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Abstract

Objective: To evaluate the Antimicrobial Photodynamic Therapy (aPDT) in infected deciduous teeth by
quantifying the viable bacteria in root canal treatment. Material and Methods: Radicular canal cultures
were collected (n= 10). Four intra-canal samples were collected at four different times in each of the
sampled teeth, as follows: Time 1 (T1), baseline: After opening the pulp-chamber; Time 2 (T2): After
application of aPDT; Time 8 (T38): After mechanical, chemical manipulation; Time 4 (T4): After a second
application of aPDT. The aPDT was performed with a 4J/cm energy low-intensity diode, together with
0.005% methylene blue as a photosensitizer. The clinical specimens were taken to the laboratory for a
bacteria count (colony forming units) and the results were statistically analyzed using the Friedman and
Wilcoxon tests, with a significance level of €=0.05. Results: Statistical differences were seen between the
numbers of bacteria at times T1-T2, T1-T8 and T1-T4 on the cultivated plates. However, no significant
statistical differences were observed between the number of bacteria in samples T2-T38, T2-T4 and T3-T4.
Conclusion: Antimicrobial photodynamic therapy can be a good co-adjuvant in root canal decontamination
of necrotic primary teeth.
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Introduction

Keeping the deciduous dentition until physiological exfoliation occurs is essential, as it ensures
adequate eruption of healthy permanent teeth. The main causes of endodontic treatment in deciduous teeth are
extensive carious lesions and traumatic lesions. Endodontic treatment of deciduous teeth is difficult due to the
varied anatomical and physiological characteristics of root canals [17. Success in endodontic treatment occurs
when there is a reduction in the root canal microbiota. The microbiota is comprised of anaerobic, facultative
and aerobic bacteria that are sensitive to chemical-mechanical instrumentation [2,37]. Studies have shown that
Enterococcus faecalis, microaerophilic and mesophilic microorganisms are frequently involved in persistent
endodontic infections [4-67.

Common difficulties in conventional endodontic treatments include the presence of irregular root
resorption; microbial resistance after endodontic treatment; the presence of accessory foramina; lower tolerance
to prolonged treatment; movement of the child during access to the canal; lack of cooperation of the child in
care; instrumentation and filling. In addition, some studies have found that only the use of mechanical
instrumentation and root canal irrigation is insufficient in eliminating bacteria from the infection process.
Therefore, it is important to use additional techniques that may offer assistance with antimicrobial activity
[7,87. Different studies have concluded that photodynamic therapy can aid in the endodontic treatment of
deciduous teeth, resulting in a significant reduction in the number of microbiota present in deciduous teeth
with necrotic pulp [1,97.

Photodynamic antimicrobial therapy (aPDT) is based on the concept that a non-toxic dye, known as
photosensitizer (FS), can be activated by low doses of visible light and an appropriate wavelength to generate
singlet oxygen and free radicals, which are cytotoxic to bacterial cells [107. Blue dyes, especially toluidine blue
and methylene blue, used with a low-intensity laser are effective in eliminating bacteria [117]. Photodynamic
therapy has been used in some studies as a support for the elimination of microorganisms, along with the
mechanical-chemical preparation of the root canals of deciduous teeth [1,6,8,9,127. The aPDT can then be an
auxiliary therapy to reduce the microbiota in the endodontic treatment of deciduous teeth [1,6,97.

Thus, the objective of this study was to conduct an evaluation in vivo of the effect of aPDT therapy on

the microbiota present in the root canals of deciduous teeth.

Material and Methods
Protocol and Sample

The present study followed the same protocol published in the literature for the use of aPDT and
microbiological analysis [1,6,8,97]. Ten deciduous teeth with necrotic pulp, from children of both genders
between ages 3 years and 5 years, with a mean age of 4 years, were treated at the clinic for babies at the
Faculty of Dentistry the University Center of Newton Paiva (UCNP), were selected.

The participants represented the total number of children who met the inclusion criteria for the study,
representing 76.9% of the children who were treated at the UCNP dental clinic for babies who required
endodontic treatment for pulp necrosis (10 out of 13 children with teeth that had pulp necrosis). This was a
sample of convenience. However, it represented the total number of children who met the inclusion criteria for
the study. The other clinical cases presented the possibility of major coronary damage from the invasion of the
biological space, therefore contradicting the benefits of endodontic treatment. All teeth analyzed were anterior
single root teeth. All parents agreed with their child’s participation in the research using the aPDT protocol
described in the literature [1,6,8,97.
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Inclusion Criteria

The study included children with carious lesions in deciduous teeth that affected the pulp, diagnosed
as necrotic pulp. This was determined by the presence of a radiolucid area in the furcation that was observed by
peri-apical radiography. The radiographic diagnosis was performed with periapical radiography on children's
radiographic film (Kodak Brasil, Sdo José dos Campos, SP, Brazil), with children positioned by using a
parallelism technique in the XRM apparatus (70 kV x 12 mA, Model D700 Max Mobile Speaker, Alliage S/A

Induastrias Médico Odontoldgica, Ribeirdo Preto, SP, Brazil). The children were not taking any medications.

Exclusion Criteria

Exclusion criteria included children who were currently under medical treatment and using
antibiotics; children with necrotic pulp in the teeth, with the radiolucent area affecting the dental follicle of the
permanent successor element recommended for exodontia; children with deciduous teeth with root resorption
of more than half the total length of the root; and any dental condition that contraindicated the endodontic

treatment.

Clinical Procedure and Sample Culture

For convenience, the study was carried out in two stages: 1) A clinical stage, in which 10 clinical
specimens were collected from 10 anterior deciduous teeth, and then submitted for microbiological analysis;
and 2) A laboratory stage, in which the clinical specimens were processed in the laboratory with a culture and

bacteria colony forming units (CFUs) count.

Clinical Stage

A researcher with experience in pediatric dentistry performed the clinical stage (MLMFF). After
infiltrative anesthesia of 2% lidocaine with Epinephrine 1:100.000 (Aphacaine, DFL Industria e Comércio S/A,
Rio de Janeiro, RJ, Brazil) the tooth was isolated with a rubber dam (Madeitex Indistria e Comércio de
Artefatos de Létex Ltda., Sdo José dos Campos, SP, Brazil), the carious tissue and pulp chamber ceiling were
removed with a spherical rotary bur no. 2 at high rotation and was cooled with a sterile saline drip. A sterile
Kerr n-file, K15, was initially used to check access to root canals. An endodontic locator (Endus, Gnatus
Produtos Médicos e Odontolégicos Ltda, Barretos, SP, Brazil) was used to establish the apical patency. The
limit for mechanical-chemical instrumentation was 1 mm short of the apical terminus (working length).

The radicular canals of each deciduous tooth received a sterile paper cone with an anatomic diameter
compatible with the canal for 30 seconds. The first sample of bacterial contamination was immediately placed
in the brain heart infusion (BHI) - baseline step (T1). After, the first aPDT was performed and a second
bacterial sample (T2) was collected. Then, the chemical-mechanical instrumentation was performed with Kerr
files (Maillefer Brazil S. A., Sdo Paulo, SP, Brazil) and an anatomic diameter compatible to the radicular canal,
along with 0.5% sodium hypochlorite irrigation (Férmula & A¢do Farmdcia, Sdo Paulo, SP, Brazil) and Endo
PTC (urea peroxide, Tween- 80 and Carbowax; Férmula & A¢do Farmacia, Sdo Paulo, SP, Brazil). After this
stage, another bacteriological sample (T3) was collected. A second aPDT was then applied and a last microbial
sample was collected (T4).

The collection of the clinical specimens for microbiological analysis occurred at four distinct times,

termed times 1, 2, 8 and 4.
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* Time 1 (T1): After the root canal path was opened and conferred with the K15 file (Kendo, VDW GmbH,
Munich, Germany) and an endodontic locator (Endus, Gnatus Produtos Médicos e Odontolégicos Ltda,
Barretos, SP, Brazil), a sterile absorbent paper cone compatible with the anatomical diameter of the root
canals was introduced for 30 seconds. The contaminated clinical specimen was immediately placed in a tube

containing brain heart infusion (BHI) broth medium.

Time 2 (T2): After the collection of the clinical specimen, the first aPDT therapy was applied by placing a
sterile paper cone with an anatomic diameter compatible with the canal and soaked with 0.005% methylene
blue photosensitizer (Chimiolux 5, DMC Importacdo e Exportagdo de Equipamentos LTDA, Sao Carlos, SP,
Brazil) in the canals, maintaining the photosensitizing agent for 8 minutes of pre-irradiation time. A red laser
light of low intensity, 660 nm wavelength, was applied for 40 seconds in the canals using the portable Laser
Duo MMO apparatus (MM Optics Ltda, Sdo Carlos, SP, Brazil) and energy of 4J/cm by using an intracanal
plastic optical fiber (MM Optics Ltda, Sdo Carlos, SP, Brazil). The second clinical specimen was collected
with a sterile absorbent paper cone compatible with canal diameters for 30 seconds. This second sample of

canals with necrotic pulp of deciduous teeth was immediately transferred to the BHI broth medium.

Time 3 (T3): After the first application of aPDT therapy, the mechanical-chemical instrumentation was
performed with K-files with an anatomical diameter that was compatible with the root canal and with 0.5%
sodium hypochlorite irrigation. After the instrumentation was completed, the root canals received a sterile
absorbent paper cone with an anatomical diameter compatible with the canal for 30 seconds to collect the

third clinical specimen, which was immediately transferred to a BHI broth tube.

Time 4 (T4): After the conclusion of the chemical-mechanical instrumentation, a sterile paper cone with an
anatomic diameter compatible with the canal and soaked in 0.005% methylene blue photosensitizer
(Chimiolux 5, DMC Importagdo e Exportagio de Equipamentos Ltda., Sdo Carlos, SP, Brazil) was inserted
into the canals and kept there for 3 minutes. After the removal of the cone that was soaked with a
photosensitizing agent, the red laser was again applied using the Portable Laser Duo (MM Optics Ltda., Sdo
Carlos, SP, Brazil) with 4J/cm?, 100 mW power output and 660 nm was applied for 40 seconds, leaving the
laser’s active tip in contact with the canal. A new collection of the microbiota was performed using the same
protocol as above. In brief; sterile absorbent cones compatible with the root canals were introduced for 30
seconds, and the sample was immediately transferred to a tube containing BHI broth. After these steps the
teeth were filled with Guedes Pinto paste and restored with resin-modified glass ionomer cement (Vitremer,

8M do Brasil, Sumaré, SP, Brazil).

Laboratory Stage
A researcher with experience in microbiology performed this laboratory step (MLM). All samples
collected at four distinct times of the clinical stage were submitted for culture to visually count the total

number of bacteria. All tests were performed in duplicate.

Microbiological Analysis
Tubes containing BHI broth were inoculated with the collected clinical specimens. The clinical
specimens were transported to the microbiology laboratory of the UCNP in a suitably cooled container. The

laboratory procedure involves the microdilution technique as follows: 0.5 mL from the BIH tubes containing
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the clinical specimens was transferred to tubes containing 4.5 mL of NaCl/peptone (5g/L; 10 g/L) (HiMedia
Laboratories Private Limited, Mumbai, India) (1:10 = 107") for each of the collected specimens (T'1 to T4).

In brief, 0.5 mL of dilution 10-1 was transferred to a new tube containing 4.5 mL of peptone solution
to make dilution 10-2, and the procedure was repeated until dilution 10-6. In each step, the dilutions were
homogenized for 15 seconds in a shaker. Twenty-five mL of each dilution was collected with a sterile
micropipette, placed onto blood agar plates (Newprov Produtos Para Laboratério, Pinhais, PR, Brazil) and
spread on the plate using a sterile glass loop. The blood agar plates were then incubated at 37°C for 5 days in a
microaerophilic chamber (candle method). All tests were performed in duplicate. After incubation, the colonies

obtained were counted and the result expressed in CFU/25 mL.

Statistical Analysis

The results of blood agar counts were submitted for descriptive and analytical statistics for each of the
clinical specimens. The normality of the results was tested using the Ryan-Joiner test, available in the Minitab
Software, version 19 (Minitab LLC, State College, PA, USA) similar to the Shapiro-Wilk test. The non-normal
distribution of data made it impossible to use parametric statistical tests. Thus, the Friedman test was used,
encompassing all the results obtained from the 4 times, and the Wilcoxon-test was used to compare dependent
samples, paired, at the different laboratory analysis times. A level of significance of 95% (a=0.05) was

considered statistically significant.

Ethical Considerations
This study was approved by the Ethics Committee on Human Research (CAAE

89703518.4.0000.5097). Informed consent was obtained from the parents of all participant children.

Results
Ten clinical specimens were collected. After incubation each plate was visually inspected and CFU
were counted. Fungal growth on the culture plates was not observed. The number of CFU bacterial counts are

shown in Table 1.

Table 1. Descriptive statistics using the number of Colony Forming Units (CFU) for the analyses.

Values Times (CFU)

T1 (CFU) T2 (CFU) Ts (CFU) T4 (CFU)
Mean 2,207,420 12,387 2,250 1,787
SD 3,735,644 18,945 3,625 2,976
Median 70,000 1,800 700 400
Q1-03 18,250-3,100,500 880-20,200 400-2,125 129-1,500
Maximum 9,500,000 42,000 12,000 8,000
Minimum 800 400 400 60

Friedman's test indicated a significant reduction in CFU in all samples collected, considering the four
reading times (p<0.01). The box plot graph (Figure 1) shows a marked decrease in bacterial colonization in the
root canals. The Wilcoxon test, comparing paired times, observed significant results between T1-T2
(p=0.035), T1-T3 (p=0.006) and T1-T4 (p=0.030). The other comparisons, T2-T3 (p=0.208); T2-T4
(p=0.291); and T38-T4 (p=0.673), were not significant.
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Figure 1. Bacterial colonization in the root canals throughout the clinical stages.

Discussion

The purpose of using aPDT in this pilot study was to evaluate the bacterial reduction in necrotic
canals of primary teeth through adjuvant therapy. For the use of this aPDT therapy and for microbiological
analysis, this study followed the same protocol published in the literature [1,6,8,97.

The present study showed a significant reduction in the number of bacteria between times T'1-T2, T1-
T3 and T1-T4. This bacterial reduction occurred mainly after the first application of aPDT (99.45% reduction
in bacteria).

No significant reduction in CFU was found using aPDT after the mechanical-chemical preparation of
the root canals. Our results are in accordance with a clinical trial conducted recently on primary necrotic teeth
[17. The authors observed that the microbiological results achieved with conventional endodontic treatment
combined with aPDT were similar to those achieved only with conventional treatment [17]. However, the
results of this research also revealed that after the chemical-mechanical preparation of the canals and the
application of aPDT there was still a 20.5% reduction in CFU. This result was extremely important since
studies show that the decrease in bacteria in the root canals is associated with a better prognosis for endodontic
treatments, with bacterial persistence being pointed out as the main failure of this therapy [13,147].

Studies evaluating the effectiveness of aPDT in deciduous teeth are still scarce. Most studies are done
on permanent teeth [17. Generally, aPDT therapy is considered a possible alternative to assist in the
eradication of bacteria in root canals [16-197.

Considering the rates of bacterial reduction found in the present study, aPDT presented itself as an
important aid in the decontamination process, especially in cases where the infection rate is more intense. This
result is similar to other studies in primary teeth that used aPDT combined with methylene blue as a
photosensitizer [1,6,97. The properties of methylene blue are well established in the literature, with positive
charge, low molecular weight and hydrophilicity, which allow the dye to interact with anionic
lipopolysaccharide macromolecules and penetrate the external membrane of Gram-negative bacteria [157].
However, different challenges are faced when aPDT therapy is applied to different types of Gram-positive

bacteria, Gram-negative bacteria and fungi.
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Regarding the non-bacterial reduction in T2-T38 times, when this data is observed in isolation, it is
suggested that the instrumentation phase was not sufficient for the drastic decontamination of the canals. The
scientific literature does not consider this statement to be true. On the contrary, it is reported that the root
canal system's decontamination occurs mainly during the instrumentation stage [207]. Considering that there
was a great decrease in the colony-forming units, the lack of sensitivity of the nonparametric test may be a
justification for not having found a significant difference between the times T2 and T3 in the present study.
However, a study that compared the effectiveness of aPDT with manual and rotary instrumentation agrees
with our findings and stated that instrumentation alone is not sufficient for complete bacterial elimination
[21].

The bacterial collection was performed 1 mm before the end of the root canal. It should be considered
that the largest number of bacteria in cases of pulp necrosis is found along the canal, especially in the middle
and cervical thirds of the root [22,287. Thus, it is believed that this factor did not contribute to the lack of
statistical significance between times T2 and T'3.

Another finding of our study was the bacterial reduction between times T3 (after mechanical chemical
preparation) and T4 (the second application of aPDT after mechanical chemical preparation). Despite the
absence of statistical significance, this result reinforces the importance of mechanical instrumentation as a
primary step in reducing the intracanal bacterial flora. The lack of statistical significance found after the
application of aPDT leads us to a new scientific question: It is known that the approach of this therapy
combines light, a low power laser and a photosensitizing agent and, when in contact with microorganisms, it
results in the release of singlet oxygen and free radicals. As a result, the amount of oxygen present during
aPDT can also interfere with the antimicrobial action [157. Thus, studies with other protocols are suggested,
using, for example, hydrogen peroxide before the application of aPDT.

The present study has the limitation of having a small sample number, so similar clinical studies with
a larger number of samples are suggested to confirm the results found in this study.

Despite following the same aPDT application protocol described in other studies [1,6,97, this study
advances with the introduction of microbial assessment in a baseline stage. It is not part of the clinical protocol
to perform aPDT before the instrumentation of the canals. However, in this clinical study, such an
experimental step (T1) was included as a baseline to distinguish the influence of aPDT from the effect of
instrumentation on the microbial count. The evaluation of a baseline stage is supported by studies that evaluate
the effectiveness of bacterial reduction in the root canal system for different endodontic procedures [13,147].
Without this assessment of step T1, it would not be possible to determine the influence of aPDT alone in
reducing the amount of bacteria.

Finally, the need to manage children's behavior and the anatomical and physiological characteristics of
primary teeth can make it difficult to disinfect the root canal during chemical-mechanical instrumentation.
Thus, the combined use of photosensitizing dye and a low-intensity laser is a viable, low-cost and non-

traumatic alternative to complement conventional endodontic therapy in primary teeth.

Conclusion
Antimicrobial photodynamic therapy can be used as an adjunct in the endodontic treatment of primary

teeth, contributing to a significant reduction in the total number of bacteria in primary teeth with necrotic

pulp.
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