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Abstract: Maintenance of dental health has attracted attention of researchers at present. Various ma-
terials have been constructed and applied for curing different dental diseases, although limitation
of biocompatibility and safety is still a big challenge. To overcome these limitations, nanomaterials
with unique properties are incorporated into various dental treatment materials used in dental
applications, including endodontic treatment, periodontal treatment, implant treatment, oral surgery,
and restorative treatment, etc. Especially, reactive oxygen species-based nanomaterials equipped with
nanoscale properties and reactive oxygen activities can be used as sterilization agents in dentistry,
along with being used as good fillers in the dental field. This review concludes the common reactive
oxygen species (ROS) nanomaterials and reviews the utilization of ROS in dentistry, highlighting the
potential application and safety in clinical treatment. The future prospect will also be proposed to
conduct the clinic dental cure.
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1. Introduction

Dental diseases like dental caries and periodontal diseases are the widespread issues at
present caused by bacteria. Bacteria are adhered to the tooth surface leading to destruction
of tooth structure presented by means of the aggregation of the microorganism known
as oral biofilm, dental plaque [1,2]. A number of bacterial species of streptococci and
lactobacilli produce acids and break the balance between mineral ions in tooth and dental
plaque fluid, and normally cause demineralization and remineralization [3]. Tooth dem-
ineralization is always followed by the loss of calcium and phosphate from enamel and
dentin, while the calcium and phosphate lost by enamel will be deposited again into the
tooth during remineralization process [4]. If this accumulation and/or mineral dissolution
process is not stopped, serious oral disease will be caused [5]. Consequently, scientists try
to use conventional unltrahydrophobic surface coating layer with lotus effect to reduce and
control dental problems by inhibiting the demineralization process [6,7]. The surface wear
and equilibration of surface topography from the coating layer impeded the application in
dentistry. Fluoropolymer matrix integrating inorganic particles can achieve easy-to-clean
surface properties; nevertheless, fluoride has deficiency of limited penetration [8]. Thus,
to date, fabrication of novel materials and devices to prevent and manage oral disease
is still a big challenge for dental research [9]. Nanoscaled particles with a size approxi-
mately 5 to 100 nm have drawn scientists’ attention with numerous biomedical science
applications [10]. As superior antimicrobial activity and comparable physical properties,
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nanomaterials with small size and high surface area have been widely applied to the dental
field as innovative materials. Various nanoparticles are used in the dentistry field according
to the chemical and physical properties of nanoparticles. In recent years, the biocompatibil-
ity and bioactivity were improved using nanoscaled materials [11,12]. Especially, reaction
oxide species-based nanoparticles are applied to the dental field to enhance antimicrobial
performance and biocompatibility.

Reaction oxide species (ROS) are also called oxygen free radicals, which are byprod-
ucts of sites on the mitochondrial complexes I and III of the electron transmitter chain.
ROS normally include hydroxyl radicals (•OH), hydrogen peroxides (H2O2), and superox-
ides (O2

•−) [13,14]. In dentistry, ROS are generated from lasers, photosensitizers, bleaching
agent, cold plasma, and resin cement. Nonthermal plasma used as a source of ROS gen-
eration for biomedical applications has potential in use of dental stem cells. Dental stem
cells have various types at present, but their therapeutic uses are still largely untapped.
Periodontal ligament stem cell is the current focus of dental research study. Further study in
this field is necessary, including the mechanism of ROS with dental cells, and the utilization
of ROS in redox medicine. Such a study will supply instructions to the clinic treatment
for various diseases. As the application of ROS in many diseases has been elucidated,
ROS-based materials gained increasing importance. So far, ROS-based materials are still
relatively new, and emerging research for study.

Recently, researchers found that ROS-based silver particles have outstanding an-
tibacterial properties. Ramkumar team reported that silver nanoparticles can generate
reactive oxygen species, thereby interrupting adenosine triphosphate production, stimulat-
ing cell membrane destruction. Meanwhile, silver has self-extinction of microorganisms
by interacting with sulfur and phosphorus in DNA and inhibits protein synthesis [15].
Upon excitation with dental offices light (blue light), doped TiO2 nanoparticles can generate
antibacterial ROS for the long-term and repeatedly, while conventional organic antibiotics
are consumed when used [16]. Thus, the potential efficacy of ROS-based nanoparticles on
extending useful lifetime as addition of antibacterial functionality was determined. Gener-
ally, the mechanism of nanoparticles for sterilization in dentistry is elaborated in Figure 1.
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In this review, we conclude the ROS-based nanoparticles used in dentistry, as well as
their performance and potential dental application for the future. The functional mecha-
nism will be discussed. We also review superiority and deficiency of current ROS-based
nanoparticles used in dentistry. Furthermore, the possible challenge in developing ROS-
nanomaterials is concluded in this work.
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2. Reaction Oxide Species
2.1. ROS in Dentistry

ROS are free radicals involving oxygen with high chemical reactivity. Since the 1980s,
ROS was known as toxic agents altering biochemical balance of cells by producing irre-
versible oxidation species. However, recently, studies about ROS showed that they can have
positive effects as chemical mediators in intercellular communication. In cells, ROS are
metabolic byproducts in numerous diseases, associated with inflammation, injury, and cell
ischemia [17]. In inflammation of dental pulp, ROS may be released. Reduced nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase, cytochrome P450, and endothelial
nitric oxide synthase are common sources in cells. At low or moderate concentration,
ROS have positive effects such as tissue repair, cell differentiation, angiogenesis, and vascu-
lar endothelial growth factor (VEGF) induced cell migration, while at a high concentration,
uncontrolled cell activity may cause cell death and disease, carcinogenesis, mitochondrial
dysfunction. Therefore, ROS are not only generated as a cellular response, but are also
products of normal metabolism in cells [18].

2.2. Source of ROS Generation in Dentistry

ROS can be used in wound healing, immunological response generation, and antibac-
terial properties during dental treatment. In dentistry, the common sources of ROS are
generated from nonthermal plasma, lasers, photosensitizers, resin cements, and ionizing
radiation when exposed to right irradiation. We have listed the source of ROS generation
in Table 1 in details.

2.2.1. Nonthermal Plasma (NTP) for ROS Generation

The sterilization mechanism of NTP used in dentistry mainly depends on the gen-
eration of ROS, electromagnetic fields, ions, and electrons. Nowadays, as the stability
and safety of nonthermal plasma, it has become the most common and novel method
applied in dentistry [19]. Li et al. suggested that NTP became the more popular method
than traditional sterilization methods, which has superior safety, thoroughness, fastness,
and low temperature [20]. Some studies found that an NTP device has better efficiency on
deactivation of both Bacillus subtilis and E. coli than UV sterilizer. NTP devices can generate
reaction oxide species leading to deactivate the bacteria, but keep the tissue intact since it
can work under room temperature. Furthermore, NTP exert their function of treatment
and sterilization on the surface of tooth without drilling [21]. Recently, tiny and easy to
use plasma jet has been developed and can produce NTP in the root canal. Laroussi et al.
introduced a miniature jet (plasma pencil), which can be used in the treatment of Escherichia
coli, leukemia cells, and Porphyromonas gingivalis [22]. In addition, NTP can also be used
for the treatment of oral candidiasis, linear gingival erythema, and angular stomatitis.
The adhesion strength of the interface between dentin and composites can be enhanced
by about 60% using NTP treatment, thereby improving the performance, life durability of
restoration composites. Table 1 is the source of reactive oxygen species (ROS) in dentistry.

Table 1. Source of reactive oxygen species (ROS) in dentistry.

ROS Source in Dentistry Application in Dentistry Ref.

Nonthermal Plasma Wound healing, sterilization in gingival crevices, biofilm removal, dental implants,
and cleaning dentin during periodontal regeneration. [23–25]

Laser Tissue repair, gingivectomy [26,27]
Bleaching Agents Destroy root pathogens, sterilization [28,29]

Photodynamic Therapy and Light Sources Cause cellular damage, break biofilm, act as adhensive materials [30,31]
Ionizing Radiation and UV rays Break DNA molecule of bacteria, radiotherapy in dentistry, elimination cancer cells [32]

Cold atmospheric plasma (CAP) is one common type of NTP, which is a patient-
friendly and painless treatment of dental diseases. It can cause the inactivation of pathogenic
bacteria and effectively modify non-inflammatory tissues. It is an effective tool for the
treatment of dental caries and composite repair. In dentistry, it is widely used in root
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canal sterilization, disinfection of dental instruments and equipment, removal of dental
plaque, teeth whitening (bleaching), and enhancing adhesion strength [33]. Plasma dental
treatment is patient-friendly and appropriate to children and elder [34]. Thus, NTP has
promising prospects in the dental field. However, further research works are necessary to
clarify the mechanism of function and application in dentistry.

2.2.2. Laser for ROS Generation

In dentistry, laser is extensively used in tissue repair and gingivectomy procedures [35,36].
The advantage of laser compared to a traditional method is low pain feeling and sensitivity.
When exposed to laser therapy, the reactive oxygen species are activated. At a low level,
ROS can speed the growth factor and tissue repair processes, while the excessive ROS may
cause damage to the protein components of normal cells. Thus, the appropriate intensity and
exposure time of the laser are very critical during dental therapy process. Cold laser therapy,
the common low-level laser therapy, works under low levels of infrared light [37]. In addition,
laser for ROS generation is an effective approach to treat pulpal wound and facilitate the
formation of reparative dentin. Satoshi reported that laser irradiation generating ROS can
promote the calcification ability of human dental pulp cells [38].

2.2.3. ROS Generating from Bleaching Agents

In tooth whitening procedure, various oxidizing agents are applied to bleach the tooth.
Hydrogen peroxide, sodium hypochlorite, and ozone are the common oxidizing agents in
dental bleaching. During the oxidization process, they can produce ROS, which penetrate
through dentin and cause the decomposition of organic materials to achieve cleaning and
sterilization functions. Eimar’s study found that bleaching treatment was more effective
using hydrogen peroxide than others (NaOH and EDTA cleaning agents) [39]. However,
the utilization of hydrogen peroxide may also have unfavorable effects on soft and hard oral
tissues. When studied the effect of H2O2 on odontoblasts, Lee’s team discovered that ROS
fascinated cells differentiation, when the cells were treated with H2O2 at concentrations
below 0.3 mmol/L [29]. In clinical bleaching, the solution of 30% H2O2 or H2O2/TiO2
combination is commonly used. Makiko used TiO2 coated with hydroxyapatite and
produced a high level of ROS and showed superior bleaching effects without any change
of temperature and pH [28]. To maximize cleaning and sterilization functions, and to avoid
the deficiency in dentistry, the moderate generation of ROS is worthy of further discussion.

2.2.4. Photodynamic Therapy and Light Sources for ROS Generation

Photodynamic therapy and light sources are also forms to generate ROS. In a dental
office, blue light is the most common equipment for dental treatment. As we know, photo-
sensitizers can adsorb light when exposed to light irradiation, then, produce free radicals
to deactivate the microbial species. This process normally includes two steps. This first
process is the electron transformation and free radicals generation by the reaction between
photosensitizers and substrates. The second step is the formation of singlet oxide (active
species) by the reaction between photosensitizers and oxygen [40]. The photodynamic
treatment method is usually used as therapy for the periodontal disease, while the utiliza-
tion of blue light irradiation may accelerate aging of pulpal blood vessel [41]. Furthermore,
nucleus-targeting photodynamic therapy can generate ROS through introducing active
photosensitizers for oral cancer treatment. In oral cancer theranostics, nucleus-targeting
photodynamic therapy is a useful tool for destruction of cancer cells by directly attacking
the DNA. Aklima synthesized noble carbon dots using a combination of curcumin and
folic acid to enhance efficacy of photodynamic therapy for oral cancer treatment. Within
the nucleus upon two-photon excitation, enhanced ROS generation was observed [42].

2.2.5. Other Sources for ROS Generation

In addition, ionizing radiation and UV rays are also used to produce ROS to deal
with clinic dental problems [43]. In dentistry, the detection, identification, and completion
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removal of resin cement can be accomplished by ultraviolet illumination. Germicidal
lamps used to identify and kill bacteria have been successfully adopted [44]. As a new
mode of surface treatment for dental implant, ultraviolet photofunctionalization has been
attracted researchers’ attention. Generally, surface contaminants can be removed by UV
irradiation and photocatalysis. UV irradiation may result in skin aging and even cancer,
which impedes its large-scale utilization in clinic dentistry.

3. ROS-Based Nanomaterials Used in Dentistry

ROS-based nanoparticles have been adopted as efficient antibacterial materials and
sterilization agents with no side effects. The nano-size and big ratio between surface
area and volume of nanoparticles results in excellent efficacy with high antibacterial
properties. In Table 2, we have discussed the common nanomaterials, their inferiorities
and superiorities used in dentistry. It can improve the penetrability through the cell
membrane; at the same time it can produce reactive oxide species. Many works have
been done to study ROS-based nanoparticles used in dentistry. For instance, ROS-based
silver nanoparticles can be used in prosthetic treatment, restorative treatment, endodontic
treatment, adhesive materials in orthodontic treatment, as well as tissue regeneration in
periodontal treatment [45]. The summary of nanoparticles used in dentistry is concluded
in Figure 2.

Crystals 2021, 11, x FOR PEER REVIEW 5 of 13 
 

 

utilization of blue light irradiation may accelerate aging of pulpal blood vessel [41]. Fur-
thermore, nucleus-targeting photodynamic therapy can generate ROS through introduc-
ing active photosensitizers for oral cancer treatment. In oral cancer theranostics, nucleus-
targeting photodynamic therapy is a useful tool for destruction of cancer cells by directly 
attacking the DNA. Aklima synthesized noble carbon dots using a combination of curcu-
min and folic acid to enhance efficacy of photodynamic therapy for oral cancer treatment. 
Within the nucleus upon two-photon excitation, enhanced ROS generation was observed 
[42]. 

2.2.5. Other Sources for ROS Generation 
In addition, ionizing radiation and UV rays are also used to produce ROS to deal 

with clinic dental problems [43]. In dentistry, the detection, identification, and completion 
removal of resin cement can be accomplished by ultraviolet illumination. Germicidal 
lamps used to identify and kill bacteria have been successfully adopted [44]. As a new 
mode of surface treatment for dental implant, ultraviolet photofunctionalization has been 
attracted researchers’ attention. Generally, surface contaminants can be removed by UV 
irradiation and photocatalysis. UV irradiation may result in skin aging and even cancer, 
which impedes its large-scale utilization in clinic dentistry.  

3. ROS-Based Nanomaterials Used in Dentistry 
ROS-based nanoparticles have been adopted as efficient antibacterial materials and 

sterilization agents with no side effects. The nano-size and big ratio between surface area 
and volume of nanoparticles results in excellent efficacy with high antibacterial proper-
ties. In Tab.2, we have discussed the common nanomaterials, their inferiorities and superi-
orities used in dentistry. It can improve the penetrability through the cell membrane; at the 
same time it can produce reactive oxide species. Many works have been done to study 
ROS-based nanoparticles used in dentistry. For instance, ROS-based silver nanoparticles 
can be used in prosthetic treatment, restorative treatment, endodontic treatment, adhesive 
materials in orthodontic treatment, as well as tissue regeneration in periodontal treatment 
[45]. The summary of nanoparticles used in dentistry is concluded in Figure 2. 

 
Figure 2. The application of nanoparticles in dentistry. 

3.1. Metal Nanoparticles in Dental Treatment 

Figure 2. The application of nanoparticles in dentistry.

3.1. Metal Nanoparticles in Dental Treatment

Metal nanoparticles with high surface area have gained significant focus due to their
remarkable antimicrobial properties over the past few decades [46]. The excellent antimi-
crobial efficiency is mainly attributed to the small size and high surface area, which enable
to provide maximum contact with target objects. Small size particles can easily pene-
trate through cell membranes, thus, improving the reactivity and antimicrobial activity by
affecting intracellular processes [47].

3.1.1. ROS-Based Silver Nanoparticles

Silver nanoparticles are widely applied in prosthetic treatment, restorative treatment,
endodontic treatment, and orthodontic treatment as a remarkable antibacterial material
with low cytotoxicity and immunological response. In dentistry, silver nanoparticles
are incorporated to acrylic resins to fabricate removable dentures and adhesive materi-
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als [48]. They can increase the permeability of cell membranes, producing reactive oxygen
species, and block the replication of DNA by releasing silver ions during dental treat-
ment. However, this method also has detrimental effects. When incorporated in dental
materials, Ag nanoparticles may cause cosmetic issue specially tooth colored changing.
The safe concentration of Ag nanoparticles when used in dentistry is between 0.05 and
0.70% incorporated in polymers [49]. As reached to limitation of 10%, Ag nanoparticles
can influence monomer conversion from dental materials, which cause an increase in the
degree of hardened monomer composite, or cause allergic reactions [50].

3.1.2. The Antibacterial Mechanism of ROS-Based Silver Nanoparticles in Dentistry

Nano-silver particles can release silver ions continuously, which is considered a
main component to microbes. Silver ions have electrostatic attraction and affinity to
sulfur proteins leading to adhere to cell wall and cytoplasmic membrane. The adhesive
ions result in destruction of bacterial envelope through enhancing the permeability of
cytoplasmic membrane. Then silver ions into cell promote the producing of reactive oxygen
species, but interrupting the production of adenosine triphosphate. As previous mentioned,
reactive oxygen species can cause cell membrane rupture and deoxyribonucleic acid (DNA)
modification. In addition, silver ions can interact with sulfur- and phosphorous- containing
compounds such as DNA, playing a role in impeding DNA replication, cell reproduction,
leading to death of microorganisms. Moreover, silver ions can inhibit the synthesis of
proteins by denaturing ribosomes in the cytoplasm [51].

3.1.3. ROS-Based Au Nanoparticles

Au nanoparticles used as a vehicle is popular in medical and dental application.
Studies reported that chitosan-Au nanocomposites were used for wound curing, adhesive
bandages, and coatings. Au nanoparticles not only have excellent antibacterial performance,
but also can enhance the mechanical strength of composites. Innovative chirosan-based Au
nanoparticles have been constructed by Regiel-Futyra with no cytotoxicity that showed
high sterilization against of pseudomonas aeruginosa and staphylococcus aureus [52].
Au NPs can also be used as osteogenic agents. Heo used AuNPs as coating on the surface
of Ti implants to promote bone regeneration [53]. AuNPs can provide a non-invasive
approach to visualize dentin structure. Thereby, AuNPs is very useful as an antibacterial
composite and coating layer on the surface of the tooth. In addition, AuNPs can also be
utilized for multifunctional nanocarriers with antimicrobial effect and used in imaging
technologies in dentistry. However, under the high concentration, the agglomeration has a
negative effect when used in the dental field. Thus, the concentration of used AuNPs is
desired discussed in future research work.

3.2. ROS-Based Metal Oxide Nanoparticles in Dentistry

The metal oxide nanoparticles are mostly used in medical and dental field [54].
Metal oxide nanoparticles have a strong effect on teeth healing. It can avoid formation
of plaque inside the oral cavity caused by roughness and chemical decomposition from
conventional materials. Surface modification by metal oxide nanoparticles can improve
dental hardness and strength.

3.2.1. ROS-Based Titanium Oxide Nanoparticles

TiO2 has attracted a great deal of interest recently as a traditional excellent photo-
catalyst with strong bactericidal activity. It is also widely used in dentistry. Monteiro
used TiO2 as additive incorporated into 3.5% H2O2 bleaching agent to increase the release
of ROS, and found that after adding TiO2, the bleaching effect was improved compared
without additive and the enamel color was kept unchanged [55]. Komatsu reported that
TiO2 nanotubes used for tooth whitening can generate larger amounts of ROS than TiO2,
which are promising materials for dental bleaching [56]. Zane synthesized TiO2 nanoparti-
cles (20–30 nm size) with nitrogen doping using sol-gel and used as addition of antibacterial
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functionality to dental resins to extend useful lifetime by reducing secondary [57]. How-
ever, TiO2 can only absorb UV light. Researchers made many efforts to extend the light
absorption to visible-light by doping. In dentistry, doping TiO2 with transition metal ions
and anions has been studied. In addition, the toxicity and risks in vivo of TiO2 is the
vital consideration when used in the dental field. Kurzmann’s evaluated experiments on
TiO2 in vivo confirmed that bleaching agent containing TiO2/Ag or TiO2 nanoparticles
showed lower cytotoxicity than H2O2 [58]. Acrylic acid-functionalized TiO2 nanoparticles
was incorporated into resin adhesives, which can generated more ROS and showed supe-
rior photopolymerization as well as biocompatible properties with low cytotoxicity and
genotoxicity for dental applications [59].

3.2.2. ROS-Based ZnO Nanoparticles

Similar to the silver nanoparticles, ZnO nanoparticles have selective antibacterial
effect on bacteria. ZnO nanoparticles can effectively sterilize gram-negative bacteria and
gram-positive bacteria. ZnO nanoparticles have selective toxicity to bacteria with minimal
effects on human cells [60]. Its mechanism is related to the change of cell membrane activity
and reactive oxygen species. ZnO nanoparticles can generate active substances such as
H2O2 to inhibit the growth of microorganisms. Another potential antibacterial mechanism
of ZnO is the penetration of Zn2+ into cell medium, reducing the formation of biofilms by
inhibiting the active transport and metabolism of carbohydrates, and replacing magnesium
to disrupt the enzyme system, which is the vital for enzyme activity of oral biofilms [61].
Its sterilization effect on streptococci is better than silver nanoparticles. However, studies
showed that the right concentration of nanofiller is critical, and 10% ZnO nanoparticles
used in dental composite resin can effectively kill bacteria. To keep original mechanical
properties, achieving the maximum antibacterial activities by controlling the proportion of
dental composite resins will be the focus for the future research work.

3.3. Other Nanoparticles Used in Dentistry

Organic nanoparticles like chitosan nanoparticles as a novel drug delivery carriers
have also been used in dentistry for sterilization. With the functionality and cytocompatibil-
ity, the chitosan can increase the release of drug, which is ideal for therapeutic interventions
for daily oral care [62]. Because of the stable physiochemical properties and good steril-
ization, CuO was used in oral care. However, the potential adverse effect impedes the
application caused by residual materials. Khan synthesized CuO NPs with a size of 40 nm
and assessed their sterilization for oral microbe and biofilm on diverse matrices [63]. The ex-
tensive application of CuO in dentistry is still a big challenge because of the adverse effects.
Generally, the types of ROS-based nanoparticles contain metal nanoparticles, metal oxide
nanoparticles, and polymer or organic nanoparticles. We conclude on other nanoparticles
and summarize the advantages and disadvantages used in the dental field, as well as the
mechanism of killing microbacterials, in Table 2.

Table 2. Summary of ROS-based nanoparticles used in dentistry.

Nanoparticles Dental Application Mechanisms/ROS Generation Superiorities Inferiorities Ref.

Silver

Antibacterial agents, dental
restorative materials, dental

implants, root canal irrigation,
orthodontic treatment.

Producing ROS,
Releasing free silver ions leads

to interruption of ATP
molecules, preventing DNA

replication or silver ions (Ag+)
directly damage cell

membranes.

Reduce bacterial
colonization and improve

oral health. biocompatibility,
low toxicity and long-term

antibacterial activity.

AgNPs are toxic, may cause
silver-poisoning, lacking of

research data in vivo to
prove its safety.

[48]

Gold

Gingival inflammation, dental
caries treatment, tissue

engineering, dental implants,
cancer diagnosis.

ROS production.
Small size, large specific

surface area, with minimal
adverse to mammals.

Toxic. Particles distribution
in various organs. Larger

gold nanoparticles scattered
throughout the liver and
spleen, harmful effects on

various systems.

[64]
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Table 2. Cont.

Nanoparticles Dental Application Mechanisms/ROS Generation Superiorities Inferiorities Ref.

TiO2
Preparing dental adhesives,

dental restoration. ROS production.

Compared with traditional
dental adhesives, dental
adhesives with acrylic

functionalized
nano-titanium dioxide have
a stronger binding effect on

human teeth.

The cytotoxicity and
genotoxicity cannot be

warranted.
[59,65]

ZnO
Deformation and damage of

cells, surface coating material
with antibacterial activity.

ROS production, inhibition on
bacterial growth and biofilm

formation.

Cell wall of bacteria can be
destroyed at low

concentration of ZnO-NPs.

Its mechanism of inhibition
on bacterial growth and
biofilm formation is still

obscure.

[66]

Zirconia

Reducing bacterial adhesion to
the tooth surface, providing

protection against dental caries,
effective polishing agent.

Yield ROS.

Similar mechanical
properties and color like a

tooth, have low cytotoxicity,
sensible biocompatibility,

and high fracture resistance.

Cytotoxic, inducing
oxidative stress in cells,

leading to cell death.
[67,68]

CuO

CuO NPs can improve the
antibacterial performance and

binding strength as
orthodontic adhesives.

ROS production.

Low-priced and more stable,
have strong antimicrobial

effects on inhibition of
bacterial colonization and

plaque development.

Exhibit toxic effects. [69]

Silica
Tooth filler, tooth whitening,
prevention for tooth cavity,

antibacterial agent.

By polishing prevents dental
caries, which acts as a primary

defense
mechanism against the

cariogenic bacteria.

Good biocompatibility, low
toxicity, low density,

significant adsorption
capacity and low cost.

Silica nanoparticles, like
crystal particles, can induce

silicosis and lung cancer.
SiNPs are cytotoxic. In

addition, it can also induce
oxidative stress and mediate

cell apoptosis. SiNPs also
have genotoxic effects (DNA

damage, gene regulation
involving apoptosis and

autophagy) and
immunotoxic effects.

[70,71]

Carbon
nanotube

Teeth filling, coating layer on
the teeth surface.

Carbon nanotubes can adhere
to the surface of dentin and

cementum by interacting with
exposed collagen fibers.

Large surface area, easy to
adhere to the surface of

teeth, dentin and cementum.

May induce inflammation
and fibrosis under certain

conditions.
[72]

4. Clinical Applications of ROS-Nanoparticles in Dentistry

Nanoparticles with nano-scale size have prominent influence in molecular restora-
tion and regeneration of necrotic tissues. Recently, with low toxicity, good sterilization,
and enhancing interaction with protein, nanomaterials were widely utilized for periodontal
treatment and management. For instance, nanoparticles were incorporated into composite
resins and binding materials to improve the tensile strength and compressive strength
for oral restoration treatment. Nanoparticles were also used as a novel method for canal
space irrigation, removal of pulp debris. The addition of nanoparticles has also been
proven to be an effective method for root canal organisms, preventing the recurrence of
infection. Used in implant treatment, nanoparticles can be used as osteogenesis agents
with good biocompatibility and adaptability of oral tissue. Developments of nanoparticles
for periodontal apparatus, dentine, bone, cementum, and periodontal ligaments have
huge commercial applications. In recent studies, Li’s team used gold nanoparticles with
45nm particle size for the treatment of periodontitis, and the results showed that gold
nanoparticles have good anti-inflammatory effects and can enhance the periodontal envi-
ronments [73]. Fe3O4-silane@Ce6/C6 nanoparticles with amphiphilic property have been
prepared to inhibit the occurrence of periodontal disease in Sun’s work [74]. Impregnated
nanoparticles along with tissue can mimic formation of host tissues. The formation of
biomaterials in different forms can be used for various dental applications. The continuous
improvement for treatment method and advances for clinic application of nanoparticles is
promising way to dental care [75].

5. Safety Evaluation of Nanoparticles in Dental Application

Indeed, nanomaterials have different biological effects on cellular, subcellular, and pro-
teins. Some of them are easy to adhere to organs, penetrating cell membranes, or staying
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in mitochondria, then, causing different adverse reactions. Recently, many studies have
shown that nanomaterials can accumulate in the heart, liver, spleen, lungs, and kidneys
of animals. Generally, the blood–brain barrier can prevent this substance from entering
the brain, leading to disease. However, due to its small size and high surface activity,
nanomaterials can pass through the brain barrier, and may even reach the brain through
the olfactory and sensory nerve centers, causing pathological changes.

In general, the biological toxicity of nanomaterials can be summarized as: oxidative
stress and inflammation. Thus, the safety of nanoparticles needs to consider these two
aspects. However, the accuracy and reliability of traditional methods and techniques for an-
alyzing the toxicity of nanomaterials need to be explored and strengthened. About whether
the nanomaterials with unique physicochemical properties have introduced new damage
mechanisms and whether these new mechanisms will lead to new pathologies need further
verification. Even though nanomaterials do not introduce new pathology, there may be new
damage mechanisms that have not been realized. Thus, special tools and characterization,
assessment approaches, and methods are necessary to evaluate their toxicity. Therefore,
it is too early to draw a clear conclusion on their inherent harm to the human body. So far,
the toxicity mechanism of nanomaterials is still obscured [76].

6. Conclusions and Future Prospect

With the industrialization development of nanotechnology, dental nanomaterials have
been widely used. Especially in the dental field, the utilization of nanomaterials for daily
life has greatly increased. Nanotechnology-based materials have intensively improved
clinical treatment and promoted the innovation of many conventional dental materials.
This review summarized the main types of commonly used ROS-based nanomaterials
in the dental field, and summarizes their possible mechanisms for dental antibacterial
applications. The current challenges and safety performance evaluations of these mate-
rials in this field are concluded, which may provide feasible clinical guidance for future
dental research.

Nanotechnology has attained prominent achievement in tissue sterilization, modifica-
tion on the surface of materials, and dental whitening, but this method used in dentistry is
still in the initial stage. The mechanism and long-term effects and non-toxicity still need to
be clarified for a long time when used in clinic oral medicine. It is desirable to further study
how to make it more human-friendly for use, easier to operate, how to make the process
more simplified, reduce operating time, and make required dosage more precise. Future
work will focus on reducing the operating time, enhancing the antibacterial efficiency,
while minimizing the adverse impact on oral tissue. Some studies reported that the toxic
of nanoparticles can be decreased through controlling nanoparticles diameter and surface
modification. Thus, these aspects of studying nanoparticles in the dental field may be
valued for the next research work.
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