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Abstract: Effective decontamination of root canal 
systems is a constant concern in clinical practice. In this 
article, we compare the performance of photodynamic 
therapy (PDT) and sodium hypochlorite (NaOCl) in 
reducing the amount of Enterococcus faecalis in root 
canals. Relevant studies were identified by searching 
electronic databases, including Web of Science, 
PubMed, BVS (Medline, Scielo, Lilacs and BBO), 
Scopus, and Cochrane, and by manually searching the 
references of identified studies. The terms used in the 
literature search were “photodynamic therapy” and 
“Enterococcus faecalis”. We selected 13 experimental 
studies that exclusively assessed the performance of 
PDT in reducing E. faecalis in root canals of human 
teeth. In an evaluation of methodological quality, 12 
articles were classified as moderate-quality reports 
and 1 as a high-quality report. No article needed to 
be excluded because of low-quality methodology. The 
results showed that PDT had a better antimicrobial 
effect when used as an adjuvant endodontic treatment 
to NaOCl. However, this finding should be carefully 
interpreted, as there are few relevant studies and the 
methods of the selected studies varied.
(J Oral Sci 56, 277-285, 2014)
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Introduction
Effective elimination of microorganisms in infected root 
canal systems is an important concern in endodontics 
(1,2). Chemical-mechanical technique is the most 
important step in controlling root canal infection. 
Antimicrobial irrigants, especially sodium hypochlorite 
(NaOCl), are very effective in reducing bacteria popula-
tions, as they have a proteolytic effect. However, NaOCl 
has cytotoxic and neurotoxic effects when extruded into 
periapical tissues (3). Although NaOCl acts directly on 
target bacteria, several factors—such as the anatomical 
complexities of root canals, deep invasion of microor-
ganisms into dentinal tubules, and formation of biofilm 
on the surface of the root apex—make it difficult to 
completely eliminate microorganisms from root canals 
and periapical lesions (4,5). 

Enterococcus faecalis is a bacterium commonly 
associated with chronic periodontitis and failed root 
canal treatment (6,7). E. faecalis is a Gram-positive, 
non-sporing, facultative anaerobe that is sometimes 
highly resistant to medicaments and antimicrobial 
irrigants during endodontic treatment (8). Protocols for 
enhancing disinfection can use alternative methods, 
such as substances for chemical-mechanical prepara-
tion, or other approaches for complementing the effects 
of conventional disinfection. Dental applications of 
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photodynamic therapy (PDT) are increasing rapidly, 
and several studies have shown that oral bacteria are 
susceptible to PDT (9,10). PDT has recently been used to 
eradicate microorganisms from root canal systems, which 
suggests that it might be useful as adjunctive therapy to 
current endodontic disinfection techniques. 

Photodynamic inactivation of microorganisms by 
topical application of photosensitizer and light restricts 
the action of highly reactive oxygen species and neutral-
izes systemic effects on non-pathogenic bacterial flora 
(11). In addition, unlike antibiotics, which have unique 
microbial targets, reactive oxygen generated from a 
photodynamic reaction has multifunctional charac-
teristics and can damage several cellular structures, 
thus decreasing possible development of PDT-resistant 
bacteria (12). 

A number of experimental studies have investigated 
the effect of PDT on reducing E. faecalis inside root 
canals. We critically examined the available literature 
to identify, and assess the methodological quality of, 
all relevant studies, which were then systematically 
reviewed to compare the effects of PDT and NaOCl in 
reducing E. faecalis inside root canals.

Methods
Research question
Is photodynamic therapy more effective than NaOCl in 
reducing the amount of E. faecalis inside root canals?

Strategy for identifying and selecting studies
A comprehensive search of the literature was performed 
by two independent researchers. Only articles published 
before July 2014 were considered for review. The selec-
tion process is shown in Fig. 1. The following electronic 
databases were used to identify potentially relevant 
studies: Web of Science, PubMed, BVS (Medline, Lilacs, 
and BBO), Scopus, and Cochrane. The key words used 
in the bibliographic search were “photodynamic therapy” 
and “Enterococcus faecalis”. To refine the search results, 
the terms were combined. 

The key words were chosen from the structured and 
trilingual vocabulary DeCS (Descriptors of Health 
Science), which was developed based on the Medical 
Subject Headings (MeSH) of the National Library of 
Medicine in the United States, to allow terms used in 
Portuguese, Spanish, or English. This method provided 
a unique and consistent way to retrieve information 
regardless of the language used. The above-mentioned 
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Fig. 1   Flowchart of process used to search and select research studies, using items recommended 
for systematic reviews (PRISMA).
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key words yielded the best search results during the pre-
test phase. 

After an initial electronic search, abstracts and titles 
were evaluated. In cases in which the abstract and title 
were unclear, the complete article was read to minimize 
the possibility of excluding important studies. In addi-
tion, a manual search of the references of the identified 
studies was performed.

Criteria for study selection
Studies satisfying all the following criteria were included:

i) Experimental studies,
ii) Studies of root canals of human teeth,
iii)  Studies of the effects of photodynamic therapy on 

E. faecalis numbers only,
iv)  Studies comparing photodynamic therapy and 

NaOCl,
v) Studies with no language restriction.
Literature reviews, dissertations, theses, qualitative 

studies, case reports, textbooks, textbook chapters, and 
annals of congresses were excluded. 

Critical evaluation of the studies
Full copies of potentially relevant studies were inde-
pendently obtained and analyzed by two of the authors 
(R.S.A. and R.D.N.). The selected studies were then 
compared, and any disparity was discussed so that a 
consensus could be achieved in combination with a third 
investigator (L.S.A.). After assessing the articles, studies 
that did not clearly meet the inclusion criteria were 
excluded.

Criteria for quality assessment
The articles selected were assessed by considering the 
criteria described in Table 1 and then classified into three 
categories, as follows: 

●  Category A: high-quality methodology, i.e., an article 
satisfying 7 or 8 of the proposed criteria

●  Category B: moderate-quality methodology, i.e., an 
article satisfying 4 to 6 of the proposed criteria

●  Category C: low-quality methodology, i.e., an article 
satisfying 3 or fewer of the proposed criteria.

Studies in category C were not included in the present 
analysis.

Data extraction
Data were independently retrieved by two investigators 
(R.A.S.A. and R.D.N.), who fully read the articles and 
considered the methodology (number of teeth/canals and 
groups analyzed), parameters for NaOCl (concentration 
and duration) and PDT (laser wavelength, fiber diameter, 
photosensitizer, irradiation duration, active laser media, 
energy dose, and potency), results, and conclusions. 

Results
Search and selection of articles
First, abstracts from 280 articles were identified in elec-
tronic databases, as follows: 66 articles from VHS, 59 
from PubMed, 2 from Cochrane, 69 from Scopus, and 
94 from Web of Science. After disregarding duplicate 
studies and analyzing the titles and abstracts, 26 articles 
were selected. 

In the final search and selection process, the 26 
identified articles were analyzed in detail, on the basis 
of our inclusion and exclusion criteria, and 13 studies 

Table 1   Model for qualitative evaluation
Item Quality assessment Yes No
Study Design 

1 Methodology presenting reproducibility 1 0
2 Presence of control group 1 0
3 Group pairing if more than one group 1 0
4 Statement that only one investigator performed the experiments or that investigators were 

calibrated 1 0

5 Calculation or justification of sample size 1 0
Description of statistical methods

6 Use of appropriate statistical tests to assess main results 1 0
Results

7 Results judiciously interpreted by considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence 1 0

8 Discussion of study limitations that accounts for potential sources of bias or inaccuracies 1 0
Total
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Table 2   Qualitative analysis of selected studies

Evaluation criteria
Studies

Meire et 
al. 2009

Poggio et 
al. 2011

Souza et 
al. 2010

Rios et al. 
2011

Nunes et 
al. 2011

Ng et al. 
2011

Yao et al. 
2012

Vaziri et 
al. 2012

Cheng et 
al. 2012

Bago et
al. 2013

Miranda 
et al. 2013

Yildirim 
et al. 2013

Xhevdet 
et al. 2014

Methodology presenting reproducibility 1 1 1 0 1 1 1 1 1 1 1 1 1
Presence of control group 1 1 0 1 1 1 1 1 1 1 1 1 1
Group pairing if more than one group 1 1 1 1 1 1 1 1 1 1 1 1 1
Statement that only one investigator 
performed the experiments or that 
investigators were calibrated

0 1 0 0 0 0 0 0 0 0 0 0 0

Calculation or justification of sample 
size

0 0 0 0 0 0 0 0 0 0 0 0 0

Use of appropriate statistical tests to 
assess main results

1 1 1 1 1 1 1 1 1 1 1 1 1

Results judiciously interpreted by consid-
ering objectives, limitations, multiplicity 
of analyses, results from similar studies, 
and other relevant evidence

1 1 1 1 1 1 1 1 1 1 1 1 1

Discussion of study limitations that 
accounts for potential sources of bias or 
inaccuracies

1 1 1 1 1 1 1 1 1 1 1 1 1

Total 6 7 5 5 6 6 6 6 6 6 6 6 6
Category B A B B B B B B B B B B B

Table 3   Characteristics of studies that met inclusion criteria

Author/year
Methodology NaOCl 

parameters
Results Conclusion

Number of 
teeth/canals Groups assessed Concen-

tration
Duration

(min)

Meire et al. 2009 60/60 1- Nd:YAG laser
2- KTP laser
3- PDT
4- NaOCl
5- Positive/negative control

2.5% 15 High-power lasers (1 and 2) did not reduce 
EF in root canals. PDT treatment consider-
ably reduced EF vs. control. Reductions were 
greater in NaOCl treatment group.

Laser systems and PDT were less effica-
cious than NaOCl in reducing EF, either 
in aqueous solution or in an infected-tooth 
model.

Poggio et al. 
2011

100/100 1- PDT
2- PDT + NaOCl
3- TB
4- Prolonged PDT
5- 5% NaOCl (positive control)
6- Negative control

5% 3 Groups 2 and 5 had greater bacterial reduc-
tion. Group 4 had a greater reduction than 
group 1. Group 3 had the lowest percentage 
of bacterial reduction in all strains tested.

The in vitro study confirmed that the anti-
microbial efficacy of 5% NaOCl is greater 
than that of PDT. NaOCl can be used as 
an auxiliary procedure for endodontic 
treatment. A longer irradiation time may be 
necessary to improve effectiveness.

Souza et al. 2010 70/70 1- PDT with MB + 2.5% NaOCl 
2- PDT with TB + 2.5% NaOCl 
3- PDT with MB + 0.85% NaCl 
4- PDT with TB + 0.85% NaCl

2.5% 
or 
0.85%

- Comparisons between groups 1 and 2 and 
groups 3 and 4 revealed no significant 
differences. However, when groups 1 and 
3 and groups 2 and 4 were compared, a 
significant bacterial reduction in the root 
canals was observed.

PDT with either MB or TB did not result 
in significant improvement as auxiliary 
treatment for instrumentation/irrigation in 
intracanal disinfection. 

Rios et al. 2011 Unknown 1- 6% NaOCl
2- TB
3- PDT with no TB
4- PDT + TB
5- PDT + TB + NaOCl
Positive and negative controls

6% 0.5 The survival rate of EF with PDT + TB + 6% 
NaOCl (0.1%) was significantly lower (P < 
0.005) than that with NaOCl (0.66%) and 
PDT (2.9%)

PDT with TB might be useful as auxiliary 
therapy for conventional endodontic treat-
ment in reducing the amount of bacteria. 

Nunes et al. 2011 60/60 1- Control group
2- NaOCl
3- PDT with OF + 90-s ET
4- PDT with no OF + 180-s ET 
5- PDT with no OF + 90-s ET 
6- PDT with no OF + 180-s ET

1% 15 A greater reduction in EF was obtained 
with 1% NaOCl. PDT significantly reduced 
the amount of EF in the following groups 
(in descending order of EF reduction): OF 
+ 180-s ET, no OF + 180-s ET, OF + 90-s 
ET, and no OF + 90-s ET. No statistically 
significant differences were observed among 
the groups.

PDT was effective against EF, regardless 
of the use of intracanal optical fiber.
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were excluded because they did not satisfy the inclusion 
criteria for this article, namely, eight had no comparison 
group with NaOCl (10,13-19), four used no human teeth 
(20-23), and one used a biofilm created with four types 
of different bacteria (24). Thus, 13 articles were eligible 
for quality assessment: one high-quality article and 12 
moderate-quality articles. No article was excluded for 

low-quality methodology (Table 2). 

Sample selection and preparation
Data extraction from selected articles is described in 
Tables 3 and 4. In the studies assessed, 60 to 220 root 
canals were used; most studies used 60 to 125 teeth 
(25-34), and only two studies used more than 125 teeth, 

Author/year
Methodology NaOCl 

parameters
Results Conclusion

Number of 
teeth/canals Groups assessed Concen-

tration
Duration

(min)

Ng et al. 2011 52/101 1- NaOCl
2- PDT + NaOCl

6% 3 86.5% of samples had no bacterial colony 
units after PDT application; 49% of samples 
had no bacterial colony units after use of 
NaOCl.

PDT used as an auxiliary procedure for 
MCP significantly enhanced elimination of 
EF in root canals.

Yao et al. 2012 60/60 1- PDT
2- NaOCl
3- 0.9% saline solution

5.25% 5 No bacteria were detected after NaOCl 
irrigation, but after 72 h, bacteria were found 
in 11 samples. Bacteria were detected in all 
other groups. PDT was significantly more 
efficacious than saline solution in reducing 
the amount of bacterial cells in root canals 
(P < 0.05).

PDT had a bactericidal effect that increased 
linearly with the irradiation energy dose.

Vaziri et al. 2012 90/90 1- NaOCl
2- Diode laser + NaOCl
3- PDT
4- NaOCl + PDT
5- Irrigation with chlorhexidine
6- Control group

2.5% 5 Combination of PDT and NaOCl achieved 
maximum reduction of bacteria. No bacteria 
were observed after treatment with PDT + 
2.5% NaOCl.

The combination of PDT and NaOCl was 
efficacious in eliminating EF in dentinal 
tubules.

Cheng et al. 2012 220/220 1- Nd: YAG
2- Er: YAG + NaOCl+ NaCL+ DW
3- Er: YAG + NaCL + DW
4- Er, Cr: YSGG
5- PDT
Controls
Positive: 5.25% NaOCl
Negative: 0.9% NaCl

5.25% 1 Bacterial reductions in the experimental 
groups and positive control group were 
significantly greater than in the negative 
control (P < 0.001). However, only in 
group 2 (Er:YAG/NaOCl/NaCL/DW) did 
the bacterial reduction reach 100% on the 
surface of the root canal walls or 100/200 
mm of the dentinal tubules.

All the protocols tested, especially that for 
group 2, had an efficacious bactericidal 
effect on experimentally infected root 
canals. Thus, the group 2 protocol seems 
ideal for disinfection of root canals during 
endodontic treatment. 

Bago et al. 2013 120/120 1- NaOCl
2- NaOCl (EndoActivator)
3- Diode laser
4- PDT
5- PDT + Endoprobe 3D
6- Positive control

2.5% 1 There was a significant reduction in the 
amount of EF after treatments (P < 0.01). 
The reduction in CFUs was significantly 
greater in groups 2, 4, and 5 than in groups 1 
and 3 (P < 0.05).

PDT and EndoActivator were more 
successful than a diode laser and irrigation 
with NaOCl, performed separately, in 
reducing root canal infection. 

Miranda et al.
2013

125/125 1- CMP + NaOCl
2- CMP + NaOCl EndoVac
3- CMP + NaOCl + PDT
4- CMP + NaOCl EndoVac + 
PDT

5.25% 1 A significant reduction (P < 0.05) in mean 
EF count was observed in all groups. No 
differences were detected among groups. 

Adjuvant use of EndoVac and PDT, in 
combination or not, was as efficacious as 
CMP+NaOCl in association with CaOH2 
in reducing EF count. 

Yildirim et al. 
2013

60/60 Control group
1- NaOCl
2- PDT 1 min
3- PDT 2 min
4- PDT 4 min

5% 15 The results of bacterial load reduction in the 
PDT groups (99.8% to 99.9%) and in the 
5% NaOCl irrigation group (99.9%) were 
comparable, indicating that PDT was as 
efficacious as conventional NaOCl irrigation.

PDT was as efficacious as conventional 
irrigation with 5% NaOCl in reducing 
EF. Irradiation for 1 min was sufficient to 
achieve the antimicrobial effect of PDT.

Xhevdet et al. 
2014

156/156 1- PDT 1 min
2- PDT 3 min
3- PDT 5 min
4- NaOCL
5- 10-s PUI + NaOCl
6- Positive control group

2.5% 5 s NaOCl irrigation significantly differed only 
with PUI and positive control. Five-minute 
laser irradiation did not significantly differ in 
disinfection effectiveness as compared with 
3-min laser irradiation or NaOCl irrigation.

PDT was an adequate disinfectant agent for 
EF-infected root canals. However, it did 
not totally eradicate microorganisms.

Abbreviations: PDT, photodynamic therapy; NaOCl, sodium hypochlorite; NaCl, saline solution; DW, distilled water; CFU, colony forming units; CMP, 
chemical-mechanical preparation; TB, toluidine blue; MB, methylene blue; EF, Enterococcus faecalis; OF, optical fiber; ET, exposure time; PUI, passive 
ultrasonic irrigation.

Table 3, continuation
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namely, Xhevdet et al. (35) used 156 root canals and 
Cheng et al. (36) used 220 root canals. Of the 13 articles 
selected, 12 used single-rooted teeth with only one radio-
graphically demonstrated canal (25,26,28-37), and one 
also used multi-rooted teeth (27). 

During sample preparation, root canals were sterilized 
and prepared before bacterial inoculation in all but three 
studies (26,27,33). With regard to instrumentation proce-
dures, four studies used manual chemical-mechanical 
preparation with conventional files (25,28,31,34), 
whereas eight used rotary instrumentation with nickel-
titanium files (26,27,29,30,32,33,35,37). After all 
samples had been sterilized and properly instrumented, 
bacterial inoculation was performed before the experi-
ments. 

PDT parameters
The most frequently used photosensitizers in the studies 
were toluidine blue (TB) and methylene blue (MB). 
Meire et al. (25), Poggio et al. (29), Yao et al, (30), 
Vaziri et al. (31), and Rios et al. (37) used TB only in 
their studies, whereas Ng et al. (27), Nunes et al. (28), 
Miranda et al. (33), Yildirim et al. (34), and Cheng et al. 
(36) used MB only. Xhevdet et al. (35) used phenothi-
azine chloride (PC) only. Bago et al. (32) used TB in one 
group and PC in another group. Souza et al. (26) used TB 
and MB as photosensitizers in different groups. Two of 
the studies included a group to test the use of photosensi-
tizers without photoactivation (29,37), whereas two other 
studies included a group to test the use of lasers without 
photosensitizer (32,37). 

Table 4   PDT parameters in the selected studies

Author/year Laser wavelength 
(nm)

Fiber diameter
(µM)

Photosensitizer 
(concentration in μg/mL) Duration of irradiation (min) Active laser 

media 
Energy dose Power 

Meire et al. 2009 1- 1,064
2- 532
3- 635

1- 200
2- 200
3- 400

TB
12.7 mg mL-1

1- 5 ×5 s, with 20 s intervals
2- 5 ×5 s, with 20 s intervals
3- Uniformly irradiated for 150 s

1- YAG laser
2- KTP laser
3- diode laser

1- 37.5 J
2- 25 J
3- 15 J

1- 1.5 W
2- 1 W
3- 100 mW

Poggio et al. 2011 628 500 TB
Between 10 μg/mL 
and 100 μg/mL

1- 0.5
2- 0.5
3 - 0
4- 1.5

- - -

Souza et al. 2010 660 300 1- MB
2- TB
Both 15 μg/mL

4 Diode laser - 40 mW

Rios et al. 2011 628 - TB
0.25 mL

0.5 Diode laser - -

Nunes et al. 2011 660 216 MB
100 μg/mL

1 min and 30 s (IT 90) or 3 min (IT 180) Diode laser IT 90 -8 J
IT 180 
-16.2 J

90 mW

Ng et al. 2011 665 250 MB
50 µg/mL

Light applied for 2.5 min, followed by 
a break of 2.5 min and a second light 
exposure for 2.5 min.

Diode laser 30 J/cm2 1 W

Yao  et al. 2012 635 400 TB
12.7 µg/mL

5- 55 s Diode laser 0.5-5.5 J 50 e 100 mW

Vaziri et al. 2012 625 - TB
15 μg/mL

1 Diode laser - 200 mW/cm2

Cheng et al. 2012 Nd: YAG: 1064
Er: YAG: 2940
Er, Cr: YSGG: 2780
Diode laser: 660

Nd: YAG: 200
Er: YAG: 300
Er, Cr: YSGG: 415
diode laser: 2 mm

MB
10 μg/mL

Nd: YAG: laser activated for 4 s; 
procedure repeated 4 times with a 15-s 
interval
Er: YAG: activated for 20 s with a 15-s 
interval 
Er, Cr: YSGG: withdrew 1 mm/s with 
laser activated; procedure repeated 4 
times with a 15-s interval
PDT: Activated for 60 s

Nd: YAG;
Er: YAG;
Er, Cr: 
YSGG;
diode laser

- Nd: YAG: 
1.5 W
Er: YAG: 
0.3 W
Er , Cr: 
YSGG: 1 W
diode laser: 
0.2 W

Bago et al. 2013 3- 975
4- 660
5- 660

3- 320
4- 320

4- TB (155 μg/mL^-1)
5- phenothiazine 
chloride (10 mg/
mL^-1)

3- 3 × 20 s
4- 1
5- 1

Diode laser - 3- 2 W
4- 100 mW
5- 100 mW

Miranda et al. 2013 660 300 MB
25 μg/mL^-1

5 Diode laser - 40 mW

Yildirim et al. 2013 660 - MB Three exposure times (1, 2, and 4 min) Diode laser -
Xhevdet et al. 2014 660 - Phenothiazine chloride 

10 mg/mL
Application of laser for 1, 3 and 5 min Diode laser - 100 mW/cm2

Abbreviations: TB, toluidine blue; MB, methylene blue.
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Each article assessed in the present study had included 
a parameter for performing PDT, as summarized in Table 
4. The use of intracanal fiber was not universal, since 
Vaziri et al. (31) did not describe its use. 

Studies that investigated the exclusive use of photosen-
sitizers (i.e., with no photoactivation), such as Poggio et 
al. (29) and Rios et al. (37), or lasers (without application 
of photosensitizers), such as Bago et al. (32) and Rios et 
al. (37), found minimal or no bacterial reduction. 

With regard to the effect of PDT in reducing E. faecalis, 
some studies found it less effective than NaOCl (25,29-
31,37), others found them similarly effective (34,35), and 
others found that PDT had better results when associated 
with NaOCl (27,29,31,33,37).

Discussion
PDT is regarded as an effective method for eliminating 
oral bacteria; however, few clinical studies have assessed 
its action in root canals. In addition, parameters for its 
clinical use in endodontics have not been standardized. 

We assessed the methodological quality of in vitro 
studies comparing the efficacy of PDT and NaOCl 
in reducing E. faecalis in root canals. In vitro studies 
were selected in an attempt to identify parameters for 
PDT application, since experimental studies establish 
the conditions for further clinical studies. In vitro 
study protocols with a qualified and tested high-quality 
methodology can be reproduced with greater safety and 
efficiency in clinical applications. 

There were few studies on the question of interest. 
Because systematic reviews use inclusion and exclusion 
criteria to select studies, which are then categorized 
according to extremely rigorous methodological criteria, 
the number of articles tends to decrease, mainly when 
new criteria are imposed by the authors, as in the present 
study. 

We noted several methodological differences in the 
selected in vitro studies. Most studies (25,28-32,34-37) 
reported instrumentation of the root canals before bacte-
rial inoculation. This impedes the mechanical action of 
the instruments and limits the reduction in E. faecalis. 

Other methodological differences were the concentra-
tion and duration of action of NaOCl in the root canal. 
NaOCl concentration varied from 1% to 6%, and dura-
tion of action varied from 15 s to 15 min. The efficacy 
of antimicrobial action may vary depending on these 
variables; thus, it is important to note that the results of 
the studies may have been influenced by these factors.

The use of a photosensitizer to achieve an antimicro-
bial effect during PDT application is widespread, and MB 
and TB are the most common options. Our results show 

that the choice of photosensitizer was quantitatively 
balanced. Bago et al. (32) opted to use phenothiazine 
chloride as a photosensitizer in addition to TB. Souza 
et al. (26) used both photosensitizers in different groups 
to compare their efficacy, but no significant difference 
was found. In their comparative study of MB and TB, 
Usacheva et al. (38) concluded that both were efficient in 
reducing the amount of bacteria, although MB was more 
efficient than TB. The use of a laser without a photosensi-
tizer, as well as photosensitizers with no photoactivation, 
resulted in a minimal reduction in the amount of bacteria 
in root canals (29,37).

All but one study (31) used optical fibers with lasers 
for photoactivation. Nunes et al. (28) compared groups 
with and without optical fibers, and their results suggest 
that the use of an intracanal fiber is not a crucial factor in 
eliminating bacteria in root canals. The authors explained 
that the photosensitizer used (i.e., MB) could be photo-
activated without direct contact with light, thus requiring 
no optical fiber, as photoactivation occurred at a distance.

Lasers can have different powers and active media. 
Meire et al. (25) used low- and high-power lasers and 
found that the latter had no antimicrobial effects. The 
use of high-power lasers can alter the tooth surface and 
produce undesirable effects, such as thermal injuries to 
periodontal tissues. Therefore, they must be used with 
caution. 

Different light sources can be used in endodontic PDT, 
such as argon lasers, helium-neon lasers, metal-vapor 
lasers, and diode lasers. When used at low power they 
exert an antimicrobial effect because of the association 
between light and exogenous photosensitizers, thereby 
starting a cascade of events that leads to cell death (39). 
Low-power lasers are used in endodontics because they 
allow for rapid repair of periapical tissues and reduction 
of post-instrumentation discomfort (40). All the selected 
studies used diode lasers, possibly because they are the 
most commonly available on the market. 

The PDT wavelength ranges from 600 to 1,200 nm 
in the electromagnetic spectrum, and all the studies 
assessed used a wavelength within this spectrum. It 
should be emphasized that the wavelength must be 
directly correlated with the wavelength to be absorbed by 
the photosensitizer, to produce a photochemical cascade. 
Because laser power differed by study, we were unable to 
compare these parameters.

Regarding the efficacy of PDT as an antimicrobial 
agent, five articles in this review reported that the syner-
gistic effect between NaOCl and PDT yielded better 
results. In addition, combined therapy was more efficient 
than conventional treatment in eliminating E. faecalis in 
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root canals (27,29,31,33,37).
It is important to emphasize that the authors of the 

selected studies adopted different parameters for PDT 
(see Table 4) and NaOCl (concentration and duration of 
action). This lack of methodological standardization made 
it impossible to compare the results in a meta-analysis. 
This diversity in study parameters, in conjunction with 
the limited number of selected articles that were relevant 
to the study question, makes comparisons difficult and 
less reliable. 

To establish a safe, effective protocol that can be repro-
duced in clinical settings, additional in vitro studies will 
be needed in order to standardize the PDT parameters. 

The present findings should be interpreted with caution 
as the studies used different methods and parameters, 
despite their relatively high methodological quality. 
The articles selected in this article reported that PDT 
was effective in reducing E. faecalis inside root canals. 
Therefore, the use of PDT as adjunctive therapy to current 
endodontic disinfection techniques is recommended.
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