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Abstract: 
Nanodentistry aims towards the application of nanotechnology for the maintanence of oral health. Research in 

nanotechnology has gained significant momentum over the years and has it’s implications in the field of 

endodontics. From modifications in the rotary file systems to pulp regeneration nanotechnology has come a 
long way. A better understanding of the nanomodified materials and the ongoing research in this emerging field 

would help to appreciate how these materials can be used in daily practice. It would be safe to say that 

nanotechnology would definitely be a game changer in improving the quality of endodontic treatment. 
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I. INTRODUCTION 
The primary goal of endodontic therapy is to create an environment within the root canal system which 

allows the healing and continued maintenance of the health of the periradicular tissue. Current materials possess 

certain limitations such as shrinkage, solubility in the oral environment and moisture intolerance.1 Therefore, the 

success of treatment depends on the development of proper materials for cleaning and shaping and sealing of the 

root canal system. 

The current focus of research is in the field of nanotechnology. Nanotechnology is defined as the 

creation of functional materials with structures of 100nm or more2. Currently, research directed towards 

developing ‘Nanomodified materials’ by dispersion of nanoparticles to current and novel materials to improve 

their properties have gained significant momentum.  

 

II. HISTORY 
Molecular nanotechnology was first introduced by Richard Feynman in 19593. It involves the tailoring 

of materials at atomic level (one nm is one billionth (10−9) of a meter) to attain unique properties, which can be 

suitably manipulated for the desired applications4.. In 1991, Dr.Sumio Lijima introduced the concept of 

nanotubes. The term ‘nano-dentistry’ was coined by Dr. Freitas Jr. in the year 2000. He developed 

nanomaterials and nanorobots, helped in regeneration of dentition, and developed dentifrobots– robots in 

dentrifices5. Even though these were considered to be near impossible in the past, these are slowly becoming a 

fruitful reality. 
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III. CLASSIFICATION OF NANOPARTICLES
5 

 

 
Fig 1: Classification of nanoparticles5 

 

IV. NANOPARTICLES IN ENDODONTICS 
Nanoparticles possess many properties that benefit endodontic treatment. The most commonly used 

nanoparticles in endodontics are metal nanoparticles as they are found to have antibacterial effect and hence 

helps in the disruption of biofilms.With their seemingly immiscible size (10-9 meters) these nanoparticles have 

the potential to lessen antibacterial resistance through specially formulated metal oxides such as silver and 

copper. To prevent the formation of biofilms, the positive charge on nanoparticles acts as an antimicrobial agent 

via disrupting bacterial electron transport chain and causing cell lysis. Such interaction have made headway in 

fighting methicillin resistant Staphylococcus aureus (MRSA), an incredibly virulent bacterium6 

 

1. NiTi INSTRUMENTS 

The introduction of nickel–titanium (NiTi) alloys and the subsequent automation of mechanical 

preparation were the first steps towards a new era in endodontics7
. It was definitely a game changer in terms of 

the quality of endodontic treatment, dentist as well as patient comfort. NiTi instruments have undergone 

significant changes in terms of machining and manufacturing since it’s introduction. Despite the innumerable 

advantage of NiTi instrumentation over conventional hand files, the unpredictable breakage of rotary files owing 

to poor resistance to cyclic fatigue could neither be predicted nor avoided. Adini et al examined the effects of 

cobalt coatings with impregnated fullerene-like WS2 nanoparticles on file fatigue and failure. A significant 

improvement in the fatigue resistance and time to breakage of the coated files were observed stemming from 

reduced friction between the file and the surrounding tissue8.Thus, future research in this direction could pave 

the way for a safer and stress free endodontics. 

 

2. ROOT CANAL IRRIGATION 

Root canal irrigation plays an important role in disinfection of the root canal space. Even after 

mechanical instrumentation, a large part of the root canal system remains uninstrumented9. Although, current 

irrigants like sodium hypochlorite and chlorhexidine have proven to be effective antimicrobials they do not 

warranty complete disinfection of the root canal space10. A plethora of research have been done to devise an 

ideal solution as an adjuvant to root canal treatment as each product varies in its physical properties, 

antimicrobial effects and biocompatibility11.  

None of the existing technology guarantee complete removal of endodontic biofilms. Incorporation of 

antimicrobial nanoparticles have been considered as a novel strategy to improve the efficacy of root canal 

irrigants. Nano based formulations are found to have better penetration and slow and controlled release of active 

ingredients at target sites12-13.The antimicrobial property of metal nanoparticles are well established and they are 
of great importance in strategies devised to eradicate chronic infections14.The most popular among the metal 

nanoparticles are the silver nanoparticles. Gomes Filho et al evaluated the tissue response to implanted 
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polyethylene tubes filled with fibrin sponge embedded with silver nanoparticles dispersion15. It was observed 

that silver nanoparticles were biocompatible especially in lower concentration. Bukhari s et al tested a new 

disinfection technology using biomimetic iron oxide nanoparticles with peroxidase like activity to enhance 

antibacterial activity on root canal surfaces and in dentinal tubules. The results revealed that the potential to 

exploit nanocatalysts with enzyme like activity can be a potent alternative approach for the treatment of 

endodontic infections16. 

Nanoparticle based antimicrobial photodynamic therapy is another root canal disinfection method 

being investigated. Pagonis et al concluded that PLGA nanoparticles encapsulated with photoactive drugs may 

be a promising adjunct in endodontic treatment. Thus, these therapies may be the game changers in the quality 

of endodontic treatment in the near future17. 
 

3. INTRACANAL MEDICAMENTS 

Intracanal medicaments are considered as an integral part of treatment and important for the success of 

root canal therapy. Placement of intracanal medicaments is especially important in multi – visit procedure, and 

forms part of the chemical preparation of the root canal system; eradicating microorganisms prior to permanent 

restoration. Calcium hydroxide is the most commonly used intracanal medicament, however it has been 

demonstrated that E.fecalis biofilms are resistant to Calcium hydroxide. Several new formulations of 

nanoparticles have been investigated as intracanal medicaments. 

Chitosan nanoparticles and Zincoxide nanoparticles are established as having antibacterial properties. 

Jhamb S et al compared the antibacterial effect of silver nanoparticle gel alone and combination of silver 

nanoparticle gel with various medicaments against E. fecalis. It was observed that the combination of silver 

nanoparticle gel along with other medicament was more effective than the nanoparticle gel alone18. The efficacy 
of fresh and aged CS-np and ZnO-np in disrupting E. fecalis biofilms was evaluated by Shreshta et al.The 

authors concluded that the rate of bacterial killing by the nanoparticulates depended on the concentration and 

time of interaction and that aging for 90 days did not affect their antibacterial properties19.However further 

animal and in-vivo studies are needed to bring them to a fruitful reality.  

 

4. OBTURATING MATERIALS 

4.1 CORE OBTURATING MATERIALS 

Although, several materials have been suggested as obturating materials, Gutta percha has stood the 

test of time and has remained the material of choice. Gutta Percha is biocompatible and satisfies several criteria 

for an ideal root canal filling material put forth by Grossman. However, several disadvantages has been noted 

which include lack of rigidity and adhesiveness, ease of displacement under pressure, minimal antimicrobial 
property and shrinkage if thermoplasticized. Proper adaptation to the prepared root canals and increased 

antimicrobial property would be imporatant to produce a hermetic seal. 

Lee et al developed a nanodiamond – gutta-percha composite (NDGP) embedded with nanodiamond – 

amoxicillin (ND-AMC) conjugates which can reduce the chance of reinfection20.An improvement in mechanical 

properties were also noted upon Nanodiamond incorporation. Bioactive glass 45S5 is another recently 

introduced nanoparticle used in endodontic therapy. Similar to Calcium hydroxide, it is used in the treatment of 

traumatized anterior teeth with open apices. Thus, it helps to overcome the potential disadvantage of reduced 

flexural strength upon placement of calcium hydroxide over a long period of time. Nanosized particles of 

Bioactive glass were modified with bismuth oxide by Mohn et al to obtain radiopaque properties. Based on 

Scanning electrom microscope analysis, the authors concluded that bioactive glass modified with bismuth oxide 

is a radio-opaque bioactive root canal filling material21. 

 
4.2 SEALERS 

Sealer forms an integral part of obturation. They hold gutta percha within the root canal space. Ideal 

properties sealer includes ease of handling, non – toxic, biocompatibility, absence of shrinkage upon setting, 

effective working time, hydrophilicity, antibacterial property, ease of retreatment etc.  

According to Gutmann and Witherspoon, the future research on sealers should focus on materials that: 

1) penetrate patent dentinal tubules, 2) bind intimately to both organic and inorganic phases on dentin 3) 

Neutralize or destroy microorganisms and their by products 4) predictably induce a cemental layer 5) strengthen 

the root system. Nanoparticle sbecause of their smaller size can penetrate deep into the dentinal tubules and 

offer better adaptation to the root canals. 

Baras et al in their study observed that incorporation of bioactive additives improved the antibacterial 

and tooth mineral regeneration capabilities. Antimicrobial properties were improved by addition of Nanosilver 
paricles. Incorporation of NanoACP helps strengthen the root structure and prevent future tooth 

fractures22.Desouky et al evaluated the sealing ability of nano calcium hydroxide sealer and nano bioactive glass 

against Zinc oxide eugenol sealer and observd thet nanomodified sealers performed better in terms of sealing 

ability compared to Zinc oxide eugenol sealer23. 
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4.3 ROOT END FILLING MATERIALS  

Endodontic surgery becomes the  treatment of choice if non surgical treatment cannot be perfomed due 

to complex root canal anatomy, inadequate instrumentation and presence of physical barriers24. According to 

Cartner & Dorn, an ideal root end filling material should prevent leakage of microorgatiisms and their 

byproducts into the petitadictilar tissues. It should also be non-toxic, non-carcinogenic, and biocompatible with 

the host tissues. In addition, it sbould be insoluble in tissue fluids and dimensionally stable. The presence of 

moisture should not affect its sealing ability. For practical purposes it should also be easy to use and be 

radiopaque to be recognized on the radiographs. Eventhough a number of root end filling materials have been 

suggested over the years, a single material which satisfies the above mentioned criteria has not yet been 

developed. 
MTA has been considered the material of choice over the past few years. However, the major 

disadvantage of this material is it’s difficult handling and long setting time. Inorder to overcome these 

shortcomings, Saghiri et al evaluated the properties of nanomodified mineral trioxide aggregate fo enhanced 

physicochemical properties. The pushout bond strength of nanomodified WMTA was compared with WMTA. 

The authors concluded that the force needed for the displacement of nano-modified WMTA was significantly 

higher then for Angelus WMTA25.  

Nanocomposites are a new class of composites that have shown great potential26
. A PNC is a 

generalized term for polymeric materials that are loaded with minimal amounts of nanoparticles such as clays, 

carbon nanotubes, etc. dispersed at a nanoscale
27

.  Modereszadeh et al evaluated PNC resins such as C-18 

Amine montmorillonate (MMT) and vinylbenzyl octadecyldimethyl ammonium chloride (VODAC) MMT, both 

containing 2% chlorhexidine diacetate salt hydrate, as potential root-end filling material. Cytotoxicity study 

evaluating these two forms PNC resins found no significant difference between MTA, Geristore and PNC resin 
C-18 Amine MMT on 24 hours, 1, 2 and 3 weeks samples. Sample elutes of PNC resin VODAC MMT, 

however, revealed cytotoxic activity during most of these experiments28. 

 

5 PULP REPAIR AND REGENERATION 

Regeneration of dental pulp is a dream for dental clinicians all over the world and will definitely be a 

game changer in clinical practice29. With advancement in technology, it has become a fruitful reality. 

Theoretically, it is possible to regrow dental pulp inside a pulpless tooth by using Growth factors, scaffolds and 

stem cells6.  

Use of Nanoscale scaffold materials for tissue regeneration has already been established. Nanoscaffolds 

comprising nanofibers of biodegradable collagen type I or fibronectin can be used for pulp regeneration. Self-

assembling polypeptide hydrogels have been used for pulp tissue regeneration. Poly (l-lactic acid) (PLLA) is a 
common synthetic polymer that could be applied in nano-form and have the ability to participate in tissue 

engineering. Wang et al. (2010) investigated the odontogenic differentiation of DPSCs on nanofibrous (NF) 

PLLA scaffolds in vitro and in vivo. They observed that the NF-PLLA scaffold promoted odontogenic 

differentiation of human DPSCs and dentin like tissue organization, confirming its ability for dental tissue 

engineering purposes30.   
Xiangwei Li et al. incorporated vascular endothelial growth factor (VEGF) with heparin and then 

encapsulate it in heparin intermixed gelatin nanospheres, later immobilized in the injectable PLLA NF-

MS31.Another research was conducted to produce a novel injectable cell carrier, nanofibrous spongy 

microspheres (NF-SMS), for dentin regeneration. Palasuk et al fabricated and discussed in research an 

antimicrobial scaffold. This investigation aimed to evaluate both the antimicrobial effectiveness and 

cytocompatibility of bi-mix MET and CIP antibiotic-carrying polydioxanone (PDS)-based polymer scaffolds. 

The scaffolds were characterized as a micro/nanofibrous arrangement with the attached pores. Antimicrobial 
efficacy was examined against Enterococcus faecalis, Porphyromonas gingivalis, and Fusobacterium 

nucleatum, and cytotoxicity was assessed on hDPSCs. The results indicated that the inclusion of multiple 

antibiotics in a nanofibrous scaffold could be a desirable drug delivery method for regenerative 

endodontics32.Shiehzade et al. (2014) investigated poly (lactide-co-glycolide)-polyethylene glycol (PLGA-PEG) 

nanoparticles as an injectable scaffold for SCAP. This study was conducted in cases with large periapical 

lesions. These three case reports represent the treatment of necrotic or immature teeth with periradicular 

periodontitis, not treated with routine apexification procedures. Consequently, adverse effects were not observed 

on the tissues around the injured tooth using the PLGA-PEG scaffold, and periapical bone reconstruction was 

hastened within 6 months while the tooth continued to function33.  
Li et al evaluated the effectiveness of a Graphene oxide-copper nanocomposite for the regeneration of 

the dentin – pulp complex. It was observed that when these nanocomposite were transplanted into nude mice, 
dentin – pulp like structures were formed. The odontogenic and neurovascularization inducing abilities of 

Graphene oxide – copper nanocomposite suggests its possible application in regenerative endodontics34. Thus, 

based on the various research conducted over the years it is safe to say that nanotechnology has bought 
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significant development in the field of regenerative endodontics, The regeneration of pulp in a pulpless tooth 

will soon be a reality. 

 

V. CONCLUSION 
 Endodontics and dentistry in general has made a huge progress over the years. Nanotechnology has 

definitely contributed to the tremendous improvement in endodontics. The available literature shows that 

nanotechnology is relevant to root canal therapy in several aspects such as irrigation, root canal disinfection, 

obturation and pulp regeneration. The on going research on nanomodified materials would definitely lead to the 
development of smart endodontic therapeutic agents and materials. The future looks promising and 

nanotechnology is definitely going to be a game changer in improving the quality of dental treatment. 

 

REFERENCES 
[1]. Chogle S, Kinaia BM, Goodis HE. Scope of nanotechnology in endodontics. Nanobiomaterials in Clinical Dentistry. 2019 Jan 

1:517-39. 

[2]. The American Heritage Science Dictionary Houghton Mifflin company (2005) 

[3]. Sivaramakrishnan SM, Neelakantan P (2014) Nanotechnology in dentistry—what does the future hold in store? Dentistry 4:198 

[4]. Shrivastava S, Bera T, Roy A, Singh G, Ramachandrarao P, Dash D (2007) Characterization of enhanced antibacterial effects of 

novel silver nanoparticles. Nanotechnology 18:1–9 

[5]. Raura N, Garg A, Arora A, Roma M. Nanoparticle technology and its implications in endodontics: A review. Biomaterials 

Research. 2020 Dec;24(1):1-8. 

[6]. Cuculino L, Gutmann JL. Prospective nanotechnology applications in endodontics: a brief overview. Endodontic Practice Today. 

2020 Apr 1;14(2). 

[7]. Gavini G, Santos MD, Caldeira CL, Machado ME, Freire LG, Iglecias EF, Peters OA, Candeiro GT. Nickel–titanium instruments in 

endodontics: a concise review of the state of the art. Brazilian oral research. 2018 Oct 18;32. 

[8]. Adini AR, Feldman Y, Cohen SR, Rapoport L, Moshkovich A, Redlich M, Moshonov J, Shay B, Tenne R. Alleviating fatigue and 

failure of NiTi endodontic files by a coating containing inorganic fullerene-like WS2 nanoparticles. Journal of Materials Research. 

2011 May;26(10):1234-42. 

[9]. Peters OA, Schönenberger K, Laib A. Effects of four Ni–Ti preparation techniques on root canal geometry assessed by micro 

computed tomography. International endodontic journal. 2001 Apr;34(3):221-30. 

[10]. Heling I, Chandler NP. Antimicrobial effect of irrigant combinations within dentinal tubules. International endodontic journal. 1998 

Jan;31(1):8-14. 

[11]. Gomes-filho JE, Aure´ lio KG, Costa MMTM, Bernabe´ PFE. Comparison of the biocompatibility of different root canal irrigants. J 

Appl Oral Sci2008;16:137–44 

[12]. S.M. Dizaj, F. Lotfipour, M. Barzegar-Jalali, M.H. Zarrintan, K. Adibkia, Antimicrobial activity of the metals and metal oxide 

nanoparticles, Mater. Sci. Eng. C Mater. Biol. Appl. 44 (2014) 278–284.  

[13].  S.M. Moghimi, A.C. Hunter, J.C. Murray, Nanomedicine: current status and future prospects, FASEB J. 19 (2005) 311–330 

[14]. L. Zhang, D. Pornpattananangku, C.M. Hu, C.M. Huang, Development of nanoparticles for antimicrobial drug delivery, Curr. Med.  

Chem. 17 (2010) 585–594. 

[15]. 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. Journal of endodontics. 2010 Oct 1;36(10):1698-702. 

[16]. Bukhari S, Kim D, Liu Y, Karabucak B, Koo H. Novel endodontic disinfection approach using catalytic nanoparticles. Journal of 

endodontics. 2018 May 1;44(5):806-12. 

[17]. Pagonis TC, Chen J, Fontana CR, Devalapally H, Ruggiero K, Song X, Foschi F, Dunham J, Skobe Z, Yamazaki H, Kent R. 

Nanoparticle-based endodontic antimicrobial photodynamic therapy. Journal of endodontics. 2010 Feb 1;36(2):322-8. 

[18]. Jhamb S, Singla R, Kaur A, Sharma J, Bhushan J. An in vitro determination of antibacterial effect of silver nanoparticles gel as an 

intracanal medicament in combination with other medicaments against Enterococcus fecalis. Journal of Conservative Dentistry: 

JCD. 2019 Sep;22(5):479. 

[19]. Shrestha A, Zhilong S, Gee NK, Kishen A. Nanoparticulates for antibiofilm treatment and effect of aging on its antibacterial 

activity. Journal of endodontics. 2010 Jun 1;36(6):1030-5. 

[20]. Lee DK, Kim SV, Limansubroto AN, Yen A, Soundia A, Wang CY, et al. Nanodiamond-gutta percha composite biomaterials for 

root canal therapy. ACS Nano. 2015;9:11490–501. 

[21]. 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. International endodontic journal. 2010 Mar;43(3):210-7. 

[22]. Baras BH, Melo MA, Thumbigere-Math V, Tay FR, Fouad AF, Oates TW, Weir MD, Cheng L, Xu HH. Novel bioactive and 

therapeutic root canal sealers with antibacterial and remineralization properties. Materials. 2020 Jan;13(5):1096. 

[23]. Desouky AA, Negm MM, Ali MM. Sealability of Different Root Canal Nanosealers: Nano Calcium Hydroxide and Nano Bioactive 

Glass. The Open Dentistry Journal. 2019 Aug 30;13(1). 

[24]. Torabinejad M, Ford TP. Root end filling materials: a review. Dental Traumatology. 1996 Aug;12(4):161-78. 

[25]. Saghiri MA, Asgar K, Lotfi M, Garcia‐ Godoy F. Nanomodification of mineral trioxide aggregate for enhanced physiochemical 

properties. International endodontic journal. 2012 Nov;45(11):979-88. 

[26].  Biocompatibility of root-end filling materials: recent update. Restor Dent Endod 2013; 38: 119-127 

[27]. Krishnan PS, Joshi M, Bhargava P, Valiyaveettil S, He C. Effect of heterocyclic based organoclays on the properties of polyimide-

clay nanocomposites. J Nanosci Nanotechnol. 2005; 5:1148–1157. 

[28]. Modareszadeh MR, Chogle SA, Mickel AK, Jin G, Kowsar H, Salamat N, Shaikh S, Qutbudin S. Cytotoxicity of set polymer 

nanocomposite resin root-end filling materials. Int Endod J. 2011; 44:154–161 

[29]. Keller L, Offner D, Schwinté P, Morand D, Wagner Q, Gros C, Bornert F, Bahi S, Musset AM, Benkirane-Jessel N, Fioretti F. 

Active nanomaterials to meet the challenge of dental pulp regeneration. Materials. 2015 Nov;8(11):7461-71. 

[30]. Wang J, Liu X, Jin X, Ma H, Hu J, Ni L, Ma PX. The odontogenic differentiation of human dental pulp stem cells on nanofibrous 

poly (L-lactic acid) scaffolds in vitro and in vivo. Acta biomaterialia. 2010 Oct 1;6(10):3856-63. 

[31]. X. Li, C. Ma, X. Xie, H. Sun, X. Liu, Acta biomaterialia, 2016, 35, 57-67. 



Nanomodified Materials In Endodontics – A Game Changer!!! 

DOI: 10.9790/0853-2103010712                                    www.iosrjournal.org                                           12 | Page 

[32]. J. Palasuk, K. Kamocki, L. Hippenmeyer, J.A. Platt, K.J. Spolnik, R.L. Gregory, et al., Journal of Endodontics, 2014, 40, 1879-

1884. 

[33]. V. Shiehzadeh, F. Aghmasheh, F. Shiehzadeh, M. Joulae, E. Kosarieh, F. Shiehzadeh, Indian Journal of Dental Research, 2014, 25, 

248-253.) 

[34]. Li W, Mao M, Hu N, Wang J, Huang J, Zhang W, Gu S. A graphene oxide-copper nanocomposite for the regeneration of the 

dentin-pulp complex: An odontogenic and neurovascularization-inducing material. Chemical Engineering Journal. 2021 Aug 

1;417:129299 

 

 

REVATHY CP, et. al. “Nanomodified Materials in Endodontics – A Game Changer!!!.” IOSR 

Journal of Dental and Medical Sciences (IOSR-JDMS), 21(03), 2022, pp. 07-12. 

 

 


