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1. Abstract

Nanotechnology is the ability to produce new materials, tools and systems 
by taking control at the molecular and 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 three areas: dental materials, 
dental health, toothpaste and toothbrushes, and dental equipment. In 
short, we can mention the use of nanocomposites in the manufacture of 
restorative materials, nanoceramics in the manufacture of artificial teeth, 
nanocoatings on dental implants, nanofluorides in toothpastes, and silver 
nanoparticles in mouthwashes. Many species of bacteria that live in the 
oral cavity are opportunistic pathogens that cause systemic infections in 
addition to dental and periodontal diseases. 

This makes oral hygiene a very serious issue, which is exacerbated by 
the emergence of multiple antibiotic resistance in oral bacteria. The role 
of nanoparticle-based materials, especially metal nanoparticles and metal 
oxide, as an effective and alternative/complementary antimicrobial agent 
is now well established. These nanoparticles can be a healthier, harmless 
and effective alternative to control dental biofilms and oral plankton 
bacteria population with less side effects or antibiotic resistance. 

The antimicrobial activity of these nanoparticles against a number of oral 
pathogens has already been demonstrated. When these nanoparticles are 
added to artificial teeth materials and implants, in addition to improving the 
antimicrobial activity, they improve the desirable physical and chemical 
properties of the materials. It is hoped that the problems that have existed 
in various fields of dentistry will be solved by using this technology.

2. Keywords: 
Nanotechnology, Tooth Decay, Dentistry, Tooth Restoration, Nano 
Particles

3. Introduction

The biology of dental materials is one of the basic sciences in dentistry, 
which as an important branch in the manufacture, design and evaluation 
of dental materials has a special place in most countries of the world. The 
materials used in dentistry include all kinds of metals and alloys, cements, 
plaster compounds and molding materials, polymers, composites, all 
kinds of resins, ceramic and porcelain, root filling materials.

These materials are often examined from two points of view, on the 
one hand, physical, chemical, and mechanical properties are examined 
and evaluated by performing detailed tests, and on the other hand, 
comprehensive physiological and biological studies are conducted to 
determine the biocompatibility and biological effects of the materials.

The increasing use of dental materials caused the standardization of 
dental materials to be considered in the early 19th century, and standard 
guidelines were prepared by the ISO International Standard Institute. If 
in the first generation of dental biomaterials, only appropriate physical 
and mechanical properties were considered, and from a biological point 
of view, the harmlessness of these materials would be sufficient; With the 
emergence of the second generation, being bioactive or in other words 
creating chemical bonds with the surrounding tissues was also considered 
and the transition from material engineering to biological engineering 
showed its importance in the synthesis of dental biomaterials. [1]

Perhaps the biggest revolution in this science is the emergence of the 
third generation of dental biomaterials with the aim of stimulating cellular 
responses at the molecular level. [2] This transition is towards biological 
materials that are possible through tissue engineering and stem cells, 
nanomaterials, and self-assembled systems. Today, nanomaterials are 
widely used in various fields of dentistry, including diagnosis, treatment 
and prevention of oral and dental diseases. Some applications of nano in 
dentistry include the use of nanoparticles in composites, bonding, molding 
materials and dental ceramics. [3] Some nano materials are also used in 
drug delivery systems to treat diseases.

In line with these changes, the biology of dental materials with the help 
of tissue engineering and nano-engineering has moved from the side of 
synthetic dental materials to the production of biological materials, and 
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without a doubt, this trend will continue in the future. In parallel with 
these developments, changes in existing materials should also be made, 
and in the use of materials, technology and their cost-effectiveness should 
be considered.

3.1. Nanocoatings in Dentistry

The application of nano coatings in this field includes a wide group 
including dental instruments, implants, parts and equipment [4].
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 chemically 
neutral. [5] One of the common examples in this case is dental implants. 
TiN nanocoating has found its place in the engineering industry due 
to its unique properties. These nano coatings are used in many dental 
instruments. [6]

One of the problems in dentistry is the materials used. The materials used 
in dentistry should have high hardness and resistance and have a beautiful 
appearance. Poorly formulated dental materials cause discomfort, side 
effects and increase health care costs. For this reason, companies and 
institutions related to dental care are trying to produce products with high 
quality and efficiency. The same features should also be present in the 
materials used in veneers. [7]

Recent developments in the field of nanotechnology have been considered 
significantly to solve these needs. One of the most important points 
regarding the use of nanotechnology in order to meet these needs is the 
possibility of producing separate nanoparticles without sticking to each 
other, and it is possible to distribute them uniformly in resins or coatings 
to produce nanocomposites. [8]

Polymer composite materials have existed since the beginning of 
polymer science. It has long been known that the addition of fillers 
with physical properties similar to the polymer structure can lead to the 
production of materials with interesting properties, including materials 
with enhanced mechanical properties. These types of polymer composites 
have been among the basic materials in the market of commercial dental 
materials for decades. [9] Currently, it is possible to prepare nanofillers 
and nanocomposites through nanotechnology. These materials have 
different optical, mechanical and chemical properties compared to the old 
microcomposites. Nano technology in dental restorations increases the 
hardness and beauty of the restored area compared to the old materials 
[10].

It is hoped that by using this technology, the problems that have already 
existed in various fields of dentistry, including the production of strong 
and beautiful restorative materials, will be solved.

3.2. Nano Whitening Toothpastes

Toothpaste companies are in fierce competition with each other to come 
up with toothpaste that attracts more customers because of its more 
whitening properties. Toothpastes based on nanohydroxyapatite (a type 
of calcium phosphate) are widely used in the construction and coating of 
implants. [11]

Nanohydroxyapatite shows higher mechanical properties and more 
favorable biocompatibility than micrometric samples and has shown 
great effectiveness in removing plaque from the tooth surface. These 
effects may be due to the physical properties of nanohydroxyapatite, 
which has a higher specific surface area than hydroxyapatite with micron 
dimensions and thus a higher efficiency for descaling. [12] The second 
hypothesis for the mechanism of nanohydroxyapatites is the acceleration 
of mineral descaling. which is involved in filling the cavities of the tooth 
surface. Therefore, it is possible to reduce the darkness of the teeth. 
Nanotechnology can increase the connection between the tooth structure 
and nano-sized filling particles and create a more natural and stable 
interface between the mineralized hard tissues of the tooth and advanced 
restorative biomaterials. [13]

One of the ingredients of this toothpaste is calcium peroxide, which 
penetrates into the smallest dental spaces in nano size. The color of dental 
grains (from coffee, tea or tobacco) becomes lighter [14]. They gently 
clean the dental plaque. Calcium peroxide is bioavailable, which means it 
binds better to the tooth and has a stronger effect. A type of nanostructured 
carbonated hydroxyapatite granule (Figure 1), this product consists of 
hydroxyapatite plates with a thickness of less than 30 nm, on the surface 
of the granules, which is used in restorative dental materials and materials 
used in jaw and oral implants. 

Figure 1: Nanostructured carbonated hydroxyapatite granule

3.3.  Preparation of Self-Cleaning Dental Plaques with The Help of 
Silver Nanoparticles

The researchers of the Faculty of Teacher Education during their successful 
research on the preparation of dental plaques got silver nanoparticles, 
which have the property of self-cleaning and have high strength. One 
of the problems of plaques that are used in orthodontics today is their 
hygiene, which must be cleaned regularly, otherwise the possibility of 
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microbial plaque accumulation increases. Since silver nanoparticles 
have high germicidal and bactericidal properties, they can be used in the 
manufacture of dental materials. [15] In this method, silver nanoparticles 
are first prepared by chemical reduction method in the presence of acrylic 
reducer. Prepared nanoparticles are added to the acrylic liquid phase 
and are added to methyl methacrylate powder in certain proportions and 
molded, and finally the prepared dental nanocomposite can be used as 
the basis of dental materials, which has antibacterial properties and high 
strength. [16]

3.4. Silver Nanoparticles

Silver nanoparticles (Ag NPs) have been used for caries prevention in 
several studies. [17] These studies used silver nanoparticles in the form 
of silver nanocomposites, toothpaste, coated orthodontic brackets, 
nanosilver fluoride solutions, sealants, and glass ionomer cement with 
silver nanoparticles. Laboratory research was conducted using silver 
nanoparticles and silver nanocomposites for the treatment and prevention 
of secondary caries. [18] Silver nanoparticles were also included in 
the resin of orthodontic materials (adhesives, elastomeric ligatures and 
mobile retainers) to prevent caries. [19] Silver nanofluoride solution was 
effective in regenerating primary caries of tooth enamel and preventing 
dental caries [20] Clinical studies have proven that silver nanoparticles 
on orthodontic brackets can be used to prevent tooth enamel decay [21] 
and dental sealant with silver nanoparticles can be better than traditional 
sealants in preventing enamel decay of permanent first molar teeth. [22]

3.5. Effect On Tooth Enamel And Dentin

Most of the studies conducted on enamel and dentin with silver 
nanoparticles were laboratory experiments. Silver nanoparticles can 
reduce lactic acid production in biofilm and may have the potential to 
reduce tooth demineralization. [23] Silver nanoparticles can adhere to 
hydroxyapatite crystals in the caries lesion. [24] In addition, silver ions 
released from silver nanoparticles can form insoluble silver chloride on 
dental hard tissue, which increases the mineral density of dental hard tissue. 
[25] Silver nanoparticles can maintain collagen exposed to tooth decay by 
inhibiting and inactivating bacterial collagenases as well as proteinases 
in saliva and dentin matrix such as active matrix metalloproteinases and 
cysteine cathepsins. [26] Therefore, preserved collagen acts as a scaffold 
for the deposition of a mineral crystal. Spindola Castro et al. showed that 
silver fluoride nanoparticles are able to stain dentin. However, the same 
laboratory model concluded that the brushing cycle removed the stain. 
[27]

3.6. Silver Nanoparticles In Caries Prevention

Silver nanoparticles were combined with other nanoparticles such as 
calcium glycerophosphate and zinc oxide to produce multi-functional 
nanocomposites for caries prevention. [28] Silver nanoparticles were 
also added to restorative materials such as adhesives and filling resins, 
which can prevent secondary caries without compromising mechanical 

properties. [29]
Acoustic enamel treated with silver nanoparticles had a lower lesion depth 
compared to enamel treated with water after biofilm challenge. In addition, 
microhardness increased when tooth enamel was treated with artificial 
caries with silver nanoparticles. [30] The amount of microhardness of 
enamel caries treated with silver nanofluoride was higher than enamel 
caries treated with sodium fluoride. [31] A clinical trial reported that 
mineral loss in first molars was reduced when treated with dental sealants 
containing silver nanoparticles [32] Silver nanofluoride also stopped tooth 
decay in children in two clinical trials. (33)

Laboratory studies claim that silver nanoparticles inhibit the growth of 
caries-causing bacteria. Bacterial collagenase activity is known to be 
inhibited by silver nanoparticles and also protects the collagen matrix. 
Therefore, silver nanoparticles can be useful in caries prevention. However, 
it is necessary to prove the same with well-designed randomized clinical 
trials. In addition, staining caused by Ag Nps should be considered before 
clinical use.

The main mechanism of antibacterial properties of silver nanoparticles 
is the release of silver ions. However, the mechanism of activity of 
silver ions from the point of view of molecular microbiology is not yet 
fully understood. Some of the main mechanisms are: damage to the cell 
membrane, production of reactive oxygen species and cellular attack by 
silver ions (or even silver nanoparticles due to the presence of membrane 
pores) and further damage to ATP products and inhibition of DNA 
replication. In many studies, damage to the cell membrane by silver ions 
has been reported. These reports are mainly based on the observation of 
large pits or holes in the bacterial membrane by TEM analysis. Silver 
ions may interact with sulfur-containing membrane proteins (for example, 
with the thiol group of the respiratory chain protein) and cause physical 
damage to the membrane [34].

Nam in his study, by adding silver nanoparticles with different weight 
percentages of 0.1% to 3% to materials in contact with oral tissue in a 
limited period with the aim of helping to return to healthy conditions 
(tissue conditioner), its antibacterial effect on showed on Staphylococcus 
aureus and Streptococcus mutans bacteria. So that with increasing 
concentration of nanoparticles, this effect was intensified [35].

Sondi and Salopek-Sondi showed the antibacterial effect of silver 
nanoparticles against Escherichia coli. They emphasized the theory that 
when exposed to silver nanoparticles, microorganisms lose their ability 
to replicate and cellular proteins become inactive [36]. Considering the 
availability of the studied plants in our country and the possibility of its 
preparation with lower costs compared to other drugs and also considering 
the antibacterial properties of nanoparticles biosynthesized with the 
extracts of these plants, the results of such research may be of interest to 
researchers, experts and manufacturers of drugs so that if it is prepared in 
the form of medicine or toothpaste, it can be used in the field of dealing 
with infections caused by these bacteria.
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One of the limitations of this research was the lack of investigation of the 
role of effective factors and their interference in the size of nanoparticles, 
and only the ability to produce nano silver from the extracts of licorice and 
mint plants and its antimicrobial effect on the bacteria causing tooth decay 
was evaluated. Therefore, it is suggested to investigate the role of various 
factors involved in the particle size by using mathematical modeling 
and chemometrics, so that by changing the effective factors, the optimal 
conditions for the production of these nanoparticles in the desired particle 
size can be determined. (Figure 2)

Figure 2: Plasma brush

4. Gold Nanoparticles

In vitro experiments
Gold (Au) is reported to have a weak antimicrobial effect against bacteria 
and fungi. [37] A combination of gold nanoparticles (Au NPs) with 
tetracycline or with ampicillin can improve the antibacterial activity. Au 
NPs exhibit anti-inflammatory action by reducing reactive oxygen species 
(ROS) production by decreasing lipopolysaccharide-induced cytokine 
production such as interleukin (IL)-1b, IL-17, tumor necrosis factor, and 
modulating mitogen-activated protein kinase and phosphatidylinositol 
3-kinase pathways. [38]

Hernández-Sierra et al. evaluated NPs of Ag, zinc oxide, and Au of 25 
nm, 80 nm, and 125 nm average sizes. The results stated that a higher 
concentration of Au NPs than that of Ag NPs was required to observe 
bacteriostatic and bactericidal effects on S. mutans.(40) Junevičius et 
al.[39] compared the antimicrobial effect of toothpaste containing Ag NPs 
and Au. Au NPs containing toothpaste had a lower antimicrobial effect 
against Gram-negative bacteria when compared to Ag NPs containing 
toothpaste. The concentration of Au NPs required to achieve the desired 
effect is more compared to other nanoparticles. Furthermore, they are 
reported to have a weak antimicrobial effect which makes them less 
preferable compared to other nanoparticles used for caries prevention.
4.1. The Use Of Nanoparticles In Tooth Repair

Today, beauty has a special place in restorative dentistry, and the use of 
nanoparticles seems ideal in this way. Great beauty, especially that it has a 
convenient and fast application, is considered their most important feature. 
Zirconium oxide nanoparticles, which have high strength and transparency 

to light, but prevent the passage of X-rays, are used in dentistry. Diam 
nanoparticles have wide applications and high efficiency. [41] Diam 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 characteristics, it 
is possible to use these materials in dentistry as fillers. A product made 
of silicon nanoparticles that, 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%. 

Among the advantages of using nanoparticles in tooth restoration, we can 
mention the production of fillers with high polish, minimum polishing 
time, stability and resistance of materials to mechanical shocks, least 
adhesion to tools and the possibility of accurate color matching.

Increasing the durability of dental fillings with new nanocomposites

The mouth is a harsh environment, so dentists cannot guarantee the 
longevity of filled teeth. Despite many efforts, a filling may gradually 
break under various stresses, or over time, decay may develop in the 
place where the filling is attached to the tooth. Nanotechnology has the 
potential to reduce these damages by producing dental restoratives that 
are both more durable and stronger than today’s fillings and more resistant 
to secondary decay. [42]

The problem with anti-caries composite fillers is caused by an additive in 
the powder that adds calcium and phosphate ions for sustained release. 
These ions are essential for the longevity of the filling, as they not only 
strengthen the crystalline structure of the tooth itself, but also protect it 
from decay-causing acid produced by bacteria in the mouth. But on the 
other hand, these ion-releasing compounds are structurally very weak 
and make the filler vulnerable. To solve this problem, a method has been 
designed in which the particle size of such compounds, one of which is 
anhydrous dicalcium phosphate, is around 50 nanometers, which is 20 
times smaller than the one-micron particles in a conventional powder. 
The high surface-to-volume ratio of these particles makes them more 
effective in releasing ions, and in this way, a much smaller amount of 
these materials is needed to create the same effect. Calcium phosphate 
nanocomposite filling in a tooth can intelligently release anti-caries agents 
that protect the tooth from acid produced by bacteria [43]. 

In addition, it can restore the lost mineral content of the tooth by releasing 
ions into the demineralized area of the tooth. Dentists make this filling 
by mixing pure liquid resin with a powder that contains colorants, 
reinforcements, and other materials, place it inside the tooth cavity, and 
harden it with light.

In composite resin technology, the particle size and the presence of 
particles represent important information for the best use of composite 
materials. [44] The change of filler compounds has been the most 
important progress in the development of composite resins. This is the 
change in the amount and size of the filler which controls its performance 
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in polishability as well as coverage and resistance to cracking. Nano 
technology can produce composite resins with smaller filler particles for 
us, which can be dissolved in higher concentrations and polymerized in 
the resin system. The molecules of these materials can be designed in such 
a way that they are compatible when paired with a polymer and create 
unique properties such as physical, mechanical and optical properties. 
The structures of hydroxyapatite crystals, small dental tubes and enamel 
rods are very different, and secondly, they act as an intermediate between 
macroscopic restorative materials (0.7 to 40 nm) and nanoscopic tooth 
structure (1 to 10 nm in size). potential for research in the field of 
nanotechnology. Nanotechnology can increase the connection between 
the tooth structure and nano-sized filling particles and create a more 
natural and stable interface between the mineralized hard tissues of the 
tooth and advanced bio-materials. [45]

4.2. Nanoscale Glass Powder For Dental Fillings

In the past, metal alloys such as gold and iron were used as fillers. These 
materials were electrically conductive, heat and cold and caused sensitivity 
in the teeth, also the mercury in the alloy of the fixture was considered as 
its disadvantages [46]. Many patients also tried not to use this material for 
their teeth, because it was dark and caused the appearance of the teeth to 
disappear. Optically, dental composites are very similar to natural tooth 
materials. These composite materials are a multi-resin that hardens when 
exposed to UV light. Glass powder is used as one of the key tools of dental 
composites. Dental fillings contain up to 80% glass powder, this powder 
has excellent mechanical properties, can easily withstand pressure, and 
is easily polished and polished [47]. Nano technology is used in the 
production of special glass powders for dental fillings, the particle size 
of which is 180 nanometers. Using smaller and finer fillers means longer 
fillers life and more attractive appearance. In these materials, in addition 
to the use of very pure special glasses, particle size is also a key indicator 
for the quality of these composite materials. The produced glass powder 
is opaque to X-rays; That is, the dentist can easily distinguish between 
healthy, decayed and filled teeth by X-ray.

4.3. Nanometer Dental Adhesive

Adper single Bond Plus Adhesive nanometer dental adhesive is prepared 
from nanometer silicate fillers, which creates a stronger bond with tooth 
enamel. [48] In addition, there is no need to shake to prevent particles 
from clustering, which reduces performance. Not before use. This product 
has the least sensitivity after use and due to the use of ethanol in it, it 
evaporates less than normal products in which acetone is used .

4.4. Using Nanoparticles With Plasma Laser In Dentistry

If the size of titanium oxide particles is reduced to nano sizes (20 to 50 
nm) and used on the skin in the form of emulsion gels, they will have 
interesting properties [49]. If these particles are irradiated with laser 
pulses, the particles break apart and have collective effects. The created 
particles themselves turn into smaller particles and this causes instant 

kinetic movements. Therefore, this process can be used in the micro-
exfoliation of hard tissues. In this method, in addition to increasing the 
speed and accuracy, the work is done cleaner and smoother without the 
need for anesthesia. Dental plasma laser combined with titanium oxide 
nanoparticles, using nano technology in several cases of dental treatments, 
including dental gum treatments, gum melanin removal, soft tissue cutting 
without anesthesia, tooth decay treatment, enamel cutting and tooth dentin 
cutting. It is effective [29]. The three main applications of plasma that 
have emerged in dentistry include:

1- Anti-inflammatory activity
2- Improving adhesion and homogenization of materials
3- Tooth enamel whitening

One of the most important uses of plasma in dentistry is related to killing 
bacteria on the surface of the tooth as well as bacteria inside the root canals 
of the tooth, which leads to some anti-inflammatory activities in those 
areas. The second application is to improve adhesion and homogenization 
of materials used in teeth, such as tooth filling materials. The third use 
of plasma in dentistry is also related to tooth enamel whitening, which 
is mostly cosmetic. Among recent promising results, we can mention the 
use of plasma brush (Figure 3) to eliminate bacteria inside the tooth root 
canals. The plasma brush is able to clean and disinfect tooth cavities and 
prepare them for filling in less than 30 seconds by performing chemical 
reactions. [50].

Figure 3: Nanorobots moving on the tooth surface to restore caries

In addition to the bactericidal properties, the cold flame of the plasma 
brush creates a better bond between the filling material and the tooth. The 
chemical reactions resulting from the plasma brush practically change the 
surface of the tooth and cause a strong and strong bond with the filling 
material. This purple beam of cold plasma, as part of the dental cavity 
treatment system, is able to destroy bacteria and germs in the tooth. 

4.5. Bone Restoration Using Nanoceramics

Nanotechnology has provided a series of new spaces with a large surface 
area and biocompatibility by means of nanomaterials, which can be used 
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for bone repair and bone cavity filling. [51] High-strength nanoceramics 
can be made into a flowable and moldable paste that turns into solid bones. 
If this type of material is used in the bone, biocompatibility increases to 
a great extent. In addition, compared to synthetic cements, nanoceramics 
have the ability to be used in both types of bones that bear weight and that 
do not bear weight. The necessary materials for bone ceramics have been 
studied at the University of South Carolina, and these materials form a 
bone-like solid structure inside the body in the presence of serum and are 
able to fix a broken bone or replace it. 

4.6. Revival Of Decayed Teeth With Nanotechnology

Through nanotechnology, researchers have created hope that dead and 
problematic teeth can be given life back. A group of researchers have 
claimed that instead of using conventional methods, the tooth can be 
repaired by filling the tooth with a new pulp by making a soft pulp-like 
material from nano. Researchers in Regenerative endodontics also say that 
with a new type of dental film in nano dimensions, it is possible to achieve 
extraordinary results in the root canal therapy process and bring the tooth 
back to life [52]. According to Nadia Jessil, one of the researchers of this 
project, the tooth decay of millions of people in the world can be prevented 
with this method. During the dental treatment, the doctor removes the 
defective pulp, but if instead of removing the pulp, it can be replaced with 
nano pulp, then there will be a great revolution in dentistry.

Scientists have achieved a new substance by combining a substance 
called alpha melanocyte Alpha-MSH or stimulating hormone with a type 
of polymer that has the property of fighting bacteria. This new substance 
is a type of artificial pulp with the same natural properties [35]. The nano 
film resulting from this technology, which has alpha melanocytes, can 
greatly help in reviving the damaged tooth and even completely change 
the canal therapy method and its process. In fact, pulp pulp is a fibroblast 
that becomes microbial and causes destruction in the tooth. The material 
made also restores and permanently protects the pulp. [33] (Figure 4)

Figure 4: Dental implant with nano technology

4.7. Oral Local Anesthesia

In the course of nanodentistry, a colloidal suspension containing millions 
of active and pain-relieving dental robots on a micron scale will be slowly 
injected into the patient’s gums. After contacting the surface of the tooth 
crown or mucosa, the nanorobots moved by different methods reach the 
dental pulp or nerve.

After being placed in the pulp, the pain-relieving dental robots can, on the 
order of the dentist, cause the loss of any sensation in the specific tooth 
that needs treatment. After the treatment process is completed, the dentist 
commands the nanorobots to restore all senses and exit the tooth the same 
way they entered. [53]

4.8. Nano Robotic Mouthwashes

Nanorobot mouthwashes can enter the mouth from mouthwashes or 
toothpastes and will be able to protect all the upper and lower surfaces of 
the gums from corrosion and turn trapped metabolic organic substances 
into a harmless gas. and make them smell bad and remove the layers of 
crime. [54]

These nano-braces will be small and invisible teeth with dimensions of 1 
to 10 microns, which move on the surface of the tooth at a speed of 1 to 
10 microns per second, and their characteristics include cheapness and 
safety; Because they can deactivate themselves easily if eaten.

4.9. The Effect Of Dental Implants With Nanotechnology

These features include cell growth capability and biomechanical 
properties that play an important role in initial bone-implant stability. 
The porous structure and holes with the right size are the determining 
factors of the growing bone. The mechanical properties of the implant 
must be adjusted according to the properties of the tissues around it, these 
mechanical properties include the porosity of the implant structure (cavity 
size, cavity shape, porosity), implantation time, biocompatibility and 
implant strength. [55]

Advances in materials engineering have led to the production of porous 
scaffolds that mimic the structural and mechanical properties of natural 
bone. The porous structure acts as a framework for the growth of bone 
cells, and these cells penetrate into the implant cavity and lead to fusion 
with the implant. [38]

Titanium, which has porosity with long-term stability and the ability to 
withstand high load and bone growth, should have several characteristics:
• High porosity and interconnected structure to allow the growth of 

new bone origin and transfer of biological fluids.
• The size of pores and holes is usually between 150 and 500.
• Mechanical properties adjusted to the surrounding tissues for load 

bearing and load transfer
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In the past, efforts were made to accelerate the process of shilling 
(integration) by making changes on the surface of the implant, such as 
creating micron-sized roughness on titanium. Today, several methods 
such as sandblasting - acid washing and their combination have been 
proposed to achieve micron roughness. Current researches in changing 
the alloy, structure and terms are superficial, for example, in the case of 
titanium, efforts are made to increase the biocompatibility of commercial 
species, in this case, its toxicity is prevented.

Recently, nanostructures have been shown to improve mechanical, 
biological and chemical properties to an acceptable extent. Improving 
the physical, chemical and mechanical properties of titanium implants is 
done by microstructure control (SPD) and mechanical alloying. Another 
method that is used to change the properties of titanium and its alloys 
is the production of composites, which actually combines the excellent 
mechanical properties of titanium with the biocompatibility of ceramics. 
Among the main ceramics used are (Hyroxyapatite) and (BIOGLASS). 
Ceramic coating increases the biocompatibility of the surface, but its weak 
adhesion with metal may cause its failure. But due to the adjustable design 
and its properties, they are considered as one of the promising alternatives 
in bone tissue and the process of bone fusion. [39]

4.10. Nano Technology In Dental Implants

Nanotechnology is actually the development and application of techniques 
that allow the production of structures with dimensions of 1 to 100 
nanometers and have dental applications. [56] Making titanium-based 
nanomaterials and increasing their industrial use is still a challenge.

The aim of the current research is to create a new generation of titanium 
ceramic nanocomposites.  By preparing porous structures and surface 
modification that lead to improved surface adhesion, increased hardness 
and corrosion resistance, and high biocompatibility, an ideal nanocomposite 
can be achieved.  Scientists succeeded in preparing titanium nanotubes 
with excellent mechanical and medical properties that can be used in 
implants, this is an important point. that the maximum modification of 
metal particles to the nano-morphology scale creates a favorable surface 
that increases the adhesion and growth of living cells. By reducing the 
particle size of titanium tubes, the final strength of titanium was doubled. 
Also, the strength of titanium containing nanostructure is almost twice the 
previous sample.

Biocellular tests were performed using rat fibroblast cells. The results 
showed that the process of nanoization causes a significant increase in 
the transfer of fibroblasts. Therefore, it is predicted that the amount of 
titanium nanocomposite containing 10% silica showed high hardness and 
also the amount of cells attached to the porous surface was more than 
the smooth surface, which leads to more adhesion and growth of cells. 
The bioactivity of silica is due to The formation of apatite hydrocarbonate 
layer on it. The rate of tissue adhesion is dependent on the rate of HCA 
formation, which leads to reactions between the implant and surrounding 
tissues and fluids.

4.11. Implants With Nano Surfaces

Many researches have focused on improving the interaction of implant 
and bone, two approaches have been investigated to reach the optimal 
interface.
1. Chemical composition of inorganic phases such as calcium phosphate 

on the TIO2 layer
2. Physical modification of surface topography

Each approach aims to increase the speed of bone formation and decrease 
the time of fusion and integration and overall treatment time. At the 
micron scale, the concept of changing the topography of the surface is that 
we have a larger area in the rough surface than a smooth surface, which 
strengthens the adhesion and mechanical engagement of the implant and 
bone; But on the nanoscale, increasing the roughness increases the surface 
energy, so the absorption of growth protein and the transfer of bone cells 
and finally the integration happens faster.

4.12. The Use Of Nanodiamonds In The Mouth And Teeth

Scientists at the University of California discovered that diamonds on a 
very small scale (invisible to the human eye) can be used to stimulate bone 
growth, treat oral diseases and improve the condition of dental implants.
“When nanotechnology is used in dentistry, you have to try materials that 
make sense,” says Dr. Dean Ho, professor of oral biology and director of 
the Jerry Weintraub Center for Regenerative Biotechnology at the UCLA 
School of Dentistry. We need materials that are safe and secure and widely 
manufactured or found. Nanodiamond matches these characteristics.” [57]
Nanodiamonds, which are about 20,000 times smaller than a strand of hair, 
have specific surface properties that help deliver proteins that accelerate 
bone growth, and are more effective in this field than other conventional 
approaches. Nanoscale diamonds are elongated ovals (like a rugby ball) 
that are extracted as byproducts of mining and refining operations.

The findings of this research can be used to improve the treatment of bone 
necrosis (severe analysis of the jaw bone) and to deal with bone loss that 
may occur after implant placement.

Dr. Hu’s research group studied the use of nanodiamonds as a method 
to deliver a solution containing bone growth-enhancing proteins in some 
operations such as jaw, face, and oral surgeries. Dr. Ho says that these 
proteins are usually sent to the surgical site through bulky collagen 
sponges. [58]

By using nanodiamonds, this solution can be delivered to the desired 
location in a non-invasive way, such as injection or mouthwash.

5. Conclusion

With the entry of nanotechnology into the field of human knowledge, 
the field of dentistry has not been left without this technology. Because 
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the resulting new materials are much smaller; As a result, their use in 
dental restorations will lead to a better result. 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 people’s needs have 
received much attention. It is hoped that by using this technology, the 
problems that have existed in various fields of dentistry will be solved.

Colloidal nanoparticles are distributed as microscopic particles; 
Therefore, they can easily penetrate into bacterial cells and in this study, 
the produced nanoparticles showed a good antimicrobial effect on the oral 
bacteria examined; Therefore, the use of these nanoparticles based on 
their biological effects can be effective in dealing with infections caused 
by the studied oral bacteria. The application of nano-antimicrobials to 
control oral infections, as a function of their biocidal, anti-adhesion and 
transmission capabilities, is of increasing interest. Their use as components 
of prosthetic device coatings, agents that are applied locally, and in dental 
materials is currently being investigated. Future developments will likely 
focus on those nanoparticles with maximum antimicrobial activity and 
minimum host toxicity.
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