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Abstract
Title: Application of zinc oxide nanoparticles in dentistry.
Aim: The aim of the review is to explore the use and advantage of zinc oxide nanoparticles in various aspects of dentistry.

Background: Nanotechnology is a research hot spot in modern.materials science. NPs are known as controlled or manipulated
particles at the atomic level (1-100 nm). They show size-related properties significantly different from bulk materials- Given their
small size, NPs have larger structures in comparison with their counterparts. This distinct property allows their possible applications
in many fields such as biosensors, nanomedicine, and bienanotechnologys The intrinsic properties of metal NPs such as zinc oxide
(Zn0), TiO2, and silver are mostly characterized by their size,.composition,.crystallinity, and morphology. ZnO is currently being
investigated as an antibacterial agent in both microscale.and nanoscale formulations. ZnO exhibits significant antimicrobial
activities when particle size is reduced to the nanometer range, then nano=sized'ZnO can interact with bacterial surface and/or with
the bacterial core where it enters inside the cell, and subsequently exhibits distinct'bactericidal mechanisms.

Conclusion: This review emphasises on'the use of zinc oxide nanoparticles in various aspects of dentistry. Most of the reports have
shown more research and study has.to be carried on zinc oxide Nanoiparticles to incorporate it.commonly in today’s practice.

INTRODUCTION

Nanotechnology is a research hot spot inimodern materials seience. This advancement can be beneficial iniextending miscellaneous
novel applications that range from innovative fabric compounds, food processing,.and agricultural production to sophisticated
medicinal techniques *. Itis,considered as the synthesis, characterisation, and exploration'of materials'in the nanometer region (1
100 nm). The properties and functions of living and‘anthropogenic systems are defined at'this levely 2. In this automation, the most
relatable materials are those whose structures exhibit new and considerably enhanced physicochemical and biological properties as
well as distinct phenomena and functionalities as a result of the nanoscale size®. This macro:Sized generally confers lesser surface
areas to nanoparticles (NPs) compared with nanoscale particles#. NPs are known as controlled or manipulated particles at the atomic
level (1-100 nm). They show size-related properties significantly different from bulk.materials® .Compared to their counter parts
Nanoparticles have larger structuressFhispdistinctsproperty allows their possible applications in many fields such as biosensors,
nanomedicine, and bionanotechnology *.

The intrinsic properties of metal NPs such as zinc oxide (ZnO), TiO2, and silveriare mostly characterised by their size, composition,
crystallinity, and morphology. Reducing the size'to,nanoscale can modify their chemical, mechanical, electrical, structural,
morphological, and optical properties. These modified features allow the NPs to interact in a unique manner with cell biomolecules
and thus facilitate the physical transfer of NPs into the innercellular striictures 8. Nanostructured materials have a larger percentage
of atoms at their surface which lead to high surface reactivity. Thus; nanomaterials have witnessed recently significant importance
in the basic and applied sciences as well as in bionanotechnelogy. Nano-sized ZnO exhibits varying morphologies and shows
significant antibacterial activity over a wide spectrum of bacterial species explored by a large body of researchers >3, ZnO is
currently being investigated as an antibacterial agent in both microscale and nanoscale formulations. ZnO exhibits significant
antimicrobial activities when particle size is reduced to the nanometer range, then nano-sized ZnO can interact with bacterial surface
and/or with the bacterial core where it enters inside the cell, and subsequently exhibits distinct bactericidal mechanisms . The
interactions between these unique materials and bacteria are mostly toxic, which have been exploited for antimicrobial applications
such as in food industry. Interestingly, ZnO-NPs are reported by several studies as non-toxic to human cells %4, this aspect
necessitated their usage as antibacterial agents, noxious to microorganisms, and hold good biocompatibility to human cells 2. The
various antibacterial mechanisms of nanomaterials are mostly attributed to their high specific surface area-to-volume ratios °, and
their distinctive physicochemical properties. However, the precise mechanisms are yet under debate, although several proposed
ones are suggested and adopted. Investigations on antibacterial nanomaterials, mostly ZnO-NPs, would enhance the research area
of nanomaterials, and the mechanisms and phenomenon behind nanostructured materials.

Fashionable materials of therapeutic importance have always been a great interest in nanotechnology world. Tailoring
nanomaterials as per specific needs have outranged their use in wider backgrounds'®. Biofunctional nanoparticles have emerged
and gained huge importance due to their super special applications among which metallic based nanoparticles are the key
players. Current biomedical and engineering demands have been answered with key innovations based on nanoparticles *7 .
Apart from feasibility in altering their chemical properties for specific use, nanoparticle of metal or their oxides withstand
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rigorous processing conditions that makes them too attractive segment in nanotechnology research fields*®. Nanotechnology
is the manipulation of matter on a molecular scale, which has revolutionised the modern medicine!®

ZINC OXIDE NANOPARTICLES

ZnO is described as a functional, strategic, promising, and versatile inorganic material with a broad range of applications. It is
known as 11-VI semiconductor ?°, since Zn and O are classified into groups two and six in the periodic table, respectively. ZnO
holds a unique optical, chemical sensing, semiconducting, electric conductivity, and piezoelectric properties L. It is characterised
by a direct wide band gap (3.3 eV) in the near-UV spectrum, a high excitonic binding energy (60 meV) at room temperature 222324,
and a natural n-type electrical conductivity 2. These characteristics enable ZnO to have remarkable applications in diverse fields
23, The wide band gap of ZnO has significant effect on its properties, such as the electrical conductivity and optical absorption. The
excitonic emission can persevere higher at room temperature 2 and the conductivity increases when ZnO doped with other metals
22 Though ZnO shows light covalent character, it has very strong ionic bonding in the Zn-0. Its longer durability, higher selectivity,
and heat resistance are preceded than organic and inorganic materials'?. The synthesis of nano-sized ZnO has led to the investigation
of its use as new antibacterial agent. In addition to its unique antibacterial and antifungal properties, ZnO-NPs possess high catalytic
and high photochemical activities. ZnO possesses high optical absorption in the UVA (315-400 nm) and UVB (280-315 nm)
regions which is beneficial in antibacterial response and used as a UV protector in cosmetics 26.

Zinc oxide has innate antibacterial properties. In the form_of nanoparticles, it shows significantly higher antibacterial activity
due to increased surface/volume ratio?”. Studies havesshown that zinc oxide can inhibit acid production by Streptococcus
mutans and Lactobacillus in dental plague?®. Moreover, it has confirmed antibacterial effects on Gram-negative and Gram-
positive bacteria and is commonly used as anantibacterial agent in_dental hygiene products such as toothpastes and
mouthwashes®. The purpose of this study was to assess the effect of ‘adding zinc oxide Among all the existing metal
oxide nanoparticles, zinc oxide (ZnO) is a_.mineral zincite.that is.bio-safe, biocompatible with proven strong anti-bacterial
properties, which can powerfully resist broad range of microorganisms=due to 'their ability to generate reactive oxygen
species (ROS) on the surface of oxides®®. ZnO has wider applications in the fields of magnetic, gas sensing, optical and even
in piezoelectric®. The zincite due_to its, strong adsorption ability and large catalyticiefficiency it is commonly used in
the large scale manufacture of ceramics, pharmaceutical excipients, pigments, sunscreens lotions, in anti fungal preparations
and even in physical phenomenon of wastewater and rubber treatment as well 27282°,

ZINC OXIDE NANOPARTICLES IN DENTISTRY.

Dental caries is a common.infectious disease, in which enamel‘and dentin are demineralised due to the acids produced from the
fermentation of carbohydrates by acidogenic bacteria. At present; carious teeth are commonlysrestored with tooth-coloured
restorative materials such'as composite resinsiduertortheiroptimal agsthetic properties. Occurrence of secondary caries is the most
important reason for replacement of composite restorations. Nanotechnology is the manipulation of matter on a molecular scale,
which has revolutionised the modern medicine. Zinc oxide has innate antibacterial propertigs. In the form of nanoparticles, it shows
significantly higher antibacterial activity due to increased surface/volume ratio6. Studies have shown that zinc oxide can inhibit
acid production by Streptococcus mutans and Lactobacillus in dental plaque. Moreover, it has confirmed antibacterial effects on
Gram-negative and Gram-positive bacteria-and is-commonly used as an antibacterial agent in dental hygiene products such as
toothpastes and mouthwashes.

Effects of Zinc Oxide Nanoparticles in Conventional:Glass lonomer Cement

Secondary caries is one of the primary causes for failure of dental restorations. The recognition of fewer incidences of recurrent
caries around the silicate restorations and its attribution to fluoride led to the incorporation of fluoride into a number of dental
restorative materials. Glass-ionomer cement (GIC) was invented by Wilson and Kent at the Laboratory of the Government Chemist
in 1972. These materials are water-based cements known as polyalkenoate cements. Their generic name is based on the reaction
between silicate glass and polyacrylic acid, and the formation arises from an acid/base reaction between the components. These
cements are translucent and adhesive to tooth structure.

Glass-ionomer cements have unique properties such as biocompatibility, anticariogenic action and adhesion to moist tooth structure.
In addition, the coefficient of thermal expansion for glass ionomers is low and close to the values of tooth structure®?. Although
fluoride has been known for many decades to be antimicrobial, there has been little understanding of its precise effects on cells or
of the mechanisms that might be used by organisms to overcome this toxicity. Few bacteria have evolved numerous strategies to
alleviate the toxic effects of fluoride ions **

Several attempts in developing GIC with enhanced antibacterial effects by addition of agents, such as, chlorhexidine hydrochloride
34, cetyl pyridinium chloride, cetrimide, benzalkonium chloride and titanium oxide nano particles have been reported in the
literature®® The most appropriate choice of antibacterial agents to combine with GIC would be nanoparticles that have proven to be
useful in clinical dentistry, and are the ones that do not disturb the mechanical properties. Cationic disinfectants have been
investigated both in-vitro and in-vivo for their antibacterial effects against various microorganisms. Literature reveals that titanium
oxide is the only nanoparticle that has been widely incorporated in GIC and studies have shown an increase in the antibacterial
effects in in- vitro study.
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In recent years nanotechnology has permitted the development of new properties of materials. Zinc oxide nanoparticle has been
effective against wide range of gram negative and gram positive bacteria . Recent studies have shown that these nano particles
have selective toxicity to bacteria but exhibit minimal effects on human cell . However there is lack of studies on antimicrobial
behaviour of zinc oxide nanoparticles incorporated into glass ionomer cement. In an approach to enhance the antibacterial potential
of conventional glass ionomer cement, zinc oxide nanoparticles were incorporated into conventional GIC and its antibacterial
properties, compressive and shear bond strength were investigated their. Hence, the aim of the study was to evaluate the antibacterial
and selective mechanical properties of glass ionomer cements containing zinc oxide nanoparticles.

Zinc oxide nanoparticles an antimicrobial filler content for composite resins

The main cause of secondary caries is the accumulation of dental plaque on the surface of dental restorative materials, resulting in
the need of replacement of restorations®”. The use of nano and microparticles to modify dental restorative materials have been grown
and researches are focused in development of a restorative material resistant to bacterial accumulation®. The incorporation of metal
oxides is one of the approaches that have been used to achieve antibacterial activity into the resin-based restorative materials®. It
was previously demonstrated that nanoparticles of zinc oxide (ZnO) have a broad antimicrobial spectrum “°, and they have been
used successfully to modify resin based restorative materials, leading to a reducing of bacterial biofilms on the surface of this
materials. This high antimicrobial capacity could be attributed to their size and high surface area. However, smallness in itself is
not the goal, the use of different methods of synthesis in order to/obtain novel physicochemical properties are also relevant variables
affecting antibacterial activity*!. The shape of particles have been described as an important role in the reactive oxygen species
production and antibacterial activity*.. In this way, the.rods and wires.of ZnO have demonstrated better results than spherical
particles. The antibacterial activity of different shapes of ZnQ, such as nanorods, microrods, nanospheres, microspheres, and
microflowers, have been reported?. Since ZnO presents a wide range of shapes*® and its antibacterial capacity is shape-dependent??,
Zn0O morphology has become a determinant factor in the choice of this material in.nano and microscale to modify composite resins.
This can be achieved by controlling of parameters such as pH,.temperature, solvents; precursor types and physicochemical settings
of synthesis. Although the incorporation of ZnO in composite resin can<impart antibacterial activity, physical and mechanical
properties can be drastically affected and'this should be controlled taking into consideration the size, quantity, color, and opacity of
particles. Since the physical parameters of particles are directly related to their properties and can influence the particle-
microorganism interaction, it is interesting to analyze the properties of.a composite resin modified by ZnO microstructures with
three dimensional morphology and controlled chemical-physical characteristics. In this way, the:aim of this study was to synthesize
and characterize microrods<and hollow miereroedspofsZnO, insert it into'a composite resin and evaluate its mechanical and
antibacterial properties in" order to obtain a novel restorative material with antibacterial capacity, increasing the longevity of
restorations and its clinical acceptance:

Hardness Improvement of Dental Amalgam Using Zinc'Oxide nanoparticles

Dental amalgam has been used in mouth as a permanent dental restorative material since long time ago. Appearing almost
indestructible, it always seems to pull through, no matter how.it is mistreated. Amalgam,@a mixture of mercury with at least one
other metal, is chosen due to its low cost, easy applicationghigh strength and durability’ 3. Recently, many problems have been
faced in dentistry for the usage of amalgam containing excess mercury that simply becomes the cause of illnesses and brings
pollution to the environment. A new type of dental-amalgam currently being used<constitutes less mercury when amalgamated in
the correct ratio. In aesthetics view, metallic colour is not well-blended with‘the natural tooth colour 445 . This is where the
incorporation of zinc oxide nano powders into the:mixture of the new dentaliamalgam becomes important. Zinc oxide is naturally
white and its incorporation into this new dental amalgam.might fade the metallic colour of the conventional amalgam out. However,
the addition of zinc oxide was primarily intended to impreve the hardness of that material. Microparticles and fibers can also be
used to reinforce dental resin-based composites. By adding.a:small amount of short or networked fiber to the composite, a modest
increase in strength was proven.

Zinc oxide (zZnO) is a unique material that has prompted an enormous number of researches. Various morphologies and sizes of
ZnO materials have led to a wide range of promising applications, such as additive in the production of paints, ceramics, catalysts,
electronics, optoelectronics and many more. These unique nano-structures clearly demonstrate that ZnO probably has the richest
family of nanostructures of all materials, both in structures and in properties. VVarious ZnO nanostructures with different morphology
such as nanorods, nanotubes, nano- spheres and many more have been found “¢. Meanwhile, properties of ZnO nanomaterial
powders are dependent on their micro structural and morphological characteristics, which may vary according to the selected
method of synthesis.

Due to a wide range of applications in engineering and biomedical areas, aluminium oxide has become one of the most versatile
ceramic oxides employing unique properties such as high elastic modulus, thermal and chemical stability, high strength and
toughness -thus enabling it to tremendously perform under tension or bending conditions. A lot of efforts using various methods
have been put on synthesizing one-dimensional AI203 nanostructure with different morphologies including nanowires,
nanoribbons, nanorods, nanofibres and nanotubes 4. The temperature at above 1200 °C, however, has been used in synthesizing
alu- mina nanostructures. It triggers the need to synthesize this material at low tem- perature by using simple techniques. In this
regard, this work premise deals with only zinc oxide nanoparticles as filler.

Nanopowders are produced by a wide number of synthesis methods such as self-combustion, sol-gel, hydrothermal, precipitation
and oxidation. In combustion synthesis, the high temperature means that only coarse nano-size particles greater than 100 nm can
be produced. The sol-gel process being at low temperature conversely offers the greatest scope for the smallest nanosize material.
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The final product may be ensured to possess high homogeneity and fine grain size. The actual reaction takes a few hours and other
steps such as calcination are split into separate operations of a few hours on each. Realizing the quality of the nano- powders
produced by the sol-gel method, the study is done on synthesizing ZnO nanoparticles by sol-gel method and investigates the
addition of ZnO as nanofiller to improve mechanical strength of the dental amalgam.

Mechanical and Physicochemical Properties of Newly Formed ZnO-PMMA Nanocomposites for Denture Bases

With the aging of the population, the demand for prosthetic treatment in the stomatognathic system is growing “. In toothlessness
or multiple teeth deficiencies, removable appliances with an extensive base are still the most common prosthetic solution. The force
released in the act of chewing is completely passed by the prosthesis base onto the mucous membrane, the periosteum and bone.
This creates the need for taking over by mucosa non-physiological functions, which results in its impaired physiology and increased
susceptibility to infection. From the clinical point of view, methacrylate (PMMA) has acceptable mechanical properties,
nevertheless attempts have still been made to modify the material so that it would become resistant to microbial adhesion. Some
very promising nanoparticles (NPs) that can be used to modify the biomaterial for denture bases are zinc oxide (ZnO) NPs. Zinc
oxide is a multi-functional material being a 11-VI semiconductor *°. Properties such as wide band gap (~3.37 eV) or high exciton
binding energy (~60 meV) make it an attractive material for electronics and optoelectronics 551, The antibacterial and antifungal
activity of ZnO-NPs was the major rationale for commencing in 2014 the research on dentures modified by ZnO-NPs, which are
supposed to ultimately be characterized by antifungal properties."/At present, this issue has gained a growing interest among the
scientist around the world and has already been investigated by several research groups.

The basic property decreasing the deposition of food debris is the smoothness of the surface expressed by its roughness. A smaller
expansion of the surface results in a reduced number of natural niches for C. albicans, which considerably hampers the formation
of the fungal biofilm structure .The hardness of .the material does not directly.affect the deposition of pathogens but becomes an
exponent of the resistance supplement to mechanical damage®2. It occurs during the act of chewing but also during the performance
of denture hygiene especially when the patiént, against medical advice, usesra:substance with a high abrasion index. This can lead
to the micro damage of prostheses and thereby increases the roughness parameter. Anather property that affects the deposition of
microorganisms is hydrophobic or hydrophilic nature of the surface. With the increase in hydrophilic property the biofilm formation
is reduced 53, It is believed that thedydrophilic material interferes with the-initial phase of microbial adhesion based on electrostatic
interactions, Van der Waals forces and hydrogen interactions. Candida species have a very strong affinity to the surface of the
acrylic base due to its specific nature but alsasbecausesofsits.hydrophobic properties..In the cell wall of Candida there are adhesins,
mainly mannoproteins, responsible for adhesion to host cellsi.Formosa et al. have shown that depending.on the conditions fungal
cells can produce adhesins on their surface. Then they change the conformation of structures known as nano domains, exhibiting
hydrophobic properties and.giving fungi affinity to all:hydrophobig; abiotic surfaces,including acrylic resin material. Absorbability
of the material is also its negative feature. In the first stage ofidenture use the material absorbs fluids from the oral cavity to its
interior. This results in‘an‘increase in weightofithermaterial;»whichrdoesnot significantly affectthe retention and function of the
prosthesis but the liquid absorbed into the interior comprises microorganisms present in the saliva making formation of the fungal
biofilm possible . However, some authors do not notice the correlation between the sorption of water and ease of accumulation of
microorganisms. The PMMA porosity, regarded as one of the major causes of the biofilm formation, seems to be of minor
importance. Studies conducted by Osica et al. on the.basis of computed tomography revealed an average porosity of PMMA at
0.01%. However, it should be remembered that this parameter varies over time, depending on the length of the prosthesis use and
at a later stage it can play a role in the deposition of microorganisms. The process of biofilm formation and the mechanisms
responsible for this process are multi-faceted and areithe subject of interest to'scientists all around the world.

The effect of ZnO nanoparticle coating on the frictional.resistance between orthodontic wires and ceramic brackets

Tooth movement is an essential part of orthodontic treatment. Sliding the tooth on an orthodontic wire is one of the techniques
in this context, with advantages including a decrease in chair time, patient comfort and 3-dimensional control of tooth movements.5*
On the other hand, one of the major disadvantages of this technique is the wire-bracket friction, requiring application of higher
forces to overcome it, which endangers the anchorage.® In order to induce tooth movements, it is necessary to apply mechanical
forces in the range of 100200 g on the tooth. Friction between the wire and bracket, which opposes tooth movement, is associated
with sliding movements. Subsequent to application of forces on the tooth, tipping movements begin, creating an angle between the
bracket and the wire. When such an angle reaches a threshold, a contact is created between the wire and bracket margins, resulting
in adhesion between metallic surfaces. Then, the wire gradually undergoes notching and plastic deformation. All these phenomena,
in turn, prevent continuous tooth movements, leading to intermittent halts in tooth movement.To overcome such a problem, the
applied force should increase up to 40—60% of the initial force. On the other hand, any increase in the amount of applied force
increases the risk of anchorage loss, which is considered an unfavorable event in orthodontic treatment. In addition, an increase
in the amount of force increases the risk of root resorption.® At present the use of ceramic brackets which are more esthetic than
steel brackets is on the increase but these brackets exhibit significantly higher frictional resistance compared to steel brackets.
Differences in frictional resistance between steel and ceramic brackets are attributed to the surface characteristics of ceramic
brackets.6

Use of nanoparticles with spherical structure was introduced in 1990s as solid lubricants. This technological achievement has been
considered to decrease friction between metallic surfaces. Redlich et al8 evaluated the amount of decrease in frictional forces
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between stainless steel orthodontic brackets and wires after covering the wires with saturated nickel-phosphorus and tungsten
disulfide nanoparticles. The results showed a significant decrease in frictional forces of the samples. Samorodnitzky et al®’
evaluated the effect of depositing spherical tungsten sulfide (WS2) nanoparticles on decreasing friction in nickel titanium (NiTi)
orthodontic wires. The results showed that WS2-containing wires exhibited a significant decrease in friction in all the three tests;
even AFM(atomic force microscope) analysis showed %% folds of decrease in frictional forces in wires containing WS2 compared
to wires with no coating. In a study by Wei et al,10 depositing a nanolayer of CNx (a carbon nitride film) on the stainless steel
wires resulted in a decrease in friction. Goto et al11 showed that depositing ZnO particles on stainless steel substrate in vacuum
decreased friction. Prasad et al®® reported that depositing WS2 particles on Iconel (a family of austenite nickel chromium-based
super alloys) substrate resulted in a decrease in friction and adding ZnO increased these effects several folds. Katz ¢ showed that
WS2 nanoparticles significantly decreased friction in arch wires. Obviously, future clinical use of coated wires, brackets or both
of them will depend on using safe biocompatibility materials according to accepted procedures. In particular, zinc oxide has been
used in many areas, such as catalysis, gas sensors, and recently as lubricants.

CONCLUSION:

This review emphasises on the use of zinc oxide nanoparticles in various aspects of dentistry. Most of the reports have shown more
research and study has to be carried on zinc oxide Nano particles to incorporate it commonly in today’s practice.
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