Supplementary Table 1. The top 100 most-cited articles about nanoparticles in endodontics

	Citation rank
	Reference
	No. of citation
	No. of citation density (rank)
	Nanoparticle type
	Usage
	Main findings

	1
	Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The antibacterial mechanism of silver nanoparticles and its application in dentistry. Int J Nanomedicine 2020;15:2555-2562.
	271
	135.5 (1)
	AgNP
	Irrigant, combination with Gutta-percha, repair material, intracanal medicament
	AgNPs can be used in endodontics due to their higher antibacterial effects.

	2
	Wu D, Fan W, Kishen A, Gutmann JL, Fan B. Evaluation of the antibacterial efficacy of silver nanoparticles against Enterococcus faecalis biofilm. J Endod 2014;40:285-290.
	164
	20.5 (6)
	AgNP
	Irrigant and intracanal medicament
	Antibiofilm efficacy of AgNPs depends on the mode of application. AgNPs as a medicament and not as an irrigant showed potential to eliminate residual bacterial biofilms during root canal disinfection.

	3
	Waltimo T, Brunner TJ, Vollenweider M, Stark WJ, Zehnder M. Antimicrobial effect of nanometric bioactive glass 45S5. J Dent Res 2007;86:754-757.
	157
	10.47 (22)
	Bioactive glass 45S5
	Bioactive glass
	The shift from micron- to nano-sized treatment materials afforded a ten-fold increase in silica release and solution pH elevation by more than three units. Furthermore, the killing efficacy was substantially higher with the new material against all tested strains.

	4
	Shrestha A, Shi Z, Neoh KG, Kishen A. Nanoparticulates for antibiofilm treatment and effect of aging on its antibacterial activity. J Endod 2010;36:1030-1035.
	151
	12.58 (16)
	CS-NP, ZnO-NP
	Irrigant
	The present study highlighted the efficacy of the nanoparticles to reduce biofilm bacteria, disrupt biofilm structure, and retain the antibacterial property even after aging. CS-NP and ZnO- NP present a potential approach in biofilm disinfection.

	5
	Pagonis TC, Chen J, Fontana CR, et al. Nanoparticle-based endodontic antimicrobial photodynamic therapy. J Endod 2010;36:322-328.
	150
	12.5 (17)
	PLGA
	Irrigant
	The utilization of PLGA nanoparticles encapsulated with photoactive drugs may be a promising adjunct in antimicrobial endodontic treatment.

	6
	Kishen A, Shi Z, Shrestha A, Neoh KG. An investigation on the antibacterial and antibiofilm efficacy of cationic nanoparticulates for root canal disinfection. J Endod 2008;34:1515-1520.
	145
	10.36 (23)
	CS-NP,

ZnO-NP,

mixture of CS-NP and ZnO-NP
	Irrigant and sealer
	This study showed that the incorporation of nanoparticulates did not alter the flow characteristics of sealer but improved the direct antibacterial property and the ability to reach out antibacterial components.

	7
	Bapat RA, Chaubal TV, Joshi CP, Bapat PR, Choudhury H, Pandey M, Gorain B, Kesharwani P. An overview of application of silver nanoparticles for biomaterials in dentistry. Mater Sci Eng C Mater Biol Appl 2018;91:881-898.
	122
	30.5 (2)
	AgNP
	Irrigant, combination with Gutta-percha, repair material, intracanal medicament
	Since most of endodontic materials do not possess any antimicrobial activity, incorporation of AgNPs in root canal filling materials and intra-canal irrigation could be explored further.

	8
	Noronha VT, Paula AJ, Durán G, Galembeck A, Cogo-Müller K, Franz-Montan M, Durán N. Silver nanoparticles in dentistry. Dent Mater 2017;33:1110-1126.
	117
	23.4 (5)
	AgNP
	Irrigant, combination with Gutta-percha, repair material, intracanal medicament
	AgNPs are promising in formulations for root canal treatments. However, more studies must be carried out to confirm their antimicrobial activity, and also to lead to their clinical use.

	9
	Shrestha A, Kishen A. Antibacterial nanoparticles in endodontics: a review. J Endod 2016;42:1417-1426.
	112
	18.67 (8)
	AgNP, CS-NP, ZnO-NP, bioactive glass
	Irrigant, medication, and an additive within sealers/restorative materials
	The increasing interest in this field warrants sound research based on scientific and clinical collaborations to emphasize the near future potential of nanoparticles in clinical endodontics.

	10
	Shrestha A, Hamblin MR, Kishen A. Photoactivated rose bengal functionalized chitosan nanoparticles produce antibacterial/biofilm activity and stabilize dentin-collagen. Nanomedicine 2014;10:491-501.
	112
	14 (14)
	CS-NP
	Irrigant, functionalized with rose-bengal
	The functionalized chitosan nanoparticles provided a single-step treatment of infected root dentin by combining the properties of chitosan and that of photosensitizer to eliminate bacterial-biofilms and stabilize dentin-matrix.

	11
	Padovani GC, Feitosa VP, Sauro S, et al. Advances in Dental Materials through Nanotechnology: Facts, Perspectives and Toxicological Aspects. Trends Biotechnol 2015;33: 621-636.
	107
	15.29 (12)
	AgNP, CS-NP, ZnO-NP, TiO2NP, CuNP
	Irrigant, combination with Gutta-percha, Repair material, intracanal medicament
	Nanoparticles are important materials that can improve restorative and endodontic materials.

	12
	Mortazavi V, Nahrkhalaji MM, Fathi MH, Mousavi SB, Esfahani BN. Antibacterial effects of sol-gel-derived bioactive glass nanoparticle on aerobic bacteria. J Biomed Mater Res A 2010;94:160-168.
	107
	8.92 (27)
	Bioactive glass
	Intracanal medicament
	Bioactive glass nanopowders could be considered as good candidates for the treatment of oral bone defects and root canal disinfection.

	13
	Gubler M, Brunner TJ, Zehnder M, Waltimo T, Sener B, Stark WJ. Do bioactive glasses convey a disinfecting mechanism beyond a mere increase in pH? Int Endod J 2008;41:670-678.
	82
	5.86 (58)
	Bioactive glass
	Intracanal medicament
	Bioactive glasses have a directly and an indirectly pH-related antibacterial effect. The effect not directly linked to pH is because of ion release rather than mineralization.

	14
	Samiei M, Farjami A, Dizaj SM, Lotfipour F. Nanoparticles for antimicrobial purposes in endodontics: a systematic review of in vitro studies. Mater Sci Eng C Mater Biol Appl 2016;58:1269-1278.
	81
	13.5 (15)
	AgNP,

PLGA,

bioactive glass
	Root canal irrigant, combination with Gutta-percha, Repair material, intracanal medicament
	Enhanced or at least equal effect of nanoparticle systems to combat dental root canal infections compared to conventional antimicrobial procedures. However, it is crucial to understand their shortcomings and their probable cellular effects and toxicity as well as environmental effects.

	15
	Wu C, Chang J, Fan W. Bioactive mesoporous calcium–silicate nanoparticles with excellent mineralization ability, osteostimulation, drug-delivery and antibacterial properties for filling apex roots of teeth. J Mater Chem 2012;22:16801-16809.
	80
	8 (32)
	Mesoporous calcium silicate 
	Sealer
	MCS nanoparticles are an advanced biomaterial with multiple functions for filling the apical root canal of a tooth due to their unique nanostructure, injectability, apatite-mineralization, osteostimulation, drug-delivery and antibacterial properties.

	16
	Shrestha A, Kishen A. Polycationic chitosan-conjugated photosensitizer for antibacterial photodynamic therapy. Photochem Photobiol 2012;88:577-583.
	80
	8 (33)
	Polycationic chitosan-conjugated rose-bengal
	Irrigant
	The present study highlighted the importance of inherent cell membrane permeabilizing effect of chitosan and increased cell/biofilm uptake of conjugated photosensitizer to produce significant antibiofilm efficacy during photodynamic therapy.

	17
	García-Contreras R, Argueta-Figueroa L, Mejía-Rubalcava C, Jiménez-Martínez R, Cuevas-Guajardo S, Sánchez-Reyna PA, Mendieta-Zeron H. Perspectives for the use of silver nanoparticles in dental practice. Int Dent J 2011;61:297-301.
	79
	7.18 (43)
	AgNP
	Endodontic retrofill cement
	Silver compounds and NPs have already been used as dental restorative material, endodontic retrofill cements, dental implants and caries inhibitory solution. Despite the effectiveness that AgNPs has shown in dental practice, AgNPs remain a controversial area of research with respect to their toxicity in biological and ecological systems.

	18
	Shrestha A, Hamblin MR, Kishen A. Characterization of a conjugate between Rose Bengal and chitosan for targeted antibiofilm and tissue stabilization effects as a potential treatment of infected dentin. Antimicrob Agents Chemother 2012;56:4876-4884.
	77
	7.7 (36)
	Rose Bengal-conjugated chitosan
	Irrigant
	The photoactivated CSRB particles synthesized in this study may be a synergistic multifunctional treatment approach with lower cytotoxicity and effective antibiofilm activity as well as the ability to reinforce the dentin collagen to enhance resistance to degradation and improve mechanical properties.

	19
	Neelakantan P, Romero M, Vera J, Daood U, Khan AU, Yan A, Cheung GSP. Biofilms in endodontics-current status and future directions. Int J Mol Sci 2017;18:1748.
	71
	14.2 (13)
	AgNP,

CS-NP,

ZnO-NP
	Irrigant
	Nanoparticles with reactive molecules and nanoscale materials have the potential to combat microorganism resistance, since they have the advantages of very small sizes, a large surface-area-to-mass ratio and very good reactivity.

	20
	Viapiana R, Flumignan DL, Guerreiro-Tanomaru JM, Camilleri J, Tanomaru-Filho M. Physicochemical and mechanical properties of zirconium oxide and niobium oxide modified Portland cement-based experimental endodontic sealers. Int Endod J 2014;47:437-448.
	65
	8.13 (31)
	Zirconium oxide and niobium oxide micro- and nanoparticles
	Combination with Portland cement-based experimental sealer
	With the exception of radiopacity, the Portland cement-based experimental endodontic sealers presented physicochemical properties  according to the specifications.

	21
	Shrestha A, Kishen A. Antibiofilm efficacy of photosensitizer-functionalized bioactive nanoparticles on multispecies biofilm. J Endod 2014;40:1604-1610.
	64
	8.00 (34)
	Rose Bengal-functionalized chitosan
	Irrigant
	These novel photosensitizer functionalized bioactive nanoparticles with increased affinity to bacterial cell membrane, higher penetration into biofilm structure, and enhanced ability to eliminate clinically relevant multispecies bacterial biofilm present a potential antibiofilm agent for root canal disinfection.

	22
	Shrestha A, Fong SW, Khoo BC, Kishen A. Delivery of antibacterial nanoparticles into dentinal tubules using high-intensity focused ultrasound. J Endod 2009;35:1028-1033.
	64
	4.92 (67)
	CS-NP
	Irrigant
	The cavitation bubbles produced using HIFU can be used as a potential method to deliver antibacterial nanoparticles into the dentinal tubules to enhance root canal disinfection.

	23
	Song W, Ge S. Application of antimicrobial nanoparticles in dentistry. Molecules 2019;24:1033.
	60
	20.00 (7)
	AgNP
	Irrigant, combination with Gutta-percha, repair material, intracanal medicament
	The results show that superior antibacterial properties of nanoparticle biomaterials bring broad prospects in the oral field. This review presents the development, applications and underneath mechanisms of antibacterial nanoparticles in dentistry including restorative dentistry, endodontics, implantology, orthodontics, dental prostheses and periodontal field.

	24
	Shrestha A, Kishen A. The effect of tissue inhibitors on the antibacterial activity of chitosan nanoparticles and photodynamic therapy. J Endod 2012;38:1275-1278.
	60
	6.00 (57)
	CS-NP
	Irrigant
	The tissue inhibitors existing within the root canal affected the antibacterial activity of CS-NP and PDT at varying degrees.

	25
	Wang S, Gao X, Gong W, Zhang Z, Chen X, Dong Y. Odontogenic differentiation and dentin formation of dental pulp cells under nanobioactive glass induction. Acta Biomater 2014;10:2792-2803.
	56
	7.00 (44)
	Bioactive glass
	Pulp repair material
	Bioactive glass, especially n-BG, induces the odontogenic differentiation and dentin formation of dental pulp cells and may serve as a potential material for pulp repair and dentin regeneration.

	26
	Salas-Orozco M, Niño-Martínez N, Martínez-Castañón GA, Méndez FT, Jasso MEC, Ruiz F. Mechanisms of resistance to silver nanoparticles in endodontic bacteria: a literature review. J Nanomater 2019;2019:7630316.
	55
	18.33 (9)
	AgNP
	Various endodontic treatments
	There are multiple resistance and persistence mechanisms that can act together to develop AgNP resistance in bacteria. Hence, the clinical use of AgNPs could stimulate the appearance of resistance in bacteria in a short period of time.

	27
	Del Carpio-Perochena A, Kishen A, Shrestha A, Bramante CM. Antibacterial properties associated with chitosan nanoparticle treatment on root dentin and 2 types of endodontic sealers. J Endod 2015;41:1353-1358.
	55
	7.86 (35)
	Carboxymethyl chitosan

CS-NP
	Sealer
	This study highlighted the ability of carboxymethyl chitosan to disinfect root canal dentin and inhibit bacterial adhesion. CS-NP in root canal sealers are capable of maintaining their antibacterial activity even after prolonged aging.

	28
	Bapat RA, Joshi CP, Bapat P, Chaubal TV, Pandurangappa R, Jnanendrappa N, Gorain B, Khurana S, Kesharwani P. The use of nanoparticles as biomaterials in dentistry. Drug Discov Today 2019;24:85-98.
	54
	18.00 (10)
	Silver, gold, titanium, iron oxide, copper oxide, calcium fluoride, calcium phosphate, silica, chitosan, PLGA
	Various endodontic treatments
	Recent developments in NPs and nanotubes in operative dentistry, endodontics, and periodontal management will have a crucial role in dentistry. Their low toxicity, antimicrobial properties, and enhanced protein–surface interactions can be used for dental applications.

	29
	Afkhami F, Akbari S, Chiniforush N. Entrococcus faecalis elimination in root canals using silver nanoparticles, photodynamic therapy, diode laser, or laser-activated nanoparticles: an in vitro study. J Endod 2017;43:279-282.
	54
	10.80 (21)
	AgNP
	Irrigant
	AgNPs has the potential to be used as an adjunct for disinfection of the root canal system.

	30
	Arafa MG, Mousa HA, Afifi NN. Preparation of PLGA-chitosan based nanocarriers for enhancing antibacterial effect of ciprofloxacin in root canal infection. Drug Deliv 2020;27:26-39.
	51
	25.50 (3)
	PLGA
	Intracanal medicament
	It can be concluded that  ciprofloxacin solution had proven to exhibit potential antibacterial and antibiofilm activity in a controlled release pattern consequently, they can be used as an intra-canal medication.

	31
	Mohn D, Zehnder M, Imfeld T, Stark WJ. Radio-opaque nanosized bioactive glass for potential root canal application: evaluation of radiopacity, bioactivity and alkaline capacity. Int Endod J 2010;43:210-217.
	51
	4.25 (79)
	Bioactive glass
	Intracanal medicament,

sealer
	Bioactive glass can be modified with bismuth oxide to become radio-opaque.

	32
	Rodrigues CT, de Andrade FB, de Vasconcelos L, Midena RZ, Pereira TC, Kuga MC, Duarte MAH, Bernardineli N. Antibacterial properties of silver nanoparticles as a root canal irrigant against Enterococcus faecalis biofilm and infected dentinal tubules. Int Endod J 2018;51:901-911.
	50
	12.50 (18)
	AgNP
	Irrigant
	AgNP irrigant was not as effective against E. faecalis compared to solutions commonly used in root canal treatment. NaOCl is appropriate as an irrigant because it was effective in disrupting biofilm and in eliminating bacteria in biofilms and in dentinal tubules.

	33
	Feng X, Chen A, Zhang Y, Wang J, Shao L, Wei L. Application of dental nanomaterials: potential toxicity to the central nervous system. Int J Nanomedicine 2015;10:3547-3565.
	48
	6.86 (46)
	Nano-Hap,

AgNP
	Sealer,

repair material
	The wide applications of these dental nanomaterials have created more exposure opportunities to these NPs in both dental staff and patients. Because the CNS may be a potential target organ of nanomaterials, it is essential to determine the neurotoxic effects of NPs. Although the impact of NPs on the CNS has received considerable attention in recent years, the data and findings obtained from the in vivo and in vitro studies are still limited.

	34
	Gomes-Filho JE, Silva FO, Watanabe S, Cintra LT, Tendoro KV, Dalto LG, Pacanaro SV, Lodi CS, de Melo FF. Tissue reaction to silver nanoparticles dispersion as an alternative irrigating solution. J Endod 2010;36:1698-1702.
	48
	4.00 (85)
	AgNP
	Irrigant
	It was possible to conclude that AgNPs dispersion was biocompatible especially in a lower concentration.

	35
	Wieckiewicz M, Boening KW, Grychowska N, Paradowska-Stolarz A. Clinical application of chitosan in dental specialities. Mini Rev Med Chem 2017;17:401-409.
	45
	9.00 (25)
	CS-NP
	Irrigant


	Even though chitosan might find its adhibition in all dental specialities, it should still be considered as a potential allergen and thus further studies on this topic should be carried out.

	36
	Afkhami F, Pourhashemi SJ, Sadegh M, Salehi Y, Fard MJ. Antibiofilm efficacy of silver nanoparticles as a vehicle for calcium hydroxide medicament against Enterococcus faecalis. J Dent 2015;43:1573-1579.
	45
	6.43 (53)
	AgNP
	Intracanal medicament
	AgNPs was more effective on the E. faecalis biofilm than other tested vehicles in short-term medication.

	37
	Akbari T, Pourhajibagher M, Hosseini F, Chiniforush N, Gholibegloo E, Khoobi M, Shahabi S, Bahador A. The effect of indocyanine green loaded on a novel nano-graphene oxide for high performance of photodynamic therapy against Enterococcus faecalis. Photodiagnosis Photodyn Ther 2017;20:148-153.
	43
	8.60 (29)
	Nano-graphene oxide
	Irrigant
	Because NGO-ICG-PDT showed a significant reduction in the number and biofilm formation ability of E. faecalis at low ICG concentrations (200 μg/mL), it could be a new approach to adjuvant treatment of endodontic infections.

	38
	Huang CY, Huang TH, Kao CT, Wu YH, Chen WC, Shie MY. Mesoporous calcium silicate nanoparticles with drug delivery and odontogenesis properties. J Endod 2017;43:69-76.
	43
	8.60 (30)
	Mesoporous CS
	Repair material
	It can be inferred that MesoCS nanoparticles are potentially useful endodontic materials for biocompatible and osteogenic dental pulp tissue regenerative materials.

	39
	Barreras US, Méndez FT, Martínez RE, Valencia CS, Rodríguez PR, Rodríguez JP. Chitosan nanoparticles enhance the antibacterial activity of chlorhexidine in collagen membranes used for periapical guided tissue regeneration. Mater Sci Eng C Mater Biol Appl 2016;58:1182-1187.
	41
	6.83 (47)
	CS-NP
	Irrigant


	These results suggested that chitosan nanoparticles could be used to improve regenerative procedures in periapical surgery.

	40
	Upadya M, Shrestha A, Kishen A. Role of efflux pump inhibitors on the antibiofilm efficacy of calcium hydroxide, chitosan nanoparticles, and light-activated disinfection. J Endod 2011;37:1422-1426.
	41
	3.73 (92)
	CS-NP
	Intracanal medicament
	E. faecalis biofilms were more susceptible to killing by LAD, when compared with the tested concentrations of CH and chitosan nanoparticles. The effect of EPI was more significant with LAD, when compared with CH and chitosan nanoparticles.

	41
	Fan W, Wu D, Tay FR, Ma T, Wu Y, Fan B. Effects of adsorbed and templated nanosilver in mesoporous calcium-silicate nanoparticles on inhibition of bacteria colonization of dentin. Int J Nanomedicine 2014;9:5217-5230.
	40
	4.00 (86)
	Mesoporous calcium-silicate
	Irrigant
	Templated Ag-MCSNs may be developed into a new intracanal disinfectant for root canal disinfection due to their antibacterial ability and low cytotoxicity, and as controlled release devices for other bioactive molecules to produce multifunctional biomaterials.

	42
	Kishen A, Shrestha S, Shrestha A, Cheng C, Goh C. Characterizing the collagen stabilizing effect of crosslinked chitosan nanoparticles against collagenase degradation. Dent Mater 2016;32:968-977.
	39
	6.50 (52)
	CS-NP
	Repair material
	Crosslinked CSnp on collagen stabilized and enhanced the resistance of dentin matrix against bacterial collagenase degradation due to non-specific interaction with both collagen and collagenase.

	43
	Barros J, Silva MG, Rodrigues MA, Alves FR, Lopes MA, Pina-Vaz I, Siqueira JF Jr. Antibacterial, physicochemical and mechanical properties of endodontic sealers containing quaternary ammonium polyethylenimine nanoparticles. Int Endod J 2014;47:725-734.
	39
	4.88 (68)
	Quaternary ammonium polyethyleneimine
	Sealer
	Incorporation of QPEI nanoparticles can improve the long-term antibacterial activity of Pulp Canal Sealer EWT without relevant changes in physicochemical and mechanical properties.

	44
	DaSilva L, Finer Y, Friedman S, Basrani B, Kishen A. Biofilm formation within the interface of bovine root dentin treated with conjugated chitosan and sealer containing chitosan nanoparticles. J Endod 2013;39:249-253.
	39
	4.33 (78)
	CS-NP
	Sealer
	Incorporating CS nanoparticles into the zinc oxide-eugenol sealer inhibited biofilm formation within the sealer-dentin interface. This effect was maintained when canals were treated with phosphorylated CS, and it was moderated by canal treatment with CS-conjugated rose bengal and irradiation.

	45
	Abbaszadegan A, Nabavizadeh M, Gholami A, Aleyasin ZS, Dorostkar S, Saliminasab M, Ghasemi Y, Hemmateenejad B, Sharghi H. Positively charged imidazolium-based ionic liquid-protected silver nanoparticles: a promising disinfectant in root canal treatment. Int Endod J 2015;48:790-800.
	38
	5.43 (62)
	AgNP
	Irrigant
	AgNP surface charge was important in bactericidal efficacy against E. faecalis. The positively charged imidazolium-based ionic liquid-protected AgNPs showed promising antibacterial results against E. faecalis and exhibited a high level of cytocompatibility to L929 cells.

	46
	Javidi M, Afkhami F, Zarei M, Ghazvini K, Rajabi O. Efficacy of a combined nanoparticulate/calcium hydroxide root canal medication on elimination of Enterococcus faecalis. Aust Endod J 2014;40:61-65.
	38
	4.75 (69)
	AgNP
	Intracanal medicament


	This study highlighted the potential advantage of using a mixture of CH and nanosilver for intracanal medicament.

	47
	Kesler Shvero D, Abramovitz I, Zaltsman N, Perez Davidi M, Weiss EI, Beyth N. Towards antibacterial endodontic sealers using quaternary ammonium nanoparticles. Int Endod J 2013;46:747-754.
	38
	4.22 (80)
	Quaternary ammonium
	Sealer
	AH Plus and GuttaFlow incorporating low concentrations of incorporating low concentrations of insoluble antibacterial nanoparticles exhibited significant and stable antimicrobial properties.

	48
	Del Carpio-Perochena A, Kishen A, Felitti R, Bhagirath AY, Medapati MR, Lai C, Cunha RS. Antibacterial properties of chitosan nanoparticles and propolis associated with calcium hydroxide against single- and multispecies biofilms: an in vitro and in situ study. J Endod 2017;43:1332-1336.
	36
	7.20 (42)
	CS-NP
	Intracanal medicament


	Incorporating CNPs into pastes of CH could potentially be beneficial when using interappointment intracanal medications because of their ability to kill bacteria in short- and long-term exposure.

	49
	Zhang J, Park YD, Bae WJ, El-Fiqi A, Shin SH, Lee EJ, Kim HW, Kim EC. Effects of bioactive cements incorporating zinc-bioglass nanoparticles on odontogenic and angiogenic potential of human dental pulp cells. J Biomater Appl 2015;29:954-964.
	36
	5.14 (66)
	Zinc-bioglass
	Repair material
	ZnBG incorporated within CPCs activates odontogenic differentiation and promotes angiogenesis in vitro through integrin, Wnt, MAPK, and NF-κB pathways. Thus, CPCs incorporating ZnBG are promising matrices in tissue engineering to stimulate endodontic regeneration.

	50
	Fan W, Sun Q, Li Y, Tay FR, Fan B. Synergistic mechanism of Ag(+)-Zn(2+) in anti-bacterial activity against Enterococcus faecalis and its application against dentin infection. J Nanobiotechnology 2018;16:10.
	35
	8.75 (28)
	Nano-silver,

nano-zinc oxide
	Intracanal medicament
	New medications containing an optimal Ag+–Zn2+ ratio may be developed against E. faecalis infection of tooth root canals as well as infections in other parts of the human body.

	51
	Virlan MJ, Miricescu D, Radulescu R, Sabliov CM, Totan A, Calenic B, Greabu M. Organic nanomaterials and their applications in the treatment of oral diseases. Molecules 2016;21:207.
	35
	5.83 (59)
	CS-NP,

PLGA
	Root canal irrigant, combination with Gutta-percha, repair material, intracanal medicament
	Solid evidence has been found for several advantages of using natural or synthetic organic nanostructures in a wide variety of dental fields including endodontics.

	52
	Shrestha A, Kishen A. Antibacterial efficacy of photosensitizer functionalized biopolymeric nanoparticles in the presence of tissue inhibitors in root canal. J Endod 2014;40:566-570.
	35
	4.38 (77)
	Rose bengal functionalized chitosan nanoparticles
	Irrigant
	The inherent antibacterial activity of polycationic chitosan nanoparticles and the singlet oxygen released after photoactivation of RB synergistically provided CSRBnp the potential to achieve significant antibacterial efficacy even in the presence of tissue inhibitors within root canals.

	53
	Niu C, Yuan K, Ma R, Gao L, Jiang W, Hu X, Lin W, Zhang X, Huang Z. Gold nanoparticles promote osteogenic differentiation of human periodontal ligament stem cells via the p38 MAPK signaling pathway. Mol Med Rep 2017;16:4879-4886.
	34
	6.80 (48)
	AuNP
	Repair material
	AuNPs increased the protein level of RUNX2, which is crucial for osteogenic differentiation. These results suggested that AuNPs stimulate the osteogenesis of hPDLSCs partially via activation of the p38 MAPK signaling pathway.

	54
	Barros J, Silva MG, Rôças IN, Gonçalves LS, Alves FF, Lopes MA, Pina-Vaz I, Siqueira JF Jr. Antibiofilm effects of endodontic sealers containing quaternary ammonium polyethylenimine nanoparticles. J Endod 2014;40:1167-1171.
	33
	4.13 (84)
	Quaternary ammonium 
	Sealer
	Addition of QPEI nanoparticles improved the killing ability of PCS against biofilms of both E. faecalis strains and the effects of AH Plus on the biomass of biofilms from the ATCC strain.

	55
	Shrestha A, Cordova M, Kishen A. Photoactivated polycationic bioactive chitosan nanoparticles inactivate bacterial endotoxins. J Endod 2015;41:686-691.
	32
	4.57 (72)
	CS-NP
	Irrigant
	Photodynamically activated CSRBnps caused significant inactivation of endotoxins and the subsequent reduction of all tested inflammatory markers from activated macrophages. Antimicrobial CSRBnps in combination with photodynamic therapy showed the potential to effectively inactivate bacterial endotoxins.

	56
	Louwakul P, Saelo A, Khemaleelakul S. Efficacy of calcium oxide and calcium hydroxide nanoparticles on the elimination of Enterococcus faecalis in human root dentin. Clin Oral Investig 2017;21:865-871.
	31
	6.20 (55)
	Calcium oxide
	Intracanal medicament
	CHNPs are effective nanoparticles in killing endodontic bacteria present in dentinal tubules. They have potential as an intracanal medicament, which may be beneficial in root canal therapy.

	57
	Wang L, Xie X, Li C, Liu H, Zhang K, Zhou Y, Chang X, Xu HHK. Novel bioactive root canal sealer to inhibit endodontic multispecies biofilms with remineralizing calcium phosphate ions. J Dent 2017;60:25-35.
	31
	6.20 (56)
	Amorphous calcium phosphate
	Sealer
	The new bioactive endodontic sealer is promising for endodontic applications to eradicate endodontic biofilms and strengthen root structures. The combination of DMAHDM, MPC and NACP may be applicable to other preventive and restoration resins.

	58
	Takamiya AS, Monteiro DR, Bernabé DG, Gorup LF, Camargo ER, Gomes-Filho JE, Oliveira SH, Barbosa DB. In vitro and in vivo toxicity evaluation of colloidal silver nanoparticles used in endodontic treatments. J Endod 2016;42:953-960.
	31
	5.17 (65)
	Ag-NP
	Root canal irrigant, combination with Gutta-percha, repair material, intracanal medicament
	It was concluded that Ag-np combined with SNA and SNP were not cytotoxic at 25 μg/mL or lower concentrations. However, for safe clinical use, further studies establishing others points of its toxicologic profile are recommended.

	59
	Monzavi A, Eshraghi S, Hashemian R, Momen-Heravi F. In vitro and ex vivo antimicrobial efficacy of nano-MgO in the elimination of endodontic pathogens. Clin Oral Investig 2015;19:349-356.
	31
	4.43 (76)
	Nano-magnesium oxide
	Irrigant
	Compared to NaOCl (5.25 %), nano-MgO (5 mg/L) exhibits statistically significant long-term efficiency in the elimination of E. faecalis in the root canal system. After further investigations, nano-MgO could be considered as a new root canal irrigant.

	60
	Persadmehr A, Torneck CD, Cvitkovitch DG, Pinto V, Talior I, Kazembe M, Shrestha S, McCulloch CA, Kishen A. Bioactive chitosan nanoparticles and photodynamic therapy inhibit collagen degradation in vitro. J Endod 2014;40:703-709.
	31
	3.88 (88)
	CS-NP
	Irrigant
	Combined photochemical cross-linking of rat tail collagen by PDT and binding to CSnp inhibit collagenolytic activity.

	61
	Lotfi M, Vosoughhosseini S, Ranjkesh B, Khani S, Saghiri M, Zand V. Antimicrobial efficacy of nanosilver, sodium hypochlorite and chlorhexidine gluconate against Enterococcus faecalis. Afr J Biotech 2011;10:6799-6803.
	30
	2.73 (97)
	Ag-NP
	Irrigant
	This study revealed that Ag-NP in a remarkably lower concentration would possess the same bactericidal effect as 5.25% NaOCl.

	62
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