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RESUMO 

 

A utilização de substâncias químicas auxiliares, durante o tratamento 

endodôntico, pode alterar a composição química e as propriedades físicas da estrutura 

dentinária corono-radicular. Além disso, pode interferir no processo de união do material 

restaurador às estruturas dentinárias da câmara pulpar. Dessa maneira, pesquisas devem ser 

realizadas possibilitando a indicação de uma substância, que apresente o mínimo efeito nas 

propriedades mecânicas dentinárias, enquanto exerce o efeito de debridamento desejado. 

No intuito de facilitar a apresentação desta Tese, a mesma foi dividida em três capítulos, 

como descrito nas proposições seguintes. Capítulo 1: revisar sistematicamente a literatura 

a respeito dos efeitos da solução de hipoclorito de sódio nas propriedades mecânicas da 

dentina do canal radicular quando a mesma é utilizada durante o tratamento endodôntico. 

Capítulo 2: verificar os efeitos de diferentes substâncias químicas auxiliares (soro 

fisiológico, hipoclorito de sódio, clorexidina gel, peróxido de uréia – Endo-PTC® e EDTA) 

na microdureza (realizada por meio do teste de microdureza Vickers) e morfologia 

(realizada por meio de análise em Microscopia Eletrônica de Varredura) da dentina da 

câmara pulpar de dentes anteriores decíduos e permanentes. Capítulo 3: avaliar o efeito de 

substâncias químicas auxiliares (soro fisiológico, hipoclorito de sódio, clorexidina gel, 

peróxido de uréia – Endo-PTC® e EDTA) na rugosidade superficial da dentina da câmara 

pulpar de dentes decíduos e permanentes. Baseando-se na revisão de literatura pôde-se 

concluir que há forte evidência de que o hipoclorito de sódio altera as propriedades 

mecânicas da dentina radicular, quando o mesmo é utilizado como solução irrigadora 

durante o tratamento endodôntico. O uso de substâncias químicas auxiliares diminuiu os 

valores de microdureza dentinária Vickers tanto para dentes decíduos quanto para os 

permanentes. Observaram-se resultados não conclusivos com o uso do EDTA 17% na 

dentina da câmara pulpar dos dentes decíduos e permanentes uma vez que a microdureza 

superficial não pôde ser mensurada. A solução de hipoclorito de sódio 1% e 5,25% 

produziu os menores valores de microdureza Vickers para dentes decíduos e permanentes, 

comparados à clorexidina gel 2% e grupo controle (soro fisiológico). Alterações 

morfológicas foram observadas quando a dentina da câmara pulpar foi irrigada com solução 
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de hipoclorito de sódio 1% ou 5,25% associados ao EDTA 17%, EDTA 17% utilizado 

isoladamente e clorexidina gel 2% associada ou não ao EDTA 17%. Em relação à 

rugosidade superficial pôde-se concluir que a irrigação da dentina da câmara pulpar 

aumentou a rugosidade superficial dos dentes permanentes e decíduos tratados com 

hipoclorito de sódio 1% e 5,25% associados ao EDTA 17%.  

Descritores: Câmara pulpar, clorexidina, dentina, dureza, EDTA, endodontia, hipoclorito 

de sódio, irrigação.   
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ABSTRACT 

 

Irrigation solutions, endodontic auxiliary chemical substance, and chelating 

agents used on root canal treatment might yield changes in the chemical composition and 

physical properties of dentin surface, and affect its interaction with materials used for 

coronal sealing. Thus, studies are required to select a suitable chemical agent, which has 

minimal effects on the mechanical properties of the tooth whilst achieving the desired 

debridement effect. In order to facilitate the accomplishment of this Thesis, it was divided 

into three chapters, as described on the following descriptions. Chapter 1: to present a 

systematic review on the effect of sodium hypochlorite on the mechanical properties of root 

canal dentin, considering its use as an irrigation solution. Chapter 2: to verify the effects of 

endodontic irrigants, auxiliaries chemicals substances and chelating agent on the 

microhardness (Vickers Hardness test) and morphology (Scanning Electron Microscopy) of 

the pulp chamber dentin in primary and permanent teeth. Chapter 3: to evaluate the effect 

of endodontic irrigants, auxiliaries chemicals substances and chelating agent on the 

roughness of the pulp chamber dentin of primary and permanent teeth. Based on literature 

review it could be concluded that there is strong evidence showing that sodium 

hypochlorite alters the mechanical properties of root canal dentin, when used as an 

endodontic irrigant. The use of irrigation solutions decreased the Vickers Hardness Number 

values for both permanent and primary teeth. Inconclusive results were observed when 17% 

EDTA was used, since it could not be measured. Sodium hypochlorite provides lower 

Vickers Hardness Number for primary and permanent teeth, compared with 2% 

chlorhexidine and control group (saline solution). Morphological alterations were observed 

when pulp chamber irrigation was performed by 1% or 5.25% sodium hypochlorite 

associated with 17% EDTA, 17% EDTA, and 2% chlorhexidine gel associated or no with 

17% EDTA. Regarding surface roughness, it was concluded that pulp chamber irrigation 

with 1% and 5.25% sodium hypochlorite associated with 17% EDTA increases pulp 

chamber roughness of primary and permanent teeth.  

Descriptors: Dental Pulp Cavity, chlorhexidine, dentin, hardness, EDTA, Endodontics, 

sodium hypochlorite, irrigation.  
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INTRODUÇÃO  

 

O tratamento endodôntico é um procedimento odontológico usual, o qual tem 

por objetivo, a desinfecção e o selamento do sistema dos canais radiculares realizados por 

meio da obturação hermética tridimensional (McComb & Smith, 1975). A desinfecção do 

sistema de canais radiculares pode ser alcançada por meios mecânicos e químicos que 

envolvem o controle microbiano mecânico durante a preparação dos canais por meio de 

instrumentos manuais e/ou rotatórios. O controle químico envolve a utilização de soluções 

irrigadoras associadas ou não a detergentes ou agentes quelantes, durante e após o preparo 

mecânico (Safavi et al., 1990).    

De uma maneira geral, as soluções irrigadoras utilizadas no tratamento 

endodôntico, tanto para os dentes decíduos quanto para os permanentes, deveria ser capaz 

de desinfetar o sistema de canais radiculares e túbulos dentinários; permitir a penetração de 

agentes antimicrobianos; possuir atividade antimicrobiana residual; não ser antigênico, 

tóxico e carcinogênico. Além disso, não deveria apresentar efeitos adversos nas 

propriedades mecânicas e físicas da dentina ou na capacidade de união com materiais 

obturadores (Torabinejad et al., 2002) e restauradores (Santos et al., 2006). Considerando-

se os dentes decíduos, dever-se-ia considerar as diferenças entre os substratos dentinários e 

a necessidade de não ser irritante aos tecidos periapicais, de forma a não lesar o germe do 

dente sucessor permanente, visto que o processo de rizólise favorece a extrusão apical dos 

irrigantes (Williams et al., 1995).  

A utilização de agentes químicos para a promoção do saneamento do sistema de 

canais pode levar a alterações dentinárias superficiais tanto na dentina coronária quanto na 

radicular, podendo influenciar a união com os materiais restauradores e, portanto, a 

longevidade da restauração e ainda afetar o sucesso do tratamento endodôntico (Ari et al., 

2004). Até o presente momento, não há um agente químico que exerça todas as funções 

desejadas sem influenciar as propriedades mecânicas da dentina. 

O hipoclorito de sódio (NaOCl), peróxido de uréia e/ou hidrogênio, gluconato 

de clorexidina, ácido etileno diamino tetraacético (EDTA), têm sido utilizados em diversas 

concentrações, isoladamente ou associados na prática clínica (Becker & Woollard, 2001).  
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Entretanto, sabe-se que o NaOCl, promove a remoção de colágeno (Ciucchi et 

al., 1989) e as alterações produzidas na dentina coronária podem afetar a qualidade da 

união de materiais restauradores à câmara pulpar. Segundo Morris et al. (2001), é provável 

que o NaOCl 5% oxide algum componente da matriz dentinária, dificultando o início da 

polimerização de sistemas resinosos, proporcionando a diminuição da resistência de união 

(Nikaido 
et al., 1999; Morris et al., 2001, Ari et al., 2003; Ozturk & Özer, 2004). Em uma 

análise morfológica da dentina permanente, a aplicação de NaOCl 5% propiciou a 

exposição de poros na superfície e de numerosos canais/túbulos que não seriam 

normalmente visualizados (Marshall et al., 2001; Puppin-Rontani & Caldo-Teixeira, 2003); 

remoção de fibrilas de colágeno deixando a superfície da dentina lisa e ausência da zona de 

hibridização nas interfaces dentina/resina, dependendo do sistema de união utilizado 

(Ozturk & Özer, 2004). Ainda, Borges et al. (2008) observaram diferenças na qualidade do 

conteúdo mineral dentinário decíduo e permanente nas paredes laterais da câmara pulpar, 

independentemente do tratamento aplicado a estas superfícies (NaOCl 1%, NaOCl 1% 

seguido de ácido fosfórico e  somente ácido fosfórico). A ação do NaOCl 1% resultou na 

modificação do arranjo molecular do conteúdo inorgânico tanto no substrato decíduo 

quanto no permanente. O conteúdo orgânico por sua vez não foi diferente entre a dentina da 

câmara pulpar decídua e a permanente, independente dos tratamentos realizados (Borges et 

al., 2008). 

Propriedades mecânicas da dentina, como microdureza, resistência à flexão e à 

tração, também podem ser influenciadas pelo tratamento com NaOCl. Sim et al. (2001), 

observaram diminuição em algumas propriedades mecânicas da dentina permanente como 

módulo de elasticidade e resistência à flexão frente à ação do NaOCl 5,25%.  

Além disso, alguns estudos observaram o efeito de agentes químicos utilizados 

durante o tratamento endodôntico como: EDTA (Sayin et al., 2007) e a combinação de 

NaOCl e peróxido de hidrogênio (Saleh & Ettman, 1999); peróxido de hidrogênio (Chng et 

al., 2002); NaOCl e clorexidina (Oliveira et al., 2007) na redução da microdureza 

dentinária radicular de dentes permanentes. Entretanto, até o presente momento não há 

estudos que tenham avaliado a influência de soluções irrigadoras, auxiliares de 
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instrumentação e agentes quelantes na dentina da câmara pulpar de dentes decíduos e 

permanentes em relação à microdureza e rugosidade superficial.  

O teste micromecânico da dureza é um método indireto de avaliação das 

alterações químicas e das mudanças superficiais da estrutura dentária (Craig et al., 1959; 

Cox et al., 1980), e se for realizado na câmara pulpar de dentes decíduos e permanentes, 

seria de fundamental importância na busca das alterações mecânicas resultantes da estrutura 

dentinária e seu comportamento frente a diferentes agentes químicos utilizados durante o 

tratamento endodôntico. A análise morfológica, através da Microscopia Eletrônica de 

Varredura, da estrutura dentinária decídua e permanente acrescentaria informações àquelas 

obtidas pelo teste de microdureza superficial. 

Outro aspecto a ser observado é uma das propriedades intrínsecas da dentina: a 

rugosidade superficial. A topografia de superfície e sua influência no molhamento para a 

união ao material restaurador estão fortemente relacionadas. Há três fatores que afetam o 

molhamento superficial: energia livre de superfície, topografia superficial, e a viscosidade 

do material restaurador (Eick et al., 1972). Mowery Jr et al. (1987) observaram que o 

aumento da superfície de união, produzida pelo aumento da rugosidade superficial após 

tratamento desta superfície, combinada com o embricamento mecânico dentro das 

irregularidades dentinárias produzidas, aumentou a resistência de união.  

Alguns pesquisadores têm demonstrado a importância de uma topografia de 

superfície irregular para melhorar a resistência de união coronária entre o substrato 

dentinário e o material restaurador. Tem sido reportado que somente um terço da resistência 

de união é devido à infiltração da resina na matriz de dentina intertubular e dos resintags 

dentro dos túbulos dentinários enquanto que a interação do primer/adesivo com a dentina 

parcialmente desmineralizada abaixo da zona rica em colágeno resultaria em dois terços da 

resistência de união (Gwinnett, 1993). Há diversas vantagens em se realizar o procedimento 

de união em uma superfície rugosa, não necessariamente devido ao embricamento 

mecânico, mas devido à maior área de superfície de contato entre substrato e material 

restaurador. Assim, pré-tratamentos químicos ou mecânicos da dentina, que aumentem a 

rugosidade superficial podem melhorar a resistência de união (Coli et al.,1999). 
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Conhecimento sobre as alterações de microdureza e rugosidade superficiais da 

dentina da câmara pulpar decídua e permanente poderiam proporcionar informações sobre 

qual o melhor agente químico a ser indicado para o tratamento endodôntico de dentes 

decíduos e permanentes, tanto do ponto de vista coronário quanto radicular, com referência 

ao procedimento de união. Além da escolha de um agente adequado para a utilização na 

terapia pulpar, a restauração final é um aspecto importante para o sucesso clínico em longo 

prazo para os dentes tratados endodonticamente (Heling et al., 2002). Alguns autores como 

Saunders & Saunders (1994) concluíram que a microinfiltração coronária pode ser a 

principal causa de falha endodôntica e recomendam a restauração imediata do acesso 

coronário. Do ponto de vista clínico, dever-se-ia selecionar um agente químico com uma 

concentração adequada, o qual apresentasse o mínimo efeito nas propriedades mecânicas do 

dente, enquanto exercesse o efeito de debridamento desejado. 

Dessa maneira, os objetivos desta Tese foram: (1) discutir, através da revisão 

sistemática da literatura, os efeitos do hipoclorito de sódio nas propriedades mecânicas da 

dentina do sistema dos canais radiculares, considerando o uso como solução irrigadora; (2) 

verificar os efeitos de substâncias químicas auxiliares na microdureza e morfologia da 

dentina da câmara pulpar de dentes decíduos e permanentes; (3) verificar os efeitos de 

substâncias químicas auxiliares na rugosidade superficial da dentina da câmara pulpar de 

dentes decíduos e permanentes. Para alcançar esses os objetivos, esta Tese* foi dividida em 

3 capítulos, correspondentes aos objetivos descritos. 

 

 

 

 

                                                 
* Esta Tese está baseada na resolução da CCPG/002/06, a qual dispõe a respeito do formato das teses de 
mestrado e doutorado aprovados pela UNICAMP. 
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  CAPÍTULO 1 

 

 

Effect of sodium hypochlorite on dentine mechanical properties. A systematic review.* 

 

                                                 
* Submetido para publicação no periódico International Endodontic Journal 
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ABSTRACT 

The aim of this systematic review was to carry out a on the effect of sodium 

hypochlorite (NaOCl) on the mechanical properties of root canal dentine. The authors 

searched the Cochrane Library, Embase, PubMed and the Web of Science for papers 

published in 1984-2008. The main search terms used were: dentine, root canal dentine, 

sodium hypochlorite, mechanical analysis, elastic modulus, hardness, roughness, flexural 

strength, compressive strength. The inclusion criteria were: studies that evaluated the effect 

of NaOCl solution, used as an irrigant in endodontics, on the mechanical properties of root 

canal dentine. Those studies that did not relate with addressed question; that had 

investigated NaOCl as a deproteinizing agent; and that had not evaluated the effect of 

NaOCl on the mechanical properties of dentine were excluded. A total of 16 papers were 

selected, 9 studies were critically assessed and included. The included papers were assigned 

to a score (A to C), according to predetermined criteria. Five papers were classified as 

grade A, 4 as grade B, and no paper was classified as grade C. Based on this systematic 

review, the authors suggest that there is strong evidence showing that sodium hypochlorite 

alters the mechanical properties of root canal dentine, when used as an endodontic irrigant. 
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INTRODUCTION 

Root canal treatment is a common dental procedure and its success depends on 

chemomechanical debridement of the root canal system through the use of instruments and 

effective irrigating solutions followed by a hermetic three dimensional sealed canal 

obturation. Irrigation is presently the best method for the removal of remnants and dentine 

debris during instrumentation. However, this procedure may cause changes on the organic 

and mineral content of dentine structure (McComb & Smith 1975).  

Based on the capacity to dissolve necrotic tissue remnants, sodium hypochlorite 

(NaOCl) remains the most widely recommended irrigating solution in endodontics 

(Zehnder 2006). One of NaOCl’s effects that have received relatively little attention in the 

endodontic literature is its impact on the dentine matrix. Dentine is a dynamic substrate 

with a complex organic and inorganic structure. This substrate is composed of 22% wt 

hydrated organic matrix, most of which consists of type I collagen and an inorganic 

reinforcing phase of carbonated apatite that contributes considerably to its mechanical 

properties (Pashley 1989). It is well-known that the NaOCl is a non-specific proteolytic 

agent that is capable of removing organic material, as well as magnesium and carbonate 

ions (Shellis 1983). Thus, NaOCl fragments long peptide chains and chlorinates protein 

terminal groups (Davies et al. 1993). Consequently, hypochlorite solutions may affect 

mechanical dentine properties via the degradation of organic dentine components.  In 

addition, during irrigation, radicular and coronal dentine and enamel are exposed to 

solutions deposited in the pulp chamber (Saleh & Ettman 1999). The teeth alterations are 

clinically relevant for long-term success of root canal treatment, since it may predispose the 

tooth to fracture (Sim et al. 2001); it may adversely affect the sealing ability and adhesion 

of dental materials, such as resin-based cements and root canal sealers to dentine (García-

Godoy et al. 2005). Additionally, it may reduce the coronal bonding strength of some 

adhesive materials (Perdigão et al. 2001).   

The possible effects of materials, medications, and irrigants on the structure and 

physical properties of endodontically treated teeth have not been extensively investigated, 

thus little is known about the effects of this solution on the mechanical properties of dentine 

substrate. The purpose of this article was to present a systematic review on the effect of 
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NaOCl on the mechanical properties of root canal dentine. 

REVIEW 

Question addressed by this review 

What is the effect of NaOCl on the mechanical properties of root canal dentine, 

considering its use as an irrigation solution?  

Literature search 

The authors searched the Cochrane Library, Embase, PubMed, and the Web of 

Science (ISI) for papers from January 1984 to August 2008. The search was supplemented 

by manual searching of reference lists from each relevant paper identified.  

The main search terms were “dentine” or “root canal dentine”, and “sodium 

hypochlorite”, and “mechanical analysis” or “elastic modulus” or “hardness” or 

“roughness” or “compressive strength” or “flexural strength”. The search was limited to 

clinical trials and in vitro studies; only original papers wrote in English were accept. 

Interim reports, abstracts, letters, short communications, reviews, and chapters in textbooks 

were excluded. Firstly, the papers identified in databases were printed as abstracts, or full-

text articles, if the abstract was missing. In a second step, two authors (FMP-KRK) selected 

relevant records independently and the papers that were considered of interest for this 

systematic review were ordered in full-text versions. During the evaluation process, 

reference lists were searched by hand. 

Inclusion and exclusion criteria 

After appraisal, papers were included in this systematic review only if they 

studied the direct effect of NaOCl (as endodontic irrigant) on the mechanical properties of 

root canal dentine (hardness, roughness, elastic modulus, flexural strength, compressive 

strength). The criteria for exclusion were studies that had not related to the addressed 

question; that had used NaOCl as a deproteinizing agent; those that had not evaluated the 

effect of NaOCl on the mechanical properties of dentine, and those that indirectly verified 

the effect of NaOCl on endodontically treated teeth. 

Evaluation of scientific papers and levels of evidence 

The papers that met the inclusion criteria were subjected to critical appraisal, 

carried out independently by at least two reviewers. Data were extracted using a pilot-tested 
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form and each paper was given scores from A to C, according to predetermined criteria for 

methodology and performance, as defined in Table 1. Based on the evaluated literature, 

and on the scores (A, B or C) the final level of evidence was judged according to the 

protocol of the Swedish Council on Technology Assessment in Health Care (Britton 2000), 

and modified by Kantovitz et al. (2006) as described in Table 2. 

 

Table 1. Criteria for grading the assessed papers 

Grade A 

All criteria 

stated on the 

right side 

should be 

met 

NaOCl solution effect on the mechanical properties of root dentin; 

Study group representative;  

Randomization of teeth;  

Defined methods for mechanical analysis of NaOCl effect on the root dentin; 

The reliability of evaluation methods described; 

Bias taken into account; 

Statistical analysis. 

Grade B 

All criteria 

stated on the 

right side 

should be 

met 

NaOCl solution effect on the mechanical properties of root dentin; 

Study group representative;  

Randomization of teeth;  

Methodology not completely described; 

Defined methods for mechanical analysis of NaOCl effect in the root dentin; 

The reliability of evaluation methods described; 

Bias taken into account; 

Statistical analysis. 

Grade C 

All criteria 

stated on the 

right side 

should be 

met 

NaOCl solution effect on the mechanical properties of root dentin; 

Study group not representative; 

Randomization of teeth; 

Methodology not completely described; 

The reliability of evaluation methods not described;   

Bias not reported or valued. 
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Table 2. Definitions of evidence level* 

1. Strong evidence At least two studies with high level of evidence (grade A)  

2. Moderate evidence 
One study with high level of evidence (grade A) and at least 

two studies with a moderate level of evidence (grade B) 

3. Limited evidence At least two studies with a moderate level of evidence (grade B) 

4. Inconclusive evidence 
Fewer than two studies with a moderate level of evidence 

(grade B) 
*Kantovitz et al. (2006)  

 

RESULTS 

A total of 55 papers were originally identified. Initially, 39 papers were 

excluded after evaluation, since they did not relate with addressed question, such as caries 

removal or cariology, use of NaOCl as a deproteinizing agent, after acid etching in 

restorative materials adhesion, bond strength studies and others that had not evaluated the 

effect of NaOCl on the mechanical properties of dentine. A total of 16 papers were 

selected. Seven of them were not submitted to grade classification since the studies 

indirectly verified the effect of NaOCl on endodontically treated teeth (Borges et al. 2006, 

Qing et al. 2006, Eldeniz et al. 2005, Ari et al. 2004, Machnick et al. 2003, Slutzky-

Goldberg et al. 2002, Saquy et al. 1994). 

Based on inclusion and exclusion criteria, nine papers were included in the 

critical appraisal project (Table 3). The papers assigned with grade A described the effects 

of NaOCl, as an endodontic irrigant, on the microhardness or flexural strength (Marending 

et al. (a) 2007) of root canal dentine (Oliveira et al. 2007, Sayin et al. 2007, Slutzky-

Goldberg et al. 2004, Saleh & Etman 1999). In grade B, the papers also investigated the 

effects of NaOCl, as an endodontic irrigant, on the flexural strength and/or elastic modulus 

of root canal dentine (Marending et al. (b) 2007, Soares et al. 2007, Grigoratos et al. 2001, 

Sim et al. 2001); however, the methodology was not completely described. No study was 

classified as grade C.  

Only articles included for evaluating evidence were used as a basis for 

conclusions of this systematic review. 
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Table 3. Results of references appraised 

First author Year 
Number of 

Teeth 

Type of 

teeth 

Analyzed 

area 
[  ] NaOCl (Time) 

NaOCl 

Volume 

(mL) 

Evaluation 

Methods 

Evidence 

level 

Marending (a) 2007 17 Human Root 1%, 5%, 9% (1h) 5 mL 
FST /MA/LM/ 

SEM 
A 

Marending (b) 2007 Not described Human Root 2.5% (24 min) 5 mL FST B 

Oliveira 2007 30 Human Root 1% (15 min) 1 mL MT (Vickers) A 

Sayin 2007 30 Human Root 2.5% (5 min) 10 mL MT (Vickers) A 

Soares 2007 80 Bovine Root 1% (Not described) 
Not 

described 
UTST/FST B 

Slutzky-Goldberg (a) 2004 42 Bovine Root 2.5%,6% (5,10, or 20min) 
Not 

described 
MT (Vickers) A 

Grigoratos 2001 Not described Human  
Not 

described 
3% / 5% (2 h) 50 mL EMT / FST B 

Sim 2001 65 Human 
Not 

described 
0.5% / 5.25% (2 h or 30min) 200 mL EMT/FST/CLT B 

Saleh 1999 18 Human Root 5% (60 s) 7 mL MT (Knoop) A 

CLT – Cyclic Loading Test; EMT – Elastic Modulus Test; FST – Flexural Strength Test; LM - Light Microscopic Photographs; MA- Microelemental analysis; MT – Microhardness Test; SEM - Scanning 

Electron Microcopy; UTST – Ultimate Tensile Strength Test;. 
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DISCUSSION 

This systematic review searched and provided a comprehensive and 

contemporary appraisal of a substantial amount of literature, using suitable methodology. 

This review is, as such, fundamentally different from traditional review articles due to the 

search for literature and data extraction. Moreover, subsequent quality assessments of 

included papers are now well-established measures for evidence-based dentistry.  

Mechanical and physical properties of NaOCl-treated dentine, such as 

microhardness, roughness, elastic modulus, and flexural strength can be influenced. The 

significant changes in dentine hardness, following the NaOCl treatment, indicate potent 

direct effects of this chemical agent on the organic and mineral content of dentine structure. 

In addition, the effect of the organic-dissolution properties of NaOCl, on the collagen 

component of dentine or the collagen-mineral bond explains how the use of this agent 

influences its mechanical properties (Grigoratos et al. 2001). Moreover, the volumetric 

contraction of NaOCl-treated dentine and changes in the crystalinity of dentine apatite are 

considerable factors in determining the intrinsic hardness profile of dentine structure 

(Perdigão et al. 2000).  

Reductions in the microhardness of root canal dentine were reported when 1%, 

2.5%, 5%, and 6% NaOCl were used for irrigation during endodontic therapy (Oliveira et 

al. 2007, Sayin et al. 2007, Saleh & Ettman 1999, Slutzky-Goldberg et al. 2004). In 

addition, these results support that dentine microhardness is location dependent, and the 

values decrease, as the indentations are closer to the pulp. This could be explained by the 

degree of mineralization and amount of hydroxyapatite in the intertubular substance, which 

determine the hardness of dentine structure (Panighi & G´Sell 1992). Furthermore, the 

dentine microhardness may vary considerably in the same tooth (Craig et al. 1959). Despite 

of similar results observed in the above studies, the comparison of the results should be 

interpreted with caution, since the irrigation regimes, the concentration of irrigation 

solution, and the contact time need to be considered as determinant in the posttreatment 

microhardness values of dentine. Another important aspect to be considered in the 

comparison of dentine hardness values is if the hardness test was carried out before and 

after the irrigation treatment in the same sample and region. This procedure would 
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minimize the effect of the structural variation of teeth.  

Another implication of NaOCl use related to changes in the stiffness of teeth 

after root canal treatment would be their tendency to fracture; this is clinically relevant 

since teeth fracture could require their extraction. The main causes that may predispose to 

teeth fracture have been identified as the loss of tooth tissue because of caries or access 

cavity preparation (Hood 1991); the altered mechanical properties of dentine due to the 

action of irrigants, medicaments, or root canal-filling materials (Grigoratos et al. 2001, Sim 

et al. 2001); the pulpless teeth that present alteration of structural moisture content 

(Gutmann 1992); and the time of endodontic treatment (Lewinstein & Grajower 1981). It is 

probable that these factors interact cumulatively to influence tooth loading, and the 

distribution of stresses ultimately increasing the possibility of failure (Sim et al. 2001).  

The flexural strength is defined as the ability of the material to resist 

deformation under load. In contrast, the elastic modulus is determined by a specimen’s bulk 

properties. The decrease in flexural strength is also clinically relevant as it indicates that 

fewer forces are required for the cohesive bonds within dentine to fail (Sim et al. 2001). 

The studies included in this systematic review showed reductions in the elastic modulus 

and flexural strength of dentine after irrigation of the root canals with 2.5% (Marending et 

al. (b) 2007), 3% (Grigoratos et al. 2001), 5% (Grigoratos et al. 2001, Marending et al. (a) 

2007), 5.25% (Sim et al. 2001), and 9% (Mareding et al. (a) 2007) NaOCl within from 24 

minutes to 2 hours. The results observed in above studies were obtained in a controlled in 

vitro environment, and the clinical approach conclusions cannot be drawn. The dentine 

specimens (bars) used were exposed to the irrigants in the 4 sides; this does not represent 

the clinical situation in the root canal treatment. Based on the results of the papers that were 

evaluated, it could be concluded that the effects of NaOCl on dentine affect the mechanical 

properties (hardness, elastic modulus and flexural strength) regardless the time and 

concentration of NaOCl. Different methodologies were used in the papers, but all of them 

showed some root dentine alterations when NaOCl were used as irrigation solution.  

From the clinical point of view, it would be prudent to select a suitable NaOCl 

concentration, which had minimal effects on the mechanical properties of the tooth whilst 

achieving the desired debridement effect. However, this optimum NaOCl concentration has 
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not yet been determined. In addition, root canal debridement with NaOCl should be 

considered with caution. Although the softening effect exerted by this agent on the dentine 

walls could be of clinical benefit to allow rapid root canal preparation, the alteration to 

dentine may affect the adhesion, the sealing ability of sealers to the treated dentine surfaces, 

and may predispose to teeth fracture. Thus, further well-design randomized in vitro and in 

vivo studies are required to relate dentine mechanical properties with fracture and survive 

analysis and adhesion procedures in root canal after irrigation procedures with NaOCl and 

other irrigants and medicaments.  

Understanding the physical properties of teeth and tissues from which they are 

formed is important to understand their mechanical behavior under clinical conditions, and 

to provide additional information to guide clinical decisions. 

 

CONCLUSIONS 

Based on this systematic review, the authors suggest that there is strong 

evidence showing that sodium hypochlorite alters the mechanical properties of root canal 

dentine, when used as an endodontic irrigant.  
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   CAPÍTULO 2 

 

 

Effect of endodontic irrigation on pulp chamber dentin. Micromechanical and 

morphological analyses* 
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ABSTRACT 

Aim: To verify the effects of endodontic irrigants, auxiliaries chemicals 

substances and chelating agent on the microhardness and morphology of the pulp chamber 

dentin in primary and permanent teeth. Methodology: Fifty primary (n=5) and fifty 

permanent (n=5) anterior teeth were selected. The roots were sectioned at the 

cementoenamel junction and discarded. The crowns were sectioned longitudinally in the 

mesiodistal direction to expose the pulp chamber. The specimens were randomly 

distributed according to treatment: SS-saline solution, SH1-1% NaOCl, SH1U-1% 

NaOCl+urea peroxide gel, SH1E-1% NaOCl+17% EDTA, E-17% EDTA, CHX-2% 

chlorhexidine gel, CHXE-2% chlorhexidine gel+17% EDTA, SH5-5.25% NaOCl, SH5U-

5.25% NaOCl+urea peroxide gel, SH5E-5.25% NaOCl+17% EDTA. The simulated 

irrigation was accomplished by 30 minutes. Replicas from specimens were submitted to 

SEM analysis. Dentin microhardness was measured in Vickers Hardness Number (VHN) in 

pre and post treatment. Obtained data from microhardness test were submitted to one-way 

ANOVA, Bonferroni and paired t tests (p<0.05). Results: There was a statistically 

significant decrease between the VHN values pre and post irrigation (p<0.05). There was a 

significant VHN decrease for primary teeth irrigated with all solutions except SS and CHX. 

For permanent teeth, SS, SH1, SH1U demonstrated no reduction in VHN values. For 

EDTA groups the microhardness could not be measured. For primary teeth, SS (23.15) and 

CHX (20.49) showed the highest VHN values compared to SH1 and SH5 (11.46/11.72, 

respectively). SH1U and SH5U (14.74/15.57, respectively) showed intermediate results 

with no significant difference in relation the others groups, in primary teeth. However for 

permanent teeth, SS (31.92) and SH1U (25.46) were statistically significant different to 

SH5 and SH5U (11.95/13.81, respectively). SH1 (21.50) and CHX (19.64) showed 

intermediated VHN values with no significant difference in relation the others groups. The 

SEM analysis showed morphological alterations on pulp chamber dentin surface and their 

potential effect on VHN. Conclusions: The use of irrigation solutions decreased the VHN 

values for both permanent and primary teeth. EDTA irrigation did not allow measure the 

dentin microhardness. NaOCl provide lower VHN for primary and permanent teeth, 

compared with 2% chlorhexidine and control group. 
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INTRODUCTION 

The success of root canal therapy depends on the method and the quality of 

instrumentation, irrigation, disinfection, and three-dimensional obturation of the root canal 

systems (McComb & Smith 1975). Irrigation is one of the most important aspects of root 

canal preparation since enhances elimination of microbiota and facilitates removal of 

necrotic tissue and dentin debris from the root canal system. An ideal irrigation solution has 

a number of functions: lubrification, debridement, antimicrobial effect, and dissolution of 

organic and inorganic material (Stock et al. 2004). Unfortunately, there has not been found 

such an irrigant that could perform all functions above. Thus, various irrigation solutions, 

auxiliaries of instrumentation and chelating agents, such as sodium hypochlorite (NaOCl), 

hydrogen peroxide (H2O2), chlorhexidine, and ethylenediaminetetraacetic acid (EDTA) 

have been used associated or no in clinical practice to obtain the closely ideal cleaning 

effectiveness (Becker & Woollard 2001).  

During irrigation, not only radicular, but also coronal dentin and enamel are 

exposed to solutions deposited in the pulp chamber (Saleh & Ettman 1999). This procedure 

may cause changes on the mechanical, chemical and physical properties of dentin and 

enamel structure (Saunders & Saunders 1994). In addition, these alterations are clinically 

relevant for long-term success of root canal treatment, since it may adversely affect the 

sealing ability and adhesion of dental materials, such as resin-based cements and root canal 

sealers to dentin (García-Godoy et al. 2005). Additionally, it may reduce the coronal 

bonding strength of some adhesive materials (Perdigão et al. 2001), as well as inhibits 

resistance to bacterial ingress, allowing coronal leakage (Saleh & Ettman 1999). 

Reasonable research attention has been given to the relation between dentin 

microhardness and the structural changes. As microhardness is sensitive to composition and 

surface changes of tooth structure (Craig et al. 1959, Cox et al. 1980), the effect of some 

chemicals such as H2O2 (Chng et al. 2002), EDTA, association of H2O2 and NaOCl (Saleh 

& Ettman 1999), chlorhexidine and NaOCl (Oliveira et al. 2007) on the reduction of dentin 

hardness have been previously evaluated. Actually, to date there are no reports 

investigating the influence of irrigation solutions, auxiliaries of instrumentation and 

chelating agents on the pulp chamber of primary and permanent teeth.  
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The aim of this study was to verify the impact of effects of endodontic 

irrigation in combinations with auxiliaries of instrumentation and chelating agent on the 

microhardness and morphology of the pulp chamber dentin in primary and permanent teeth. 

The first hypothesis tested was that there were differences between pulp chamber 

microhardness of pre and post treatment in primary and permanent teeth. The second one 

was that different irrigating solutions associated or no to auxiliaries of instrumentation and 

chelating agent affect the dentin microhardness in primary and permanent teeth. 

 

MATERIALS AND METHODS 

Specimen preparation 

Sound human anterior teeth (50 primary and 50 permanent) extracted for 

clinical and orthodontic reasons were used in this in vitro study. The study was conducted 

after approval of the Ethical Committee of Piracicaba Dental School, University of 

Campinas (protocol #041/2006). The teeth selection was made on the basis of their relative 

dimensions, morphology similarity and degree of tooth wear. Debris and soft tissues 

remnants were removed and all the teeth were stored in 0.5% Chloramine T solution for up 

to 2 months after extraction (Titley et al. 1998). Their roots were sectioned at the 

cementoenamel junction using a double-face diamond saw (KG Sorensen, São Paulo, SP, 

Brazil) and discarded. The crowns were sectioned longitudinally in the mesiodistal 

direction to expose the pulp chamber. 

One side of the crown was randomly selected and embedded in polystyrene 

resin (Piraglass, Piracicaba, SP, Brazil), leaving the dentin pulp chamber exposed. The 

specimens were polished with 400-, 600- and 1200-grit Al2O3 paper (Arotec, São Paulo, 

SP, Brazil) under constant water irrigation, and polished with 1.0-µm diamond paste 

(Buheler Metadi II, Buheler, Lake Buff, IL, USA). They were randomly distributed in ten 

groups, according to the dentin substrate (primary and permanent) and the agents used in 

the endodontic treatment (endodontic irrigants, auxiliaries of instrumentation, and chelating 

agent), as follow (n=5): SS-saline solution (control group); SH1-1% NaOCl; SH1U-1% 

NaOCl associated with urea peroxide gel; SH1E-1% NaOCl associated with 17% EDTA; 

E-17% EDTA; CHX-2% chlorhexidine gel; CHXE-2% chlorhexidine gel associated with 
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17% EDTA; SH5-5.25% NaOCl; SH5U-5.25% NaOCl associated with urea peroxide gel; 

SH5E-5.25% NaOCl associated with 17% EDTA. The distribution of the groups depending 

upon the substrate and agents used in the endodontic treatment, manufacturers, and batch 

numbers are listed in Table 1.  

 

Table 1. Distribution of the groups depending upon the substrate (primary and permanent 

teeth) and agents used in the endodontic irrigation 

Agents used 
Manufactures* 

Batch Numbers 

SS - saline solution Tayuyna* # 127074 

SH1 - 1% NaOCl Proderma* 

SH1U - 1% NaOCl + urea peroxide (Endo-PTC™) Proderma*/Fórmula &Ação* # 0028 

SH1E - 1% NaOCl + 17% EDTA Proderma* 

E - 17% EDTA Proderma* 

CHX - 2% chlorhexidine gel Endosupport* # 510572 

CHXE - 2% chlorhexidine gel + 17% EDTA Endosupport* # 510572/Proderma* 

SH5 - 5.25% NaOCl Proderma* 

SH5U - 5.25% NaOCl + urea peroxide gel (Endo-PTC™) Proderma*/Fórmula & Ação* # 0028 

SH5E - 5.25% NaOCl + 17% EDTA Proderma* 
*Tayuyna Laboratory - São Paulo, SP, Brazil 

  Proderma - Laboratory of Manipulation, Piracicaba, São Paulo, SP, Brazil 

  Fórmula &Ação - Laboratory of Manipulation, São Paulo, SP, Brazil 

  Endosupport, São Paulo, SP, Brazil 
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Pre-treatment microhardness determination 

Prior to application of agents used in the endodontic treatment, the pre-

treatment Vicker´s hardness values were measured using a Vickers diamond microhardness 

indenter under a 50-g load perpendicular to the indentation surface for 5 s of contact time 

(HMV 2000, Shimadzu, Tokyo, Japan). Three indentations were made on the top of the 

pulpar chambers surface of each sample and at 200 µm distance from each other. The 

values were recorded into Vickers Hardness Number (VHN) and the dentin microhardness 

of each sample was obtained by averaging the mean VHN values of its three measurements.  

Irrigation procedure 

Irrigation treatment was conducted immediately after the initial baseline 

measurements of microhardness. In order to simulate the endodontic chemical irrigation 

(Borges et al. 2008), the specimens were individually immersed in 2 mL of the respective 

agent in polypropylene vials, which were constantly agitated in a ultrasound bath at 37°C, 

by 30 minutes. The solutions were changed every 5 minutes to simulate clinical conditions 

and to prevent saturation of the solutions. For NaOCl associated with urea peroxide gel 

groups (SH1U and SH5U) the gel was applied over the pulp chamber using a plastic spatula 

and the solution was dropped on it. For SH1E, CHXE and SH5E groups, after the 

simulation the endodontic chemical preparation, a final flush (5 minutes) of EDTA was 

used. In these groups, saline solution also was used as a final rinsing.  

Post-treatment microhardness determination 

Post-treatment indentations were made on each sample adjacent to the pre-

treatment ones in the same way, and the microhardness values were recorded.  

Scanning electron microscopy (SEM) 

Impressions of the specimen surfaces were taken with a low-viscosity polyvinyl 

siloxane material (Flexitime, Heraeus Kulzer, Hanau, Germany). The impressions were 

poured with epoxy resin (Buehler, Lake, Buff, IL, USA), gold-sputter coated (Balzers SCD 

050/BAL-TEC, Schalksmühle, Germany) and observed in a SEM (JEOL- JSM 5600LV, 

Tokyo, Japan) at an accelerating voltage of 15kV, a working distance of 20 mm, and with a 

magnification of 1000X.  
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Statistical analysis 

Pre and post-treatment microhardness data were submitted to paired t test 

(p<0.05). The microhardness values were statistically analyzed by one-way ANOVA and 

the comparison of means was conducted using a post hoc Bonferroni multiple comparison 

test at the 95% level of confidence. The statistical analyses were conducted independently 

for primary and permanent teeth.  

 

RESULTS 

The means and standard deviation of VHN values of the pulp chamber dentin 

groups for primary and permanent teeth are listed in Table 2 and 3, respectively. The 

microhardness values indicated a statistically significant reduction on VHN values pre and 

post irrigation and regarding different treated groups (p<0.05). Representative SEM images 

of pulp chamber dentin surfaces are shown in Figure 1.     

Primary teeth 

Considering the differences among experimental post-treatment groups, pulp 

chamber irrigation with saline solution and chlorhexidine showed the highest VHN values 

(p<0.05) compared to 5.25% and 1% NaOCl. 5.25% and 1% NaOCl associated with urea 

peroxide gel showed intermediate results with no significant difference in relation the 

others groups (p>0.05). 

Permanent teeth 

 Pulp chamber post irrigation with saline solution and 1% NaOCl associated or 

no with urea peroxide did not provide VHN values reduction. Saline solution and 1% 

NaOCl associated with urea peroxide gel showed statistically significant higher VHN 

values than 5.25% NaOCl associated or no with urea peroxide gel (p<0.05). 1% NaOCl and 

chlorhexidine showed intermediated VHN values.  

Microhardness could not be measured in EDTA groups, for both substrata.  
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Table 2. The means and standard deviations (SD) of the dentin microhardness numbers 

(VHN) for treatments and control group for primary teeth  

VHN 

Agents Pre treatment 

(Mean ± SD) 

Post treatment 

(Mean ± SD) 

SS - saline solution (control group) 25.21 ± 8.28 Aa 23.15 ± 9.93 Aa 

SH1 - 1% NaOCl 24.15 ± 5.30 Aa 11.46 ± 2.26 B b 

SH1U - 1% NaOCl + urea peroxide 21.40 ± 5.95 Aa 14.74 ± 8.75 Bab 

SH1E - 1% NaOCl + 17% EDTA 22.30 ± 8.00   a - 

E - 17% EDTA 23.33 ± 2.53   a - 

CHX - 2% chlorhexidine 20.17 ± 6.04 Aa 20.49 ± 6.21 Aa 

CHXE - 2% chlorhexidine + 17% EDTA 23.91 ± 2.73   a - 

SH5 - 5.25% NaOCl 29.34 ± 3.78 Aa 11.72 ± 3.14 B b 

SH5U - 5.25% NaOCl + urea peroxide 24.10 ± 8.45 Aa 15.57 ± 5.22 Bab 

SH5E - 5.25% NaOCl + 17% EDTA 23.31 ± 4.16   a - 
Similar capital letters in line mean no significant statistical difference by paired t test (p>0.05). 

   Similar small letters in column mean no significant statistical difference by one-way ANOVA and Bonferoni tests (p>0.05), regarding 

treatments. 
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Table 3. The means and standard deviations (SD) of the dentin microhardness numbers 

(VHN) for treatments and control group for permanent teeth 

VHN 

Agents Pre treatment 

(Mean ± SD) 

Post treatment 

(Mean ± SD) 

SS - saline solution (control group) 34.63 ±  8.06  Aa 31.92 ±   8.34 Aa 

SH1 - 1% NaOCl 27.99 ±  7.79  Aa 21.50 ± 16.11 Aab 

SH1U - 1% NaOCl + urea peroxide 30.90 ± 14.95 Aa 25.46 ±   7.83 Aa 

SH1E - 1% NaOCl + 17% EDTA 30.21 ± 11.05   a - 

E - 17% EDTA 29.69 ±  9.83    a - 

CHX - 2% chlorhexidine 30.53 ±  8.72  Aa 19.64 ±  7.27    Bab 

CHXE - 2% chlorhexidine + 17% EDTA 24.66 ±  6.55    a - 

SH5 - 5.25% NaOCl 31.23 ±  8.71  Aa 11.95 ±   2.89    B  b 

SH5U - 5.25% NaOCl + urea peroxide 39.88 ±  6.76  Aa 13.81 ±   5.12    B  b 

SH5E - 5.25% NaOCl + 17% EDTA 32.04 ±10.75    a - 
Similar capital letters in line mean no significant statistical difference by paired t test (p>0.05). 

Similar small letters in column mean no significant statistical difference by one-way ANOVA and Bonferoni tests (p>0.05), regarding 

treatments. 



 

 

27 

 

 

 

 

 

 

 

 

 

 

 

�

�

�

�

�

�

�

Figure 1. Representative SEM images of pulp chamber dentin surfaces (original 

magnifications: 1,000x) for primary (PR) and permanent (PE) teeth, regarding the 

irrigation solutions, auxiliaries of instrumentation and chelating agent (SS=Saline solution; 

SH1=1% NaOCl; SH1U=1% NaOCl associated with urea peroxide gel; SH1E=1% NaOCl 

associated with 17% EDTA; E=17% EDTA; CHX=2% chlorhexidine gel; CHXE=2% 

chlorhexidine gel associated with 17% EDTA; SH5=5.25% NaOCl; SH5U=5.25% NaOCl 

associated with urea peroxide gel; SH5E=5.25% NaOCl associated with 17% EDTA). 

SEM observations revealed different morphological features about by experimental groups. 

The major alterations were observed for SH1E, E, CHX, CHXE and SH5E groups with 

exposure of dentin tubules and reduction of intertubular dentin. For SH5E was observed 

that peritubular dentin was removed. 

PR-SS PE-SS PR-SH1 PE-SH1 

PR-SH1U PE-SH1U PR-SH1E PE-SH1E 

PE-E PR-CHX PE-CHX 

PR-CHXE PE-CHXE PR-SH5 PE-SH5 

PR-SH5U PE-SH5U PR-SH5E PE-SH5E 

PR-E 
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DISCUSSION 

Current concepts of canal chemomechanical preparation imply that chemicals 

should be applied in order to obtain a clean root canal system, free of microbiota and 

debris, which should be completely sealed. Such procedures may induce considerable 

changes in the surface morphology of dentin, which may also exert changes in its 

mechanical and physical properties (Dogan & Calt 2001, Sim et al. 2001). 

The hypothesis tested that there were differences between pulp chamber 

microhardness in pre and post treatment was accepted. Irrigation procedure used in this 

study was able to change the microhardness of pulp chamber dentin, since there was a 

significant reduction on VHN values post treatment for both primary and permanent teeth. 

It is an important issue, since microhardness can provide indirect evidence of mineral 

changes in a hard dental tissue (Arends & Bosh 1992). In addition, a significant alteration 

in dentin microhardness post irrigation can indicate a potent effect of the solution on the 

dentinal components as showed by Borges et al. (2008). FT-Raman analysis showed that 

after 1% NaOCl irrigation, dentin inorganic content became significantly different for both 

permanent and primary teeth. Moreover, further studies have to be accomplished in order to 

verify the chemical and substantial alterations take place on dentin structure after irrigation 

(Borges et al. 2008). 

The microhardness data of the present study indicate that the second tested 

hypothesis was also accepted. Reductions in the microhardness of pulp chamber for 

primary teeth were observed when 1% and 5.25% NaOCl were used. Considering 

permanent teeth, the microhardness decreasing was found to 5.25% NaOCl associated or no 

with urea peroxide. The present study results corroborate previous studies that used 1% to 

6% NaOCl for irrigation during endodontic therapy in root dentin (Saleh & Ettman 1999, 

Ari et al. 2004, Slutzky-Goldberg et al. 2004, Oliveira et al. 2007, Sayin et al. 2007). The 

effect of the organic-dissolution properties of NaOCl, on the collagen component of dentin 

or the collagen-mineral bond explains how the use of this agent affects its mechanical 

properties (Grigoratos et al. 2001). Moreover, the volumetric contraction of NaOCl-treated 

dentin and changes in the crystalinity of dentin apatite are considerable factors in 

determining the intrinsic hardness of dentin structure (Perdigão et al. 2000). In addition, 
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Borges et al. (2008) showed that 1% NaOCl was sufficient to modify the dentin molecular 

arrangement of inorganic content. From the clinical point of view, it would be prudent to 

select a suitable NaOCl concentration, which has minimal effects on the mechanical 

properties of the tooth whilst achieving the desired debridement effect.  

For NaOCl associated with EDTA, EDTA used alone, and chlorhexidine 

associated or no with EDTA groups, SEM analysis showed exposition of dentin tubules and 

reduction of intertubular dentin. In addition, for NaOCl associated with EDTA group was 

observed that peritubular dentin was removed (Figure 1).  

Although NaOCl has been widely recommended as a root canal irrigant due to 

its lubrication, substantive antimicrobial properties, debridement and deproteinization of 

mechanically-prepared canals, the irrigation procedure may cause changes in the coronal, 

pulp chamber and radicular dentin surfaces. In addition, its product, oxygen, demonstrates 

negative effects on the polymerization of the adhesive system (Single Bond® and 

Superbond C&B®) with reduction in bond strength (Nikaido et al. 1999). Some authors 

argue that NaOCl breaks down to sodium chloride and oxygen, which provides oxidation of 

some components in the dentin matrix (Morris et al. 2001, Yui et al. 2002) and 

consequently decreases the elastic modulus and the flexural strength of dentin (Grigoratos 

et al. 2001). This could be critical for the interfacial initiation of resin monomers 

polymerization in the demineralized dentin and could harm the restorative quality (Nikaido 

et al. 1999). 

In this study, 2% chlorhexidine gel did not affect pulp chamber dentin 

microhardness in primary teeth. This could be explained because chlorhexidine inhibit 

endogenous collagenolytic activity by protease inhibitors, which preserve the structural 

integrity of the collagen fibrils (Pashley et al. 2004). Dentin contains matrix 

metalloproteinases (MMPs), a group of neutral zinc-and calcium-dependent enzymes that 

regulate the physiologic and pathologic metabolism of collagen-based tissues (Chaussain-

Miller et al. 2006). A recent study indicated that MMP-8, which is supposedly the most 

effective collagenase against type I collagen, is present in both mineralized and non-

mineralized compartments of human dentin (Sulkala et al. 2007). Thus, apart from being a 

commonly known disinfectant with residual antibacterial effect and low toxicity, 
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chlorhexidine also acts as a potent MMPs inhibitor (Gendron et al. 1999). However, for 

permanent teeth the use of 2% chlorhexidine solution decreased the pulp chamber dentin 

microhardness corroborating with Oliveira et al. (2007) study. It is supposed that this 

opposite results should be due to different expressions of MMP-8 in primary and permanent 

teeth. For that reason, in permanent teeth, chlorhexidine probably was not able to inhibit 

endogenous collagenolytic activity, changing both mineralized and non-mineralized dentin 

and decreasing the microhardness. Thus, 2% chlorhexidine gel seems to be an appropriated 

agent for endodontic treatment in primary teeth because of its harmless effect on the 

microhardness of pulp chamber dentin. Regarding permanent teeth, future investigations 

using molecular biology tools should be performed to delineate the real contributions of 

MMPs in the ultrastructural degradation of collagens and the chlorhexidine ability as matrix 

metalloproteinases inhibitor in this substrate.   

The experimental groups treated with EDTA showed inconclusive results, since 

they could not be measured by Vickers hardness test. Chelating agents are used for 

irrigation during mechanical instrumentation of the root canal system as adjuncts for root 

canal preparation, especially in narrow and calcified root canals (Stewart 1995) and for 

removal of the smear layer (McComb & Smith 1975). Thus, the chelating action of EDTA 

solutions induced a softening potential on the calcified components of dentin, and 

subsequently a reduction in the microhardness was observed. Previous studies verified that 

15% to 17% EDTA used on the root canal dentin also decreased its microhardness (Ari et 

al. 2004, Eldeniz et al. 2005, Qing et al. 2006, Sayin et al. 2007). Some studies even 

detected erosion on the dentinal tubules due to dissolution of intertubular and peritubular 

dentin (Calt & Serper 2002, Niu et al. 2002).  

Regarding the relation between smear layer and the mineralized collagen fibrils 

in intact intertubular dentin, Tay et al. (2007) suggest that is difficult to remove 

simultaneously smear layers and provide dentinal tubules patent without demineralizing 

dentin. Thus, the presentation of a demineralized collagen matrix might be viewed as 

phenomenologic by-product that accompanies the use of calcium-depleting irrigants as final 

rinses. Ideally, the demineralization step should have a balanced aggressiveness to remove 

all instrumentation debris to dissolve the smear layer and the mineral phase, properly 
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exposing dentin tubules but not altering the structural and physical properties of the dentin 

(Tay et al. 2007).  

Despite, in this present study, the primary and permanent dentin microhardness 

data were not statistically compared; differences in the results can be noted even so when 

the same agent was used. There are controversial results concerning the microstructure of 

dentin in primary teeth and it has received limited attention (Sumikawa et al. 1999). While 

some studies showed that the hardness of sound primary dentin are lower than permanent 

one (Johnsen 1994), recently published study showed no differences between them (Borges 

et al. 2007). However, information is limited for hardness of pulp chamber of primary 

teeth, and no information is available on effects of endodontic irrigation in this substrate.   

The knowledge of mechanical property data of teeth is important to help 

clinicians understand how these tissues react under clinical conditions as well as to help 

predict the behavior of the tooth/restoration interface. In this context, a better understanding 

of primary and permanent teeth is needed to improve dentin bonding methods and become 

dental restorations more effective and successful. In addition, it would be interesting to 

analyze, in further studies, the effects of these irrigants on sealing and adhesion of several 

endodontic cements and resin cements used for root canals posts. 

 
CONCLUSIONS 

Within the limits of this in vitro study, it could be concluded that the use of 

EDTA resulted in inconclusive results. Additionally, for primary teeth, both 1% and 5.25% 

sodium hypochlorite decrease the microhardness properties of pulp chamber dentin, while 

for control and chlorhexidine groups showed high hardness values. For permanent teeth, it 

was concluded that 5.25% NaOCl associated or no with urea peroxide gel significantly 

reduces microhardness of pulp chamber dentin.  
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CAPÍTULO 3 

  

 

Evaluation of endodontic irrigation effect on the roughness of pulp chamber dentin* 

                                                 
* Será submetido para publicação no periódico Journal of Endodontics 
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ABSTRACT  

The purpose of this study was to evaluate the effect of endodontic irrigants, 

auxiliaries of instrumentation and chelating agent on the roughness of the pulp chamber 

dentin of primary and permanent teeth. Anterior teeth were selected (55 primary/55 

permanent). The crowns were sectioned longitudinally to expose the pulp chamber. The 

specimens were randomly distributed into eleven groups: no treatment, saline solution, 1% 

NaOCl, 1% NaOCl+urea peroxide gel, 1% NaOCl+17% EDTA, 17% EDTA, 2% 

chlorhexidine gel, 2% chlorhexidine gel+17% EDTA, 5.25% NaOCl, 5.25% NaOCl+urea 

peroxide gel, 5.25% NaOCl+17% EDTA. The teeth were irrigated by 30 minutes and 

submitted to roughness testing and SEM analysis. Data were submitted to one-way 

ANOVA and Tukey tests (p<0.05). Based on the results, it was concluded that pulp 

chamber irrigation with 1% and 5.25% NaOCl associated with 17% EDTA increases pulp 

chamber roughness for permanent teeth, and only 5.25% NaOCl associated with 17% 

EDTA for primary ones.  
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INTRODUCTION 

Irrigant solutions, auxiliaries of instrumentation and chelating agents, such as 

sodium hypochlorite (NaOCl), hydrogen peroxide (H2O2), chlorhexidine, and 

ethylenediamine tetraacetic acid (EDTA) have been used associated or no in clinical 

practice to obtain the most perfect cleaning effectiveness of root canal systems (Becker & 

Woollard 2001). Chemical irrigants used on root canal preparation might yield changes in 

the chemical composition and physical properties of dentin surface (Saleh & Ettman 1999; 

Ari et al. 2004), and affect its interaction with materials used for coronal sealing (Nikaido 

et al. 1999). In addition, some chemical agents such as NaOCl can remove the smear layer, 

open the dentinal tubules, and increase the intertubular roughness (Mountouris et al. 2004, 

Fawzy et al. 2008). Other chemicals often used in endodontic treatment as such, H2O2 and 

EDTA increased the surface roughness (Ari et al. 2004, Eldeniz et al. 2005), while 0.2% 

chlorhexidine did not show increase of root canal roughness (Ari et al. 2004).  

The physical characteristics of tooth structure remaining after endodontic 

therapy is irreversibly altered (Nikaido et al. 1999, Saleh & Ettman 1999) and these 

characteristics as such surface roughness can influence the dentin/resin bonding. The 

increase in roughness enhances the adhesive interlocking into irregularities of dentin, which 

contributes with two thirds of bond strength (Gwinnett 1993), improving dentin/resin 

bonding (Mowery Jr et al. 1987).   

Besides, it was observed an increase in the microtensile bond strength after 

120s of 5.25% NaOCl application (Fawzy et al. 2008). Contrary, Erdemir et al. (2004), 

showed decrease on root canal bond strength, when 5.25% NaOCl, H2O2, and both 

associated, but only used by 60s. Moreover, the integrity of the dentin/resin bonding in pulp 

chamber has important implications in improving the success of root canal treatment 

(Kijsamanmith et al., 2002).  

Although the effects of irrigation solutions and their combination have been 

studied previously, their effects on the pulp chamber of both primary and permanent teeth 

have not been studied. It is an important issue since the structure of the pulp chamber is 

complex including predentin and regular and irregular secondary dentin. The pulp chamber 
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walls have a high density of tubules with large tubule diameters that also could influence 

the mechanical properties of this substrate (Schellenberg et al. 1992). 

The purpose of this in vitro study was to evaluate the effects of irrigations 

solutions, auxiliaries of instrumentation and chelating agent on the roughness to pulp 

chamber dentin of primary and permanent teeth. The null hypothesis was that the agents 

would not affect the roughness of pulp chamber of these substrates.  

 

MATERIALS AND METHODS 

One hundred ten human anterior teeth (55 primary and 55 permanent) were 

used. The study was conducted after approval of the Ethical Committee of Piracicaba 

Dental School, University of Campinas (protocol #041/2006). The selection of teeth was 

made on the basis of their relative dimensions, similarity in morphology and degree of 

tooth wear. Their roots were sectioned at the cementoenamel junction using a double-face 

diamond saw (KG Sorensen, São Paulo, SP, Brazil) and discarded. The crowns were 

sectioned longitudinally in the mesiodistal direction to expose the pulp chamber. 

One side of the crown was randomly selected and embedded in polystyrene 

resin (Piraglass, Piracicaba, SP, Brazil), leaving the dentin pulp chamber expose. The 

specimens were polished with 400-, 600- and 1200-grit Al2O3 papers (Arotec, São Paulo, 

SP, Brazil), and cloth polished with 1.0-µm diamond paste (Buheler Metadi II, Buheler, 

Lake Buff, IL, USA). They were randomly distributed in eleven groups, according to the 

dentin substrate (primary and permanent) and the agents used in the endodontic treatment, 

as follow (n=5): NT- no treatment (negative control group); SS-saline solution (Tayuyna 

Laboratory, São Paulo, SP, Brazil, batch #127074) (control group); SH1-1% NaOCl 

(Proderma-Laboratory of Manipulation, Piracicaba, SP, Brazil); SH1U-1% NaOCl 

associated with urea peroxide gel (Endo-PTC™- Fórmula &Ação-Laboratory of 

Manipulation, São Paulo, SP, Brazil, batch #0028); SH1E-1% NaOCl associated with 17% 

EDTA (Proderma-Laboratory of Manipulation, Piracicaba, SP, Brazil); E-17% EDTA 

(Proderma-Laboratory of Manipulation, Piracicaba, SP, Brazil); CHX-2% chlorhexidine 

gel (Endosupport, São Paulo, SP, Brazil, batch #510572); CHXE-2% chlorhexidine gel 
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associated with 17% EDTA; SH5-5.25% NaOCl; SH5U-5.25% NaOCl associated with 

urea peroxide gel; SH5E-5.25% NaOCl associated with 17% EDTA.  

To simulate the endodontic irrigation (Borges et al. 2008), the specimens were 

individually immersed in 2 mL of the respective agent in polypropylene vials, which were 

constantly agitated in an ultrasound bath at 37°C, by 30 minutes. The solutions were 

changed every 5 minutes to simulate clinical conditions and to prevent saturation of the 

solutions. For NaOCl associated with urea peroxide gel groups (SH1U and SH5U) the gel 

was applied over the pulp chamber using a plastic spatula and the solution was dropped on. 

For SH1E, CHXE and SH5E, after the simulation the endodontic irrigation, a final flush (5 

minutes) of EDTA was used. The E groups were submitted only to 5 minutes of EDTA 

ultrasound bath. Saline solution also was used as final rinsing. 

Each specimen was gently dried with tissue paper and the surface roughness 

analyses were done using a Surfcorder SE 1700 surface roughness-measuring instrument 

(Kosaka Corp, Tokyo, Japan). Three readings were recorded for each specimen at three 

different locations - parallel, perpendicular and oblique to scan all specimens’ area. 0.25 

mm cut-off was set and roughness measurement recorded in Ra (µm). Ra values for each 

specimen were taken across the diameter over a standard length of 1.25 mm. The average 

of those three readings was used as the score for each specimen. 

 

Scanning electron microscopy (SEM) 

Impressions of the specimen surfaces were taken, poured with epoxy resin 

(Buehler, Lake, Buff, IL, USA), gold-sputter coated (Balzers SCD 050/BAL-TEC, 

Schalksmühle, Germany) and observed in a SEM (JEOL- JSM 5600LV, Tokyo, Japan) at 

an accelerating voltage of 15kV, a working distance of 20 mm, and with a magnification of 

1000X.     

 

Statistical analysis 

The roughness values for primary and permanent teeth were submitted 

independently to one-way ANOVA and the comparison of means was conducted using a 

post hoc Tukey multiple comparison test at the 95% level of confidence.  
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RESULTS 

The means and standard deviation of the roughness values (Ra) for comparisons 

among irrigation solutions, auxiliaries of instrumentation and chelating agent are shown in 

Figure 1. The roughness values indicated a statistically significant difference among 

groups (p<0.05). For primary teeth, 5.25% NaOCl associated with 17% EDTA showed the 

highest Ra, following by 1% NaOCl and 2% chlorhexidine, both associated with EDTA. 

EDTA used alone showed intermediate results with no significant difference in relation the 

others groups (p>0.05). For permanent teeth, 1% and 5.25% NaOCl associated with EDTA 

showed the highest Ra compared to other groups, which did not show significant 

differences among them. Representative SEM images of pulp chamber dentin surfaces of 

primary and permanent teeth are shown in Figure 2 and Figure 3, respectively.     
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Figure 1. Means and standard deviation of roughness (Ra) for comparisons between irrigations 
solutions, auxiliaries of instrumentation, and agent chelating as following: NT = no treatment; SS = 
saline solution; SH1 = 1% NaOCl; SH1U = 1% NaOCl associated with urea peroxide gel; SH1E = 
1% NaOCl associated with 17% EDTA; E = 17% EDTA; CHX = 2% chlorhexidine gel; CHXE = 
2% chlorhexidine gel associated with 17% EDTA; SH5 = 5.25% NaOCl; SH5U = 5.25% NaOCl 
associated with urea peroxide gel; SH5E = 5.25% NaOCl associated with 17% EDTA; (A) Primary 
teeth; (B) Permanent teeth. 
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Figure 2. Representative scanning electron micrographs of pulp chamber dentin surfaces for 

primary teeth, regarding the irrigation solutions, auxiliaries of instrumentation and chelating agent 

(NT - no treatment; SS - Saline solution; SH1 - 1% NaOCl; SH1E - 1% NaOCl associated with 17% 

EDTA; SH5 - 5.25% NaOCl; SH5E - 5.25% NaOCl associated with 17% EDTA). White arrow – 

opened dentin tubules; Black arrow – intertubular dentin 
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Figure 3. Representative scanning electron micrographs of pulp chamber dentin surfaces for 

permanent teeth, regarding the irrigation solutions, auxiliaries of instrumentation and chelating 

agent (NT - no treatment; SS - Saline solution; SH1 - 1% NaOCl; SH1E - 1% NaOCl associated 

with 17% EDTA; SH5 - 5.25% NaOCl; SH5E - 5.25% NaOCl associated with 17% EDTA). White 

arrow – opened dentin tubules; Black arrow – intertubular dentin  
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DISCUSSION  

The null hypothesis was rejected. Irrigation solutions induced considerable 

changes to the surface roughness in pulp chamber dentin for primary and permanent teeth 

showing that physical properties of a substrate can be modified by chemical treatments 

(Saleh & Ettaman 1999, Eldeniz et al. 2005). The results showed the highest surface 

roughness for primary teeth irrigated to 5.25% NaOCl associated with 17% EDTA, while in 

permanent ones, 1% and 5.25% NaOCl associated with 17% EDTA, showed the highest 

surface roughness. In addition, the roughness increase for primary teeth was related with 

the association among EDTA and other agents. However, for permanent teeth this 

roughness increase was observed only when EDTA was used with NaOCl, regardless it 

concentration.  

These results corroborate Eldeniz et al. (2005) that showed roughness increase 

when association of solutions were used. The roughness increase when EDTA is associated 

with irrigant agents can be related to its demineralizing effect on root canal dentin (Eldeniz 

et al. 2005). The Ari et al. (2004) study reported an increased root dentin roughness when 

2.5% to 5.25% NaOCl were used alone. The significant changes in dentin roughness 

observed, following the NaOCl treatment, show its potent direct effects on the organic and 

mineral content of dentin (Borges et al. 2007). The change in roughness observed could be 

explained by the loss of the organic matrix within dentin due to NaOCl irrigation. In 

addition, EDTA is well known as a calcium chelating agent and can produce 

demineralization following extended contact with dentin, including nonmineral areas 

(Kawasaki et al. 1999). As showed by this study, the association between EDTA and 

NaOCl can increase the surface roughness. 

Surface roughness increase after the chemo-mechanical endodontic preparation, 

become dentin tubules patent and also increase the surface area. This could be clinically 

desirable to adhesive materials bonding that require the presence of irregularities on the 

surface in order to improve the adhesive penetration into dentin irregularities (Mowery Jr et 

al. 1987, Gwinnett 1993, Coli et al. 1999). It is an important issue, since in the pulp 

chamber the adhesive procedure will be performed. The others groups did not showed 

significant difference among them and also with the control groups. 
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The analysis of SEM showed for control groups (no treatment and saline 

solution) the presence of intertubular dentin, with partial occluded dentin tubules, similar to 

1% and 5.25% NaOCl groups, as such primary as permanent teeth. 1% and 5.25% NaOCl 

associated with 17% EDTA showed opened tubules, with intertubular dentin partially 

removed for primary and total removed on permanent teeth. The SEM analysis showed the 

effect of irrigation solutions on pulp chamber dentin surface and their potential effect on 

roughness values (Figures 2 and 3). 

From the clinical point of view an ideal root canal irrigant should be able to 

disinfect the root canal system and the dentinal tubules, allow penetration of antimicrobial 

agents into the dentinal tubules, and have substantive antimicrobial activity. In addition, it 

should have no adverse effects on the sealing ability of filling materials contributing with 

its improvement (Torabinejad et al. 2002). Thus, further well-design randomized in vitro 

and in vivo studies are required to verify the effects of surface roughness after endodontic 

therapy on sealing ability and longevity of pulp treated teeth.   

 

CONCLUSIONS  

It was concluded that pulp chamber irrigation with 1% and 5.25% NaOCl 

associated with 17% EDTA increases pulp chamber roughness of primary and permanent 

teeth.  
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CONSIDERAÇÕES GERAIS 

 

Devido à complexidade do sistema de canais radiculares, somente a realização 

da instrumentação mecânica não é capaz de remover adequadamente microrganismos e 

tecido pulpar de todo o sistema (Byström & Sundqvist, 1981), além de produzir smear 

layer na superfície radicular. Assim, o procedimento de irrigação é necessário para remover 

debris, microrganismos e a smear layer produzida (Baumgartner & Mader, 1987). Para 

isso, substâncias químicas auxiliares, como hipoclorito de sódio, clorexidina gel e peróxido 

de uréia (Endo-PTC®), tem sido utilizados em diversas concentrações, associados ou não, 

para se obter um adequado debridamento do sistema dos canais radiculares (Becker & 

Woollard, 2001). Os agentes quelantes, como o EDTA, por sua vez, são utilizados durante 

a instrumentação como auxiliares do preparo mecânico, especialmente em canais estreitos e 

obliterados (Stewart, 1995) e principalmente para a remoção da smear layer (McComb & 

Smith, 1975). 

Durante a irrigação, não somente a dentina radicular, como a coronária e o 

esmalte são expostos às soluções depositadas na câmara pulpar (Saleh & Ettman, 1999) e 

os agentes químicos utilizados podem promover alterações na composição química, na 

morfologia e nas propriedades mecânicas e físicas da superfície dentinária (Saleh & 

Ettman, 1999; Dogan & Calt, 2001; Sim et al., 2001; Ari et al., 2004). Ainda, podem afetar 

a interação com materiais utilizados para o selamento coronário (Nikaido et al., 1999) e 

radicular (Erdemir et al., 2004). Essas alterações são clinicamente relevantes para o sucesso 

do tratamento endodôntico em longo prazo, uma vez que podem alterar adversamente a 

capacidade de selamento dos materiais adesivos, como os cimentos obturadores à base de 

resina (García-Godoy et al., 2005). Adicionalmente podem reduzir a resistência de união de 

materiais adesivos à dentina (Perdigão et al., 2001), assim como permitir infiltração 

coronária (Saleh & Ettman, 1999). 

Considerando-se a extensão e as consequências exatas das alterações 

promovidas na superfície dentinária, tanto do ponto de vista da preparação endodôntica, 

como do procedimento restaurador, após a irrigação, a literatura deixa uma lacuna no 

conhecimento sobre esse assunto.  
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Desse modo, esta Tese teve como propósito discutir, por meio de uma revisão 

sistemática, os efeitos do hipoclorito de sódio nas propriedades mecânicas da dentina dos 

canais radiculares e analisar in vitro os efeitos de diversas substâncias químicas auxiliares 

(soro fisiológico, hipoclorito de sódio 1% e 5,25%, clorexidina gel 2%, peróxido de uréia 

gel e EDTA 17%) na microdureza, morfologia e rugosidade da dentina da câmara pulpar de 

dentes decíduos e permanentes.  

Por meio da revisão sistemática da literatura (capítulo 1) foi discutido os efeitos 

da irrigação endodôntica, quando da utilização da solução de hipoclorito de sódio, utilizada 

em diversas concentrações e em diferentes regimes de aplicação, sobre as propriedades 

mecânicas, como microdureza, resistência à flexão e à tração, e sobre as propriedades 

físicas, como o módulo de elasticidade, da dentina radicular. Para a realização de revisões 

sistemáticas, estabelecem-se critérios metodológicos para avaliação dos estudos científicos, 

os quais são classificados de maneira crítica em relação à metodologia e os resultados 

apresentados. Observou-se que os estudos incluídos na revisão sistemática não utilizaram 

parâmetros similares, como concentração da solução de hipoclorito de sódio, tempo de 

aplicação, volume e regime de aplicação. Assim torna-se inviável a comparação entre os 

resultados observados. Entretanto, de uma maneira geral, observou-se que a utilização do 

hipoclorito de sódio altera as propriedades mecânicas da dentina do canal radicular.  

As alterações produzidas pelo hipoclorito de sódio, quando este foi utilizado 

como solução irrigadora, foram observadas na dentina radicular. Entretanto, os estudos de 

Santos et al. (2006), Vongphan et al. (2005) e Ozturk et al. (2004) demonstraram haver 

influência dos agentes químicos utilizados na irrigação endodôntica sobre a resistência de 

união de materiais adesivos à dentina da câmara coronária. Baseado nesses estudos sugere-

se que as propriedades mecânicas, estruturais e físicas da câmara pulpar tratada poderiam 

ser alteradas pelos agentes químicos, durante o procedimento de irrigação, alterando a 

longevidade da restauração e definitivamente o sucesso do tratamento endodôntico. 

No capítulo 2, verificou-se que para os dentes decíduos, tanto as concentrações 

de hipoclorito de sódio 1% e 5,25% diminuíram a microdureza superficial da dentina da 

câmara pulpar. Para os dentes permanentes, somente a solução de hipoclorito de sódio 
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5,25% associado ou não ao peróxido de uréia gel (Endo-PTC®) reduziu significativamente 

a microdureza da dentina da câmara pulpar.  

As diferenças verificadas nos resultados para os dentes decíduos e permanentes 

poderiam ser explicadas pelas supostas diferenças que talvez existam nesses dois 

substratos. Entretanto, estudos a respeito da microestrutura de dentes decíduos e 

permanentes apresentam resultados contraditórios. Enquanto Johnsen (1994) observou que 

a microdureza de dentes decíduos é menor do que dos dentes permanentes, o estudo de 

Borges et al. (2007), não verificou diferenças entre eles. Koutsi et al. (1994) avaliaram a 

micromorfologia dentinária de dentes decíduos e permanentes em relação à permeabilidade, 

densidade e diâmetro tubular e verificaram diferenças entre os dois substratos. A densidade 

e o diâmetro dos túbulos dentinários se apresentaram menores nos dentes decíduos 

comparados aos permanentes assim como a permeabilidade dentinária. Segundo Pashley et 

al. (1985) existe uma correlação inversa entre microdureza dentinária e densidade tubular, e 

o grau de mineralização e quantidade de hidroxiapatita na dentina intertubular são fatores 

consideráveis na determinação da dureza intrínseca da estrutura da dentina. De qualquer 

forma, informações a respeito da microdureza da câmara pulpar e os efeitos de diferentes 

soluções irrigadoras, tanto para dentes decíduos quanto para permanentes neste substrato, 

eram inexistentes até o momento. 

Em relação aos grupos tratados com a solução de EDTA 17%, os resultados 

foram inconclusivos, uma vez que a microdureza não pode ser mensurada. Isso aconteceu 

porque a superfície da câmara pulpar tratada com EDTA se apresentou sem continuidade e 

erodida. Investigações tem sido realizadas para compreender as alterações microestruturais 

que ocorrem na dentina radicular durante o processo de desmineralização, quando utiliza-se 

agentes quelantes como o EDTA. Diversos aspectos relacionados à smear layer formada 

sobre a superfície radicular foram estudados, como o poder de desmineralização dos 

agentes quelantes (De-Deus et al., 2006), associações de soluções (clorexidina e hipoclorito 

de sódio) e agentes quelantes (González-López et al., 2006; Grawehr et al., 2003), a 

influência da agitação ultrasônica (Guerisoli et al., 2002), o volume de solução empregada 

(Yamada et al., 1983), atividade antibacteriana (Ruff et al., 2006), biocompatibilidade 

(Serper et al., 2001), e principalmente o tempo ideal para remover a smear layer sem 
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destruir a matriz dentinária (Niu et al., 2002). Entretanto, dúvidas ainda persistem a 

respeito da ação dos agentes quelantes sobre as propriedades físicas e mecânicas 

dentinárias.   

No presente trabalho, não se produziu smear layer sobre a dentina da câmara 

pulpar, uma vez que o objetivo do estudo foi avaliar o efeito da irrigação endodôntica sobre 

a superfície dentinária da câmara pulpar. Ainda, após a realização de um estudo piloto, 

observou-se não haver contato direto entre as limas endodônticas e as paredes laterais da 

câmara durante o preparo químico-mecânico. Sem a presença desta smear layer, que seria 

composta de dentina excisada, pré-dentina, remanescentes pulpares e processos 

odontoblásticos, restos de agentes químicos e microrganismos (McComb & Smith, 1975), 

talvez a solução de EDTA tenha atuado mais intensamente e por mais tempo e por isso as 

alterações dentinárias foram mais evidentes. 

Quando as substâncias químicas auxiliares foram utilizadas para a irrigação da 

câmara pulpar de dentes decíduos e permanentes e a rugosidade superficial foi avaliada 

(capítulo 3), verificou-se que as soluções de hipoclorito de sódio 1% e 5,25% associados ao 

EDTA 17% aumentaram a rugosidade nestes substratos. O preparo químico-mecânico 

endodôntico produz túbulos dentinários patentes e com isso aumenta a rugosidade 

superficial e a área de superfície para união. Isso poderia ser clinicamente relevante, pois 

quando considera-se o procedimento restaurador e a utilização de materiais adesivos, estes 

requerem a presença de irregularidades superficiais para melhorar a penetração dos 

sistemas adesivos e assim promover uma adequada resistência de união (Mowery Jr et al., 

1987; Gwinnett, 1993, Coli et al., 1999).   

As imagens obtidas por meio de Microscopia Eletrônica de Varredura 

mostraram que quando as soluções de hipoclorito de sódio (1% e 5,25%) foram utilizadas 

seguidas da lavagem final com a solução de EDTA 17%, os túbulos dentinários se 

apresentaram abertos, com remoção parcial da dentina intertubular. Este protocolo clínico é 

proposto para a remoção da smear layer produzida após o preparo mecânico radicular, mas 

sabe-se que a utilização de determinados agentes químicos, afeta não somente as 

superfícies radiculares, mas também a dentina coronária. Observou-se assim, que as 
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imagens da dentina da câmara pulpar obtidas corresponderam com os resultados 

encontrados por meio do teste de rugosidade superficial.   

Baseando-se nos resultados observados no capítulo 2 e 3, pôde-se formular 

questões interessantes a serem respondidas com futuros estudos: (1) dever-se-ia utilizar 

uma solução de EDTA menos agressiva, com concentrações reduzidas para evitar a 

desmineralização da dentina intacta durante o preparo químico-mecânico? (2) dever-se-ia 

utilizar a solução de hipoclorito de sódio associada ao EDTA 17% para se obter uma 

superfície dentinária rugosa, porém livre do colágeno intertubular, com túbulos dentinários 

patentes para promover a união dos materiais obturadores e a restauração final mesmo que 

este procedimento altere a microdureza superficial?  

À luz dos resultados obtidos nessa Tese, pesquisas sobre as alterações 

produzidas no substrato dentinário da câmara pulpar e outros, como no esmalte, devem ser 

realizadas para elucidar os efeitos dos procedimentos endodônticos, como o preparo 

químico-mecânico, com o objetivo de melhorar a eficácia da união à estas estruturas, a 

longevidade das restaurações e o sucesso dos dentes tratados endodonticamente. 
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CONCLUSÃO 

 

Diante dos objetivos e da metodologia empregada no presente estudo, concluiu-

se que: 

1. Há forte evidência de que o hipoclorito de sódio altera as propriedades 

mecânicas da dentina radicular, quando o mesmo é utilizado como solução irrigadora 

durante o tratamento endodôntico; 

2. A irrigação da dentina da câmara pulpar com EDTA a 17%, tanto para os 

dentes decíduos quanto para os permanentes, resultou em resultados não conclusivos uma 

vez que a microdureza superficial não pôde ser mensurada; 

3. Em relação aos dentes decíduos, a solução de hipoclorito de sódio a 1% ou a 

5,25% diminuiu os valores de microdureza da dentina da câmara pulpar quando 

comparados aos grupos controle e clorexidina gel 2%. Para os dentes permanentes, a 

solução de hipoclorito de sódio a 5,25% associado ou não ao peróxido de uréia diminuiu 

significativamente esta propriedade da dentina; 

4. A irrigação da câmara pulpar com solução de hipoclorito de sódio a 1% e a 

5,25% associados ao de EDTA a 17% aumentou a rugosidade superficial deste substrato em 

dentes decíduos e permanentes; 

5. Tanto para os dentes decíduos quanto para os permanentes, alterações 

morfológicas foram observadas quando a dentina da câmara pulpar foi tratada com todos os 

agentes químicos.  
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APÊNDICE 1. Ilustrações da metodologia empregada nos capítulos 2 e 3.  

 

Sequência da seleção e preparo dos dentes decíduos e permanentes.  

 

A - Secção longitudinal das raízes dos dentes humanos decíduos selecionados;  

B - Fotografia ilustrativa dos dentes decíduos seccionados;  

C - Secção longitudinal das raízes dos dentes humanos permanentes selecionados;  

D - Fotografia ilustrativa dos dentes permanentes seccionados;  

E - Secção longitudinal das coroas para exposição da câmara pulpar. 
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APÊNDICE 2. Ilustrações da metodologia empregada nos capítulos 2 e 3.  

 

Sequência da técnica de embutimento das amostras.  

 

A - Posicionamento dos tubos de PVC em placa de vidro e fita VHB® dupla-face de espuma 

acrílica e de adesivo transferível (3M do Brasil, São Paulo, SP, Brasil);  

B - Visão aproximada da amostra posicionada sobre a fita antes da colocação da resina de 

poliestireno (Piraglass Ltda., Piracicaba, SP, Brasil);  

C - Planificação e polimento das amostras com lixas de óxido de alumínio nos 400, 600, 

1200 (Arotec, São Paulo, SP, Brazil) e pasta de diamante de 1µm (Buheler Metadi II, 

Buheler, Lake Buff, IL, USA) em politriz (Aropol E, Arotec, São Paulo, SP, Brasil) sob 

refrigeração; 

D - Aparelho de ultrasson (Ultrasonic Cleaner, Unique, Santo Amaro, SP, Brasil) utilizado 

para remoção de resíduos; 

E - Rugosímetro Surfcorder SE 1700 (Kosaka, Tóquio, Japão); 

F - Amostra posicionada para realização das leituras: 

Fa: visão lateral e Fb: visão superior 
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APÊNDICE 3. Ilustrações da metodologia empregada nos capítulos 2 e 3.  

 

Capítulo 2: Distribuição dos grupos experimentais e ensaio micromecânico de dureza 

Capítulo 3: Distribuição dos grupos experimentais 

 

A - Microdurômetro utilizado para a determinação da microdureza Vickers (HMV 2000, 

Shimadzu, Tóquio, Japão);  

B - Ilustração esquemática das 3 impressões (50g / 5s; distância de 200 µm entre elas) 

realizadas em cada amostra; 

C - Distribuição dos grupos experimentais: 

 

Substratos Humanos 
Grupos Dentina  

Decídua 
Dentina 

Permanente 
NT- Sem tratamento 5 5 
SS-Soro fisiológico 5 5 
SH1-Hipoclorito de sódio 1%  5 5 
SH1U-Hipoclorito de sódio 1% + Endo-PTC 5 5 
SH1E-Hipoclorito de sódio 1% + EDTA 17% 5 5 
E-EDTA 17% 5 5 
CHX-Clorexidina Gel a 2% 5 5 
CHXE-Clorexidina Gel a 2% + EDTA 17% 5 5 
SH5-Hipoclorito de sódio 5,25% 5 5 
SH5U-Hipoclorito de sódio 5,25% + Endo-PTC 5 5 
SH5E-Hipoclorito de sódio 5,25% + EDTA 17% 5 5 
Total de dentes 55 55 
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APÊNDICE 4. Ilustrações da metodologia empregada nos capítulos 2 e 3.  

 

Sequência do procedimento de simulação de irrigação.  

 

A - Recipientes de polipropileno utilizados para a imersão individual das amostras (a1, a2, 

a3, a4, a5), contendo 2 mL do agente utilizado;  

B - Amostra posicionada individualmente; 

C - Posicionamento das cinco amostras em Becker; 

D - Posicionamento do conjunto amostras/Becker em ultrasson (Ultrasonic Cleaner, 

Unique, Santo Amaro, SP, Brasil); 

E - Aparelho de ultrasson (Ultrasonic Cleaner, Unique, Santo Amaro, SP, Brasil) utilizado 

para a simulação da irrigação endodôntica. 
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APÊNDICE 5. Ilustrações da metodologia empregada nos capítulos 2 e 3.  

 

Sequência de confecção das réplicas e preparo para observação em Microscopia 

Eletrônica de Varredura (MEV). 

 

A - Moldagem das amostras utilizando material de moldagem (material leve) à base de 

silicona de adição (Flexitime, Heraeus Kulzer, Hanau, Alemanha);  

B - Resina epóxica utilizada na proporção 1:5 (Buehler, Lake, Buff, IL, EUA); 

C - Aparelho metalizador Balzers SCD 050 (BAL-TEC, Schalksmühle, Alemanha); 

D - Réplica metalizada, montada em stub de latão e pronta para observação em 

Microscópio Eletrônico de Varredura; 

E - Microscópio Eletrônico de Varredura (JSM 5600LV, JEOL, Tóquio, Japão). 
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APÊNDICE 6. Imagens obtidas por meio de Microscopia Eletrônica de Varredura da 

dentina da câmara pulpar de dentes decíduos (PR) e permanentes (PE), em relação aos 

grupos experimentais: SS=soro fisiológico; SH1= NaOCl 1%; SH1U=NaOCl 1% associado 

ao peróxido de uréia gel (Endo-PTC®); SH1E= NaOCl 1% associado ao  EDTA 17%; E= 

EDTA 17%; CHX= chlorhexidine gel 2%; CHXE= chlorhexidine gel 2% associada ao  

EDTA 17%; SH5=NaOCl 5.25%; SH5U=NaOCl 5.25% associado ao peróxido de uréia gel 

(Endo-PTC®); SH5E=NaOCl 5.25% associado ao  EDTA 17%. 
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APÊNDICE 7. Micrografias representativas, obtidas por meio de Microscopia Eletrônica 

de Varredura, da dentina da câmara pulpar de Dentes Decíduos em relação aos grupos 

experimentais: NT – sem tratamento (controle negativo); SS – soro fisiológico (controle 

positivo); SH1 – hipoclorito de sódio 1%; SH1E – hipoclorito de sódio 1% associado ao 

EDTA 17%; SH5 – hipoclorito de sódio 5,25%; SH5E - hipoclorito de sódio 1% associado 

ao EDTA 17%. As setas brancas representam os túbulos dentinários abertos e as setas 

pretas dentina intertubular. 
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APÊNDICE 8. Micrografias representativas, obtidas por meio de Microscopia Eletrônica 

de Varredura, da dentina da câmara pulpar de Dentes Permanentes em relação aos grupos 

experimentais: NT – sem tratamento (controle negativo); SS – soro fisiológico (controle 

positivo); SH1 – hipoclorito de sódio 1%; SH1E – hipoclorito de sódio 1% associado ao 

EDTA 17%; SH5 – hipoclorito de sódio 5,25%; SH5E - hipoclorito de sódio 1% associado 

ao EDTA 17%. As setas brancas representam os túbulos dentinários abertos e as setas 

pretas dentina intertubular. 
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ANEXO 1 - Resolução CCPG/002/06 a qual dispõe a respeito do formato das teses de 

mestrado e doutorado aprovados pela UNICAMP (Parte I) 
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ANEXO 1 - Resolução CCPG/002/06 a qual dispõe a respeito do formato das teses de 

mestrado e doutorado aprovados pela UNICAMP (Parte II) 
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ANEXO 2 - Declaração do direito autoral transferido a editora quando a tese for defendida 

em formato alternativo 
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ANEXO 3 - Certificado do Comitê de Ética em Pesquisa      

A B 
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ANEXO 4 - Confirmação de submissão do primeiro artigo apresentado nesta Tese para o 

periódico International Endodontic Journal 

 


