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Photodynamic therapy in endodontics: use of a 
supporting strategy to deal with endodontic infection

AbstrAct

Endodontic treatment is of  paramount importance to abol-

ish infection in teeth with pulp necrosis. The success of  

this type of  treatment depends on efficient elimination of  

infection in the root canal system (RCS) and correct seal-

ing carried out with root canal filling materials. Due to the 

anatomical complexity of  the RCS, certain areas may be in-

accessible to biomechanical preparation (BMP), therefore, 

the use of  intracanal medication enhances the reduction in 

microorganisms (MO) and their toxic products inside the 

RCS. MO can still survive even with the scientific and tech-

nical advancement of  endodontic therapy, being primar-

ily responsible for maintaining endodontic infection. Thus, 

new treatments should be investigated. Alternative treat-

ments have emerged in the health field with the advent 

of  laser and LED devices, such as photodynamic therapy 

(PDT), which is a set of  physical, chemical and biological 

procedures that occur after the administration of  a photo-

sensitizing agent (PS) activated by visible light of  a specific 

wavelength (laser or LED) to destroy the target cell or as-

sist infection combat. In Endodontics, based on in vitro and 

in vivo studies, the use of  PDT has proved to act as an ad-

junct, enhancing the disinfection of  the RCS, besides being 

easy to be applied and not promoting microbial resistance. 

The aim of  this review is to present the current status of  

photodynamic therapy in Endodontics.
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introduction
Endodontic treatment is of  paramount importance 

to abolish infection present in the root canal sys-
tem (RCS).1 Biomechanical preparation (BMP) with 
irrigating solutions aims at cleaning and shaping the 
RCS reducing the number of  microorganisms (MO).2

Due to the complex anatomical variation of  the 
RCS, certain areas may be inaccessible to BMP,3 
therefore, using calcium hydroxide as intracanal med-
ication increases the opportunity of  reducing the MO 
and their toxic products in the RCS.4,5

In recent years, important advances in technology 
and science occurred with regard to the development 
of  new materials and techniques for endodontic ther-
apy.2,6 However, even with this progress, there are MO 
that survive endodontic treatment. These MO are re-
sponsible for the persistence of  resistant endodontic 
infections, which contributes to failures6,7. Therefore, 
new therapeutic strategies used during endodontic in-
fection treatment must be constantly investigated.

New alternative treatments in the health field 
emerged with the advent of  laser and LED devices.8,9 

Photodynamic therapy (PDT) is among such therapeu-
tic alternatives. It uses a photosensitizing agent (PS) 
that is activated by laser or LED and which aims at 
destroying the target cell or assist infection combat.8,9,10

In Endodontics, PDT emerges as an adjunct and 
innovative therapeutic modality that enhances disin-
fection of  the RCS with a view to suppressing the MO 
resistant to endodontic treatment.11,12 PDT is easy to 
apply, does not promote microbial resistance and can 
be used after the BMP and before the canal filling, 
with or without intracanal medication.11-14

The aim of  this literature review is to present and dis-
cuss the use of  photodynamic therapy in Endodontics.

endodontic treatment
The aim of  endodontic treatment in teeth with pulp 

necrosis consists in combating endodontic infection 
by eliminating bacteria as well as inactivating their 
toxic products, such as lipopolysaccharide (LPS)5-16 

and the apical biofilm.6,7,17 When well executed, infec-
tion combat associated with adequate root canal fill-
ing can provide conditions for tissue repair.4-7,15,16,17

However, the complexity of  the internal dental 
anatomy hinders the disinfection of  the RCS, requir-
ing the use of  intracanal dressing, such as calcium hy-

droxide, to help combating endodontic infection.1,4,5,18 
In primary endodontic infections, different bacterial 

species can propagate in the entire RCS, leading to a 
polymicrobial infection with a predominance of  Gram-
negative anaerobic bacteria.1,6,19 However, in endodontic 
failures or resistant infections, there are less microbial 
species and characteristics that differ from those of  pri-
mary infections. In these cases, endodontic infections 
have predominance of  Gram-positive bacteria.19,20,21

The RCS have to be cleaned to eliminate micro-
organisms and the smear layer in order to allow ad-
equate obturation and post-treatment tissue repair.4,6,7 
The use of  sodium hypochlorite and EDTA effective-
ly removes any organic and inorganic components 
allied to the use of  calcium hydroxide as intracanal 
dressing, thus, promoting disinfection.5,15 In recent 
years, advances in endodontic treatment such as 
nickel-titanium and self-adjusting files (SAF),2,17 surgi-
cal microscope and ultrasonics have transformed the 
techniques of  RCS treatment. However, the anatomi-
cal variation of  SCR3 and resistant endodontic infec-
tions sustain failures.21

Thus, new strategies of  endodontic treatment are 
constantly investigated in order to broaden the spectrum 
of  activity against MO present in endodontic infection.

using light as a therapeutic agent
In the past, sunlight was widely used in countries 

such as Egypt, India and China for the treatment of  
skin diseases (psoriasis, vitiligo), however, empiri-
cally.10  After the technical-scientific advancement of  
optical techniques, it is now possible to use the light 
as a therapeutic agent in the health field.8,9,10

In the 60s, with the advent of  laser and LED devices, 
new treatment options emerged due to the beneficial 
therapeutic properties of  these devices.8,9,10,22,23 Laser 
presents peculiar characteristics such as: monochroma-
ticity, little divergence, intense energy and ultra-short 
pulses.24 LED is an acronym for Light Emitting Diode, 
a low thermal component with a spontaneous radiation 
mechanism that requires little energy to generate light.25 
Photodynamic therapy is among the applications of  laser 
and LED for therapeutic purposes.8-12

Low intensity red lasers are extensively used in PDT 
because they absorb phenothiazine-based PS and are ab-
sorbed by biological tissues.13,14 LED has been used in opti-
cal techniques as an alternative to the use of  laser because 
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it provides spontaneous radiation and uses little energy to 
generate light, with results as good as those of  laser.26

Photodynamic therapy
Photodynamic therapy was discovered in 1900 by 

Oscar Raab, who employed a small concentration 
of  acridine dye on protozoa. He observed that after 
light exposure, a lethal reaction occurred to protozoa, 
whereas in darkness nothing happened.10

PDT is characterized by physical, chemical and 
biological processes that occur when the light source 
absorbs PS and destroys or leads to lysis of  the target 
cell (damaged tissues or MO present) by oxidation. 
PDT has been currently established as a treatment 
modality for cancer and non-oncological diseases,  in 
addition to acting as an adjunct to other therapies 
already recognized.8-10,27

Studies carried out in the 90s showed that PDT can 
also be used to combat infections due to its good antimi-
crobial action. Additionally, PDT has proved to be more 
advantageous than antibiotics as it does not promote 
bacterial resistance. This type of  treatment is also known 
as antimicrobial photodynamic therapy (aPDT).28,29,30

Photodynamic therapy mechanism of action
When PDT is performed, at the moment of  its ap-

plication and at a molecular level, an energy exchange 
occurs among the molecules of  the photosensitizing 
agent employed. Such molecules are activated by vis-
ible light source (laser or LED) with specific wavelength 
for the respective PS, which induces destructive reaction 
towards the target cell in the presence of  oxygen.10

In PDT, the molecular reactions can be classified 
into type I and type II. Type I increases the hydroxyl 
radicals which react with biomolecules resulting in 
the formation of  hydrogen peroxide. The cytotoxic 
effects cause hydrogen loss in unsaturated molecules, 
such as phospholipids from cytoplasm membrane, 
thus, changing membrane permeability and integrity. 
As for type II reaction, an energy transfer between 
photosensitizing agent and oxygen occurs, produc-
ing a highly reactive singlet oxygen, which temporar-
ily reacts with cellular components (cell wall, nucleic 
acid, peptides and molecules involved with cell wall 
structure maintenance). Singlet oxygen oxidizes in a 
quick, safe and efficient way, promoting local specific 
necrosis, eliminating the target cells, only.10,31,32

PDT mechanism is also effective for inactivation of  fun-
gi, as it changes the integrity of  cell wall and membrane, 
allowing photosensitization that determine the changes on 
cellular organelles and subsequent cell death.33,34 

Photosensitizing agent (Ps)
In order to generate the desired effect of  the 

PDT, the PS must have selectivity and biological sta-
bility, good photochemical action and low toxicity to 
healthy tissues.31,32 The PS must have a resonant ab-
sorption band with spectrum of  action of  light on a 
particular wavelength of  maximum absorption. The 
effect of  PDT in the tissue depends on the level of  
PS.10,31,32 The closer the wavelength of  light used in 
the PS, the more efficient the PDT, provided that this 
PS has low toxicity and absorption bands that do not 
cause any injury to adjacent tissues and biological 
target.10 The action of  PS on bacteria is directly re-
lated to the load. PS with  positive or neutral charge 
interacts in a dynamic way, inactivating the layer 
of  peptidoglycan and lipoteichoic acid in the outer 
membrane of  Gram-positive and allows PS diffu-
sion.10,28,31 In Gram-negative bacteria, PS interacts 
with their outer membrane, acting as a functional 
and physical barrier among the cells and the biologi-
cal environment.35,36

The PS most commonly reported in the literature 
are: methylene blue, toluidine blue, rose bengal, mala-
chite green, erythrosine, rhodamine, porphyrins, and 
phthalocyanines.31,32

In Endodontics, it is possible to employ the PDT with 
PS of  the phenothiazine class: methylene blue (MB) 
and toluidine blue (TB),14,37 both activated by red laser 
or LED. However, in addition to TB and MB, new PS 
have been investigated in order to assist and improve 
microbial reduction of  the root canal system.38

MB is a cationic photosensitizing agent used as a dye 
to indicate the presence of  bacteria. It is soluble in water 
and alcohol, offering electrocatalytic features in several 
enzymatic reactions.39 MB has also good light absorp-
tion, reaching 660 nm bands (red light) and demonstrat-
ing the ability in generating reactive oxygen species.10,32

Fimple et al13 showed that improving AM concen-
tration and density of  light energy (J/cm²) increases 
bacterial destruction because the major targets of  
such PS seem to be the components of  DNA and the 
cell membrane of  which permeability is intensified.
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Pre-irradiation period
The pre-irradiation period comprises the time be-

tween the application of  PS and the beginning of  light 
use (LED or laser). This pre-irradiation time is of  para-
mount importance for absorption by PS, even before ir-
radiation starts.10,31,32 In Endodontics, the pre-irradiation 
period may range from two to five minutes, and it is the 
time when the PS reaches and crosses the bacteria cell 
membrane.12,14 It is noteworthy that the PS should be 
applied locally or near the target cell to prevent the for-
mation of  toxic species in undesired regions.13,14

Photodynamic therapy in dentistry
PDT appears as an adjunct and alternative treat-

ment used along with antimicrobial agents since it 
does not promote microbial resistance40. This fact 
highlights PDT as an attractive treatment strategy in 
Dentistry, which aims at eliminating or reducing the 
microorganisms and oral biofilms responsible for oral 
diseases40,41. The efficacy of  PDT in oral bacteria was 
demonstrated in vitro for the first time in 1992, by Wil-
son et al,28 who found reduction in Porphyromonas gin-

givalis, Fusobacterium nucleatum and Aggregatibacter 

actinomycetemcomitans by using the He-Ne laser with 
TB and MB as photosensitizing agents. In the same 
year, the same researchers29 successfully proved PDT 
action against in vitro biofilms formed by Streptococ-

cus sanguis, Porphyromonas gingivalis, Fusobacterium 

nucleatum and Aggregatibacter actinomycetemcomitans 
which were irradiated with He-Ne laser with TB and 
MB as photosensitizing agents.

Several areas of  Dentistry have successfully em-
ployed PDT. In Periodontology, for instance, PDT is per-
formed after scaling and root planning in periodontal 
pockets.42 In Cosmetic Dentistry, PDT is used for de-
contamination of  carious dentine;43 in Prosthodontics, 
PDT is performed for decontamination of  stomatitis 
caused by full or partial prosthesis;44 in Implantology, for 
the treatment of  peri-implantitis;45 in Pathology, PDT is 
used in various oral lesions such as herpes labialis;46 and 
in Endodontics, it is used to assist decontamination of  
the RCS after biomechanical preparation.47

Photodynamic therapy in endodontics
In Endodontics, PDT is indicated for treatment of  

teeth with necrotic pulp as well as for re-treatments, 
with a view to assisting and enhancing disinfection of  

the RCS after BMP, as an attempt to act in endodon-
tic infections combating Gram-negative and Gram-
positive bacteria in addition to biofilms.11-14,47,48 The 
remaining biofilm can hinder the action of  intracanal 
dressings, in addition to enabling microbial resistance, 
therefore, its inactivation is extremely important.11,48

Different PDT susceptibility of  microorganisms 
have been reported, with a reduction of  97% in En-

terococcus faecalis.37,49 However, statistically different 
results were found by Souza et al50 who did not obtain  
significant microbial reduction in Enterococcus faecalis. 
Fungi such as Candida albicans, can also be found in 
endodontic infections, and PDT may be indicated as 
adjunct treatment in these cases.49

The use of  light (laser or LED) alone may not be ef-
fective against microorganisms in endodontic infection. 
However, if  it were used with the photosensitizing agent, it 
would allow the release of  singlet oxygen, thus, achieving 
the aimed results. With regard to the advantages of  PDT, 
it can be mentioned that this therapeutic modality gener-
ates no thermal effects, and there is no harm or death of  
cells of  healthy tissues adjacent to the RCS.49

The most commonly used photosensitizing agents 
in endodontic photodynamic therapy are synthetic and 
phenothiazines-based, such as MB and TB37,51 that, at 
low concentrations, cause the microorganisms to die 
without being cytotoxic to the surrounding tissues.52

Nevertheless, when used in the root dentin, the 
photosensitizing agents may stain the dental struc-
tures. However, such hypothesis may be discarded 
provided that low concentrations be used, although 
antimicrobial activity may decrease in view of  PS low 
concentrations.53 In spite of  that, studies have been 
conducted to test new photosensitizing agents that 
could be used at higher concentrations without the 
risk of  staining tooth structures, but also providing 
favorable results with regard to bacteria control.54

Researches have currently been carried out  in order 
to obtain better results regarding irradiation time, power 
unit, core diameter of  optic fiber for intracanal use, differ-
ent types of  photosensitizing agents, as well as different 
concentrations of  these agents. Bouillaguet et al55 have 
demonstrated that light (laser or LED) was effective in 
activating photosensitizing agents and that the blue light 
was as effective as the red one in the production of  sin-
glet oxygen. Moreover, they recommended the use of  
PDT as an auxiliary technique in Endodontics.
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Pagonis et al38 used in vitro nanoparticles of  poly (L-
lactic-co-glycolic acid) containing MB to potentiate the 
action of  the photosensitizing agent in the production 
of  a more reactive oxygen, allowing the killing of  vari-
ous species of  microorganisms. They concluded that 
the synergism between MB and the nanoparticles pro-
moted a significant reduction in colony-forming units 
and demonstrated the effectiveness of  this technique as 
adjunct to endodontic treatment.

In an in vitro study, Nunes et al56 showed that there 
is no significant difference in PDT whether or not optic 
fiber is used in the root canal space for the reduction 
of  Enterococcus faecalis species. However, the authors 
recommend its use due to its ability in uniformly dis-
tributing light and reaching all areas of  the main root 
canal, as well as across all the root canal system.

Rios et al57 concluded that PDT with toluidine blue 
as photosensitizer agent can be used as adjunct antimi-
crobial procedure in conventional endodontic therapy. 
Similar results were found by Ng et al14 who found a fa-
vorable result of  PDT as adjunct in Endodontics. Both 
authors recommend further research to obtain better 
scientific basis prior to using the technique.

Silva et al58 conducted a study using dogs’ teeth 
with periapical lesions. They achieved tissue repair in 
groups that used PDT after biomechanical preparation 
and concluded that PDT may be a promising adjunct 
therapy in endodontic procedures.

Cheng et al59 conducted in vitro studies and showed 
that the PDT or just the use of  one of  the laser sys-
tems (Nd: YAG, Er: YAG; ERCR: YSGG), when associ-
ated with endodontic treatment, reduced the number 
of  Enterococcus faecalis bacterial colonies. The authors 
recommend the technique for clinical application.

Komine and Tsujimoto60 showed that a small 
amount of  MB was able to generate singlet oxygen 
and produce bactericidal effects against Enterococcus 

faecalis in vitro.
Researches reporting the possible influence of  

PDT on the types of  irrigating solutions, on the pres-
ence or absence of  intracanal medication or on the 
smear layer, have not been found in the literature.

the photodynamic therapy 
technique in endodontics

The literature remains controversial with regard to 
application parameters, but it is noteworthy that, ac-

cording to the scientific results found to date, PDT in 
Endodontics is gaining prominence.

In general, PDT is indicated in Endodontics for 
teeth with pulp necrosis with or without periapical 
lesion, treated in a single session or in multiple ses-
sions. It can also be used in re-treatments.

After biomechanical preparation, the root canal 
must be effectively dried with cannulas and absorbent 
paper points.11 Afterwards, the PDT is carried out, 
generally with MB or TB as photosensitizer agents, 
which can be commercially found. This photosensi-
tizer agent is a liquid that must be inserted into the 
root canal and that should react between 2 and 5 min-
utes (pre-irradiation period).1-14,37,38,47,52,53

Once the pre-irradiation period is concluded, the 
light (LED or laser) is applied at a specific wavelength, 
according to the photosensitizing agent used. In the 
case of  MB or TB, red light in a band ranging from 
660nm to 685nm should be applied for approximately 
3 to 4 minutes. The use of  intracanal flexible optic fiber 
with diameter core compatible with the root canal size 
is also recommended. After that, the photosensitizing 
agent must be removed with irrigating or saline solution 
and the root canal must be aspirated with a cannula and 
dried with absorbent paper points.11-14,37,38,47,52,53

At this point, the clinician can opt for using an intraca-
nal dressing and fill the root canals in another session, or go 
straight to root canal filling in one session. It should be noted 
that PDT does not substitute the intracanal medication.

biosafety
As any other light-emitting device (laser or LED), 

the use of  protective eyewear with specific wavelength 
is mandatory for both the clinician and the patient. 
This protection items are generally part of  a kit that 
is obtained when the light sources are purchased. The 
optic fiber used in PDT must be sterilized or disinfect-
ed according to the manufacturer’s instructions.31,32

Final considerations
PDT in Endodontics can be an important adjunct that 

helps reducing and controlling microorganisms and their 
toxic products that are present in endodontic infection, 
provided that an efficient photosensitizer agent is select-
ed and appropriate parameters for the application of  the 
laser or LED are attended. However, further studies are 
needed to improve the clinical application protocols.



Dental Press Endod. 2013 May-Aug;3(2):52-8© 2013 Dental Press Endodontics 57

Sivieri-Araujo G, Santos LMS, Queiroz IOA, Wayama MT, Yamanari GH, Martins CM, Dezan-Júnior E, Cintra LTA, Gomes-Filho JE

1. Sundqvist G. Taxonomy, Ecology, and Pathogenicity of the root 
canal lora. Oral Surg Oral Med Oral Pathol. 1994;78(4):522-30.

2. Melo-Ribeiro MV, Silva-Sousa YT, Versiani MA, Lamira A, Steier 
L, Pécora JD, et al. Comparison of the cleaning eficacy of self-
adjusting ile and rotary systems in the apical third of oval-shaped 
canals. J Endod. 2013;39(3):398-401.

3. Ballullaya SV, Vemuri S, Kumar PR. Variable permanent mandibular 
irst molar: review of literature. J Conserv Dent. 2013;16(2):99-110.

4. Holland R, Otoboni Filho JA, Souza V, Nery MJ, Bernabé PF, Dezan 
E Jr. A comparison of one versus two appointment endodontic 
therapy in dogs’ teeth with apical periodontitis. J Endod. 
2003;29(2):121-4.

5. Estrela C, Holland R. Calcium hydroxide: study based on scientiic 
evidences. J Appl Oral Sci. 2003;11(4):269-82.

6. Vera J, Siqueira JF Jr, Ricucci D, Loghin S, Fernández N, Flores 
B, et al. One-versus two-visit endodontic treatment of teeth 
with apical periodontitis: a histobacteriologic study. J Endod. 
2012;38(8):1040-52.

7. Nair PN, Henry S, Cano V, Vera J. Microbial status of apical root 
canal system of human mandibular irst molars with primary apical 
periodontitis after “one-visit” endodontic treatment. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2005;99(2):231-52.

8. Allison RR, Mota HC, Bagnato VS, Sibata CH. Bio-nanotechnology 
and photodynamic therapy-state of the art review. Photodiagnosis 
Photodyn Ther. 2008;5(1):19-28.

9. Allison RR, Bagnato VS, Sibata CH. Future of oncologic 
photodynamic therapy. Future Oncol. 2010;6(6):929-40.

10. Allison RR, Moghissi K. Photodynamic Therapy (PDT): PDT 
Mechanisms. Clin Endosc. 2013;46(1):24-9.

11. Garcez AS, Ribeiro MS, Tegos GP, Núñez SC, Jorge AOC, 
Hamblin MR. Antimicrobial photodynamic therapy combined with 
conventional endodontic treatment to eliminate root canal bioilm 
infection. Lasers Surg Med. 2007;39(1):59-66.

12. 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.

13. Fimple JL, Fontana CR, 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.

14. 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.

15. Tanomaru JMG, Leonardo MR, Tanomaru-Filho M, Bonetti-Filho 
I, Silva LAB. Effect of different irrigation solutions and calcium 
hydroxide on bacterial LPS. Int Endod J. 2003;36(11):733-9.

16. Oliveira LD, Carvalho CA, Carvalho AS, Alves JS, Valera MC, Jorge 
AO. Eficacy of endodontic treatment for endotoxin reduction in 
primarily infected root canals and evaluation of cytotoxic effects. 
J Endod. 2012;38(8):1053-7.

17. Lin J, Shen Y, Haapasalo M. A comparative study of bioilm 
removal with hand, rotary nickel-titanium, and self-adjusting ile 
instrumentation using a novel in vitro bioilm model. J Endod. 
2013;39(5):658-63.

18. Estrela C, Estrela CR, Hollanda AC, Decurcio DA, Pécora JD. 
Inluence of iodoform on antimicrobial potential of calcium 
hydroxide. J Appl Oral Sci. 2006;14(1):33-7. 

19. Gomes BP, Endo MS, Martinho FC. Comparison of endotoxin levels 
found in primary and secondary endodontic infections. J Endod. 
2012;38(8):1082-6.

20. Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Enterococcus 
faecalis: its role in root canal treatment failure and current concepts 
in retreatment. J Endod. 2006;32(2):93-8.

21. Rôças IN, Siqueira JF Jr. Characterization of microbiota of root 
canal-treated teeth with posttreatment disease. J Clin Microbiol. 
2012;50(5):1721-4. 

22. Berbert FL, Sivieri-Araujo G, Ramalho LT, Pereira SA, Rodrigues 
DB, Araujo MS. Quantiication of ibrosis and mast cells in the tissue 
response of endodontic sealer irradiated by low-level laser therapy. 
Lasers Med Sci. 2011;26(6):741-7.

23. Sivieri-Araujo G, Berbert FLCV, Ramalho LTO, Rastelli ANS, Crisci 
FS, Bonetti-Filho I, et al. Effect of red and infrared low-level laser 
therapy in endodontic sealer on subcutaneous tissue. Laser 
Physics. 2011;21(11)1-7.

24. Lomke MA. Clinical applications of dental lasers. Gen Dent. 
2009;57(1):47-59.

25. Volpato LE, Oliveira RC, Espinosa MM, Bagnato VS, Machado MA. 
Viability of ibroblasts cultured under nutritional stress irradiated with 
red laser, infrared laser, and red light-emitting diode. J Biomed Opt. 
2011;16(7):075004

26. Stahl F, Ashworth SH, Jandt KD, Mills RW. Light-emitting diode 
(LED) polymerisation of dental composites: lexural properties and 
polymerisation potential. Biomaterials. 2000;21(13):1379-85.

27. Vollet-Filho JD, Menezes PFC, Moriyama LT, Grecco C, 
Sibata C, Allison RR, et al. Possibility for a full optical 
determination of photodynamic therapy outcome. J Appl Phys. 
2009;105(10):1020381-7.

28. Wilson M, Dobson J, Harvey W. Sensitization of oral bacteria to killing 
by low-power laser radiation. Curr Microbiol. 1992;25(2):77-81.

29. Dobson J, Wilson M. Sensitization of oral bacteria in bioilms to killing 
by light from a low-power laser. Arch Oral Biol. 1992;37(11):883-7.

30. Sakar S, Wilson M. Lethal photosensitization of bacteria in 
subgingival plaque from patients with chronic periodontitis. 
J Periodontal Res. 1993;28(3):204-10.

31. Wilson BC, Patterson MS. The physics of photodynamic therapy. 
Phys Med Biol. 1986;31(4):327-60.

32. Wilson BC, Patterson MS. The physics, biophysics and technology of 
photodynamic therapy. Phys Med Biol. 2008;53(9):R61-109.

33. Sardi JC, Scorzoni L, Bernardi T, Fusco-Almeida AM, Mendes 
Giannini MJ. Candida species: current epidemiology, pathogenicity, 
bioilm formation, natural antifungal products and new therapeutic 
options. J Med Microbiol. 2013;62(Pt 1):10-24.

34. Gonzales FP, Felgenträger A, Bäumler W, Maisch T. Fungicidal 
photodynamic effect of a twofold positively charged porphyrin against 
Candida albicans planktonic cells and bioilms. Future Microbiol. 
2013;8:785-97.

35. Foschi F, Cavrini F, Montebugnoli L, Stashenko P, Sambri V, Prati C. 
Detection of bacteria in endodontic samples by polymerase chain 
reaction assays and association with deined clinical signs in Italian 
patients. Oral Microbiol Immunol. 2005;20(5):289-95.

36. Pereira de Lima Carvalho D, Guerra Pinto J, Di Paula Costa Sorge 
C, Rodrigues Benedito FR, Khouri S, Ferreira Strixino J. Study of 
photodynamic therapy in the control of isolated microorganisms 
from infected wounds-an in vitro study. Lasers Med Sci. 2013 Mar 1. 
[Epub ahead of print].

37. Soukos NS, Chen PS, Morris JT, Ruggiero K, Abernethy AD, Som 
S, et al. Photodynamic therapy for endodontic disinfection. J Endod. 
2006;32(10):979-84.

38. Pagonis TC, Chen J, Fontana CR, Devalapally H, Ruggiero K, Song 
X, et al. Nanoparticle-based endodontic antimicrobial photodynamic 
therapy. J Endod. 2010;36(2):322-8.

39. Tardivo JP, Giglio AD, Oliveira CS, Gabrielli DS, Junqueira HC, Tada 
DB, et al. Methylene blue in photodynamic therapy: from basic 
mechanisms to clinical applicataions. Photodiagnosis Photodyn Ther. 
2005;2(3):1-17.

40. Gursoy H, Ozcakir-Tomruk C, Tanalp J, Yilmaz S. Photodynamic 
therapy in dentistry: a literature review. Clin Oral Investig. 
2013;17(4):1113-25.

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

42. Theodoro LH, Silva SP, Pires JR, Soares GH, Pontes AE, Zuza EP, 
et al. Clinical and microbiological effects of photodynamic therapy 
associated with nonsurgical periodontal treatment. A 6-month follow-
up. Lasers Med Sci. 2012;27(4):687-93.

references



Dental Press Endod. 2013 May-Aug;3(2):52-8© 2013 Dental Press Endodontics 58

Photodynamic therapy in Endodontics: Use of a supporting strategy to deal with endodontic infection[ literature review ]

43. Nagata JY, Hioka N, Kimura E, Batistela VR, Terada RS, 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.

44. Mima EG, Vergani CE, Machado AL, Massucato EM, Colombo 
AL, Bagnato VS, et al. Comparison of Photodynamic Therapy 
versus conventional antifungal therapy for the treatment of 
denture stomatitis: a randomized clinical trial. Clin Microbiol Infect. 
2012;18(10):E380-8.

45. Bassetti M, Schär D, Wicki B, Eick S, Ramseier CA, Arweiler NB, 
et al. Anti-infective therapy of peri-implantitis with adjunctive local 
drug delivery or photodynamic therapy: 12-month outcomes of a 
randomized controlled clinical trial. Clin Oral Implants Res. 2013 Apr 
8. [Epub ahead of print].

46. Paula Eduardo C, Aranha AC, Simões A, Bello-Silva MS, Ramalho 
KM, Esteves-Oliveira M, et al. Laser treatment of recurrent herpes 
labialis: a literature review. Lasers Med Sci. 2013 Apr 13. [Epub 
ahead of print]. 

47. Garcez AS, Nuñez SC, Hamblim MR, Suzuki H, Ribeiro MS. 
Photodynamic therapy associated with conventional endodontic 
treatment in patients with antibiotic-resistant microlora: a preliminary 
report. J Endod. 2010;36(9):1463-6. 

48. Seal GJ, Ng YL, Spratt D, Bhatti M, Gulabivala K. An in vitro 
comparison of the bactericidal eficacy of lethal photosensitization 
or sodium hyphochlorite irrigation on Streptococcus intermedius 
bioilms in root canals. Int Endod J. 2002;35(3):268-74.

49. Teichert MC, Jones JW, Usacheva MN, Biel MA. Treatment of oral 
candidiasis with methylene blue–mediated photodynamic therapy in 
an immunodeicient murine model. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2002;93(2):155-60.

50. Souza LC, Brito PR, Oliveira JC, Alves FR, Moreira EJ, Sampaio-Filho 
HR, et al. Photodynamic therapy with two different photosensitizers 
as a supplement to instrumentation/irrigation procedures in 
promoting intra-canal reduction of Enterococcus faecalis. J Endod. 
2010;36(2):292-6.

51. Munin E, Giroldo LM, Alves LP, Costa MS. Study of germ tube 
formation by Candida albicans after photodynamic antimicrobial 
chemotherapy (PACT). J Photochem Photobiol B. 2007;88(1):16-20.

52. Soukos NS, Wilson M, Burns T, Speight PM. Photodynamic effects 
of toluidine blue on human oral keratinocytes and ibroblasts 
and Streptococcus sanguis evaluated in vitro. Lasers Surg Med. 
1996;18(3):253-9.

53. Silva Garcez A, Núñez SC, Lage-Marques JL, Jorge AO, Ribeiro 
MS. Eficiency of NaOCl and laser-assisted photosensitization on the 
reduction of Enterococcus faecalis in vitro. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2006;102(4):e93-8.

54. Rastelli ANS, Tribioli JT, JacomassI DP, Bagnato VS. Color changes 
of dental composite resin and dental structure after immersion in 
photosensitizer based on curcumin. Laser Physics. 2010;19(7):10-9.

55. Bouillaguet S, Wataha JC, Zapata O, Campo M, Lange N, Schrenzel 
J. Production of reactive oxygen species from photosensitizers 
activated with visible light sources available in dental ofices. 
Photomed Laser Surg. 2010;28(4):519-25.

56. Nunes MR, Mello I, Franco GC, Medeiros JM, Santos SS, 
Habitante SM, et al. Effectiveness of Photodynamic Therapy 
Against Enterococcus faecalis, with and without the use of an 
intracanal optical iber: an in vitro study. Photomed Laser Surg. 
2011;29(12):803-8.

57. Rios A, He J, Glickman GN, Spears R, Schneiderman ED, 
Honeyman AL. Evaluation of Photodynamic Therapy Using a Light-
emitting Diode Lamp against Enterococcus faecalis in Extracted 
Human Teeth. J Endod. 2011;37(6):856-9. 

58. Silva LA, Novaes AB Jr, Oliveira RR, Nelson-Filho P, Santamaria M 
Jr, Silva RA. Antimicrobial photodynamic therapy for the treatment 
of teeth with apical periodontitis: a histopathological evaluation. 
J Endod. 2012;38(3):360-6.

59. Cheng X, Guan S, Lu H, Zhao C, Chen X, Li N, et al. Evaluation 
of the bactericidal effect of Nd:YAG, Er:YAG, Er,Cr:YSGG laser 
radiation, and antimicrobial photodynamic therapy (aPDT) 
in experimentally infected root canals. Lasers Surg Med. 
2012;44(10):824-31.

60. Komine C, Tsujimoto Y. A small amount of singlet oxygen generated 
via excited methylene blue by photodynamic therapy induces the 
sterilization of Enterococcus faecalis. J Endod. 2013;39(3):411-4.


