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RESUMO

O objetivo deste estudo foi testar a influéncia da utilizacdo da fibra dptica e de
diferentes tempos de pré-irradiacdo (PIT) na terapia fotodindmica com LED, na desinfec¢éo
de canais radiculares de dentes bovinos infectados, in vitro, com Enterococcus faecalis. Cento
e vinte dentes bovinos foram inoculados com E. faecalis, permanecendo em cultivo por 60
dias. Os dentes foram divididos em seis grupos (n=20): Grupo 1- agua destilada; Grupo 2- 1
minuto PIT/sem fibra Optica; Grupo 3- 1 minuto PIT/fibra Optica; Grupo 4- 5 minutos
PIT/sem fibra dptica; Grupo 5 - 5 minutos/com fibra dptica; Grupo 6 —hipoclorito de sddio
2%. Foram realizados testes microbiologicos e analise em SEM. A analise microbioldgica
mostrou que o grupo 6 obteve os melhores resultados, com diferenga estatistica entre este e os
grupos 1, 2, 3, 4 e 5. A andlise da microscopia eletronica de varredura, nos trés tercos da
parede do canal mostrou os melhores resultados para o grupo 6 (com diferenca
estatisticamente significativa com os grupos 1, 3, 4 e 5) e 0 grupo 2, entre 0s grupos da terapia
fotodindmica. Na &rea de tabulos expostos, no terco apical os grupos com melhores resultados
foram os grupos 1 e 3; no terco médio grupos 6 e 2; e no terco cervical grupos 6 e 3. N&o foi
encontrada diferenca na desinfeccéo dos canais radiculares quando a fibra Optica foi usada na
aplicacdo da terapia fotodindmica. Esta ndo pode ser usada de forma isolada na desinfeccao
dos canais radiculares, o seu valor pode estar na complementacdo da desinfeccdo obtida por
outros protocolos de limpeza.

Palavras chave: biofilme, Enterococcus faecalis, microscopia eletronica de varredura e
terapia fotodinadmica.



ABSTRACT

This study evaluated the use of optic fiber and different pre-irradiation times (PIT) in
phototherapy with LED for the root canal disinfection of bovine teeth infected in vitro with
Enterococcus faecalis. One hundred twenty bovine teeth were inoculated with E. faecalis and
incubated for 60 days. The teeth were divided into six groups (n=20): Group 1 — distilled
water; Group 2 — 1 minute PIT and no optic fiber; Group 3 — 1 minute PIT and optic fiber;
Group 4 — 5 minute PIT and no optic fiber; Group 5 — 5 minutes PIT and optic fiber; Group 6
— 2% sodium hypochlorite. Specimens were evaluated using microbiological tests and SEM
analysis. Microbiological analysis revealed that group 6 had the best results and there were
statistically significant differences between this group and groups 1, 2, 3, 4 and 5, there were
no statistically significant differences between groups 1, 2, 3, 4 and 5. SEM analysis of canal
wall, in the three thirds, revealed group 6 had the best results (there were statistically
significant differences between this group and groups 1, 3, 4 and 5) and group 2 had the best
results between groups of photodynamic therapy. In exposed tubules, group 1 had the best
results in the apical, and group 3 had the best results between groups of photodynamic
therapy. Group 6 had the best results in the middle and coronal third, and between groups of
photodynamic group 2 had the best results in the middle third and group 3 in the coronal third.
No differences in disinfection of root canals were found when optic fiber were used for
photodynamic therapy. Photodynamic therapy should not be used alone in the disinfection of
root canals, but it may be valuable as a complement for disinfection performed using different
cleaning methods.

Key words: biofilm, Enterococcus faecalis, scanning electron microscopy, photodynamic
therapy.
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1 INTRODUCAO

Dentre 0s objetivos do tratamento endodoéntico esta sanificar e modelar o canal
radicular, visando a eliminagdo dos micro-organismos, baseando-se a sua permanéncia ou ndo
no sistema de canais radiculares relacionada com o sucesso da terapia endodontica (1,2).

Miller (3) demonstrou a importancia dos microrganismos na etiologia das doencas da
polpa e periapice. Ja o trabalho classico de Sundqvist (4) verificou a presenca e a importancia
de micro-organismos anaerdbios nas infec¢es endodonticas.

A prépria anatomia dos canais radiculares, com canais secundarios, acessorios e delta
apical, ndo favorece a acdo mecanica das limas e a acdo quimica das substancias auxiliares,
podendo permanecer micro-organismos neste sistema e favorecer a recolonizagdo do canal
radicular (5,6).

O Enterococcus faecalis, coco Gram-positivo anaerobio facultativo, possui
importante papel no insucesso da terapia endoddntica sendo frequentemente encontrado no
sistema de canais radiculares de dentes portadores de lesbes periapicais cronicas nos
retratamentos endodonticos (4,7,8). A viruléncia deste tem relacdo a sua resisténcia as
medicacdes intracanais mais comumente utilizadas e a habilidade de sobrevivéncia em canais
radiculares sem o suporte de outra bactéria (9,10,11,12).

Segundo alguns estudos, o hipoclorito de sodio € eficaz na eliminacdo de E. faecalis
do interior dos tubulos dentinarios (13,14,15). Porém, possui algumas desvantagens como a
instabilidade ao armazenamento e inativacdo por matéria organica (16), é extremamente
citotoxico quando extravasado no interior dos tecidos perirradiculares (17), diminui a
resisténcia a fratura dos dentes e a resisténcia de unido dos materiais restauradores a dentina
(18).

Foi verificado nos estudos de Kairalla (19) e Gutnecht et al. (20) que a reducdo
microbiana pode ultrapassar 99% com a utilizacdo de lasers de alta poténcia (Er:YAG,
Er,Cr:YSGG, Nd:YAG, Ho:YAG e diodo), provocando a morte do micro-organismo por
elevacdo da temperatura, atraves da desnaturacdo protéica. Entretanto, a utilizacdo de lasers
de alta poténcia, sem haver controle do fator térmico, pode gerar riscos de injdrias aos tecidos
dentais e vizinhos, como carbonizacdo da dentina, promocdo de anquilose, derretimento de
cemento, reabsorc¢éo radicular e necrose perirradicular (19,21).

A terapia fotodinamica (PDT) ou desinfeccdo fotoativada (PAD) tem surgido como

uma alternativa na desinfec¢éo de canais radiculares. Essa terapia consiste na utilizagao de luz



de baixa intensidade (laser ou LED) associada a fotossensibilizadores exdgenos que absorvem
a luz desencadeando uma cascata de eventos quimicos, resultando na producdo de espécies
reativas de oxigénio, toxicas as células tumorais, bactérias e fungos (22,23,24,25,26).

O termo LED é um acronimo para Light Emiting Diode, onde dois diferentes
compostos semicondutores emitem luz ao reagir com uma determinada tensdo aplicada. Pode-
se ter diferentes cores de LED: vermelho, infravermelho e azul; sendo que cada cor apresenta
0 Sseu respectivo comprimento de onda (27).

Os lasers de baixa poténcia ndo promovem alteracdes morfoldgicas na estrutura
dentéria e adjacentes (19); bem como o LED promove pequena variagdo de temperatura (28).

A desinfeccdo dos canais radiculares através da terapia fotodindmica tem sido
estudada nos altimos anos, trazendo resultados positivos, principalmente sobre o E. faecalis
(19,24,25,29).

A PDT tem sido um método efetivo na reducgdo da contaminacdo intracanal, porém,
com variagdo do protocolo quanto ao uso dos fotossensibilizadores: o azuleno 25%, azul de
ortotoluidina 0,0125% e azul de ortotoluidina 0,001%. J& no que se refere a forma de entrega
da irradiacdo intracanal observou-se uma concordancia nas pesquisas, sendo o feixe de luz
emitido atraves de fibra Optica (26,30,31).

Contrariando estes resultados, alguns estudos concluiram que a associa¢do entre o
fotossensibilizador e o laser teve um efeito bactericida, entretanto, néo foi capaz de eliminar
totalmente o biofilme dos canais radiculares. Nestes estudos a concordancia no protocolo da
terapia fotodindmica ocorreu em relacdo ao uso do azul de ortotoluidina, havendo a variacdo
quanto ao uso ou ndo da fibra Optica (29,32).

E necessario um tempo de exposicdo prévia do tecido alvo ao corante antes da
exposicao a radiacdo luminosa (tempo de pré-irradiacdo) quando se utilizam os corantes azul
de metileno e azul de ortotoluidina (23). Alguns autores adotaram 5 minutos de tempo de pré-
irradiacdo em seus trabalhos (19,30,33); j& outro, 2 minutos de tempo de pré-irradiacdo (24).

Diversos aparelhos de LED ou laser ndo possuem o modo de entrega com fibra
Optica. Nestes casos, se a fibra influencia os resultados, os aparelhos ndo teriam uso em
tratamentos endoddntico. No entanto, se o feixe de laser ou LED tém penetracdo suficiente
para atingir o fotossensibilizador mesmo a distancia, o uso de fibra Optica seria desnecessario,
aumentando as possibilidades de uso do PAD e reduzindo custos. Para tal, € necessario saber
como esta terapia atuaria em um biofilme consolidado e com microrganismos resistentes as

terapias tradicionais.



Baseado nas questbes expostas acima se justifica este estudo, visando analisar,
comparativamente, a influéncia da utilizacdo da fibra optica e de diferentes tempos de pré-
irradiacdo com LED, de luz vermelha, na limpeza de canais radiculares infectados com E.
faecalis, uma vez que ndo ha um consenso na literatura sobre qual protocolo aplicar na terapia

fotodindmica coadjuvante ao tratamento endodontico convencional.
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2 ARTIGO

Comparative analysis of microbial reduction using photodynamic therapy optic
fiber in bovine teeth infected in vitro with Enterococcus faecalis.

Submetido ao Journal of Endodontics — fator de impacto 2.953
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ABSTRACT

Introduction: This study evaluated the use of optic fiber and different pre-irradiation
times (PIT) in phototherapy with LED for the root canal disinfection of bovine teeth infected
in vitro with Enterococcus faecalis. Material and Methods One hundred twenty bovine teeth
were inoculated with E. faecalis and incubated for 60 days. The teeth were divided into six
groups (n=20): Group 1 — distilled water; Group 2 — 1 minute PIT and no optic fiber; Group 3
— 1 minute PIT and optic fiber; Group 4 — 5 minute PIT and no optic fiber; Group 5 — 5
minutes PIT and optic fiber; Group 6 — 2% sodium hypochlorite. Specimens were evaluated
using microbiological tests and SEM analysis. Results: Microbiological results revealed that
group 6 had the best results and there were statistically significant differences between this
group and groups 1, 2, 3, 4 and 5, there were no statistically significant differences between
groups 1, 2, 3, 4 and 5. SEM analysis of canal wall, in the three thirds, revealed group 6 had
the best results (there were statistically significant differences between this group and groups
1, 3, 4 and 5) and group 2 had the best results between groups of photodynamic therapy. In
exposed tubules, group 1 had the best results in the apical third, and group 3 had the best
results between groups of photodynamic therapy. Group 6 had the best results in the middle
and coronal third, and between groups of photodynamic group 2 had the best results in the
middle third and group 3 in the coronal third. Conclusions: No differences in disinfection of
root canals were found when optic fiber were used for photodynamic therapy. Photodynamic
therapy should not be used alone in the disinfection of root canals, but it may be valuable as a

complement for disinfection performed using different cleaning methods.

Key words: biofilm, Enterococcus faecalis, scanning electron microscopy,

photodynamic therapy.

INTRODUCTION

Enterococcus faecalis, a facultative anaerobic Gram positive coccus, plays an
important role in the failure of endodontic therapy; it is often found in chronic periapical
lesions in cases of endodontic retreatment (1-3). Its virulence is associated with its resistance
to intracanal medications most frequently used and its capacity to survive in root canals

without the support of other bacteria (4-7).
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Photodynamic therapy (PDT) has been described as an alternative for the disinfection
of root canals. It uses low density light (laser or LED) associated with exogenous
photosensitizers that absorb light and trigger chemical events that result in the production of
oxygen reactive species, which are toxic to tumor cells, bacteria and fungi (8-12).

Low-intensity laser does not promote morphological changes in tooth or adjacent
structures (13), and LED produces only a small temperature variation (14).

Disinfection of root canals using PDT has been studied in the last years, and results
have been positive, particularly when used against E. faecalis (10, 11, 13, 15).

PDT is effective in reducing intracanal contamination, but when used according to
different protocols in which different photosensitizers were applied: 25% azulene, 0.0125%
ortho-toluidine blue, and 0.001% ortho-toluidine blue. Also, in these cases, the light beam
may be emitted using an optic fiber (12, 16, 17).

Contrary to those results, some studies found that the combined use of
photosensitizer and laser had a bactericide effect, but was not capable of completely removing
biofilm from root canals. Those studies were similar to those that applied PDT with ortho-
toluidine blue as a photosensitizer, but differed in whether they used or not an optic fiber (15,
18).

The target tissues should be previously exposed to dyes before exposure to light
radiation, called pre-irradiation time (PIT), and methylene blue and ortho-toluidine blue have
been used for this purpose (9). Some authors adopted a 5 minute PIT (13, 16, 19, 20) and
others used 2 minute (10, 21) or 10 minute PIT (22).

Several LED or laser units do not have an optic fiber delivery mode. In these cases,
and if an optic fiber is proven to affect the results, these units would not have any use in
endodontic treatments. However, if the laser beam or LED has enough penetration to reach
the photosensitizer even from a distance, the use of optic fibers would be unnecessary, the
chances of using PAD would increase, and costs would be reduced. Therefore, it is necessary
to know how this treatment would act on consolidated biofilm with microorganisms that are
resistant to traditional therapies.

Moreover, there is no consensus in the literature about which protocol to use in
adjuvant photodynamic therapy during conventional endodontic treatment. This study
compared the effect of the use of an optic fiber and different PIT using red light LED to clean

root canals infected with E. faecalis.

MATERIAL AND METHODS
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This study was approved by the Ethics Committee for the Use of Animals (CEUA)
of Pontificia Universidade Catolica do Rio Grande do Sul (PUCRS) under number 10/00163
(Annex A).

Tooth collection and preparation

One hundred and twenty bovine incisors were obtained from animals slaughtered for
commercial purposes. Teeth were removed from the mandibles immediately after slaughtering
and were stored in 1% sodium hypochlorite (ASPER, Industria Quimica Ltda, Sdo Caetano do
Sul, Brazil) for no longer than 48 h. Dental crowns and 1 mm of the apical region were
sectioned so that all roots measured 15 mm long. To remove the pulp and have a uniform
canal diameter, each root was prepared using a 21-mm # 60 instrument (DentsplyMaillefer,
Ballaigues, Switzerland) and irrigation with 2% sodium hypochlorite (2% Virex Plus,
Johnson Diversey Brasil Ltda, S&o Paulo, Brazil). After that, the roots were kept immersed in
17% EDTA (Farmashop, Porto Alegre, Brazil) for 5 minutes under agitation to remove the
smear layer.

The 126 teeth were fixed in a polypropylene microtube (Genuine Axygen Quality,
CA) with cyanoacrylate (Super Bonder, S&o Paulo, Brazil) to keep it vertical with the coronal
side up. Each sample was randomly placed in 6 autoclave polypropylene boxes (Heathrow,
Vernon Hills, IL). After that, the orifice to each root was sealed with autoclave tape (3M do
Brasil, Sumaré, Brazil), and a hole was made in the microtube cap to make it possible to
change BHI (Brain Heart Infusion - Difco Laboratories, Detroit, USA) broth during
incubation. After mounting, the set formed by the box and tubes with specimens were

autoclaved (Kavo, Joinville, Brazil) at 121° C for 15 minutes.

Sterilization control

Specimen sterilization was evaluated using one tooth from each group. After
sterilization of each propylene box with teeth, a sterilized paper point was introduced in the
root canal to collect possible contaminant material. This point was immediately inoculated in
a tube with sterilized 0.85% saline solution, homogenized and incubated at room temperature
for 5 minutes. After that, a 100 ul aliquot of saline solution containing the point was seeded
on blood agar and incubated for 18 to 24 hours at 37° C. After that procedure, examination

showed that there was no contamination originating from the sampled tooth, which confirmed
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the sterilization of the material. The specimen used for sterilization control was not reused,
and there was a total of 20 teeth per box.

Culture and preparation of inoculation material

The E. faecalis (ATCC 29212) was obtained and cultured, in BHI broth for 18 to 24
hours at 37° C in an incubator, in the Immunology and Microbiology Laboratory of the
School of Biosciences, PUCRS.

The number of colony forming units (CFU/mI) in the inoculation suspension was
determined by counting them in blood agar dishes. For that, the E. faecalis suspension was
serially diluted up to 10® in 0.85% saline solution, and 0.1 ml of the 10® 107 and 10®
concentration suspensions were seeded in duplicate on blood agar using a sterilized Drigalsky
rod. The plates were incubated at 37° C for 24 hours, after which CFU/mI were counted in the
plates that had 15 to 150 colonies. Bacterial density ranged from 4.0 x 10%to 7.2 x 108,

The 120 samples were inoculated with 100 ul of E. faecalis suspension injected into
the root canal using a 1 mL insulin syringe (BD, Curitiba, Brazil). Sterile BHI broth was then
added to the plastic tube so that was completely filled with culture medium. E. faecalis was
culture was incubated for 60 days for the formation of biofilm, and one third of the BHI broth
volume was replaced every 48 hours. All teeth were handled under aseptic conditions under a
laminar flow hood. Once a week, an aliquot of BHI of the teeth was Gram stained, cultured in
blood agar, and submitted to catalase and esculin tests to confirm the exclusive presence of E.

faecalis.

Group classification

Teeth were loosened from the tubes and mounted in a utility wax base (Wilson,
Polidental, Cotia, Brazil) to avoid overflowing of the irrigating solution and photosensitizers
through the apical foramen.

Working length was established at 14 mm, and the groups were divided as described
below:

. Group 1 (control, n=20): irrigation with distilled water that filled up the root

canals and was kept inside the canal for one minute; aspiration of the irrigating solution with a
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5 mL disposable plastic syringe (BD, Curitiba, Brazil). Each sample received four irrigations
at 30 second intervals. Results of this group were used as bacteria counts before treatment of
root canals of the other groups.

. Group 2 (n=20): canals were irrigated using a 5 mL disposable plastic syringe
with 2 mL of distilled water that was later aspirated also using a 5 mL disposable syringe. The
canals were then filled up with 0.001% ortho-toluidine blue (tolonium chloride) viscous
photosensitizer using a 5 mL disposable syringe. After 1 minute, tolonium chloride was
stirred with a 21-mm-long #50 file at 14 mm without touching the walls of the root canal. The
LED beam was activated for 120 seconds using a PAD Plus unit (Denfotex Light Systems
Ltd, Inverkeithing, United Kingdom) and 630-nm red light; the optic fiber was not coupled to
the LED tip, and the pointer was placed at the canal entrance.

. Group 3 (n=20): The procedure was the same as for group 2, but an optic
fiber was coupled to the LED tip. The stationary technique was used: the irradiation is
distributed along the three thirds of the root canals using preprogrammed pullbacks at three
time points, also at a total of 120 seconds.

o Group 4 (n=20): the procedure was similar to that followed in group 2, but
PIT was 5 minutes and the ortho-toluidine blue photosensitizer was not stirred.

. Group 5 (n=20): The procedure was again the same as in group 2, but PIT
time was 5 minutes, the photosensitizer was not stirred and the optic fiber was coupled to the
LED tip; the stationary technique was the same as in group 3.

After irradiation, the canals in each group were irrigated again with 2 mL distilled
water using a 5 mL disposable plastic syringe and aspirated also with a 5 mL disposable
plastic syringe.

. Group 6 (n=20): irrigation with 2% sodium hypochlorite that filled up the root
canals and was kept inside the canal for one minute; all the solution was then aspirated using a
5 mL disposable plastic syringe (BD, Curitiba, Brazil). Each sample received four irrigations
at 30 second intervals.

Microbiological analysis

After treatment, 10 teeth from each group were used for microbiological analyses.

Their canals were immediately filled with sterile saline solution, stirred with a #50 file at 14

mm for 15 seconds, touching the canal walls. A 50 pl aliquot of solution was removed from
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the canal and placed into a tube with 450 pl of sterile 0.85% saline solution. The material was
homogenized and diluted to 107, Aliquots of 100 pl saline solution and diluted concentrations
were seeded in duplicate in blood agar using a Drigalsky rod and incubated for 18 to 24 hours
at 37° C. After incubation, the number of CFU was counted in the plates that had 15 to 150

colonies.

Preparation for SEM

The other 10 teeth from each group were immersed in a fixing solution (2.5%
glutaraldehyde) immediately after treatment for 7 days for later analysis under scanning
electron microscopy (SEM) in the Electronic Microscopy and Microanalysis Center of
PUCRS.

Roots were rinsed three times for 30 minutes each time in a 0.2 M phosphate buffer
and distilled water at a 1:1 ratio. After that, they were dehydrated by immersion in 30, 50, 70,
90 and 100% acetone. Longitudinal buccolingual grooves were produced on the free surfaces
of the roots using a diamond bur (Dhpro, Rhadartrade, Paranaguéa, Brazil); care was taken not
to penetrate the interior of the root canal. Root fracture was completed using a #50 spatula (SS
White, Rio de Janeiro, Brazil) to obtain two halves that were mounted in stubs with the root
canal end up. After that, the samples were spurted-coated with gold for electron conduction.

A scanning electron microscope (Phillips XL-30, Eidhoven, Holland) was used for
evaluations of roots according to thirds (coronal, middle and apical) at 500 X to 20000X
magnification. First, areas of greater concentration of biofilm were selected at a lower
magnification; recordings were then made at 5000 X magnification. Backscattering (BSE)
was used for image capture.

One single observer blinded to the experimental groups classified images according
to the presence of bacteria and using the criteria of position ranks.

Using PowerPoint (Microsoft, Washington, USA), each image was placed in one
slide; the less contaminated tooth was classified as position 1, and the most contaminated, as
position 60. This classification was used for each third (coronal, middle and apical) and
according to the position in the image (canals wall or area of exposed tubules). Therefore, for
each third and each site in the image, the mean position of the group was calculated.

Statistical analysis



18

For a difference of at least 1.5 standard deviation between mean counts in the groups,
a 90% statistical power and level of statistical significance of 5%, a number of 10 specimens
was calculated for each group.

Data on levels of contamination measured with electronic microscopy were ranked
within thirds. One-way ANOVA was applied to ranks (23) with a robust significance,
followed by the Tukey post hoc test to detect differences.

In the microbiology evaluation, all data were log transformed. One-way ANOVA
was followed by the Tukey post hoc test.

The level of significance was set to a=0.05. Data were analyzed using the SPSS 17.0.

RESULTS

Results are shown in Figure 1, which summarizes findings of microbiological analysis
and SEM; Table 1 shows only SEM findings.

Microbiological analysis

Group 1 had a mean count of 5.47 log CFU/mL,; Group 2: 5.51 log CFU/mL,; Group 3:
5.33 log CFU/mL,; Group 4: 5.80 log CFU/mL; Group 5: 5.41 log CFU/mL and Group 6: 1.07
log CFU/mL.

Group 6 had the best results and there were statistically significant differences
between this group and groups 1, 2, 3, 4 and 5 (p = 0,000). There were no statistically
significant differences between groups 1, 2, 3, 4 and 5.

SEM analysis

Table 1 shows the results according to the position ranks.

In the canal wall, in the three thirds, group 6 had the best results, there were
statistically significant differences between this group and the groups 1, 3, 4 and 5 (p<0,001).
Group 2 had the best results between groups of photodynamic therapy, in the three thirds.
There were statistically significant differences between group 2 and the groups 4 and 5 in
apical and middle thirds, but in coronal third there were statistically significant differences

between group 2 and groups 1, 4 and 5 (p<0,001).
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In the exposed tubules, group 1 had the best results in the apical third, there were
statistically significant differences between this group and groups 2, 4 and 5 (p<0,001). In this
third, group 3 had the best results between groups of photodynamic therapy but there were no
statistically significant differences with other groups.

In the exposed tubules, group 6 had the best results in the middle and coronal third.
There were statistically significant differences between group 6 and groups 3, 4 and 5 in the
middle third (p<0,001), and groups 1, 3, 4 and 5 in the coronal third (p=0,011). Between
groups of photodynamic group 2 had the best results in the middle third and group 3 in the
coronal third. There were statistically significant differences between group 2 and groups 4
and 5 in the middle third (p<0,001), and between group 3 and groups 1, 4 and 5 in the coronal
third (p=0,011).
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Figure 1 - Graph a: microbiological tests: Co (group 1) = control with distilled water; FT1Wo (group 2) =
photodynamic therapy and 1 minute pre-irradiation time without optic fiber; FT1WF (group 3)= photodynamic
therapy and 1 minute pre-irradiation with optic fiber; FT5Wo (group 4) = photodynamic therapy and 5 minutes
pre-irradiation without optic fiber; FTSWF (group 5) = photodynamic therapy and 5 minutes pre-irradiation with

optic fiber; Hy (group 6): 2% sodium hypochlorite. Graphs b, ¢: contamination levels.
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Table 1 Comparison of position ranks of contamination levels between different cleaning
treatments applied to root canals of bovine incisors.

Variable Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 P
Canal Wall n=10 n=10 n=10 n=10 n=10 n=10
Apical third ~ 31(14.3)"¢ 23.8(10)*® 30.2(17.2)°¢" 41.6(10.2)° 44.2(16.4)° 9.2(7.6)° <0.001
Middle 29.8(15.3)°¢ 22.4(11.2)*" 33.8(13.7)°¢ 38.7(12.9)%¢ 50(9.1)¢ 8.3(8)° <0.001
third
Coronal  38.7(12.5)° 15.5(9.8)*° 28(17.2)°° 46(7.9)° 42.8(12.9)%¢ 11.9(7.7) <0.001
third
Exposed n=10 n=10 n=10 n=10 n=10 n=10
tubules
Apical third ~ 10.5(5.2)*™ 32.8(15.3)>" 22.5(8.8)*> 37.5(8.3)° 37(16.5)° 17.7(15.9)*" <0.001
Middle 28.7(20.2)*" 29(9.6)*" 32.6(19)™ 37.6(8.9) 41.9(16.2)° 10.1(5.4)* <0.001
third
Coronal 33(20.6)° 27.9(12.8)* 24.3(18.9)* 40.8(11.2)° 36.4(13.5)“ 15.2(13.2)* 0.011
third

Data are presented as mean ranks (standard deviation). P = robust significance (Brown-Forsythe) obtained using one-way ANOVA of ranks.

Different letter indicate significant differences, in the same line, according to Tukey post hoc test. [*]: sample size reduced to n=9.

[**]:sample size reduced to n=8. [***]: sample size reduced to n=6.
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Figure 2- SEM photomicrographs (5000x — canal wall — middle third) of groups under study —
G1: group 1; G2: group 2; G3: group 3; G4: group 4; G5: group 5; G6: group 6.
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Figure 3- SEM photomicrographs (5000x — canal wall — middle third) of groups under study —
G1: group 1; G2: group 2; G3: group 3; G4: group 4; G5: group 5; G6: group 6.

DISCUSSION

Photodynamic therapy has gradually expanded from Medicine to Dentistry, and one of
its uses is to be an alternative to cleaning and microbial reduction within root canals. In this
study, photodynamic therapy was applied to a biofilm of E. faecalis grown in roots of
extracted bovine teeth.

Bovine teeth were chosen because it has already been demonstrated that there are no
differences in physical properties between bovine and human dentin in permanent teeth (24).
Moreover, it was possible to obtain samples of similar age and dentin properties, and it was
possible to distribute teeth of a single animal into several experimental groups, which reduced
the number of variables in clinical trials.

Biofilm found in vivo in teeth with apical periodontitis is mature, strongly adhered to
the substrate and penetrating into dentinal tubules, which make it more resistant to cleaning
and shaping (25). To obtain consistent and organized biofilm samples, E. faecalis was
incubated for 60 days. A previous study determined that there is marked invasion of E.
faecalis into dentinal tubules at 56 days (26).

The sodium hypochlorite concentration chosen was 2% because that is what is used
in the School of Dentistry of PUCRS for the clinical treatment of endodontic infection.

Blue dyes are potent sensitizers for a certain group of bacteria when irradiated with
laser that emits visible red light (27). Ortho-toluidine blue (tolonium chloride) and methylene
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blue, associated with laser light with a wavelength of about 630 nm, have the best results in
eliminating bacteria and fungi (28). Methylene blue and ortho-toluidine blue were tested to
find out which one would have a greater bactericide action against different types of bacteria,
both Gram positive and Gram negative. Both were efficient when red-emitting laser was used,
but ortho-toluidine blue had the best bactericide effect (29). Therefore, ortho-toluidine blue
(tolonium chloride) was the photosensitizer of choice for this study.

The amount and distribution of bacteria on the surface of biofilm may be compared
between treatments when the samples are analyzed using SEM (25,30,31,32). For that
purpose, SEM was used in our study. A large number of SEM analyses were made to ensure
that the areas under study were representative of biofilm distribution on the whole surface of
the root canal (25). However, SEM cannot demonstrate bacteria viability. To address this
problem, bacterial counts were performed before and after the treatment for each group.

Microbiologic and SEM analyses used different specimens to avoid changes in the
results; otherwise, the amount and quality of bacterial biofilm might have been affected by the
collection of saline solution from the root canal, which might compromise SEM.

Microbiological results revealed that there were no differences when different
photosensitizer PITs were used: 1 minute with photosensitizer stirring, as recommended by
the PAD Plus manufacturer, and 5 minutes according to literature (13, 16, 19). When
compared the six groups together, the group 6 (sodium hypochlorite 2%) had the best results.
No differences were found in canal disinfection when the optic fiber was coupled to the LET
tip. The stationary technique was chosen because the comparison of three different
techniques, the stationary and the helicoidal techniques and application without optic fiber,
did not reveal any differences between them (10).

SEM results revealed superiority of group 6 and group 2. Between groups of
photodynamic therapy group 2 had the best results, except in the apical e coronal thirds of
exposed tubules that group 3 had this results.

More important than our results, which are contributions to the establishment of a
photodynamic therapy protocol, this study confirmed the effectiveness of a protocol of
contamination, culture and material collection for later bacterial count. In this study, samples
were extracted bovine teeth, but this protocol can also be used with extracted human teeth
(33).

Microbiological and SEM results showed that photodynamic therapy does not
disinfect root canals when applied alone to canals contaminated with E. faecalis. No

differences in disinfection of root canals were found when an optic fiber were used for
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photodynamic therapy. However when different photosensitizer PIT were tested, there were
statistically significant differences between groups of 1 minute PIT and groups of 5 minutes
PIT.

A bactericide effect was found when the photodynamic therapy was associated with
cleaning and shaping of root canals using sodium hypochlorite as an irrigating solution
(34,35), together with inactivation of endodontic pathogens without affecting host cell
viability (36). PLGA nanoparticles with photoactive drugs may enhance its antimicrobial use
(37) Therefore, our findings confirm that photodynamic therapy alone does not affect a well-
structured biofilm, such as the one produced by E. faecalis. Photodynamic therapy is
valuable, however, as a complementary disinfection method for other cleaning protocols.

Conclusions: No differences in disinfection of root canals were found when optic
fiber were used for photodynamic therapy. It should not be used alone in the disinfection of
root canals, but it may be a valuable complementary method for disinfection performed using

different cleaning protocols.
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3 DISCUSSAO GERAL

A terapia fotodinamica difundiu-se, gradualmente, da Medicina para a Odontologia,
sendo que uma das suas atribuicdes é ser alternativa na limpeza e reducdo microbiana dos
canais radiculares. Uma vez que a complexa anatomia do sistema de canais radiculares ndo
colabora para a total eliminagdo de microrganismos desse sistema, a terapia fotodinamica
pode alcancar a profundidade dos tabulos dentinarios promovendo desinfecgéo.

Neste estudo, a terapia fotodindmica foi aplicada em um biofilme de E. faecalis
cultivado em raizes de dentes bovinos extraidos; optou-se por dentes bovinos uma vez que ja
foi demonstrado ndo haver diferencas de propriedades fisicas entre a dentina bovina e a
dentina humana de dentes permanentes (34). Além disso, tornou-se viavel a obtencdo de
amostras similares em idade e propriedade de dentina, sendo possivel distribuir elementos
dentérios de um mesmo animal para varios grupos experimentais, reduzindo as variaveis
existentes em pesquisas clinicas.

Os biofilmes encontrados em dentes in vivo com periodontite apical sdo maduros,
com forte adesdo do substrato e com penetracdo nos tabulos dentinarios, tornando-se, assim,
mais resistentes ao preparo quimico-mecénico (35). Com o objetivo de se obter um biofilme
consistente e organizado, o tempo de cultivo do E. faecalis foi de 60 dias, uma vez que
evidenciou-se em estudo prévio a forte invasdo de E. faecalis nos tubulos dentinarios em um
periodo de 56 dias (36).

Quanto a escolha de concentracdo para o hipoclorito de sodio, optou-se por 2%
tratando-se do protocolo utilizado na Faculdade de Odontologia da Pontificia Universidade
Catolica do Rio Grande do Sul para o tratamento clinico de infec¢Ges endoddnticas.

O protocolo de irrigacdo dos grupos 1 e 6 foi adotado baseado no tempo médio que a
solucdo irrigadora permanece no canal radicular durante um tratamento endoddntico
convencional; ja o protocolo de irrigacdo com agua destilada, prévia a terapia fotodinamica,
nos grupos 2, 3, 4 e 5 foi estabelecido segundo as recomendacdes do fabricante do PAD Plus.

Corantes azuis sao conhecidos como potentes sensibilizadores para uma determinada
faixa de bactérias quando irradiados por lasers que emitem no espectro do vermelho visivel
(37). Estudos demonstraram que o azul de ortotoluidina (cloreto de tolénio) e o azul de
metileno, associados a um laser de comprimento de onda por volta de 630nm, apresentam o
melhor resultado na eliminacdo de bactérias e fungos (38). O azul de metileno e o azul de
ortotoluidina foram testados para verificar qual deles teria a a¢do bactericida mais eficaz

contra diferentes tipos de bactérias — Gram-positivas e Gram-negativas. Os resultados
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demonstraram que ambos foram eficientes usando laser de emissdo vermelha, porém, o azul
de ortotoluidina apresentou melhor efeito bactericida que o azul de metileno (39). Por esta
razdo, o azul de ortotoluidina (cloreto de tolonio) foi o fotossensibilizador de escolha para esta
pesquisa.

A quantidade e a distribuicdo das bactérias na superficie do biofilme podem ser
comparadas entre os tratamentos quando se analisa as amostras através da MEV (38, 40, 41,
42); para este fim, a SEM foi um recurso empregado na nossa pesquisa. Realizou-se um
numero elevado de observacGes no microscépio eletrdnico de varredura para garantir que as
areas observadas fossem representativas da distribuicdo do biofilme em toda a superficie do
canal radicular (38). Entretanto, através da MEV ndo é possivel demonstrar a viabilidade das
bactérias. Para que ndo permanecesse esta lacuna, realizou-se a contagem de unidades
formadoras de coldnia (CFU/ml) prévia e posterior ao tratamento proposto em cada grupo.

As andlises, microbiologica e MEV, foram realizadas em amostras diferentes para
que ndo houvesse alteracdo dos resultados, uma vez que no momento da coleta da solugéo
salina do canal radicular poderia haver modificacdo da quantidade e da qualidade do biofilme
bacteriano, comprometendo a analise na MEV.

Os resultados microbiolégicos demonstraram ndo ter havido diferenca quando se
altera o tempo de pré-irradiacdo do fotossensibilizador: 1 minuto com agitacdo do
fotossensibilizador, indicacdo do fabricante do PAD Plus, e 5 minutos conforme a literatura
(19, 30, 33). Da mesma forma, ndo foi encontrada diferenca de desinfeccéo dos canais quando
usada a fibra dptica na ponta da caneta do LED. A técnica estacionaria foi a escolha do estudo
pois comparando trés diferentes técnicas: técnica estacionaria, técnica helicoidal e sem fibra
Optica, ndo foi encontrada diferenca entre elas (24). Quando foram comparados 0s seis grupos
entre si, 0 grupo 6 (hipoclorito de s6dio 2%) apresentou os melhores resultados.

Os resultados da analise da microscopia eletronica de varredura demostraram uma
superioridade do hipoclorito de s6dio 2% (grupo 6) e da terapia fotodinamica com 1 minuto
de TPI e sem fibra éptica (grupo 2) na desinfeccdo dos canais radiculares . Quando foram
comparados os grupos em que foi aplicada a terapia fotodinamica, o grupo 2 foi superior aos
demais, com excecdo dos tercos apical e coronal dos tubulos expostos em que o grupo 3
(terapia fotodindmica com 1 minuto de TPI e com fibra dptica) obteve os melhores resultados.

Mais do que os resultados apresentados nesta pesquisa, contribuindo para o
estabelecimento do protocolo da terapia fotodindmica conseguiu-se, através desta, comprovar

um protocolo de contaminagéo, cultivo e coleta de material para a posterior contagem de
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CFU. As amostras em questdo foram dentes bovinos extraidos, porém, o protocolo também
pode ser aplicado em dentes humanos extraidos (43)

Na analise microbioldgica e na MEV, foi possivel demonstrar que a terapia
fotodindmica ndo apresenta um efeito de desinfeccdo dos canais radiculares quando aplicada
isoladamente em canais contaminados com E. faecalis. Ndo foi encontrada diferenca
significativa quando houve o uso da fibra Optica na aplica¢éo da terapia fotodinamica, porém,
quanto a variacdo do tempo de pré-irradiacdo do fotossensibilizador foi encontrada diferenca
significativa entre os grupos em que o TPI foi de 1 minuto e os grupos em que o TPI foi de 5
minutos. Este Gltimo achado pode estar também relacionado com o fato de que nos grupos em
que o TPI foi de 1 minuto o fotossensibilizador foi agitado por esse periodo.

Houve o efeito antibacteriano quando a terapia fotodinamica foi associada com o
preparo quimico-mecéanico dos canais radiculares, utilizando o hipoclorito de sédio 2,5%
como solucdo irrigadora (44). Outra vantagem dessa terapia esta no aumento insignificante de
temperatura proporcionado pela técnica; além de a energia ser transferida ao
fotossensibilizador sem causar injdrias aos tecidos circunvizinhos e sem fragilizar a estrutura
dentéria.

Nesta ordem de idéias, o presente estudo contribui para confirmar que a terapia
fotodindmica, por si so, ndo é capaz de interferir em um biofilme bem estruturado, como o de
E. faecalis. O seu valor pode estar na complementacdo da desinfeccdo obtida por outros

protocolos de limpeza.
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ANEXO A - Oficio de aprovagao do projeto de pesquisa no Comité de Etica para o Uso
de Animais.

5 CEUA“ Pontificia Universidade Catdlica do Rio Grande do Sul

/ PRO-REITORIA DE PESQUISA E POS-GRADUACAO

PUC COMITE DE ETICA PARA 0O USO DE ANIMAIS
Oficio 115/10 - CEUA Porto Alegre, 10 de junho de 2010.

Senhor Pesquisador:

O Comité de Etica para o Uso de Animais apreciou e aprovou seu
protocolo de pesquisa, registro CEUA 10/00163, intitulado: “Avaliacdo
da influéncia da terapia fotodinAmica em canais radiculares
infectados in vitro por Enterococcus faecalis”.

Sua investigagéo estd autorizada a partir da presente data.

Atenciosamente,

s

ra. Anamarla Gongalves F
oordenadora do CEUA - PUCR

Ilmo. Sr.

Prof. Dr. José Figueiredo
Faculdade de Odontologia
N/Universidade

iy Campus Central
PUC [ “« | Av. Ipiranga, 6690 - Prédio 60, sala 314
. CEP: 90610-000
Fone/Fax: (51) 3320-3345

E-mail: ceua@pucrs.br
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ANEXO C - Imagens da microscopia eletronica de varredura
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Imagens do grupo 1, terco médio, parede do canal: a) magnificacdo de 2000x;
b) magnificacdo de 5000x; c) magnificacdo de 10000x; d) magnificacdo de 20000x.
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Imagens do grupo 2, terco medio, parede do canal: a) magnificacdo de 2000x;
b) magnificagcdo de 5000x; ¢) magnificacdo de 10000x; d) magnificacdo de 20000x.
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Imagens do grupo 3, terco médio, parede do canal: a) magnificacdo de 2000x;
b) magnificacdo de 5000x; c) magnificacdo de 10000x; d) magnificagdo de 20000x.
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Imagens do grupo 4, terco médio, parede do canal: a) magnificacdo de 2000x;
b) magnificacdo de 5000x; c) magnificacdo de 10000x; d) magnificacdo de 20000x.
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Imagens do grupo 5, terco médio, parede do canal: a) magnificacdo de 2000x;
b) magnificacdo de 5000x; c) magnificacdo de 10000x; d) magnificacdo de 20000x.
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Imagens do grupo 6, terco médio, parede do canal: a) magnificacdo de 2000x;
b) magnificacdo de 5000x; c) magnificacdo de 10000x; d) magnificacdo de 20000x.



