
Volume 9, Issue 12, December – 2024                              International Journal of Innovative Science and Research Technology                                                 

                                                   ISSN No:-2456-2165 

 

IJISRT24DEC278                                                               www.ijisrt.com                     624 

Effect of Nanotechnology in Orthodontic  

Materials : An Overview 
 

 

Dr. Kajal1; Dr. Divya Lohia2; Dr. Varun Goyal3; Dr. Rajkumar Singh4 

Dr. Gurkeerat Singh5; Dr. Sushma Chaurasia6; Dr Triparna Kapoor7; Dr. Anushree Bansal8 

Sudha Rustagi College of Dental Sciences and Research, Faridabad 

 

 

Abstract:- Nanotechnology  is defined as the 

multidisciplinary approach in materials and  devices at 

the nanoscale level to detect and exploit the useful 

properties that derive from these dimensions; materials 

with components less than 100 nm in at least one 

dimension are called nanomaterials.  Enhancing human 

life and health is the aim of various advancements in this 

field. The most recent advancements in nanotechnology in 

dentistry, particularly in orthodontics, are to be summed 

up and described in this article. Additionally, we discuss 

the potential use of nanotechnology in orthodontics. 
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I. INTRODUCTION 

 

The term "Nano" was derived from a Greek word that 

means "dwarf." One billionth of a meter, or 10-9, is a 

nanometer. Atom by atom, matter is being manipulated by 

nanotechnology. [1–3] The American scientist and Nobel 

Laureate Richard Feynman is credited with coining the term 

"nanotechnology" in 1959.4. Eric Drexler highlighted the 
potential of molecular nanotechnology in the mid-1980s, 

which pioneered the way for application of nanotechnology. 
[5-6] 

 

The multidisciplinary approach to materials and devices 

at the nanoscale level is known as nanotechnology. Their size 

is smaller than the critical lengths defining many physical 

occurrences, which is what makes the idea of nanotechnology 

unique and fascinating. Three methods are used in the 

production of nanoparticles: functional, top-down, and 

bottom-up approaches. 7. The objective of the functional 

approach is to create a nanoparticle with a certain function. 
Numerous nanoparticles that we use on a daily basis have 

been created due to science and technology. Nanopores, 

nanotubes, quantum dots, nanoshells, dendrimers, liposomes, 

nanorods, fullerenes, nanospheres, nanowires, nanobelts, 

nanorings, nanocapsules, and more are some of the different 

kinds of these nanoparticles. 

 

Over the past few decades, the scientific community has 
been fascinated by the technological revolution known as 

nanotechnology. With broad applications in many fields, 

including healthcare, this is arguably one of the fronts that has 

advanced the fastest in recent years. With several 

nanoparticles added to various dental materials to improve 

their qualities, nano dentistry is a new discipline that has 

undergone exponential research. It has been proposed that 

fluoride-containing products can regulate the 

demineralization of enamel surrounding orthodontic brackets 

while fixed appliance treatment is underway. Through 

advances like the use of nanotechnology through the insertion 

of nanofillers, their characteristics have improved. While 
certain dental nanotechnology uses have already undergone 

testing and are currently in use across multiple industries, 

others require more investigation and scientific study.8 

 

The purpose of this article is to provide an overview and 

description of the latest advancements in nanotechnology in 

dentistry, particularly in the field of orthodontics. In order to 

assess and document the most important advancements in the 

field of orthodontics, the authors carefully examined the most 

recent literature. They paid particular attention to the use of 

novel nanomaterials in the creation of orthodontic 
elastomeric ligatures, orthodontic power chains, orthodontic 

miniscrews, and composites. 

 

II. NANOTECHNOLOGY APPLIED IN 

ORTHODONTIC MATERIALS 

 

Through the integration of nanomaterials and 

biotechnologies, such as tissue engineering and dentistry, 

nanodentistry will provide almost perfect dental health. 

Dental implants and bio-nano surface technology, dental 

nanorobots, dental nanocomposites, artificial teeth composed 

of nanocomposite, dental tissues and nanostructures, and 
dental caries prevention via nanotechnology.  There are 

various future prespectives and current implications of 

nanotechnology in orthodontics (Figure1). 
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Fig 1 Future Prespectives and Current Implications of Nanotechnology in Orthodontics 

 

 Control of Oral Biofilms during Orthodontic Treatment 

 

 Mechanism 
Biofilm inhibition: Bacterial biofilms are colonies of 

bacteria embedded in a matrix that they have formed 

themselves, and they are affixed to a surface and/or to one 

another. One efficient method of preventing oral infections is 

to decrease the adherence of biofilms. According to certain 

data, NPs may have an impact on the development of biofilms 

and bacterial adherence. 9. 

 

Extracellular antibacterial actions: By rupturing the 

bacterial cell membrane, NPs demonstrate antibacterial 

effects prior to entering bacterial cells. The following are the 

primary disruption techniques: 
 

 Interaction with the elements of the cell membrane and 

surface deposition.  

 Oxidative stress brought on by reactive oxygen species 

(ROS).  

 Dissolved metal ion effects. 

 

Effects of intracellular antibacterials: NPs enter 

bacterial cells and interact with key functional molecules to 

suppress bacterial cell growth in the following ways: 

 
 ROS-induced oxidative stress: ROS can damage proteins 

and stop some periplasmic enzymes from working, which 

is necessary to keep bacterial cells' normal shape and 

physiological functions. [9, 10] 

 Impact of dissolved ions: Metal ions that are taken up by 

bacterial cells have a direct effect on the carboxyl (-

COOH), amino (-NH), and mercapto (-SH) functional 

groups of proteins and nucleic acids. This interaction 
damages enzyme activity, alters the structure of the cell, 

interferes with regular physiological functions, and 

eventually inhibits microorganisms. [11–14] 

 

Notwithstanding NPs' strong antibacterial action, there 

are still restrictions on their use, such as toxicity, uneven 

antibacterial concentrations against microbiofilm, and 

potentially unfavorable impacts on human health. 

 

 Effect of Nanoparticles 

One of the most difficult challenges in orthodontic 
treatment with fixed equipment is controlling enamel 

demineralization around the brackets, which is estimated to 

happen in 50% of patients. Decalcification marks, which are 

early forms of enamel caries that, within specific bounds, 

have the capacity to remineralize in the presence of fluoride, 

appear on the surface of teeth as early as four weeks after the 

placement of bands or brackets following the use of 

permanent appliances. This is one of the reasons that 

numerous authors [15,16] recommend frequent local fluoride 

treatments in addition to good oral hygiene during 

orthodontic treatment. 
 

By adding nanoparticles to resin, it may be possible to 

create materials for bracket adhesive fixation that have 

superior mechanical qualities and better flowability than 

microfilled materials. Additionally, the ion-releasing 
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materials' properties may change as a result of this process [17, 

18].  As nanotechnology has advanced, nanoparticles (NPs) 

have been used in orthodontic materials to reduce the buildup 

of tooth plaque because of their superior antibacterial 

qualities. 19. 

 

Sodagar et al. showed that all experimental groups 

reduced the amount of live germs in comparison to the control 
group. The 5% Ag/hydroxyapatite nano-fillers demonstrated 

a shear bond strength of 20 and strong antibacterial 

properties. The antibacterial property was enhanced by the 

inclusion of CuO NPs without compromising shear bond 

strength 21. Conversely, the inclusion of TiO2 NPs reduced 

the shear bond strength 22 while improving antibacterial 

activity. Because of their exceptional ability to release 

fluoride ions, resin-modified GICs have found extensive 

application in orthodontic equipment [23, 24].  

 

When added independently to RMGICs, monolayer-

protected metal clusters (MPC), dimethylaminohexadecyl 
methacrylate (DMAHDM), AgNPs, and amorphous calcium 

phosphate nanoparticles (NACP) all produced the best 

antibacterial outcomes. 22–25 A brand-new, multipurpose 

orthodontic cement with a potent antibacterial effect was 

created to prevent bacteria from growing on the cement and 

nearby, away from the brackets. 

 

 Elastomeric Ligature in Orthodontics 

Elastomeric ligatures can be used as a framework for 

distributing anti-inflammatory or anti-cariogenic 

nanoparticles. A study26 used silver nitrate salts as metal-ion 
precursors and an extract of the plant Hetheroteca inuloides 

(H. inuloides) as a bioreductant to create silver nanoparticles 

(AgNPs) in situ on orthodontic elastomeric modules (OEM) 

in a simple and environmentally friendly manner. 

 

The generated AgNPs were examined using scanning 

electron microscopy-energy-dispersive spectroscopy (SEM-

EDS), transmission electron microscopy (TEM), and UV-

visible spectroscopy. The surface plasmon resonance peak 

found at 472 nm confirmed the formation of AgNPs. SEM 

and TEM images demonstrate the particles' quasi-spherical 

shape. The EDS examination confirmed that elemental silver 
was present in the AgNPs. The antibacterial properties of 

OEM containing AgNPs were evaluated against clinical 

isolates of Lactobacillus casei, Staphylococcus aureus, 

Streptococcus mutans, and Escherichia coli using agar 

diffusion assays. The physical characteristics were evaluated 

using universal testing equipment. OEM with AgNPs showed 

inhibitory halos for all microorganisms in comparison to 

OEM control. In comparison to the control group, properties 

such as the capacity to combat dental biofilm and reduce 

enamel demineralization rose.According to the results, the 

material might be able to combat dental biofilm, which would 
slow down the demineralization of dental enamel and ensure 

that patients receiving orthodontic treatment would benefit 

from it. 26 

 

 Orthodontic Power Chains 

Since their invention in the late 1960s, power chains 

have been utilized on a regular basis in all orthodontic offices. 

Typically, polymeric materials like polyesters and polyethers, 

which are created through the process of polymerization, 

make up these power chains. They improve space closure in 

extraction scenarios and show a high degree of adaptability. 

Clinical benefits of these chains include their affordability, 

ease of use, and adaptability to each patient. Power chains, on 

the other hand, have drawbacks. It is well known that their 

mechanical efficacy is time-limited, necessitating frequent 
replacement.27 The physical properties of power cables were 

attempted to be improved using a surface treatment called 

nanoimprinting in an attempt to mitigate this effect. 

 

The procedure entails creating nanostructures, or 

nanopillars, on the surface of the chains. The process involves 

forming nanopillars, or nanostructures, on the chains' surface. 

Since this treatment changes the material from hydrophilic to 

hydrophobic and mitigates the drawbacks of these 

orthodontic auxiliaries, the results appear promising.28 

 

 Orthodontic Bands 
When undergoing fixed orthodontic treatment Dental 

bands must be inserted for orthodontic motions to occur. 

These auxiliaries, however, have the potential to retain 

bacterial plaque, particularly in the hard-to-clean posterior 

teeth. It has been shown that prolonged plaque buildup around 

orthodontic brackets and bands causes a quick change in the 

bacterial flora, favoring acidogenic bacteria like S. mutans 

and Lactobacilli. These bacteria raise the risk of cavities, 

white spot lesions, and demineralization of the enamel.29 In 

order to decrease the occurrence of cavities and white spot 

lesions while maintaining the adhesion characteristics, 
technology has made it feasible to incorporate antimicrobial 

agents into dental resins and cement. 

 

Various manufacturers attempted to lower the acidity of 

the oral environment and lower the metabolism of bacteria by 

incorporating fluorides, zinc oxide, and chlorhexidine.30 

 

To prevent white spots from appearing, band cements 

with antimicrobial properties, such as antibacterial release 

materials, such as silver nanoparticles, have been created. 

These resins were shown to be biocompatible in the majority 

of situations and may have mechanical qualities similar to 
controls.31 

 

 Nanoparticles in Orthodontic Archwires 

By lowering the frictional forces between the 

orthodontic wire and brackets, it would be feasible to enhance 

the desired tooth movement and shorten the course of therapy. 

Since nanoparticles are dry lubricants, they can reduce the 

friction between two sliding surfaces without the use of a 

liquid medium. Inorganic fullerene-like tungsten sulfide 

nanoparticle (IF-WS2) self-lubricating coatings for 

orthodontic stainless steel wires are one example. Through 
friction experiments, the performance of coated and uncoated 

wires was simulated using an Instron machine. Scanning 

electron microscopy (SEM) and energy dispersive X-ray 

spectroscopy (EDS) examinations of the coated wires showed 

a discernible impregnation of IF-WS2 nanoparticles in the Ni-

P matrix. 32 Cobalt and IF-WS2 nanoparticles can be coated 

on NiTi substrates using the electrodeposition process.. There 
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was 66% less friction in coated substrates as compared to the 

untreated substrates. 

 

However, the drawback of adding nickel to this kind of 

coating could be allergic reactions in individuals who are 

nickel sensitive. Thus, it is necessary to evaluate the 

biocompatibility of such NiP coatings on NiTi and stainless 

steel wires using animal models and additional human 
experiments. 

 

 Nanoproperties in Micro-Implants 

The usage of micro-implants for absolute anchoring is 

growing as a result of the quick development of orthopaedic 

and orthodontic technology. Bacterial infections can cause 

poor osteointegration and healing in Ti-based implants, which 

can lead to implant failure or the need for repeated surgery 

33. Nanoparticles were applied to the micro-implants to lower 

bacterial infections and boost implant success rates. In 

Qiang's study, the antibacterial qualities of Ag NP/silk 

sericin-coated Ti surfaces were shown to prevent bacterial 
cell adhesion as well as early-stage biofilm formation and 

indicated a negligible level of cytotoxicity in L929 mouse 

fibroblast cells. Venugopal discovered that titanium micro-

implants modified with AgNP-coated biopolymers exhibited 

excellent antibacterial properties 34. 

 

 Smart Brackets with Nanomechanical Sensors 

Quantitative understanding of the three-dimensional 

(3D) force moment systems utilized for orthodontic tooth 

movement is essential for predicting the movement route of 

the teeth and reducing traumatic side effects. A smart bracket 
with an integrated sensor system for 3D force and moment 

measurement was recently proposed. By creating and 

incorporating nanomechanical sensors into the base of 

orthodontic brackets, real-time feedback about the applied 

orthodontic forces can be acquired. With this real-time input, 

the orthodontist may efficiently move teeth with minimal 

negative effects by modifying the applied force to be within 

a biological range. 

 

The invention of a "smart" bracket for multidimensional 

force and moment management was reported by Lapaki et al. 

[35, 36]. They described a large-scale prototype bracket that 
used a microsystem chip housed within small, low-profile, 

contemporary bracket systems with reduced dimensions in 

order to facilitate clinical testing of this technology. 

 

 The use of Shape Memory Nanocomposite Polymer in 

Orthodontics 

Over the past ten years, there has been an increase in the 

popularity of creating visually appealing orthodontic wires to 

match tooth-colored brackets. Potential areas of study include 

polymers with shape memory. These are a family of stimuli-

responsive materials that can remember a preprogrammed 
shape that was imprinted during synthesis and revert to its 

original shape when exposed to a stimulus such as heat, light, 

or a magnetic field. [37, 38] The thermal conductivity of 

shape-memory nanocomposite polymers can be enhanced by 

the use of nanoparticles. [39, 40] Additionally, these wires 

can be manufactured at elastic stiffness levels that are 

therapeutically relevant. Warmth within the body can activate 

these polymers when they are in the mouth, and light can 

activate the photoactive nanoparticles, which in turn can 

change the movement of teeth. Intriguing opportunities for 

the field of orthodontic biomaterials may arise from future 

research on shape-memory nanocomposite polymers to 

produce aesthetically pleasing orthodontic wires. 

 

 Nanoelectromechanical Systems for Orthodontic Tooth 
Movement 

Nanoelectromechanical systems (NEMS) are devices 

that integrate mechanical and electrical functions at the 

nanoscale level. There is proof that increasing the mechanical 

forces with electricity can increase the mobility of 

orthodontic teeth. [41, 42] Studies on animals have shown 

that when 15-20 µA of low direct current (dc) was applied to 

the alveolar bone by changing the bioelectric potential, 

osteoblasts and periodontal ligament cells displayed 

increased amounts of the second messengers cAMP and 

cGMP. These findings showed that electric stimulation 

enhanced cellular enzymatic phosphorylation activities, 
leading to secretory and synthetic processes associated with 

accelerated bone remodeling. The intraoral source of energy 

is a major problem that has to be fixed, though. 

 

In order to facilitate orthodontic tooth movement, it has 

recently been suggested that power can be produced using 

microfabricated biocatalytic fuel cells, also known as enzyme 

batteries. 43 When applied to the gingiva close to the alveolar 

bone, an enzymatic microbattery may serve as a potential 

electrical power source to speed up orthodontic tooth 

movement. Soft-tissue biocompatibility and the effect of 
foods with different pH and temperature ranges on the output 

of such a microfabricated enzyme battery are among the 

issues that still need to be addressed. The NEMS-based 

method is expected to be utilized in the coming years to 

develop strong, biocompatible biofuel cells that can be safely 

inserted in the alveolus of the maxilla or mandible or in the 

palate to enhance orthodontic tooth movement. 

 

III. TOXICITY 

 

The toxicity of antimicrobial nanoparticles depends on 

a wide range of factors, such as dosage, types, particle size, 
dispersion, duration of action, interaction with other 

components, and so forth. Due to their small size, NPs can 

readily enter the body and accumulate in organs, resulting in 

symptoms of poisoning. There is currently no research that 

examines the cytotoxicity of NPs to people. Furthermore, 

although several research have looked at the antibacterial 

toxicity of different NPs, there are no reliable indicators to 

standardize the toxicity of antibacterial NPs [44,45]. 

Therefore, it is difficult to compare the toxicity of different 

NPs. Examining the toxicity of antimicrobial nanoparticles in 

the same oral environment is worthwhile. 

 

IV. CONCLUSION 

 

Even if the application of nanotechnology in dentistry is 

limited to currently available materials, rapidly progressing 

research will ensure that breakthroughs that seem 

unimaginable today are possible in the future. The use of 
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nanotechnology's advantages will enable future 

developments in oral health. Advanced restorative materials, 

novel diagnostic and therapeutic techniques, and 

pharmaceutical approaches will all enhance dental care. 
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