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evaluation of the effectiveness of the use of 
photodynamic therapy (Pdt) after cleaning and 
shaping the root canal: An in vivo study

AbstrAct

Objective: The purpose of  this study was to assess the 
effectiveness of  photodynamic therapy (PDT) in teeth 
with periapical lesion seen radiographically. Methods: 24 
anterior teeth were selected and divided into two groups 
with 12 teeth each. Three samples were collected in each 
specimen. In G1, endodontic treatment was performed 
with a nickel/titanium rotary system, with the first sample 
being collected at surgical opening; the second, after 
endodontic treatment; and the third, seven (07) days after 
canal preparation. In G2, the samples were collected by 
means of  the same procedures used in G1, except for the 
second sample which was taken after instrumentation 

and photodynamic therapy (PDT). The third sample was 
collected seven days (07) after PDT. Sodium hypochlorite 
at 5.25% was used as irrigating solution, neutralized with 
5% sodium thiosulfate at a given time of  the study. Photon 
Laser III was used for 40 seconds, with 0.005% methylene 
blue dye as photosensitive substance. All samples from 
both groups were send to laboratory analysis to have 
potential contamination of  the root canal system checked. 
Conclusion: The results revealed no statistically significant 
difference between groups, but further randomized studies 
are necessary to demonstrate the effectiveness of  PDT.
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introduction
Endodontic treatment poses limitations that can un-

dermine a successful therapy. One often faces hurdles 
such as anatomical variability, calcifications and atresia 
when cleaning and shaping the root canal. These dif-
ficulties hinder proper cleaning and shaping while favor-
ing bacterial reinfection. 

Schilder13 reported that in cleaning and shaping 
the root canal one must meet all the requirements 
necessary to ensure a favorable prognosis. These 
requirements include conical preparation without 
changing the position of  the apical foramen, removal 
of  bacteria and tissue debris, smoothing of  the walls 
and increase in dentin permeability with the aid of  ir-
rigating chemicals which favor microbial decontami-
nation and facilitate access by the filling material. De-
contamination and microbial reduction can be more 
easily achieved in the root canal lumen, although 
certain bacterial strains can survive in anaerobic en-
vironments in the root canal system concealed in ac-
cessory, lateral and secondary canals. 

Given that the microorganisms reside inside the 
root canal, they cannot be eliminated by defense 
mechanisms alone. It is believed that the most likely 
cause of  endodontic failure is the survival of  micro-
organisms in the apical third of  the root canal. These 
microorganisms can also be found in areas of  the root 
canal normally inaccessible to disinfection proce-
dures such as isthmuses, craters, recesses and rami-
fications of  the root canal system, thereby rendering 
endodontic therapy a daunting challenge.

The microbial species most commonly isolated in 
root canals when endodontic treatment fails is Entero-
coccus faecalis, a facultative anaerobic microorganism 
that can thrive with or without oxygen. 

Sundqvist et al18 correlated treatment failure with 
unfavorable factors or flaws in performing endodontic 
therapy to treat devitalized teeth with apical periodon-
titis. They also reported the peculiarities of  microbiota 
found in root canals that had previously undergone 
unsuccessful endodontic treatment. The failure was 
due to a selection process that depends on the spe-
cific resistance of  microorganisms to antimicrobial 
procedures and drugs used during endodontic therapy, 
as well as the survivability of  certain microbiota in re-
stricted nutritional mediums, where interrelations be-
tween bacteria are minimal.

In endodontics, laser has demonstrated its ability 
to eliminate layers of  debris, its capacity to seal the 
dentinal tubules, vaporize pulp tissue, change dentin 
permeability and disinfect the root canal system with 
its bactericidal action. 

A number of  authors 1,3,4,12,14,15,17,21 reported that sev-
eral studies have been conducted in Dentistry with the 
purpose of  complementing conventional therapies. Spe-
cifically in Endodontics, photodynamic therapy (PDT) 
plays a promising role as an adjunct in retreating peri-
apical lesions. Studies have been conducted to show in-
tracanal microbial reduction.

This study aimed at assessing the efficacy of  PDT in 
cleaning and shaping the root canal system. 

material and methods
Twenty-four anterior teeth with radiographically vis-

ible periapical lesions were selected. After all patients 
had signed an informed consent form (Appendix 01), 
the teeth were divided into two groups (G1 and G2) of  
12 teeth each. 

The teeth in group 1 (G1) were opened using a round 
high rotation bur #1015 (KG Sorensen Ltda, São Paulo, 
SP, Brazil), rubber dam isolation (Madeitex Indústria 
e Comércio Ltda Latex supplies, São Paulo, São Pau-
lo State, Brazil), disinfected with iodine 0.1% alcohol 
(Farmax, Minas Gerais State, Brazil), use of  Endo Z bur 
(Dentsply/Maillefer Corp., Bellagues, Switzerland) for 
convenience form, use of  # 2, # 3 and # 4 Gates Glidden 
drills (Dentsply/Maillefer Corp., Bellagues, Switzerland) 
for the pre-enlargement phase in finishing the coronal 
opening. The canal was shaped with ProTaper system 
(Dentsply/Maillefer Corp., Bellagues, Switzerland) and 
sanitized with 5.25% sodium hypochlorite (Marcela 
Dourada Compounding Pharmacy Ltd., Vitória da Con-
quista, Bahia State, Brazil). 

Tooth length measurement was performed with a 
foramen locator (Root ZX, J Morita Corporation, Ltda. 
Japan) seeking apical foramen patency. 

Three samples of  the material were collected in the 
following order:

In G1, the first collection was made after surgical 
opening; the second, after canal preparation and the 
third seven days after cleaning and shaping the root 
canal. Canal preparation was performed by means of  
the crown-down technique using spherical high rotation 
burs #1015 (KG Sorensen Ltda, São Paulo, São Paulo 
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State, Brazil). In the pre-enlargement phase, Gates Glid-
den #2, 3 and 4 burs (Maillefer Corp., Bellagues, Switzer-
land) and F3, F4 and F5 rotary files Dentsply ProTaper 
system (Maillefer Corp., Bellagues, Switzerland) were 
used. Five ml of  sodium hypochlorite at 5.25% (Mace-
la Dourada compounding pharmacy Ltda., Vitória da 
Conquista, Bahia State, Brazil) were used for irrigation 
every time instruments were replaced. Prior to collec-
tion, the sodium hypochlorite was neutralized with so-
dium thiosulfate at 5% so that the hypochlorite would 
not interfere with the results of  the samples. Throughout 
the study intracanal medication was not employed be-
tween sessions. Balls of  sterile cotton were inserted into 
the specimens, and then closed with a temporary sealer 
(Coltosol by Vigodent ind. e Com. Ltda, Rio de Janeiro, 
Brazil). The material was collected from the root canal 
system with the aid of  absorbent paper points  #20 or 
25 (Dentsply/Dentsply Ind. And Com. Ltda., Petrópolis, 
Brazil), placed into a transport medium and sent to a 
clinical analysis laboratory (Hermes Pardini Ltda., Belo 
Horizonte, MG, Brazil) to ensure the growth of  a culture 
of  anaerobes, thereby disclosing whether or not con-
tamination had occurred in the root canal system.

Teeth in G2 underwent the same procedures as G1, 
but with the addition of  Photodynamic Therapy (PDT) 
after cleaning and shaping the root canal system. 

The device used in the research was a Photon La-
ser III (DMC Equipmentos Ltda, São Carlos, SP, Brazil) 
with red laser irradiation and optical fibers of  660nm, 
100mw, 140j/cm² for 40 seconds. The dye used in the 
study was methylene blue at 0.005%, which was left for 
5 minutes for pre-irrigation inside the canal. The materi-
al was then collected with an absorbent paper point #20 
or 25 (Dentsply / Dentsply Ind. e Com. Ltda., Petrópo-
lis, Brazil), and taken to the clinical analysis laboratory 
(Laboratório Hermes Pardini Ltda, Belo Horizonte, MG, 
Brazil) to check whether or not bacterial growth culture 
had occurred, thereby demonstrating — or not — the 
effectiveness of  Photodynamic Therapy (PDT) as an 
adjunctive therapy in reducing contamination of  micro-
organisms in the root canal system.

The results were analyzed with a view to proving or 
disproving the effectiveness of  PDT in reducing con-
tamination of  microorganisms in the root canal system. 

 The data were initially analyzed by contingency ta-
bles and correlated Chi-square tests by comparing the 
response variable distribution according to the levels of  

the factor “treatment” at each stage. Thereafter, analysis 
of  variance was applied utilizing a model suitable to ex-
periments with two factors and interaction. In this analy-
sis, the existence of  repeated measurements was noted, 
since the same volunteers were evaluated at both stages. 
The analyses were calculated using SAS (SAS Institute 
Inc., The SAS System, Release 9.2. SAS Institute Inc., 
Cary NC. 2008). The contingency tables and Chi-square 
tests were calculated by FREQ procedure, and the analy-
sis of  variance using GLIMMIX procedure.

results
For the purposes of  statistical analysis, it became 

clear that all samples in the first collection (in both G1 
and G2) were contaminated and, therefore, only the sec-
ond and third samples were analyzed.

For clarification purposes, the term “BEFORE” was 
used to refer to the first sample, “DURING” to the sec-
ond, and “AFTER” to the third sample. In the present 
study the significance level was set at 5%.

The analysis began with the contingency table, which 
compares the frequencies and ratios in the levels of  the 
treatment factor in the “DURING” phase (Table 1).

Likelihood ratio chi-square test (G2) provides no 
evidence (p>0.10) of  an association between treatment 
and outcome.

Whereas in the treatment with a rotary instrument 
there were 02 positive cases and 10 negative cases, 
treatment with PDT yielded very similar quantities, with 
03 positive cases and 09 negative cases. Clearly, this dif-
ference can be incidental, since it refers to a single event 
in the PDT group which happened to migrate from neg-
ative to positive.

Hence the absence of  significant differences, which 
occurs when there is evidence to assert that such differ-
ence is not incidental, which would not be reasonable in 
this case. 

Treatment Results c2 Likelihood ratio 
Chi-square

Negative Positive

G2: 0.2540 – GL: 1
Valor-p: 0.6143

Rotary (G1) 10 (83.33) 2 (16.67)

PDT (G2) 9 (75.00) 3 (25.00)

Total 19 (79.17) 5 (20.83)

table 1. Frequency (percentage) of result in treatments during experi-

ment.
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The next step was to evaluate the result ratios in the 
“AFTER” phase (third sample) displayed in Table 2.

Likelihood ratio chi-square test (G2) provides scarce 
evidence (p>0.10) of  an association between treatment 
and outcome.

In the “AFTER” phase, a different behavior is ob-
served in the positive treatments, in which most of  the 
results were positive (58.33%) and treatment with PDT 
remained at precisely the same ratio as in the “DUR-
ING” phase, in which most of  the results were negative.

Treatment with a rotary instrument showed a 
change, whereas PDT treatment results remained sta-
ble in this case. It can be concluded that there were no 
statistical differences between the two types of  treat-
ment used in this study.

discussion
According to Nair et al,7 Peciuliene et al,8 and Sun-

dqvist et al,18 the presence of  microorganisms in the 
root canal system favors the appearance of  periapical 
lesions as a result of  microbial aggression. Thus, the key 
objective of  endodontic treatment is to eliminate infec-
tion, given that allowing a viable microbiota to survive 
within the dentinal tubules may — depending on their 
virulence factor — enable the pathogenic process to 
reestablish itself  and consequently undermine therapy. 
Therefore, disinfection of  the root canal system is a de-
cisive factor for therapeutic success. 

According to Wilson,22 the use of  low power lasers 
causes denaturation of  microorganisms due to struc-
tural damage (bacterial wall) or metabolites produced 
by oxygen when the photosensitizer is activated by laser 
light, which causes cell death. 

According to Love6 and Sirien et al,16 the microbiota 
found in the canal system are dynamic and diverse. 

According to Walsh,20 temperature variation is less 
critical due to low power being used during the pro-
cedure, but professionals should be aware of  this fact. 
A previous study showed an increase of  3.9º C in the 
mean temperature, which indicates biocompatibility. 

Ferrari,2 Peciuliene8 and Pinheiro et al9 argue that En-
terococcus faecalis is the bacterium predominantly found 
in cases of  refractory apical periodontitis. 

According to Radaelli,11 in cases of  necrotic pulp, the 
bacterial flora is rich in substrate, and metabolic chang-
es tend to occur in the specimens. 

Garcez et al4 and Walsh et al19 demonstrated that 
methylene blue is the best photosensitizer given that it 
is easy to handle and widely available on the market. 
Additionally, it features an absorption coefficient com-
patible with the wavelength of  low laser power (PDT). 

Zanin23 found that the older the biofilm, the less sensi-
tive it appeared to be to photodynamic therapy. He also 
noted that photosensitizing occurred in the outer layers 
of  the biofilm. Bacteria were, therefore, allowed to exist 
in the innermost regions of  the biofilm due to poor pen-
etration of  the dye or difficulties penetrating the biofilm.

Garcez et al4 showed that in conventional endodontic 
treatment of  infected root canals a reduction in bacteria 
count is accomplished by a combination of  mechanical 
instrumentation, various irrigation and medication solu-
tions or antimicrobial dressings placed within the canal. 
Photodynamic therapy is a treatment which can be con-
sidered an adjunct to conventional endodontic therapy 
for producing a significant bacterial reduction.

Pinheiro et al9 demonstrated the use of  low-power 
lasers in various dental specialties such as Pediatric 
Dentistry, Periodontics, Endodontics and Implantol-
ogy in Pediatrics.

The present study used 24 teeth with periapical le-
sions radiographically evidenced and divided into two 
groups of  12 teeth each. In G1, canal preparation was 
performed using rotary instrumentation and the Pro-
Taper system. In G2, in addition to the rotary instru-
mentation, photodynamic therapy (PDT) was employed 
shortly after endodontic instrumentation.

In order to standardize the methodology used in this 
study, three samples of  each specimen were collected 
from both groups and sent to a clinical analysis labora-
tory to determine whether or not PDT was effective. 

table 2. Frequencies in treatment results in the “AFTER” phase (third 

study sample).

Treatment Results c2 Likelihood 
ratio Chi-square

Negative Positive

G2: 2,8046 – GL: 1
Valor-p: 0.0940

Rotary (G1) 5 (41.67) 7 (58.33)

PDT (G2) 9 (75.00) 3 (25.00)

Total 14 (58.33) 10 
(41.67)
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Furthermore, a single device (Photon Laser III, DMC 
Equipamentos Ltda, São Carlos, Brazil)  was used, as 
well as methylene blue dye as photosensitizer. 

All patients were treated by a single operator working 
in the same environment to ensure research standardiza-
tion. Recent studies have proved PDT to be highly effec-
tive in reducing the presence of  microbes in the root canal 
system. Several studies have reported the use of  photody-
namic therapy as an adjunct in endodontic treatment.

conclusions
Based on the results of  this study it is reasonable to 

conclude that:
» No statistically significant differences were found 

among the results of  the samples.
» Additional studies are warranted to further inves-

tigate this topic.
» Photodynamic therapy can be used as an adjunct 

treatment in addressing root canal system issues.
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