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RESUMO

Algumas espécies de bactérias, como o Enterococcus faecalis (E. faecalis),
apresentam maior resisténcia aos procedimentos terapéuticos endodonticos, podendo
sobreviver no sistema de canais radiculares mesmo apdés o uso de medicacdes
intracanal, como o hidréxido de calcio (HC). A silica nanoparticulada (SN) tem sido
recentemente pesquisada devido a suas propriedades biologicas e, em especial, a
sua possivel acdo antimicrobiana. O objetivo do presente estudo foi avaliar a acédo
antimicrobiana da silica nanoparticulada (SN) usada como medicacéo intracanal em
dentes humanos com canais infectados com Enterococcus faecalis (E. faecalis). Vinte
e cinco dentes com canal Unico e extraidos por razdes terapéuticas, tiveram a coroa
cortada proximo a juncdo amelocementéria. Os canais radiculares foram infectados
com E. faecalis (ATCC 29212) e incubados por 14 dias a 37°C. ApGs 0 preparo
quimico e mecanico, os dentes foram alocados em quatro grupos de maneira aleatoria:
CP — controle positivo (sem medicacdo, n=4); CN — controle negativo (sem
contaminac¢ao, n=6); HC — hidroxido de célcio (n=7); SN — silica nanoparticulada (n=8).
As medicacdes intracanal permaneceram nos canais radiculares por 15 dias a 37°C.
Testes microbiolégicos foram realizados para a contagem das unidades formadoras
de col6nias (UFC). A analise estatistica foi realizada usando o teste de Kruskal-Wallis
para a comparacao do numero de UFC entre todos os grupos estudados, seguido pelo
teste de Mann-Whitney para a comparacao entre os grupos (SN X HC; SN X CP; HC
X CP), com a=5%. Apés 15 dias com medicacao intracanal, os grupos HC e SN
apresentaram uma significante diminuicdo na contagem de UFC quando comparado
com o grupo CP (p<0.05). O grupo SN apresentou a menor média de UFCs (4.0 £7.3
x 10 cell/mL), ainda que ndo tenha sido estatisticamente significante quando
comparado com o grupo HC (5.3 + 1.3 x 10° cell/mL). De acordo com o presente
estudo, tanto o HC quanto a SN apresentaram efeito antimicrobiano contra o E.
faecalis. ASN parece ter um potencial como medicacéo intracanal, mas novos estudos

sao necessarios para validar o uso clinico da SN na terapia endodontica.

Palavras-chaves: medicacdo intracanal, enterococcus faecalis, hidroxido de

calcio, canal radicular, silica nanoparticulada.



ABSTRACT

Introduction : Some species of bacteria, such as Enterococcus faecalis (E. faecalis),
present greater resistance to endodontic therapeutic procedures, and can survive in
the root canal system even after the use of intracanal medications, such as calcium
hydroxide (HC). Nanoparticulate silica (SN) has been recently researched because of
its biological properties and, in particular, for a possible antimicrobial action. This study
aimed to evaluate the antimicrobial action of nanoparticulated silica (NS) as an
intracanal medication in human root canals infected with E. faecalis. Methods : Twenty-
five teeth with a single canal and extracted for therapeutic reasons had the crown cut
close to the cementoenamel junction. The root canals were infected with an E. faecalis
strain (ATCC 29212) and incubated for 14 days at 37°C. After root canal preparations,
the teeth were randomly allocated into four groups: PC - positive control (no medication,
n=4); NC - negative control (no contamination, n=6); CH - calcium hydroxide (n=7); NS
- nanopatrticulated silica (n=8). The intracanal medications remained in the root canals
for 15 days at 37°C. Microbiological testing was performed to count the colony forming
units (CFU). Statistical analysis was carried out by Kruskal-Wallis test for comparison
of CFU between all groups, followed by the Mann-Whitney test for comparisons
between groups (NS X CH; NS X PC; CH X PC), with a=5%. Results : After 15 days
as intracanal medication, both CH and NS groups showed a significant decrease in the
CFU count compared to the PC (p<0.05). The NS group presented the lower mean of
CFUs (4.0 £ 7.3 x 104 cell/mL), but with no significant differences compared to the CH
(5.3 £ 1.3 x 10° cell/mL) group. Conclusion : Present findings suggest that both NS
and CH had similar antibacterial effect against E. faecalis. NS has potential to be used
as an intracanal medication, but further studies are required to validate the clinical use
of NS in root canal therapy.

Keywords : intracanal medication, enterococcus faecalis, calcium hydroxide, root

canal, nanoparticulated silica.
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SIGLAS E ABREVIATURAS

UFC: Unidade formadora de col6nia
SN: Silica nanoparticulada

HC: Hidroxido de célcio

CP: Controle positivo

CN: Controle negativo

E. faecalis: Enterococcus faecalis
Hidroxila: OH-
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1 INTRODUCAO

O tratamento dos canais radiculares tem como principal objetivo a limpeza e a
desinfeccdo do sistema endodontico, visando a manutencdo da estrutura dental
saudavel, capaz de exercer suas funcdes mecéanicas e estéticas. Na busca para
alcancar esse objetivo, além de uma técnica bem executada, € fundamental que o
endodontista entenda o0 protagonismo que 0S microrganismos e seus subprodutos
possuem no que diz respeito a etiologia, desenvolvimento e manutencao das doencas
pulpares e periapicais (Kakehashi et al., 1965; Mdller et al., 1981).

Ainda que a fase de preparo quimico-mecanico seja extremamente importante
para a reducdo da carga microbiana no interior do sistema de canais radiculares
(Goldman et al., 1988; Hulsmann et al., 2005), alguns microrganismos podem
permanecer vidveis nos canais radiculares e serem capazes de perpetuar a infec¢éo
endodontica (Bystrom e Sundqvist, 1981; Lin et al., 1992; Sundqvist et al., 1998;
Gomes et al., 2008).

Inimeros fatores podem contribuir para a continuacdo do processo infeccioso
mesmo apaos realizado o tratamento endodéntico. A manutengdo de microrganismos
nos tabulos dentinarios ou em sitios complexos da anatomia do sistema de canais
radiculares € uma das principais causas para a manutencao da doenca (Safavi et al.,
1990).

Dessa maneira, o uso de uma medicacao intracanal entre as consultas vem
sendo proposto, historicamente, como manobra auxiliar visando o controle de
bactérias que podem permanecer viaveis mesmo apdés a fase de limpeza e
modelagem do canal radicular. Alguns estudos sugerem que o0 uso da medicacao
intracanal proporciona um ambiente mais adequado para o reparo clinico (Trope et
al., 1999), radiografico (Trope et al., 1999) e histologico (Sundqvist et al., 1998;
Tanomaru Filho et al., 2002) dos tecidos periapicais.

Assim, visando o0 sucesso da terapia endodontica e um melhor controle dos
microrganismos mais resistentes aos procedimentos de desinfeccdo, o hidroxido de
calcio vem sendo amplamente estudado e utilizado como a medicagao intracanal de
escolha. A eficacia do hidroxido de calcio é dependente da difusdo dos ions hidroxila
(OH") para se alcancar adequados niveis de pH. Trata-se de uma base forte, com pH
em torno de 12,5 e que se dissocia em ions calcio e ions OH", quando em solucéo
aquosa (Estrela et al., 1995; Estrela et al., 1999).
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A atividade antimicrobiana do hidroxido de caélcio, quando usado como
medicacdo intracanal entre as consultas, estd descrito na literatura (Bystrom e
Sunvqvist, 1985). Além disso, foram relatados também a sua habilidade de dissolucéo
tecidual (Hasselgren et al., 1988), inibicdo da reabsorcéo dental (Tronstad et al., 1988)
e a inducéo de reparo na formacgao de tecido duro (Foreman e Barnes, 1990).

A velocidade da dissociagéo dos ions calcio e ions OH- influencia o mecanismo
de acéo antimicrobiana desse produto (Estrela et al., 1995; Estrela e Pesce, 1996).
Na tentativa de melhorar a sua eficacia contra grupos bacterianos mais resistentes,
diferentes veiculos sdo associados ao hidroxido de célcio, como o gel de clorexidina
a 0,12%, o paramonoclorofenol canforado (PMCC), a glicerina e o metronidazol, por
exemplo (Leonardo et al., 1993; Siqueira e De Uzeda, 1997).

Apesar das excelentes propriedades antimicrobianas desse medicamento, 0
hidroxido de célcio ndo é totalmente eficaz contra todos os microrganismos envolvidos
nas infecgbes endodonticas. A destruicdo das bactérias causada pelo hidroxido de
calcio vai depender da disponibilidade dos ions OH no meio aquoso, que é maior no
momento em que a medicacdo € aplicada. Quando o hidréxido de calcio se difunde
pelos tecidos, a concentragdo de ions OH" é reduzida, levando a reducdo ou completa
perda da eficacia antimicrobiana dessa medicacdo. Dessa maneira, 0 espectro
antibacteriano do hidréxido de calcio é limitado diante do E. faecalis e ndo afeta todos
0s microrganismos envolvidos na infecdo endodontica. Aléem disso, as propriedades
fisico-quimicas desse medicamento podem limitar sua eficacia na desinfeccéo de todo
o sistema de canais radiculares (Siqueira Jr e Lopes, 1999).

Alguns fatores, como o tempo em que os ions OH" levam para se difundirem nos
tibulos dentinarios e variacbes anatdbmicas mais complexas, podem estar
relacionados com a dificuldade de se atingir elevados niveis de pH em regides
periféricas da dentina. Além disso, ainda ndo h& consenso na literatura em relacdo ao
tempo que hidréxido de calcio deve permanecer como medicacao intracanal (Sharma
et al., 2018).

Segundo alguns autores, pode ocorrer uma reducdo nas propriedades
mecanicas da dentina radicular ap6s o contato com o hidréxido de calcio por um
periodo de 5 semanas ou mais (Yassen e Platt, 2013).

E bem sedimentada na literatura a pouca eficacia do hidréxido de célcio contra
o E. Faecalis (Siqueira Jr e Lopes, 1999). Este microrganismo é uma bactéria gram-

positiva, anaerdbia facultativa, e € um dos microrganismos mais resistentes ao
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hidroxido de calcio (Sundgvist et al., 1998). Diante do preparo quimico e mecanico,
ocorrem alteracdes no sistema de canais radiculares como, por exemplo, alteragao do
ambiente anaerobico, eliminacdo de outros grupos bacterianos, diminuicdo de
nutrientes e interferéncia nas interacbes desses microrganismos. Tais alteracfes
podem ser vantajosas para o E. faecalis, jA que esse microrganismo € capaz
sobreviver mesmo apds o0 preparo quimico e mecanico dos canais radiculares,
podendo resultar em infeccfes persistentes (Sundqvist, 1992).

O E. faecalis resiste a acdo de alguns agentes antimicrobianos por possuir
mecanismos de defesa, sendo isolada em casos de falha do tratamento endodontico
(Evans et al., 2002; Portenier et al., 2002; Kayaoglu et al., 2009). Alguns fatores que
podem contribuir para a resisténcia desses microrganismos ao hidréxido de célcio sao
a capacidade de penetracdo nos tubulos dentinarios, a elevada tolerancia as
variacbes de pH, possuir condigbes de sobreviver em ambientes com escassez de
nutricdo e capacidade de se manter vidvel sem a interacdo de outras espécies
bacterianas (Sundqvist et al., 1998; Evans et al., 2002; Haapasalo et al., 2007).

Assim, novos produtos estdo sendo testados quanto as suas propriedades
antimicrobianas para que possam ser alternativas viaveis de medicacéo intracanal. A
SN vem sendo estudada devido a uma possivel acdo antimicrobiana desse produto.
Tal substancia é produzida por organismos unicelulares — as diatomaceas — que
possuem suas paredes celulares revestidas por silica (SiOz). A parte interna dessas
células, composta pelo nucleo, citoplasma e membrana plasmatica, € duplamente
fechada pela parede celular. A parte superior que forma a diatomacea é denominada
Epiteca, ligeiramente maior e se sobrepde a parte inferior, a Hipoteca. Em cada uma
dessas metades que formam a diatomacea, esta presente uma valvula e inUmeras
bandas que se encontram por toda a extensao da célula. Todos esses elementos que
formam as diatomaceas sao compostos por uma silica amorfa. Esses microrganismos
conseguem controlar a formacéo de silica e a sua padronizacdo de maneira precisa
ao longo do tempo. Dessa maneira, durante os ultimos anos, produtos envolvidos na
biomineralizacdo da silica produzida pelas diatomaceas foram descobertos e
caracterizados (Sumper e Brunner, 2006).

Em alguns estudos foi observado que para a producéo da silica, as diatomaceas
usam um compartimento intracelular especializado: a vesicula de deposicéo de silica.
No momento em que se completa o processo de formacgéo e padronizacéo da silica,

todo o contetudo depositado na vesicula é transferido para o espago extracelular.
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Depois disso, as células sdo novamente constituidas por uma parede celular completa
e rica em silica (Drum e Pankratz, 1964).

As substancias bioativadas a base de vidro podem ser consideradas uma
alternativa para o tratamento de defeitos 0sseos bucais, e vem sendo sugeridas
também para a desinfec¢do do sistema de canais radiculares. A reducao do tamanho
das particulas pode ser um fator importante para aumentar a atividade antimicrobiana
dessas substancias com grandes quantidades de SiO2 (Mortazavi et al., 2010).

A acdo antibacteriana desses compostos pode ser afetada pela sua composicao
quimica e pelas condi¢cdes em que ir4 ocorrer a dissolugédo nos tecidos envolvidos.
Tais substancias, em um ambiente aquoso, liberam Ca?, Na*, PO4?3 e Si** resultando
em um consideravel aumento do pH e da pressao osmoética nos tecidos circundantes.
Esses fatores influenciam fortemente a viabilidade de microrganismos envolvidos no
ambiente oral, por exemplo (Stoor et al., 1998).

Foi mostrado, em alguns estudos in vitro, que a bioatividade desses
componentes é capaz de manter o crescimento e a maturacao de células semelhantes
a osteoblastos, tanto de ratos quanto de humanos, sendo capaz de promover a
expressdo e manutencdo do fenoétipo osteoblastico. Os compostos bioativados
apresentam um comportamento melhor do que os fosfatos de calcio e as reacdes em
algumas substancias nanoparticuladas a base de silica parecem ocorrer mais

rapidamente do que em hidroxiapatita (Effah Kaufmann et al., 2000; Bosetti et al., 2003;

Vallet-Regi et al., 2003).

Em um estudo in vitro foram avaliadas as propriedades antimicrobianas e
mineralizadoras de nanoparticulas de silicato de calcio carregadas com clorexidina.
Avaliou-se o0 efeito antibacteriano contra o E. faecalis e as propriedades de
mineralizacao desse composto, uma vez que a clorexidina pode ser eficaz contra o E.
faecalis (Karpinski e Szkaradkiewicz, 2015) mas nao possui propriedade
mineralizadora (Da Silva et al., 2008). Podendo ainda ser citotdxica aos tecidos
periapicais, incapaz de neutralizar endotoxinas e possuir um pH acido (Chang et al.,
2001; Giannelli et al., 2008). O silicato de célcio carregado com clorexidina apresentou
uma liberacdo dessa substancia, bem como a liberacdo de ions Ca*? e SiOs?,
promovendo Gtima acdo antimicrobiana contra o E. faecalis, baixa toxicidade e
propriedades de mineralizacdo. Esses achados sugerem que o silicato de célcio

carregado com clorexidina pode ser pensado como uma nova alternativa para
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medicacgdo intracanal, bem como material de preenchimento para defeitos 6sseos
(Fan et al., 2016).

E, embora durante as ultimas décadas o desenvolvimento desses biomateriais
tenha sido conduzido, principalmente, para as aplicacdes médicas, nota-se que esse
campo de pesquisa esta se tornando cada vez mais explorado e seu uso pratico vem
sendo ampliado também para outras &reas, como a odontologia, por exemplo.

A SN usada na pesquisa ainda ndo € comercializada no Brasil, embora ja seja
usada como agente dessensibilizante na Europa. Alguns materiais combinados com
particulas de silica em dentifricios, podem melhorar a estabilidade do efeito tampao e
promover um melhor selamento dos tubulos dentinarios (Liu et al., 2011).

Diante do que foi exposto, justifica-se a necessidade de se desenvolver um
medicamento intracanal que, como agente principal, tenha acao antimicrobiana contra
o E. faecalis, que seja biocompativel e possa promover reparo 0sseo da regido
periapical. Potencialmente, a SN pode contemplar tais caracteristicas, porém esta
hipdtese ainda necessita de confirmacéo cientifica.

Portanto, o objetivo da presente pesquisa foi avaliar a eficacia antimicrobiana da
silica nanoparticulada quando utilizada como medicacdo intracanal, em canais

radiculares infectados com E. faecalis.
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ABSTRACT

Introduction : This study aimed to evaluate the antimicrobial action of
nanoparticulated silica (NS) as an intracanal medication in human root canals infected
with E. faecalis. Methods : Twenty-five single-rooted extracted human teeth were
decoronated below the cementoenamel junction. The root canals were infected with
an E. faecalis strain (ATCC 29212) and incubated for 14 days at 37°C. After root canal
preparations, the teeth were randomly allocated into four groups: PC - positive control
(no medication, n=4); NC - negative control (no contamination, n=6); CH - calcium
hydroxide (n=7); NS - nanoparticulated silica (n=8). The intracanal medications
remained in the root canals for 15 days at 37°C. Microbiological testing was performed
to count the colony forming units (CFU). Statistical analysis was carried out by Kruskal-
Wallis test for comparison of CFU between all groups, followed by the Mann-Whitney
test for comparisons between groups (NS X CH; NS X PC; CH X PC), with a=5%.
Results : After 15 days as intracanal medication, both CH and NS groups showed a
significant decrease in the CFU count compared to the PC (p<0.05). The NS group
presented the lower mean of CFUs (4.0 £ 7.3 x 104 cell/mL), but with no significant
differences compared to the CH (5.3 + 1.3 x 10° cell/mL) group. Conclusion : Both NS
and CH had similar antibacterial effect against E. faecalis. NS have potential as an
intracanal medication, but further studies are required to validate the clinical use of NS
in root canal therapy.

Keywords : intracanal medication, enterococcus faecalis, calcium hydroxide, root

canal, nanoparticulated silica.
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INTRODUCTION

Microorganisms play a fundamental role in the etiology of pulp and periapical
diseases (1, 2). Cleaning and shaping the root canals is the most effective way to
reduce the microbial load from endodontic infections (3, 4). Nevertheless, the
disinfection of the root canal system is challenging due to the anatomic complexity,
and the use of an intracanal dressing is accepted as a strategy to enhance the outcome
of endodontic therapy (5).

Calcium hydroxide (CH) is the gold standard intracanal medication, widely used
in clinical practice. It's antimicrobial action, essentially related to the high pH, provides
the elimination of several microbial species commonly found in infected root canals (6).
However, this substance is not fully effective against all microorganisms involved in
endodontics infections, such as E. faecalis. In addition, the physico-chemical

properties of CH may limit its effectiveness in disinfecting the entire root canal system

(7).

Thus, a continuous search for substances with more favorable antimicrobial
properties, which may be used as intracanal medications, is under way. Bioactive
nanoparticulated glass-based substances, such as silica, may be considered as an
alternative for the treatment of oral bone defects, and have been suggested for the
disinfection of the root canal system (8).

Some authors have shown that calcium silicate loaded with chlorhexidine can
be used as a new alternative for intracanal medication and treatment of oral bone
defects (9). NS have been used as a desensitizing agent and, according to some
studies, materials combined with silica particles in dentifrices can improve the stability

of the buffer effect and promote a better sealing of the dentinal tubules (10).

The antimicrobial effect of a bioactive glass containing silica (Ca, Na e SiO2)
was reported previously (11, 12). Stoor et al. (1998) observed a broad anticrobial effect
on oral microrganisms (Actinobacillus actinomycetemcomitans, Porphyromonas
gingivalis, Actinomyces naeslundii, Streptococcus mutans and Streptococcus
sanguis). This effect might be due to its high pH, osmotic effects or the Ca*

concentration in the dentine environment (11).
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Accordingly, the development of a biocompatible intracanal medication with
antimicrobial action against resistant endodontic microorganisms is recommended.
Thus, the aim of this study was to evaluate the antimicrobial action of NS as an

intracanal medication in human root canals infected with E. faecalis.

METHODOLOGY

This study was approved by the Science and Ethics Commission of the School
of Health Sciences of the Pontifical Catholic University of Rio Grande do Sul, Porto
Alegre, Rio Grande do Sul, Brazil (PUCRS), under the protocols CAAE
#95348318.5.0000.5336 and SisGen #AEC69AF.

Teeth Selection and Preparation

Twenty-five human permanent teeth with straight single-canal and mature apices
were collected for this study. Patients who needed the dental service and had indication
of extraction for therapeutic reasons were invited to be part of the research. Before
accepting the invitation, the patient signed the Free and Informed Consent Term of the
Human Teeth Donation.

All the selected teeth were submitted to previous radiographs (TIMEX 70C -
Gnatus Equipamentos Médico-Odontologicos Ltda., Ribeirdo Preto, Sdo Paulo, Brazil)
in order to determine any alteration in the root canal (exclusion criteria), such as the
presence of more than one canal, previous endodontic treatment, presence of
intracanal posts, root fracture or pulp calcification.

After selection of the samples, in order to remove the periodontal ligament
adhered to the roots, a root scraping with a periodontal curette was performed (Gracey
n° 13/14, Hu-Friedy, Rio de Janeiro, Rio de Janeiro, Brazil). The samples were washed
in tap water for 1 minute, dried at room temperature and sterilized (Cristofoli, Curitiba,
Parand, Brazil).

Then, teeth were decoronated below the cementoenamel junction, perpendicular
to the long axis, using a diamond disk (KG Sorensen Industria e Comércio Ltda.,
Barueri, Sdo Paulo, Brazi) and all the roots remained with 16 mm in length. In order to
facilitate the cleavage of the root for later microbiological analysis, grooves were made
in the long root axis of each sample using a diamond disk and taking care to not expose
the root canal. The chemical-mechanical preparation of the root canal was done in all
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samples, with working length of 16mm, manually and with the staggered technique
using stainless steel K-type hand files (Dentsply-Maillefer, Petropolis, Brazil). An initial
exploration of the root canal with hand file Flexofile-type size #10 was made and the
memory instrument was the fourth instrument after the first one that fitted the walls of
the root canal (initial anatomical); followed by staggering using three more instruments.
Irrigation was done with NaOCI at 2.5% (Biodinamica, Ibipora, Brazil). Then, the roots
canals were irrigated with EDTA 17% (lodontosul, Porto Alegre, Brazil) for 5 minutes
for the removal of the smear layer. Aspiration and drying with absorbent paper (Tanari
IndUstria Ltda., Brazil) was performed prior to intracanal medication application.

CH paste (Biodynamic-lbipora / PA, Brazil) was obtained mixing the powder with
distilled water, as recommended by the manufacturer. The medication was taken into
the root canal using the memory instrument of each sample. Silica (DentCoat®,
Germany) has been handled and applied with syringes and needles that accompany
the product, according to the manufacturer's instructions. Then all samples were
sealed with temporary restorative material (Cavit® 3M ESPE, Germany).

To facilitate tooth handling and changes in the culture medium, the samples were
fixed in a 1.5 mL polypropylene tube (SPLABOR - Presidente Prudente, Sao Paulo,
Brazil), so that it remained upright with the cervical portion facing upward.

Control of Sterilization

After sterilization of each polypropylene box containing the samples, a sterile
paper cone was inserted in the root canal of one of the teeth in the box, and this cone
was immediately inoculated in a tube containing sterile saline solution at 0.85%. The
material was homogenized for 5 minutes and an aliquot of 100 pL of the saline solution
was cultivated in duplicate on 5% sheep blood agar and incubated for 24 hours at

37°C; it did not present bacterial growth.

Bacterial Growth and Root Canal Infection

E. faecalis ATCC 29212 was grown in 3 mL brain heart infusion (BHI) broth at
37°C for 24h in the Laboratory of Immunology and Microbiology of the School of Health
Sciences of PUCRS. Then, a 100 uL-aliquot of the culture was inoculated in 10 mL of
sterile BHI and incubated at 37°C for 24h. To determine the number of colony-forming
units (CFU/mL), it was diluted to 10 in 0.85% saline solution. These dilutions were
spread on the surface of 5% sheep blood agar in duplicate and incubated at 37°C for
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24 h. An aliquot of 100 uL of the overnight culture of E. faecalis was inoculated into the
root canal. After inoculation, the sterile BHI broth was added to the microtubes and the
root apex remained in contact with the culture medium. The base containing the
samples inoculated with E. faecalis was maintained at 37°C for 14 days. During this
period, the culture medium was renewed every two days. All samples were
manipulated under aseptic conditions, the laminar flow hood being used for this

purpose.
Experimental Groups

Initially, the calculated n sample was 45 teeth. However, due to contaminations

in routine laboratory procedures, there was a sample loss of 20 teeth.

Then the teeth were randomly allocated in 4 groups, according to the intracanal

medication used after the endodontic treatment.

PC: Positive Control (n = 4) - Did not receive intracanal medication. E. faecalis was

inoculated and chemical and mechanical preparation was performed.

NC: Negative Control (n = 6) - It was not inoculated with any species of microorganisms.

Chemical and mechanical preparation was performed.

CH: Calcium Hydroxide (n = 7) - Inoculation with E. faecalis; chemical and mechanical

preparation was performed. This group received CH as intracanal medication.

NS: Nanoparticulated Silica (n = 8) - Inoculation with E. faecalis; chemical and
mechanical preparation was performed. This group received NS as intracanal

medication.
Microbiological analysis

The microbiological analysis was performed after the cleavage of the teeth with
the aid of orthodontic cutting pliers (JON® Produtos Odontoldgicos, Sdo Paulo, Brazil).
The hemisection was placed in 0.5 mL of 0.85% saline solution and in an ultrasonic
bath (Ultrasonic Cleaner 1400A, Unique, Indaiatuba, Brazil) for 10 minutes to disrupt
the 14 days-biofilm. A 50 pL-aliquot of the saline containing the adherent cells was

transferred to another microtube containing 450 pL of 0.85% sterile saline. The material
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was homogenized and diluted until 10-8. 100 pL-aliquots of each dilution were spread
on BHI agar in triplicate to determine the number of CFU/mL remaining after each
treatment. The remaining root hemisection was stored in 2.5% glutaraldehyde for
future studies with microscopic analysis.

Data analysis

The Shapiro-Wilk test was performed to confirm the non-normality of the sample
distribution. Then the statistical analysis was performed using the Kruskal-Wallis test
for comparison of CFU between all groups, followed by the Mann-Whitney test for
comparisons between groups (NS X CH; NS X PC; CH X PC), with a=5%.

RESULTS

Table 1 shows the mean and standard deviation of CFUs of E. faecalis in
experimental and control groups. After 15 days of intracanal medication, both CH and
NS groups showed a significant decrease in the CFU count compared to the PC
(p<0.05). The NS group presented the lower mean of CFUs (4.0 + 7.3 x 10% cell/mL),
but with no significant differences compared to the CH (5.3 + 1.3 x 10° cell/mL) group
(p=0.86). NC group did not show bacterial growth throughout the experimental time of
the present study.

Table 1. Mean and standard deviation of CFU’s of E. faecalis in all groups

Group n Mean + SD
PC 4 1.6 £2.6 x 10’cell/mL A
CH 7 5.3+1.3x10°cell/mL B
NS 8 4.0 £ 7.3 x 10*cell/mL®

SD, standard deviation; Different letters (A, B) show a statistically significant difference between the groups (p<0.05).

DISCUSSION

The results suggest that NS has an antimicrobial capacity at least comparable
to CH. Present findings agree with the importance of intracanal medication in the
treatment of root canals to eliminate the microorganisms involved in endodontic
infections (13, 14), since both NS and CH revealed a reduction in the microbial load

compared to the PC with no medication.
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Although there is no clinical evidence proving that the use of intracanal
medication is a decisive factor for a better clinical and radiographic prognosis of
endodontic therapy (15, 16), the use of intracanal medication in cases of chronic apical
periodontitis has been recommended by many schools worldwide. The results of the
present study highlight that a significant decrease in the CFU count is observed when
NS or CH intracanal medication is used between sessions, reinforcing previous
findings (17, 18).

The results of this study revealed no statistically significant differences between
NS and CH, but a decrease in the crude mean of CFU of E. faecalis in the NS group
could be observed when compared to the CH group. These findings may be reinforced
by studies that also observed antimicrobial activity of silica-based substances, and
may allow us to infer that these materials may have a potential to be used as intracanal
disinfection agents (8). Reinforcing the idea that these materials have an antimicrobial
capacity, a study tested a silica-based material as intracanal dressing and observed
that this medication produced significantly (p = 0.014) lower CFU’s of Streptococcus
mutans when compared with both CH and 1% chlorhexidine gel (19). However, that
study found no statistical difference in the CFU’s count of E. faecalis when silica-based
or chlorhexidine were used (19). Noteworthy, it is important that future research may
assess the efficacy of NS against other bacterial species than E. faecalis, especially
mixed cultures.

Although the antimicrobial mechanism of this materials is not fully understood,
it may be based on the high pH environment in aqueous suspensions (11) or serving
as a source of Ca and P ions to precipitate on bacterial cell wall surfaces, thereby
destroying their cellular integrity (12).

Some methodological strengths and limitations of the present study must be
discussed. Present research used both positive and negative control groups, which
obviously contributed to a better control and comparisons between groups. The NC
group was important to confirm that there was no breakage of the aseptic chain
throughout the experiment. PC group can support the results found, reinforcing the
idea that only the root canal preparation is not sufficient to substantially reduce the
microbial load, requiring the use of intracanal medication. Thus, it is correct to infer that
the decrease of the UFC count in the test groups was caused by the use of NS and
CH and not by other factors. In the present study, the chemical-mechanical preparation

was standardized and performed before using the medications, which contributed to
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simulate the test conditions to the clinical settings. In addition, this study used human
root canals, which gives a better external validity when compared to other studies that
tested the antimicrobial capacity of intracanal medications on glass plates and other
media (20-22) Furthermore, in our research, we used an ultrasonic bath to disrupt the
biofilm formed in the root canals. This can give more accuracy to the CFU count and
less risk of contamination. Differently from other authors who carried out research
similar to this, and used paper points for biofilm collection, which can increase the
chances of contamination compromising the validity of the results these studies (19,
23).

On the other hand, sample loss was a limitation of this study. Unfortunately,
successive contaminations occurred throughout the experiment, considerably
decreasing the sample size. Future studies with a larger sample should be performed
so that a significant difference between the medications tested may arise. Additionally,
in the present study, it was not possible to analyze images with scanning electron
microscopy (SEM), which would be interesting because it would allow a morphological
and topographic analysis of the microorganisms. Another important point to highlight
is the liquefied consistency of the NS. This fact generated a certain difficulty at the
moment of the application of the NS inside the root canals, challenging the complete
filling of the root canal.

Further studies should be performed so that other NS properties are evaluated,
in addition to the antimicrobial property. Biocompatibility and bone repair capacity in
the periapical region are desirable characteristics of an intracanal medication (9).

In order to obtain more reliable results, new laboratory, animal and clinical
research must be performed to assess the antimicrobial action of NS. Noteworthy,
study models that may simulate the clinical practice are encouraged. In addition, future
research should test the combination of NS with other vehicles, to verify their
antimicrobial capacity and to improve the consistency of this medication for clinical
application.

Controlling endodontic infection remains as the major challenge for clinicians
and researchers. Finding viable alternatives to intracanal medication is an open

research field yet to be unveiled.

CONCLUSION
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According to the present study, both NS and CH had similar antibacterial effect
against E. faecalis. Thus, NS have potential as an intracanal medicament in root canal
therapy. However, further studies with in vivo models are required to validate the

potential clinical application of NS in root canal therapy.
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3 CONSIDERACOES FINAIS

De acordo com o presente estudo, tanto a SN quanto HC apresentaram um
efeito antimicrobiano similar contra o E. faecalis. Dessa maneira, podemos inferir que
a SN possui um bom potencial como medicacédo intracanal. Entretanto, mais estudos
in vivo e in vitro precisam ser realizados para que seja possivel validar a aplicagéo
clinica da SN no tratamento do sistema de canais radiculares.

Além da propriedade antimicrobiana, novos estudos devem ser realizados para
gue sejam avaliadas outras caracteristicas da SN. A biocompatibilidade e capacidade
de reparo 6sseo na regido periapical sédo propriedades desejaveis de uma medicacéo
intracanal.

Sendo a infecdo endoddntica ainda um grande desafio para endodontistas e
pesquisadores, uma nova possibilidade de medicacao intracanal parece ser bastante

interessante.
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