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Abstract

Currently, nanoparticles have the potential to revolutionize almost every aspect of dentistry, from radiographs and
restorations to orthodontics and oral surgery. Their size and unique characteristics have given them a special ability
to target and penetrate bacteria and tissues. The newest generation of dental composites is called nano composite.
The particle size of nano composites is 20 nm. These very small particles, by connecting to each other, create
larger particles that have higher strength and resistance than other composites, and in fact, this is their most
important feature. Scientists are working hard to find ways to incorporate nanoparticles into almost every aspect
of dentistry. Dr. Ranjeet Bapat, a professor at the School of Dentistry at the International Medical University in
Kuala Lumpur and the leader of this research said: Recent advances in nanoparticles and nanotubes in dental
surgery, endodontics and periodontal management have played an important role in improving the dental
profession. Infection is one of the concerns seen in dental implant surgery. Implant rejection is one of the risks
that occurs in 5 to 10 percent of cases. Therefore, the use of nano technologies that can reduce the risk of dental
damage can create a revolution in this field of medicine. Dental nano methods are usually used to repair teeth; In
other words, more time is needed for genetic design, design and tissue recovery, but with the growth of new teeth
in laboratory conditions, the limitations of the dental field can be eliminated.
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INTRODUCTION

Nanotechnology can be effectively used to maintain oral and dental health [1-3]. In particular,
silver nanoparticles are useful antimicrobial agents for bonding and covering the bases of
prostheses and orthodontic appliances. They can also be used in dental restorative materials
such as cavity liners, fissure sealants, and root canals [4]. There have even been tests of silver
nanoparticles in washing the mouth and teeth. Its antimicrobial ability reduces plaque around
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the brackets, which can prevent tooth decay and caries during treatment. Also, nano technology
can help reduce wear and tear by reducing friction between teeth and brackets. Researchers at
the Carlos Universidad de Madrid and the Composites Group are developing a new process
that uses nanoparticles to make invisible, friction-resistant brackets that make teeth wear-
resistant while remaining transparent [5-7]. Adding nano-coating to wires and brackets can
improve bracket performance. However, more research is needed on NiTi nanoparticles, which
can provide orthodontic wires with new shape memory and superior performance. It is still
difficult to isolate the required NiTi particles. The following are the most important differences
between normal and nano composites:

» Nano composite has more strength compared to normal composite.

» The durability of normal composite is between 5 and 7 years, while nano ceramic
composite can last more than 10 years and even up to 15 years if dental care is followed
correctly.

» Nano composite polish ability is much higher than normal composite.
» The brightness of nano composites is higher than normal composites [8].
Advantages and Benefits

Research shows that the use of nano composites in composite restorations can have several
advantages, including:

» Can act as an improved interface that increases stability and equal distribution of
pressure between tooth and material (Figure 1)

» Its higher filler content makes it provide better mechanical properties.

> Its smooth surface prevents the accumulation of plaque and gum irritation and improves
the beauty with proper color matching, high transparency and increasing the durability
of the polish [9].

» A completely natural appearance due to the light that is scattered through the
transparency of the nano composite, which makes it blend better with the adjacent teeth.

» These composites combine beauty and high strength (a great feature that is not seen in
ordinary composites. They have relatively low strength).

» They can be polished easily.

» Due to their high mechanical resistance to wear and pressure, they can also be used in
the restoration of posterior teeth.

» Having a wide color spectrum [10];

» The smoothness of these composites is enough to move well on the treated tooth and
cover the desired surfaces. Therefore, the treatment process is easier with them.
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Orthodontics, like other fields of medicine, has made significant advances in technology.

Nanoparticles Point-of-Care Testing
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Figure 1: Stability and equal distribution of pressure between tooth and material

When it comes to orthodontics, the first thing that comes to mind is the old traditional metal
brackets. But, in the world of orthodontics, there has been great progress, especially in the case
of nanoparticles. You may ask yourself, what do nanoparticles have to do with brackets?
Apparently, this relationship is very effective and vital. Nanoparticles are very small insoluble
particles that can be manipulated at the atomic, molecular, and supramolecular levels in various
healthcare applications [11-13]. Types of nanoparticles include nano pores, nanowires, nano
belts, nano rings, and nano capsules.

6 Ways to Use Nanoparticles in Dentistry in the Future

Researchers at UCLA University have come to the conclusion that the use of diamond
nanoparticles can lead to stronger and stronger treatments in dentistry. These particles are about
5 nanometers in diameter and are much more durable and stable than the diamond itself. For
this reason, scientists believe that these particles can be used in the treatment of dental problems
in patients with osteonecrosis who suffer from the constant breaking of their bones and teeth.
The use of dental implants in these patients is not successful. Due to the weakness of the bone
wall of the teeth, the implant is removed in these patients [14-16]. The restoration of this
implant also requires a new and painful surgery. The use of diamond nanoparticles in solving
the dental problems of these patients can create a revolution. During surgery for bone repairs
and dental injuries, surgeons use sponges to create protein growth in the mouth. The discovery
of these researchers indicates that the use of diamond nanoparticles does not require surgery.
All that is needed is a simple injection or a simple oral rinse [17-19]. When this compound
enters the mouth, the tiny nano particles release this protein with a continuous and slow flow.
This protein is used in the new ossification of the walls of the teeth. This treatment method is
very easy for patients and has a high degree of success in practice [20]. Currently, it has been
tested on model cells and animals. It is hoped that its use will soon reach the implementation
stage for humans. Diamond nano particles can have wider applications than dental uses; For
example, these particles can be used in the treatment of cancers in which osteoporosis or bone
weakness can be seen, as well as in orthopedic surgeries (Figure 2). Imagine that there is no
need for plastering or splinting in fractures of the leg, hand and any other bone. A simple
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injection of nano diamond particles can fix a broken or cracked bone [21].

Figure 2: The Use of Polymers to Enhance Post-Orthodontic Tooth Stability
Stronger Restorations

One of the ways nanoparticles can help improve dentistry is their ability to create stronger and
more flexible restorations. For example, a new study has shown that composites made of silica
nanoparticles and silicon dioxide are stronger and more flexible than traditional composites.
Other studies have shown that hydroxyapatite nanoparticles are biocompatible with the body
and can be used to improve glass ionomer [22]. The authors believe that this work improves
the mechanical properties of glass ionomer cement and the strength of its connection with
dentin. Therefore, hydroxyapatite nanoparticles can be useful for addition to various restorative
materials.

Dentures that Prevent Infection

According to the authors, several types of nanoparticles have antibacterial and antimicrobial
properties that can be useful for inhibiting biofilm formation. In particular, silver nanoparticles
(AgNPs) can be used for topical drug delivery. Another study has shown that silver
nanoparticles can be used in the treatment of denture stomatitis. The researchers stated: Adding
AgNPs to polymers that are used to improve tissue or tissue conditioners or as prosthetic bases
has provided satisfactory results in the treatment of denture stomatitis [23]. Therefore, the
addition of AgNPs to prostheses can prevent mucosal tissue-related infections.

More Effective Drug Delivery

Silver nanoparticles are not the only type of nanoparticles that have shown promising results
for drug delivery and killing harmful bacteria. For example, gold nanoparticles have
antimicrobial, antibacterial, and antifungal properties, and certain types of these nanoparticles
may be used for medical and dental applications, including wound dressings, coatings, and
adhesives. In addition, researchers found that nanoparticles chitosan can release chlorhexidine
slowly during 48 hours and polymer nanoparticles can release chlorhexidine for four weeks
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[24]. Calcium fluoride nanoparticles (CaF2) can deliver fluoride better than conventional
systems. Another study showed that minerals absorb more fluoride from CaF» nanoparticles
than from other sources. Researchers say: Calcium fluoride nanoparticles (CaF2) have more
reactivity and solubility than CaF> macro particles, and this is due to the increased solubility
of CaF> nanoparticles compared to calcium macro fluoride particles, which increases the
amount of fluoride absorption from CaF» nanoparticles. And is more effective in reducing tooth
sensitivity [25].

Clearer Imaging

Nanoparticles not only have a direct impact on the oral environment; But they can also be used
to improve dental imaging, because some types of nanoparticles create a coating on dental
surfaces and cause teeth and gums to contrast with other oral structures in radiographs and
images. For example, one study showed that gold nanoparticles can be used to help visualize
dental structures in 2D and 3D imaging [26]. Other research has shown that iron oxide
nanoparticles can be used to enhance contrast in magnetic resonance imaging.

Better Implants

Nanoparticles can also be used as a coating for implants and prevent the accumulation of
bacteria and help implant Osseo integration. Silver, iron oxide, and copper nanoparticles all
have antibacterial properties that make them suitable coatings for implants. In addition, gold
nanoparticles increase the process of bone grafting to the implant. The researchers say:
According to the stimulating effects of nanoparticles on the differentiation of osteoblasts, gold
nanoparticles can also be used as osteogenic agents [27].

Restorative Toothpaste

Perhaps one of the most exciting properties of nanoparticles is their ability to help remineralize
teeth. One of the in vitro studies has shown that hydroxyapatite nanoparticles together with
silica and silicon dioxide nanoparticles reverse dentin demineralization up to 20% of the initial
phosphate level of dentin. The same study also showed that a combination of nanoparticles
reduces the breakdown of tooth minerals. Silica and silicon dioxide nanoparticles penetrate into
demineralized dentin and cause heterogeneous mineralization of dentin collagen matrix
exposed to an artificial saliva solution. Another application of this technology is the production
of restorative toothpaste [28]. Two laboratory studies (in vitro) showed that toothpaste
containing hydroxyapatite nanoparticles may strengthen the restorative and desensitizing
properties of toothpaste (Figure 3). The researchers stated: Dentin and enamel remineralization
using toothpaste containing hydroxyapatite nanoparticles is higher compared to toothpaste
containing amine fluoride. Therefore, the authors concluded that hydroxyapatite nanoparticles
can enhance the remineralization of teeth [29].
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Figure 3: Polymeric Dental Nanomaterials: Antimicrobial Action
Nano Robots

The goal of nanotechnology in the dental industry is to comprehensively examine, control,
develop, restore, protect and improve the oral health of patients. This technology is able to
significantly change the field of medicine. Orthodontic nano robots are one of the new
technologies in the field of dentistry and nano, which can easily control periodontal tissues and
allow quick and painless stabilization of the tooth, rotation and change of its vertical position
in a few minutes to a few hours [30]. This method has a great advantage compared to other
methods that take weeks to months. Usually, nano robots are used in various fields such as
aesthetics, oral cancer treatment, oral adhesives, sterilization, bone replacement, etc [31].

The Use of Graphene in Dentistry

Scientists are recently conducting extensive research on graphene-based nanoparticles related
to dentistry. Usually, cavities created in teeth are filled with dental material. According to Sina
press, these materials are completely in contact with the crevice fluid, saliva and water. Also,
these materials are exposed to high chewing force, temperature increase and various abrasions,
which cause mechanical failures. According to Sina press, over time dental materials need to
be repaired or replaced. Therefore, dental materials with superior properties are required for
effective and durable dental procedures [32]. Graphene nanomaterials have unique mechanical,
optical, physical and chemical properties that have recently been used in dental research.
Graphene is a carbon-based nanomaterial that is a two-dimensional monolayer structure with
sp2 hybridized carbon atoms packed in a hexagonal structure. There are many types of
graphene nanomaterials, such as multilayer graphene (FLG), ultrathin graphite, graphene oxide
(GO), reduced graphene oxide (RGO) and graphene nano sheets (GNS).

These graphene nanomaterials are different from each other due to the number of different
layers, surface characteristics and size. According to Sina press, citing azom, in the meantime,
graphene oxide (GO) is the most widely used due to its superior properties and has many
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chemically reactive functional groups on its surface that interact with DNA, proteins, facilitates
polymers and biomolecules [33]. One of the challenges of dental treatment is the restoration of
lost teeth. Some materials used in this process help to grow and regenerate the damaged tissue
in the periodontal structure. According to Sina press, the synthetic biomaterials used in this
field lack tissue-inducing activities, which slow down the treatment and functional
reconstruction in many patients. Graphene oxide (GO) scaffolds used on canine tooth cavities
cause bone formation 5 times faster than collagen scaffolds. This graphene material also
accelerates the proliferation and differentiation of stem cells in bone cells. Graphene is used in
nano medicine as antimicrobial agents. Graphene oxide (GO) is effective in preventing the
growth of all dental pathogens. Graphene, in combination with other compounds such as
nanocomposite oxide and graphene/zinc, improves the antimicrobial and anti-biological nano
membrane properties. Other effects of graphene include its use in dental implants [34]. In the
process of implanting a dental implant, bone fiber integration occurs between the biological
system of the host and the dental implant. According to Sina press, by using this substance, the
speed of the treatment process increases and prevents the accumulation of bacteria. Graphene,
which is covered with a titanium layer, has a surface self-healing effect that reduces the
possibility of pathogens sticking to the teeth.

Reduce Dental Sensitivity

Researchers from the University of Queensland in Australia have found effective ways to
manage tooth sensitivity using nanotechnology. This method helps patients with sensitive teeth
to have more pain relief in the long run. According to Sina press, when the tooth enamel is
worn down and the tooth dentin is exposed, eating or drinking cold or hot foods can cause a
sudden spark of pain. The nanomaterials used in this research quickly block the cavities in the
dentin and prevent unpleasant pain [35]. The researchers' approach works faster and lasts
longer than current treatment options. Researchers make these materials into a paste, so people
with sensitive teeth can simply apply this paste on their teeth and massage it for one to three
minutes. According to Sina press, tooth sensitivity is observed in more than 74%, which affects
the quality of life. By using this nano paste, people can reduce their tooth sensitivity at home
without the need of a dentist. Today, glass ionomer cement is used in dentistry as adhesive
cement, flooring material, liner and restorative material. Although this material has special
properties such as fluoride release, antimicrobial properties and chemical adhesion to the tooth
surface, due to its weaker mechanical properties compared to amalgam and resin composites,
it is less welcomed in the field of restorative dentistry.

In recent years, in various studies, in order to improve the mechanical properties of this
material, various compounds including various metals, zirconia, various nanoparticles,
bioactive glass [36] and wollastonite has been added to this article [37]. Chitosan and titanium
dioxide nanoparticles are another category of these compounds that have been used to improve
the biological and mechanical properties of glass ionomer [38]. Modifying glass ionomer with
chitosan increases antimicrobial properties, fluoride release, compressive strength and also, the
combination of titanium dioxide nanoparticles with glass ionomer powder improves its
compressive strength, bending and antimicrobial properties. Synergism shows their effect on
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some mechanical and biological properties of ionomer zed glass and further increase of
compressive and tensile strength and antimicrobial properties. One of the mechanical features
that should be considered in restorative glass ionomer is its adhesion strength to the tooth
surface. Glass ionomer adheres to the surface of the tooth by establishing chemical bonds and
without the need for any intermediate material. However, its bond strength to the tooth surface
shows lower values than resin composite restorations, and it is necessary to increase its bond
strength in some way to improve restorations with this material increased the adhesion of
ionomer to the tooth and did not affect it in some others. Titanium dioxide nanoparticles did
not interfere with the adhesion of glass ionomer to teeth [39]. Regarding the simultaneous use
of these two substances in the composition of glass ionomer. As mentioned earlier, some of the
mechanical and biological properties of glass ionomer have been improved, but until the
current research, there has been no study on its bond strength.

Use of Charged Nanoparticles for Drug Delivery to Teeth

Since part of the tooth enamel has negative charges, these carriers can stick to the surface of
the tooth and stay there. Treatment agents that aim to reduce tooth decay are often washed away
by saliva and swallowing before they can take effect, but a group of researchers has come up
with a way to prevent this. Dental plaque is a thin biological layer that consists of bacteria and
is placed in a sticky network of extracellular polymers and strongly adheres to the tooth. The
research group, led by Hyun Ko, professor of orthodontics, pediatric dentistry, and community
oral health at the University of Pennsylvania School of Dentistry, and Danielle Benoit, assistant
professor of biomedical engineering at the University of Rochester, have found a new method
that can produce an antibacterial agent in the presence of oral saliva. Remove dental plaques.
In relation to this research project, Ko explains: Usually, oral treatments are in temporary
contact with the mouth, for example, mouthwash or toothbrushes are in the mouth for a few
minutes at most. The problem is how to get the bioactive molecules in place. Further, the
formation of oral biofilms can be controlled and even prevented. To deliver the agent to the
target sites, researchers created a spherical volume of particles called nanoparticle carrier. They
formed the outer coating of positively charged polymers. For the inner part, they protected the
drug with hydrophilic polymers that also responded to PH. The outer layer of the carrier can
remain on the surface of the tooth due to its positive charges, because a part of the tooth enamel
consists of a material with a negative charge.

Discuss

The introduction of nano particles into the field of dentistry has caused significant progress in
this field, which includes prevention of caries, improvement of antimicrobial properties of
materials, improvement of mechanical properties of materials, etc.
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Nanoparticles have various uses in dentistry, which can be mentioned as follows:
» Application of nanoparticles for their antibacterial effects;

» Application of nano particles in order to investigate their effect on the bond strength of
orthodontic bracket and tooth surface;

» Use of nanoparticles to prevent caries;

» The use of nanoparticles in order to investigate their effects on the physical properties
of acrylic;

» Use of nanoparticles to make orthodontic adhesives visible;
» The use of nanoparticles to reduce the friction between the wire and the bracket.

According to the studies, all silver nanoparticles, curcumin, titanium oxide, chitosan, zinc
oxide, tetravalent ammonium derivatives show good antibacterial properties. Silver
nanoparticles added to orthodontic composite reduce bond strength. It seems that curcumin and
chitosan nanoparticles do not have a negative effect on bond strength, but Sepiolite particles
increase bond strength. Studies show that adding zinc oxide nanoparticles to orthodontic wires
reduces the friction between the wire and the bracket. While adding titanium oxide
nanoparticles to the bracket increases the friction [40].
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Figure 4: Forest plot showed Nanoparticles in Orthodontics with Surgery Points

One of the important aspects of the application of nanoparticles is their toxicity. Although the
evidence in this field is not enough, it seems that nanoparticles are at least not more toxic than
normal materials. The accumulation of microorganisms on these materials is always one of the

@ 1550 |V 18.106



Séybeld

REPORT

155N 1533-9211 DOI 10.17605/0SF.I0/W49ST

foreseeable problems in the use of these materials, especially in orthodontics. To solve this
problem, research institute researchers’ nuclear science and technology carried out research
with the aim of introducing silver nanoparticles into hydroxyapatite composites and creating
antimicrobial properties in it. Recent studies have shown that the use of silver nanoparticles in
dental composites has less toxicity and more antimicrobial properties than other antibacterial
materials [41]. This material is also capable of inducing its antibacterial properties in the dental
composite for a longer period of time than other materials. These researchers used the gamma
irradiation method to make this nanocomposite, which has advantages such as ease,
uncomplicated and clean process mechanism (Figure 5). The way silver ion is released in the
nano state is different from silver ion derivatives. Silver nanoparticles act as a reservoir of silver
ions, and when these materials are placed in the presence of water and dissolved oxygen, silver
ions are gradually released.
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This causes the silver ion to be released in a controlled manner and for a longer period of time,
and the antimicrobial property is maintained for a longer period of time. To make this product,
at first, it was tried by mixing hydroxyapatite and silver nitrate solution, silver ion enters the
structure of hydroxyapatite. Then, the prepared silver/hydroxyapatite composite was subjected
to gamma ray irradiation. After irradiation and purification steps, silver/hydroxyapatite
nanocomposite was prepared. Based on the obtained results, silver nanoparticles with a cubic
crystal structure and an average particle size of less than 50 nm are formed in the structure of
hydroxyapatite without significant changes in the chemical structure of hydroxyapatite. Also,
the test to determine the antimicrobial properties has shown that the prepared nanocomposites
have higher antimicrobial properties. Orthodontic force is transmitted to the teeth by brackets.
Brackets have different shapes, uses and types. But if we want to divide them in terms of
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gender, brackets are divided into two general types (metal and tooth-colored). Tooth-colored
brackets are divided into three types: Plastic, composite, and ceramic brackets. Ceramic
brackets are more expensive and cost more, but the advantage of these brackets is that they are
less visible because they are tooth-colored. Tooth-colored brackets are more useful for beauty
(Figure 6). On the other hand, plastic and composite brackets based on plastic are easily
deformed, but have little strength. Also, these brackets change color after some time, while
ceramic brackets do not [4].

But the disadvantage of ceramic brackets compared to the other two types is their high cost.
On the other hand, because ceramic is fragile, it cannot withstand some forces and it breaks.
But when a lot of force is applied to composite and plastic brackets, they deform and do not
crush. Another disadvantage is in movements and displacement.
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Figure 6: Forest plot showed Nano material Orthodontics with Surgery Points

Friction is discussed in very small points. The friction of brackets made of wires (stainless
steel/Ti) or ceramics (alumina, zirconia or magnesium aluminate) is more than other cases. To
reduce this friction, a metal layer is passed in the grooves in the bracket to prevent this friction,
but no action has been taken to fix the brittleness of ceramic brackets. Therefore, the
researchers of Malek Ashtar University with the support of the support fund for researchers
and technologists of the Scientific Vice-Chancellor conducted a research project in this field.
"Manufacturing orthodontic brackets based on spinel nanocomposites" is the title of this
research project. In this study, the researchers of the country used silicon nitride nanoparticles
to improve the brittleness of ceramic brackets. Also, the purpose of this project is to make
orthodontic brackets based on spinel-Si3N4 nanocomposites to improve toughness and impact
resistance [43]. The results of this project are used in medicine and orthodontic applications.
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Also, its output results for scratch-resistant surfaces in parts of optical fibers, laser host
materials, enclosures for high-pressure arc lamps, solar absorber tubes, night vision goggles,
infrared temperature sensors, and replacements for quartz and sapphire in Semiconductors
should be used. According to this report, it is common in orthodontic art that metal, plastic or
ceramic brackets are placed on the tooth. Of course, to regularize the position of the teeth, arch
wire is used throughout this bracket. These brackets must have high mechanical strength
against the pressure caused by the tension of the wires along the brackets. However, the bracket
composition must be susceptible to mechanical (or chemical) bonding to the tooth. Another
aspect to consider is its aesthetic life, especially for adults. Recently, the approach of
researchers to ceramics such as magnesium aluminate has been drawn to make dental brackets
due to its high strength and transparency in the visible area. But the problem of this ceramic is
its low toughness [44]. Nanoparticles such as SiC and Si3N4 can be used to improve the
toughness of transparent MgAl>,O4 spinel ceramic in the visible range. In many cases of
orthodontics, the deviation of the teeth is so much that some of the fibers connecting the teeth
to the jaw bone must be surgically cut before starting work, but with the use of new liposomal
nanoparticles, the structure of these fibers can be changed with less pain and faster. When these
liposomal nanoparticles are placed under the gums, they release collagenase enzymes. These
enzymes are activated by the calcium present in the mouth and weaken the collagen fibers
connecting the teeth and bones, and in this way, the teeth can be easily corrected by using
orthodontic brackets. Compared to conventional surgeries, this method makes the tooth
replacement process three times faster. Researchers tested this new method on mice. All mice,
like humans, lost some weight after surgery. But those mice that were treated using this enzyme
quickly regained their normal weight, which indicates the absence of pain in them.

Changing the Method of Oral Surgery with Nanotechnology

Researchers have developed new liposomal nanoparticles that contain collagenase enzymes
and are able to reduce the recovery time and pain caused by jaw and oral surgery. According
to Health News, researchers created new liposomal nanoparticles that contain collagenase
enzymes and are able to reduce the recovery time and pain caused by jaw and oral surgery.
These enzymes can break collagen peptide bonds and have the ability to change the way the
fibers connecting the teeth connect to the jawbone. In many cases of orthodontics, the deviation
of the teeth is so much that some of the fibers connecting the teeth to the jaw bone must be
surgically cut before starting work, but with the use of new liposomal nanoparticles, the
structure of these fibers can be changed with less pain and faster.

When these liposomal nanoparticles are placed under the gums, they release collagenase
enzymes. These enzymes are activated by the calcium present in the mouth and weaken the
collagen fibers connecting the teeth and bones, and in this way, the teeth can be easily corrected
by using orthodontic brackets. This method makes the tooth replacement process three times
faster than conventional surgeries. Researchers tested this new method on mice. All mice, like
humans, lost some weight after surgery. But those mice that were treated using this enzyme
quickly regained their normal weight, which indicates the absence of pain in them. The full
report of this research has been published in the journal ACS Nano.
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Background Research

Ibrahim and his colleagues added chitosan in volume percentages of 5%, 10%, 25% and 50%
to glass ionomer and investigated its effect on the tensile strength of glass ionomer and its
antimicrobial properties. They observed that the addition of chitosan improved the
antimicrobial properties of glass ionomer against Streptococcus mutans. Also, in the results of
the tensile band strength test, it was observed that in the volume percentages of 5% and 10%
there was a slight difference between them and the unmodified glass ionomer group, but the
volume percentages of 25% and 50% had reduced the tensile band strength of the glass ionomer
[45].

In another study conducted by Debnath et al., the adhesion and antimicrobial properties of
chitosan-modified glass ionomer were again measured. But this time, only chitosan was tested
at a volume percentage of 10%. The antimicrobial property of glass ionomer was improved by
the presence of chitosan as in the study of Ibrahim and his colleagues [36] and confirmed the
previous studies. But the shear bond strength results showed that chitosan increased the
adhesion of glass ionomer significantly (about two times). One of the goals of this research
was to investigate the effect of the presence of chitosan alone on the glass ionomer bond
strength [2]. The average values obtained from the shear band strength test for the group
modified with 10% by volume chitosan was higher than the unmodified glass ionomer group
(6.43 MPa vs. 4.63 MPa), but statistically this difference was not significant and it seems that
the presence of chitosan alone in the composition of glass ionomer does not have a significant
effect on the shear bond strength of this material to the tooth.

Garcia-Contreras and colleagues [7] investigated the mechanical and antimicrobial properties
of glass ionomer modified with titanium dioxide nanoparticles. After adding titanium dioxide
nanoparticles to glass ionomer, they concluded that the antimicrobial property of glass ionomer
increases. Also, the addition of titanium dioxide nanoparticles does not interfere with the shear
band strength of glass ionomer [40-55]. They also concluded that the glass ionomer modified
with these nanoparticles shows an increase in tensile and compressive strength values.

CONCLUSION

Nanotechnology is the ability to produce new materials, tools and systems by taking control at
the molecular, atomic level and using the properties that appear at those levels. With the entry
of nanotechnology into the field of human knowledge and its use in the development of
biological and medical sciences, dental science has not been left without this technology. In
this sector, nanotechnology is used in the three areas of dental materials, dental health and
dental equipment, and in short, it can be used in nanocomposites in the manufacture of
restorative materials, nano ceramics in the manufacture of artificial teeth, nano coatings on
dental implants, nano fluorides in toothpastes and silver nanoparticles. Mentioned in
mouthwashes. Researchers in a research titled "Nano technology; its role and application in
dentistry" have brought, the advancement of nanotechnology in the field of dental materials is
of particular importance; because the trend of patients towards aesthetic treatments, beautiful
and tooth-colored restorative materials, including dental ceramics, has found many uses in
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today's dentistry. New developments in the field of nanotechnology to solve these needs have
received much attention.

It is hoped that by using this technology, the problems that exist in various fields of dentistry
will be solved. A large number of nanotechnologies enabled products have become commercial
products; the transfer of emerging and new nano-enabled technologies from the laboratory to
commercial products depends on many factors. The application of nano coatings in this field
includes a wide range, including dental instruments, implants, parts and equipment. The
presence of electrolytic fluids in the human body has caused the internal environment of the
body to be very corrosive and active even for titanium and stainless-steel alloys. This issue
necessitates the existence of coatings that have suitable mechanical properties and are
extremely chemically neutral. One of the common examples in this case is dental implants. TiN
nano coating has found its place in the engineering industry due to its unique properties. These
nano coatings are used in many dental instruments. One of the problems of plaques that are
used in orthodontics today is their hygiene, which must be cleaned regularly, otherwise the
possibility of microbial plaque accumulation increases. Since silver nanoparticles have high
germicidal and bactericidal properties, they can be used in the manufacture of dental materials.

In this method, first, silver nanoparticles are prepared by chemical reduction method in the
presence of acrylic reducing agent. Prepared nanoparticles are added to acrylic liquid phase
and added to methyl methacrylate powder with certain proportions and molded, and finally
prepared dental nanocomposite can be used as the basis of dental materials, which has
antibacterial properties and high strength. Among the advantages of using nanoparticles in
tooth restoration, we can mention the production of fillers with high polish, minimal polishing
time, stability and resistance of materials to mechanical shocks, minimal adhesion to tools, and
the possibility of accurate color matching. Zirconium oxide nanoparticles, which have high
strength and transparency to light, but prevent the passage of X-rays, are used in dentistry.
Nanoparticles called DM have wide applications and high efficiency. DM is a very pure silica
gel whose particles do not stick together and is non-porous and has a high volumetric weight.
Due to these features, it is possible to use these materials in dentistry as fillers. A product made
of silicon nanoparticles, which, when used in dental nanocomposites, cause more hardness,
increased bending strength, transparency and create a more attractive appearance. In addition,
the use of these nanoparticles reduces the fragility of filler materials by 50%. Therefore, with
the entry of nanotechnology into the field of human knowledge, the field of dentistry has not
been left without this technology. Because the resulting new materials are much smaller; As a
result, their use in dental restorations will lead to better results. This technology is used in
various sectors including dental materials, dental health and dental equipment. Many products
empowered with nanotechnology have also become commercial products and have entered the
market now. New developments in the field of nanotechnology to solve the needs of people
have been very much considered. It is hoped that by using this technology, the problems that
exist in various fields of dentistry will be solved.

Due to the importance of teeth and dentistry, countless researches are conducted in the world
to solve dental problems. Nano technology is one of the technologies that have been released
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in the last few years and has been able to create profound changes in the field of research and
production of various products. Nanotechnology in dentistry is used in three areas: Dental
materials, dental health (toothpaste and toothbrush) and dental equipment. Nano coatings on
dental implants, nano fluorides in toothpastes and he mentioned silver nanoparticles in
mouthwashes. The progress of nanotechnology in the field of dental materials is of special
importance; because the tendency of patients towards beauty treatments, beautiful and tooth-
colored restorative materials, including dental ceramics, has found many uses in today's
dentistry. In recent years, with the progress achieved in the field of preparing ceramics with
more desirable properties, ceramics in various branches of dentistry such as restorative
dentistry, dental prostheses, orthodontics, dental implants (tooth implants) and surgery have
been widely accepted. But the new science has not only created a revolution in the field of
dental ceramics. The use of nano technology in the manufacture of dental materials has also
increased the strength of new materials. In the field of manufacturing dental materials,
important factors must be considered in order to obtain the expected quality of the materials.
The materials used in dentistry are evolving rapidly. One of the problems in dentistry is the
materials used. The materials used in dentistry must have high resistance and have a beautiful
appearance. Poorly formulated dental materials cause discomfort, side effects, and increase
health care costs.
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