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RESUMO

Teoricamente, o suposto menor grau de mineralizacdo da dentina decidua
comparado a permanente, produziria comportamento diferente deste substrato apds contato
com solucdes desproteinizantes/desmineralizantes, seguido de restauragdes com materiais
resinosos. O objetivo deste estudo foi fornecer novas informagdes cientificas nos campos
quimicos, mecanico e morfologico em relacdo a qualidade do contetido mineral e organico
da dentina decidua em comparacdo ao conteiido da dentina permanente, apds a acdo de
solucdes desmineralizante/desproteinizante. No intuito de facilitar a apresentacdo desta
tese, a mesma foi dividida em dois estudos, como descrito nas proposicdes seguintes.
Estudo 1: Identificar a dentina decidua em comparagdo a permanente, na regidao de dentina
média, apds condicionamento com 4cido fosforico 35%. As andlises foram: Espectroscopia
Raman Transformada de Fourier (FT-Raman), Microscopia Eletronica de
Varredura/Espectroscopia de Energia Dispersiva (MEV/EED) e microdureza Knoop. Dez
molares humanos, 5 deciduos e 5 permanentes, foram desgastados com fresa carbide até a
dentina média e seccionados no sentido mesio-distal e vestibulo-lingual, longitudinalmente.
Metade da amostra foi destinada a espectroscopia FT-Raman e metade ao teste de dureza
Knoop. Os grupos estudados foram (n=10): G1 (smear layer decidua); G2 (dentina decidua
+ 4cido fosférico 35%); G3 (smear layer permanente); G4 (dentina permanente + 4cido
fosférico 35%). Espectros resultantes da andlise quimica foram submetidos a andlise de
Cluster, com base nos componentes principais identificados. Andlise MEV/EED foi
realizada para complementar os dados obtidos pelo FT-Raman. O ensaio micromecanico de
dureza foi realizado para cada grupo (n=5). Cinco impressdes foram feitas em cada
espécime com 100 um de distancia entre cada impressdo. A média de cada grupo foi
calculada e os valores foram submetidos a ANOVA e teste de Tukey (p<0,05). A anélise

FT-Raman revelou diferenca entre os grupos. Conteido inorgdnico: G3 foi o mais

diferente, seguido pelo G4, enquanto G1 e G2 foram os mais similares entre si. MEV/EDS

identificou os elementos quimicos C, O, P, Ca e Zn. Conteudo organico: G2 mostrou ser o

mais diferente de todos os grupos, seguido pelo G4, enquanto G1 e G3 foram os mais
similares entre si. O teste de dureza revelou nao haver diferenca significativa entre G1 vs
G3 e G2 vs G4 (p>0,05), porém houve diferenca significativa entre G1 vs G2 e G3 vs G4

(p<0,05). Estudo 2: Avaliar por meio da FT-Raman e MEV, a dentina corondria das



paredes laterais da camara pulpar, decidua e permanente, ap6s a¢do da solucao NaOCl 1%
seguido de condicionamento com &4cido fosférico a 35%, simulando as alteracdes que
podem ocorrer em dentes tratados endodonticamente, os quais apresentam cavidade tipo
classe I restaurada com compdsito cujo sistema de unido requer condicionamento 4cido
total. Vinte molares humanos, 10 deciduos e 10 permanentes, foram seccionados no sentido
mesio-distal, longitudinalmente. As sec¢des dentindrias foram distribuidas entre os grupos
(n =5): Dentes deciduos (Grupos 1, 2, 3 e 4); dentes permanentes (grupos 5,6, 7e 8) : Gl e
G5 — dentina; G2 e G6 — dentina irrigada com NaOCl 1% (30 min); G3 e G7 - dentina
irrigada com NaOCl 1% (30 min) e condicionada com 4cido fosférico 35%; G4 e G8 -
dentina condicionada com 4&cido fosforico 35%. Apds a andlise FT-Raman, todos os
espécimes foram preparados e avaliados em MEV. As alteragcdes morfoldgicas foram

classificadas de acordo com score pré-estabelecido. Resultados: Contetiido inorganico:

Houve nitida diferenca entre a dentina que compde a camara pulpar decidua e permanente.
G1 e G4 mostraram ser muito similares entre si, seguido do G2 que foi intermedidrio entre
eles e G3. G6 e G7 também foram altamente similares entre si, seguido do G8 que foi

intermediario entre eles e G5. Conteddo orginico: G7 e G8 foram muito similares entre si;

G2 foi intermediario; G4 e G6 foram altamente similares entre si, bem como G3 e G5, os
quais foram similares ao Gl. As fotomicrografias demonstraram haver diferenga
morfoldgica entre os grupos ndo tratados, tratados com NaOCI e tratados com NaOCl
seguido de condicionamento 4cido, sendo que os grupos apenas condicionados nao
diferiram daqueles tratados e condicionados. Conclusao Geral: O arranjo molecular do
conteddo inorganico dos dentes deciduos é qualitativamente diferente do arranjo molecular
do contetdo inorganico dos dentes permanentes, tanto na dentina da regido média corondria
quanto da camara pulpar, sendo o NaOCl um agente capaz de alterar o conteido inorganico
quimicamente, tanto na dentina decidua quanto na permanente, porém nao
morfologicamente caso seja tratado com NaOCl e seguido pelo condicionamento com 4cido

fosforico.
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ABSTRACT

Theoretically, it is supposed to have lower degree of mineralization for primary
dentin compared with permanent one could lead different behavior of this substrate after
contact with deproteinizating/demineralizating solutions, followed by composite
restorations. The aim of this study was provide scientific informations at chemical,
mechanical and morphological levels regarding the quality of inorganic and organic content
of primary dentin compared to permanent one, as well as after
deproteinizating/demineralizating solutions action. In order to facilitate the accomplishment
of this thesis, it was divided into two phases, as described on the following descriptions:
Study 1: To recognize the primary dentin compared to permanent dentin in the middle of
crown, with or without 35% phosphoric acid total etching. The analyses were: Fourier
Transformed Raman Spectroscopy (FT-Raman); Scanning Electron Microscopy/Energy-
Dispersive Spectroscopy (EDS/SEM) and Hardness Micromechanical Test, related to
molecular and micro-mechanical areas. Ten human molars, 5 primary and 5 permanent,
were abrading with carbide bur until reach the middle dentin simultaneously to smear layer
production. Four parts per tooth were obtained, half designed to FT-Raman spectroscopy
and half to hardness test. The studied groups were (n=10): G1 (primary dentin smear
layer); G2 (35% phosphoric acid etched primary dentin); G3 (permanent dentin smear
layer); G4 (35% phosphoric acid etched permanent dentin). Result spectros from chemical
analysis were subject to Cluster analysis based on identified principal components. The
EDS/SEM analysis was done in order to add the FT-Raman data. To hardness test, 5
specimens were included, polished, cleaned, and etching (G2, G4) before the test. Five
indentations were recorded to each specimen under middle dentin surface with 100 pm of
distance each others beginning with 50 pm apart from JAD. A mean was calculated by each
group and these values were recorded. The results were subjected to ANOVA and Tukey

test. FT-Raman analysis showed difference among groups. Inorganic content: G3 was the

most different, followed by G4, while G1 and G2 were the most similar to each other.

EDS/SEM identified the C, O, P, Ca and Zn chemical elements in dentin. Organic content:

G2 was the most different of all groups, followed by G4, while G1 and G3 were the most
similar. There were no difference of hardness between G1 vs G3 and G2 vs G4 (p>0.05),
however, there were difference between G1 vs G2 and G3 vs G4 (p<0.05). Study 2: FT-
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Raman and SEM were used to evaluate chemically and morphologically the coronary
dentin of pulp chamber laterals walls after 1% NaOCI action followed by 35% phosphoric
acid total etching. The aim of this study was to simulate the changes that can occur in
endodontically treated teeth with type class I cavity restored with composite and total
etching adhesive systems. Twenty human molars, 10 primary and 10 permanent, were
sectioned mesio-distally paralleled to long axis of teeth. Two parts of dentin pulp chamber,
buccal and lingual lateral walls, were obtained from each tooth, providing 20 parts to
primary as well as to permanent teeth, followed by division into groups (n = 5): Primary
teeth (Groups 1, 2, 3 and 4); permanent teeth (groups 5, 6, 7 and 8) : G1 and G5 — pulp
chamber dentin ; G2 and G6 — pulp chamber dentin irrigated with 1% NaOCI (30 min); G3
e G7 - pulp chamber dentin irrigated with 1% NaOCl (30 min) and etched by 35%
phosphoric acid; G4 e G8 - pulp chamber dentin etched by 35% phosphoric acid. After FT-
Raman analysis, all specimens were prepared and evaluated by SEM. The morphological

changes were classified according a score. Results: Inorganic content: There was a clear

difference between primary and permanent dentin pulp chamber. Within this division, G1
and G4 showed very similar profile between them, followed by G2 that was intermediated
between them and G3. G6 and G7 showed are very similar between them, followed by G8

that was intermediated between them and GS5. Organic content: G7 and G8 were very

similar between them; G2 showed be intermediate; G4 and G6 were very similar between
them as well as G3 and G5 that, in turn, were quite similar to G1. The photomicrographs
showed difference among non-treated groups, NaOCI treated groups and NaOCl treated
followed by phosphoric acid etched groups. The groups only acid etched not differ from
NaOCl treated followed by acid etched groups. Therefore, the inorganic content of primary
teeth is qualitatively different from inorganic content of permanent ones, both in middle
dentin of crown as well as in pulp chamber dentin, but not morphologically in case of

NaOCl treatment followed by phosphoric acid treatment.

Xiii



SUMARIO

1. INTRODUCAO GERAL 01
2. PROPOSICAO 05
3. CAPITULOS
3.1 New perspectives about molecular arrangement of primary and permanent
dentin. 06

3.2 NaOCl changes the inorganic content molecular arrangement of primary and

permanent pulp chamber dentin. 27
4. CONSIDERACOES GERAIS 50
5. CONCLUSOES GERAIS 52
REFERENCIAS BIBLIOGRAFICAS (INTRODUCAO E DISCUSSAO GERAL) 53
APENDICE 57
Seqiiéncia da padronizagdo da profundidade de desgaste da dentina corondria 58
Seqiiéncia de preparo dos espécimes da fase 2 59
Representacao esquemadtica da divisao das unidades experimentais 60
Aparelhos utilizados para realizacdo das andlises quimicas 61
Preparo adicional dos espécimes para o ensaio micromecanico de dureza 62
Aparelho utilizado no ensaio micromecanico de dureza 63
Seqiiéncia do preparo dos espécimes do estudo 2 64
ANEXO 65

Certificado do Comité de Etica em Pesquisa da Faculdade de Odontologia de

Piracicaba/UNICAMP 66

Xiv



1. INTRODUCAO GERAL

A adequada unido entre materiais restauradores resinosos € o substrato
dentinério tem sido foco de diversas pesquisas que avaliam por meio de ensaios mecanicos
se os valores de resisténcia de unido sd@o adequados ou ndo para serem posteriormente
utilizados clinicamente (Inoue et al., 2001; Carrilho et al., 2004; De Munck et al., 2005;
Hiraishi N et al., 2005). Porém, tao relevante quanto se avaliar mecanicamente a unido
substrato dentdrio/sistemas de unido € o conhecimento detalhado do substrato sobre o qual
esses materiais quimicamente balanceados sdo aplicados.

A dentina decidua apresenta menor grau de mineralizagdo comparada ao dente
permanente por apresentar o ciclo bioldgico reduzido (Aradjo et al., 1995). Em média, a
formacgao e mineralizagdo da coroa de um dente deciduo sdo de no minimo seis meses
(incisivo central) e no maximo quatorze meses (segundo molar deciduo), enquanto a média
de um dente permanente € de 3 a 4 anos. Além disso, com o inicio da rizélise, ocorre
diminui¢do na formagdo da dentina reparadora ou tercidria pelo 6rgdo pulpar e os tibulos
dentindrios dos dentes deciduos ndo sofrem obliteracdo por deposicdo gradual de sais
minerais na dentina peritubular (dentina esclerosada) (Johnson et al., 1969; Araujo et al.,
1982;), como ocorre nos dentes permanentes. Frente a estas consideragcdes conclui-se que o
padrdao de mineralizacdo (velocidade e quantidade) do dente deciduo € cerca de 1/5 menor
comparado ao dente permanente (Aradjo et al., 1995).

Porém, estes relevantes estudos sao histologicos e morfologicos, sendo que o
contetido mineral da dentina decidua ndo foi quimicamente qualificado e quantificado em
comparacdo ao dente permanente. Angker et al., (2003) & Angker et al. (2004)
caracterizaram propriedades mecanicas da dentina decidua e seu contetido mineral, porém,
sem a realizacdo do grupo constituido por dentes permanentes. A comparacdo da dentina
decidua e permanente em um mesmo trabalho € essencial, seja pela padronizacdo do
método de andlise da pesquisa ou pela eliminacdo do fator de variagdo representado pelo
operador. Uma vez que haja essa diferenca estrutural entre ambas as denti¢des, a dentina
decidua por apresentar menor conteido mineral e maior conteido organico, poderia se
comportar diferentemente da dentina permanente frente ao uso dos sistemas de unido

contemporaneos.



Sabendo-se que a fase mineral deve ser removida do substrato dentindrio sem
causar danos na matriz de coligeno e os espacos deixados pelo mineral devem ser
preenchidos com adesivo que se polimeriza in-situ e forma a camada hibrida (Nakabayashi
et al., 1982), é de suma importancia a caracterizacdo da composicao do substrato dentdrio
no processo de unido. A camada hibrida “ideal” deveria ser caracterizada como um
biopolimero tri-dimensional de resina-coldgeno que proporcionasse continua e estdvel
unido entre o corpo do adesivo e o substrato dentinario (Misra et al., 2004).

Por maior que seja a interacdo fisica com a rede de coldgeno exposta e quimica
com o conteido mineral remanescente de alguns sistemas de unido, a unido dentindria com
os mondmeros resinosos hidréfilos e hidréfobos fatalmente se degrada. Essa degradagao
ocorre em fun¢do da umidade intrinseca do ambiente bucal, do substrato dentario (Pioch et
al., 2001; Carrilho et al.,, 2004) e da 4dgua componente de sistemas adesivos auto-
condicionantes (Tay et al., 2002; Reis et al., 2004), fendmeno conhecido como
nanoinfiltracdo.

No entanto, a instrumentacdo da dentina por desgaste e outros métodos de
preparo cavitario, alteram a superficie e formam a smear layer, a qual cobre os
componentes estruturais normais da dentina. A smear layer da dentina corondria €
composta basicamente por debris dentindrios (Taylor et al., 1997) e difere da dentina
radicular com relacdo a quantidade de debris, mais severamente formados na tltima, dada a
instrumentagdo inerente ao tratamento endodontico (Ozturk et al., 2004).

A andlise da smear layer tem sido explorada na literatura (Pashley et al., 1988;
Burrow et al., 1996), uma vez que seu papel é um fator que contribui para a formagdo da
camada hibrida e cuja caracteristica tem grande peso na busca da camada hibrida “ideal” ou
menos degraddvel. Na grande maioria os trabalhos sdo de caracterizacdo morfoldgica, os
quais constatam que o acido fosférico utilizado para condicionar as superficies dentinarias
remove a smear layer. Segundo Spencer & Wang, (2001), até entdo, trabalhos que
evidenciassem as alteracdes quimicas causadas na smear layer pela acdo do dcido fosférico
nao tinham sido realizados para dar suporte as pesquisas de andlise morfoldgica, as quais
ddo luz a descricdo das estruturas observadas, mas ndo disponibilizam dados em niveis

moleculares.



Restauracdes utilizando-se compdsito em dentes tratados endodonticamente tém
sido amplamente empregadas. Segundo Ausiello et al. (1997), dentes permanentes tratados
endodonticamente e restaurados adesivamente apresentaram resultados similares aos dos
dentes higidos quando avaliados quanto a resisténcia a fratura. No entanto, em se tratando
da dentina da camara pulpar decidua e permanente, ndo hd trabalhos na literatura que
especifiquem o quao diferente sdo estes substratos no aspecto quimico e mecanico.

Em relacio a resisténcia de unido de mondmeros resinosos nas paredes
remanescentes da camara pulpar, Akagawa et al. (2002) & Toba et al. (2003),
demonstraram que o adesivo Single Bond apresentou camada hibrida mais espessa no
assoalho da camara pulpar em comparacdo a dentina corondria e o adesivo Clearfil SE
Bond produziu espessuras similares da zona de hibridizacdo nas duas regides da dentina.
Vale ressaltar que o primeiro material requer condicionamento 4cido total e o segundo
material € composto de primer autocondicionante.

A solu¢do de hipoclorito de sodio (NaOCl) promove a remocao de coldgeno
(Ciucchi et al., 1989) e alteracdes produzidas na dentina podem afetar a qualidade da unido
adesiva as paredes laterais e ao assoalho da camara pulpar. Segundo Morris et al. (2001), é
provdvel que o NaOCl oxide algum componente da matriz dentinéria, o que dificultaria o
inicio da polimerizacdo de sistemas resinosos, proporcionando a diminuicdo da resisténcia
de unido (Nikaido et al., 1999; Morris et al., 2001; Ari et al., 2003; Ozturk et al., 2004). Em
andlise morfolégica da dentina permanente mineralizada, a aplicacdo de NaOCI a 5%
causou a exposi¢cdo de poros na superficie € numerosos canais que nao seriam normalmente
visualizados (Marshall et al., 2001; Puppin-Rontani & Caldo-Teixeira, 2003), remocao de
fibrilas de coldgeno, deixando a superficie da dentina lisa e auséncia da zona de
hibridiza¢do em interfaces dentina/resina (Ozturk et al., 2004). Sim et al. 2001, observaram
a diminuicdo de propriedades mecanicas da dentina permanente como moddulo de
elasticidade e resisténcia flexural frente a acdo do NaOCl 5,25%. Este agente considerado
apenas desproteinizante reduziu o conteido de matriz organica quando usado na
concentracdo de 5% (Moutouris et al., 2004) e erradicou os modos amina e 4gua na
concentracdo de 13%, além de alterar o conteido mineral (Tsuda et et al., 1996), em dentes

permanentes.



Borges et al. (2005), avaliaram a recuperacdo da resisténcia a compressao em
dentes deciduos restaurados com onlays de compdsito apds simulacdo da irrigacdo com
NaOCl a 1%. Os autores observaram que ndo houve diferenga entre os dentes restaurados e
higidos, independentemente do tratamento com NaOCl a 1%. No entanto, este tratamento
apresentou resultados significativamente diferentes em relagdo a resisténcia de unido a
microtra¢do e selamento pulpar em dentes permanentes (Ozturk et al., 2004, Ozturk et al.,
2004 b). Faz-se necessario a exploracdo de métodos diretos de andlise quimica das
alteracoes do substrato dentindrio deciduo. Assim sendo, esta tese propde avaliar
qualitativamente o conteido mineral e orginico da dentina decidua em comparacdo ao
conteddo da dentina permanente, no aspecto quimico, mecanico € morfolégico, bem como

apos a agdo de solugdes desproteinizantes/desmineralizantes.



2. PROPOSICAO

Esta tese foi dividida em dois artigos que estao contemplados nos capitulos 1 e 2.

Os objetivos deste estudo foram:

1. Identificar o substrato dentinédrio deciduo em compara¢do com o permanente, na
regido de dentina média, com e sem condicionamento com &4cido fosférico, nos

campos molecular e micro-mecanico (Capitulo 1);

2. Identificar quimica e morfologicamente a dentina da camara pulpar do substrato
deciduo comparando-o com o permanente, frente ao tratamento com NaOCI a

1%, seguido condicionamento com 4cido fosforico (Capitulo 2);

Este trabalho foi realizado no formato alternativo, com base na deliberacdo da
Comissao Central de Pés-Graduacdo (CCPG) da Universidade Estadual de Campinas
(UNICAMP) n°. 001/98.
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Abstract

The dentin quality of primary and permanent teeth was inspected by Fourier Transformed
Raman Spectroscopy (FT-Raman); Scanning Electron Microscopy/Energy-Dispersive
Spectroscopy (SEM/EDS) and Hardness Test. Middle dentin of crowns were reached by
carbide bur abrading providing a uniform smear layer. Phosphoric acid was applied in order
to simulate the etching of total etching adhesive systems. The groups were (n=10): Gl
(primary dentin smear layer); G2 (35% phosphoric acid etched primary dentin); G3
(permanent dentin smear layer); G4 (35% phosphoric acid etched permanent dentin). FT-
Raman results were subjected to Cluster Analysis. SEM/EDS were made in order to add the
data obtained by FT-Raman. The hardness data were subjected to ANOVA and Tukey test.
FT-Raman showed differences among groups, either to organic or inorganic content. For
the organic content, primary and permanent dentin became similar after the etching;
conversely, the inorganic content showed differences for the two substrates. Hardness test
showed no significant differences between primary and permanent dentin, before or after
etching, but the etching decreased these values. The mineral content arrangement of
primary dentin is different from permanent dentin, independently of the etching. The

substrate type did no influence the hardness, but the etching decreased it.

PACS: 47.11.Kb; 47.11.Mn

Keywords — dentin, mineral content, FT-Raman, hardness.



INTRODUCTION

Primary teeth present structural differences from permanent teeth, such as lesser
thickness of dentin and proportionally bigger pulp chamber than its successor teeth. The
primary crown average growth is from six to fourteen months, whereas the permanent teeth
average growth is from three to four years [1]. Additionally, the dentin secretion and pulpar
repair activity of primary teeth decreases with aging [2].

The rate of in vitro caries progression was significantly higher in primary
enamel when compared to permanent enamel [3,4]. Concerning dentin caries progression
rates, it was observed in an in vivo study that for 9-year-old children, the rate of caries
progression was on average 3.6 times higher for second primary molars than for first
permanent molars [5]. Concerning mechanical properties, hardness, plastic hardness and
modulus of elasticity from canines’ primary dentin, their values were significantly lower
than premolars dentin at most sites, decreasing from outer toward the inner layers [6].

The dentin mineralization quantity has a role to the bond strength of composite
restorations to dentin. The mineral phase should be dissolved causing no damage in the
exposed collagen matrix, which is infiltrated by resin monomers which polymerize [7]. The
ideal hybrid layer would be characterized as a three-dimensional collagen-resin biopolymer
which provides a continuous and stable link between the bulk of the adhesive and the
dentin substrate [8]. Efforts have been done to identify those prejudicial factors on the
formation of an ideal hybrid layer mainly in permanent dentin [9-11]. Concerning primary
dentin, first it is necessary to clarify the compositional features and whether it differs truly
from the permanent dentin.

What is really different in dentin composition between primary and permanent
teeth? The role of dentin organic matrix should not be disregard in caries and hybridization
process with adhesive systems. Would the mineral content or the organic matrix be the
mainly responsible for different behaviors of primary and permanent dentin? Studies
qualifying the mineral and organic matrix differences between primary and permanent
dentin are absent in the worldwide literature.

A Raman spectroscopy study in permanent teeth, suggested that the collagen
within the acid-treated smear layers is disorganized and denatured, which forms a

gelatinous matrix around portions of mineral trapping them and shielding them from the



acid [12]. In a structure not well recognized as primary dentin, the effect of phosphoric acid
could be different from permanent dentin.

This study investigated the effects of 35 % phosphoric acid etching on primary
and permanent dentin. It was hypothesized that (1) chemical composition arrangement
(organic and inorganic contents) are different for both primary and permanent teeth; (2)
mechanical behavior is different for primary and permanent dentin before and after acid
etching; (3) the arrangement of chemical composition is changed by acid etching either in

organic or inorganic contents to primary and permanent dentin.

MATERIALS AND METHODS
Selection of teeth

Sound human third molars and primary molars frozen stored within 1 month of
extraction were used in this study. The teeth were collected after patients” informed consent
was obtained under a protocol approved by the Research Ethics Committee of
FOP/UNICAMP (Approval No. 083/2005) according to the Resolution of the National
Commission of Ethics in Research. Five mandibular second primary molars and five third
molars with no caries, composite restorations or any abnormality were selected after
inspection and confirmed by digital radiographies (Cygnus X- Ray; Cygnus, San Francisco,
CA, USA). The roots of third molars were sectioned and discarded. The primary teeth did
not present roots due to the exfoliation process.
Determination of dentin depth

Previously to the digital radiographies, a small fragment of wire steel was fixed
with wax at a proximal surface of each tooth in order to be used as reference to measure the
dentin depth which each crown would be reach, as follows the explanation. The wire was
measured using a digital caliper rule (Mitutoyo, Tokyo, Japan) and its measure was
recorded to be used in the Image Tool 3.0 software. The Image Tool 3.0 software
(Periodontology Department, University of Texas, and Health Science Center at San
Antonio, TX, USA) was used to determine the dentin depth to be reached by carbide bur
abrading. The command Calibrate Spatial Measurements of Image Tool Software was
assessed and the measure of the wire steel upon the proximal tooth surface was required

into a specific box. After to write the wire steel measure into the box and press ok, every



measurement done upon the digital radiography was transformed to millimeters. This
procedure was repeated to each radiography.

The Distance command of Image Tool Software was put in action and a line
was drawn upon the tooth from the top of a higher cusp until the middle third of the crown,
based on the lesser radiopacity of dentin, which differentiated it from enamel and from pulp
chamber that is more translucent. All measurements were recorded.

Specimen preparation

Each tooth was fixed with wax by the cervical surface upon acrylic plates. The
middle dentin depth was determined by transference of recorded values previously
measured by digital radiographies. One black line was drawn upon the buccal surface of
each crown. The occlusal surface was abraded with 57L carbide bur (KG Sorensen, Sdo
Paulo, S.P., Brazil) until it reached the black line on the buccal surface in a high-speed
handpiece under copious air-water spray. The handpiece was positioned in a machine in
order to standardize the flat dentin area and the smear layer. Each tooth was bucco-
lingually and mesio-distally sectioned by the use of a water-cooled low-speed diamond saw
(Buehler, Lake Bluff, IL, USA). They were sectioned paralleled to the long axis of tooth.
Four parts per tooth were obtained. Each part was individually sonicatted (Maxiclean 750,
Unique Ind. e Comp., Indaiatuba, SP, Brazil), immersed in deionized water for 5 minutes in
order to remove any residual impurities. Half of the sample was separated to molecular
analysis and half was selected to mechanical test. The parts were distributed to
experimental groups (n=5) according to substrate (primary and permanent) and treatment
(with or without acid etching), allowing the identification of the source of each part, as
follows: G1 — primary dentin + smear layer; G2 — primary dentin + 35% phosphoric acid
treatment®*; G3 — permanent dentin + smear layer; G4 — permanent dentin + 35%
phosphoric acid*.

The 35% phosphoric acid (pH 0.6) was manipulated in liquid form by
Biochemistry Laboratory of Piracicaba School of Dentistry, UNICAMP, Sio Paulo,
Brazil*, in order to avoid the colloidal silica present in the phosphoric acid gel form to
damage the spectroscopy measurements and micrographics images as shown by a pilot

study (unpublished data). The specimens were etched for 15s and rinsed with tapered water
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for 10s. Each specimen was stored immersed into Karnovisk solution in order to fix and
preserve the exposing collagen of the dentin.
Fourier Transformed Raman Spectroscopy (FT-Raman) (n=5)

The molecular measurements were carried out on FT-Raman Spectrometer
RFS 100 (Bruker Optics Inc, Billerica, MA, USA) equipped with OPUS software (4.2
version, Copyright © Bruker Optics GmHb 1997-2002, Billerica, MA, USA) at University
Vale do Paraiba (UNIVAP, Sao José dos Campos, SP, Brazil).

The spectra were recorded at a 4 cm ' spectral resolution of; 7 mm laser beam
aperture by the use of a focused 1064 nm line. The Nd:YAG near-IR laser was used as an
excitation line. The maximum laser power incident on the specimens was ~ 360 mW. The
specimens were examined upon sampling plate fixed by double face adhesive tape,
perpendicular to the laser beam. One measurement was carried out upon the middle flat
dentin with 1 mm?” scanning area and ~ 6 min integration time, at room temperature.
Scanning Electron Microscopy/ Energy-Dispersive Spectroscopy (SEM /EDS)

All sample analyzed by FT-Raman was prepared according to Perdigdo et al.,
1995 protocol of dentin sample fixation and dehydration. Carbon evaporation was
performed on a Denton Vacuum, Desk II (Buffallo, NJ, USA). Micrographs (x1000
magnification) were obtained by Scanning Electron Microscopic JEOL JSM-5600LV
(Tokyo, Japan) operating at 15 kV, 15 mm work distance and spotsize 38. These samples
provided the spectral analysis by EDS Vantage device (version 1.4 Rev. B, Noran
Instruments, Tokyo, Japan). Three areas of the same specimen were evaluated and the
chemical elements were automatically identified in order to add the data obtained by FT-
Raman.

Hardness Test (n=5)

The parts of the teeth selected to the hardness test had its middle dentin surface
fixed to the red wax, in order to join 5 specimens to each group (G1, G2, G3, G4) and to
put them together into PVC cylinders (27 mm diameter). Next, polystyrene resin (Piraglass
Ltda., Piracicaba, S.P., Brazil) was poured into the cylinders. After the polymerization, the
surface of each set was flattened by silicon carbide sandpaper (#600) in a politriz device
(APL-4, Arotec, Sao Paulo, S.P., Brazil) followed by a 10 min sonication (Maxi Clean 750
- UNIQUE UltraSonic, Indaiatuba, S.P., Brazil). The groups 2 and 4 sets were etched with
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phosphoric acid for 15 s, rinsed with tapered water for 10 s, similarly to the specimens of
the FT-Raman and the SEM/EDS methods.

The hardness machine HMV2 (Shimadzu, Tokyo, Japan) containing a Knoop
diamond was used. A load of 25g was applied for 15s. Five indentations were recorded to
each specimen on the middle dentin surface. The distance between the first indentation was
50 um from amelodentin junction and 100 um from another one. A mean was calculated by
each group and these values were recorded.

Statistical Analysis

To verify intra-specimen variation, FT-Raman spectrum was recorded in three
different regions in two specimens of each group. It was observed that the spectral patterns
were exactly the same and there were no difference after Cluster Analysis application (see
explanation below) and thereafter it was established that one measurement for each
specimen was legitimate. The entire spectrum in the range ~ 400 to 3000 cm” was selected
since it included the main bands related to both organic and inorganic structures of dentin.

In this study, were analyzed twenty Raman spectra of human dentin divided into
four groups: G1, G2, G3, and G4. Cluster analysis was performed using data pretreatment
techniques, that is a combination of smaller regions of the organic and inorganic regions of
the dentin Raman spectra, which were most discriminative to achieve optimal
classifications. The bands are a set of wavenumbers which contains a main wavenumber
related to the peak of the band. The wavenumbers of the peaks were related to the
molecules of dentin and confirmed by international literature [12, 14-15]. The peaks used in
this study were related to the Principle Components Identified (PCIs). The peaks of the
organic content were: 1254, 1456, 1667, 2942 cm™! related to PCIs C-H bonds, amide I,
CH? bonds, amide III, and for the inorganic content the following peaks: 431, 590, 856,
875, 960, 1074 cm™ related to PCIs COs>, PO4> P-OH, PO,’ bonds. The spectra of each
group were composed by 727 data points in the spectral range 400 to 1800 cm™ and were
divided into organic and inorganic spectra. The organic bands, assigned in this study, were
chosen at 1234-1274, 1434-1477, 1646-1689, 2921-2963 cm'l, and the inorganic bands at
410-453, 568-611, 834-896, 938-981, 1050-1093 cm'l, providing approximately 22 data
points to each assigned band. Principle Components Analysis was used as patterns

detection technique to reduce the organic and inorganic bands data for improvement of the

12



discrimination capacity of the software (OPUS software (4.2 version, Copyright © Bruker
Optics GmHb 1997-2002, Billerica, MA, USA). Clustering techniques of the individual
spectrum were applied to achieve groups according to spectral similarity. Cluster analysis
was performed using the all principal components identified. To organic content, the
spectrum collect was since the wavenumber of the C-H band beginning until the
wavenumber of amida III band end. To inorganic content, the spectrum collect was since
the wavenumber of the CO32', PO43' band beginning until the wavenumber of the other
PO,* band end. All spectra ranges used were equally weighted, and Average Linkage
algorithm was applied. For calculating the distance matrix, Factorization was used. For a
better visualization of all analysis, dendrogram of hierarchical cluster analysis were
performed.

ANOVA Two-Way and Tukey Tests were performed to evaluate the Hardness

micromechanical test data.

RESULTS
FT-Raman

In this study, the mean spectra of the groups have the same baseline; however,
they were dissociated in order to improve the visualization of each spectrum (fig 1a, fig 2a).
The spectrum features were very similar among groups with no visible broadening of any
band (fig 1a, fig 2a). However, the statistical analysis showed that there were differences
among groups as can be observed by the dendrograms, for both organic and inorganic
content. Dendrograms are formed by principal root that is dissociated into right and left
sides. When groups are in the same side but present different spectral distances in the
baseline among them, they are statistically similar. However, when groups are in the same
side and present the same spectral distance in the baseline they are highly similar among
them. In opposite, when groups are into different sides within keys with different spectral
distance values, they are statistically different among them.

Figure 1b shows that G2 and G4 are at the right side of the principle root, which
means that despite the G2 (with spectral distance near to 1.4), have a spectral distance
difference ~ 0.4 to G4 (with spectral distance near to 0.6) they are statistically similar. On

the other hand, G1 and G3 were highly similar (within a same key at the left side of the

13



principle root), showing the same spectral distance, that, in turn, they were statistically
different from G2 and G4.

To mineral content, G4 and G3 are at the right side of the principle root, which
means that despite the G4 (with spectral distance near to 0.4), have a spectral distance
difference ~ 0.6 to G3 (with spectral distance near to 1) they are statistically similar. On the
other hand, G1 and G2 were highly similar (within a same key at the left side of the
principle root), showing the same spectral distance, that, in turn, they were statistically
different from G2 and G4 (fig 2b).

EDS/SEM

The spectros obtained by EDS/SEM identified Ca, O, P, Z (fig 3a, 4a). The
spectros obtained reveled that there is no difference between primary and permanent middle
dentin concerning individuals chemical elements.

Hardness Test

There were no significantly differences between G1 versus G3; and G2 versus
G4 (p>0.05). The lack of difference showed the similarity of hardness values of primary
and permanent dentin. On the other hand, there were significant differences between
hardness values of G1 vs G2; and G3 vs G4 (p<0.05), because of the phosphoric acid action
(Table 1).

DISCUSSION

The Cluster Analysis, supported by Principal Components Analysis (PCA)
among groups is a reliable method of evaluating the FT-Raman spectrum because it can
show significant differences that are difficult to be seen only through spectral exam. In
general, spectroscopic studies analyze the bands width. For example, if a peak is thin the
molecule is completely formed; conversely, if a peak is broad changes can occur in the
molecule structure [12, 14-15]. In this study, the spectra did not show visible differences
among studied groups, as a broadening of the bands. The limitation of this study was the
20 um laser penetration depth. This depth included both the smear layer (4 pm according
Spencer et al., 2001) and the subjacent dentin available to adhesion. However, the Cluster

Analysis showed that there were changes to both organic and inorganic content.
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Noticeably, organic and inorganic contents were distinct within the wavenumber
studied. They were separately analyzed, which was one of the objectives of this study. The
organic peaks identified were 1,254 cm! (amida III), 1,456 cm™! (CH,), 1,667 cm! (amida
I), and 2,942 cm’! (CH). The inorganic peaks identified were 431 cm’! (PO43'), 590 cm’!
(PO43 9, 875 cm'l, and 856 cm™ corresponding to P-OH stretch, 960 cm’! (PO43 ), and
1,074 cm™ related to both PO,> and COs* bonds [12, 14-15] (fig 1a, fig 2a).

The first hypothesis was partially proved: both primary and permanent dentin
present similar arrangement of organic component (fig 1b). However, they showed
difference in mineral content (fig 2b). This study showed that mineral content was the only
responsible for the chemical differences between primary and permanent dentin. G3
(permanent dentin smear layer) showed the most significant difference from the other
groups but it showed to be similar to G4 (etched permanent dentin); G1 (primary dentin
smear layer) and G2 (etched primary dentin) showed to be highly similar to each other (fig
2a and 2b). The mineral content of permanent dentin was more sensible to phosphoric acid
action compared to mineral content of primary dentin, which showed the same spectral
distance.

These findings could be probably related to the age of the compared teeth. The
aging process can modify the dentin mineral structures [16-18] because it is a natural
process. It is based on chemical reactions. Although the third molar growth time is
approximately three times higher than the primary second molar growth time [1], primary
tooth is a substrate prepared to have a short period of function in the mouth and probably,
its mineral content chemical reactions might be higher than the permanent tooth. The higher
the mineral crystallinity of dentin, the lower carbonate to phosphate ratio [19]. The aging
process decreased the apatite 960 cm™ peak width indicating an increase in apatite
crystallinity [20]. In this work, the identified 1074 cm™ peak is related to type-B carbonate
substitution, i.e., CO32' substitution for PO43' . The degree of crystallinity can increase in
two different ways, either the atoms change their sites making the crystal more perfect or
the individual mineral crystal becomes larger [21].

These findings of the literature contributed to explain the invalidation of the
second hypothesis of this study. The mechanical behavior (hardness) was similar between

primary and permanent dentin, before and after acid etching (Table 1). Whether primary
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dentin is really lesser mineralized than permanent dentin, the increase of apatite
crystallinity over time can compensate this difference providing similar mechanical
strength to the old primary teeth. The increased crystallinity of primary dentin with aging
becomes more resistant to plastic deformation [19]. Furthermore, the smear layer filled the
tubule lumens and this can contribute to the increase of dentin hardness [18]. The tubules
orientation also can influences the mechanical properties of dentin. There is a small
transverse isotropic symmetry with the stiffest direction being perpendicular to the tubules
[22] which is the same direction of middle dentin evaluated in this study.

In spite of the dentin secretion and pulpar repair activity decreasing with aging
in primary teeth [2], the physiological wear from mastication provides the deposition of
apatite crystal in lumen tubules over time. This crystalline deposition seems to be a process
involving dissolution of intertubular mineral, followed by re-deposition into the tubules
[16]. It may be speculated that the mastication might cause the reduction of the dentin
mantle thickness and globular dentin in aged permanent teeth when compared to young
permanent teeth, decreasing the fracture strength [16,17] and increasing the hardness and
modulus of elasticity of the aged dentin [18].This chemical mechanism of crystalline
deposition during aging is still uncertain, however, the Ca/P ratio of crystallites from the
sclerotic casts within the dentinal tubules is slightly lower than the calculated value of 1.50
for tricalcium phosphate [23]. The additional presence of about 5% magnesium suggests
that these crystallites are whitlockite (Mg substituted b-tricalcium phosphate) [24]. In this
study, the spectra obtained by SEM/EDS did not show any element that could replace the
Ca®*, PO*, or OH, neither in primary (fig 3a, fig 3b) nor in permanent specimens (fig 3c,
fig 3d).

Nevertheless, the 35% phosphoric acid decreased the hardness of both primary
and permanent dentin (table 1). Despite factors such as the buffering effect of
hydroxyapatite (and other dentin components) and the acid hypertonicity that restricts the
interaction of the etching agents with dentin [25-27], the acid reaction with dentin occurs
and provides an etched dentin ready to adhesive procedures. The inorganic content of
dentin is removed exposing the superficial organic matrix layer, the tubules lumens, and

creating porosities which result in a dentin more resilient and less hard [28,29].
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Moreover, the tubule density of third permanent molars in the middle dentin is
37,000 tubules/mm” [30] and for second primary molars (used in this study) also in the
middle dentin, the tubule density is 25,300 tubules/mm? [31]. The lesser tubule density of
second primary molar can be one factor that contributed to the hardness of primary and
permanent dentin to be similar. This provides a higher intertubular dentin thickness. In
addition, primary peritubular dentin is two to five times thicker than the permanent dentin
[32].

The third hypothesis was partially validated: 35% phosphoric acid did not
change the inorganic content analyzed by Cluster Analysis (fig 2), but modified the organic
content quality for both primary and permanent dentin (fig 1). The inorganic content of the
smear layer was removed from primary and permanent dentin by acid etching, but the
inorganic content of the subjacent dentin layer showed difference between both substrates
as discussed above. Concerning the dentin organic matrix (in fig 1b), it can be observed
that G2 (etched primary dentin) was statistically the most different. On the other hand, G1
(primary dentin smear layer) and G3 (permanent dentin smear layer) had their organic
content highly similar. The organic content of primary dentin performed similarly to the
organic content of permanent dentin after phosphoric acid action.

Phosphoric acid is not a solvent for the organic portion of the smear layer [12],
but the chemical changes were detected by Cluster Statistical Analysis after 35%
phosphoric acid etching to both primary and permanent dentin. The dentin has a chemical
structure that dictates its behavior under situations such as acid etching. Therefore, the acid
etching of the dentin partially solubiblizes two types of proteins from the matrix. The first
class includes acidic noncollagenous phosphoproteins and glycosaminoglycans (GAGsS).
The other class of proteins is neutral polymers such as low molecular weight peptides,
including solubilized low molecular weight collagen [33]. The most important changes
which can occur in the etched dentin are the decrease of the mineral bands and
consequently the increase of the organic bands [12]. These features in this study were not
visible detected by spectra analysis, but possible detected by Cluster Statistical Analysis.
When compared the spectrum of carbide bur smear layer and completely demineralized
dentin by phosphoric acid, the spectral features associated with amides I and III are

broadened [12].
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In this study, the collapse of the collagen matrix was minimized because of the
absence of the bond procedure air drying step. Demineralization causes a 19% reduction in
dentin volume versus a 65.6% after demineralization followed by air-drying [34]. However,
during the spectroscopy analysis, the specimens, still out of water, become naturally dried;
they can not be considered collapsed as when they are air dried, but changes of dentin
matrix proteins could have begin earlier.

The chemical changes might have occurred for two reasons. Firstly, the
components of Karnovisk solution (glutaraldehyde and phosphate-buffered saline),
commonly used to preserve the organic structures in laboratory studies, can stiffen the acid
etched demineralized dentin matrix and consequently increase the hardness and modulus of
elasticity of specimens both measured by isometric contractile activity [35]. It was not
determined whether the molecular mechanisms responsible for the isometric contraction
represent a form of denaturation of collagen. The collagen denaturation is the loss of its
morphological integrity [36]. This phenomenon might be related to chemical changes too,
not simply a physical process, if any alteration occurred with triple helices of collagen by
Karnovisk solution interaction.

Secondly, degradation of demineralized dentin collagen probably could have
been sufficient to lead to chemical changes molecularly detectable. The matrix
metalloproteinases (MMPs) that are within the mineralized dentin, containing
collagenolytic and gelatinolytic activities (MMP-2 and MMP-20), can be released and
activated by low pH [37-39]. The phosphoric acid gel at 37% for 15 s decreased its intrinsic
mineralized dentin powder collagenolytic activity because of its low pH, which could
denaturate the MMPs or inactivate it by calcium ions removal [40]. Despite this fact, the
concern about the action of phosphoric acid at concentrations commonly used in adhesive
bonding procedures has been still. There is dentin collagen hydrolytic degradation with no
bacterial colonization over time in aqueous environment [40]. Moreover, the simplified
etch-and-rinse adhesives can reactivate endogenous enzymatic activities in dentin
previously inactivated by phosphoric acid-etching [41].

The current study reinforces the need of discovering a way to prevent the
exposed collagen fibrils from acid etched dentin to become degradated to both primary and

permanent dentin. There are evidences of MMPs actives in primary dentin because of there
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was a decreasing of resin-dentin interface degradation in primary teeth when chlorhexidine
was used after etching [42]. Since there were no differences between organic content of
primary and permanent dentin, the collagen matrix of primary dentin seems as susceptible
to degradation as collagen matrix of permanent dentin [40,41].

The behavior of primary and permanent dentin seems to be different under
conditions such as caries process and bond strength. Dentin caries rates were 20.5 new
lesions/100 tooth surface-years for mesial face of permanent first molars compared to 32.6
for primary second molars [5]. Concerning adhesive restorations, the overall bond strengths
of different adhesive materials were greater for permanent dentin compared to primary
dentin [43]. How would the chemical behavior of primary and permanent dentin be
submitted to other chemical solutions used in Dentistry? Studies have been carried out to
know the behavior of both primary and permanent dentin after contact with sodium
hypochlorite used in pulp therapy and other etchings used to composite restorations, such as
self-etching primers and one-bottle adhesive systems. It is needed to get more information
about these issues followed by ways that minimize the intrinsic factors of primary dentin

which damage its behavior in oral cavity.

CONCLUSIONS

Within the limitations of this study it can be concluded that:

1. The inorganic content molecular arrangement of primary dentin is different from
permanent dentin.

2. The hardness was similar to primary and permanent dentin, decreasing to both only after
acid etching.

3. The organic content is modified by acid etching in primary dentin as well as in

permanent dentin.
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Figure 1 FT-Raman spectra and dendrogram of group means. a Organic content spectra with identified peaks
of chemical structures (1254, 1456, 1667 and 2942 cm™). b Dendrogram related to spectra showed in fig 1a.
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Figure 3 EDS/SEM results of studied groups. Images a, b, ¢, d illustrating the scanned area by EDS related to
Gl, G2, G3 and G4, respectively. Spectra e, f, g, h showing the chemical elements identified related to its
scanning areas showed in the fig a, b, ¢, d, respectively.
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Table 1 Means and Standard Deviations of Knoop Hardness Test.

Studied Groups Means (Standard Deviations)
Gl 457 (3.2)a
G2 28.5(2.8)b
G3 46.2 (3.6) a
G4 27.6 (3.1)b

Different letters indicate significant difference.
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ABSTRACT

Aim: The dentin quality of primary and permanent pulp chamber was inspected by Fourier
Transformed Raman Spectroscopy (FT-Raman) and Scanning Electron Microscopy (SEM).
Fragments of pulp chamber dentin were obtained by mesio-distal section of twenty human
molars crowns (primary and permanents). Methodology: The fragments were distributed

into 8 groups (n = 5): Primary Teeth: G1 - dentin; G2 - dentin irrigated with NaOCl 1% (30

min); G3 - dentin irrigated with NaOCl 1% (30 min) and etched by 35% phosphoric acid;
G4 - dentin etched by 35% phosphoric acid. Permanent Teeth: G5 - dentin; G6 - dentin
irrigated with NaOCl 1% (30 min); G7 - dentin irrigated with NaOCl 1% (30 min) and

etched by 35% phosphoric acid; G8 - dentin etched by 35% phosphoric acid. The spectra
were subjected to the Cluster Analysis. The photomicrographs were scored. Results:

Inorganic Content (IC): There was difference between primary and permanent dentin. G1

and G4 showed similar IC, followed by G2 that showed intermediate IC, not differing from
G1 and G2, but higher than the IC of G3. G6 and G7 showed similar IC, followed by G8
that showed intermediate IC, not differing from G6 and G7, but higher than the IC of GS5.
Organic Content (OC): G7 and G8 showed similar OC; G2 showed intermediate OC; G4

and G6 showed similar OC, as well as, G3 and G5 that, in turn, were quite similar to G1.
The photomicrographs reveled different features among G1, G2 and G3, being G4 similar
to G3. Conclusions: The NaOCl changed the inorganic content in both dentitions;
regardless the following phosphoric acid etching, however, nothing was detected

morphologically on groups treated with NaOCl and etched.
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INTRODUCTION

Resin monomers have been widely used within pulp chamber in order to restore
endodontically treated teeth (Chersoni et al., 2005; Salameh et al., 2006; Dallari et al. 2006;
Maruoka et al. 2006). Regardless the restoration type be direct or indirect, the principle of
adhesion is the same, based on hybridization. The mineral phase should be dissolved
causing no damage in the exposed collagen matrix, which is infiltrated by resin monomers
that polymerize (Nakabaiashi, 1982). The ideal hybrid layer would be characterized as a
three-dimensional collagen-resin biopolymer which provides a continuous and stable link
between the bulk of the adhesive and the dentin substrate (Misra et al., 2004).

Nevertheless, the dentin available to adhesion procedure within pulp chamber is
covered by predentine and retained pulpal components. There are factors that affect the
retention of odontoblasts to predentine, such as the odontoblastic processes, which engage
space in the dentinal tubules and are considered an effective physical barrier (Nagaoka et
al., 1995); fibronectin attaching cell to extracellular matrices (Yoshida et al., 1995); cell-to-
cell junctions between odontoblastic cell bodies (Ikeda & Suda 2002); von Korff fibres
extending from the pulp into mineralized dentine (Bishop et al., 1991); and mainly collagen
within tubules (Puapichartdumrong, 2005). The predentine is easily removed by action of
endodontic instruments and chemical solutions (Evans et al., 2001; Puapichartdumrong et
al., 2005). However, the subjacent dentin has not been sufficient studied as a potential
substrate to adhesion with resin monomers.

This subjacent dentin of pulp chamber contacts irrigant solutions used in pulp
therapy as sodium hypochlorite (NaOCI), which is a root intracanal irrigant widely
recommended due to its antibacterial and organic tissue dissolution properties
(Czonstkowsky et al., 1990; Tasman et al., 2000). The smear layer produced during
endodontic treatment of the dentin from the pulp chamber is not affected by mechanical
instrumentation in the same way as the root dentin. Consequently, the irrigant solutions
action on dentin surface is considered regular (Ozturk & Ozer, 2004).

Although the NaOCl is useful to remove retained pulpal components, it may
decrease the physical and mechanical properties of dentin. Theoretically, the NaOCI breaks

down to sodium chloride and oxygen, which could provide oxidation of some components
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in the dentin matrix (Yui et al., 2002) and consequently it decreases the elastic modulus and
flexural strength of dentin (Sim et al., 2004). Allied to this it could affect the resin
penetration into the dentin structure and/or the monomers polymerization in the
demineralized dentin, so it could influence the restorations performance quality (Sim et al.,
2004).

Some studies have been carried out to evaluate the bond strength of resin
materials upon the permanent dentin of pulp chamber previously subjected to pulp therapy
with NaOCl irrigation. Regardless adhesive systems (Nikaido et al., 1999; Ozturk & Ozer,
2004) or resin luting agents (Ari et al., 2003) tested, these resin materials tended to decrease
their bond strength. The lost bond strength can be recovered when NaOCI irrigation was
followed by 10% ascorbic acid or 10% sodium ascorbate (Morris et al., 2001). However, a
mechanic test can not evaluate the changes caused by NaOCI in dentin structure.

There are no chemical studies about the real changes on molecular structures
caused by NaOCl irrigant on the primary dentin. In permanent dentin, the NaOCl changes
molecular structures (Tsuda et al. 1996; Driscoll et al., 2002). Therefore, the purpose of this
study is to investigate at chemical and morphological levels the pulp chamber dentin after
NaOCl irrigation, and followed by etching with phosphoric acid as occurs on clinical
practice when endodontically treated teeth had its lateral walls restored with resin materials,

in both primary and permanent teeth.

MATERIALS AND METHODS
Selection of teeth

Extracted sound human third molars and primary molars, from subjects
requiring such extractions as part of their dental treatment, were selected for this study.
These procedures have been conducted according to an informed consent protocol that has
been approved by the Research Ethics Committee of FOP/UNICAMP (Approval No.
083/2005) according to the Resolution of the National Commission of Ethics in Research.
Ten maxillary first primary molars and 10 third molars were selected to study after
inspection that they had no caries, composite restorations or any abnormality confirmed by

digital radiographies (Cygnus X- Ray; Cygnus, San Francisco, CA, USA). The third molars

30



had its roots cut at furcation level. The primary teeth did not present roots due the
exfoliation process.
Specimen preparation

The cervical surface of each tooth was fixed with wax on acrylic plates. The
teeth were sectioned mesio-distally paralleled to the long axis using a water-cooled low-
speed diamond saw (Buehler, Lake Bluff, IL, USA). The pulpal components were removed
by manual instrument. After that, each part of tooth obtained was individually sonicatted
immersed in deionized water inside a Becker for 5 minutes in order to remove any residual
impurities. Two parts were obtained from each tooth, totaling 20 parts from primary teeth
and 20 parts from permanents teeth, randomized distributed into groups (n=5). The groups
of this experiment were:
Primary Teeth
G1 - pulp dentin;
G2 - pulp dentin irrigated with NaOCl 1%* (30 min);
G3 - pulp dentin irrigated with NaOCl 1%* (30 min) and then, etched by 35% phosphoric
acid**;
G4 - pulp dentin etched by 35% phosphoric acid**.

Permanent Teeth

G5 - pulp dentin;
G6 - pulp dentin irrigated with NaOClI 1%* (30 min);
G7 - pulp dentin irrigated with NaOCl 1%* (30 min) and then, etched by 35% phosphoric
acid**;
G8 - pulp dentin etched by 35% phosphoric acid**.

The 1% NaOCI solution treatment (PRODERMA LTDA, Piracicaba, S.P.,
Brazil*) was accomplished in order to simulate irrigation during the pulp therapy. The five
parts of chamber dentin selected from to each group, which received the treatment were
sonicatted (Maxiclean 750, Unique Ind. e Comp., Indaiatuba, SP, Brazil) with 1% NaOCl
solution inside Beckers about 30 min. A Pilot study showed that morphologically there is
no difference between this type of procedure compared to one accomplished by Borges et

al., 2005, in which dentin parts were placed in a plastic recipient while the solution flush
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out through a disposable pipette during 30 min simultaneously with vibration using the
Multi-Sonic-s ultrasound (Gnatus, Ribeirdo Preto, S.P., Brazil).

The 35% phosphoric acid (pH 0.6) was manipulated in liquid form by
Biochemical Laboratory of Piracicaba School of Dentistry, UNICAMP, Sao Paulo,
Brazil**, in order to avoid that the colloidal silica present in the phosphoric acid gel form
could prejudice the spectroscopy measurements and the photomicrography’s as shown by a
pilot test (unpublished data). The specimens were etched for 15_s and rinsed with tapered
water for 10 s. Each specimen was stored immersed into Karnovisk solution in order to fix
and to prevent the exposing collagen of dentin until the molecular analysis.

Fourier Transformed Raman Spectroscopy (FT-Raman)

The molecular measurements were carried out on FT-Raman Spectrometer RFS
100 (Bruker Optics Inc, Billerica, MA, USA) equipped with OPUS software (4.2 version,
Copyright © Bruker Optics GmHb 1997-2002, Billerica, MA, USA) at University Vale do
Paraiba (UNIVAP, Sao José dos Campos, SP, Brazil).

The spectra were recorded at a 4 cm ' spectral resolution of 7 mm laser beam
aperture by the use of a focused 1064 nm line. The Nd:YAG near-IR laser was used as an
excitation line. The maximum laser power incident on the specimens was ~ 360 mW. The
specimens were examined upon sampling plate fixed by double face adhesive tape,
perpendicular to the laser beam. One measurement was carried out upon the middle flat
dentin with 1 mm? scanning area and ~ 6 min integration time, at room temperature.
Scanning Electronic Microscopy (SEM)

All samples analyzed by FT-Raman were prepared according to Perdigao et al.,
1995 protocol of dentin sample fixation and dehydration. Then, they were gold sputtered on
a Denton Vacuum, Desk II (Buffallo, NJ, USA). Micrographs (x2000 magnification) were
obtained by Scanning Electron Microscopic JEOL JSM-5600LV (Tokyo, Japan) operating
at 15 kV, with 15 mm of work distance and spotsize 38.

Each image was examined by an experienced examiner on dentin
photomicrographs analysis, in a double-blind designer, according to pre-established scores
(table 1). Two measurements with a 1 month interval were performed by the examiner to
reach the intra-examiner calibration. The Person Coefficient showed 99% of reliability. The

images were classified according to the established scores on table 1.
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Statistical Analysis

To verify intra-specimen variation, FT-Raman spectrum was recorded in three
different regions in two specimens of each group. It was observed that the spectral patterns
were exactly the same and there were no difference after Cluster Analysis application (see
explanation below) and thereafter it was established that one measurement for each
specimen was legitimate. The entire spectrum in the range ~ 400 to 3000 cm™ was selected
since it included the main bands related to both organic and inorganic structures of dentin.

In this study, were analyzed forty Raman spectra of human dentin divided into
eight groups. Cluster analysis was performed using data pretreatment techniques, that is a
combination of smaller regions of the organic and inorganic regions of the dentin Raman
spectra, which were most discriminative to achieve optimal classifications. The bands are a
set of wavenumbers which contains a main wavenumber related to the peak of the band.
The wavenumbers of the peaks were related to the molecules of dentin and confirmed by
international literature [12, 14-15]. The peaks used in this study were related to the
Principle Components Identified (PCIs). The peaks of the organic content were: 1254,
1456, 1667, 2942 cm’! related to PCIs C-H bonds, amide I, CH? bonds, amide III, and for
the inorganic content the following peaks: 431, 590, 856, 875, 960, 1074 cm! related to
PClIs C032', PO43" P-OH, PO43' bonds. The spectra of each group were composed by 727
data points in the spectral range 400 to 1800 cm™ and were divided into organic and
inorganic spectra. The organic bands, assigned in this study, were chosen at 1234-1274,
1434-1477, 1646-1689, 2921-2963 cm™', and the inorganic bands at 410-453, 568-611, 834-
896, 938-981, 1050-1093 cm™, providing approximately 22 data points to each assigned
band. Principle Components Analysis was used as patterns detection technique to reduce
the organic and inorganic bands data for improvement of the discrimination capacity of the
software (OPUS software (4.2 version, Copyright © Bruker Optics GmHb 1997-2002,
Billerica, MA, USA). Clustering techniques of the individual spectrum were applied to
achieve groups according to spectral similarity. Cluster analysis was performed using the
all principal components identified. To organic content, the spectrum collect was since the
wavenumber of the C-H band beginning until the wavenumber of amida III band end. To

inorganic content, the spectrum collect was since the wavenumber of the COs>, PO, band
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beginning until the wavenumber of the other PO,” band end. All spectra ranges used were
equally weighted, and Average Linkage algorithm was applied. For calculating the distance
matrix, Factorization was used. For a better visualization of all analysis, dendrogram of

hierarchical cluster analysis were performed.

RESULTS

In this study, the mean spectra of the groups have the same baseline; however,
they were dissociated in order to improve the visualization of each spectrum (fig 1a, fig 2a).
The spectrum features were very similar among groups with no visible broadening of any
band (fig 1a, fig 2a). However, the statistical analysis showed that there were differences
among groups as can be observed by the dendrograms, for both organic and inorganic
content. Dendrograms are formed by principal root that is dissociated into right and left
sides. When groups are in the same side but present different spectral distances in the
baseline among them, they are statistically similar. However, when groups are in the same
side and present the same spectral distance in the baseline they are highly similar among
them. In opposite, when groups are into different sides within keys with different spectral
distance values, they are statistically different among them.

Figure 1b shows that G5, G6, G7 and G8 are at the right side of the principle
root. It means that they were different from G1, G2, G3 and G4 that were at the left side of
the principle root. Therefore, primary dentin presented its mineral content molecular
arrangement different from those of permanent dentin. Regarding primary dentin, G1 and
G4 showed the same spectral distance (near to 0.05), with 0.1 spectral distance difference
to G2 (with spectral distance near to 0.15), that, in turn, showed 0.1 spectral distance
difference to G3 (with spectral distance near to 0.25).

Figure 2b shows the results of organic content. G1, G3, G5, G4, G6 are at the
right side of the principle root. It means that they were different from G2, G7 and G8 that
were at the left side of the principle root. G3 and G5 showed the same spectral distance
(near to 0), as well as G4 and G6. However, G3 and G5 were next to G1, which means that
despite G1 present different spectral distance (~ 0.02) it was more similar to G3 and G5
than G4 and G6. On the other hand, G7 and G8 showed the same spectral distance (~
0.35), and 0.05 spectral distance different from G2 (with spectral distance near to 0.4).
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The photomicrographs showed different features according to each study
protocol, as follows: G1, G2, G3 and G4 were classified with scores A, B, and C
respectively (Table 1).

DISCUSSION

The Cluster Analysis, supported by Principal Components Analysis (PCA)
among groups is a reliable method of evaluating the FT-Raman spectrum because it can
show significant differences that are difficult to be seen only through spectral exam. In
general, spectroscopic studies analyze the bands width. For example, if a peak is thin the
molecule is completely formed; conversely, if a peak is broad changes can occur in the
molecule structure (Spencer et al., 2001; Tusda & Arends, 1998; Penel et al., 1998). In this
study, the spectra did not show visible differences among the groups. The limitation of this
study was the 20 um laser penetration depth. This depth included the predentine, the
retained pulpal components and the subjacent dentin available to adhesion. However, the
Cluster Analysis accuracy showed that there were changes in both organic and inorganic
content according to the treatments studied.
Inorganic content

The most evident difference among the groups was the noticeable difference
between primary and permanent dentin pulp chamber related to inorganic content. This
result corroborates with data obtained by middle dentin of crowns (personal data) that
showed different molecular arrangement of the inorganic content in primary dentin when
compared to the inorganic content of permanent dentin. Primary tooth is a substrate
prepared to have short period of function in mouth and probably, the chemical reactions of
its mineral content might be higher than permanent one. The aging process increased
apatite crystallinity (Freeman et al., 2001; Tesch et al., 2001), providing the hardness
property of primary dentin similar to the permanent dentin (unpublished data). Although
primary dentin is lesser mineralized than permanent one, the increase of apatite crystallinity
along time can offset this difference providing similar mechanical strength to the old
primary teeth.

The 1% NaOCI during 30 min simulated a clinic section of endodontic therapy.

It was sufficient to modify the molecular arrangement of inorganic content, regardless if
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followed by etching with phosphoric acid or not. Some studies have been shown the
effects of NaOCI on dentin (Czonstkowsky et al., 1990; Tasman et al., 2000). The NaOCl
irrigation reduced the bond strength of 4 adhesive systems to pulp chamber mesial walls
and to root canal dentin (Ozturk et al., 2004; Ari et al., 2003). However, the decrease of
bond strength caused by NaOCl was recovered by application of ascorbic acid or/and
sodium ascorbate (Morris et al., 2001; Yui et al., 2002). Some authors argue that sodium
hypochlorite breaks down to sodium chloride and oxygen, that provides oxidation of some
components in the dentin matrix (Tsuda et al., 1996; Morris et al., 2001; Yui et al., 2002)
and consequently decreases the elastic modulus and flexural strength of dentin (Grigoratos
et al., 2001; Sim et al., 2001). In addition it could be critical for the interfacial initiation of
resin monomers polymerization in the demineralized dentin and could prejudice the
restorations quality (Nikaido et al., 1999; Perdigao et al., 2000; Sim et al., 2001).

It seems that the chemical changes detected in the inorganic content of this
current study can be result of some calcium phosphate and calcium carbonate molecules
reaction with sodium hypochlorite, as follows, respectively: 6Na(ClO) + Ca+23 (PO'34)2 =
2Na;POs + 3Ca(ClO); and 2Na(ClO) + CaCO; = Na,CO; + Ca(ClO),. If some
hydroxyapatite molecules could react with sodium hypochlorite, the result would be
calcium hypochlorite, sodium phosphate and water, which also could contribute to
molecular changes detected by FT-Raman. These reaction could solubilize some mineral
molecules, leading a slow dissolution of encapsulated collagen of dentin, the so called
“organic 2” component that covers the hydroxyapatite nanocrystals and is 2-5 nm thick
(Brik et al., 2000). This chemical change could produce unbound hydroxyapatite crystals
(Di Renzo et al., 2001; Fattibene et al., 2005), and revel a mineral surface rich in hydroxyl,
carbonate and phosphate groups as seen by Di Renzo et al., (2001). The exposition of
unbound hydroxyapatite crystals by NaOCI irrigation could increase the area of adhesion of
dentin after etching. Would be the resin monomers able to penetrate within a whole of this
area? It is known that one of the problems of these adhesive systems is the lack of resin
monomers to reach all depth of etched dentin area (Nakabaiashi et al., 1998). On the other
hand, the hydroxyl, phosphate and also carbonate groups can be available for chemical

bonding when used adhesives systems that contains acidic monomers (Moszner et al.,

36



2005). Further studies are needed to clarify the interactions of self-etching adhesive
systems with the dentin treated with NaOCl.
Organic content

This current study showed that organic content become similar to all groups.
Neither NaOCI nor phosphoric acid divided sample due their action. The primary pulp
chamber dentin (G1) showed similarities to primary dentin treated with NaOCl (G3) that, in
turn, was highly similar to permanent pulp chamber dentin (G5). The primary pulp chamber
dentin (G4) etched by phosphoric acid was highly similar to permanent dentin treated with
NaOCl (G6). The G2, primary pulp chamber dentin treated with NaOCIl, showed fewer
similarities with the other groups. Finally, two permanent groups were highly similar each
others, that are, pulp chamber dentin treated with NaOClI followed by etching (G7) and pulp
chamber dentin only etched with phosphoric acid (G8).

The changes of organic content caused by NaOCI can be understood as due to
the loss of protein and water (Driscool et al. 2002). A chemo mechanical approach which
includes mainly NaOCI in its composition (Carisolv®), removed all organic compounds of
caries lesion, providing the reminiscent dentin chemically similar to sound dentin
(Arvidsson et al., 2002).

The acid etching also reacts with organic components of dentin contributing to
the mix of primary and permanent organic content arrangement of dentin. The phosphoric
acid partially solubiblizes acidic noncollagenous phosphoproteins, glycosaminoglycans
(GAGs) and low molecular weight peptides, including solubilized low molecular weight
collagen (Nakabayashi et al., 2004). In addition, the 35% phosphoric acid for 15_s
broadened the amides I and III peaks in contrast to the dentin totally demineralized by
EDTA, which preserved their amides molecules (Spencer et al., 2001). This concern
suggest that the phosphoric acid could modify organic components of collagen molecule,
but not highly as a solvent for the organic portion as stated by Spencer et al., (2001).

The components of Karnovisk solution (glutaraldehyde and phosphate-buffered
saline) can stiffen the acid etched demineralized dentin matrix (Pashley, et al., 2000) and
can contribute to the chemical changes if some alteration occurred with triple helices of
collagen by Karnovisk solution interaction. Conversely, the matrix metalloproteinases

(MMPs), which are within the mineralized dentin, with collagenolytic and gelatinolytic
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activities (MMP-2 and MMP-20), can be released and activated by low pH, leading
collagen degradation (Tjdderhane et al., 1998; Martin de Las Heras et al., 2000; van Strijp
et al., 2003). In this study it could be another factor to organic content changes. The 37%
phosphoric acid gel etching for 15 s decreased its intrinsic mineralized dentin powder
collagenolytic activity because its low pH, which could denaturates the MMPs or
inactivates it by calcium ions removal (Pashley et al., 2004). Despite of this fact, the
concern about the action of phosphoric acid at concentrations commonly used in adhesive
bonding procedures has been still. There is dentin collagen hydrolytic degradation with no
bacterial colonization over time in aqueous environment (Pashley et al., 2004). Moreover,
the simplified etch-and-rinse adhesives can reactivate endogenous enzymatic activities in
dentin previously inactivated by phosphoric acid-etching (Mazzoni et al., 2006).
Morphological analysis

In this study, the teeth had its pulpal components removed by manual
instrument. This pulp mechanical separation was not effective to remove the pulpal
components, odontoblastic layer and predentine (figs 3a and 4a) in agreement with Chadha
& Bishop, 1996, even followed by sonication with deionizated water for 5 minutes. A
previous study showed there were no differences between morphological patterns of
predentine and residual pulpal debris (Evans et al., 2001). However, in this study, the
photomicrographs of pulp chamber dentin without any kind of treatment, regardless
primary or permanent, were considered with presence of retained pulpal components and
possible odontoblastic layer and predentine.

There was no difference between primary or permanent pulp chamber dentin.
There were differences according to each treatment. G1 and G2 were classified with scores
A and B, respectively, while G3 and G4 received the score C (Table 1). The
photomicrographs showed that the retained pulpal components upon dentin surface (figs. 3a
and 4a) were completely removed with 1% NaOClI irrigation during 30 min (figs 3b and 4b)
as observed by Evans et al. (2001). However, the concavities and convexities (figs. 3b and
4b, respectively) from irregular dentin area and a roughness due to mineral structure were
maintained. When the irrigation was followed by phosphoric acid etching (figs. 3¢ and 4c¢),
it could be observed that the concavities, convexities and roughness of dentin were lost and

the surface become smooth. Furthermore, the tubules orifices were enlarged, the dentin
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within tubules was disclosing and the thickness of intertubular dentin was reduced, in
agreement with Torabinejad et al., (2003) that found the same features in dentin surface
subjected to NaOCI irrigation followed by use of MTAD (a mixture of a tetracycline
isomer, an acid, and a detergent). The MTAD is an acidic solution with a pH of 2.15 that is
capable of removing inorganic substances. The Figs. 3d and 4d represent the dentin only
etched with phosphoric acid, showing the enlarged tubules lumen and decreased of
intertubular dentin thickness as also observed in Figs. 3¢ and 4c. According to Marshall et
al., (2001) the deproteinization alone does not open the channels in mineralized dentin
because the mineral protect much of protein and the etching alone not completely open the
channels since they remain filled with protein. However, morphological differences were
not observed among the combined steps of etching and NaOCl, or only acid etching. The

changes of inorganic content detected by FT-Raman are not visible by MEV analysis.

CONCLUSIONS

Within the limitations of this study it can be concluded that:

1. The 1% NaOCI changes the inorganic content arrangement of primary and permanent
dentin pulp chamber;

2. The photomicrographs did not detect the chemical changes caused by NaOCl when
followed by phosphoric acid etching.
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Table 1 Scores employed to classify the photomicrographs.

A Surface recovered by a visible layer
retained pulp components

B Surface without layer, presence of opened
tubules and roughness aspect.

C Surface without layer, opened and

enlarged tubules, decreased thickness of
intertubular dentin and some areas with

visible collagen.

45



0.4+

Intensity (a.u.)
o
n
|

0.0
1.074 960 875 856 590 431 a
Raman shift cm-1
S
P Gl G4 G2 G3 G5 G6 G7 G8
0 —

€ 0.0s5 —T
t 01 L
r 0.15 B
Y
| . =

0.4 L
D
i 0.5 L
S 06 -
t
a 0.7 ~
n
c Data Preprocessing: Vector Normalization
e Ward’s Algorithm Frequency Ranges =

Factorization 408 — 454 / cm
566 - 613 /cm (1.0)
Method File = TEMPVIEW.CLA 832 -896/cm (1.0)

937 -982 / cm (1.0)
1048 — 1095 / cm (1.0)
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Figure 3 Photomicrographs of primary pulp chamber dentin. All images were carried out with 15 kw, 2000 of
magnification and 20 mm of work distance. a — features of pulp chamber dentin. b - pulp chamber dentin
treated with 30 min 1% NaOCI. ¢ - pulp chamber dentin treated with 30 min 1% NaOCI followed by etching
with 35% phosphoric acid. The white arrow shows the decreased thickness of intertubular dentin in G3. d -
pulp chamber dentin etched with 35% phosphoric acid.
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Figure 4. Photomicrographs of permanent dentin pulp chamber. All images were carried out with 15 kw,
2000 of magnification and 20 mm of work distance. a — features of pulp chamber dentin. b - pulp chamber
dentin treated with 30 min 1% NaOCI. ¢ - pulp chamber dentin treated with 30 min 1% NaOCI followed by
etching with 35% phosphoric acid. The white arrow shows the decreased thickness of intertubular dentin in
G7. d - pulp chamber dentin etched with 35% phosphoric acid.
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4. CONSIDERACOES GERAIS

Esta tese teve como propdsito analisar o conteido quimico da dentina decidua e
permanente para compara-las qualitativamente, bem como apds o contato com agente
desmineralizante na regido média da coroa e apds o contato com solucdo desproteinizante,
seguido ou ndo do agente desmineralizante, na dentina das paredes laterais da cdmara
pulpar.

No Capitulo 1, verificou-se que ndo houve diferenca entre o contetido organico
da dentina na regido média das coroas deciduas e permanentes antes ou apds o
condicionamento com 4cido fosférico a 35%. No entanto, o conteido inorganico
apresentou diferenca entre a dentina decidua e a permanente, independentemente se houve
ou ndo condicionamento acido. O ensaio de dureza revelou que os valores foram similares
entre a dentina decidua e a permanente, tanto antes como apds o condicionamento 4cido.
Vale lembrar que o contetdo inorgéanico é o principal responsdvel por conferir resisténcia
mecanica a estrutura dental, mas ndo apenas por si, seu arranjo molecular apresenta um
papel fundamental nas propriedades mecanicas. E sabido que as moléculas de
hidroxiapatita sao organizadas de forma cristalina, mais especificamente em geometria
hexagonal (Fremann et al. 2001; Tesh et al., 2001). A diferenca do arranjo molecular do
conteddo mineral pode ser atribuida a idade dentdria, pois os dentes deciduos estudados
tinham suas raizes reabsorvidas até o terco cervical, sendo, portanto dentes considerados
velhos comparativamente aos terceiros molares permanentes. Fremann et al. (2001)
verificaram que a hidroxiapatita com o passar do tempo pode se tornar mais cristalina, fato
que confere mais resisténcia mecanica ao conjunto ao qual ela compde, fato este que
acreditamos ter contribuido para a auséncia de diferenca quanto a dureza entre dentina
decidua e permanente.

A diferenca entre a qualidade do contetido mineral dentindrio deciduo e
permanente € consistente, ja4 que no Capitulo 2 observou-se esta diferenca na dentina das
paredes laterais da camara pulpar, independentemente do tratamento aplicado a estas
superficies (NaOCl, NaOClI seguido de acido fosférico, somente dcido fosférico). A acdo
do hipoclorito de sodio resultou na modificagdio do arranjo molecular do contetido
inorganico tanto no substrato deciduo quanto no permanente, independente da aplicacio

subseqiiente do 4cido fosforico 35% por 15s. Provavelmente, o hipoclorito de sédio reagiu
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com algumas moléculas de hidroxiapatita da superficie da dentina, assim como com
algumas moléculas de carbonato de calcio e fosfato de calcio, modificando justamente a
superficie em potencial para a adesdo, podendo causar diminui¢do da resisténcia de unido
de sistemas adesivos a dentina como visto por Ari et al., (2003) e Ozturk et al., (2004). O
contetido organico por sua vez nao foi diferente entre a dentina da camara pulpar decidua e
a permanente, independente dos tratamentos realizados, assim como o hipoclorito de s6dio
confirmou sua acdo desproteinizante tornando o resultado para diferentes grupos
homogéneo.

Em sintese, a tese reuniu resultados que contribuem para o estudo do
comportamento clinico da dentina decidua de forma abrangente enfatizando aspectos tanto
do conteido organico quanto do conteido inorgdnico comparativamente a dentina
permanente. Assim, vem contribuir com a literatura internacional, por meio dos estudos
apresentados nos capitulos 1 e 2, com resultados inéditos sobre a caracteristica da
disposi¢do molecular dos elementos quimicos componentes da dentina decidua. Além
disso, discute a relevancia desses achados para as dreas envolvendo Odontologia
Restauradora e pontua novas questdes para que mais respostas sejam obtidas a partir de

futuros estudos.
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5. CONCLUSOES GERAIS

Baseado nos resultados dessa tese pdde-se concluir que:

O contetido mineral da dentina decidua apresenta arranjo molecular diferente do
conteido mineral da dentina permanente, apesar da similaridade da propriedade de dureza

entre os dois substratos.

As diferencas do arranjo molecular do conteido mineral da dentina decidua em
relacdo a permanente sdo consistentes visto que o mesmo ocorre na dentina que compoe a
camara pulpar, sendo ambos, deciduos e permanentes, modificados pela a¢do da solucio de

hipoclorito de sédio 1%.
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Figura 1. Seqiiéncia da padronizacdo da profundidade de desgaste na dentina utilizando-se
radiografias digitais mensuradas no programa Image Tool 3.0. (estudo 1) No caso do
exemplo, terceiro molar. A. Radiografia do dente com o fio metélico fixo na face proximal.
B. Calibracdo do fio metdlico cujo valor foi previamente anotado para ser utilizado nesta
etapa. C. Comando Calibracdo de medidas espaciais acionado para ser realizada a medida
convertida automaticamente em milimetros. D. Comando distancia acionado para ser
desenhada uma linha do topo da cuspide mais alta até o terco médio, determinando a

profundidade a ser alcancada com o desgaste.
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Figura 2. Seqiiéncia de preparo dos espécimes do estudo 1. Coroa de um segundo molar
inferior deciduo fixa em placa de acrilico por meio de cera pegajosa. B. Alta rotacdo
acoplado em mdaquina padronizadora de preparos com a broca em posicdo perpendicular a
face oclusal da coroa. C. Obtencdo da dentina média exposta apds desgaste D. Unidade
experimental (1/4 da coroa) obtida apds seccOes mesio-distal e vestibulo-lingual. E. Banho
com d4gua deionizada em ultrassom das unidades experimentais agrupadas. F.
Armazenagem dos espécimes isoladamente em eppendorfs apds a realizacdo dos

tratamentos.
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Figura 3. Representacdo esquematica de um segundo molar inferior deciduo, cujas sec¢des
nos sentidos vestibulo-lingual e mesio-distal proporcionaram a obtencdo de 4 unidades
experimentais por coroa, divididas entre os grupos de forma dirigida: letras a e d
correspondentes as unidades mésio-vestibular e disto-lingual, respectivamente, foram
destinadas ao grupo 1 e as letras b e ¢, correspondentes as unidades mésio-lingual e disto-
vestibular, respectivamente, foram destinadas ao grupo 2 e assim sucessivamente, até se
obter 10 unidades experimentais por grupos, provenientes de 5 molares deciduos e 5
molares permanentes, sendo metade da amostra destinada a andlise FT-Raman e a outra

metade ao ensaio micromecanico de dureza Knoop.
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Figura 4. Aparelhos utilizados para realizagdo das andlises quimicas. A. FT-Raman
Espectrometro RFS 100, Bruker. B. Geometria de espalhamento e porta amostra do FT-
Raman Espectrometro RFS 100 (Laboratério de Espectroscopia Vibracional — Universidade
Vale do Paraiba, Sao José dos Campos, SP). C. Microscépio Eletronico de Varredura JEOL
JSM-5600LV (Tokyo, Japan) utilizado para obtencdo de imagens posteriormente medidas
pelo Espectrometro EDS Vantage device (version 1.4 Rev. B, Noran Instruments, Tokyo,

Japan - Faculdade de Odontologia de Piracicaba/UNICAMP).
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Figura 5. Preparo adicional dos espécimes para o ensaio micromecanico de dureza. A.
Espécimes incluidos no interior de tubos de PVC, utilizando-se resina de poliestireno
(Piraglass Ltda., Piracicaba, S.P., Brasil). B. Polimento dos espécimes com lixa de carbeto
de silicio (Arotec, Cotia, SP) #600 em politriz (Arotec, APL 4, Cotia, SP) sob refrigeracao.
C. Aplicagdo do 4cido fosforico 35% (liquido) na superficie dos espécimes dos grupos 2 e

4.
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Figura 6. A. Aparelho HMV2 (Shimadzu, Tokyo, Japan), com diamante tipo Knoop (B),
utilizado para realizacdo do ensaio micromecanico de dureza. C. Representacido

esquematica das impressdes deixadas pelo diamante Knoop na superficie dentindria.
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Figura 7. Seqiiéncia do preparo dos espécimes do estudo 2. A e B. Vistas vestibular e
oclusal de um terceiro molar fixo em placa de acrilico. C. Primeiro molar superior deciduo
fixo pela face oclusal, dente selecionado como exemplo da seqiiéncia de preparo da
amostra. D. Sec¢@o no sentido mesio-distal da coroa. E. Unidade experimental. F. Unidades
experimentais (n=5) imersas no hipoclorito de sédio 1% (30 min) a frente do ultrassom

utilizado.
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Figura 1. Certificado de aprovacdo do projeto de pesquisa desta tese no Com
em Pesquisa da Faculdade de Odontologia de Piracicaba/UNICAMP.
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