanotechnology is a
developing science. Regarding
endodontics, Nanotechnology is expected
to enhance not just the mechanical
characteristics, but also significantly
enhance the biological characteristics of a
substance. It's not too far off. that nano
dentistry will be successful in preserving
almost flawless oral health using
nanorobotics and nanomaterials as well as
biotechnology.

Author Contribution: Emad Farhan:
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Figure (2): Using of nano-particles in endodontic treatment (34).
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