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RESUMO

Introducgé&o: O conhecimento sobre a microbiologia endodontica continua sendo
alvo de iniUmeros estudos. Devido a isso, 0 presente estudo teve como objetivo
avaliar caracteristicas relacionadas com a viabilidade celular, topografia e
estrutura do biofilme formado no interior de canais radiculares de dentes
acoplados a um dispositivo intraoral.

Métodos: Foram confeccionados dispositivos intraorais inferiores, nos quais
foram incluidas quatro raizes de incisivos inferiores humanos, que tiveram apenas
a porc¢dao cervical da raiz exposta ao meio bucal. Um voluntario usou o dispositivo
por 14 dias, em trés diferentes periodos. Posteriormente, as raizes foram
fragmentadas e coradas com SYTO 9 e iodeto de propidio e analisadas por
microscopia confocal a laser. A Vviabilidade celular foi determinada
qualitativamente por meio de escores com base na fluorescéncia dos dois canais
de imagem, em cada ter¢co do canal radicular. Em seguida, as amostras foram
analisadas em microscopia eletronica de varredura (MEV), a fim de apontar
aspectos relacionados a estrutura do biofilme, topografia e densidade. A
densidade do biofilme foi determinada por escores qualitativos em cada tergo do
canal radicular. A andlise estatistica foi realizada através dos testes de Mann-

Whitney seguido do teste de Dunn e Kruskal-Wallis.



Resultados: A viabilidade celular foi observada em toda a extensado do canal
radicular, sem diferenca estatistica entre os escores de microrganismos vivos e
mortos. Em MEV, cocos e bacilos foram as morfologias bacterianas mais
observadas, estando presentes em quase todas as amostras. No entanto,
filamentos, espiroquetas e células humanas também estavam presentes. A
densidade do biofilme mostrou uma concentragéo mais elevada no tergo cervical,
sendo estatisticamente diferente dos outros tergos.

Conclusao: Foi possivel verificar que o0 modelo experimental aqui apresentado,
foi eficiente em reproduzir o desenvolvimento, in situ, de um biofilme formado em

infec¢gbes endodobnticas primarias in vivo.

Palavras-chave: Endodontia; Biofilmes Microbianos; Microscopia Eletrénica de

Varredura; Microscopia Confocal a Laser; Dispositivos Intraorais.



ABSTRACT

Introduction: Knowledge of endodontic microbiology remains the subject of
numerous studies. Because of this, the present study aimed to evaluate
characteristics related to cell viability, topography and structure of the biofilm
formed within the root canal of teeth coupled to an intraoral device.

Methods: Lower intraoral devices were made including four roots of human
incisors, which have only the cervical third exposed to the oral environment. A
volunteer used them for 14 days, three different times. The roots were
fragmented and stained with SYTO 9 and propidium iodide and analyzed by
Confocal Scanning Laser Microscopy. Viability was determined qualitatively
through scores based on the fluorescence of the two image channels, in each
third of the root canal. Then, the samples were analyzed in scanning electron
microscopy (SEM), in order to verify aspects regarding biofilm structure,
topography and density. Qualitative scores determined the biofilm density for
each third of the root canal. Statistical analyses were carried out through the
Kruskal-Wallis and Dunn post hoc, and Mann-Whitney tests (p< 0.05).

Results: Cell viability was observed throughout the length of the root canal, with
no statistical difference between the scores of live and dead microorganisms. In
SEM, coccus and rods were the most observed bacterial morphologies, being
present in almost all samples. However, filaments, spirochetes and human cells
were also observed. The density of the biofilm showed a higher concentration in

the cervical third and it was statistically different from the other thirds.



Conclusions: It was possible to verify that the experimental model presented
herein, was efficient in reproducing, in situ, morphotypes of the biofilm of in vivo
endodontic primary infections.

Key Words: Endodontics; Microbial Biofilms; Scanning Electron Microscopy;

Confocal Microscopy Laser; Intraoral Devices.
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INTRODUCAO

Desde a descoberta da existéncia de microrganismos no interior dos
canais radiculares e da confirmacdo de sua responsabilidade nos processos
infecciosos relacionados a cavidade endodontica, a endodontia tem se dedicado

ao conhecimento da microbiologia endodéntica ¢ 2.

O sistema de canais radiculares (SCR), ao se tornar contaminado,
promove variadas reagOes no tecido pulpar, entre elas a instalacdo de um
processo inflamatério, com a finalidade de defesa, que podera evoluir, lenta ou
rapidamente, para a morte do tecido pulpar. Todo este processo é dependente
da capacidade reacional da polpa e da intensidade do agente agressor. Sendo
assim, a perda da vitalidade pulpar como sequela de lesdes de carie, trauma,
doenca periodontal ou tratamento odontolégico iatrogénico conduzira, pela perda

das defesas naturais deste tecido, a infeccdo endodontica ©).

7

A infeccdo do canal radicular é um processo dindmico no qual varias
espécies bacterianas podem estar associadas aos diferentes estagios deste
processo 7). Estes microrganismos sdo selecionados por caracteristicas
ambientais, tais como: a disponibilidade de nutrientes, nivel de oxigénio e pH local
). Além disso, caracteristicas fenotipicas, incluindo a capacidade de penetrar a
dentina, infectar areas delgadas e crescer em biofilmes, definem a composicéo
microbiana do microambiente endodontico ©). Dentro deste contexto, a

composicdo microbiana também varia de acordo com os tercos radiculares (011,

Microrganismos habitam todo o SCR, incluindo o canal principal, canais
laterais, acessorios e secundarios, tubulos dentinarios, delta e forame apicais,
regides de reabsorcdes no cementarias associadas aos tecidos periapicais 2.

11



Espécies bacterianas podem aderir as paredes do canal radicular, aglomerar-se
e formar comunidades organizadas, chamadas de biofilme; e estes, sdo capazes
de resistir, mais que na forma planctonica, a procedimentos antimicrobianos 3.
Todas estas particularidades, estruturais e microbioldgicas, fazem do SCR um

ecossistema extremamente complexo e de dificil reproducéo laboratorial ©).

Com o intuito de caracterizar microrganismos, iniUmeras metodologias sao
utilizadas, dentre elas: métodos de cultura, técnicas moleculares e técnicas de
microscopia, sendo estas Ultimas as que podem caracterizar de forma mais
satisfatoria aspectos morfoldgicos dos biofilmes @), Além disso, o uso de métodos
de microscopia combinados, tais como a microscopia confocal a laser e a
microscopia eletrénica de varredura, tem o potencial de melhorar a capacidade
de avaliacdo dos biofilmes, uma vez que permite a avaliacdo de algumas

caracteristicas complementares (4,

Na microscopia confocal a laser, além de ser possivel visualizar
microrganismos no interior do SCR e tubulos dentinarios, pode-se também
observar se esses microrganismos estdo vivos ou mortos, fornecendo
informacdes importantes a respeito da viabilidade microbiana 1517), Este método
se baseia na ligacdo entre corantes fluorescentes (conjugados ou ndo a
proteinas) e componentes celulares, ou constituintes do biofiime. E sua
visualizacdo se da por uso de um comprimento de onda apropriado 8. Possui
natureza nao invasiva e permite o estudo de biofilmes completamente vivos e

hidratados 19,

A microscopia eletronica de varredura é uma importante ferramenta

utiizada em Endodontia, para visualizacdo de estruturas extremamente

12



pequenas como as bactérias, em especial quanto as suas caracteristicas
morfolégicas, bem como, sua dispersédo no sistema de canais radiculares. Este
método fornece resultados bastante conclusivos a respeito da apresentacao do

biofilme no SCR e suas implicacdes clinicas nas areas a ele relacionadas (2021,

Fato importante a ser considerado é que para que haja sucesso na terapia
endodontica é necessario a desinfeccao do sistema de canais radiculares. Devido
a essa prerrogativa, e sabendo da diversidade microbiana que pode colonizar o
canal radicular, existem inUmeros estudos experimentais na area da Endodontia,
gue visam testar diferentes protocolos de desinfeccdo deste sistema de canais
radiculares. Seja mediante o emprego de técnicas de instrumentacao distintas 2
23), seja pelo uso de substancias irrigadoras (16 17. 24 ou medicacgdes intracanais
(25, 26)_

No entanto, a maioria destas pesquisas, por mais sofisticadas que sejam,
com métodos precisos de avaliacdo ou identificacdo da microbiota, continuam
sendo realizadas a partir de determinados tipos de cepas microbianas isoladas e
nao em um biofilme complexo que simule as condigbes que podemos presenciar
clinicamente ©). Dessa forma, os resultados de pesquisas in vitro que testam
exclusivamente uma cepa bacteriana ndo podem ser extrapolados para a
realidade clinica, ja que a infeccdo endodbdntica € de natureza polimicrobiana.
Além disso, quando as pesquisas sao realizadas a partir de uma infec¢do mista,
raramente a mesma mimetiza, estruturalmente, a infeccdo endodontica
propriamente dita ©).

Com a finalidade de simular a complexidade dos microambientes orais,
dispositivos intrabucais vem sendo utilizados. Eles podem nos fornecer

informacdes a respeito da formacéo de biofilmes 7:28), desenvolvimento de céaries

13



e durabilidade de materiais % 30, Entretanto na area da microbiologia

endodontica ndo ha método descrito na literatura.

Por assim ser, a criacdo de um biofilme endodéntico em dentes
previamente extraidos e acoplados a dispositivos intrabucais removiveis poderia
ser uma excelente alternativa metodologica para a realizagcdo de futuras
pesquisas in vitro na area da microbiologia endodéntica. Este modelo
experimental podera acarretar em uma reprodutibilidade da situacdo clinica,
presente em pacientes endodénticos, para testes de eficacia e efetividade de
equipamentos, bem como de materiais endodonticos, em um ambiente

laboratorial.
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OBJETIVOS

2.1. Objetivo geral

Desenvolver um modelo experimental para o estudo de biofilmes
endodoénticos descrevendo caracteristicas: morfolégicas, topogréficas,
estruturais e de viabilidade celular microbiana em biofilmes formados em canais
radiculares de dentes extraidos acoplados a dispositivos intrabucais, que foram

utilizados por 14 dias.

2.2. Objetivos especificos
e Avaliar, através da microscopia de varredura confocal a laser, a
proporcionalidade de microrganismos viaveis e ndo viaveis presentes nos

diferentes tercos dos canais radiculares;

e Observar, através da microscopia eletrbnica de varredura, a morfologia
microbiana no interior dos canais radiculares e tubulos dentinarios, bem
como descrever aspectos relacionados a densidade e estrutura do

biofilme, diferenciando os tergos radiculares;

e Correlacionar, os resultados de proporcionalidade obtidos na microscopia

de varredura confocal a laser com os resultados de densidade do bhiofilme

obtidos na microscopia eletrdnica de varredura.

15
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Morphological analysis and microbial cellular viability induced in biofilms

in human extracted teeth root canals, coupled to an intraoral device

Abstract

Introduction: This study aimed to develop an intraoral device that allows
endodontic biofilm formation in coupled teeth. Moreover, the present
investigation points out some aspects related to the spatial analysis of biofilm
viability, topography and structure. Methods: Three acrylic custom-made
inferior devices were employed. Four prepared roots were attached on the
lingual surface of each one of them, leaving only the cervical opening o root
canal exposed to the oral environment. Each of the devices was used by a
volunteer during 14 days, allowing the formation of endodontic biofilm. Then, all
roots were removed from the device and evaluated under Scanning electron
microscopy (SEM) and Confocal Laser Scanning Microscope (CLSM).
Microbiological features were described and differences regarding biofilm
viability and density were compared among the root thirds using the Kruskal—
Wallis test and Dunn post-hoc. Differences between viable and nonviable
microorganisms into each third were assessed by Mann-Whitney test. Results:
No differences were observed among root canal thirds using fluorescence.
Similarly, no differences were observed when comparing the image channels on
the same third. Microorganisms were observed in all thirds of the root canals
lumen, and frequently in dentinal tubules. The predominant bacterial
morphotypes were cocci and rods. Filamentous bacteria and spirochetes were

observed in lower quantities. In many samples, human cells were identified,
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mainly at the cervical and middle thirds. Biofilm density was higher cervically
(P<0.05). Conclusions: The experimental model presented herein was efficient
in reproducing the development of the biofilm of in vivo intracanal primary
infections.

Key Words: Endodontics; Microbial Biofilms; Scanning Electron Microscopy;

Confocal Microscopy Laser; Intraoral Devices.
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Introduction

Microorganisms play a central role in dental pulp and periapical tissues
diseases (4. In this regard, necrotic tissue acts as a substrate for bacterial
nutrition, thus favoring its growth &7). In necrotic teeth, microorganisms inhabit
the whole root canal system, adhering to the root canal walls, clustering and
forming organized communities named biofilms, which are able to withstand
antimicrobial procedures (-8 9),

Root canal infection is a dynamic process in which various bacterial
species may interact (3 10. 11). These microorganisms are selected by
environmental characteristics, such as nutrients availability, oxygen level and
local pH 12, Moreover, phenotypic characteristics, including the ability to
penetrate dentin, capacity to settle narrow areas and to grow in biofilms define
the microbial composition of endodontic microenvironment 3. Within this
context, bacterial composition also varies according to root canal thirds (14 15),

The use of combined microscopy methods have the potential to improve
biofilm evaluation @9, since it enables the assessment of complementary
features. Confocal scanning laser microscopy (CLSM) is a nondestructive
method @7 that allows the observation of microorganisms viability and
penetration into dentinal tubules @8 19, |t is based on the connection between
cell components and fluorescent dyes and on the adoption of appropriate
wavelength 9, On the other hand, scanning electron microscopy (SEM), has
been employed to observe biofiims topography and structure %,

Taken into account the necessity of canal disinfection to achieve
endodontic success, a large number of studies have employed these methods

to compare disinfection protocols, instrumentation techniques, irrigation
19



solutions and intracanal medications ?2-25), However, most of these studies are
still being conducted with certain types of isolated microbial strains and not with
a structurally complex biofilm that simulates clinical conditions ®.

The attempt to simulate the complexity of infected oral
microenvironments have already stimulated the development of intraoral
devices applied to verify, features of biofilm formation 2627, caries development
(28, 29) and durability of dental materials ©% 31 Nevertheless, in the field of
endodontic microbiology there is no device described. Therefore, this study
aimed to develop an intraoral device that allows endodontic biofilm
development in coupled teeth. Moreover, the present investigation points out
some aspects related to the spatial analysis of biofilm viability, topography and

structure.

Materials and Methods

This study was approved by Pontifical Catholic University of Rio Grande
do Sul Ethics and Research Committees (Protocol 0002/2014). An intraoral
device presenting coupled extracted teeth was used by a male 32 years old
volunteer, which has signed an informed consent to participate of the present
research. The volunteer showed no signs of: salivary glands hypofunction,

caries activity and periodontal disease.

Sample Preparation
Twelve extracted mandibular central incisors with mature apices and
single straight root canals were used. Patient informed consent was obtained

certifying teeth donation. The teeth crowns were sectioned with a diamond disc

20



(KG Sorensen Industria e Comércio Ltda., Barueri, SP, Brazil) standardizing the
root length in 15 mm. Canals were prepared in the entire root length, using a
#10 Pathfile (Dentsply-Maillefer, Ballaigues, Switzerland) under irrigation with
sodium hypochlorite 2% (VirexPlus 2%; Johnson Diversey Brasil Ltda, Sao
Paulo, SP, Brazil). Then, the root canals were filled with 17% trisodium
ethylenediaminetetraacetic acid (Biodinamica, Ibipora, PR, Brazil) for 5 minutes,
and then washed with 5 ml of saline solution. After that, longitudinal grooves
were carved on the buccal and lingual surfaces of the roots with diamond disc
(KG Sorensen Industria e Comércio Ltda., Barueri, SP, Brazil), taking care not
to invade the inner part of the root canal.

Four prepared roots were attached on the lingual surface of one of the
three acrylic custom-made inferior devices, according to figure 1A. To ensure
that the cervical portion of the root canal would be in contact to the oral
environment, only this portion of the teeth were covered with utility wax (Artigos
Odontolégicos Classico, Sdo Paulo, SP, Brazil) before being included into the
device. After device’s adjustments, the wax was removed by immersion in
boiling water. Then, the devices were sterilized with Cobalt 60 Gamma radiation
(25KGy for 6 hours).

Each one of the three devices was used by the volunteer during 14 days,
being removed only for feeding and oral hygiene, when devices were kept moist
with the patient's saliva in boxes. Between each experimental period, the

volunteer remained for 30 days without any intraoral device.
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Microscopy examinations

After the experimental period, all roots were removed from the device
using cutting pliers. Immediately the complete fracture of the roots was made
with a chisel and hammer, providing two halves of each sample. One of the
halves was selected randomly and taken for confocal analysis. The other half

was discarded.

Biofilm viability

Samples were stained using a LIVE/DEAD BacLight Bacterial Viability Kit
7012 (Molecular Probes, Eugene, OR) containing SYTO 9 (viable cells) and
Propidium lodide (nonviable cell), following the manufacturer’s instruction.
Then, images of biofilm formation were obtained with 20X and 40X lenses using
Laser Scanning Microscope LSM 5 exciter (Carl Zeiss Microlmaging, Jena,
Germany) at excitation wavelengths of 488 nm (SYTO 9) and 568 nm
(propidium iodide), respectively. After a general survey scan of each third of the
canal wall the most representative area of biofilm in the cervical, middle and
apical thirds of the roots canal, in 40x magnification. Two images of each area
were recorded in LSM format, one produced by green fluorescence (living
cells), and other one by red fluorescence (dead cells), with possible
combination of these images into one. Thereafter, a calibrated examiner
analyze the images (Kappa index = 0.761) according to the following criteria
(figure 1B): (1) absence of fluorescence; (2) mild fluorescence, characterized by
less than 1/3 of the microscopic field presenting detectable dyes fluorescence;

(3) Moderate fluorescence, characterized by the detection of dyes fluorescence
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from 1/3 to 1/2 of the microscopic field; (4) Intense fluorescence, which is

detected in more than %2 of the microscopic field.

Biofilm structure, topography and density

Soon after being observed in confocal microscopy, the roots were
prepared to SEM evaluation. The samples were fixed for 7 days in 2.5%
glutaraldehyde and then washed three times for 30 minutes each in 0.2 mol/L
phosphate buffer and distilled water in a ratio of 1:1. The specimens were
dehydrated by immersion in acetone 30%, 50%, 70%, 90%, and 100%, dried by
using a critical point drier (Bal-Tec CPD 030, Firstentum, Liechtenstein) and
placed on stubs with the portion of the root canal positioned upward. Then, the
samples were coated with gold-palladium approximately 200 um of thickness
(Emitech K650 Sputter Coater, London, England).

The entire canal were observed in a scanning electron microscope (XL
30; Philips, Eindhoven, Netherlands) with 500X, 2,000X, 5,000X, 10,000X, and
20,000X of magnification. Observations were made in the cervical, middle and
apical thirds of the roots, focusing in the characteristics and localization of the
biofilm, bacterial morphology (Cocci, Rods, Filaments and Spirochetes) and in
the presence of human cells. These data were described and tabled (Table 1.).

The most representative areas of each third were recorded at 5,000x, in
TIFF format at a resolution of 300 dpi. Both emission of secondary electrons
(SE) and backscattering (BSE) were employed.

To determine biofilm density, images were analyzed by a blinded and
calibrated evaluator (Kappa index = 0.86), according to the following criteria
(figure 1C): (1) Low density - fully dispersed biofilm with many plantonic
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microorganisms (2) medium density - biofilm with dense and scattered areas;

(3) High density - dense biofilm, detectable in the major part of the area.

Statistical Analysis

Differences regarding biofilm viability and density were compared among
the root thirds using the Kruskal-Wallis nonparametric analysis of variance, and
Dunn post hoc. To compare the differences between viable and nonviable
microorganisms into each one of the thirds Mann-Whitney test was used. SPSS
software (21.0 version, IBM Corp, Somers, NY) was employed and the

significance level was set in 5%.

Results
Biofilm viability

Regarding biofilm viability, no statistically significant difference was
observed among root canal thirds, neither for LIVE nor for DEAD fluorescence
(figure 2). Similarly, no differences were observed when comparing these two
channels on the same third (P=0.202, 0.052 and 0.066 for the cervical middle

and apical third respectively).

Biofilm structure, topography and density

Microorganisms were observed in all thirds of the root canals lumen, and
frequently in dentinal tubules. The predominant bacteria morphotype were cocci
and rods. Filamentous bacteria and spirochetes observed in lower quantities. In
many samples, human cells were identified, mainly at the cervical and middle

portions of root canals (Table 1).
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Biofilm density was higher in the cervical portion of the canal (P<0.05).
The distribution of the biofilm density on canal lumen on the three root thirds are

presented on figure 3.

Discussion

The present investigation provided an experimental model that
reproduces the complexity of root canal infection using human extracted roots
and intrabucal devices. In this regard, SEM and confocal analysis showed the
formation of a multispecies biofilm, comprised of viable and nonviable bacteria
adhered to root canals walls and penetrating dentinal tubules.

These results are especially relevant if considering that the potential of
substances and technigues to eliminate intracanal infection is highly affected by
the endodontic microenvironment unique particularities, such as anatomical and
structural features % 3%, Moreover, variations of nutrients and oxygen levels
lead to the formation of a biofilm presenting selected species, which is highly
difficultly to reproduce in in vitro models (13-19),

Taken into account the importance of properly reproducing complex
biofilms, intrabucal devices have been commonly used in other areas of dental
research to validate observations on the effects of treatment protocols. On
them, aspects regarding microbial viability and biofilm composition have been
observed, correlating these findings to their effects on dental tissues. It was
demonstrated that the biofilms formed in situ present similarities with those
observed in clinical conditions. Thus, the proposed models enabled the

evaluation of the capacity of certain substances in interfering on
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demineralization and remineralization of dental tissues, and can interfere in
these processes 2631, Up to date, no similar experimental model was described
for endodontic infections. In this regard, the methodology presented herein
represents a potential to be explored in the evaluation of root canal disinfection
protocols. Considering the huge variation on bacterial composition in different
areas of the oral cavity 2, the employment of an experimental model that
reproduces the endodontic microenvironment is certainly an important
differential on the accuracy of studies outcomes. In this regard, the use of the
developed devices by a single volunteer, as adopted herein, should reduce
biofilm variability amongst specimens.

The current outcomes showed, by means of SEM evaluation, that the
proposed model was able to reproduce the complexity of multispecies
endodontic biofilm @33, As a matter of fact, bacteria with variable morphologic
features were observed in proportions that are similar to those presented in
studies evaluating in situ root canal infections % 34, Moreover, the developed
biofilm was also found in the in these studies through the entire length of root
canal.

Cocci and rods were the more observed bacterial morphology, being
present in almost all samples. This fact is in agreement with previous studies
showing that there are high prevalence of Gram-negative rods and Gram-
positive cocci in primary endodontic infections ¢4 3%, The presence of filaments
was observed in more than half of samples, which agrees with an in vivo study
(36), Spirochetes were observed only in regions where biofilm were more dense
and mature. Human cells were also observed, in agreement with a previous
studies that evaluated necrotic teeth by SEM D, Previous investigations have
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justified their presence in necrotic canals either by their possible migration,
influenced by microbial chemotactic signals @7, or by the maintenance of
residual pulp tissue.

The instrumentation of samples prior to biofilm development allowed the
visualization of canals lumen in the entire root length. A denser biofilm was
observed in the cervical third of canals, which might have contributed to the
greater detection of dentinal tubules contamination in this portion of the root.
Besides, larger diameters of dentinal tubules next to the coronal portion of teeth
(38) should have influenced on this outcome. Also regarding the higher densities
of biofilm in the cervical and middle thirds of the root canal, the increased
nutrient availability in this region — which was the only exposed to the oral
environment — could influence the pattern of bacterial growth. Thus, biofilm
formation, which requires a succession of stages, including adherence and
colonization of microorganisms in planktonic form, the production of a polymeric
extracellular matrix and coadhesion of other microorganisms ©% should have
progressed first on the cervical portion. Longer experimental times should be
necessary to allow the formation of a mature biofilm in the apical portions of
canals.

In agreement, the analysis of biofilm viability showed that, although no
significant  differences were observed comparing LIVE and DEAD
microorganisms, there was a trend to greater amounts of viable bacteria,
especially at the middle and apical thirds of the canals. This outcome can also
be explained by the experimental period of 14 days, which enabled the
formation of a biofilm under maturing process. As a matter of fact, a mature
biofilm is featured by the equilibrium between viable and nonviable bacteria @2
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23) which was more clearly observed in the cervical portions. A previous study
evaluating multi-species biofilm maturation found that biofilm achieves the
highest degree of ripeness in periods between 2 and 3 weeks @9, which was
observed especially in the coronal portion of root canals.

To characterize microbial cell viability, scores of dye fluorescence
intensity were used, aiming to diminish methodological limitations of confocal
laser scanning microscopy and to allow obtainment of reliable results.
Considering the concave shape of root canal surface and the focal distance
adopted (0.20 mm), it was not possible to properly visualize the whole
extension of root canal. Although these limitations were minimized by an
extremely conservative root canal preparation, the quantification of
fluorescence would not represent the actual status of microbial viability. On the
other hand, differences between the two fluorophores employed, as well as the

self-fluorescence of dentine, could affect reliable measurements.

Conclusion

Within the limitations of this study, it was possible to verify that the
experimental model presented herein was efficient in reproducing the
development of the biofilm of in vivo intracanal primary infections. The use of
human roots coupled in intraoral devices should be explored in other studies for

testing endodontic disinfection protocols.
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TABLE 1. SEM evaluation of cervical, middle, and apical thirds of the samples

Root Portion

Microorganisms

Human
. Canal Dentinal
SAMPLE Third Lumen | Tubules Morphology Cells
Cervical + 0 C-R-F -
1 Middle + + C-R-F -
Apical + 0 C -
Cervical + + C-R-F -
2 Middle + + C-R-F -
Apical + + C -
Cervical + + C-R-F +
3 Middle + + C-R -
Apical + + C-R -
Cervical + + C-R-F-S +
4 Middle + + C-R-F-S +
Apical + 0 C-R-F -
Cervical + + C-R-F-S +
5 Middle + + C-R-F-S +
Apical + + C-R-F-S +
Cervical + + C-R-F-S +
6 Middle + - C-R -
Apical + - C-R -
Cervical + + C-R-F +
7 Middle + 0 C-R +
Apical + 0 C-R -
Cervical + + C-R-F-S +
8 Middle + + C-R +
Apical + - C-R +
Cervical + + C-R-F-S +
9 Middle + + C-R-F-S +
Apical + - C-R +
Cervical + + C-R-F-5S +
10 Middle + + C-R-F-S +
Apical + 0 C-R-F-S +
Cervical + + C-R-F-S +
11 Middle + + C-R-F +
Apical + + C-R -
Cervical + + C-R-F-5S +
12 Middle * + C-R-F *
Apical + + C-R-F -

+: presence; -: absence; 0: not visible area; C: Cocci; R: Rods; F: Filaments; S: Spirochetes;
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Figure Legends

Figure 1. (A) Schematic drawing of the intraoral device. (B) Scores used
for the two image channels, in CLSM. (C) Scores used in the characterization of

biofilm density, in SEM.

Figure 2. (A) Representative images of cell viability in different thirds of
the root canal in the two image channels. (B) Graphical scores presented in the
two channels in different thirds of the root canal. There is no statistically

significant difference (p <0.05).

Figure 3. (A) Graphic representation of the scores concerning biofilm
density of the different thirds of the root canal. The cervical third was statistically
different compared to the others (p<0.05). (B) lllustrative images, in increase of
20,000X, bacterial morphotypes and human cells observed. (C) Representative
images of the most prevalent densities in each third of the root canal: cervical,

middle and apical.
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Figure 3
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DISCUSSAO GERAL

O presente estudo desenvolveu um modelo experimental que reproduz a
complexidade da infec¢do do canal radicular utilizando raizes de dentes humanos
extraidos e acoplados a dispositivos intrabucais. As analises em microscopia
eletrbnica de varredura e microscopia confocal a laser mostraram a formacéo de
um biofilme composto por multiplas espécies, com microrganismos viaveis e ndo
viaveis, aderidos as paredes dos canais radiculares e penetrando nos tubulos

dentinéarios, em toda a extensao do canal radicular.

Estes resultados sao especialmente relevantes quando se considera que
substancias e técnicas utilizadas no intuito de eliminar a infeccao microbiana dos
canais radiculares é diretamente afetada por particularidades, Unicas, do
microambiente endodoéntico, tais como, caracteristicas anatdmicas e estruturais
(1.2 Além disso, devido a variacdo de nutrientes e de oxigénio no canal radicular,
existe uma seletividade bacteriana que torna o biofiime endodéntico
especialmente dificil de ser reproduzido e contendo caracteristicas similares as

situacdes clinicas, em estudos in vitro ©-5),

Levando em conta a importancia de se reproduzir corretamente biofilmes
complexos, dispositivos intrabucais tém sido comumente utilizados em outras
areas de pesquisa odontologica para validar observacdes sobre os efeitos de
protocolos de tratamento. Sobre eles, foram observados aspectos relativos a
viabilidade microbiana e composicéo do biofilme, correlacionando esses achados
aos seus efeitos sobre os tecidos dentais. Demonstraram que o biofilme formado

in situ apresenta efeitos semelhantes aqueles observados em condi¢des clinicas.
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Assim, os modelos propostos permitiram a avaliagdo da capacidade de algumas
substancias em interferir nos processos de desmineralizacdo e remineralizacéo
dos tecidos dentarios, e que fatores podem interferir nestes processos ¢-11).

Até o presente momento, nenhum modelo experimental semelhante foi
descrito para infeccdes endododnticas. A este respeito, a metodologia aqui
apresentada representa um potencial a ser explorado na avaliacdo de protocolos
de desinfeccdo do canal radicular. Considerando a enorme variagdo na
composicdo bacteriana em diferentes areas da cavidade oral *2, o emprego de
um modelo experimental que reproduza o microambiente endoddntico é
certamente um diferencial importante para preciséo dos resultados de estudos.
Sabendo disso, com a intencéo de reduzir a variabilidade da flora oral inicial na
formacdo de biofilme endoddntico, o experimento foi feito em apenas um
voluntario, que usou o dispositivo em trés momentos distintos, com 30 dias de
intervalo entre os periodos experimentais.

Em estudos precedentes que avaliaram canais radiculares de dentes
extraidos que apresentavam lesdes periapicais em microscopia eletrénica de
varredura (MEV), puderam observar a presenca de biofilme multi-espécies
complexo formado em toda a extensdo do canal radicular @13, Em concordancia
com estes, no presente estudo, foram observados no limen do canal radicular,
em todos os tercos das amostras, contaminacdo microbiana de morfotipos
variados. No entanto, quando observados o0s tubulos dentinarios esta
contaminagcdo nao esteve presente em todas as amostras, geralmente estando

ausente nos tercos medio e apical, onde biofilme apresentou-se menos denso.

Os morfotipos bacterianos mais observados foram cocos e bacilos,

estando presentes em quase todas as amostras. Este fato esta de acordo com
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estudos anteriores que mostram que ha alta prevaléncia de bacilos e cocos nas
infeccdes endoddnticas primérias. Sendo os Bacilos Gram-negativos e cocos
Gram-positivos as espécies de bactérias mais prevalentes ? 14, Foi observada a
presenca de microrganismos filamentosos em mais da metade das amostras. Isto
estd de acordo com um estudo in vivo, que observou este tipo bacteriano na
maioria dos casos de necrose pulpar. Espiroquetas foram observadas apenas em
regides em que o biofilme se apresentou mais denso e com caracteristicas de

maior maturidade 19,

Foi observada a presenca de células humanas nos canais radiculares, o
que foi verificado em um estudo anterior que constatou a presenca destas células
em casos de necrose quando observados em MEV D, Este fato pode ter ocorrido
devido a duas situacdes: células advindas da cavidade oral tenham migrado para
o interior dos canais, através de sinais quimiotaticos @%); remanescentes celulares
do tecido pulpar que néo foram removidos durante a preparacéo, ja que esta, foi

extremamente conservadora (Pathfile # 10).

No que diz respeito a densidade do biofilme pode ser observado maiores
densidades nos tercos médio e cervical do canal radicular. Isto pode estar
relacionado com a maior disponibilidade de nutrientes nesta regido, ja que o Unico
acesso do canal radicular ao meio externo era a cervical, pois o 4pice radicular
estava coberto por resina acrilica. Outro fator a ser considerado € a complexidade
da formacéo de biofilmes em superficies estaticas, que requer uma sucesséo de
etapas, incluindo: a adesdo e colonizagdo de microrganismos em forma
planctbnicas, a producdo de uma matriz extracelular polimérica e coadeséo de
outros microrganismos 7). Ou seja, as por¢cdes mais cervicais foram infectadas

primeiramente, havendo mais tempo para a maturacéo do biofilme.
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A microscopia confocal € usada em varios estudos em endodontia, pois
usando fluoréforos especificos € possivel visualizar a viabilidade celular. Através
deste método pode — se avaliar ndo s6 os aspectos morfolégicos das bactérias,
mas também se essas bactérias estdo vivas @8 1% Como mencionado
anteriormente, os biofilmes sdo estruturas dindmicas que estao continuamente
mudando, por isso, existe uma sobreposicdo constante de microrganismos 7,
sendo em biofilmes maduros, as quantidades de células microbianas viaveis e
ndo viaveis semelhantes (8 19 |sso foi observado no presente estudo, pois,
quando comparados os dois canais de imagem no mesmo terco da raiz, ndo
houve diferenca estatisticamente significante nos indices indicados. No presente
estudo os dispositivos foram utilizados por 14 dias. Em um estudo anterior que
avaliou o grau de maturacao de biofilmes multi-espécies foi demonstrado que
entre 2 e 3 semanas o biofilme atinge o maior grau de maturacdo 7). Portanto,
provavelmente, os biofiimes formados no dispositivo intraoral estavam em
processo de maturacdo, principalmente nos tercos cervical e médio. Devido a
isso, sdo necessarios mais estudos sobre o tempo de maturacdo do biofilme
através desta técnica. Especialmente, para aumentar o grau de maturacdo no

terco apical.

Para caracterizar a viabilidade das células microbianas por microscopia
confocal a laser foram usados escores devido a algumas limitagdes do método:
1) a distancia focal do microscopio (0,20 mm), ndo havia possibilidade de
visualizar com exatiddo toda extensdo do canal radicular devido a sua
concavidade. Essa limitacdo foi minimizada através da realizacdo do preparo
endodontico extremamente conservador dos canais radiculares; 2) a diferenca de

fluorescéncia dos dois marcadores e a autofluorescéncia da dentina, de modo
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que os métodos de medicdo através de valores dos pixels da imagem né&o

representariam corretamente a situacao apresentada.

Novos estudos sdo necessarios a fim de reforcar a metodologia
apresentada nesta pesquisa, ja que aponta para perspectivas muito promissoras
no que diz respeito a novos protocolos de desinfeccdo do sistema de canais
radiculares. VariacGes de tempo e condi¢cdes locais podem enriquecer o arsenal
de possibilidades e apontar para perguntas mais especificas que possam ser

respondidas com este modelo.
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CONCLUSAO

Dentro das limitagdes deste estudo, pode ser observado que a formagéo
de biofilmes dentro dos canais radiculares, que foram utilizados nos dispositivos
intrabucais apresentou complexidade semelhante aos apresentados em estudos
in vivo. Além disso, estes biofilmes apresentaram viabilidade celular microbiana
em todos os tercos dos canais radiculares com valores que indicam que o biofilme
formado tinha uma composicdo complexa. Portanto, este novo modelo
experimental podera auxiliar a elucidar inUmeras questdes referentes aos

processos de desinfecgéo do sistema de canais radiculares em estudos futuros.
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ANEXO - llustrac¢des do dispositivo intrabucal utilizado durante o experimento.

Figura 01 - Imagem ilustrativa do dispositivo intrabucal.

Figura 02 - Imagem ilustrativa do dispositivo intrabucal em 3 dimensdes.
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Figura 03 — Imagem ilustrativa como o dispositivo intrabucal foi

utilizado na arcada inferior, em uma visao oclusal.
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