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Introduction 

‘The light-induced inactivation of cells, microorganisms, or molecules’ [1] has been used as a definition of Photodynamic 

therapy (PDT) [1]. PDT has been called several different names, including photodynamic antimicrobial chemotherapy (PACT), 

photodynamic disinfection (PD), and antimicrobial photodynamic therapy (APD) [2-4]. Multiple studies have demonstrated 

positive results in treating infection of the root canal. Indeed, photodynamic therapy in the treatment of microorganisms has 

proven to be quite useful in the treatment of periapical and pulpal infections. The quantifier of the successfulness of endodontic 

treatment is the relative eradication of root canal microbes [5]. However, it is an unfeasible task to perform the total eradication 

of microorganisms from the root canal system [6, 7]. 

Generally, gram-positive (G +) bacteria are the main composition of endodontic failure infections (secondary infections) that 

are caused by one or multiple species of bacteria. This being said, an apparent predominance of anaerobes or facultatives 

cannot be declared in them [8]. The microflora associated with the infected root canal is typically a mix of species with a 

predominance of gram-negative (G -) anaerobic rods.  

This review aims to discuss Photodynamic therapy in endodontics management and how it helps in the dental industry.  

 

A R T I C L E  I N F O   

 

A B S T R A C T  

 

 
Received:  
  02 Aug 2021 
Received in revised form:  
  24 Nov 2021 
Accepted: 
  05 Dec 2021 
Available online: 
  28 Dec 2021 
 
 

Keywords: Photodynamic therapy, 

Photodynamic disinfection, 

Photodynamic antimicrobial 

chemotherapy, Endodontics 
 

  
Photodynamic therapy treatment (PDT) was introduced in 1900. Uses for it in dentistry have been 

considered in order to decrease the infection level of the root canal system. This therapy regained 

popularity in the last decade due to its effectiveness in treating endodontic microbial infections, 

particularly because the most commonly used chemical irrigations such as chlorhexidine and 

sodium hypochlorite are not always 100% successful in eradicating the microbial flora in the 

infected root canal. Understanding of the mechanism of microbes and a total microorganism 

eradication from the system of the root canal. The Pubmed, Embase, NCBI, and Cochrane databases 

were searched for studies of photodynamic therapy and its effects in endodontic treatments. Both 

clinical and laboratory studies as well as in vitro and in vivo studies were analyzed. In recent years, 

studies that were done showed PDTs’ antibacterial potential, however, most of them were unable 

to adequately confirm better disinfection when contrasted with regular chemomechanical 

formulation with NaOCl. 
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Materials and Methods  

The indicated keys were put to work in the mesh of the PubMed database for the choosing of articles ((“Photodynamic therapy 

"[Mesh]) AND (“in endodontic management” [Mesh]) OR (Photodynamic therapy in endodontics management) 

Mesh])). 

Article selection was based on the inclusion of certain topics that lined up with the objective as the ones that did not have the 

indicated key topics as their chief directive were not considered. The topics were: Photodynamic therapy in endodontics 

management. 

Around 90 publications were chosen as the most clinically relevant out of 1,202 articles indexed in the previous two decades, 

and their full texts were evaluated. A total of 31 of the 90 were included after a thorough examination. Additional research 

and publications were found using reference lists from the recognized and linked studies. Expert consensus recommendations 

and commentary were added where relevant to help practicing physicians assess cirrhosis most simply and practically possible. 

Results and Discussion 

The consequences of microorganisms entering the root canal can range from reversible pulpitis to necrosis of the pulp, which 

leads to a periapical lesion [9]. Additionally, pulpal necrosis without the involvement of microorganisms does not always lead 

to periapical lesions [10]. When mechanical or thermal trauma occurs to the pulp, the lack of blood circulation and defense 

mechanisms create a welcoming environment for intruding microorganisms and the pulp doesn’t stand much chance of 

remaining sterile for long.  

A dye that has the ability to light source energy absorption and transference of this energy to another molecule is considered 

a photosensitizer (PS) [11]. Said photosensitizers are involved in photodynamic therapy. The most common are phenothiazine 

salts, used in clinical trials.  

Photodynamic therapy is a two-stage treatment: the first stage involves the application of an applied PS compound to targeted 

tissues [12], which compound is then activated with exposure to light whose wavelengths are controlled to excite the 

compound. In the second step, light is emitted by a device used directly on the targeted tissue or directed to inner sites.  

Photoactivated disinfection (PAD) is a therapy that consists of the contact between a light source and a photosensitive 

antibacterial agent. The photosensitizer generally used is a harmless dye combined with low-intensity visible light, which 

molecules attach to the bacteria membrane [13, 14]. In the presence of oxygen, it results in the production of certain cytotoxic 

species. Rupture of the microbial cell wall occurs when irradiation with a specific wavelength of light produces singlet oxygen 

[15, 16].  

Treatment 

In Oral Surgery and Periodontics, antimicrobial PDT represents a theoretical treatment alternative for peri-implantitis, post-

extraction pain, alveolar osteitis [17], and localized microbial periodontal infections [18-26]. It requires the use of a 

photosensitizer along with low-concentration laser light, together with fostering the destruction of harmful microorganisms by 

singlet oxygen molecules. Despite the fact that it was unsuccessful in eliminating bacteria, PDT nonetheless resulted in a 

significant bacterial reduction [27, 28].  

Recently, PDT treatments with photosensitizing dyes combined with the usage of lasers or LEDs of different wavelengths 

have been explored as dental plaque removal treatments [28, 29] and to minimize dental caries that are conductive to 

aetiological factors [30].  

The effectivity of this photodynamic approach has been seen in ridding the root canals of microorganisms both in vitro and in 

vivo [31]. The potential of PDT has been demonstrated by these studies alongside standard endodontic antimicrobial treatment. 

A wide range of irrigating and disinfecting solutions are used to help in debridement and scrubbing of the canal [32]. Indeed, 

complete cleaning of the root canal system cannot be achieved by mechanical instrumentation alone [33]; debridement of the 

endodontic space and poor disinfection, limited filling, untreated canals, and leaking of the coronal are all likely cases of post-

treatment endodontic disease or failures that may cause bacteria to persist within the root canal system [34]. 

New methods and substances have recently been suggested to improve disinfection of the root canal, in replacement of 

conventional chemo-mechanical procedures or in addition to these procedures [35]. PDT was suggested as a promising addition 

to the clinical treatment of periapical lesions, alongside standard antimicrobial intracanal cleaning and shaping [36, 37], 

especially for teeth going through endodontic retreatment or treatment [35], Asnaashari et al. [38], Pourhajibagher et al. [39], 

Rabello et al. [40]. Indeed, when PDT parameters were optimized for the best photodynamic effect, colony-forming unit counts 

decreased by 99% in experimentally infected root canals of extracted teeth [31, 41]. 

Recently, positive results have been indicated in the use of PDT in root canal treatment when looked at in terms of the reduction 

of the bacterial load in vivo [40, 42-44], also in vitro [31, 45-47] and ex vivo [48]. 

Clinical Procedure 

A non-intrusive method of treatment that involves photosensitizers, a specific wavelength of light, and the generation of 

reactive oxygen species (ROS) and singlet oxygen to eradicate unwanted pathogenic microorganisms is Photodynamic therapy 

(PDT). The highly reactive oxygen species (ROS) destroys the microorganisms.  
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Viruses, fungi, and protozoa are among other microorganisms that are greatly reduced by PDT [48-50]. Additionally, 

toxicological tests have reported no negative side effects in the treatment with the applied photosensitizer [51]. 

Clinically, a PS solution flush that is done post canal preparation, is allowed to sit for approximately 60 seconds, in order for 

the solution to interact with the bacteria. Radiation is performed for 30 seconds on each canal, by the emitter which is placed 

in the root canal. This method has been clinically proven capable of killing high concentrations of the bacteria found in root 

canals [52]. However, it is crucial to ensure that the preparation completely floods the area; indeed, the solution must come 

into contact with all bacteria or the photosensitization will not be effective [53]. 

However, it has been mentioned by Kosarieh et al. [54] that irrigation lasting 2 minutes along with 17% EDTA improves 

photosensitizer penetration inside the dentinal tubules, possibly ensuring that the bacteria in deeper areas of the wall of the 

root canal are got to by the photosensitizer.  

PDT is also an effective reducer of biofilm [55]. Indeed, advanced noninvasive PDT with an oxidizer/oxygen-based 

photosensitizer formulation disrupts the biofilm matrix and has been proven to allow the comprehensive disinfection and 

inactivation of endodontic biofilm that is matured [56]. 

According to laboratory studies performed by Nunes et al. [57], there is doubt concerning the necessity of light delivery as it 

does not drastically affect the antimicrobial action of PDT. It should therefore be effective with or without an intracanal fiber. 

Additionally, according to Pinheiro et al. [58], it appears there is also doubt concerning penetration depth of the fiber; indeed, 

PDT was administered before and after instrumentation and similar values were reported. This study also reports that when 

the canal's complete length is not penetrated by the probe, it prevents the removal of apical microbial pathogens. Lastly, 

Firmino et al. [59] noted accelerated healing of a periapical lesion, which is probably due to the fact that bone repair in 

permanent teeth with the periapical disease is heightened with the red spectrum’s laser light [60]. 

The application of PDT has many advantages but also reports potential adverse effects. Indeed, there is no evidence of the 

bacteria developing resistance after PDT [61], even after multiple applications [50, 62, 63]. PDT is also effective against 

antibiotic-sensitive and antibiotic-resistant microorganisms.  

However, the methylene blue photosensitizer causes tooth staining and discoloration [64, 65], and chemical smear layer is also 

formed while obliterating the dentinal tubules has led to microleakage root filling materials having a lesser bond strength to 

the dentine [66]. The potential cytotoxicity of PDT is also a cause for concern. In ex vivo and vitro studies are being done to 

look into the safety of PDT for future aspirations in vivo applications [67, 68]. 

Conclusion 

PDT has several applications in dentistry because the basis of successful periodontal treatment is the removal of bacteria from 

the infected area. Phenothiazinium PSs are effective and safe for this purpose [69]. However, it is worth mentioning that to 

administer PDT, scaling and root planing should be performed beforehand.  

PDT has significant antibacterial potential as highlighted by recent studies. However, most of these studies do not show 

significant improvement of disinfection as compared with conventional chemomechanical preparation with NaOCl. PDT is 

one among many strategies (using intracanal medicaments, e.g., calcium hydroxide, irrigation solutions, e.g., NaOCl and 

chlorhexidine) advocated as useful in increasing the level of disinfection of the root canal system [70, 71]. 
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27. Dörtbudak O, Haas R, Bernhart T, Mailath‐Pokorny G. Lethal photosensitization for decontamination of implant surfaces 

in the treatment of peri‐implantitis. Clin Oral Implants Res. 2001;12(2):104-8. 

28. Shibli JA, Martins MC, Theodoro LH, Lotufo RFM, Garcia VG, Marcantonio Jr E. Lethal photosensitization in 

microbiological treatment of ligature-induced peri-implantitis: a preliminary study in dogs. J Oral Sci. 2003;45(1):17-23. 

29. Bevilacqua IM, Nicolau RA, Khouri S, Brugnera Jr A, Teodoro GR, Zângaro RA, et al. The impact of photodynamic 

therapy on the viability of Streptococcus mutans in a planktonic culture. Photomed Laser Surg. 2007;25(6):513-8. 

30. Nagata JY, Hioka N, Kimura E, Batistela VR, Terada RSS, Graciano AX, et al. Antibacterial photodynamic therapy for 

dental caries: evaluation of the photosensitizers used and light source properties. Photodiagnosis Photodyn Ther. 

2012;9(2):122-31. 

31. Fimple JL, Fontana C R, Foschi F, Ruggiero K, Song X, Pagonis TC, et al. Photodynamic treatment of endodontic 

polymicrobial infection in vitro. J Endod. 2008;34(6):728-34. 

32. Zehnder M. Root canal irrigants. J Endod. 2006;32(5):389-98. 

33. Peters MC, McLean ME. Minimally Invasive Operative Care: II. Contemporary Techniques and Materials: an Overview. 

J Adhes Dent. 2001;3(1). 

34. Siqueira JF. Strategies to treat infected root canals. CDA. 2001;29(12):825-38. 

https://doi.org/10.1016/0030-4220(65)90166-0
https://doi.org/10.1111/j.1365-2591.2011.02006.x


Alshareef et al., 2021 

Pharmacophore, 12(6) 2021, Pages 37-42 

41 

35. Rôças IN, Siqueira Jr JF. Comparison of the in vivo antimicrobial effectiveness of sodium hypochlorite and chlorhexidine 

used as root canal irrigants: a molecular microbiology study. J Endod. 2011;37(2):143-50. 

36. Nagayoshi M, Nishihara T, Nakashima K, Iwaki S, Chen KK, Terashita M, et al. Bactericidal effects of diode laser 

irradiation on Enterococcus faecalis using periapical lesion defect model. Int Sch Res Notices. 2011;2011. 

37. Garcez AS, Arantes-Neto JG, Sellera DP, Fregnani ER. Effects of antimicrobial photodynamic therapy and surgical 

endodontic treatment on the bacterial load reduction and periapical lesion healing. Three years follow up. Photodiagnosis 

Photodyn Ther. 2015;12(4):575-80. 

38. Asnaashari M, Ashraf H, Rahmati A, Amini N. A comparison between effect of photodynamic therapy by LED and 

calcium hydroxide therapy for root canal disinfection against Enterococcus faecalis: A randomized controlled trial. 

Photodiagnosis Photodyn Ther. 2017;17:226-32. 

39. Pourhajibagher M, Bahador A. Outer membrane protein 100 of Ag- gregatibacter actinomycetemcomitans act as a 

biopharmaceutical target for photodynamic therapy: an in silico analysis. Photodiagnosis Photodyn Ther. 2016;16:154-

60. 

40. Rabello DG, Corazza BJ, Ferreira LL, Santamaria MP, Gomes AP, Martinho FC. Does supplemental photodynamic 

therapy optimize the disinfection of bacteria and endotoxins in one-visit and two-visit root canal therapy? A randomized 

clinical trial. Photodiagnosis Photodyn Ther. 2017;19:205-11. 

41. Tennert C, Drews AM, Walther V, Altenburger MJ, Karygianni L, Wrbas KT, et al. Ultrasonic activation and chemical 

modification of photosensitizers enhances the effects of photodynamic therapy against Enterococcus faecalis root-canal 

isolates. Photodiagnosis Photodyn Ther. 2015;12(2):244-51. 

42. Bonsor SJ, Nichol R, Reid TMS, Pearson GJ. Microbiological evaluation of photo-activated disinfection in endodontics 

(an in vivo study). Br Dent J. 2006;200(6):337-41. 

43. Garcez AS, Nuñez SC, Hamblin MR, Ribeiro MS. Antimicrobial effects of photodynamic therapy on patients with 

necrotic pulps and periapical lesion. J Endod. 2008;34(2):138-42. 

44. Garcez AS, Nunez SC, Hamblim MR, Suzuki H, Ribeiro MS. Photodynamic therapy associated with conventional 

endodontic treatment in patients with antibiotic-resistant microflora: a preliminary report. J Endod. 2010;36(9):1463-6. 

45. Foschi F, Fontana CR, Ruggiero K, Riahi R, Vera A, Doukas AG, et al. Photodynamic inactivation of Enterococcus 

faecalis in dental root canals in vitro. Lasers Surg Med. 2007;39(10):782-7. 

46. Asnaashari M, Godiny M, Azari-Marhabi S, Tabatabaei FS, Barati M. Comparison of the antibacterial effect of 810 nm 

diode laser and photodynamic therapy in reducing the microbial flora of root canal in endodontic retreatment in patients 

with periradicular lesions. J Lasers Med Sci. 2016;7(2):99. 

47. Soares FZM, Follak A, Da Rosa LS, Montagner AF, Lenzi TL, Rocha RO. Bovine tooth is a substitute for human tooth 

on bond strength studies: A systematic review and meta-analysis of in vitro studies. Dent Mater. 2016;32(11):1385-93. 

48. Ng R, Singh F, Papamanou DA, Song X, Patel C, Holewa C, et al. Endodontic photodynamic therapy ex vivo. J Endod. 

2011;37(2):217-22. 

49. Jori G. Photodynamic therapy of microbial infections: state of the art and perspectives. J Environ Pathol, Toxicol Oncol. 

2006;25(1-2). 

50. Konopka K, Goslinski T. Photodynamic therapy in dentistry. J Dent Res. 2007;86(8):694-707. 
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