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SIGNIFICANCE

In clinical practice, the
combination of PUI and PDT
may provide better disinfection
of the root canal by killing more
bacteria in the dentinal tubules.
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ABSTRACT

Introduction: The aim of the present study was to investigate ex vivo by confocal laser
scanning microscopy the antibacterial effect of photodynamic therapy (PDT) on dentinal
tubules in the apical 5 mm of human mandibular premolars contaminated with Enterococcus
faecalis. Methods: Thirty-four teeth were standardized to 20 mm and foraminal anatomic
diameters using a #20 K-file (Dentsply Maillefer). Samples were contaminated for 21 days and
divided into the following 3 experimental groups (n5 10): the PDT group (instrumented canals
and PDT), the passive ultrasonic irrigation (PUI) group (instrumented canals and PUI), and the
PUI-PDT group (instrumented canals, PUI, and PDT), along with a control group (n 5 4)
(noninstrumented canals). The canals in the experimental groups were instrumented with
ProTaper Next (Dentsply Maillefer) up to X3 and rinsed with EDTA and sodium hypochlorite.
The photosensitizer used was 0.01% methylene blue with a preirradiation time of 5 minutes
and a diode laser with 4 J energy and a 660-nmwavelength. Cross sections were made 5mm
from the apex of all samples, which were analyzed using confocal laser scanning microscopy.
The results were analyzed using the Shapiro-Wilk and Kruskal-Wallis (Dunn) tests.
Results: There was a lower percentage of live bacteria in the PUI-PDT group, with a statistical
difference compared with the control and PDT groups (P , .05). There was no statistical
difference in the percentage of live bacteria between PUI-PDT and PUI (P . .05).
Conclusions: It was concluded that the PUI-PDT association was most effective in dis-
infecting root canals compared with the control group and PDT. (J Endod 2023;49:889–893.)
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Antimicrobial adjuvant chemicals promote the dissolution of organic tissue and the removal of the smear
layer and are essential for successful endodontic treatment. The dentinal tubules adjacent to the root
canal walls harbor microorganisms, and this is a potential cause of persistent endodontic infections1.
Enterococcus faecalis is 1 of the predominant bacteria in persistent endodontic infections. They can
survive in the root canal system under unfavorable conditions, such as alkalinity and malnutrition2. They
may also invade dentinal tubules and be resistant to various antibiotics, making complete removal by
mechanical instruments and intracanal medications difficult3. Endodontic treatment has become faster,
resulting in a reduction of the irrigation time during chemical-mechanical preparation. Even with the use of
safer techniques, some areas of the canal wall may remain untouched and covered by biofilm4. Therefore,
the use of passive ultrasonic irrigation (PUI) becomes relevant as an additional approach to root canal
disinfection5.
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Photodynamic therapy (PDT) is used as
an adjunctive therapy to endodontic treatment
to eliminate microorganisms that are persistent
to chemical-mechanical preparation. It is a
good option to maximize disinfection of the
root canal system6.

To the best of our knowledge, there are
only a few studies investigating the efficacy of
PDT against E. faecalis in dentinal tubules
using confocal laser scanning microscopy
(CLSM). Furthermore, there are few studies
that have evaluated whether the use of PDT
after ultrasonic agitation of endodontic irrigants
increases the antimicrobial efficacy, thus
representing a gap in the literature. The aim of
the present study was to investigate the
antibacterial effect of PDT on dentinal tubules
in the apical 5 mm of mandibular premolars
contaminated with E. faecalis in 3 different
groups using CLSM. The null hypothesis was
that there would be no significant difference in
the reduction of E. faecalis in the 3 groups.
MATERIALS AND METHODS

This study was approved by the local research
ethics committee under number 3,648,229.
Thirty-four human mandibular premolars were
used with fully developed roots, without
previous endodontic treatment, and free of
fractures and calcifications and extracted for
periodontal reasons. The teeth were stored in
0.1% thymol (Ags Química) until the beginning
of the experiment.

A sample calculation was performed (G
Power 3.1.9.4, Franz Faul) using an alpha
error of 0.05 and a beta error of 0.80. The
minimum number of samples calculated for
each group was 107. Roots were washed for
1 hour to remove all residues of the thymol
solution and then dried with gauze and an air
jet. Teeth were standardized to a size of
20 mm by grinding the occlusal surfaces with
a diamond disk (Buehler). The working length
(WL) was determined by introducing a K-file
#10 (Dentsply Maillefer) into the canal until its
tip was visualized at the apical foramen. The
WL was established 1 mm short of the apical
foramen. All canals were instrumented at the
WL with the K-file #20 instrument (Dentsply
Maillefer), and the irrigation was performed
with 1 mL 0.9% saline solution (Laborat�orio
Farmacêutico Arboreto). Subsequently, all
samples were immersed in the following
solutions: 10 minutes in 1% sodium
hypochlorite (NaOCl) solution (Asfer Ind�ustria
Química Ltda) and 10 minutes in 17% EDTA
(Asfer Ind�ustria Química Ltda). Subsequently,
all root apexes were sealed with a 7 wax
(Imodonto) to prevent leakage of the irrigation
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solutions. Each tooth was placed in a plastic
cylinder 2 cm high and 2 cm in diameter filled
with condensation silicone (Zhermack SpA)
and then sterilized with ethylene oxide
(Acecil).

The reference microorganism was E.
faecalis (ATCC 29212, American Type Culture
Collection). The strain was thawed, and 25 mL
of it was transferred to a tube containing sterile
brain-heart infusion (BHI) broth, which was
then kept in an incubator at 37�C for 24 hours.
After this time, the broth was turbid, which was
compared with the 1.5 ! 108 colony-forming
unit/mL Mac Farland scale8. Each sample was
contaminated using a micropipette. The teeth
were placed in sterile glass containers and
placed in a 10% CO2 oven at 37�C for
21 days8. All samples were hydrated with
sterile BHI broth daily. To check the viability of
the contamination, sterile paper tips were
inserted into the root canals for 1 minute every
3 days. Then, the same paper tips were placed
in tubes containing sterile BHI broth, which
were stored in a CO2 oven at 35�C/37�C for
24 hours. If the BHI broth remained turbid,
contamination was confirmed.

The 34 teeth were randomly allocated
(www.randon.org) into 3 different experimental
groups (n 5 10): the PDT group (instrumented
canals and PDT), the PUI group (instrumented
canals and PUI), and the PUI-PDT group
(instrumented canals, PUI, and PDT), along
with a control group (n 5 4) (noninstrumented
canals).

In all the canals of the experimental
groups, the pathway was confirmed with
manual K-files #10, #15, and #20 (Dentsply
Maillefer). The irrigation was performed using
1 mL 2.5% NaOCl between each change of
files. Subsequently, all root canals of these
same groups were instrumented with
ProTaper Next up to X3 (Dentsply Maillefer)
using the X-Smart plus motor (Dentsply
Maillefer) at 300 rpm and a torque of 3 Ncm. At
each file change, the root canals were irrigated
with 2 mL 2.5% NaOCl using Ultradent
syringes (Ultradent Products) and Navitips
(Ultradent Products) for a total of 6 mL 2.5%
NaOCl.

In the PUI and PUI-PDT groups, the
following final irrigation protocol was
performed: 1 mL EDTA 17% for 10 seconds
and activation for 20 seconds repeated 3 times
for a total volume of 3 mL EDTA 17%, followed
by 2 mL NaOCl 2.5% for 10 seconds and
activation for 20 seconds repeated 3 times for
a total volume of 6 mL 2.5% NaOCl. Ultrasonic
activation (Gnatus Equipamentos M�edico
Odontol�ogicos Ltda) was performed with the
Irrisonic E1 tip (Helse).
In the groups using PDT, a 0.01%
methylene blue solution (Chimiolux, DMC) was
fully inserted into the root canals using the
same type of syringe and tip used for irrigation.
The dye was agitated with a K-file #15 and
remained in the canal for 5 minutes
(preirradiation time). A laser diode (DMC
Importaç~ao e Exportaç~ao de Equipamentos
Ltda) with an energy of 4 J, a fluence of 320 J/
cm, and a wavelength of 660 nm with a fiber
optic coupling of 1-mm diameter penetrated
the entire root canal for 40 seconds. The
photosensitizing agent was removed from
inside the canal using sterile paper tips
(Dentsply Ind�ustria e Com�ercio Ltda).
Analysis of the Sample
A cross section was performed using a
102 mm ! 0.3 mm ! 12.7 mm diamond
cutting disc (11C, Erios Equipamentos Ltda) at
a 5-mm root apical height. Each cross section
was subjected to the following procedure:
5 minutes in EDTA 17%, removal of the excess
with saline solution, and subsequent drying
with gauze. Then, the dye was applied for
10 minutes with the help of a dispensing
pipette using 1.5 mL LIVE/DEAD Syto 9
(Baclight Bacterial Viability Kit, Life
Technologies Corporation). Each sample
section was placed on a glass slide, and the
cross section was fixed on it to be analyzed
by CLSM using the LEICA TCS SP2 MVLC
(Microsystems GmbH) so that the amount of
alive and dead bacteria in the dentinal
tubules could be visualized. Four images of
random areas of each sample were taken
with an oil immersion objective at 40!
magnification. Each image represented an
area of 275 ! 275 mm2. Leica Confocal
LAS AX software (Microsystems GmbH) was
used for quantification. The parameters
evaluated in each group were the
percentage of the green population (ie, live
cells). The results were subjected to the
Shapiro-Wilk normality test and showed
nonnormal behavior. The nonparametric
Kruskal-Wallis (Dunn) test was performed
with a significance level of 5%.
RESULTS

There was a lower percentage of live bacteria
in the PDT 1 PUI association (Fig. 1), with a
significant difference compared with the
control group and PDT (P, .05). There was no
significant difference in the percentage of live
bacteria between PUI1 PDT and PUI (P. .05)
(Table 1).
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DISCUSSION

This study investigated the antibacterial effect
of 3 methods for disinfecting the dentinal
tubules of mandibular premolars contaminated
with E. faecalis: PDT, PUI, and PUI-PDT. PUI
with 2.5% NaOCl in association with PDT
resulted in a greater reduction of E. faecalis
from the dentinal tubules compared with the
control and PDT groups, so the null hypothesis
was rejected.

E. faecalis was used because it is
commonly associated with cases of
FIGURE 1 – Images acquired using CLSM showing cell viab
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endodontic failure because of its ability to form
a biofilm and penetrate the dentinal tubules,
which protects it from chemical irrigants9. After
an incubation period of 3 weeks, E. faecalis
can form a biofilm that adheres to dentin
walls10. The images obtained in this study
using CLSM demonstrate the ability of E.
faecalis to invade dentinal tubules after 21 days
of contamination and incubation.

NaOCl 2.5% was chosen as the
irrigation solution because of its ability to
denature bacterial proteins and dissolve
organic tissues and because it has been used
ility and live (green ) and dead (red ) bacteria in each group. (

Phot
at this concentration in previous studies11,12.
Conventional irrigation with a syringe and
needle, although widely used, does not meet
some basic requirements of contemporary
endodontics, including the ability to deliver the
irrigation solution along the entire length of the
main canal and lateral canals. PUI was used in
this study because it is more effective in
cleaning root canals compared with
conventional irrigation5,13.

Previous in vitro studies14-17 have
demonstrated the bactericidal efficacy of
PDT. The use of a photosensitizer with high
A ) PUI-PDT, (B ) PUI, (C ) PDT, and (D ) control.
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TABLE 1 - Median, Minimum, and Maximum Values of
the Percentages of Live Enterococcus faecalis Biofilm
Cells after the Different Protocols

Live cells

Groups Median (minimum-maximum)
Control 74.86 (57.37-87.22)A

PDT 1 PUI 4.3 (0.29-30.69)B

PUI 18.95 (7.18-35.03)B

PDT 40.71 (23.31-69.57)A

PDT, photodynamic therapy; PUI, passive ultrasonic
irrigation.
Different superscript capital letters in the vertical direction
indicate statistically significant differences (P , .05).
permeability in the dentinal tubules is
necessary, and methylene blue showed its
success in relation to the amount of singlet
oxygen produced when excited by light. The
PDT group showed no significant reduction in
E. faecalis. The energy used was 4 J12,18-20,
which demonstrated significant success in
bacterial reduction when only PDT was used.
One way to achieve better results with PDT
would be to increase the energy to 9 J, as is
currently used21. It is worth noting that in this
experiment, CLSM was used to evaluate and
quantify the presence of live intratubular
bacteria (green color)22,23. Other studies used
892 Godoy et al.
bacterial cultures14 or scanning
microscopy17, which do not quantify but
rather only assess the presence or absence of
bacteria in the dentinal tubules. Wang and
Huang9 compared the same groups as in this
experiment, and the PUI-PDT group showed
significant bacterial reduction compared with
the PUI group. However, in the study by
Wang and Huang, the colony-forming unit
counting method was used, which concerns
only the main canal, and electron microscopy
was used to analyze whether there were
morphologic changes in E. faecalis in the
dentinal tubules or not.

The combination of PUI and PDT was
the most efficient21, probably because of the
ability of ultrasonic cavitation and the
generation of sonic current, which allowed
deep penetration of 2.5% NaOCl into hard-
to-reach areas such as ramifications and
dentinal tubules, destroying biofilm clusters.
This destruction may have favored the
penetration of methylene blue into the
dentinal tubules, enhancing the effect of
PDT. In C-shaped molars, the use of PDT as
an adjunct to endodontic treatment
contributed to the reduction of E.
faecalis24,25.

It is important to emphasize that
despite the efficacy of PDT in conjunction with
PUI using NaOCl 2.5%, complete elimination
of intratubular bacteria was not possible26, as
evidenced by confocal laser scanning
microscopic images. Modern mechanized
instrumental techniques (rotary and
reciprocal) accelerate the clinical time of
endodontic treatments and make the use of
auxiliary procedures in intratubular bacterial
disinfection essential. New studies in this field
should be strengthened, especially in vivo, to
achieve more satisfactory results in
eliminating biofilm.

Considering the strengths and
limitations of this ex vivo study, the results are
very encouraging for future studies in this area.
It would be interesting to investigate if the use
of full-strength NaOCl and chlorhexidine with/
without PUI 1 PDT contributes to better
disinfection.

The results of this experiment show that
PUI with NaOCl 2.5% combined with PDT
produced a greater intratubular reduction of E.
faecalis compared with the control group and
PDT.
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