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Abstract

Nanomaterials are highly advanced, essential for quick detection, and helpful in treating a variety of ailments in
the health sector due to their distinctive and superior properties, such as high surface area and nanoscale size. The
creation of sophisticated nanomaterials and the application of those materials in dentistry have been made possible
through collaborative efforts from a variety of disciplines. When compared to their conventional equivalents,
these advanced nanomaterials can provide diagnostic and therapeutic procedures with more promising results. In
our daily lives, nanotechnology is used extensively, especially in medicine. The chemical, physical, as well as the
biological aspects of nanostructures are taken into consideration while choosing nanoparticles for usage in the
field of nano dentistry. Nanostructures are employed in dental innovations or dental diagnoses. Some
nanoparticles are utilized in dental implants, prosthetics, and medications used to prevent oral diseases.
Additionally, nanomaterials administer oral fluids or medications, preventing and treating various oral diseases
(such as oral cancer), and upholding oral health care to a significant degree. The utilization of many commonly
used nanoparticles in the field of dentistry is summarized in this paper. Nanotechnology makes it simple to
examine and work with the atoms, chemical bonds, and molecules that make up different chemicals.

Keywords: Nanoparticles, Dental filling, Dental implant, Dental polishing, Nanomaterials; Nano-fillers; Dental
Nanocomposite; Nano-biotechnology

INTRODUCTION

The oral cavity contains teeth, which are made up of several components including dentin, enamel, cementum,
pulp, and periodontal ligament. The purpose of teeth is to cut and chew food so that it will be simpler to swallow
and digest. To protect the teeth, a variety of substances are utilized in dentistry.[*l Amalgam with good mechanical
qualities is used to fill teeth. To seal crowns and bridges, amalgam composite is employed. An oral polymerization
light was inserted to permanently harden the sealant. Deciduous teeth can be temporarily filled with glass
ionomers.?l It has good tolerance capacity and protects crowns and bridges indefinitely. Gold is the perfect
material for prosthetics since it is rigid, precise, and safe. Used in fixed prosthetics (crowns and bridges) is
ceramic.
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For instance, amalgam's primary drawback is that it contains mercury, which is harmful to human health.Bl
Composite fillings are extremely susceptible to cold. Ceramics are quite hard by nature yet occasionally crack.
Nanoparticles have been introduced in dentistry while taking these drawbacks into consideration. This review
focuses on the usage of nanoparticles in several dental specialties and provides a thorough detail of nanomaterials
according to their use in dentistry.

1. Nano particles used in dentistry

(1) Carbon Nanotubes

Carbon nanotubes (CNTSs) have distinctive mechanical and electrical characteristics. The C22C covalent bond
and hexagonal arrangement of CNTs are what give them their strength and flexibility. CNTs also exhibit electrical
and thermal conductivity (semi conductivity). Carbon nanotubes are employed as a candidate for dental fillings
and other applications due to its good mechanical and electrical qualities, including temperature resistance,
thermal transfer efficiency, high strength, and decreased density.*! In Kanzius RF Therapy, active medicines are
delivered to living cells via CNTs needles.l!

(2) Graphene

One atom thick densely packed planar sheet with a honeycomb crystal lattice make up the structure of graphene,
an allotrope of carbon with sp2 hybridized carbon atoms. Because it forms a homogeneous crystalline structure
without any voids or structural dislocations, graphene is the thinnest material known. This characteristic gave
graphene additional physical characteristics. Graphene's conducting electrons mostly behave like neutrons or
electrons that travel at the speed of light. Thus, graphene is employed in photovoltaics, biodevices, ultracapacitors
for illness diagnosis and detection as well as the construction of surfaces that are resistant to bacteria.®!

Dental caries development (Streptococcus mutants are one of the etiological agents in dental caries production)
and other periodontal illnesses depend on oral biofilms. Implants can act as a tooth replacement. Due to the
likelihood of implant failure, biofilms are crucial.l’! A graphene/zinc oxide nanocomposite (GZNC) may be able
to dissolve a streptococcus mutans biofilm. !
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(3) Hydroxy apatite (HAp)

The usage of hydroxyl apatite nanoparticles in healthcare and dentistry is widespread. Because of its similar
chemical structure to teeth and bone, it is a biocompatible material for physiological processes. This is the primary
make-up of the body's mineralized tissues (Ca (PO) 2(OH)). 97% of enamel is made of this natural calcium
phosphate ceramic.®! The building blocks of tooth enamel, which is the body's toughest tissue, are HAp nano
crystals. Since teeth are acellular in nature, it makes no sense that they could be rebuilt like bones.[*%

Recent advances in nanotechnology are revealing fresh perspectives on the use of nano-hydroxyapatite in
dentistry. The dental tubules can quickly and easily assimilate the nanosized HAp particles.[**! The tubule's job is
to close the gap, keeping the nerves from being exposed to outside stimuli. Thus, reducing dental hypersensitivity.
Because HAp NPs have a larger surface area, they can attach to proteins as well as bacterial and plague fragments
very strongly.!*2B They can attach to tooth enamel and dentin apatite due to their strong biological activity and
reactivity. The tiny cavities in the enamel caused by acidic erosion can fit nicely with hydroxyl apatite
nanoparticles.

Iron oxide
In the fields of biology and medicine, iron compounds (FeOx) nanoparticles play a significant role.[**

Due to their biocompatibility and lack of toxicity for humans, magnetite and maghemite, two typical types of iron
oxide nanoparticles, are the most popular in the field of biomedical science.*4]

Iron oxide is also easily broken down, which is advantageous for in vivo applications.

Due to their protective coating of exopolymers that embed the microorganisms in a matrix that is impermeable to
immune cells and many antibiotics, bacterial biofilms on dental implants are challenging for antibiotics to
eradicate.[*"]

(4) Zirconia

The usage In dental science, zirconia (Zirconium dioxide, ZrO) is very important. It resembles teeth in color and
has comparable metallic characteristics. Zirconia is an insoluble chemical oxide in water. Thus, it has low
cytotoxicity and lessens bacterial adherence. ZrO is now a widely used biomaterial for dental implants as a
result.[*8 Zirconia implants feature excellent corrosion and wear resistance as well as sensible biocompatibility.*"]
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Additionally, ZrO has a high fracture resistance because of its ability to retain energy when converting polygonal
molecules into monaoclinic ones.

Zirconia nanoparticles are a bio-inert substance; mammalian flesh cannot effectively encapsulate them, and they
leave almost no trace behind.[*é]

(5) Silica

Because of their size, surface area, biocompatibility, low toxicity, low density, and adsorption capability, silica-
based NPs play a vital role in nanotechnology.*®! SiNPs are employed in many areas of medical science to treat
genetic abnormalities to diagnose and control disease.?l Consequently, Silica NPs are employed in biomedical
research for purposes like medication delivery, enzyme support, and biosensors. Silica particles are utilized in
polishing due to their affordability and biocompatibility. Dental hypersensitivity is treated using modified silica
nanoparticles.?] The risk of dental hypersensitivity increases as a result of enamel erosion, which exposes
dentinal tubules. Over time, a variety of desensitizing medications have been commercially available with the
goal of occluding dental tubules. But none of them are dependable or consistent.[??l To safeguard the enamel
surfaces, teeth are frequently polished.

(6) Titania

TiO nanoparticles are mostly utilized in the medical and dental industries. By triggering type 1 antigen/antibody
and type IV complex reactions, the insertion of implants causes an allergic reaction.[®! Microbe adhesion to
Titania implants, however, has a significant impact on the recovery of teeth and demonstrates the long-term impact
on implants.’?!! Plaque can develop on implants as a result of roughness or chemical breakdown inside the oral
cavity. The creation of inorganic nano porous materials, which are extensively exploited to create drug-releasing
implants, occurs in bone in response to physically changed titanium implants.[®! Dental RBCs' hardness and
strength are increased through surface modification, and TiO linked to and dispersed within a resin matrix are
also impacted.

(7) Silica

It is well known that silver compounds have antibacterial properties. As nanotechnology develops, more silver
nanoparticles are produced (AgNPs). AgNPs are commonly utilized in humidifiers, washing machines, toothpaste,
shampoo, kitchen appliances, textiles, and nursing bottles.!?8] Additionally, AgNPs have been investigated for use
in endodontics, dental restoratives, dental prostheses, and dental implants, among other dental applications. AgNP
incorporation improves oral health by reducing microbial colonization over dental components.’’] The
nanoparticles have an extremely low level of antibacterial activity because of their small size and huge surface
area.

In addition to altering base pairing, DNA unwinding, cell wall formation, and respiratory activities, silver can
interfere with DNA and proteins by interacting with —SH groups.?®! This causes bacterial mortality.

2. APPLICATION OF NANOPARTICLES IN DENTISTRY

Due to their improved absorption, effectiveness, and decreased dosage requirements, nanomaterials have the
potential to offer better control over managing a variety of deadly oral disorders.?® The use of nanoparticles in
dentistry has had a significant influence and created new opportunities for a variety of applications with the
development of new procedures.
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2.1 Nanoparticles used in Periodontics

The field of dentistry known as periodontics focuses solely on illnesses that affect the tissues that support teeth,
including the gingiva, periodontal ligament, cementum, alveolar bone, and mucosa.B% For the therapy of
periodontal disorders, a variety of therapies are available; some of them combine medical and surgical approaches.
Pharmaceutical treatments use naturally occurring medication compounds.

Macroparticles have a hard time entering the periodontal pockets. On the other hand, nanoparticles can more
easily penetrate subgingival regions due to their small diameters.F1*2l As an illustration, the use of nanoparticles
in medication delivery for the treatment of periodontal disease with triclosan (TCS) has been successful.[*?l
Tetracycline nanoparticles (Tet NPs) have also been researched as a possible periodontal therapy. Tetracycline-
loaded microspheres patches were marketed as Arestin® and Nanogen® by Valeant in Bridgewater,
Massachusetts, the United States (Orthogen, Springfield, IL, USA).B It is applied by placing a patch inside the
periodontal pocket, which causes a prolonged medication release into the afflicted area.

2.2 Nanoparticles used in Prosthodontics

With the use of biocompatible substitutes, prosthodontics deals with the diagnosis, treatment planning, total oral
rehabilitation, and preservation of the normal oral function of patients with clinical disorders linked to missing
teeth or oral and maxillofacial tissues.**! Dental implants and acrylic resins are examples of next generation
materials with improved qualities that can be used for a variety of prosthodontic treatment procedures. Using
nanoceramic material to make dentures shows exceptional strength, color stability, and low electrical and thermal
conductivity.[!

A prosthodontic denture has been made with titanium, cobalt chromium, and molybdenum alloys using a variety
of various metal combinations. Compared to stainless steel or gold alloy, their combinations exhibit higher
mechanical qualities and corrosion resistance. !

In the creation of prosthodontic dentures, metal nanoparticles like those made of hydroxyapatite and titanium
oxide have better biological acceptance than conventional metals.

A considerable increase in transverse strength, improved biological compatibility, increased surface hardness, and
decreased water sorption and solubility are all demonstrated in prosthodontics when nanofillers are added to
polymethylmethacrylate (PMMA).E7]

2.3 Nanoparticles used in Oral and Maxillofacial Surgery
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The area of dentistry known as oral and maxillofacial surgery focuses on treating disorders of the mouth and face
that affect the hard and soft tissues in the oral (mouth) and maxillofacial (jaws and face) regions. Surgery is
necessary to repair bone deformities brought on by various dental diseases or trauma that result in abnormal face
characteristics.®® Advanced nanomaterials outperform conventional treatment solutions in terms of effectiveness
and biocompatibility. Due to their capacity to encourage osteogenesis and biomineralization of cells, they can also
be utilized as scaffolds to produce new bone.

While targeting cancerous tissue, localized nanodrug delivery can also aid in protecting neighboring healthy
tissues. Magnetic nanoparticles have the potential to be employed for tumor-targeted drug delivery therapy,
according to several studies.*®! They can be administered intravenously straight to the tumor site tissue, and
because of their nano size, only little doses of medication are needed to achieve the desired effect of tumor
regression by careful drug delivery targeting.

2.4 Nanoparticles used in Conservative Dentistry and Endodontics

The dental specialization known as endodontics focuses on the biology of healthy tooth pulp as well as the causes
of and remedies for pulp disorders and injuries related with periradicular diseases. One of the primary causes of
the deep dental caries is oral microorganisms, which can result in dental caries and a variety of endodontic
operations, including root canal therapy.[*!l The following are some of the ways in which nanoparticles are used
in dentistry —

e Itis used in the treatment of dental hypersensitivity because hydroxyapatite nanocrystals in toothpaste are
used for blocking of dentinal tubules.??

e Nano filled glass ionomer cement has better mechanical and optical properties.[*l

e Nanoparticles are filled with restorative composite resins because they have higher filler loading, better
mechanical properties and a glossy surface.4

¢ Nano filled bonding agents are more resistant to degradation and have better bonding properties.?]

e They are also used as endodontic sealers. QPEI NP’s nanoparticles are used as fillers in commercially
available endodontic sealers, for instance Guttaflow, Epiphany and AH plus for its antibacterial action.*¢}

e Theyalso help in remineralization of the tooth structure: combination of PVP and ACP nano fibers are used
for remineralization of demineralized dentine in vitro.“7]

Nanotechnology can significantly contribute to the creation of cutting-edge endodontic materials for use in
endodontic procedures. 8149 Endodontic procedures need the use of a variety of materials, including gutta-percha
canal disinfectant, dental amalgam, glass ionomer cements (GIC), dental composite, and sealants. Antibacterial
nanoparticles added to endodontic materials can improve their qualities using nanotechnology, helping to avoid
repeated infections and the failure of root canal procedures.*1*1 According to a newly published study, adding
biopolymeric nanoparticles to root canal cleaners significantly increased their antibacterial efficacy. In a different
investigation, the addition of QPEI (quaternary ammonium polyethyleneimine) NPs enhanced the root canal
sealer's antibacterial activity against biofilms of (Enterococcus faecalis) strains of E. faecalis.>

2.5 Nanomaterials in Orthodontics and Dentofacial Orthopaedics

The area of dentistry known as orthodontics and dentofacial orthopedic surgery focuses primarily on the diagnosis,
prevention, and treatment of incorrectly positioned teeth. The teeth should be in their optimal positions for the
oral cavity to function normally, however due to poor dental health, malocclusion, tooth crowding, or spaces
between teeth, orthodontic treatment is necessary. 5
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The use of nanotechnology in orthodontic applications is still in its adolescence. Manufacturers are continuously
researching and commercially marketing advanced nanomaterials. Nanoparticle coating can be used to reduce
mechanical resistance and friction among orthodontic wires and brackets.[®? Orthodontic materials with
antibacterial nanoparticle coatings can stop dental plaque from forming around the appliances and stop dental
caries that is related to orthodontic therapy. !

2.6 Nanomaterials in Oral Medicine and Radiology

The branch of dentistry known as oral medicine is focused on the non-surgical treatment of diseases other than
dental ones that impact the oral and face areas.

Numerous oral disorders can be caused by poor oral health. Early and correct detection of oral disorders is
essential for maintaining good oral health. Better oral disease treatment and superior imaging are now possible
because of nanotechnology.

Oral pharmaceutical approaches based on nanotechnology have several advantages over the traditional method. 4

Nanoparticles prefer to develop stronger chemical or physical bonds because they have unpaired atoms and a vast
surface area, which gives them enhanced mechanical and physical capabilities.[®! Oral medicine has employed
organic and inorganic nanoparticles like Silica, Zirconia, HA, and Titanium dioxide for therapeutic purposes.

When exposed to even very low doses of ionizing radiation, Nano phosphor scintillators, which rapidly generate
visible light, are used to test digital imaging.[1 Compared to conventional approaches, this nano imaging
technique produces high-quality images with a very low radiation requirement, which can be particularly
advantageous for dental applications.

2.7 Nanomaterials in Preventive Dentistry

Nanotechnology can be used in preventative dentistry to shield against lesion-causing agents and assist avoid
carious lesions. Early bacterial biofilms that grow on the tooth's surface and cause tooth decay are what cause
dental caries.> Dental restorative materials containing nano apatite particles can help damaged tooth structures
remineralize.

2.8 Nanomaterials in Restorative Dentistry

The diagnosis and treatment of problems affecting the teeth and their supporting structures are the focus of
restorative dentistry. The repair of damaged tooth structures, restoration of tooth function, and improvement of
aesthetics all require advanced methods. %81

Manufacturing of biocompatible and non-toxic dental restorative materials, including GIC, dental composite,
dental implants, and endodontic materials, has benefited considerably from nanotechnology.® In the past few
years, resin-based dental restorative materials have made significant progress. The dental composite resin matrix's
mechanical characteristics, minimal polymerization shrinkage, strong abrasion resistance, and surface hardness
can all be considerably improved using nanoparticles.

3. CONCLUSION

The use of nanotechnology in clinical dental practices will be significant. To improve oral healthcare and make it
less stressful for dental surgeons, nanomaterials are incorporated in toothpaste and other washing solutions. The
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dental issues can be addressed using new nano strategies. Nanomaterials are more efficient than traditional
materials and are utilized in dental fillings, polishing the surface of the enamel to prevent cavities, and implant
materials. Some nanoparticles have antibacterial properties and stop the growth of bacteria.

S. The treatments in dentistry may be improved by further investigation into nanotechnology and antibacterial
materials. The success of these extremely sophisticated restorative nanomaterials in dentistry depends on
substantial research in this area.

Before using new material in clinical settings, it is critical that sufficient clinical data be made available. The
capabilities and potential applications of nanotechnology in the dentistry industry are discussed in this review
article. Patients are drawn to dentistry because of nano dentistry’s cost- and time-saving benefits as well as its
ability to shield patients from psychological harm. The creation of modified nanoparticles will undoubtedly aid
in the treatment of dental issues. Although the impact of nanotechnology on the treatment of oral diseases is still
limited, the rapid advancement of research ensures new developments are likely soon. The accuracy of the
processes in this technique can result in better social, economic, and oral health results for people soon, when this
technology could become the foundation of dental and medical science.
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