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Magro MG. Efeitos da interagao e solugdes utilizadas na prevencao da formacao do
precipitado originado pela interagdo do hipoclorito de s6dio e do digluconato de
clorexidina e a repercussao sobre a resisténcia de unido do cimento obturador na
dentina do canal radicular [Dissertacdo de Mestrado]. Araraquara: Faculdade de

Odontologia da UNESP; 2014.

RESUMO

O objetivo do presente estudo foi avaliar a magnitude da precipitacao de residuos e
seu efeito sobre a resisténcia de unido de um cimento obturador endodéntico (AH
Plus) na dentina radicular, apos a utilizacdo do protocolo de irrigagao final com
hipoclorito de sédio (NaOCIl) a 2,5% e digluconato de clorexidina a 2% (CHX),
intercaladas ou nao com alcool isopropilico, agua destilada ou soro fisiolégico. No
capitulo 1, inicialmente cem caninos humanos extraidos foram preparados com o
instrumento F5 e irrigados com NaOCl a 2,5% e EDTA 17%. Cinquenta dentes foram
divididos em 5 grupos (n = 10), de acordo com o protocolo de irrigagao final: G1
(controle, sem irrigacao final); G2 (solugdo de CHX); G3 (CHX gel); G4 (Concepsis)
e G5 (CHX Plus). Em seguida, os espécimes foram clivados e a dentina do canal
radicular analisada através de microscopia eletrénica de varredura (MEV), nos
segmentos cervical-médio e médio-apical, a fim de detectar a presenga de debris e
smear layer. Outros cinquenta dentes foram tratados igualmente ao estudo anterior,
obturados e submetidos ao teste de push out, nos tergos cervical, médio e apical
radicular. Os espécimes foram avaliados utilizando uma maquina universal de
ensaios mecanicos. Para analise estatistica foi utilizando o teste de Kruskal Wallis e
Dunn (p = 0,05). No capitulo 2, inicialmente cinquenta caninos humanos extraidos
foram instrumentados semelhante ao descrito no capitulo1 e distribuidos em 5

grupos (n = 10), de acordo com o protocolo de irrigagao final . No G1, os canais



radiculares foram irrigados com NaOCI 2,5% e EDTA 17% ; no G2, procedimentos
semelhantes ao G1 foram realizados, exceto que a CHX 2% foi utilizada como
solugao de irrigacao final. Nos demais grupos, o alcool isopropilico (G3), solugao
salina (G4) ou agua destilada (G5) foram utilizados entre NaOCIl e a CHX. Os
espécimes foram clivados longitudinalmente e a superficie dentinaria radicular
submetida a analise em MEV, também para avaliar a presenca de debris e smear
layer, nos segmentos cervical-médio e médio-apical. Outros cinglenta caninos
humanos extraidos foram divididos em cinco grupos (n = 10) e realizados com o0s
mesmos procedimentos descritos no estudo anterior. Apdés a obturagdo, foram
seccionadas para obter secgbes nos tercos cervical, médio e apical radicular e
também submetidos ao teste de push out, identicamente ao citado no capitulo1. A
analise estatistica dos estudos foi realizada utilizando o teste de Kruskal Wallis e
Dunn (p = 0,05). No capitulo 1, foi demonstrado que as formulagées do CHX a 2%
(solugao pura, gel, Concepsis e CHX-Plus) utilizadas no protocolo de irrigagao final
ocasionaram a precipitagao de debris e smear layer sobre a dentina radicular, tanto
no segmento cervical-médio como no médio-apical. Entretanto, estes residuos néo
reduziram a resisténcia de unido da obturagdo dos canais radiculares quando
utilizado o cimento endodéntico (AH Plus). No capitulo 2, foi observado que o alcool
isopropilico, a solugéo salina e a 4gua destilada ndo foram capazes de prevenir a
precipitacdo de residuos sobre a dentina. No entanto, estes resultados nao
interferiram negativamente nos valores da resisténcia de unido do cimento
endodéntico (AH Plus) na dentina radicular.

Descritores: clorexidina; endodontia; hipoclorito de soédio; resisténcia ao

cisalhamento.



Magro MG. Effects of different solutions irrigation or protocols to prevent the chemical
precipitates formed by interaction between sodium hypochlorite and chlorhexidine
gluconate and its repercussion on the bond strength of an epoxy-based sealer in
radicular dentin [Dissertacdo de Mestrado]. Araraquara: Faculdade de Odontologia

da UNESP; 2014.

ABSTRACT

The aim of this study was to evaluate the effects of the chemical interaction between
different formulations of chlorhexidine gluconate solution and sodium hypochlorite
and alternative protocols to prevent the chemical residues precipitation on radicular
dentin. In chapter 1, the aim of the current study was to evaluate the presence of
debris and smear layer after endodontic irrigation with different formulations of 2%
chlorhexidine gluconate (CHX) and its effects on the push-out bond strength of an
epoxy-based sealer on the radicular dentin. One hundred extracted human canines
were prepared to F5 instrument and irrigated with 2.5% sodium hypochlorite (NaOCI)
and 17% ethylenediaminetetraacetic acid. Fifty teeth were divided into five groups
(n=10), according to the final irrigation protocol with different 2% CHX formulations:
G1 (control, no final rinse irrigation), G2 (2% CHX solution), G3 (2% CHX gel), G4
(Concepsis), and G5 (CHX Plus). In sequence, the specimens were submitted to
scanning electron microscopy (SEM) analysis, in the cervical-medium and medium-
apical segments, to evaluate the presence of debris and smear layer. The other 50
teeth were treated equally to a SEM study, but the root canals filled with an epoxy-
based endodontic sealer and submitted to a push-out bond strength test, in the
cervical, middle, and apical thirds. G2, G3, G4, and G5 provided higher precipitation
of the debris and smear layer than G1 (p<0.05), but these groups were similar to

each other (p>0.05), in both segments. The values obtained in the push out test did



not differ between groups, independent of the radicular third (p>0.05). The CHXs
formulations caused precipitation of the debris and smear layer on the radicular
dentin, but these residues did not interfere in the push-out bond strength of the
epoxy-based sealer. In chapter 2, the aim was to evaluate the effectiveness of
isopropyl alcohol, saline or distilled water to prevent the precipitate formed between
NaOCI and 2% CHX and its effect on the bond strength of an epoxy-based sealer in
radicular dentine. Fifty extracted human canines (n =10) were instrumented. In G1,
root canals were irrigated with 17% EDTA and 2.5% NaOCI; G2, procedures similar
to G1, except that 2% CHX was used as final irrigation. In the other groups,
intermediate flushes with isopropyl alcohol (G3), saline (G4) or distilled water (G5)
were used between NaOCI| and CHX. The specimens were submitted to SEM
analysis to evaluate the presence of debris and smear layer, in the apical and
cervical segments. In sequence, fifty extracted human canines were distributed into
five groups (n = 10), similar to the SEM study. After the obturation, the roots were
sectioned transversally to obtain dentine slices, in the cervical, middle and apical
thirds. The specimens were submitted to a push-out bond strength test using an
electromechanical testing machine. The statistical analysis for studies were
performed using the Kruskal Wallis and Dunn’s tests (a = 5%). All groups presented
similar amount of residues precipitated on the radicular dentine (P > 0.05). The push-
out bond strength values were similar for all groups, independently of the radicular
third evaluated (P > 0.05). Isopropyl alcohol, saline or distilled water failed to prevent
the precipitation of residues on the root canal dentine, but these residues did not
interfere on the push-out bond strength of the obturation. In conclusion, all

formulations 2% CHX provided chemical precipitates on radicular dentin after 2.5%



NaOCI irrigation, but this residues does not interfered in push-out bond strength of
epoxy-based sealer on dentin.

Keywords: chlorexidine; endodontics; sodium  hipocloryte; Push  out.
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1 INTRODUCAO

O preparo quimico mecanico consiste na fase do tratamento endoddntico em
que ha a acao conjunta mecanica dos instrumentos endodonticos com as agdes
fisico-quimicas das solugbes de irrigacao, proporcionando o controle microbiano e
de seus subprodutos, com o objetivo de eliminar residuos organicos e inorganicos
do sistema de canais radiculares’’.

Entretanto, nenhuma substancia contempla todas as propriedades ideais
recomendadas para uma solucdo irrigadora, tanto no ambito biolégico como no
fisico-quimico *2. Portanto, visando obter uma adequada limpeza e neutralizacéo dos
produtos toxicos presentes nos canais radiculares, € interessante a combinagao de
diversas substancias irrigadoras, a fim de estabelecer protocolos de irrigagao mais
eficazes™.

Apds o preparo quimico-mecanico ha a formacdo de uma estrutura
precipitada sobre a dentina, denominada como smear layer, a qual é constituida de
residuos organicos e inorganicos provenientes do conteudo do canal radicular e
também de residuos de substancias quimicas rotineiramente utilizadas durante o
tratamento endodéntico ®*. A remocdo da camada de smear layer propicia a
desorganizagao da microbiota e seus subprodutos adjacentes a parede dentinaria
pelos agentes quimicos, incrementando a resisténcia de unido do cimento obturador
a dentina e, por conseguinte favorecendo a obturagdo do canal radicular >°%.

A solucdo de hipoclorito de sodio (NaOCI) é a substancia universalmente
empregada no preparo quimico-mecanico dos canais radiculares, sob diversas
apresentacdes comerciais 8 Apesar de sua satisfatoria acdo antimicrobiana e da
boa capacidade solvente de matéria organica presente no canal radicular, ndo é

eficaz na remogao da smear layer, bem como sua atividade antimicrobiana sobre
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algumas bactérias presente na microbiota endoddntica ser reduzida **3**. Com a
intencdo de suprimir estas deficiéncias, diversas substancias tem sido sugeridas
para o uso concomitante do NaOCI| nos protocolos de irrigacdo, tais como o
digluconato de clorexidina a 2% *.

A clorexidina (CHX) é um composto quimico bisbiguanida, que se dissocia em
ions carregados positivamente e interage com a membrana celular bacteriana,
penetrando no meio intracelular por um mecanismo de transporte ativo/passivo.
Possivelmente sua atividade antimicrobiana € devida a interagdo da carga positiva
da molécula com os grupos negativos da parede celular microbiana, alterando assim
o seu equilibrio osmdtico ocasionando a morte celular ?. A acdo antimicrobiana
também pode estar relacionada com o tipo de concentracdo e forma de
apresentacao dos irrigantes, bem como a susceptibilidade dos microrganismos a
formulagao utilizada %,

As restritas propriedades solvente de matéria organica em decomposic¢ao e
neutralizante de endotoxinas a inviabilizam como substancia de irrigacdo unica, em
substituigdo ao NaOCIl a 2,5%, sendo recomendada apenas como agente de
irfigacdo final previamente & obturacdo do canal radicular 2. Com a finalidade de
melhorar o seu uso clinico, alteragdes na composi¢cao na formula do composto do
digluconato de clorexidina a 2% tem sido sugeridos, tais como a altera¢ao do veiculo
e a adicdo de tensoativos '8%32°,

A forma farmacéutica gel (Natrosol) tem sido recomendado em substituicao a
solugdo aquosa de digluconato de clorexidina para maior praticidade clinica,
mantendo suas respectivas propriedades antimicrobianas e quimicas '¢'82%% Com

0 objetivo de reduzir a tensédo superficial da prépria clorexidina para favorecer a

difusdo nos tubulos dentinarios foi idealizado o CHX-Plus (Vista Dental Products,
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Racine, WI) que consiste na associagcdo com um detergente néo idnico (Triton-X®),
ao qual demonstra satisfatoria atividade antimicrobiana sobre o biofilme microbiano

presente em canais radiculares °.

Outra féormula comercial do digluconato de
clorexidina a 2% disponivel é o Concepsis Plus (Ultradent Products,Salt Lake, Utah)
que de acordo com o fabricante também possui reduzido valor de tenséo superficial,
sendo recomendado tanto no tratamento dos canais radiculares como agente de
condicionamento da dentina radicular previamente a cimentacéo de pinos de fibra?'.

O digluconato de clorexidina tem demonstrando ser efetivo como agente de
irrigacao final, tanto favorecendo a adesdo do cimento obturador ao substrato
dentinario como também pela sua atividade antimicrobiana na microbiota presente
nas infeccdes endoddnticas secundarias 2"%. Porém as formulagdes recentemente
propostas para uso endodéntico ainda carecem de avaliagbes ciéntificas a fim de
avaliar sua efetividade clinica "%°?.

Por outro lado, o uso combinado do hipoclorito de sédio com a clorexidina
ocasiona a precipitacdo de residuos que pode descolorir a estrutura dentaria®>®'. A
composicao deste precipitado ainda é discutida, porém através de analises
realizadas com espectrofotometria de dispersao de raios X e de massa identificaram
a 4-cloroanilina, também conhecida como para-cloroanilina (PCA), como sendo o
seu principal constituinte*. Mas a identificacdo destes constituintes estdo muito
relacionadas de acordo com a metodologia empregada e também a férmula da
clorexidina utilizada, uma vez que o acetato de clorexidina ao reagir com o NaOCI
nao forma a PCA %,

Uma vez que a composigdo do precipitado ainda é discutida, incégnitas

surgem em relagado aos possiveis danos biolégicos de serem causados aos tecidos

perirradiculares, assim como também a repercussao fisico-quimica sobre a
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obturagdo dos canais radiculares. Desta forma, € interessante prevenir a deposi¢cao
deste precipitado sobre a dentina radicular, através da irrigagdo com alcool absoluto
ap6s o uso do NaOCI e previamente ao digluconato de clorexidina, pois o soro
fisoldgico ou a agua destilada apenas amenizam a precipitagao 19,

O precipitado de coloragao-laranja-acastanhado resultante da reagao quimica
entre a CHX e o NaOCI ocorre devido ao processo de cloragdo do nitrogénio-
guanidino da molécula da CHX, diferente da reacdo quimica tipo acido-base que
ocorre quando a molécula de CHX reage com o etanol ou EDTA gerando um
precipitado de reduzida solubilidade, de coloragcdo branca e praticamente incapaz de

12627 Como a resisténcia de unido do

proporcionar descoloragao da estrutura denta
cimento obturador de canais radiculares no substrato dentinario esta diretamente
relacionado com a presenca de smear layer ou precipitados sobre a dentina
radicular e ciente que o sinergismo de agao proporcionado pela CHX em relagao ao
NaOCI nos protocolos de irrigagdo endoddntico é viavel, porém com o efeito adverso
de proporcionar uma smear layer quimica, a busca por agentes que possam ser
utilizados entre ambos a fim de prevenir este inconveniente se faz necessario,
principalmente utilizando solucdes alcodlicas’"'23°,

As solugbes alcodlicas disponiveis comercialmente sdo hidratadas e né&o
composto de etanol puro, o que pode vir a interferir negativamente no resultado
preventivo final. Por sua vez, o alcool isopropilico tem sido utilizado em Endodontia
para a remoc¢ao de residuos de cimento obturador da camara pulpar bem como
agente de condicionamento do substrato dentinario previamente a obturagdo dos
canais radiculares, porém inexistem estudos avaliando a sua efetividade na

prevencao da formagao do precipitado formado apds o uso do protocolo de irrigagao

com o NaOCl e a CHX ?° Estabelecidas as premissas ora discutidas, achamos
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oportuno avaliar se a formulagéo quimica do digluconato de clorexidina a 2% apos a
irrigacdo com o NaOCI exerce influéncia na magnitude de formagao de precipitado
sobre a dentina radicular, bem como se a utilizagdo do alcool isopropilico, agua
destilada ou soro fisiolégico sdo capazes de prevenir este fendbmeno, e por sua vez
se o precipitado formado tende a interferir na resisténcia de unido do cimento

obturador contendo resina epdxi (AH Plus) no substrato dentinario.
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2 PROPOSICAO

Capitulo 1: Avaliar a magnitude da presengca de debris e smear layer apds a
irrigacao final com diversas formulagbes do digluconato de CHX 2% e o efeito deste
protocolo de irrigagdo sobre a resisténcia de unido de obturagdes endoddnticas
utilizando cimento contendo resina epoxi, no interior do canal radicular e;

Capitulo 2: Avaliar a eficacia do alcool isopropilico, soro fisiolégico ou agua
destilada entre as solugbes de NaOCI a 2,5% e CHX a 2% para evitar a formagao
do precipitado sobre o substrato dentinario e o efeito destes protocolos sobre
resisténcia de unido de um cimento a base de resina epdxi na dentina do canal

radicular.
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3 CAPITULOS

3.1 CAPITULO 1
Evaluation of the Interaction Between Sodium Hypochlorite and Several Formulations
Containing Chlorhexidine and its Effect on the Radicular Dentin - SEM and Push-Out

Bond Strength Analysis. *

* Artigo aceito e publicado no Microscopy Research and Technique
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ABSTRACT

The aim of the current study was to evaluate the presence of debris and smear layer
after endodontic irrigation with different formulations of 2% chlorhexidine gluconate
(CHX) and its effects on the push-out bond strength of an epoxy-based sealer on the
radicular dentin. One hundred extracted human canines were prepared to F5
instrument and irrigated with 2.5% sodium hypochlorite and 17%
ethylenediaminetetraacetic acid. Fifty teeth were divided into five groups (n510),
according to the final irrigation protocol with different 2% CHX formulations: G1
(control, no final rinse irrigation), G2 (CHX solution), G3 (CHX gel), G4 (Concepsis),
and G5 (CHX Plus). In sequence, the specimens were submitted to scanning
electron microscopy (SEM) analysis, in the cervical-medium and medium-apical
segments, to evaluate the presence of debris and smear layer. The other 50 teeth
were treated equally to a SEM study, but with the root canals filled with an epoxy-
based endodontic sealer and submitted to a pushout bond strength test, in the
cervical, middle, and apical thirds. G2, G3, G4, and G5 provided higher precipitation
of the debris and smear layer than G1 (P<0.05), but these groups were similar to
each other (P>0.05), in both segments. The values obtained in the push out test did
not differ between groups, independent of the radicular third (P>0.05). The CHXs
formulations caused precipitation of the debris and smear layer on the radicular
dentin, but these residues did not interfere in the push-out bond strength of the
epoxy-based sealer. Microsc. Res. Tech. 00:000-000, 2013. VC 2013 Wiley
Periodicals, Inc.

Keywords: endodontics; debris; root canal; scanning electron microscopy; smear

layer.
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INTRODUCTION

The combined action of endodontic instruments with simultaneous irrigation
aims to eliminate organic and inorganic debris, microorganisms and the byproducts
of the radicular canal system, and shape the posterior root canal filling (S6 et al.,
2011). However, there is no single irrigation solution that contains all the
physicochemical and ideal microbiological properties (Zehnder, 2006). Therefore,
interesting is the combination of different irrigation protocols to provide better
cleaning, antisepsis, and neutralization of toxic products present in the root canal
system (Chandra, 2009; Aranda-Garcia et al., 2013). The presence of the debris and
smear layer interferes negatively in the bond strength of endodontic sealers on the
radicular dentin (Torabinejad et al., 2002; de Assis et al., 2011; Aranda-Garcia et al.,
2013). Consequently, microbial leakage can occur in the root canal filling—dentin
interface (Clark-Holke et al., 2003). A number of chemical agents and/or physical
methods have been investigated to remove the debris and smear layer and
ethylenediaminetetraacetic acid (EDTA) is the most commonly used solution
(Torabinejad et al., 2002; Violich and Chandler, 2010).

However, if another final rinse solution is used after these solutions, such as
chlorhexidine, a further residue precipitation on the radicular dentin may occur
(Aranda-Garcia et al., 2013). Sodium hypochlorite (NaOCI) solution is commonly
used as an irrigation solution during chemomechanical preparation of root canals, in
different commercial presentations (Zehnder, 2006; S6 et al., 2011). Despite its
broad-spectrum antimicrobial action and tissue dissolving properties, its penetration
into the dentin is limited (Zand et al., 2010; Kuga et al., 2011). At high concentrations
it is toxic, whereas at low concentrations it is ineffective against E. faecalis strains

(Zand et al., 2010; Dornelles-Morgental et al., 2011).
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These shortcomings of NaOCI have led the exploration for additional irrigant

solutions that would complement or replace NaOCI. Chlorhexidine (CHX), which is a
bisbiguanide compound, has been suggested as an alternative to or in combination
with NaOCI (Zehnder, 2006). It is a broad-spectrum antimicrobial agent that is shown
to be effective against E. faecalis strains and imparts antimicrobial substantivity to
the dentin (Oliveira et al., 2007; Mohammadi and Abbott, 2009).
For clinical practicability, chlorhexidine gluconate (CHX) gel has been recommended
as an alternative to an aqueous solution (Zehnder, 2006; Mohammadi and Abbott,
2009). This preparation is effective in reducing E. faecalis strains, even after 7 days
of the conclusion of the chemomechanical preparation of root canals, and has also
been associated with calcium hydroxide to be used as an intracanal dressing (Shen
et al., 2009; Pereira et al.,, 2012). On the other hand, CHX-Plus (Vista Dental
Products, Racine, WI) is also a new formulation of 2% CHX with a nonionic surfactant
(Triton- X VR) to reduce the surface tension of the solution with the objective of
providing higher antimicrobial activity (Shen et al., 2009; Wang et al., 2012).
Concepsis Plus (Ultradent Products, Salt Lake, UT) is another formulation which was
initially recommended for the radicular dentin conditioning previous to intracanal
cementation of the fiber post, but its application in endodontic procedures still require
further studies (Lindblad et al., 2010).

Although the root canal irrigation protocol commonly proposed is to use 2.5%
NaOCI during the chemomechanical preparation and a sequential final irrigation with
17% EDTA, 2.5% NaOCI, and 2% CHX, the association of these solutions produces
an orange— brown precipitate which forms a chemical smear layer and reduces the
dentinal permeability. (Zehnder, 2006; Basrani et al., 2007; Krishnamurthy and

Sudhakaran, 2010; Akisue et al., 2010; Do Prado et al., 2013). However, its effects
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are still unknown in the push-out bond strength of the root canal filling on the
radicular dentin. Therefore, the aim of this study was to evaluate the magnitude of
the presence of the debris and smear layer after final irrigation with different
formulations of 2% CHX and its effect on the push-out bond strength of an epoxy-

based sealer on the root canal dentin.
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MATERIALS E METHODS
Evaluation of the Presence of “Debris” and “Smear Layer”

The research protocol was authorized by the Ethical Committee Research of
the Sao Paulo State University, Brazil (Dental School, UNESP, Araraquara). Fifty
extracted single-rooted human teeth were radiographed to select only those with a
similar anatomy and kept in 0.1% thymol solution, at 4°C. The selected teeth were
decoronated 16 mm from the anatomic apex. The working length was established 1
mm short of the apical foramen. After the initial exploration with a #15K-file (Maillefer,
Ballaigues, Switzerland), the root canals were prepared using ProTaper rotary
instruments (Dentsply Maillefer, Ballaigues, Switzerland) until the F5 instrument,
according to the manufacturer's recommendations. Between each instrument, 5 mL
of 2.5% NaOCI was used for irrigation for 1 min. The radicular apex was sealed with
heated wax and at each change of rotary instrument the root canals were irrigated
with 5 mL of 2.5% NaOCI (Asfer, Sdo Bernardo do Campo, Sdo Paulo, Brazil). After
the chemomechanical preparation was completed, the root canals were filled with
17% EDTA (Biodynamics, Ibipora, PR, Brazil), maintained for 3 min and again
irrigated with 5 mL of 2.5% NaOCI, aspirated and dried with F5 absorbent paper
points (ProTaper, Dentsply Maillefer, Ballaigues, Switzerland).

The teeth were randomly divided into five groups (n=10), according to the final
irrigation protocol: G1 (control), use only 17% EDTA and 2.5% NaOCI for 3 min each;
G2 (CHX solution), similar to G1, but after irrigation with NaOCI solution, aspiration
and drying, the root canal was filled 2% CHX solution (FGM, Joinville, SC, BR); G3
(CHX gel): similar to G2 but using 2% chlorhexidine digluconate gel (Essential
Pharma, ltapetininga, SP, BR); G4 (Concepsis): similar to G2 but using 2% CHX

modified solution (Concepsis, Ultradent, South Jordan, UT), and G5 (CHX Plus):
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similar to G2 but using 2% chlorhexidine digluconate associated with a surfactant
(Vista Dental Products, Racine, WI). The chlorhexidine formulations were kept
intracanal for 3 min. All root canals were again aspirated and dried with F5 absorbent
paper points. In sequence, the teeth were split along their long axis and one half of
each specimen was dehydrated and processed in accordance with previous studies
(Kuga et al., 2012; Aranda-Garcia et al., 2013).

The specimens were examined under SEM (JEOL, Tokyo, Japan), operating
at 10 kV. Magnifications of 500X and 2000X were used to respectively evaluate the
debris and smear layer after the applications of different irrigation protocols, at the
cervical-medium and medium-apical radicular segments. In each root canal segment,
four areas were demarcated, analyzed, and the scores were obtained. The debris
and smear layer presence scores were in accordance with the criteria used by
Hulsmann et al. (1997). The scores assigned to each group and segments were
submitted to the Kruskal Wallis and Dunn tests (P=0.05).

Evaluation of the Push-Out Test

Fifty extracted canines for periodontal reasons with similar characteristics
were selected from patients, with ages between 50 and 70 years. The crowns were
sectioned using a water-cooled diamond bur (Medical burs Ind. and Com., Cotia, S&o
Paulo, Brazil), obtaining a root length of 16 mm, and the working length established 1
mm short of the apex. The root canal’s chemomechanical preparations and the group
divisions were performed as previously described in the SEM analysis. All the root
canals were dried with absorbent paper points and filled with the single cone
technique using a F5 gutta-percha point (Dentsply Maillefer, Ballaigues, Switzerland)
and AH Plus sealer (Dentsply DeTrey GmbH, Konstanz, Germany), as described by

Rodrigues et al. (2012). The quality of the root canal filling was checked
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radiographically, cut at the cervical level and vertically condensed. The roots were
stored at 37°C and 100% humidity for 7 days. Subsequently, the roots were vertically
positioned and centered in a plastic matrix (16.5 cm diameter X 15.0 mm in length)
and embedded in polyester resin (Maxi Rubber, Diadema, Sao Paulo, Brazil). All
specimens remained intact for 24 h.

The roots were then sectioned perpendicular to the longitudinal axis of the root
using a slow—speed diamond saw (Isomet; Buehler, Lake Bluff, IL) under water-
cooling. Three sections were obtained at a thickness of 2.0 + 0.1 mm, in the apical,
middle, and cervical thirds of each root. The cervical, middle, and apical sections
were obtained 1.0, 5.0, and 10.0 mm from the cervical side of the root. The push-out
bond strength was performed using an eletromechanical testing machine (EMIC, Sao
José dos Pinhais, PR, Brazil). A 1.30, 0.9, and 0.5 mm diameter cylindrical stainless
steel plunger, applying a constant compressive load at a crosshead speed of 0.5
mm/min, was positioned respectively in the cervical, middle, and apical thirds, so that
it only contacted the filling material. The values of displacement were recorded in N
and transformed into tension (MPa) using the formula according to Skidmore et al.
(2006). The results obtained for each third were submitted to the Kruskal Wallis and
Dunn tests (P=0.05). After the push-out bond strength test, the failure modes were
analyzed by examining each de-bonded specimen under a stereomicroscope (Leica
Microsystems, Wetzlar, Germany) at 40X magnification. The failures were classified
according to Huffman et al. (2009): adhesive failure: along the sealer-dentine
interface; cohesive: within the sealer, or mixed failures: that consisted of partial

adhesive failure along the dentinal walls and partial cohesive failure within the sealer.
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RESULTS
Evaluation of the Presence of “Debris” and “Smear Layer”

The representative images of the presence of the “debris” and “smear layer” in
the cervical- medium and medium-apical segments are shown respectively in Figures
1 and 2, after the final irrigation with 2.5% NaOCI and 17% EDTA (control) or with
several 2% CHX formulations. G1 showed a lower presence of debris and smear
layer, in both segments, than the other groups (P<0.05). There were no differences
between G2, G3, G4, and G5, in both radicular segments (P>0.05). Through SEM
analysis of the representative images, debris-covered area in cervical-medium
segment, in control and experimental groups shows nearly 5 and 25% of the total
dentin area, whereas in medium apical segment these values were nearly 3 and
30%, respectively. On the other hand, smear-covered area in cervical-medium
segment, in control and experimental groups shows nearly 10 and 25% of the total
dentin area, whereas in medium-apical segment these values were nearly10 and
40%, respectively. Tables 1 and 2 show the assigned values (median, minimum, and
maximum) of the obtained images in the cervical-medium and medium-apical,
respectively, for the presence of the debris and smear layer on the root dentin.
Evaluation of the Push-Out Bond Strength Test

Regardless of the root third evaluated, there were no differences between G1
(control group) and the other experimental groups (P>0.05), when an epoxy-based
sealer was used. G2, G3, G4, and G5 provided similar bond strength values of the
root canal filling when AH Plus sealer was used, when compared with G1 (P>0.05).
The groups that used 2% chlorhexidine digluconate (G2, G3, G4, and G5) showed
similar results when compared with each other (P>0.05). The median (minimum and

maximum) values, in experimental groups were: (a) cervical third: G1-1.80 (1.01—
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5.67); G2-1.70 (0.75-3.93); G3-1.83(0.29-3.19); G4-1.80(0.95-2.73); G5-1.98(1.31—
3.72); (b) middle third: G1-2.73 (2.20—4.06); G2-2.42 (0.77-4.22); G3- 2.57 (0.61-
5.74); G4-2.10 (1.28-3.48); G5-2.92 (1.76— 4.46); (C) apical third: G1-3.60 (2.02—
4.06); G2-3.14 (1.76-4.62); G3-3.75 (1.66-5.91); G4-2.60 (1.64-4.22); G5-3.86

(2.00-5.29).

-V S KEBE LS P

Fig. 1. Control group (A - cervical-medium segment, C - medium-apical segment) and
representative images of debris on the root canal dentin in the 2% CHX solution and
gel, Concepsis, and CHX Plus groups (B - cervical-medium segment, D - medium-
apical segment). Scale bar5500 mm.
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Fig.2. Control group (A - cervical-medium segment, C - medium-apical segment) and
representative images of the smear layer on the root canal dentin in the 2% CHX
solution and gel, Concepsis, and CHX Plus groups (B - cervical-medium segment, D
- medium-apical segment). Scale bar=2,000 ym.
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TABLE 1. Values attributed to presence of debris in the cervical medium (CM) and

medium-apical (MA) segments

segments G1 G2 G3 G4 G5
Median 12 2° 2° 2° 2°

CM Q1-Q3 1-1 2-2 2-2 2-2 2-2
Min-Max 1-2 1-3 2-3 2-3 1-3

Median 12 2° 2° 2° 2°

MA Q1-Q3 1-1 2-2 2-2 2-2 2-2
Min-Max 1-2 2-3 2-3 2-3 2-3

2P Different letters in the same segment indicate a statistical difference (P<0.05). CM,
cervical-medium segment; MA, medium-apical; Q1, first quartile; Q3, third quartile;
Min, minimum; Max, maximum. G1 - control group; G2 - 2% CHX solution; G3 - 2%
CHX gel; G4 - Concepsis; G5 - CHX Plus.
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TABLE 2. Values attributed to presence of smear layer in the cervical-medium (CM)

and medium-apical (MA) segments

segments G1 G2 G3 G4 G5
Median 12 2° 2° 2° 2°
CM Q1-Q3 1-1.75 2-2 2-2 2-2 2-2
Min-Max 1-2 2-3 2-3 2-3 2-3
Median 12 2° 2° 2° 2°

MA Q1-Q3 1-1.75 2-2.75 2-3 2275  2-2.75
Min-Max 1-2 2-3 2-3 2-3 2-3

aPDifferent letters in the same segment indicate a statistical difference (P<0.05). CM,
cervical-medium segment; MA, medium-apical segment; Q1, first quartile; Q3, third
quartile; Min, minimum; Max, maximum. G1 - control group; G2 - 2% CHX solution;
G3 - 2% CHX gel; G4 - Concepsis; G5 - CHX Plus.
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Figure 3 shows the push-out bond strength values between the groups (in
MPa) in the cervical, middle, and apical radicular thirds. The failure analysis showed
that mixed failure mode was predominant in all groups, independent of the radicular

thirds.
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Fig.3. Comparison of push-out bond strength values (in MPa) for various final
irrigation protocols in the different radicular thirds.
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DISCUSSION

The CHX formulations used in the final irrigation provided a chemical
precipitation of debris and smear layer on the radicular dentin, both in the cervical-
medium and medium-apical segments, higher than the irrigation protocol with 17%
EDTA and 2.5% NaOCI. However, these residues did not interfered in the push-out
bond strength of the epoxy-based sealer (AH Plus) on the radicular dentin. In the
control group (G1), the final irrigation with 17% EDTA and 2.5% NaOCI provided the
radicular dentin surface with a low incidence of debris and smear layer, in
accordance with previous studies (Torabinejad et al., 2002; Zehnder, 2006; Violich
and Chandler, 2010). On the other hand, the slight residues precipitation on the root
canal dentin observed in G2, G3, G4, and G5 were also observed in other studies
(Bui et al., 2008; Do Prado et al., 2013).

Initially, it was believed that this precipitate consisted principally of 4-
chloroaniline or parachloroaniline (Basrani et al., 2007; Basrani et al., 2010).
However, recent studies have shown that the amount of parachloroaniline (PCA)
present in the precipitate is minimum, being mainly composed of
parachlorophenylurea (PCU) and parachlorophenylguanidyl-1.6- diguanidyl-hexane
(PCGH) (Thomas and Sem, 2010; Nowicki and Sem, 2011). In the current study, this
precipitate may have occurred because no solution had been used between the
NaOCI solution and CHX formulations (Krishnamurthy and Sudhakaran, 2010; Do
Prado et al., 2013). The residues precipitation intensity on the radicular dentin is
related to the maintenance of the root canal filled with NaOCI before the use of CHX
(Bui et al., 2008). In the current study, before the use of several formulations of CHX,
the root canal was aspirated and dried with an absorbent paper point. Therefore,

there was only a slight residues precipitation on the radicular dentin, as also
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observed by Bui et al. (2008). Several methodologies were used to evaluate
presence of debris and/or smear layer on radicular dentin (Hulsmann et al., 1997;
Torabinejad et al., 2002; Lottandi et al., 2009; De-Deus et al., 2011). Lottandi et al.
(2009) used backscattered SEM images of root canal trans-sections to determine the
pattern of the dentinal in-depth demineralization and concluded that tubular sclerotic
dentin areas were present along the whole radicular extension, mainly in apical third.
Based in this observation, they suggested the existence of possible errors when
debris/smear layer-covered dentin areas were evaluated only through conventional
SEM qualitative analysis. Thus, De-Deus et al. (2011) developed an optical
microscopy method (CSOM) which allows longitudinal observation of a
predetermined dentin area and provides quantitative data of the changes in dentinal
substrate. However, in these studies the dentinal substrate was underwent some
kind of demineralization action and smear layer-covered area was immediately
analyzed. In contrast, our study evaluated the precipitates formed only after the use
of several formulations containing chlorhexidine.

Moreover, as in all groups the initial treatment was similar, using 2.5% NaOCI
and 17% EDTA, the precipitate formed on radicular dentin in experimental groups
were consequently derived from chemical reaction between chlorhexidine solutions
and NaOCl, designated “chemical smear layer” (Do Prado et al., 2013).

Therefore, in this case the method proposed by Hulsmann et al. (1997) is
coherent to evaluate the precipitate-covered area and routinely used to evaluate the
presence of residues on radicular dentin (Kuga et al., 2012; Aranda-Garcia et al.,
2013), although only provide qualitative analysis.

The effect of the presence of the debris and smear layer in the push-out bond

strength on the radicular dentin using an epoxy-based sealer was null, in all radicular
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thirds. The chemical endodontic sealer composition used may have also contributed
to the similarity of the results between the groups. When the dentine is pre-treated
with 2% CHX, the contact angle formed between the surface and the epoxybased
sealer (AH Plus) is significantly lower, increasing the dentinal adhesion of the
endodontic sealer, regardless of the presence of the smear layer (de Assis, 2011).

There is no correlation between the intradentinal epoxy-based endodontic
sealer penetration and its adhesion in the radicular dentin (Saleh et al., 2003). On the
other hand, dentinal adhesion for this sealer is attributed to a chemical reaction with
the collagen dentin amine group establishing a covalent bond between the epoxy
resin and dentinal surface (Lee et al.,, 2002). The AH Plus, an epoxy-based
endodontic sealer, was used in this study because in the push-out bond strength test,
it is a gold standard sealer for comparison (Aranda-Garcia et al., 2013).

Therefore, in the current study, since the chemical residues precipitation on
the root canal dentin surface was slight, possibly due to the aspiration and drying
procedures, the largest surface area without the debris and smear layer
compensated the area of obstructed dentinal tubules by residues, providing the
similarity of push-out bond strength values between several groups, regardless of the
2% CHX formulation and radicular thirds. All 2% CHX provides residues precipitation,
regardless of the gel or liquid formulations with or without a surfactant. The 2% CHX
is a substance recommended to complement the 2.5% NaOCI in endodontic irrigation
protocols.

Despite the possible chemical combinations, these solutions can produce
residues precipitation on the radicular dentin, and its effect on the adhesion of the
epoxy-based sealer in the radicular dentin is insignificant, since the root canal had

been previously aspirated and dried. However, longitudinal studies on the impact of
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the persistence of these residues on the radicular dentin and its biological and

microbiological effects are still required to be studied.
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CONCLUSION

The formulations of 2% CHX (solution, gel, Concepsis and CHX-Plus) used as a final
irrigation protocol caused higher precipitation of the debris and smear layer on the
root canal dentin than the 17% EDTA and 2.5% NaOCI irrigation protocol, both in the
cervical medium and medium apical segments. But, these residues did not interfere
in the push-out bond strength of the epoxy-based endodontic sealer (AH Plus) on the

root canal dentin, in all radicular thirds.
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3.2 CAPITULO 2
Effectiveness of several solutions in prevention of the precipitate formed on the

interaction between sodium hypochlorite and chlorhexidine and its effect on the bond

strength of an epoxy-based sealer.”

*Artigo aceito no International Endodontic Journal.



54

ABSTRACT

To evaluate the effectiveness of isopropyl alcohol, saline or distilled water to prevent
the precipitate formed between sodium hypochlorite (NaOCI) and chlorhexidine
(CHX) and its effect on the bond strength of an epoxy-based sealer in radicular
dentine. Methodology Fifty extracted human canines (n =10) were instrumented. In
G1, root canals were irrigated with 17% EDTA and 2.5% NaOCI; G2, procedures
similar to G1, except that 2% CHX was used as final irrigation. In the other groups,
intermediate flushes with isopropyl alcohol (G3), saline (G4) or distilled water (G5)
were used between NaOCI| and CHX. The specimens were submitted to SEM
analysis to evaluate the presence of debris and smear layer, in the apical and
cervical segments. In sequence, fifty extracted human canines were distributed into
five groups (n = 10), similar to the SEM study. After the obturation, the roots were
sectioned transversally to obtain dentine slices, in the cervical, middle and apical
thirds. The specimens were submitted to a push-out bond strength test using a
electromechanical testing machine. The statistical analysis for studies were
performed using the Kruskal Wallis and Dunn’s tests (a = 5%). Results All groups
presented similar amount of residues precipitated on the radicular dentine (P > 0.05).
The push-out bond strength values were similar for all groups, independently of the
radicular third evaluated (P > 0.05). Conclusions Isopropyl alcohol, saline or distilled
water failed to prevent the precipitation of residues on the root canal dentine, but
these residues did not interfere on the push-out bond strength of the obturation.

Keywords: endodontics, dentine, debris, scanning electron microscopy, smear layer
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INTRODUCTION

The organic and inorganic tissues dissolving ability and antimicrobial effects
associated with low toxicity to periapical tissue are desirable properties of endodontic
irrigation solutions (Hauman & Love 2003, Haapasalo et al. 2010). Sodium
hypochlorite (NaOCI) is the irrigating solution most commonly used during root canal
therapy because of its effective physicochemical and antibacterial properties
(Mohammadi 2008, Dornelles- Morgental et al. 2011, Kuga et al. 2011, S¢é et al.
2011). However, there are some disadvantages for NaOCI, such as toxicity to tissues
and potentially allergenic (Pontes et al. 2008), and if accidentally extruded out of the
root canal, can result in destructive tissue damage (Ehrich et al. 2007). Thus,
alternative substances, such as 2% chlorhexidine digluconate have been suggested
to replace NaOCl (Mohammadi & Abbott 2009a). Chlorhexidine is a cationic
molecule, which disrupts the membranes of bacteria and has a wide range of
antimicrobial activity (Sena et al. 2006). Its chemical structure provides a unique
property designed substantivity (Mohammadi & Abbott 2009b). Despite its
satisfactory biological property, chlorhexidine has a practically disproved tissue
dissolution capacity (Naenni et al. 2004, Pereira et al. 2012). Therefore, the utilization
of chlorhexidine is interesting only as a supplemental final irrigation solution after
NaOCI and EDTA irrigation (Zehnder 2006, Baldissera et al. 2012).

A problem with this irrigation protocol is that with the use of chlorhexidine
gluconate, simultaneously or after the use of NaOCI, it produces an orange-brown
precipitate (Basrani et al. 2007). It is assumed that this precipitate contains
parachloroaniline (PCA), which has been shown to be toxic (Chhabra et al. 1991,
Pereira et al. 2012). Another problem is that this precipitate can lead to dental

discoloration and might interfere with the sealing of the root canal filling (Vivacqua-
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Gomes et al. 2002, Bui et al. 2008). However, the chemical composition of this
precipitate is questionable because through nuclear magnetic resonance
spectroscopy analysis, it has been observed that a mixture of NaOCI and
chlorhexidine acetate does not produce PCA (Thomas & Sem 2010).

The products appear to be parachlorophenylurea (PCU) and
parachlorophenylguanidyl-1.6- diguanidyl-hexane (PCGH) (Nowicki & Sem 2011). On
the other hand, it has also been shown that mixing EDTA with CHX also creates a
white precipitate without PCA (Rasimick et al. 2008). To avoid the formation of this
precipitate, an intermediate intracanal flush with isopropyl alcohol or 50% citric acid
has been recommended to remove residues of NaOCI, before the use of CHX
(Krishnamurthy & Sudhakaran 2010, Mortenson et al. 2012). Isopropyl alcohol
prevents formation of the precipitate, while saline, distilled water or citric acid only
minimizes it (Krishnamurthy & Sudhakaran 2010). However, this study was evaluated
by stereomicroscopy and there is no study that evaluates the effectiveness of these
solutions, in removal of NaOCI residues and thus preventing the formation of
precipitates, thorough scanning electron microscopy (SEM) analysis on root canal
dentine, as well as its effect on the push-out bond strength of epoxy-based sealer in
root canal dentine.

The aim of this study was to compare the effectiveness of different irrigation
protocols between NaOCI and 2% CHX irrigation solutions (isopropyl alcohol, saline
or distilled water) to prevent the precipitates formation and its effect on the push-out

bond strength of an epoxy-based sealer on root canal dentine.
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MATERIAL E METHODS
Debris and smear layer removal analysis

The research protocol was authorized by the Ethical Committee Research of
the Sao Paulo State University, Brazil (Dental School, UNESP, Araraquara). Fifty
extracted human canines were radiographed to select only those with a similar
radicular morphology. The selected teeth were decoronated 17 mm from the
anatomic apex.

The working length was established 1 mm short of the apical foramen. The
root canals were prepared using ProTaper rotary instruments (Dentsply Maillefer,
Ballaigues, Stwizerland) until F5 instrumentation. After each instrument, the root
canal was irrigated with 5 mL 2.5% NaOCI. As an irrigation final protocol, the root
canal was filled with 17% EDTA (Biodinamica, lIbipora, Brazil), maintained for 3
minutes and neutralized with 5mL of 2.5% NaOCI. The root canal was aspirated and
dried with paper points. Heat was used to seal the apical foramen. In sequence, the
roots were assigned to 5 groups (n = 10) according to the irrigation protocol: G1
(control group), a new irrigation with 5 mL 2.5% NaOCI| was performed; G2- similar to
G1, except that after the use of 2.5% NaOCI, the root canal was aspirated and dried
with paper points, and a final irrigation with 5 mL 2% CHX digluconate (FGM,
Joinville, PR, Brazil) was performed; G3, G4 and G5 were similar to G2, but received
intermediate flushes between the last two solutions, with 5 mL of isopropyl alcohol
(Sigma-Aldrich, St. Louis, MO, USA), saline or distilled water, respectively. The root
canals were aspirated and dried with paper points, between each solution change
and in the final treatment. Next, the teeth were split along their long axis and one half
of each specimen was dehydrated and processed in accordance to Kuga et al.

(2012a). The specimens were examined under SEM (JEOL Ltda, Tokyo, Japan),
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operating at 10 kV. Magnifications of 500X and 2000X were used to respectively
evaluate the debris and smear layer removal ability by the irrigating protocols, at the
cervical and apical root canal segments. In each root canal segment, four areas were
demarcated, analyzed and the scores were obtained.

The debris and smear layer removal scores were in accordance to the criteria
used by Hilsmann et al. (1997). The data was analyzed statistically by the Kruskal
Wallis and Dunn’s tests, at a 5% significance level.

Push-out bond strength test

Fifty extracted human maxillary canines with similar characteristics were
selected. The crown portions were sectioned using a water-cooled diamond bur
(Medical burs Ind. and Com. Ltda, Cotia, Sdo Paulo, Brazil), obtaining a root length
of 16 mm, and the working length established 1 mm short of the apex. All teeth were
instrumented using ProTaper rotary instruments (DentsplyMaillefer, Ballaigues,
Switzerland) until F5 instrumentation. The root canals were irrigated with 2.5%
NaOCI. After the instrumentation, the roots were divided into 5 groups (n = 10), as
previously described in the debris and smear layer removal analysis. The irrigating
procedures were done with the same protocols described in the debris and smear
layer removal analysis. In sequence, all the root canals were dried with paper points
and filled with the single cone technique using a F5 gutta-percha point (Dentsply
Maillefer, Ballaigues, Stwizerland) and AH Plus sealer (Dentsply DeTrey GmbH,
Konstanz, Germany). The roots were stored at 37°C and 100% humidity for 7 days.
After this period, the specimens were vertically positioned in a circular plastic matrix
and embedded in polyester resin. All specimens remained intact for 24 hrs. The roots
were then sectioned perpendicular to the longitudinal axis of the root using a slow-

speed diamond saw (Isomet; Buehler Ltd, Lake Bluff, IL, USA) under watercooling.
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Three sections were prepared at a thickness of 2.0 mm + 0.1, in the apical, middle
and coronal thirds of each root. The cervical, middle and apical sections were
obtained 1, 5 and 10 mm from the cervical side of the root, respectively. The push-
out bond strength was performed using a universal testing machine (EMIC, Sao José
dos Pinhais, PR, Brazil). A 1.30 mm, 0.9 mm and 0.5 mm diameter cylindrical
stainless-steel plunger, applying a constant compressive load at a crosshead speed
of 0.5 mm/min, was positioned respectively in the cervical, middle and apical thirds,
so that it only contacted the filling material. The values at the time of displacement
were recorded in N and transformed into tension (MPa) using the formula described
by Skidmore et al. (2006).

The results obtained for each third were submitted to the Kruskal Wallis and
Dunn’s test, at a 5% significance level. After the push-out bond strength test, the
failure modes were analyzed by examining each de-bonded specimen under a
stereomicroscope (Leica Microsystems, Wetzlar, Germany) at 40X magnification.
The failures were classified according to Huffman et al. (2009): adhesive failure:
along the sealer-dentine interface; cohesive: within the sealer, or mixed failures: that
consisted of partial adhesive failure along the dentine walls and partial cohesive

failure within the sealer
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RESULTS

Debris and smear layer removal

The representative images of the debris and smear layer persistence in the cervical
and apical segments are shown respectively in Fig. 1 and 2, after irrigation as
described for G1 (control group) and the other groups (G2, G3, G4 and G5). There
are no differences between the control and experimental groups (P > 0.05), for the
debris and smear layer analysis. All groups presented moderate presence of
residues on the root canal dentine.

Push-out bond strength test and failure mode analysis

Independent of the root third evaluated, there are no differences between the control
and experimental groups (P > 0.05), when an epoxy-based sealer was used. The
failure analysis showed that mixed failure mode was predominant in all groups,
independent of the radicular third. Table 1 shows the push-out bond strength values

(in MPa) in several radicular thirds.
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Figure 1 - Control group (A- cervical segment, D- apical segment) and representative
images of debris in experimental groups (B- cervical segment, E- apical segment).
Scores attributed to: G1- control group; G2- 2%CHX; G3- Isopropyl alcohol; G4-
saline, and G5- distilled water, in the cervical (C) and apical (F) segments.
170x85mm (300 x 300 DPI)
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Figure 2 - Control group (A- cervical segment, D- apical segment) and representative
images of smear layer in experimental groups (B- cervical segment, E- apical
segment). Scores attributed to: G1- control group; G2- 2%CHX; G3- Isopropyl
alcohol; G4- saline, and G5- distilled water, in the cervical (C) and apical (F)
segments. 170x85mm (300 x 300 DPI).
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Table 1 Push-out bond strength values (in MPa) of an epoxy-based sealer, in several
radicular thirds.

G1 G2 G3 G4 G5

Medium 3.44 2.31 4.07 3.78 3.08
Q1-Q3 2.53-3.89 2.08-2.51 3.35-4.57 256-4.65 2.81-3.51
min-max 1.39-5.78 1.52-5.67 2.46-5.56 1.19-8.12 1.14-5.44

medium 4.77 2.73 3.70 4.25 2.32
Q1-Q3 2.64-6.29 2.34-295 1.46-5.67 1.76-6.20 1.46-4.85
min-max 1.26-7.18 2.21-4.06 1.23-7.88 1.03-9.07 1.23-7.14

medium 3.08 5.74 3.61 4.25 3.40
Q1-Q3 1.75-3.68 3.11-7.36 2.08-6.15 3.92-4.74 2.50-6,18
min-max 1.16-8.13 3,31-9.34 1.21-9.90 1.34-597 1.54-9.34

G1- control group; G2- 2%CHX; G3- isopropyl alcohol; G4- saline, and G5- distilled
water; (C) cervical third, (M) middle third, (A) apical third; (Q1) first quartile; (Q3)third
quartile;(min), minimum, (max), maximum. There are no significant diferences
between the groups (P > 0.05).
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DISCUSSION

The different irrigation protocols used between NaOCl and 2% CHX
digluconate, such as isopropyl alcohol, saline or distilled water, were not effective in
preventing residues precipitation on the root canal dentine. However, this precipitate
did not interfere on the push-out bond strength of AH Plus sealer in the root canal
dentine, while all groups presented similar values to the control group. Several and
different methods to evaluate the presence of debris and/or smear layer on the root
canal dentine were proposed, but SEM analysis is the most commonly used for
endodontic studies (Kuga et al. 2010, Kuga et al. 2012b). The parameter used to
evaluate the amount of residue on the root canal dentine is in accordance with
Hulsmann et al. (1997). Push-out bond strength is a test frequently used to evaluate
the adhesion of endodontic sealer in the root canal dentine (Kandaswamy et al.
2011, Baldissera et al. 2012).

The experimental groups presented similar amount of debris and smear layer
in relation to the control group, possibly due to low interaction between 2.5% NaOCI
and 2% CHX, since after each irrigation procedure the root canals were aspirated
and dried with paper points. Bui et al. (2008) also observed that there is no significant
difference in the remaining debris on the root canal dentine after using this
association, when compared to 5.25% NaOCI alone.

In the present study, isopropyl alcohol, saline or distilled water did not prevent the
formation of precipitate on the root canal dentine. On the other hand, Krishnamurthy
& Sudhakaran (2010), using stereomicroscopy analysis, observed that isopropyl
alcohol resulted in completely clean canals, whereas saline or distilled water

produced a sparse precipitate. However, these authors maintained that the root canal
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filed with NaOCI provides a low number of patent tubules than in a root canal
previously aspirated (Bui et al. 2008).

The ideal for root canal obturation is that the entire root canal space is filled
without gaps or voids. Sealers and gutta-percha cones should be formed in a
uniform, chemically bonded mass that is bonded to the radicular dentine (Janaen et
al. 2007). The mixture of NaOClI and CHX causes a reduction of dentinal
permeability, significantly in the apical radicular third, creating a “chemical smear
layer” (Akisue et al. 2010), which adheres to the root canal dentine (Vivacqua-Gomes
et al. 2002). This could interfere on the bond strength of endodontic sealers in the
radicular dentine. However, in the conditions of the present study, push-out bond
strength values were similar between groups, due to sparse and heterogeneous
residues precipitation, probably because the root canals were aspirated and dried
during the irrigation procedures.

Therefore, when irrigation solutions were aspirated and the root canals were dried
with paper points, 2.5% NaOCI associated with 2% CHX irrigation provided residues
precipitation on the root canal dentine similar to that provided by 2.5% NaOCI

irrigation alone.
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CONCLUSION

Isopropyl alcohol, saline or distilled water used between irrigating solutions
failed to prevent the precipitation of residues on the root canal dentine. However, the
use of different irrigation protocols and precipitate residues did not interfere on the
values of the bond strength of epoxy-based sealer (AH Plus) in the root canal
dentine. Further studies are needed to define the ideal protocol for irrigation in these

situations.
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4 DISCUSSAO GERAL

O sucesso do tratamento endodéntico envolve fatores intrinsecos e
extrinsecos aos procedimentos técnicos, porém a persisténcia de microrganismos no
sistema de canais radiculares pode comprometer negativamente o seu
prognésticozs. O preparo biomecanico tem por finalidade eliminar ou reduzir a
presenca destes microrganismos e também do substrato para a sua sobrevivéncia
2,8,9,10,14,33.

O NaOCI é a solugado de irrigacao dos canais radiculares universalmente
recomendada no preparo biomecanico, porém é ineficaz para a total remogao da
smear layer da superficie dentinaria e apresenta restrita atividade antimicrobiana
sobre bactérias presentes na infecgdo secundaria dos canais radiculares 1022303337,
Protocolos associando o NaOCI e o digluconato de clorexidina tem sido propostos
com a finalidade de suprir as deficiéncias permitidas quando o NaOCI é utilizado
como solucao de irrigagdo Unica "22>%,

Apesar da racionalidade e bons resultados obtidos com esta associacao,
protocolos que utilizam o gluconato de clorexidina a 2% imediatamente apods o
NaOCIl a 2,5% ocasionam a precipitacdo de residuos quimicos sobre a superficie
dentinaria radicular, acreditando inicialmente ser a 4-cloroanilina ou paracloroanilina
34 Entretanto, através de estudos recentes tem demonstrado que a quantidade de
paracloroanilina (PCA) presente no precipitado € desprezivel, sendo ele constituido
principalmente por paraclorofeniluréia (PCU) e paraclorofenilguandinil-1, 6-
diguanidil-hexeno (PCGH) 432,

No presente estudo foi constatado que este protocolo de irrigagdo sempre

ocasiona a precipitacdo de residuos sobre a superficie dentinaria do canal radicular,

independente da formulagdo quimica do composto que contém o digluconato de
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clorexidina a 2%. Por outro lado, o alcool isopropilico, agua destilada e soro
fisiologico utilizados entre o NaOCl a 2,5% e a CHX a 2% foram ineficazes para
evitar a precipitacdo de residuos, porém estes precipitados nao interferiram
negativamente na resisténcia de unido do cimento AH Plus na dentina,
independentemente do tergo radicular, quando comparado ao protocolo de irrigagao
final com o EDTA a 17%.

No primeiro capitulo foi observado que o grupo controle (G1) apresentou
debris e smear layer sobre a dentina radicular, semelhante ao observado por
estudos anteriores >3*%38_Entretanto esta formac&o foi em menor magnitude que os
grupos ao qual utilizaram algum composto contendo digluconato de clorexidina a
2%. Tais observagdes estdo em acordo com Do Prado et al.'? (2013).

Enquanto que nos outros grupos G2, G3, G4,G5, uma ligeira formagao do
precipitado pode ser observado, assim como nos estudos de Do Prado et al.
(2013).

A intensidade da precipitacido destes residuos na dentina esta diretamente
relacionada ao método de irrigagdo e aspiracdo endoddntica utilizada. Caso o
NaOCI seja mantido no interior do canal radicular, sem ser previamente aspirado
e/ou seco com pontas de papel absorvente, e imediatamente ser utilizado o CHX a

2% ha intensa precipitacdo de residuos na dentina °

. No presente estudo a
precipitacdo de residuos foi de reduzida magnitude, uma vez que apoés o NaOCI
2,5% os canais radiculares foram aspirados e secos com cones de papel
absorvente.

Os debris e smear layer, caracterizando a precipitacdo de residuos, nao

interferiram negativamente na resisténcia de unidao do cimento AH Plus na dentina
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radicular. A composigao quimica do cimento obturador utilizado no presente estudo
pode ter contribuido para que houvesse similaridade de resultados entre os grupos '

Para evitar a formagao deste precipitado tem sido sugerido a utilizacdo de
substancias irrigadoras entre o NaOCI 2,5% e a CHX a 2% '®%. No segundo
capitulo deste estudo, foram utilizados protocolos de irrigagcdo com alcool
isopropilico, soro fisiolégico ou agua destilada apos a utilizagédo do NaOCl a 2,5% e
previamente ao CHX a 2%, porém estes protocolos ndo foram capazes de prevenir
totalmente a precipitagdo de residuos na dentina do canal radicular, que mesmo
assim nao interferiram na resisténcia de unidao do cimento AH Plus, possivelmente
pelos mesmos motivos previamente discutidos.

A quantidade de debris e smear layer e os efeitos sobre a resisténcia de unido
do cimento AH Plus na dentina radicular foram similares entre os grupos
experimentais e o grupo controle grupo controle, possivelmente devido a reduzida
interacao entre NaOCIl 2,5% e CHX 2%, uma vez que os canais também foram
aspirados e secos com cones de papel absorvente °. Tais resultados divergem de
Krishnamurthy, Sudhakkaran '° (2010), porém estes autores realizaram a analise em
estereomicroscopia apos a irrigagdo com CHX a 2%, porém sem a secagem do
canal radicular e da dentina radicular.

Sendo assim, ha necessidades de novos estudos serem realizados, tanto
biologicamente a fim de avaliar a toxidade deste precipitado, como tanto avaliar
novas substancias que possam prevenir a precipitacdo de residuos na dentina
radicular, apos a utilizagao de protocolos de irrigagao que se faz necessario utilizar o

NaOCIl e a CHX.
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5 CONCLUSAO

De acordo com a metodologia descrita no presente estudo, podemos concluir
que o protocolo de irrigagao com diversas formulagdes contendo o digluconato de
clorexidina a 2% apo6s o hipoclorito de sodio a 2,5% ocasiona a precipitacédo de
residuos sobre a dentina radicular. Entretanto estes residuos nao interferem na
resisténcia de unido do cimento endodéntico contendo resina epoxi (AH Plus) na
dentina. Complementando o estudo, foi possivel observar que protocolos de
irrigacao intermediaria, entre o uso do hipoclorito de sédio a 2,5% e o digluconato de
clorexidina a 2%, com alcool isopropilico, solugdo salina ou agua destilada
fracassaram em evitar tal precipitacdo sobre a dentina radicular, porém novamente
foi comprovado que estes residuos nao interferiram na resisténcia de unido do

cimento obturador.
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ARARACHIARA, 21 02 AQosiD de 2013

Azalinador por:
Maurcio Maelralbas Hagle
[Coordenador)
Enderegn; HUMAITA 1680
Bakra: CENTRC CEP: 44 By

UF: EF Minkciphs: ARARSOLUARS
Telafed: 15330164 Fam: 18330164 E-mall: oepeyodr wnedi b, moagkei L
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Autorizo a reproducao deste trabalho.

(Direitos de publicacao reservado ao autor)

Araraquara, 13 de Marco de 2014

Miriam Graziele Magro



