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RESUMO

Objetivo: Avaliar o efeito antibacteriano proporcionado pelo sistema Endox
associado a diferentes protocolos de irrigagdo durante o preparo de canais
radiculares (PCR) infectados. Material e método: Foram selecionados 18 dentes
humanos anteriores extraidos com diametros anatémicos correspondentes a
aproximadamente 350-400 micrometros. Os dentes foram contaminados com
suspensao de Enterococcus faecalis (ATCC 29212) por 60 dias, e aleatoriamente
distribuidos em cinco grupos experimentais: Grupo 1. PCR + irrigacdo ultrassonica
passiva (IUP) com NaOCI 2,5% + EDTA; Grupo 2. PCR + IUP com NaOCL 2,5% +
EDTA + sistema Endox; Grupo 3. PCR + irrigacdo convencional (IC) com NaOCI
2,5% + EDTA Grupo 4. PCR + IC com NaOCl 2,5% + EDTA + sistema Endox;
Grupo 5. PCR + IUP com agua destilada + EDTA + sistema Endox. Trés dentes nao
contaminados constituiram o grupo controle negativo (Grupo 6). Amostras foram
coletadas dos canais radiculares antes do PCR, apdés 20 minutos e 72 horas,
imersas em 7 mL de Brain Heart Infusion (BHI) por um periodo de 48 horas,
incubadas a 37°C. A presenca bacteriana foi analisado pela turvacdo do meio de
cultura seguido pela mensuracdo da densidade 6ptica utilizando espectrofotémetro
UV. As diferencas entre os grupos foram analisadas estatisticamente pela média,
desvio padrdo, andlise de variancia e teste de Tukey (post hoc). O nivel de
significancia foi de 5%. Resultados: A presenca de E. faecalis foi observada, apos
72 h, em todos os grupos experimentais. Nos Grupos 2 e 4 houve reducdo da
densidade 6ptica do meio de cultura apés 72 h, ndo havendo diferenca significativa
entre ambos, enquanto que nos Grupos 1, 3 e 5 houve aumento. A média da
densidade o6ptica do meio de cultura no Grupo 6 foi zero. Concluséo: O sistema
Endox, utilizado ap6s o preparo do canal radicular, associado a irrigacao
convencional ou irrigacdo ultrassénica passiva, com NaOCI a 2,5%/ EDTA, néo foi

efetivo na eliminacéo do E. faecalis.

Palavras-chave: Irrigantes, irrigacdo, hipoclorito de soédio, Endox Endodontic

System, Enterococcus faecalis.






ABSTRACT

Objectives: To determine the antibacterial effect provided by Endox system
associated with different irrigation protocols in the preparation of infected root canals.
Material and methods: A total of 18 extracted human teeth with anatomical
diameters corresponding to approximately 350-400 micrometers were selected. The
teeth were contaminated with suspension of Enterococcus faecalis (ATCC 29212) for
60 days and randomly divided into five groups: 1. root canal preparation (RCP) +
passive ultrasonic irrigation (PUI) with NaOCl + EDTA; 2. RCP + PUI with NaOCI +
EDTA + Endox system; 3. RCP + conventional irrigation (Cl) with NaOCI + EDTA 4.
RCP + CI with NaOCI + EDTA + Endox system; 5. RCP + PUI with distilled water +
EDTA + Endox system. Three teeth uncontaminated were the negative control (group
6). Samples were taken from the root canals before the RCP after 20 minutes and 72
hours, immersed in 7 ml of Brain Heart Infusion (BHI) for a period of 48 hours,
incubated at 37 °C. The presence of bacterial was assessed by turbidity of the
culture medium followed by optical density analysis using UV spectrophotometer.
The differences between groups were statistically analyzed by mean, standard
deviation, variance analysis and Tukey test (post hoc). The significance level was 5%.
Results: The presence of E. faecalis was observed after 72 h in all experimental
groups. In Groups 2 and 4 decreased the optical density of the culture medium after
72 h, with no significant difference between them, while in Groups 1, 3 and 5 was
increased. The average optical density of the culture medium was zero in Group 6.
Conclusion: The Endox system used after the root canal preparation, associated
with conventional irrigation or passive ultrasonic irrigation with NaOCIl 2,5% / EDTA,

was not effective in eliminating E. faecalis.

Keywords: Irriganting solutions, irrigation, sodium hypochlorite, Endox Endodontic

System, Enterococcus faecalis.
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1 INTRODUCAO

Os micro-organismos representam o0s principais agentes etiolégicos das
alteracoes dos tecidos pulpares e periapicais. As infecgcbes endodonticas
apresentam natureza polimicrobiana, sendo que nas primarias ocorre predominancia
de bactérias anaerobias Gram-negativas e nas secundérias, o predominio de Gram-
positivas. O E. faecalis € um coccos anaerobio facultativo Gram-positivo, que tem
sido isolado de canais radiculares obturados com patologia periapical cronica, e
representa uma bactéria importante, uma vez que possui capacidade de sobreviver
em condi¢bes complexas (MOLANDER et al.,1998; SUNDQVIST et al., 1998; NAIR
et al., 1990, 2005; LOVE, 2001; SIQUEIRA, 2001; SIQUEIRA e ROCAS, 2004;
ZEHNDER e GUGGENHEIM, 2009).

Estabelecida a infeccdo no sistema de canais radiculares, as estratégias
terapéuticas, incluindo o processo de sanificacdo, sdo determinantes para a reducao
do nimero de micro-organismos em nivel compativel com a saude. A eliminacao da
contaminacdo bacteriana representa um desafio, principalmente em funcdo de
particularidades da anatomia interna dos canais radiculares (ESTRELA et al., 2012a;
PECORA et al., 2013). A presenca de istmos e ramificacdes favorece a estruturacéo
de biofilme bacteriano em areas inacessiveis aos instrumentos e irrigantes
endodoénticos (SUNDQVIST et al., 1998; WU et al., 2000, 2002; NAIR et al., 2005;
PECORA et al., 2005; PAQUE et al., 2009; FREIRE, 2010; ESTRELA et al., 2014).

O processo de sanificacdo, a partir da acdo mecanica dos instrumentos
endodénticos e quimica dos irrigantes, assume grande importancia no controle
bacteriano e na inativacdo de endotoxinas. A irrigacao € parte fundamental deste
processo, pois espera-se acdo em areas onde a instrumentacdo ndo alcancou
(ESTRELA et al., 2012a; BASRANI e HAAPASALO, 2012; HULSMANN, 2013).

Uma variedade de solucfes irrigantes tem sido proposta, porém nenhuma
detém todas as caracteristicas desejadas e com isso varias combinacdes de
produtos e protocolos tém sido testadas (HAAPASALO et al., 2010). O hipoclorito de
sédio (NaOCIl) tem sido a solucdo irrigadora mais frequentemente utilizada no
preparo do canal radicular (PCR), apresentando excelente atividade antimicrobiana e
capacidade de dissolucéo tecidual (ESTRELA et al., 2002), enquanto o EDTA (acido
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etilenodiaminotetracético), é o agente quelante mais comumente empregado na
remocao de estruturas inorganicas da smear layer (BASRANI e HAAPASALO et al.,
2012; SILVA et al., 2013). A capacidade do NaOCI de inativar bactérias é essencial,
no entanto, sua eficacia depende do contato direto com o processo infeccioso.
Assim, fatores como volume utilizado, tempo de acdo, concentragédo e protocolo de
irrigacdo (ESTRELA et al., 2003; ZEHNDER, 2006; BASRANI e HAAPASALO et al.,
2012) influenciam diretamente em sua efetividade (GIARDINO et al., 2014).

Varios sistemas tém sido desenvolvidos com a finalidade de otimizar os
efeitos das solucdes irrigadoras. A irrigacdo ultrassonica passiva (IUP) representa
uma alternativa que tem apresentado resultados promissores em comparagao com a
irrigacdo convencional (IC) (GU et al., 2009). O NaOCI associado a IUP tem revelado
maior eficiéncia na remocao da smear layer (GOODMAN et al. 1985; VAN DER
SLUIS et al., 2007b; PARAGLIOLA et al., 2010; RODIG et al., 2010; SILVA et al.,
2013), na remocdo de micro-organismos (HUQUE et al., 1998) e determinado uma
melhor qualidade de obturacdo do canal radicular (VAN DER SLUIS et al., 2007a).

O sistema Endox foi proposto com o objetivo de simplificar o protocolo de
trabalho e ainda, elevar o padrdo da Endodontia, por permitir inicialmente a
localizacdo do forame apical, por impedancia, e posteriormente, a vaporizacdo do
tecido pulpar. Tem sido relatado ser capaz de promover remocao da smear layer e
reducdo do conteudo bacteriano do sistema de canais radiculares, por meio do
aumento da temperatura, decorrente da aplicacdo de corrente alternada de alta
frequéncia, de aproximadamente 312,5 KHz (HAFFNER et al.,, 1997; SACCHI,
2000).

Quanto a remocao da smear layer, Haffner et al. (1997, 1999) realizaram os
primeiros estudos com o sistema Endox, utilizando como solucéo irrigadora a
solucdo fisiolégica, sem realizar PCR, e observaram auséncia de debris e smear
layer nas paredes do canal radicular, apds analise por Microscopia Eletrénica de
Varredura (MEV). Em 2002, Al-Shaheri e Al-Nazhan verificaram que o sistema
Endox era efetivo na remogdo da smear layer sem causar danos a estrutura
dentinaria. Os efeitos do sistema Endox na polpa e ap0s a instrumentagao

endodontica foi investigado por Lendini et al. (2005), utilizando a solucgéo fisiologica
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como solugéo irrigadora, e resultados semelhantes a quando foi realizado PCR com

NaOCI e EDTA foram obtidos com relacdo a remocéo de debris e smear layer .

Para avaliacdo do efeito antibacteriano, Haffner et al. (1997) observaram
reducéo bacteriana significativa pela contagem de unidades formadoras de colonias
(UFCs) em células planctonicas, utilizando soro fisiolégico como solucgédo irrigadora
sem PCR. Por outro lado, Virtej et al. (2007) empregaram o sistema Endox, também
sem realizacdo de PCR, em dentes com infeccdes endodbnticas primarias que
mostrou menor efeito antibacteriano em comparacdo ao NaOCI a 3% em analise
microbioldgica por UFCs. Mammani et al. (2010) coletaram amostras microbiol6gicas
de 250 dentes infectados, ap0s realizar o PCR com solucéo fisiolégica e apos
utiizagdo do sistema Endox. Os resultados mostraram que o sistema Endox
promoveu a eliminagdo do E. faecalis em 55,6% das amostras iniciais nas quais
tinha sido isolado (18 amostras). Porém em 2012, apos PCR com solucéo fisioldgica
e utilizacdo do sistema Endox, Aranda-Garcia et al. verificaram efeito antibacteriano
reduzido sobre o E. faecalis, quando comparado ao PCR com o NaOCl a
2,5%/EDTA. Contudo, em nenhum dos estudos analizados o sistema Endox foi

associado ao NaOCI.

A continua presenca de -culturas microbianas positivas apés o PCR
(ESTRELA et al., 2007; DORNELLES-MORGENTAL et al., 2011; VERA et al. 2012,
WONG e CHEUNG, 2014; GIARDINO et al. 2014) has motivated the search
procedures and protocols that promote an improved sanitizing process, and which
can lead to obtaining negative microbial cultures (HOCKETT et al., 2008). Por haver
resultados contraditérios sobre a eficacia do sistema Endox, o objetivo do presente
estudo foi avaliar o efeito antibacteriano do sistema Endox associado a diferentes
protocolos de irrigacdo no preparo de canais radiculares infectados, por meio de

analise microbiolégica e espectrofotometria.
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2 OBJETIVOS
2.1 Geral

Avaliar o efeito antibacteriano proporcionado pelo sistema Endox associado a
diferentes protocolos de irrigacdo no preparo de canais radiculares infectados.

2.2 Especificos

> Avaliar o efeito antibacteriano proporcionado pelo sistema Endox
associado a irrigacao ultrassbnica passiva e a irrigacdo convencional, em canais
radiculares infectados com Enterococcus faecalis, por meio de analise
microbiologica e espectrofotometria, apos 20 minutos e 72 horas;

> Avaliar o efeito antibacteriano proporcionado pelo sistema Endox
utilizando como solucgdes irrigadoras o NaOCl a 2,5%/EDTA 17%, e a agua
destilada/EDTA.
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3 MATERIAL E METODOS
O presente estudo foi aprovado pelo comité de ética em pesquisa da
Universidade Federal de Goias (CAAE n. 26119074.2.0000.5083 - Anexo A).

3.1 Micro-organismo teste

No estudo foi utilizada metodologia similar a desenvolvida previamente por
Estrela et al. (2007). Uma cepa de anaerdbio facultativo (cocos Gram-positivos E.
faecalis; ATCC 29212) procedente da American Type Culture Collection,constituiu no
indicador bioldgico. A cepa bacteriana foi inoculada em 7 mL de Brain Heart Infusion
(BHI; Difco Laboratories, Detroit, Ml, EUA) e incubada a 37°C por 24 horas. A
suspensao experimental foi preparada pela cultivo da cepa em superficie de agar
(BHIA- brain heart infusion agar; Difco Laboratories), em condi¢cdes de incubacéo
similar a descrita. Decorridas 24 horas, as células bacterianas foram suspensas em
solucao salina, no intuito de alcancar uma concentracdo de aproximadamente 3X10°
células mL™* (padrdo turbidez 1 de McFarland). A concentracdo microbiana foi
mensurada utilizando a analise por densidade o6tica em espectrofotbmetro UV
(Spectrophotometer Model Nova 1600 UV, Piracicaba, SP, Brasil) ajustado em
comprimento de onda de A=600 nm (nanémetros), que corresponde a absorbancia
de 0,137 nm.

3.2 Preparo dos dentes

Foram utilizados dentes humanos unirradiculares extraidos (caninos e
incisivos superiores), cedidos por pacientes maiores de dezoito anos tratados nas
clinicas da Faculdade de Odontologia da Universidade Federal de Goias (FO-UFG),
e com indicacdo de exodontia por motivo periodontal ou protético. Os dentes
extraidos foram estocados em solucéo de timol 0,2% e posteriormente imersos em
hipoclorito de sdédio (NaOCI) a 5%, (Fitofarma, Goiania, GO, Brasil) por 30 minutos
para remocdo de tecidos organicos. Foram realizadas radiografias periapicais
(Eastman Kodak Comp., EUA) dos dentes nos sentidos vestibulo-lingual e proximal
para confirmar presenca de canal radicular Unico e auséncia de variacfes
anatdmicas. Foram excluidos os dentes com rizogénese incompleta, obliteracdo do
canal radicular, dilaceracdo da raiz, reabsorcdes radiculares e tratamento

endodontico.
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Foram selecionados 18 dentes com diametro anatomico de aproximadamente
350 - 400 micrémetros, ou seja, diametro que corresponde a lima tipo K-file n. 35/40.
As coroas foram removidas, sob continuo jato de ar/dgua, com broca laminada
Endo-Z (Maillefer, Ballaigues, Suica) em alta rotacdo, num angulo de 90° com o
longo eixo do dente. Os comprimentos radiculares foram padronizados em 16 mm, e
0s canais radiculares esvaziados até o zero apical com instrumento K-Flex #15
(Maillefer, Ballaigues, Suica), sendo posteriormente recuado 1mm para ajuste do
comprimento de trabalho. A amostra foi preparada com o sistema BioRace (FKG
Dentaire, Swiss Dental Products, La Chaux-de-Fonds, Suica) utlizando o
instrumento BR5 #40/0,04 acionado com motor elétrico X-Smart (Dentsplay-Maillefer,
Ballaigues, Suica) ajustado em 600 rpm e torque 2N (DEBELIAN; SYDNEY, 2009) e
irrigacdo convencional com 3 mL de NaOCI 2,5% (Fitofarma) recém-preparada. A
seguir, os canais radiculares foram secados e preenchidos com EDTA 17% (pH 7.2
— Biodinamica, Ibipora, PR, Brasil) por 3 minutos para remocédo da smear layer, e

depois autoclavados por 30 minutos a 120°C .

3.3 Desenho experimental

No modelo experimental, uma plataforma dividida foi usada durante o
periodo de inoculacdo com o marcador biolégico. A porcéo coronaria da raiz de cada
amostra foi conectada ao fundo cortado de um microtubo do tipo Eppendorf de
polipropileno de 1,5 mL (Cral, SP, Brasil), ficando os tercos médio e apical para fora
do microtubo, e a conexdo foi selada usando adesivo cianoacrilato (Super Bonder,
Itapevi, SP, Brasil) para prevenir infiltracdo. As raizes acopladas aos microtubos de
polipropileno foram esterilizados em NaOCI 5% (Fitofarma) por 30 minutos, lavados
em agua esterilizada por 30 minutos. A conexao dente-tubo foi adaptada a tampa VT
furada para vidro ambar VW de 10 mL (Pilfer, Atibaia, SP, Brasil) previamente
esterilizados. A conexdo tubo-tampa foi inteiramente coberta com duas camadas de
esmalte de unha (Risqué, Niasi Cosméticos, SP, Brasil) e a seguir foi rosqueada ao
vidro ambar, contendo meio de cultura (BHI) no seu interior. Desta forma, o terco
apical da raiz ficou imersa em meio de cultura. Para assegurar a esterilizagcéo, o
aparato teste foi incubado a 37°C por 24 horas. Decorrido o periodo, nenhum
crescimento bacteriano foi observado. Cinco mililitros do BHI esterilizado foram

misturados a 5 mL do inéculo bacteriano, e 0s grupos experimentais foram
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inoculados com E. faecalis por 60 dias, usando seringas esterilizadas com volume
suficiente para preencher o canal radicular. Este procedimento foi repetido a cada 72
horas, sempre utilizando cultura pura com 24 horas de preparo e ajustada ao padrao
1 de McFarland. As raizes foram mantidos em meio umido a 37°C. Trés espécimes
ndo contaminados foram incubados a 37°C (Controle negativo), durante o periodo de

contaminagao, para testar a esterilidade das amostras.

Ap6s o periodo de contaminacdo (60 dias) foi realizada coleta inical em
todos espécimes. Os canais radiculares foram preenchidos com agua destilada e
secados com pontas de papel esterilizadas (Tanari, Tanariman Industria Ltda.,
Manacaru, AM, Brasil) tamanho n. 40, introduzidas dentro do canal radicular, e
mantidas por 1 minuto. Cada amostra foi coletada utilizando trés pontas de papel
absorvente esterilizadas. As pontas foram individualmente transportadas e imersas
em 7 mL de BHI (Difco laboratories), um meio adicionado com neutralizantes [Tween
80 e tiossulfato de sodio (P.A., Laboratorio Art, Campinas, SP, Brasil)] em
concentragbes apropriadas, seguida pela incubagdo a 37°C por 48 horas. A coleta
inicial foi realizada com o objetivo de confirmar a presenca ou auséncia bacteriana

pela turvacdo do meio de cultura, e mensurar a densidade optica.

Os espécimes foram aleatoriamente distribuidos em 5 grupos experimentais

(n=3) e 1 grupo controle (n= 3) (Quadro 1).

Quadrol. Distribuicdo dos grupos experimentais

Grupos Protocolos Amostras
n
1 PCR + IUP com NaOCI + EDTA 3
2 PCR + IUP com NaOCL + EDTA + sistema Endox 3
3 PCR + IC com NaOCI + EDTA 3
4 PCR + IC com NaOCI + EDTA + sistema Endox 3
5 PCR + IUP com agua destilada + EDTA + sistema 3
Endox
Controle negativo | Canais radiculares ndo contaminados — sem PCR 3
Total 18

PCR: Preparo do canal radicular; NaOCI: Hipoclorito de sodio a 2,5%; EDTA: Acido
Etilenodiaminotetracético 17%; IUP: Irrigacao ultrassdnica passiva; IC: Irrigagcado convencional.
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Os canais radiculares foram preparados com a extensdo do sistema
BioRaCe (FKG Dentaire, Swiss Dental Products, La Chaux-de-Fonds, Suica) na
sequéncia BR6#50.02 e BR7#60.02 (DEBELIAN; SYDNEY, 2009), a cada troca de

instrumento foi realizada irrigagdo com 3 mL da solugéo irrigante.

A irrigagdo ultrassbnica passiva foi realizada utilizando-se o aparelho de
ultrassom Piezon Master 200 (EMS Electro Medical Systems AS, Suica) com
protocolo de 3 ciclos de 3mL de solucdes teste, poténcia 20%. A ponta ultrassonica
E1l Irrisonic (Helse Dental thechnology, Santa rosa de Viterbo, SP, Brasil) foi
posicionada 1mm aquém do comprimento de trabalho e ativada por 30 segundos,
realizando-se movimentos curtos de vaivém, com cuidado de ndo tocar as paredes

do canal radicular.

O processo de irrigagdo convencional foi realizado durante todo o preparo do
canal radicular com seringa Ultradent 5mL e canula de irrigacdo Endo-Eze Irrigator
Tip (Ultradent Products Inc - South Jordan, UT-EUA) 27ga com diametro de 0,40

mm, posicionada em 14 mm, com manobras de penetracdo e remocao gradativa.

Para aplicacao do sistema Endox foi desenvolvida uma plataforma em que a
raiz dentaria foi colocada no interior de um microtubo do tipo Eppendorf de
polipropileno pequeno (Cral), esterilizado e preenchido com agua destilada,
adaptando-se a abertura do microtubo 3 mm aquém do limite cervical da raiz. A
conexao raiz-Eppendorf foi presa a uma morsa. Um clip labial foi preso ao eletrodo
neutro por uma fita crepe e colocado apoiado nos 3 mm expostos da superficie
extrarradicular da raiz para fechar o circuito. Posterior a remocdo do excesso de
umidade da superficie extrarradicular cervical, o aparelho foi ligado e a funcao
desvitalizacédo para caninos foi selecionada. Utilizou-se o protocolo de acordo com o
fabricante, e o acionamento de um pulso do sistema Endox em cada terco foi
realizado com a sonda preta (30 mm — 0,20 diametro), cursor posicionado nas

marcas de 3 mm, 8 mm, 13 mm.

Posterior ao processo de sanificacdo, todos os espécimes receberam
irrigacdo final com agua destilada esterilizada, e coleta 20 minutos ap6s o PCR foi

realizada utilizado trés pontas de papel absorvente esterilizadas de calibre n. 60
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(Tanari). As pontas foram individualmente transportadas e imersas em 7mL de BHI
contendo neutralizantes, seguida pela incubagéo a 37°C por 48 horas. Os dentes
foram estocados em microtubos do tipo Eppendorf de polipropileno de 1,5mL (Cral) e
incubados a 37°C. Decorridas 72 horas, foi realizada nova coleta de maneira similar
a descrita anteriormente, e posteriormente incubados a 37°C por 48 horas. Todas as

coletas foram realizadas em triplicata sob condi¢cdes assépticas.

A presenca de bactérias foi analisada pela turvacdo do meio de cultura
procedentes das coletas inicial, de 20 minutos e 72 horas. A analise foi realizada
apos incubacdo de 24 e 48 horas posteriores as coletas. Ap6s a avaliacdo das
alteragbes do meio de cultura, um inoculo de 0,1 mL obtido do meio foi transferido
para 7mL de Letheen (Difco laboratories), subsequentemente incubado a 37°C por
48 horas. O repique para o Letheen foi realizado imediatamente apos a analise de
48 horas de cada coleta (inicial, 20 minutos e 72 horas). Nova analise da presenca
bacteriana pela turvacdo do meio de cultura foi feita nos periodos de 24 e 48 horas
subsequentes ao repique, sendo que nesta ultimo periodo de analise (48 horas) foi
realizada também mensuracdo da densidade Gtica por meio do espectrofotdmetro
UV.

A média e o desvio padrdo da densidade Optica da cultura microbiana
resultante da coleta microbiolégica inicial, 20 minutos e de 72 horas foram obtidos. A
diferenca entre os grupos foi avaliada pelo teste ANOVA e post hoc Tukey. Foram
considerados significativos valores de p<0,05. A analise estatistica foi realizada
utilizando o software Statistical Package for the Social Sciences, versdo 20 (SPSS,
Chicago, IL).
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3 RESULTADOS

O efeito antibacteriano proporcionado pelo sistema Endox associado aos
diferentes protocolos de irrigacéo no preparo de canais radiculares infectados por E.
faecalis estd demonstrado na Tabela 1 e Apéndice B.

Os resultados mostraram que, ap6s 20 minutos, houve reducdo na média da
densidade oOptica do meio de cultura nos Grupos 1, 2, 3 e 4, sendo esta significativa
para o Grupo 2, enquanto que no Grupo 5 houve aumento, porém néao significativo.

A presenca de E. faecalis foi observada, ap6s 72 h, em todos os grupos
experimentais. Nos Grupos 2 e 4 houve reducdo na média da densidade Optica do
meio de cultura, apos 72 h, ndo havendo diferenca significativa entre ambos,
enquanto que nos Grupos 1, 3 e 5 houve aumento.

No grupo controle negativo (Grupo 6) a média da densidade Optica do meio

de cultura foi zero na coleta inicial, apés 20 minutos e 72 horas.
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Tabela 1- Média + desvio padrao (DP) da densidade Optica do meio de cultura, e presen¢a ou auséncia de bactéria

Média/DP da densidade  Presenca/  Média/DP da densidade Presenca/ Média/DP da densidade
Grupos Optica do meio (nm) auséncia Optica do meio (nm) auséncia Optica do meio (nm)
Inicial (p=0.000)" de (p=0.000)" de (p=0.000)"
bactérias Ap6s 20 min bactérias ApO6s 72 h
1. PCR+ IUP com NaOCI+EDTA 0,305+0,095(p=0,952) *2 +-- 0,104%0,149 (p=1,000)**  + ++ 0,324+0,005 (p=0,542)""
2.PCR+ IUP com NaOCHEDTA+ 0 855+0,462 p=0,052) *° - 0,079+0,126 (p=1,000)%2 -+ + 0,199+0,173(p=0,944)"2
sistema Endox
3.PCR+ IC com NaOC+EDTA 0,210%0,133(p=0,996) *? --- 0,067+0,113 (p=1,000)** +H+ 0,215+0,037 (p=0,914)**
4.PCR+IC com NaOCL+EDTA+ (0 843+0,428(p=0,057) ** -+ + 0,244+0,215 (p=1,000)"2  +-+ 0,133+0,108 (p=0,996)?
sistema Endox
5.PCR+ IUP com &gua destilada 0 267+0,023(p=0,979) **  +++  0,293+0,087 (p=1,000)"? + o+ 0,284+0,016 (p=0,699)""
+EDTA+ sistema Endox
6.Controle negativo 0® - 0® - 0°
(+++, A presenca de bactérias; - - -, auséncia de bactérias). A média da densidade 6ptica do meio de controlo negativo foi 0,000™ Andlise estatistica: one-

way ANOVA e teste de Tukey. Valores seguidos de pelo menos uma mesma letra na mesma coluna ndo apresentaram diferencgas significativas (p> 0,05).
Valores com letras diferentes na mesma coluna apresentaram diferenca significativa (p <0,05). Letras mailsculas diferentes indicam diferencga significativa

nas colunas. Letras minusculas diferentes indicam diferenca significativa nas linhas.
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4 DISCUSSAO

Estabelecida a infeccdo no sistema de canais radiculares os procedimentos
incluidos nas estratégias de sanificacdo sdo essenciais para obter-se 0 sucesso
endodontico. Porém, alcancar a completa eliminagdo bacteriana é extremamente
dificil, principalmente pela complexidade da anatomia interna (ESTRELA et al.,
2012a; PECORA et al., 2013).

Varias solucdes irrigadoras com diferentes concentracbes e associacoes,
entre elas o hipoclorito de sodio a 1,0%, 2,5%, 5-6%, clorexidina, EDTA (ZEHNDER,
2006; ESTRELA et al.,, 2008; HAAPASALO et al.,, 2010; ALVES et al. 2011,
BASRANI e HAAPASALO et al., 2012; SILVA et al., 2013; GIARDINO et al. 2014)
associadas a diferentes protocolos de irrigacao, irrigagdo convencional e irrigacédo
ultrassbnica passiva (GOODMAN et al., 1985; VAN DER SLUIS et al., 2007a e b;
BHUVA et al. 2010; ALVES et al., 2011), EndoVac - irrigacdo por pressao negativa
(GREGORIO et al. 2010), EndoActivator - irrigacdo sonica (PARAGLIOLA et al.,
2010), sistema Endox (HAFFNER et al, 1997) tém sido empregadas na busca de
alternativas para eliminacdo bacteriana do canal radicular (ESTRELA et al., 2007;
VERA et al., 2012).

Os resultados do presente estudo mostraram que tanto a IUP quanto a IC
com NaOCl a 2,5%/EDTA durante o PCR associado ao sistema Endox, reduziram o
numero de E. faecalis ap0s 72 horas. Estudos utilizando o sistema Endox associado
a estes dois protocolos de irrigacdo ndo foram encontrados na literatura revista.
Bhuva et al. (2010) compararam a eficacia da I[UP com a IC utilizando NaOCI a 1%,
durante o PCR, e ndo encontraram diferenca significativa entre os dois grupos, na
remocao do biofilme, em dentes contaminados com E. faecalis, em analise por meio
de MEV. Resultados discordantes dos de Alves et al. (2011), que observaram maior
reducédo bacteriana ap6s utilizacdo da IUP em canais radiculares contaminados com

E. faecalis.

A discrepancia entre os resultados pode ser justificada pelo tempo de

formacéo do biofilme. No presente estudo, o biofilme foi formado em 60 dias, em
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contraste com os trabalhos que utilizaram biofilme de 72 horas (BHUVA et al. 2010),
21 dias (ARANDA-GARCIA et al., 2012) e 30 dias (ALVES et al., 2011). Bactérias
organizadas em biofilme exibem vérias caracteristicas que garantem vantagens
sobre bactérias plancténicas, proporcionando maior resisténcia ao PCR. Além disso,
sdo capazes de realizar troca de material genético e alteracdes fenotipicas entre os
micro-organismos envolvidos com consequente aumento na resisténcia aos agentes
antimicrobianos (BHUVA et al., 2010; DORNELLES-MORGENTAL, 2011). Acredita-
se que 60 dias seja tempo suficiente para que o E. faecalis seja capaz de invadir
tubulos dentinarios e mostrar resisténcia (ESTRELA et al., 2007, 2009b).

Vale ressaltar que no presente estudo, pode ser verificada, apos 72 horas,
uma reducdo na média da densidade oOptica do meio de cultura quando o NaOCI a
2,5%/EDTA foi utilizado durante o PCR associado ao sistema Endox. Em contraste,
guando a agua destilada/EDTA foi empregada como solucao irrigadora, a densidade
Optica aumentou. Em discordancia com os resultados do presente estudo, Aranda-
Garcia et al. (2012) verificaram reducédo bacteriana tanto quando realizaram o PCR
com solucéo fisioldgica associada ao sistema Endox como quando realizaram PCR
com NaOCl a 2,5%/EDTA sem aplicar o sistema Endox, em dentes humanos

extraidos e contaminados com E. faecalis.

Em estudo sem PCR, resultados superiores foram observados por Virtej et al.
(2007) quando o crescimento bacteriano foi avaliado em dentes contaminados por
uma semana. O emprego do NaOCl a 3% revelou auséncia de crescimento
bacteriano em 100%, enquanto que, quando o sistema Endox foi utilizado a
auséncia de crescimento foi de 79,55%. Karale et al. (2011), também em
investigacdo sem PCR, verificaram que o NaOCI| a 3%, mantido no canal por 5
minutos sob agitacdo manual, reduziu em 100% a contaminacdo bacteriana,
enquanto o sistema Endox reduziu 70%, em contagem de UFCs, em suspensédo de

E. faecalis incubados por 24 horas.

O hipoclorito de sodio tem sido bastante estudado e indicado (ESTRELA, C.
et al. 2002, 2003, 2007, 2012a; ZEHNDER, 2006; HAAPASALO et al. 2010;
BASRANI & HAAPASALO et al., 2012; SILVA et al., 2013; HULSMANN, 2013). Sua

excelente atividade antimicrobiana € expressa a partir do elevado pH (agéo dos ions
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hidroxila) e dissolucdo tecidual que envolve reacdes quimicas de saponificacéo,
neutralizacdo de aminoacidos e de cloraminagdo. Arias-Moliz et al. (2009)
verificaram em biofilme de E. faecalis de 24 horas que o NaOCI a 0,000625% é
capaz de eliminar a concentracdo bacteriana em 1 minuto. Porém, quando foi
utilizado biofilme de 60 dias em estudo realizado por Estrela et al. (2007) o NaOCl a
2,5% circulante durante 20 minutos por meio de um dispositivo, ndo foi capaz de
eliminar o E. faecalis. Em revisao sistematica realizada para verificar a eficacia do
NaOCl e CHX na eliminagdo do E. faecalis observou-se que o NaOCI reduz a
microbiota endododntica, mas nédo elimina completamente (ESTRELA et al., 2008),

semelhante aos resultados do presente estudo.

Tem sido relatado (LENDINI et al. 2005) que o sistema Endox apresenta as
seguintes caracteristicas responsavis pelo efeito antibacteriano: aumento de
temperatura local (300 - 500°C), producdo de raios ultra—violetas (aumento de
0z06nio), que agem sinergicamente promovendo a eliminacdo do contetdo do canal
radicular pela vaporizacado de estruturas organicas e inorganicas. Porém, ndo esta

sedimentado o exato mecanismo responsavel pelos efeitos descritos.

Pode ser observado, no presente estudo, que embora o emprego do sistema
Endox associado ao PCR realizado com diferentes protocolos e solugdes irrigadoras,
tenha reduzido a densidade Optica do meio de cultura, ndo mostrou efetividade na
completa eliminacéo do E. faecalis. Resultado semelhante ao observado por Aranda-
Garcia et al. (2012) que verificaram reducédo, mas néo total eliminacao de E. faecalis
guando da realizacdo do PCR com solucéo fisiolégica, com utilizacdo ou ndo do
sistema Endox, e ao observado por Mammani et al. (2010), que verificaram reducéo
de 55,6% de E. faecalis apds aplicacdo do sistema Endox, mas ndo observaram

cultura negativa.

A avaliacdo da turbidez de cultura microbiana € um método amplamente
utilizado (BEATRICE et al., 2008), além de ser pratico, embora indireto, de estimar a
concentragdo celular. No presente estudo em complementacdo a avaliacdo da
tubidez foi utilizado o emprego da analise da densidade Optica (espectrofotometria)

a qual corresponde a capacidade de absorbéancia relacionada a quantidade de luz
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gue atravessa o0 meio de cultura, sendo a densidade Optica proporcional ao nimero
de bactérias presentes (ESTRELA et al.,, 2012b), porém néo fornece valores
absolutos da concentragcdo de células. Ainda, € susceptivel a alteracbes das
condi¢cbes ambientais, da insuficiéncia de diluicdo, e da dificuldade na deteccéo de
contaminagao externa, por isso, a necessidade do controle negativo (TYRONE;
NICHOLAS, 2000).

A utilizagdo de dentes unirradiculares suscita a necessidade de novos
estudos frente aos desafios proporcionados pela complexidade da anatomia interna

e as infec¢bes neste sistema.

Sob as condicbes testadas e dentro das limitacbes do estudo, o sistema
Endox ndo demonstrou efetividade na eliminacdo total do E. faecalis. A invasao dos
micro-organismos no interior dos tubulos dentinarios reforca a importancia de
utilizacdo de medicacao intracanal entre sessées, a qual justifica-se pelo fato de que,
apesar do PCR associado a diferentes protocolos de irrigacdo e novas tecnologias
possibilitar reducéo significante no nimero de micro-organismos, ndo os elimina
completamente do sistema de canais radiculares (LAW; MESSER, 2004; ESTRELA
et al., 2009a; ESTRELA et al., 2012a).
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5 CONCLUSAO

Pode-se concluir que o sistema Endox, utilizado apdés o preparo do canal
radicular, associado a irrigacado convencional ou irrigagédo ultrassénica passiva, com

NaOCI / EDTA, nao foi efetivo na eliminacéo do E. faecalis.
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APENDICE A
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Senhor(a) esta sendo convidado(a) para participar, como voluntério, de
uma pesquisa. Meu nome € Alessandra Rossi Coelho, sou pesquisadora
responsavel e minha area de atuacdo € Endodontia. ApGs ser esclarecido(a) sobre
as informagdes a seguir, no caso de aceitar fazer parte do estudo, assine ao final
deste documento, que esta em duas vias. Uma delas é sua e a outra é do
pesquisador responsavel. Em caso de recusa vocé ndo sera penalizado(a) de forma
alguma. Em caso de duvida sobre os seus direitos como participante nesta pesquisa,
vocé podera entrar em contato com o Comité de Etica em Pesquisa Universidade
Federal de Goias pelo telefone 3521-1075 ou 3521-1076.

Titulo do Projeto: Avaliagcdo de um aparelho chamado Endox no tratamento do

canal radicular.
Pesquisador Responsavel: Alessandra Rossi Coelho
Telefones para contato (inclusive ligacdes a cobrar): (62) 8111-8283

O senhor(a) participara dessa pesquisa através da doacédo do dente que
sera extraido de acordo com o tratamento que foi indicado para melhorar a saide de
sua boca. Uma grande dificuldade do tratamento de canal (tratamento endoddéntico)
€ conseguir uma completa limpeza e eliminacao das bactérias de dentro do dente. O
dente pode apresentar ao invés de um, mas varios canais bem pequenos e que
dependendo da infeccao, € muito dificil de limpar. O dente cedido sera utilizado para
avaliar o efeito de um aparelho chamado Endox que promete ajudar a acabar com a

infeccéao.

A cirurgia para extracdo do dente sera realizada na Clinica de Cirurgia da
Faculdade de Odontologia da Universidade Federal de Goias, seu dente sera
guardado e em nenhum momento vocé sera identificado durante a pesquisa (sera
mantido o sigilo da sua identidade), mesmo quando os resultados da pesquisa forem

divulgados. Apés a cirurgia vocé receberd as orientacdes, por escrito, sobre o
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repouso e o que fazer para uma boa recuperacdo, bem como os remédios que deve
tomar. Se houver dor, inchaco ou qualquer desconforto decorrente da cirurgia, o
senhor(a) podera entrar em contato por telefone (inclusive a cobrar) com o
pesquisador responsavel. O dente que o Senhor(a) ir4 doar sera extraido por ndo
ser mais possivel manté-lo na boca, e ndo para a realizacdo da pesquisa. Os
procedimentos desta pesquisa obedecem aos Critérios da Etica em Pesquisa com
Seres Humanos. Nenhum dos procedimentos usados oferece riscos a sua dignidade
e saude.

O senhor(a) sera esclarecido(a) sobre a pesquisa em qualquer momento
gue desejar. O senhor(a) €& livre para recusar-se a participar, retirar seu
consentimento ou interromper a participacdo a qualqguer momento. A sua
participacdo € voluntaria e a recusa em participar ndo ira acarretar qualquer

penalidade ou perda de beneficios.

A sua participacdo no estudo ndo acarretara custos para o senhor(a), uma
vez que seu tratamento sera realizado para resolver seus problemas dentarios ja
existentes. Nao haverda nenhuma recompensacdo financeira. Seu dente sera
adequadamente guardado até o final desta pesquisa e, posteriormente, caso o(a)
senhor(a) autorize, serd doado para o treinamento e aprendizagem de alunos da
Faculdade de Odontologia. Quando necessario, o descarte sera realizado em local
destinado para o lixo bioldgico da Faculdade de Odontologia da Universidade

Federal de Goias.

O senhor (a) ndo terd nenhum beneficio direto ao participar desta
pesquisa, no entanto, os resultados serdo publicados com o objetivo de melhorar a
gualidade do tratamento de canal (Tratamento endodéntico) oferecido a toda a
populacdo. Apds a extracdo do seu dente, seu tratamento sera continuado nas
clinicas de reabilitacdo da Faculdade de Odontologia da Universidade Federal de
Goias ou o(a) senhor (a) sera encaminhado para o0s servicos de atencdo basica do
servigo publico de saude. Qualquer tipo de dano sofrido pelo(a) senhor(a) em fungéo
da participagdo nesta pesquisa sera devidamente ressarcido por indenizacdo com

valor proporcional ao dano sofrido estipulado por uma autoridade competente.
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CONSENTIMENTO DA PARTICIPACAO OU DO RESPONSAVEL PELO
PARTICIPANTE

Eu, )
RG: CPF: n°prontuario:

fui informado (a) dos objetivos da pesquisa acima de maneira clara e detalhada e
esclareci minhas ddvidas. Sei que em qualquer momento poderei pedir novas
informacdes e mudar minha decisdo em participar da pesquisa. Os pesquisadores
certificaram-me que todos os dados desta pesquisa serdo confidenciais. Também sei
gue nao havera custos. Em caso de duvidas poderei chamar a pesquisadora
Alessandra Rossi Coelho no telefone (62)8111-8283. Declaro que concordo em
participar do estudo sobre Avaliacdo de um aparelho chamado Endox no
tratamento do canal radicular. Recebi uma copia deste termo de consentimento
livre e esclarecido e me foi dada a oportunidade de ler e esclarecer as minhas

davidas.

Local e data:

Assinatura do sujeito ou responsavel:

Assinatura do pesquisador responsavel:
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APENDICE B

ANTIBACTERIAL EFFECT PROVIDED BY ENDOX SYSTEM ASSOCIATED WITH
DIFFERENT IRRIGATION PROTOCOLS IN THE PREPARATION OF INFECTED
ROOT CANALS

Alessandra Rossi Coelho, Ménica Misaé Endo, Denise Ramos de Silveira Alves, Ana
Helena Goncgalves de Alencar, Cyntia Rodrigues de Arauljo Estrela, Carlos Estrela,
Joé&o Batista de Souza.

Correspondence Address:

e-mail: alessandra.endo@uol.com.br
Abstract

Objectives: To determine the antibacterial effect provided by Endox system
associated with different irrigation protocols in the preparation of infected root canals.
Material and methods: A total of 18 extracted human teeth with anatomical
diameters corresponding to approximately 350-400 micrometers were selected. The
teeth were contaminated with suspension of Enterococcus faecalis (ATCC 29212) for
60 days and randomly divided into five groups: 1. root canal preparation (RCP) +
passive ultrasonic irrigation (PUI) with NaOCI + EDTA; 2. RCP + PUI with NaOCI +
EDTA + Endox system; 3. RCP + conventional irrigation (CI) with NaOCIl + EDTA 4.
RCP + CI with NaOCI + EDTA + Endox system; 5. RCP + PUI with distilled water +
EDTA + Endox system. Three teeth uncontaminated were the negative control (group
6). Samples were taken from the root canals before the RCP after 20 minutes and 72
hours, immersed in 7 ml of Brain Heart Infusion (BHI) for a period of 48 hours,
incubated at 37 °C. The presence of bacterial was assessed by turbidity of the
culture medium followed by optical density analysis using UV spectrophotometer.
The differences between groups were statistically analyzed by mean, standard
deviation, variance analysis and Tukey test (post hoc). The significance level was 5%.
Results: The presence of E. faecalis was observed after 72 h in all experimental
groups. In Groups 2 and 4 decreased the optical density of the culture medium after

72 h, with no significant difference between them, while in Groups 1, 3 and 5 was
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increased. The average optical density of the culture medium was zero in Group 6.
Conclusion: The Endox system used after the root canal preparation, associated
with conventional irrigation or passive ultrasonic irrigation with NaOCIl 2,5% / EDTA,

was not effective in eliminating E. faecalis.

Keywords: Irriganting solutions, irrigation, sodium hypochlorite, Endox Endodontic

System, Enterococcus faecalis.

1.Introduction

Microorganisms are the main etiological agents of changes in pulp and
periapical tissues. The endodontic infections have polymicrobial nature, and occurs
predominantly in the primary anaerobic Gram-negative bacteria and the secondary is
a predominance of Gram-positive bacteria. E. faecalis is a facultative anaerobic
gram-positive cocci, which has been isolated from root canals filled with periapical
disease and is an important bacteria, since it has the ability to survive in conditions

complex, 12345671

Established infection in the root canal system, therapeutic strategies, including
the process of sanitation, are crucial in reducing the number of microorganisms at a
level compatible with health. The elimination of bacterial contamination is a
challenge, mainly due to peculiarities of the internal anatomy of root canals.®® The
presence of isthmus and favors the structure of bacterial biofilms in areas

inaccessible to endodontic instruments and irrigation.[1%:11:12.13.14.15.16]

The process of sanitizing, from the mechanical action of endodontic
instruments and chemistry of irrigators, assumes importance in the bacterial control
and inactivation of endotoxin. Irrigation is a key part of this process, because it is

expected action in areas where the instrumentation not reached.®*"8

A variety of irrigation solutions have been proposed, but none has all the
desired characteristics and thus various combinations of products and protocols have
been tested.™ Sodium hypochlorite (NaOCI) has been the most commonly used
irrigating solution in root canal preparation (RCP), with an excellent antimicrobial

(20]

activity and tissue dissolution capacity , while EDTA (ethylenediaminetetraacetic
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acid), is the most commonly used chelating agent in the removing inorganic

r.[17,21]

structures such as smear laye The ability of NaOCI in inactivate bacteria is

essential, and its effectiveness depends on direct contact with infection. Thus, factors

|[17.22,23

such as volume used, action time, concentration, irrigation protoco I directly

influence on its effectiveness.*

Several systems have been developed in order to optimize the effects of
irrigating solutions. Passive ultrasonic irrigation (PUI) is an alternative that has shown
promising results as compared to conventional irrigation (CI).”® The NaOCI
associated with PUI has revealed higher efficiency in removing the smear
layer!?1:2627.2829 ' the removal of micro-organisms®*” and given a better quality of root

canal filling®®".

The Endox system was developed as an alternative to improve the quality of
endodontics and simplify the work’s protocaol, initially allow the location of the apical
foramen, and later, the vaporization of the pulp tissue. It is believed to be able to
promote smear layer removal and reduction of bacterial content of the root canal
system through the increase in temperature resulting from the application of high

frequency alternating current of 312,5KHz#*%!

3234 conducted the first

As the removal of the smear layer, Haffner et al.
studies with Endox system using as irrigating saline solution without performing RCP
and observed absence of debris and smear layer in the root canal walls, analyzed by
Scanning Electron Microscopy (SEM). In 2002, Al-Shaheri and Al-Nazhan® found
that Endox system was effective in removing the smear layer without damaging the
dentin structure. The effects of Endox system in the pulp and after the root canal
preparation was investigated by Lendini et al.*®, using as saline irrigating solution,
and similar results when RCP was performed with NaOCI and EDTA were obtained

with respect to the removal of debris and smear layer.

To evaluate the antibacterial effect, Haffner et al. (1997)5? observed
significant bacterial reduction by counting colony forming units (CFUs) in planktonic

cells, using saline as irrigating solution without PCR. Moreover, Virtej et al. (2007)
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used the system Endox, also without RCP in teeth with primary endodontic infections
showed low antibacterial effect than 3% NaOCI for microbiological examination of
CFUs. Mammani et al.*®lcollected microbiological samples of 250 infected teeth, after
performing RCP with saline and after use of the Endox system. The results showed
that the system Endox promoted elimination of E. faecalis in 55.6% of the initial
samples which had been isolated (18 samples). But in 2012, after RCP with saline
and use of Endox system, Aranda-Garcia et al.*” found low antibacterial effect on E.
faecalis compared to the RCP with 2.5% NaOCI / EDTA.

The continued presence of positive microbial cultures after RCPP440:41.42:43]

has motivated the search procedures and protocols that promote bacterial reduction,
and which can lead to obtaining a negative culture!*!. Because there are conflicting
results on the effectiveness of Endox system, the objective of this study was to
evaluate the antibacterial effect of Endox system associated with different irrigation
protocols in the preparation of infected root canals, through microbiological analysis

and spectrophotometry.
2. Material and Methods

This study was approved by Ethics in Research Committee of Goias Federal
University (CAAE No 26119074.2.0000.5083. - Annex A).

2.1 Microorganism test

In the study it was used a similar methodology previously developed by
Estrela et al. (2007). A facultative anaerobe strain (Gram-positive cocci E. faecalis;
ATCC 29212) coming from the American Type Culture Collection, which was the
biological indicator. The bacterial strain was inoculated into 7 mL of Brain Heart
Infusion (BHI; Difco Laboratories, Detroit, Ml, USA) and incubated for 24 hours at
37°C. Experimental suspension was prepared by growing strain on an agar surface
(BHIA- Brain Heart Infusion Agar; Difco Laboratories) in a similar incubation
conditions as described. After 24 hours, the bacterial cells were suspended in saline
in order to achieve a concentration of approximately 3X108 mL-1 cells (1 McFarland
turbidity standard). The microbial concentration was measured using the analysis by

optical density in UV spectrophotometer (Spectrophotometer Model 1600 New
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Waterproof, Piracicaba, SP, Brazil) set to a wavelength of A = 600 nm (nanometers),

which corresponds to the absorbance of 0.137 nm.
2.2 Teeth Preparation

Single-rooted human teeth were used (canines and incisors), assigned by
patients older than eighteen years treated in clinics in the School of Dentistry,
Federal University of Goias (UFG-FO), and extraction indication for periodontal or
prosthetic reason. The teeth were stored in 0.2% thymol solution and subsequently
immersed in sodium hypochlorite (NaOCI) to 5% (Fitofarma, Goiania, GO, Brazil) for
30 minutes to remove organic tissue. Periapical radiographs (Eastman Kodak Comp.,
USA) teeth in buccolingual directions and proximal to confirm presence of a single
root canal and absence of anatomical variations. Were excluded teeth with
incomplete root formation, obliteration of the root canal, root laceration, root

resorption and endodontic treatment.

A total of 18 teeth with anatomical diameter of about 350-400 microns, in other
words, with diameter corresponding file type n K-file. 35/40 were select. The crowns
were removed under continuous jet of air / water with Endo-Z laminated drill

(Maillefer, Ballaigues, Switzerland) at high speed at an angle of 90° with the long axis

of the tooth. The root lengths were standardized at 16 mm, and the root canals
emptied until the apical zero instrument with K-Flex #15 (Maillefer, Ballaigues,
Switzerland), subsequently retreated 1 mm to fit the working length. The sample was
prepared with BioRace system (FKG Dentaire, La Chaux-de-Fonds, Switzerland)
using the instrument BR5 #40/0.04 with electric motor X-Smart (Dentsplay-Maillefer,
Ballaigues, Switzerland) set at 600 rpm and torque 2N (Debelian and Sydney,
2009)"! and conventional irrigation with 3 mL of 2.5% NaOCI (Fitofarma) freshly
prepared. Next, the root canals were dried and filled with 17% EDTA (pH 7.2 -
Biodynamics, Ibipord, PR Brazil) for 3 minutes to remove the smear layer, and then

autoclaved for 30 minutes at 120°C.

2.3 Experimental Design
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In the experimental model, a split platform was used during the feeding period
with the biomarker. The coronal portion of the root of each sample was connected to
the bottom cut of a microtube of Eppendorf polypropylene 1.5 mL (Cral, S&o Paulo,
SP, Brazil), with the middle and apical thirds out of the microtube, and the connection
was sealed using adhesive cyanoacrylate (Super Bonder, Itapevi, SP, Brazil) to
prevent infiltration. The roots coupled to polypropylene microcentrifuge tubes were
sterilized in 5% NaOCI (Fitofarma) for 30 minutes, rinsed in sterile water for 30
minutes. The tooth-tube connection is adapted to cover pierced VT amber glass VW
10 ml (Pilfer, Atibaia, SP, Brazil) previously sterilized. The tube-cap connection was
entirely covered with two layers of nail polish (Risqué, Niasi Cosmetics, SP, Brazil)
and then was screwed to the amber glass, containing culture medium (BHI) inside.
Thus, the apical third of the root was immersed in the culture medium. To ensure the

sterilization, the test apparatus was incubated for 24 hours at 37°C. After this period,

no bacterial growth was observed. Five milliliters of sterile BHI were mixed with 5 mL
of the bacterial inoculum, and the experimental groups were inoculated with E.
faecalis for 60 days using sterile syringes with a sufficient volume to fill the root canal.
This procedure was repeated every 72 hours, always using pure culture with 24
hours of preparation and set the standard 1 McFarland. The roots were kept in humid

conditions at 37°C. Three non-infected specimens were incubated at 37 ° C (negative

control) during the contamination period for sterility testing of samples.

After the contamination period (60 days) inical collection was performed on all
specimens. The canals were filled with distilled water and dried with sterile paper
points (Tanari, Tanariman Industry Ltda., Manacaru, AM, Brazil) size n. 40,
introduced into the root canal, and maintained for 1 minute. Each sample was
collected using three absorbent paper points sterilized. The tips were individually
transported and immersed in 7 mL of BHI (Difco Laboratories), a medium added with
neutralizing [Tween 80 and sodium thiosulfate (PA Art Laboratory, Campinas, Brazil)]

at appropriate concentrations followed by incubation at 37°C for 48 hours. Initial

sampling was performed in order to confirm the presence or absence of the turbidity

of the bacterial culture medium, and measuring the optical density.
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The specimens were randomly divided into 5 experimental groups (n = 3) and

1 control group (n = 3) (Table 1).

Panel 1. Distribution of the experimental groups

Groups Protocols Samples
1 RCP + PUI + NaOCIl + EDTA 3
2 RCP + PUI + NaOCL + EDTA + Endox system 3
3 RCP + CI + NaOCI + EDTA 3
4 RCP + Cl + NaOCI + EDTA + Endox system 3
5 RCP + PUI + distilled water + EDTA + Endox system 3
Negative control Root canals uncontaminated - no RCP 3
Total n=18

PCR: Root canal preparation; NaOCI: Sodium Hypochlorite 2.5%; EDTA: ethylenediaminetetraacetic
acid 17%; PUI: passive ultrasonic irrigation; Cl: conventional irrigation.

The root canals were prepared with the extension of BioRaCe system (FKG
Dentaire, Swiss Dental Products, La Chaux-de-Fonds, Switzerland) following BR6 #
50.02 and BR7 # 60.02 (Debelian; Sydney, 2009)*, every file change irrigation was

carried out with 3 mL of irrigating solution.

The PUI was performed using the ultrasound device Piezon Master 200 (EMS
Electro Medical Systems SA, Switzerland) with protocol 3mL 3 cycles of test
solutions, power 20%. The ultrasonic tip E1 Irrisonic (Helse Dental thechnology,
Santa Rose of Viterbo, SP, Brazil) was positioned 1mm short of the working length
and activated for 30 seconds, performing short shuttle movements, careful not to

touch the walls of the root canal.

The CI process was carried out throughout the root canal preparation with
syringe Ultradent 5mL and cannula Endo-Eze Irrigator Tip irrigation (Ultradent
Products Inc - South Jordan, UT-USA) 27ga with 0.40 mm diameter, positioned in 14

mm with penetration maneuvers and gradual removal.

Endox system for implementing a platform has been developed in which the

tooth root was placed inside an Eppendorf microtube of small polypropylene (Cral),
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sterilized and filled with distilled water, adapting to the opening of the microtube 3
mm below the cervical root limit. The connection root-Eppendorf was attached to a
walrus. A lip clip was attached to the neutral electrode by a masking tape and placed
in supported 3 mm of periapical exposed root surface to close the circuit. Subsequent
the device was turned on and the root canal function was selected for canines. Were
used the protocol according to the manufacturer, and the touch of a pulse Endox
system in each third was carried out with the black probe (30 mm - 0.20 diameter),

cursor positioned in the marks 3mm, 8mm, 13mm.

After the sanitization process, all specimens received final irrigation with sterile
distilled water and collecting 20 minutes after the RCP was used three absorbent
paper points sterile gauge n.60. The paper points were individually transported and
immersed in 7 ml of BHI containing neutralizing, followed by incubation for 48 hours

at 37°C. The teeth were stored in Eppendorf microtubes of the polypropylene 1.5 mL
(Cral) and incubated at 37 °C. After 72 h, a second test was conducted in the same
manner as described above and incubated for 48 hours at 37°C. All samples were

performed in triplicate under aseptic conditions.

The bacterial growth was assessed by turbidity of the culture medium coming
from the initial collection of 20 minutes to 72 hours. The analysis was performed after
incubation for 24 and 48 hours later collections. After assessing the changes in the
culture medium, an inoculum of 0.1 ml of the medium obtained was transferred to 7

mL of Letheen (Difco Laboratories) and subsequently incubated for 48 hours at 37°C.

The peal for Letheen was performed immediately after the analysis of 48 hours of
each collection (initial, 20 minutes and 72 hours). Further analysis of bacterial growth
by turbidity of the culture medium was taken for periods of 24 and 48 hours following
the chime, and in this last study period (48 hours) was also carried interpretation of

optical density in a spectrophotometer UV.

The mean and standard deviation of optical density of the initial collection, and
collects 20 minutes collecting 72 hours were obtained. The difference between
groups was evaluated by ANOVA and post hoc Tukey. The significance level was p
<0.05. Statistical analysis was performed using the Statistical Package for Social

Sciences software, version 20 (SPSS, Chicago, IL).
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3. Results

The antibacterial effect provided by Endox system associated with different
irrigation protocols in the preparation of root canals infected with E. faecalis is shown
in Table 1.

The results showed that after 20 minutes there was a reduction in the average
optical density of the culture medium in Groups 1, 2, 3 and 4, this being significant for
Group 2, whereas in Group 5 was increased, although not significantly.

The presence of E. faecalis was observed after 72 h in all experimental
groups. In Groups 2 and 4 there was a reduction in the average optical density of the
culture medium after 72 h, with no significant difference between them, while in

Groups 1, 3 and 5 was increased.

In the negative control group (Group 6), the mean optical density of the culture

medium was zero in the initial collection, after 20 minutes and 72 hours.
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Table 1 Mean = standard deviation (S) of the optical density and the presence or absence of bacteria.

Collect Collet 20 min Coleta 72 hs
Presence Medium / S of the optical Presence Medium / S of the optical
Groups Initial (p=0.000)" or absence density of the medium  or absence density of the medium

of bacteria (hm) (p=0.000)" of bacteria (nm) (p=0.000)*
1.RCP + PUI + NaOCI + EDTA  0,305+0,095(p=0.952) *# . 0,104+0,149 (p=1.000)**  + ++ 0,324+0,005 (p=0.542)""
2.RCP + PUI + NaOCL + EDTA
+ Endox system 0,855+0,462 p=0.052) *° -+ 0,079+0,126 (p=1.000)%** -+ + 0,199+0,173(p=0.944)"#2
3RCP + Cl + NaOCl + EDTA 0,210%0,133(p=0.996) ** --- 0,0670,113 (p=1.000)**  +++ 0,215+0,037 (p=0.914)**
4. RCP + Cl + NaOCI + EDTA +
Endox system 0,843+0,428(p=0.057) ** -+ + 0,244+0,215 (p=1.000)"2  + -+ 0,133+0,108 (p=0.996)?
5. RCP + PUI + distilled water +
EDTA + Endox system 0,267+0,023(p=0.979) *# ++ + 0,293+0,087 (p=1.000)"?  + ++ 0,284+0,016 (p=0.699)""
6.Negative control 0° --- 0 --- 0°
(+++presence of bacteria, - - -, no bacteria). The mean optical density of the negative control was 0.0001. Statistical analysis: one-way ANOVA and Tukey test. Values followed

by at least one letter in the same column showed no significant differences (p> 0.05). Values with different letters in the same column showed significant differences (p <0.05).

Different capital letters indicate significant differences in the columns. Different lowercase letters indicate significant differences in the lines.
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4.Discussion

Established infection in the root canal system procedures included in
sanitation strategies are essential to obtain endodontic success. However, to achieve
complete bacterial removal is extremely difficult mainly due to the complexity of the

internal anatomy®!,

Several irrigating solutions with different concentrations and associations,
among them sodium hypochlorite at 1.0%, 2.5%, 5-6%, chlorhexidine,
EDTAl®224647.17.21241  a550ciated with different irrigation protocols, conventional
irrigation and passive ultrasonic irrigation®®2"324748 Endovac-irrigation negative
pressure!®, sonic EndoActivator-irrigation®?®!, Endox system® have been employed

in the search for alternatives to bacterial elimination of the root canal®®*.

The results of this study showed that both PUI as the CI with 2.5% NaOCI /
EDTA, during the RCP associated with Endox system, reduced the number of E.
faecalis after 72 hours, but were not effective in complete elimination. Studies using
the Endox system associated with these two irrigation protocols were not found in the
journal literature. Bhuva et al*®. compared the efficacy of using IC or IUP with 1%
NaOCI for RCP and not found significant difference between groups on biofilm
removal in teeth infected with E. faecalis analyzed by SEM. Discordant results of
Alves et al.*”) who observed a higher bacterial reduction after use of PUI in root

canals contaminated with E. faecalis.

The discrepancy between the results can be justified by the biofilm formation
time. In this study, the biofilm was formed in 60 days, in contrast to studies using 72-
hour biofilm (Bhuva et al., 2010)"*®, 21 days (Aranda-Garcia et al., 2012)*% and 30
days (Alves et al., 2011)*"). Bacteria organized in biofiims exhibit several features
that ensure advantages on planktonic bacteria, providing greater resistance to RCP.
Moreover, they are able to perform exchange of genetic material and phenotypic
changes between the microorganisms involved with consequent increase in
resistance to antimicrobial agents!***®. It is believed than 60 days is sufficient time

for E. faecalis, is able to invade dentinal tubules and showing resistance***?.
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Note that in this study, can be verified, after 72 hours, a reduction in mean
optical density of the culture medium when the 2.5% NaOCI / EDTA was used during
the RCP associated with Endox system. In contrast, when the distilled water / EDTA
was used as irrigating solution, the optical density increased. In disagreement with
the results of this study, Aranda-Garcia et al.B® found bacterial reduction when both
performed RCP with saline solution associated with Endox system as when
performed RCP with 2.5% NaOCI / EDTA without applying the Endox system in
extracted human teeth and contaminated with E. faecalis.

In a study without RCP, superior results were observed for Virtej et al.®”!

where the bacterial growth in teeth infected was assessed for a week. The use of
NaOCI 3% showed no bacterial growth by 100%, while when the system was used
Endox the absence of growth was 79.55%. Karale et al.*™ also under investigation
without RCP found that 3% NaOCI, maintained in the canal for 5 minutes under hand
shaking, reduced 100% of the bacterial contamination, while Endox system was
reduced by 70% of E. faecalis suspension incubated for 24 hours by forming units

colonies analysis .

Sodium hypochlorite has been extensively studied and reported (Estrela, C. et
al®202340%: 7ehnder 2006%?; Haapasalo et al.*”; Basrani and Haapasalo et al.l'™);
Silva et al.?": Hulsmann™®). Its excellent antimicrobial activity is expressed from the
high pH (action of hydroxyl ions) and tissue dissolution involving chemical reactions
saponification, amino acid neutralization and chloramination. Moliz-Arias et al.*?
found in biofilms of E. faecalis 24 hours than 0.000625% NaOCI is able to eliminate
the bacterial concentration in 1 minute. However, when it was used biofilm 60 days in
a study conducted by Estrela et al.*” the current 2.5% NaOCI for 20 minutes by
means of a device, has not been able to eliminate E. faecalis. In systematic review to
determine the efficacy of NaOCI and CHX in the elimination of E. faecalis was
observed that reduce NaOCI endodontic microorganisms, but does not eliminate

completely (Estrela et al.“®)), similar to results of this study.

It has been reported (Lendini et al.®®) the Endox system has the following
characteristics responsavis the antibacterial effect: increased local temperature (300

- 500 °C), production of ultra-violet light (increase of ozone), which act synergistically
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promoting removing the contents of the root canal by vaporization of organic and
inorganic structures. However, it is not settled the exact mechanism responsible for

the effects described.

It can be seen in this study, although the use of RCP associated with the
system Endox performed with different protocols and irrigating solutions has reduced
the optical density of the culture medium showed effectiveness in the elimination of
E. faecalis. A similar result was observed by Aranda-Garcia et al.*® who found a
reduction, but not total elimination of E. faecalis when performing RCP with saline
solution, using or not Endox system, and observed by Mammani et al.2®, who found
a reduction of 55.6% of E. faecalis after application of Endox system, but did not

observe any negative culture.

The evaluation of turbidity of microbial culture is a widely used method *¥ as
well as being practical, although indirectly, to estimate cell concentration. In the
present study completion evaluation of tubidez analysis was used employing optical
density (spectrophotometry) which corresponds to the absorbance capacity related to
the amount of light passing through the culture medium, optical density is

t ™ but does not provide absolute

proportional to the number of bacteria presen
values of cell concentration®. Being Moreover, it is susceptible to changes in
environmental conditions, dilution of failure and the difficulty in detection of

contamination from outside, so the need for negative control®.

The use of single-rooted teeth raises the need for further studies and the
challenges provided by the complexity of the internal anatomy and infections in this

system.

Under the conditions tested and within the limitations of the study, Endox
system has not been effective in the total elimination of E. faecalis. The invasion of
microorganisms within the dentinal tubules reinforces the importance of using
temporary dressing between sessions, which is justified by the fact that, despite the

RCP protocols associated with different irrigation and new technologies allows a
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significant reduction in the number of micro-organisms, not completely eliminate them

from the root canal system & %657,

It can be concluded that the Endox system used after the root canal
preparation, together with conventional irrigation or passive ultrasonic irrigation with

NaOCI / EDTA was not effective in eliminating E. faecalis.
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Patrocinador Principal: FUMDACAD DE AMPARD A PESCUISA DD ESTADD DE GOIAS

DADOE DO PARECER

Homero do Panscar: 571.270
Diata da Redaboria: 07042014

Apresanta;io oo Projato:

Thuloc ﬂ'u'."'-l.l.ﬁ.l;“.ﬁﬂ DD EFEITO ANTIMICROBIAND DD SISTEMA ENDOX MO TRATAMENTD DE CANAIS
RADICULARES, Pesquisador ALESSANDRA ROSSI COELHD; Insiftuigdo Proponents: Faculdade de
Cdoniplogla / UFG; Equipe Ana Helena Gongaives de Alencar, Carios Estrela; Daniel de Almelta Decinza;
Denlse Ramos Shvelra Alves 2 Jodo Batlsta de Spuza. Serdo seleclonados 7D denies anteriores,
padronlzados nos s2us diametros Inkcials com o Sistema BloRace,

contaminados para fomacio de bioflime 2 alsatordamanie divididos em seis grupos expermentals.
Postaronmenis 08 dentes serdo preparados para andlse dos resuitados uillizando-se 08 métodos de cutus
& Micoscopla Beronica de Vamadura.,

Oltivo da Peaquisa;

\Verificar a efeflvidade do sksbama Endox como substiuto ou coaduvante no prepam biomecanico oos canals
MB&MDSWEHWDMNHMWMSEENMMMMHEDED
prepant oo caral Rdicular por meio de cultlura Verificar o efeltn antimicrobiano o Sistema Endoy associadn
OU NS0 30 Prepan oo canal rRgCUEr por melo de Microscopla Eleronica oe Vamedura (MEV). Vermear o
mnmamm:mmwn&nmmmmmMmezﬂu
EDTA 17%. Werthcar o efieito antimicrblan Stshema Endox ass0ciado ou ndo 30 prepam do canal radcular
oM Aqu3 destlana.

Endamago: Frédo de Medons Theeo Do, Fosisl 130

Bairm: Carmous S memisee CEF: Ta. 001478
1] ] Munksipho:  GOGARIA
Tebaforsm:  |[EXSFI-1208 Fax: [EI3II-11E E-mall: osp prpeg uigfgmal com



72

UNIVERSIDADE FEDERAL DE £~ Plataforma
GOIAS - UFG %aﬂl

Continuagao do Parecer: 571.370

Avaliagao dos Riscos e Beneficios:

Os dentes seréo extraidos, independente da realizagdo desta pesquisa, por finalidade periodontal ou
protética apos definigéo criteriosa do diagnostico e plano de tratamento. O procedimento cirtirgico sequira o
protocolo definido pela Disciplinas Clinicas da Faculdade de Odontologia/UFG. Possiveis desconfortos pos-
operatorios, como dor ou infecgao, serao tratados com a terapéutica medicamentosa proposta pela
disciplina de cirurgia.O paciente tera seu tratamento odontolégico continuado nas clinicas de reabilitagao da
Faculdade de Odontologia. Caso o paciente nao seja institucionalizado, este sera orientado a procurar o
SEAP (Servigo de Atendimento ao Paciente) da mesma Faculdade ou encaminhado para Unidade Basica
de Saude da Rede Municipal de Saude. Beneficios: O paciente doador nao tera beneficio direto com a
realizacdo da pesquisa, uma vez que seu tratamento sera realizado independente da sua participagao,
porem estara contribuindo para o avango cientifico, que por sua vez, podera trazer beneficios futuros no
tratamento dos canais radiculares. Nao havera qualquer tipo de compensagéo financeira. O paciente tera
seu direito de indenizagao garantido caso ocorra algum dano decorrente do tratamento cirtirgico.

Comentarios e Consideracées sobre a Pesquisa:

Ne° de participantes da pesquisa: 70; Coleta de dados: 01/04/2014 01/05/2014; Orcamento detalhado de R$
7.225,00; custeado com recursos da FAPEG. O TCLE encontra-se adequado aos objetivos da pesquisa e
ressalta que manterao a privacidade e confidencialidade dos participantes, mantendo os dados em
anonimato e com previsao de divulgagao apenas com a finalidade cientifica. Disponibilizaram numeros de
telefones com possibilidades de ligagoes a cobrar. Reafirmam que néo tera nenhum beneficio financeiro,
mas que a participagao sera importante para o avango técnico cientifico do assunto. Também que poderao
retirar o consentimento de participagéo, a qualquer momento, sem nenhum tipo de penalidade e com a
garantia de continuidade do tratamento odontolégico. Verifica-se que ha condigées para o desenvolvimento
da pesquisa, tanto em infraestrutura, bem como de capacidade dos profissionais envolvidos.

Consideragoes sobre os Termos de apresentagao obrigatoria:

Apresentaram os seguintes documentos: Informagées Basicas do Projeto; Folha de Rosto;

TCLE - Modelo de Termo de Consentimento Livre e Esclarecido

Os Curriculos do Sistema Lattes de todos os pesquisadores; Documento para o LABIMIC; Termo de
Compromisso dos pesquisadores; Projeto Detalhado;

Enderego: Prédio da Reitoria Térreo Cx. Postal 131

Bairro: Campus Samambaia CEP: 74.001-970
UF: GO Municipio: GOIANIA
Telefone: (62)3521-1215 Fax: (62)3521-1163 E-mail: cep.prppg.ufg@gmail.com
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Confmasqic: 32 Pescar 379 300

Riacomentda;ias;

Sallentamce que o5 profiEEonas ervalvides no plano de tratamento que diz respeita 3 extragdo dentana
rido podem ser o6 dirgtamenis o5 envolvidos pesquisa.

Comclusdes ou Pendénclas & Lista de Inadequagias:

A partr da anailsa dos documenios apresentados, SUgin 3 aprvacdo oo pop., Sk
Sthuagas do Parecar:

Agrovado

MHecesalia Apreclaco da CONEP;

Mao

Comsideragies Finals a critério do CEP:

Emiar reiatorios pamcial e final.

GOlANIA, 27 de Marco de 2014

Anainador por:

Divina Marquas
{Coordenagor)

Endanstrs:  Pribclo da Faiteda Times Cx Postal 131

Bakte:  Caimpus Sefra sl CEP: 74 004070

F: 30 Hunmsdpla:  GOUSRLE

Telefone:  EIAET-121E Fax: [EXGEI-1183 E-mall: o oipeg uigiorall s
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ANEXO B

THE SCIENTIFIC WORLD JOURNAL

Author Guidelines

The Scientific World Journal is a peer-reviewed, open access journal covering a wide
range of subjects in science, technology, and medicine. The journal’s Editorial Board
as well as its Table of Contents are divided into 98 subject areas that are covered
within the journal’s scope.

Submission

Manuscripts should be submitted by one of the authors of the manuscript
through the online Manuscript Tracking System. Regardless of the source of the
word-processing tool, only electronic PDF (.pdf) or Word (.doc, .docx, .rtf) files can be
submitted through the MTS. There is no page limit. Only online submissions are
accepted to facilitate rapid publication and minimize administrative costs.
Submissions by anyone other than one of the authors will not be accepted. The
submitting author takes responsibility for the paper during submission and peer
review. If for some technical reason submission through the MTS is not possible, the

author can contact tswj@hindawi.com for support.
Terms of Submission

Papers must be submitted on the understanding that they have not been
published elsewhere and are not currently under consideration by another journal
published by Hindawi or any other publisher. The submitting author is responsible for
ensuring that the article’s publication has been approved by all the other coauthors. It
is also the authors’ responsibility to ensure that the articles emanating from a
particular institution are submitted with the approval of the necessary institution. Only
an acknowledgment from the editorial office officially establishes the date of receipt.
Further correspondence and proofs will be sent to the author(s) before publication
unless otherwise indicated. It is a condition of submission of a paper that the authors
permit editing of the paper for readability. All enquiries concerning the publication of

accepted papers should be addressed to tswj@hindawi.com.
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Peer Review

All manuscripts are subject to peer review and are expected to meet standards
of academic excellence. Submissions will be considered by an editor and “if not
rejected right away” by peer-reviewers, whose identities will remain anonymous to

the authors.
Microarray Data Submission

For any article that includes microarray data, this data should be deposited in
an appropriate database such as Gene Expression Omnibus (GEO) or Array Express,
and an entry name or accession number must be included in the manuscript prior to
its publication. Microarray data should be MIAME compliant. During the reviewing
process, submitting authors are committed to provide the editor and the reviewers
handling his/her manuscript with the login information by which they can access this

information in the database.
Concurrent Submissions

In order to ensure sufficient diversity within the authorship of the journal,
authors will be limited to having two manuscripts under review at any point in time. If
an author already has two manuscripts under review in the journal, he or she will
need to wait until the review process of at least one of these manuscripts is complete
before submitting another manuscript for consideration. This policy does not apply to

Editorials or other non-peer reviewed manuscript types.
Article Processing Charges

The Scientific World Journal is an open access journal. Open access charges
allow publishers to make the published material available for free to all interested
online visitors. For more details about the article processing charges of The Scientific

World Journal , please visit the Article Processing Charges information page.

Units of Measurement
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Units of measurement should be presented simply and concisely using
System International (SI) units.

Title and Authorship Information

The following information should be included
Paper title

Full author names

Full institutional mailing addresses

Email addresses

Abstract

The manuscript should contain an abstract. The abstract should be self-

contained and citation-free and should not exceed 200 words.
Introduction
This section should be succinct, with no subheadings.

Materials and Methods

This part should contain sufficient detail so that all procedures can be

repeated. It can be divided into subsections if several methods are described.
Results and Discussion
This section may each be divided by subheadings or may be combined.

Conclusions

This should clearly explain the main conclusions of the work highlighting its
importance and relevance.

Acknowledgments
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All acknowledgments (if any) should be included at the very end of the paper

before the references and may include supporting grants, presentations, and so forth.
References

Authors are responsible for ensuring that the information in each reference is
complete and accurate. All references must be numbered consecutively and citations
of references in text should be identified using numbers in square brackets (e.g., “as
discussed by Smith [9]"; “as discussed elsewhere [9, 10]"). All references should be

cited within the text; otherwise, these references will be automatically removed.
Preparation of Figures

Upon submission of an article, authors are supposed to include all figures and
tables in the PDF file of the manuscript. Figures and tables should not be submitted
in separate files. If the article is accepted, authors will be asked to provide the source
files of the figures. Each figure should be supplied in a separate electronic file. All
figures should be cited in the paper in a consecutive order. Figures should be
supplied in either vector art formats (lllustrator, EPS, WMF, FreeHand, CorelDraw,
PowerPoint, Excel, etc.) or bitmap formats (Photoshop, TIFF, GIF, JPEG, etc.).
Bitmap images should be of 300 dpi resolution at least unless the resolution is
intentionally set to a lower level for scientific reasons. If a bitmap image has labels,

the image and labels should be embedded in separate layers.
Preparation of Tables

Tables should be cited consecutively in the text. Every table must have a
descriptive title and if numerical measurements are given, the units should be

included in the column heading. Vertical rules should not be used.
Proofs

Corrected proofs must be returned to the publisher within 2-3 days of receipt.

The publisher will do everything possible to ensure prompt publication. It will
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therefore be appreciated if the manuscripts and figures conform from the outset to
the style of the journal.

Copyright

Open Access authors retain the copyrights of their papers, and all open
access articles are distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution and reproduction in any medium,

provided that the original work is properly cited.

The use of general descriptive hames, trade names, trademarks, and so forth
in this publication, even if not specifically identified, does not imply that these names
are not protected by the relevant laws and regulations.

While the advice and information in this journal are believed to be true and
accurate on the date of its going to press, neither the authors, the editors, nor the
publisher can accept any legal responsibility for any errors or omissions that may be
made. The publisher makes no warranty, express or implied, with respect to the

material contained herein.
Disclosure Policy

A competing interest exists when professional judgment concerning the
validity of research is influenced by a secondary interest, such as financial gain. We
require that our authors reveal any possible conflict of interests in their submitted

manuscripts.

If there is no conflict of interests, authors should state that “The author(s)

declare(s) that there is no conflict of interests regarding the publication of this paper.”
Clinical Study

When publishing clinical studies, Hindawi aims to comply with the
recommendations of the International Committee of Medical Journal Editors (ICMJE)
on trials registration. Therefore, authors are requested to register the clinical trial
presented in the manuscript in a public trials registry and include the trial registration

number at the end of the abstract. Trials initiated after July 1, 2005 must be
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registered prospectively before patient recruitment has begun. For trials initiated

before July 1, 2005, the trial must be registered before submission.

International Commission on Zoological Nomenclature

When publishing papers which describe a new zoological taxon name, Hindawi
aims to comply with the requirements of the International Commission on Zoological
Nomenclature (ICZN). Therefore, for all papers that include the naming of a new
zoological taxon, authors are requested to contact Zoobank, the online registration
system for the International Commission on Zoological Nomenclature, to obtain a Life
Science ldentifier (LSID). Moreover, authors are requested to insert the following text
in the “Materials and Methods” section, in a subsection to be called “Nomenclatural
Acts”:

The new names contained in this article are available under the International
Code of Zoological Nomenclature. This work and the nomenclatural acts it contains
have been registered in ZooBank. Zoobank Life Science Identifier (LSID) for this
publication is: urn:lsid:zoobank.org:pub: XXXXXXX. The LSID registration and any
associated information can be viewed in a web browser by adding the LSID to the

prefix “http://zoobank.org/.”
Ethical guidelines

In any studies that involve experiments on human or animal subjects, the
following ethical guidelines must be observed. For any human experiments, all work
must be conducted in accordance with the Declaration of Helsinki (1964). Papers
describing experimental work on human subjects who carry a risk of harm must
include a statement that the experiment was conducted with the understanding and
the consent of the human subject, as well as a statement that the responsible Ethical
Committee has approved the experiments. In the case of any animal experiments,
the authors should provide a full description of any anesthetic and surgical procedure
used, as well as evidence that all possible steps were taken to avoid animal suffering

at each stage of the experiment.



