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Root canal ecosystem is a complex environment due to its anatomy and persistence of microorganisms; those may reside within the canal after

therapeutic efforts and cause subsequent complications and treatment failure. Nanomaterials with unique physicochemical properties have high

accessibility to untouched areas of the intracanal ecosystem. Therefore, they have attracted the attention of researchers on the efficacy of

nanodentistry in endodontics. This Letter reviews the recent advances in nanodentistry, especially in root canal treatment. In addition, it

focuses on the application of nanoparticles in treatment and prevention of a variety of post-treatment infections in endodontics, treatment

of antibiotic resistance and bacterial biofilm structures. In addition, it points out applications of nanoparticles in endodontic materials,

restorative materials, dental adhesives, implants, prostheses and dentures. At last, the Letter elaborates on how nanoparticles used for

targeted endodontic drug delivery and their efficiently controlled releases.

1. Introduction: Nanodentistry is rapidly advancing towards

diagnosing and treating diseases including caries, infections,

periodontal disease and restorative dentistry. Nanodentistry also

helps with performing surgeries more efficiently, and preventing

later complications of common approaches in oral health, dental

care and post-treatment disease. Nanodentistry research studies

mainly focus on producing new materials with specific

characteristics or manipulating the current materials to improve

their function and physical properties. These nanomaterials can

mimic the natural processes or act as nanorobots to improve

common dentistry procedures. For this purpose, various nano-

structures are applied in the forms of nanoparticles (NPs),

nanospheres, nanotubes, nanofibres, nanorods, dendrimers, and

dendritic copolymers.

Various applications of nanomaterials in nanodentistry have

studied in the past decades containing restorative dental materials,

dental adhesives, elastomeric prostheses, dental implants and

dentures.

In endodontics, nanomaterials have been used as filler materials

in the form of sealers, Gutta Percha and cement, and as disinfectants

in form of irrigants or medicaments. None of the current endodontic

irrigants or medicaments has all the required properties and each of

them can cause some complications, such as toxicity, a decrease of

dentine strength or unpleasant taste. Furthermore, these common

disinfection irrigants cannot affect difficult-to-reach regions and

can be inactivated by organic components [1]. Therefore, some

nanomaterials and nanostructures have designed as disinfectants

and their properties have improved as much as possible to

achieve a perfect treatment. The following section elaborates

further on the application of nanomaterials for endodontic purposes.

1.1. Silver NP: The antibacterial activity of AgNPs as endodontic

sealers and irrigants has been investigated in previous studies.

These NPs could improve the antibacterial efficacy [2, 3] and can

affect physiochemical properties of dentin [4]. Bruniera et al. [5]

evaluated a formulation containing 75% AgNPs (w/w) suspension

as intracanal disinfectants and concluded that AgNPs could be

label as a potential disinfectant in root canal treatments. In

another study, Fan et al. used Ag-loaded mesoporous bioactive

glasses and mesoporous calcium-silicate NPs as intracanal medica-

ments in root canal therapy. Mesoporous structures could penetrate

into dentinal tubules and induced a sustained release of Ag ions

over time. This caused longer and controlled existence of AgNP

in root canal space and helped to optimise the antibacterial effects

of Ag on bacterial strains without significant cytotoxicity [6].

Ertem et al. evaluated the core-shell structure of AgNPs applied

as endodontic irrigation. They demonstrated that core-shell AgNPs

had an acceptable antibacterial effect on oral biofilm, even longer

than that of AgNPs alone, possibly due to the increasing presence

of soluble Ag ions over time. Therefore, endodontic irrigations

containing core-shell AgNPs might be a good choice for those

applications which need a long-term antimicrobial activity [7].

Although a few studies showed increasing antibacterial effects

by adding NPs to conventional materials, some other studies were

unable to confirm such findings. Alabdulmohsen and Saad

showed that the composite of AgNPs has a less antibacterial

effect against Enterococcus faecalis (E. faecalis) compared to con-

ventional materials [8]. Wu et al. also evaluated antibacterial effects

of AgNPs as an irrigant or medicament in root canal therapy. They

reported that AgNP as a medicament was able to eliminate bacterial

films, however, this effect was not observed when AgNP was used

as an irrigant [9].

1.2. Zinc: In addition to AgNPs, zinc oxides (Zn) NPs also

considered as important and practical NPs investigated as an

endodontic disinfectant. ZnNP can eliminate bacterial films;

therefore, it could be used for enhancing the antibacterial effects

of endodontic materials. These NPs have shown to demonstrate

an effective bactericidal activity by enhancing tissue regeneration

and improving wound healing [10, 11]. Kishen et al. evaluated

the antibacterial activity of cationic ZnNPs added to endodontic

sealers and suggested that ZnNPs could inhibit the adherence of

bacteria to treated dentin and hence, was capable to improve anti-

bacterial properties without changing in flow characteristics [12].

1.3. Metal oxide NP: Most metal oxide NPs, such as Zn NP, iron

oxide NP, TiO2 NP and Mg NP are good choices for clinical

applications because of their appropriate antibacterial activities
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and biocompatibility with human cells [13–15]. As metal oxide NPs

has high physicochemical activity, they show a wide range of

reactions with bacteria. In addition, these NPs withstand

temperature changes and harsh conditions making them capable

of remaining active in the root canal system and continuing their

antimicrobial effects. Mg NP aqueous solution is reported as an

endodontic irrigant with longer antibacterial activity than sodium

hypochlorite [16].

1.4. Chitosan NP: Chitosan (Cs) NPs reported to have the potential

to use in endodontic disinfection [17]. The potency of CsNP to

eliminate or disrupt bacterial films assessed and the results

showed that antibacterial properties of these NPs retained even

after 90 days [18].

1.5. Poly lactic-co-glycolic acid (PLGA) NP: In recent studies,

photodynamic therapy was experimented using photosensitiser

methylene blue (MB) to inactivate microorganisms; however, it

did not demonstrate sufficient efficacy [19]. Polymer-based NPs,

such as poly lactic-co-glycolic acid (PLGA) NP, have been used

for improving MB delivery and release and revealed that PLGA

conjugated MB mainly concentrated on the cell walls of microor-

ganisms, penetrated well and reduced the number of bacteria

during the planktonic phase [20].

1.6. Quaternary ammonium polyethylenimine (QPEI) NP:

Quaternary ammonium salt is a cationic surface-active agent with

potential clinical applications. It has shown to have high anti-

microbial activity against bacteria, some viruses, yeast, fungi, and

protozoans. This insoluble NP has also shown a prolonged anti-

microbial activity experimented in vivo and in vitro conditions

[21]. Beyth et al. tested a combination of QPEI NP and an epoxy-

based endodontic sealer. This incorporation provided a bactericidal

surface with appropriate physical properties, especially good

flow rate [22]. In addition, Kesler Shvero et al. evaluated the anti-

bacterial effects of endodontic sealers incorporated with QPEI as

an insoluble cationic NP. The results of this study showed

that the modified epoxy resin-based endodontic sealer trapped

bacteria and promoted bacterial cell death. This nanocomposite

showed stable and significant antibacterial properties at low

concentrations [21].

1.7. Nanocarbon materials: Nanocarbon materials have a wide

range of applications in medicine. A few studies have shown that

graphene, nanotubes of carbon, fullerene, and diamond NPs could

improve mechanical properties of some biomaterials, provide

colloidal stability, sustain the release of some biological agents,

and have antibacterial activities [23]. Recently, carbon nanotube

(CNT) has received considerable attention due to its unique proper-

ties in biomedical applications, especially dentistry. It improves the

strength of implants and composite materials, proliferation, cell

adhesion, and antibacterial activity. Akasaka et al. evaluated the

effects of multi-walled CNT coating on tooth slices. The results

showed that CNT adhered selectively and easily to the surfaces of

dentin and cementum without causing any changes in tensile

bond strength of dental adhesives. It is probably due to its

strong interaction with collagen. This unique feature makes CNT

application in improving endodontic and restorative materials

promising [24].

The results of a study reported proper antimicrobial activity for

single-walled nanotubes applied as surface coatings and water filtra-

tion; [25] therefore CNT materials could be used in dental equip-

ment and dental water filtration systems due to their antimicrobial

properties [26]. Graphene-based materials, such as graphene,

graphene oxide (GO), and reduced GO improve the physical,

chemical and antibacterial properties of biomaterials with low

toxicity. Graphene sheets, for instance, have shown high surface

area and mechanical strength with the ability to affect stem cell

differentiation [27]. Dybowska–Sarapuk et al. reported that gra-

phene and graphene-nanosilver layers which are graphene coated

with AgNPs could prevent bacterial biofilm formation [28].

GO is a derivative of graphene with various applications in

medical and biological sciences. In many studies, the antimicrobial

properties of GO, especially against dental bacteria, have been

shown [29, 30]. He et al. evaluated the antibacterial effects of

GO nanosheets against dental pathogens. The results suggested

that these nanosheets effectively inhibited the growth of these

microorganisms by damaging bacteria membrane and cell walls

by compromising their integrity [31]. In addition, Lee et al. reported

that GO nanosheets incorporated PMMA, widely applied as dental

materials, can have antibacterial effects on microbial species by

sustained antiadhesion properties [32]. Incorporation of anti-

bacterial materials into fillers could prevent reinfection in the root

canal system. Lee et al., added nanodiamond to Gutta Percha to

improve the antibacterial effects of this common filler material

in endodontic treatment. This modified Gutta Percha was able to

eliminate existing microorganisms sufficiently [33].

1.8. Silica NP and its derivatives: Silica NP is an important

material in nanotechnology due to its antibacterial activity in

many biological applications. In addition, silica NP acts as an anti-

biotics carrier due to its good biocompatibility, high chemical and

thermal stability, and high surface area. Modifications made on

the surface of the NPs could also help to target drug delivery and

provide prolonged and efficient drug interaction with the target

tissues. Therefore, the modified NP can facilitate optimal antibiotic

concentration access to the diseased tissue resulting in reducing

dosage frequency, side effects, fluctuation of drug, and overcoming

antimicrobial resistance.

Mesoporous silica (MSN) NP could also be a good choice for

drug delivery application. The properties of MSN, such as high

stability and surface area, tunable size, and large volume of the

pore, makes it suitable for intracellular controlled release of

drugs, genes, and other agents [34]. Tian et al. introduced MSN

structure, which encapsulated calcium and phosphates for the treat-

ment of dentin surfaces and tubular sealing. Obstruction of dentinal

tubules with MSNs as a means to achieve deeper sealing could be

an effective strategy for the treatment of dentin hypersensitivity.

Due to their nanoscale size, these structures could penetrate into

deeper areas, about 105 µm into the dentinal tubules. Dentin hyper-

sensitivity is a common complication, which may occur after some

dental treatments for the patients. Furthermore, these nanostructures

could act as sources of calcium and phosphate to improve

remineralisation [35]. Mesoporous calcium-silicate nanoparticles

(MCSNs) can also apply as an endodontic disinfectant. AgNP

and ZnNP incorporated MCSNs can adhere to the walls of root

canal well and penetrate into dental tubules along with maintaining

mechanical properties of dentin such as elasticity or flexural

strength [36].

Bioactive glass NP is another form of silica-based material

showing antibacterial effects against oral aerobic bacteria respon-

sible for periodontal diseases and caries. Bioactive glass nano-

powders could also bind to surrounding living tissues and help to

maintain osteoplastic phenotype, growth and maturation of

osteoblast-like cells on their surface [37].

2. Advances in nanomaterials and nanotechnologies in

endodentics: Endodontics has made remarkable progress in

material and technologies. These advances could be categorised

in the fields of endodontic imaging, procedures of regenerative

endodontics, root canal preparation, root canal filling and endo-

dontic disinfection [38]. Nanotechnology has widely emerged as

a promising scientific field to solve many longstanding problems

in these areas and has brought about promising improvements in

endodontics. Most of these studies have focused on antibacterial

effects of NPs; since the main challenge in endodontics is the
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failure of current procedures in overcoming bacterial resistance

[39]. It is vital to eliminate bacteria completely from root canal

space and prevent its reinfection; therefore, effective disinfectants

are necessary for a successful root canal treatment. Additionally,

some studies applied medicinal herbs such as Zataria Multiflora

and Aloe vera [40] and Cinnamomum zeylanicum essential oil

[41] as medicaments in root canal treatment, which presented

acceptable antibacterial efficacy compared to common endodontic

materials, especially in prolonged exposure time.

Moreover, various NPs have studied in the form of solution for

irrigation, medication, and as additive materials to sealers to give

them improved antibacterial properties. Functionalisation of NPs

using photosensitisers and antibiotics helps to increase their anti-

bacterial effects [42].

2.1. Properties of NPs: Physicochemical properties of NPs are

major factors regarding their antibacterial activities. These signifi-

cant properties include particle size, charge and morphology of

surface, zeta potential and crystal structure; however, there are

some other factors, such as bacterial species, exposure frequency,

and environmental condition, which should not be ignored either

[43, 44]. Various NPs have widely been used as antimicrobial

agents because of their unique characteristics. Studies have

shown that each NP has specific effects on specific microorganisms.

These effects might be different due to NPs’ specific characteristics

and different performances.

Abbaszadegan et al. evaluated the antimicrobial activity of

AgNPs using negative, positive and neutral surface charges. The

study showed that the surface charges of bacteria were an important

factor in the antibacterial activity of Ag NPs. The results indicated

that positively charged AgNPs showed better antibacterial efficacy

against planktonic E. faecalis with acceptable cytocompatibility

[45]. The same antimicrobial effects of positive charge at the

surface are also seen in QPEI [43]. Electrostatic interactions

between the cationic surface of NPs and multiple anionic sites on

bacterial cell surface might be the reason for the success of QPEI

in eliminating bacterial resistance [22]. In addition to different

kinds of electrical surface charges, the amount of charges is also ef-

fective in antimicrobial activity of NPs [46]. In addition, the size of

NPs is one of the main determining factors in antibacterial effi-

ciency of NPs, where the smaller sizes can induce unique properties

such as more interaction with bacterial cells. These properties help

to improve antibacterial efficacy of NPs and makes their application

controllable [43].

2.2. Filler materials: Apart from the progress made in developing

novel irrigants and enhancement of their mode of delivery, to

achieve an acceptable treatment, filler materials also need to be

improved. Root-filler materials are expected to provide an effective

barrier against pathogens while being ecofriendly and easy to

control. However, common materials used for filling root canal

system could not meet these expectations [38], thus either various

NPs such as QPEI and zinc are added to these materials or the

same materials undergo nanomodification to be used as endodontic

fillers capable of bactericidal activities. Hydrophobic properties and

a positive charge of QPEI increase its antibacterial activity [47].

Adding titanium dioxide NPs also prevents microorganism

adhesion and biofilm formation by increasing the hydrophilic

activity of materials [48]. Silica NPs could also increase the flexural

strength, thermal and strength stability of materials [49]

Gerasymchuk et al. confirmed the antimicrobial activity of graphite

oxide-based composite containing silver NPs. These NPs could be

added to endodontic fillings as an effective bactericidal agent

because of their high and prolonged antimicrobial activity [50].

Additionally, nano-modifications of materials such as WMTA

could improve some features of common materials. Nanomodified

WMTA caused the release of calcium, which is an external

supply of minerals and elevation of the pH, that both of which

are among important factors regarding the antibacterial activity.

Furthermore, it helped to promote the healing process in dental

tissues [51].

2.3. Beyond the antibacterial effect of NPs: In addition to anti-

bacterial activity, nanocomponents have other important impacts

on dentistry. MSNs could be applicable to dentinal tubule occlu-

sions due to their small size, high reactivity and solubility. The

application of sealers containing MSNs during dentin hyper-

sensitivity treatments has examined. Some NPs such as MSNs

penetrate effectively to deeper areas, which are often inaccessible.

If MSNs encapsulated calcium and phosphates, they could act as

a sustained release source of these ions and facilitate the remineral-

isation process [35]. Hence, MSNs might be a good choice for drug

delivery in root canal treatment. As graphene and its derivatives are

modified and functionalised with several biomolecules for medical

applications, they also might be a useful media for medicaments

and substrates particularly in endodontics [27]. MCSNs used for

controlling drug delivery and mineralisation. Fan et al. described

a controlled release device composed of Ag–MCSNs which could

be used to deliver several biomolecules and, therefore, might

serve as a good candidate to synthesise developed multifunctional

biomaterials [52].

In addition, adding some NPs to common endodontic materials

could cause a controlled release of essential ions, such as Ca2+ or

fluoride those are essential factors in dental tissue regeneration,

remineralisation and prevention of recurrent caries. Moreover,

nanomodification of some dental materials can be helpful in root

canal therapy. Zand et al. reported that nanoparticle calcium

hydroxide, used as an intracanal medicament, penetrated into

dental tubules more deeply than conventional calcium hydroxide

and subsequently showed more antimicrobial activity due to the

longer presence time [53]. In addition, several NPs, such as

titanium, zinc, or cerium nano-oxides are investigated with

respect to their improving effect over mechanical properties of

maxillofacial prostheses [54]. Moreover, Xia et al. reported that

functionalisation of calcium phosphate cement scaffold with iron

oxide NPs [55] or gold NPs [56] can improve bone regeneration

by effecting on dental pulp stem cells.

3. Concerns about nanomaterials: As nanomedicine and nano-

dentistry are rapidly developing worldwide, several issues including

public acceptance, regulation, ethics and human safety must be

addressed before NPs’ widespread use; especially since their

application in dentistry is directly related to human cells.

Although the increasing size-dependent absorption of NPs is a

significant advantage for the delivery of materials to unreachable

areas, it might, as well, because of a number of unwanted effects

on cells and organs such as lung, brain etc. In addition, due to

their very slow degradability, NPs interference with biological

processes is a serious concern. NPs could massively attack into

cell structures and react with DNA, RNA or other intracellular

components which may even lead to gene mutations [57].

To induce and assess health risks, NPs should be absorbed in

significant quantities and evaluated individually in each new

material. In addition, there are engineering challenges, such as the

complexity cost of synthesis and user safety in need of consider-

ation. There are also concerns about the toxicity of chemical

agents used in the synthesis and manufacturing of bio-friendly

nanomaterials. For this reason, in several studies, biological

synthesises of NPs, such as green synthesis, have been developed

to reduce risks for environment and laboratory users [58]. In line

with nanodentistry and its increasing development, massive

studies and clinical trials are essential to confirm the safety of

nanomaterials.

One of the main concerns regarding the use of NPs is toxicity.

Despite the effectiveness that nanomaterials have shown in nano-

dentistry, nanosafety remains a controversial issue. Some studies
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have suggested that NPs could result in cytotoxicity, neurotoxicity

or genotoxicity [59, 60]. Nanotoxicity depends on many factors

including concentration or size of NPs, surface charge [61],

method of synthesis [62], exposure time and cell lines [1, 63].

Different cell lines used in toxicity assays include fibroblast cell

lines such as 3T3 mouse fibroblast [64], L929 mouse fibroblast

[46], osteoblast like cells [65], human liver hepatocellular

carcinoma cell line [59, 63], human peripheral blood lymphocytes

[66], human periodontal ligament stem cells [67], proliferation of

macrophage [68] etc. It is possible for one NP not to be cytotoxic

to some cell lines while having toxicity on some others [69].

Temporary usage of NPs can significantly prevent the toxicity of

these materials. Therefore, specific assays on individual dental

cell lines are crucial for each new material designed or developed

in dentistry.

4. Conclusion: Nanodentistry creates an opportunity to improve

dental material efficacy and reduces failures. In this new therapeutic

approach, optimising physicochemical properties of NPs for

targeted tissues are crucial. Numerous nanostructures and nano-

materials have studied in endodontics, which represents specific

features such as high stability with optimal therapeutic activity,

antimicrobial functionality and possibility of penetrating to deeper

unreachable areas such as dentinal tubules. In addition, some

surface-modified NPs could act as carriers for chemicals and

medicines. These modifications also help intracellular controlled

release of drugs. Various NPs, such as AgNP, ZnNP and QPEI,

applied in forms of irrigants, medicaments or as additives to

sealers and restoratives materials often act as antimicrobial agents

in root canal treatment. According to the recent studies each NP

have a specific range of antimicrobial activity on a particular

panel of microorganisms, therefore, each newly designed nano-

materials should be assessed individually.

Regarding nanosafety issues, public acceptance, regulations,

ethics and human safety are among those items to be taken into con-

sideration before NPs’ widespread applications. Endodontic studies

have shown that NPs may cause cytotoxicity, neurotoxicity and

genotoxicity depending on several factors including NP type,

amount of concentration, size, exposure time, type of cell lines

and the method of synthesis. This has emphasised the necessity

to develop nanosafety researches further to keep up with rapid

nanodentistry advances.
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