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ABSTRACT- 

Nanotechnology is the science of manipulating matter at the molecular and atomic levels, as well as studying matter at the 

nanoscale level to detect and exploit the useful properties that result from these dimensions; materials with components smaller 

than 100 nm in at least one dimension are referred to as nanomaterials. Nanotechnology is used in many fields, including 

medicine (nanomedicine) and dentistry (nano-dentistry). The goal of these innovations and research in this field is to improve 

human life and health. This article aims to summarise and describe the most recent and well-known nanotechnology 

innovations in the field of orthodontics and the use of new nanomaterials in the fabrication. 
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INTRODUCTION- 

Nanotechnology is the science of manipulating 

matter at the molecular and atomic level. 

Researchers have explored a variety of 

application areas to recognize and exploit the 

beneficial properties available from nanoscale 

components. The term was coined by N. 

Taniguchi in 1974 (Solanke et al., 2014).  

Nanomaterials are materials containing 

components smaller than 100 nm in at least one 

dimension. Sheets are defined in one 

dimension, nanowires and nanotubes in two 

dimensions, and quantum dots in three 

dimensions. The fact that these new particles 

have more surface area per unit mass than larger 

particles changes the physical and chemical 

properties of the material significantly 

(Bhardwaj et al., 2014). 

Nanotechnology is used in a variety of fields, 

including medicine (nanomedicine) and 

dentistry (nano-dentistry). Nanomedicine is the 

science of using nanosized particles to prevent, 

diagnose, and treat disease, as well as to 

preserve and improve human health. The goal 

of these advancements and research in this area 

is to improve human life and health (Kumar and 

Vijaylakhshmi., 2006). 

Although nanotechnology has the potential to 

make the clinic more efficient and convenient, 

some authors point out that there are currently 

limitations in terms of safety (Aeran et al., 

2015). 

Nanoparticles are intentionally incorporated 

into dental products to improve their qualities 

(Schmalz et al, 2015). 

In recent years, a new field known as nano-

dentistry has grown in popularity, involving the 

efforts of various researchers and clinicians in 

the development of new materials. The science 

of using nanostructured materials and 

technologies to diagnose, treat, and prevent oral 

and dental disease is known as nano-dentistry 

(Bhardwaj et al., 2014). Common goal is to 

improve patients' oral health while reducing 

invasiveness of treatments and increasing 

doctor compliance (Mantri and Mantri., 2013). 

This article will summarise and describe the 

most recent nanotechnology innovations in 

orthodontics. 

 

DISCUSSION- 

Nanotechnology has been expanding its 

territory in healthcare field. With constant 
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evolution, the utility of Nanotechnology in the 

field of Orthodontics is widely increasing. 

Orthodontic Bands- 

Fixed orthodontic treatment frequently 

necessitates the insertion of dental bands, which 

are frequently required for orthodontic 

movements. However, these auxiliaries can 

cause bacterial plaque to be retained, 

particularly in the posterior dentition, which are 

difficult to clean. Prolonged plaque 

accumulation around orthodontic brackets and 

bands has been shown to cause a rapid shift in 

bacterial flora, favouring acidogenic bacteria 

like Streptococcus mutans and Lactobacilli and 

increasing the risk of enamel demineralization, 

white spot lesions, and cavities (Maxfield et al., 

2012). Various methods for preventing 

cariogenic events have been investigated, 

particularly the efficacy of fluoride-containing 

products. Their effectiveness is linked to patient 

compliance and accuracy in domiciliary 

hygiene procedures (Robertson et al., 2011). 

Antimicrobial agents can now be added to 

dental resins and cement to reduce the 

incidence of white spot lesions and cavities 

while keeping the adhesion properties 

unchanged. Companies attempted to reduce the 

acidic oral environment and bacterial 

metabolism by incorporating zinc oxide, 

chlorhexidine, and fluorides. Furthermore, it is 

hypothesised in this case that the use of 

antibacterial release materials such as silver 

nanoparticles aids in the maintenance of good 

oral hygiene during orthodontic treatment 

(Prabha et al., 2016). 

To combat the onset of white spots, band 

cements with antimicrobial properties 

(antibacterial release materials such as silver 

nanoparticles) have been developed. These 

resins have mechanical properties that are 

potentially comparable to controls, and they 

have been found to be biocompatible in the 

majority of cases. However, more research is 

needed to validate the efficacy of these 

materials in the oral environment, especially 

given the length of an orthodontic treatment 

(Moriera et al., 2015). 

Orthodontic Miniscrews- 

Two studies examined the stability and 

osseointegration of nanotechnology-modified 

miniscrew surfaces: the studied surface was 

characterised by TiO2 (titanium dioxide) 

nanotube arrays (Jang et al., 2015; Jang et al., 

2017). 

The TiO2 nanotube arrays were loaded with 

RhBMP-2 (recombinant human bone 

morphogenetic protein-2) and ibuprofen and 

compared to a standard miniscrew control 

group. The drugs' effects were evaluated in 

vivo: the study looked at how drug-modified 

miniscrews improved tissue health. Other 

drugs, such as antibiotics, aspirin, and vitamin 

C, can be delivered through these modified 

miniscrews to reduce inflammation at the 

insertion site and patient discomfort. This 

material modification has also proven 

important in increasing the surface roughness of 

the aids and improving wettability when 

compared to conventional products. 

Orthodontic Elastomeric Ligatures- 

Several studies have attempted to highlight the 

associations based on the chemical properties of 

different elastic ligatures and the requirements 

for modifications to mitigate the effects of 

microbiological biofilms on oral health. Some 

studies have evaluated fluoride-releasing 

ligatures, but the results have been mixed and 

controversial: some emphasise how, in 

particular, there is long-term ineffectiveness 

linked to the ligatures' inability to guarantee a 

prolonged release over time; they also appear to 

be ineffective even against decalcification 

(Hernández-Gómora et al., 2017; Sawhney et 

al., 2018; Sharma et al., 2018). 

Elastomeric ligatures, it has been proposed, can 

act as a support for the transport of 

nanoparticles, which can be molecules with 

anticariogenic or anti-inflammatory properties 

and/or antibiotic drugs (such as benzocaine) 

incorporated into the elastomeric matrix. 

Furthermore, medicated wax applied to 

orthodontic brackets was shown to be 

significantly more effective in reducing pain 

associated with mucosal irritation caused by the 

brackets by slowly and continuously releasing 

benzocaine (Sharan et al., 2017). 
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Recent studies appear to evaluate the 

potentiality of ligature association with silver 

nanoparticles, a material that appears to have 

the ability to counter dental biofilm and 

decrease enamel demineralization caused by 

bacterial plaque accumulation, without 

affecting the mechanical properties of the 

material itself and thus the effectiveness of 

orthodontic therapy. Nanotechnology in 

dentistry applied to materials is novel in the 

concept of improving anticariogenic properties; 

silver particles have been incorporated into 

various materials and can be obtained with 

minimally invasive methods from elements 

such as flowers and mushrooms. Silver is 

known to have superior antibacterial properties 

when compared to other metals; it has a strong 

cytotoxic effect on a wide range of 

microorganisms; the mechanism is unclear; it 

most likely acts by denaturing respiratory cycle 

and DNA synthesis enzymes. Silver is also non-

toxic and has a high compatibility with human 

cells. However, additional research is required 

to determine their actual biocompatibility 

(Hernández-Gómora et al., 2017). 

Orthodontic Power Chains- 

Since their introduction in the late 1960s, power 

chains have been used on a daily basis in every 

orthodontic practise. They are typically made of 

polymeric materials (polyesters or polyethers) 

formed through the polymerization process. 

They have several clinical advantages: they are 

inexpensive, user-friendly, and simple to adjust 

to each patient's needs, and they provide light 

and continuous forces. They have a high degree 

of flexibility and improve space closure in 

extraction cases. Power chains also have 

disadvantages: it has been amply demonstrated 

that their mechanical effectiveness is limited in 

time, necessitating their replacement on a 

regular basis. The strength of orthodontic 

power chains is affected by both intrinsic and 

external factors, which determine permanent 

deformation. Material composition, 

manufacturing methods, and external 

morphology are examples of intrinsic factors. 

The external factors are the temperature of the 

oral cavity, pH, and moisture absorption. They 

also have hydrophilic properties and discolour 

over time; they absorb fluids from the oral 

cavity and are thus unsuitable for maintaining 

oral health (Cheng et al., 2017). 

Cheng et al. conducted a study in Taiwan to 

improve the physical properties of power chains 

using a surface treatment called 

nanoimprinting. The treatment entails forming 

nanostructures called nanopillars on the surface 

of the chains. The results appear promising, as 

this treatment converts the material from 

hydrophilic to hydrophobic, thereby addressing 

the shortcomings of these orthodontic 

auxiliaries (Cheng et al., 2017). 

Coated Orthodontic Archwires- 

Orthodontic treatment is essentially comprised 

of sliding brackets along an archwire; however, 

this implies that a friction force develops 

inevitably between the surfaces of the two 

auxiliaries (the archwire and the bracket), 

which opposes the therapeutic movement of the 

teeth. The force applied by the orthodontic 

appliance must overcome this resistance in 

order to perform the dental movement. More 

than 60% of the orthodontic force used to 

achieve dental movement is expected to be lost 

due to frictional forces (Kusy and Whitley., 

1997). The design of the bracket (torque), the 

section of the slot, the types of ligations, the 

section of the archwire, the inter-bracket 

distance, and the oral functions are the most 

important factors in determining friction forces 

(Chimenti et al. ,2005; Suhani et al., 2018; Syed 

et al., 2015) 

It is easy to see how reducing friction force 

would benefit treatment times and the risk of 

root resorption by allowing greater control of 

movement and anchorage (Gracco et al.,2019; 

Kusy and Whitley., 1997; Reznikov et al., 

2010). 

For many years, various strategies have been 

pursued in order to find solutions to reduce 

friction. First and foremost, research focused on 

various bracket designs. Second, various 

archwire alloys and surface treatments were 

investigated. 

Today, nanotechnology aims to reduce 

frictional forces, allowing the system to 
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function more easily: it has been proposed that 

coating orthodontic archwires with a film 

containing nanoparticles is the best solution. 

MoS2 (molybdenum disulfide) and W2 

(tungsten disulfide) are thought to be the best 

materials for reducing friction (Gracco et al., 

2016; Gracco et al., 2019). 

Prevention of Dental Caries and Control of 

Oral Biofilm- 

Antibacterial adhesives containing 

nanoparticles such as TiO2 (titanium dioxide), 

SiO2 (silicon dioxide), or SNPs (silver 

nanoparticles) have been tested and extensively 

discussed to combat caries around orthodontic 

brackets (Borzabadi-Farahani et al., 2013; 

Pokrowiecki et al., 2018). TiO2 nanoparticles 

added to an orthodontic adhesive have been 

shown to improve its antibacterial properties for 

30 days without compromising its physical 

properties (Pokrowiecki et al., 2018; Sodagar et 

al.,2017). SNP adhesives have also been shown 

to have effective antibacterial properties 

(Borzabadi-Farahani et al., 2013; Pokrowiecki 

et al., 2018). These, however, appear to be of 

limited use in orthodontics because they can 

cause enamel discoloration and cosmetic 

treatment outcomes. Another strategy for 

lowering the failure rate due to dental caries has 

been to coat the arches or brackets with coatings 

such as TiO2 nanoparticles doped with nitrogen 

(Cao et al., 2013; Pokrowiecki et al., 2018) or 

Ag-Zr nanocomposite coatings (Pokrowiecki et 

al., 2018; Pradhaban et al., 2014). 

Early enamel lesions can be remineralized with 

dentifrices containing nanosized calcium 

carbonate (Gracco et al., 2016; Solanke et al., 

2014). Prophylactic use of inorganic materials 

such as hydroxyapatite (HA) or its derivatives 

with zinc, fluoride, carbonate, or organic 

compound materials found in food or beverages 

(Gracco et al., 2016). 

New research on dental robots (also known as 

dentifrobots), nanorobots that are incorporated 

in mouthwash or toothpaste to clean the 

surfaces above and below the gingival margin 

and that counteract calculus formation by 

metabolising trapped organic matter into 

harmless and odourless vapours; they are safely 

inactivated when ingested( Cheng et al., 2017; 

Gracco et al., 2016; Hernández-Gómora et al., 

2017;  Jang et al., 2015; Jang et al., 2017; 

Kanaparthy., 2011; Kumar and Vijaylakhshmi., 

2006; Moreira et al., 2015; Prabha et al., 2016; 

Suhani et al., 2018). 

However, some studies have found that the 

presence of nanofillers in fluoride-releasing 

materials does not provide additional protection 

against the development of carious lesions 

(Melo et al., 2013). More research is needed to 

assess the degradation and behaviour of these 

new particles to ensure that they pose no special 

risks because they are not normally in contact 

with the organism (Gracco et al., 2016). 

 

CONCLUSION - 

Nanotechnology now plays a larger and more 

consistent role in the dental field due to the 

potential for significant innovations and 

benefits. The recent positive results must serve 

as a catalyst for future research, particularly in 

the field of orthodontics. We've discussed how 

nanomaterials have provided numerous 

benefits in this field, particularly in terms of 

mechanical and antibacterial properties. The 

coordination and safety of orthodontic 

treatment are critical; the limitations of dental 

materials and technical procedures frequently 

refer to this goal, but science and 

nanotechnology have helped to partially solve 

some limitations, improving patient 

management in the clinical pathway. However, 

because production technical difficulties and 

engineering problems have not yet been 

completely overcome, nanotechnology must 

evolve in order to realise its full potential. 
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