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RESUMO

O objetivo neste estudo foi avaliar o grau de conversao (GC) e microdureza
(KHN) de um cimento resinoso dual utilizado para a fixacdo de pinos de fibra de vidro.
Para isso, foram utilizadas 45 raizes (n=5) de incisivos bovinos, as quais foram
submetidas ao tratamento endoddntico e divididas em 8 grupos experimentais e um
controle. Apés o tratamento endodéntico, as raizes foram desobturadas e pinos de fibra
de vidro White Post DC n® 3 foram cimentados, com o cimento resinoso dual RelyX
ARC (BM-ESPE). A seguir, a fotoativagdo foi realizada com o aparelho LED (Valo-
Ultradent) em quatro diferentes densidades de energia (7, 14, 20 ou 28 J/cm?) e dois
diferentes tempos de espera (0 ou 2 minutos). O grupo controle ndo foi fotoativado.
Apés a cimentacao as raizes com os pinos cimentados foram armazenadas em agua
destilada a 372 C durante 15 dias. ApoOs esse periodo os valores de grau de conversao
e microdureza Knoop foram coletados em trés diferentes tercos do canal radicular
(Cervical, Médio e Apical). Os dados foram submetidos a andlise de variancia trés
fatores com parcelas subdivididas (ANOVA) e teste de Tukey. Comparagées com o
grupo controle foram realizadas pelo teste de Dunnett. Através dos resultados obtidos
para grau de conversao, pode-se observar que o tergco Cervical apresentou os maiores
resultados, estatisticamente diferente dos demais tercos, para todas as condi¢cdes
experimentais. O grau de conversdo para o tempo de espera de 2 minutos foi
estatisticamente maior do que aquele apresentado pelo tempo imediato. A densidade
de energia 28 J/cm? apresentou os maiores valores de grau de conversdo, com
diferenca estatistica significante das demais densidades de energia. Para os valores de
microdureza, ndo houve diferencas estatisticas em relacdo aos tempos de espera.
Dentro dos tercos Cervical e Apical, ndo houve diferencas significantes em relagao as
densidades de energia. No terco Médio, a fotoativagdo com 14 J/cm? apresentou os
maiores valores de microdureza, enquanto 28 J/cm? resultou nos menores. O terco
Apical nao diferiu estatisticamente em relagdo ao mesmo ter¢o do grupo controle. Pelos

resultados obtidos pode-se concluir que o grau de conversao foi influenciado pelas
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densidades de energia e tempos de espera para a fotoativagdo, assim como pelo tergco
do canal radicular. Os valores de microdureza ndo foram influenciados pelo tempo de
espera para a fotoativagdo, e as diferentes densidades de energia apresentaram
comportamento semelhante nos ter¢os Cervical e Apical.

Palavras-chave: canal radicular, polimerizagdo, dureza, cimento resinoso, grau de

conversao.
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ABSTRACT

The aim of this study was to evaluate the degree of conversion and
microhardness of dual-cured resin cement used for cementation of fiber posts. Forty-five
roots of bovine incisors were used for this purpose. These roots were submitted to
endodontic treatment and random assigned to 8 experimental groups and a control, all
of them with n=5. After seven days, the fiber post White Post DC #3 was cemented with
the dual-cured resin cement, RelyX ARC (8BM-ESPE) in each root. Following this step,
the light curing was performed with the 32 generation LED device (Valo-Ultradent), with
four different energy densities (7, 14, 20 or 28 J/cm?) and two different delay times (o or
2 minutes). The control group was not light-cured. After the cementation, the roots were
stored in distilled water at 372 C for 15 days, and the degree of conversion an Knoop
microhardness were obtained in three different root segments (Cervical, Medium and
Apical). Data were submitted to three-way split-spot ANOVA and Tukey’s test. Dunnett’s
test was used for comparisons with control. Results of degree of conversion showed that
the Cervical root segment obtained higher values than the others, at all experimental
conditions. The degree of conversion values for 2-minutes delay time were higher than
0-minute delay-time. The energy density of 28 J/cm? obtained the highest values, with
significant differences from the others energy densities. For microhardness values there
were not significant differences between the delay times. For the Cervical and Apical
root segments, there were not statistical differences for the energy densities tested. The
energy density of 14 J/cm? showed the higher values of microhardness at the Medium
root segment, while the 28 J/cm?, showed the lowest. The Apical root segment obtained
similar microhardness values from the same third at the control. In conclusion, the
degree of conversion was influenced by the energy densities and delay times, as well as
the root segment. The microhadness was not affected by the delay time at all conditions,
and the energy densities showed similar behavior at Cervical and Apical root segments.

Key words: root canal, polymerization, hardness, resin cement, degree of conversion
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INTRODUCAO

Os pinos de fibra de vidro foram introduzidos na Odontologia no inicio da década
de 90 com o objetivo de auxiliar na retencdo de restauragbes de dentes tratados
endodonticamente com extensa perda de estrutura coronaria (Goracci et al., 2011) e
contribuir com a sua estética (Monticelli et al., 2008). Possuem como principal vantagem
0 modulo de elasticidade semelhante ao da dentina (Toman et al., 2009), o que auxilia
na distribuicdo de tensbes através da raiz (Soares et al.,, 2012). Para a cimentacao de
pinos de fibra de vidro, sdo utilizados de forma rotineira os cimentos resinosos (Bitter et
al., 2012).

Os cimentos resinosos foram introduzidos no inicio da década de 50 com
composicao semelhante a de uma resina composta utilizada para restauracées. Como
principais caracteristicas, possuem propriedades adesivas, propriedades mecanicas
superiores, além de menor solubilidade em comparacdo a outros tipos de cimentos
odontolégicos (Ramos et al, 2012). Varios tipos de cimentos resinosos estdo
disponiveis no mercado, entre os quais: cimentos resinosos de ativacao quimica, fisica
ou dual, utilizados com sistemas adesivos autocondicionantes ou convencionais; e
ainda, cimentos resinosos do tipo autoadesivos, 0os quais ndo necessitam de um

tratamento adesivo previamente a cimentacao (Campos et al., 2012).

Os cimentos resinosos duais séo classificados desta maneira por possuirem dois
modos de ativagdo: quimica e fisica, sendo que a ultima ocorre através da luz (Simon et
al., 2012). O mecanismo de polimerizagcao ocorre atraves da canforoquinona e peroxido
de benzoila, iniciadores responsaveis pela ativagédo fisica e quimica, respectivamente.
Quando as pastas base e catalisadora do cimento sdo manipuladas e submetidas a
fotoativacao, ha a formagéao de radicais livres através dos dois modos de ativagao (Pick
et al.,, 2010). A ativagdo quimica dos cimentos resinosos duais ocorre através da reacao

entre perdéxido de benzoila e amina terciaria, que libera radicais livres, os quais



promovem a polimerizagdo independente da presenca de luz (Souza-Junior et al.,
2012). A ativacao fisica inicia-se através fotoativacao, que promove a excitagdo de uma
molécula fotossensivel, geralmente a canforoquinona, que reage com uma amina
terciaria, formando os radicais livres, os quais quebram as duplas ligacbes dos
monémeros, iniciando o processo de polimerizagao (lkemura et al., 2010)..

A intensidade de luz que atinge o material restaurador diminui em proporgdes
logaritmicas com o aumento da distancia entre 0 mesmo e a fonte fotoativadora (Aguiar
et al., 2005; Leprince et al., 2012), bem como é fortemente atenuada pela absorgéao e
dispersao de luz pelo material restaurador (Arrais et al., 2009). Sendo assim, a ativacao
quimica é necessaria em regidées onde ha deficiéncia de luz, como ocorre no canal
radicular durante a cimentacao de pinos de fibra de vidro, para assegurar um adequado
grau de conversao do material (Acquaviva et al., 2009).

A adequada polimerizacdo de materiais poliméricos € um fator crucial na
obtencdo de propriedades fisicas e performance clinica satisfatéria (Ozyesil et al.,
2004). Insuficiente grau de conversdao pode levar a propriedades mecéanicas
desfavoraveis, assim como aumento da solubilidade, contribuindo para microinfiltracao,
além de aumentar a lixiviacao de substancias toxicas, diminuindo a biocompatibilidade
(Ho et al., 2011).

Outro fator que afeta a polimerizacao dos cimentos resinosos duais é o0 momento
que se realiza a fotoativacdo. Tem sido sugerido que a fotoativacdo imediata dos
cimentos resinosos duais pode prejudicar o grau de conversao do material, uma vez
que a rapida formagéo de uma estrutura polimérica rigida causaria o confinamento de
radicais livres formados pela ativacao quimica, dificultando sua mobilidade e, assim, o
desenvolvimento deste tipo de polimerizacao (Moraes et al., 2009). Sendo assim, a
fotoativacao tardia (ap6s alguns minutos do procedimento de cimentacao) tem sido
proposta, para que haja um aumento na concentracdo de radicais livres totais e,

consequentemente, um aumento no grau de conversdo final, melhorando as
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propriedades mecanicas do polimero formado (Faria-e-Silva et al., 2011). Entretanto, os
diferentes cimentos resinosos duais disponiveis comercialmente possuem quantidades
diferentes de iniciadores quimicos, fisicos e catalizadores, obtendo propriedades fisicas
e mecanicas especificas através de diferentes estratégias de ativagcdo (Meng et al.,
2008).

Além disso, a densidade de energia que atinge o material também pode
influenciar na obtencao de um grau de conversao adequado e, assim, nas propriedades
fisicas de materiais a base de resina composta. Densidade de energia € definida pelo
produto entre irradiancia e tempo de exposicdao (Marchan et al.,, 2011). Diferentes
valores de densidade de energia podem ser obtidos variando-se a irradiancia e/ou o
tempo de exposicdo a luz (Peutzfeldt et al.,, 2005). Alta densidade de energia pode
aumentar o grau de conversdo desses tipos de materiais, assim como, melhorar suas
propriedades fisicas (Sakaguchi et al., 1998). Sendo assim, com o uso de dispositivos
fotoativadores com alta irradidncia, ha uma tendéncia na redugdo do tempo de
exposicao a luz e, consequentemente, do tempo clinico para a utilizacdo de materiais
resinosos fotopolimerizaveis (Leprince et al, 2010). Sabendo-se que o0s cimentos
resinosos duais possuem dois modos de polimerizagdo ocorrendo simultaneamente
quando ha presenca de luz, pode-se supor que, quando submetidos a um tempo de
fotoativacao reduzido, a polimerizacao quimica poderia contribuir para a manutencao do
grau de conversao e propriedades fisicas finais do polimero resultante.

Um método de se medir indiretamente o grau de conversao é o teste de dureza,
sendo esta caracterizada como uma das mais importantes propriedades dos materiais
(Cekic-Nagas et al., 2010). Porém, a correlagao entre os valores de grau de conversao
e dureza pode ser imprecisa, ja que o grau de conversao nao caracteriza a estrutura do
polimero formado (Dewaele et al., 2009). Outros fatores como a densidade de ligacoes
cruzadas e a quantidade de matriz organica e de particulas de cargas podem influenciar
nos valores de dureza de um material (Marchan et al., 2011).



A densidade de ligagdes cruzadas influencia as propriedades mecanicas do
polimero formado e, assim, a sua estabilidade estrutural (Leprince et al., 2013). A
ligagcdo cruzada ocorre quando um radical de uma cadeia polimérica em formacao
reage com uma ligacdo pendente de uma cadeia polimérica diferente. Através do
aumento das ligacdes cruzadas, varias espécies reativas perdem a mobilidade ja que
ficam confinadas na rede polimérica, sendo impedidas de reagir com as ligacdes
pendentes das moléculas de carbono (Soh et al., 2004). A densidade de ligacoes
cruzadas €, como o grau de converséo, influenciada pela densidade de energia. Alta
dose de energia inicial induz a varios centros de crescimento de polimeros, resultando
em polimeros com alta densidade de ligacbes cruzadas. Ja a polimerizacdo lenta,
induzida por baixa dose de energia inicial, induz a menores quantidades de centros de
crescimento, resultando em cadeias poliméricas predominantemente lineares (Benetti et

al., 2009), fatores que influenciam nos valores de dureza.

Sendo assim, o objetivo deste estudo foi avaliar o grau de conversdo e a
microdureza Knoop, nos tercos cervical, médio e apical, de um cimento resinoso dual
utilizado para a fixagao de pinos de fibra de vidro, submetido a diferentes densidades

de energia com diferentes tempos de espera para a fotoativacao.



CAPITULO

O presente estudo foi realizado em formato alternativo, conforme deliberacao da
Comissao Central de Pés-Graduacao (CCPG) da Universidade Estadual de Campinas
(UNICAMP n°001/98).

Capitulo:

“INFLUENCE OF DIFFERENT PROTOCOLS OF PHOTOACTIVATION IN
DEGREE OF CONVERSION AND KNOOP MICROHARDNESS OF A DUAL RESIN
CEMENT USED FOR FIBER POSTS CEMENTATION”

Abstract

The aim of this study was to evaluate the degree of conversion (DC) and
microhardness of dual-cured resin cement used for cementation of fiber posts. Forty-five
roots of bovine incisors were used for this purpose. These roots were submitted to
endodontic treatment and random assigned to 8 experimental groups and a control, all
of them with n=5. After seven days, the fiber post White Post DC #3 was cemented with
the dual-cured resin cement, RelyX ARC (BM-ESPE) in each root. Following this step,
the light curing was performed with the 3™ generation LED device (Valo-Ultradent), with
four different energy densities (7, 14, 20 or 28 J/cm?) and two different delay times (0 or
2 minutes). The control group was not light-cured. After the cementation, the roots were
stored in distilled water at 37° C for 15 days, and the DC and Knoop microhardness
were obtained in three different root segments (Cervical, Medium and Apical). Data were
submitted to three-way split-spot ANOVA and Tukey's test. Dunnett’s test was used for
comparisons with control. Results of the DC showed that the Cervical root segment
obtained higher values than the others, at all experimental conditions. The DC values for
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2-minutes delay time were higher than 0-minute delay-time. The energy density of 28
J/cm? obtained the highest values, with significant differences from the others energy
densities. For microhardness values there were not significant differences between the
delay times. For the Cervical and Apical root segments, there were not statistical
differences for the energy densities tested. The energy density of 14 J/cm? showed the
higher values of microhardness at the Medium root segment, while the 28 J/cm?
showed the lowest. The Apical root segment obtained similar microhardness values from
the same third at the control. In conclusion, the DC was influenced by the energy
densities and delay times, as well as the root segment. The microhadness was not
affected by the delay time at all conditions, and the energy densities showed similar
behavior at Cervical and Apical root segments.

Key words: root canal, polymerization, hardness, resin cement, degree of conversion

Introduction

Fiber posts were introduced at the beginning of 90’s to contribute for retention of
restorations of endodontically treated teeth with extensive coronal loss. ' The retention
of fiber post to radicular dentin is obtained through various types of luting agents, of
which is included the dual-cured resin cements. ? Fiber posts provide a low-modulus
restoration that may help to prevent cracks propagating into dentin, compared to cast
posts. *

Dual-cured resin cements are the most commonly used material for luting fiber
posts *that combines the desirable properties of chemical and light-cured resin cements.
They have two types of initiators, camphorquinone and benzoyl peroxide, which are
responsible for light and chemical curing, respectively. ° The light- and chemical-curing
mechanisms are complementary and occur through independent pathways. © Further,
the chemical curing is crucial because it favors the polymerization where the radiant
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energy is unavailable, such as the apex of radicular canal. ” Insufficient polymerization,
or degree of conversion (DC), is related to poor physical and mechanical properties of
the polymer, besides the release of residual monomers. ® Mechanical properties such as
microhardness, flexural strength, and others properties, such as sorption and solubility,
are related to the degree of conversion and the structure of the polymer network. °

It has been reported that the immediate light curing of dual resin cements may
entrap free radicals from the chemical curing, impairing this type of polymerization,
causing the overall reduction of the DC. '® Therefore, a delay period for light curing has
been suggested, with the purpose of an increase of the overall free-radical
concentration, which would lead to a higher ultimate DC, improving the mechanical
properties of the cement. !

Another factor that could affect the DC of resin-based materials is the energy
density, which is defined by the product of irradiance and time of light curing. '3 High
energy density can increase the DC of resin-based materials and their mechanical
properties. ' The use of high irradiance light source could reduce the light curing time
and thus the chair time for the use of photoactivated resin-based materials. '° However
the high irradiance provides the fast free radical and polymer formation and this fact

could entrap the chemical curing free radicals, jeopardizing this type of polymerization.

Microhadness is a test which is used to indirectly measure the degree of
conversion. '® Hardness is one of the most important properties of the resin-based
materials, and it is influenced by several factors, such as the nature of the matrix, type of
filler, filler load of the resin cement. ' However the correlation between hardness and
degree of conversion may be contradictory, as the resulting polymer can have different
cross-linked densities which affect the microhardness values, and did not necessarily
affect the degree DC. ' It is expected that a high crosslinked density polymer formed in
the root canal has higher resistance to displacement and bond strength than a liner

polymer.



Therefore, the aim of this study was to evaluate the degree of conversion and
microhardness of a dual resin cement submitted to different energy densities and delay
times for light curing, at three root segments (Cervical, Medium and Apical). The null
hypothesis is that such physical properties might not be affected by the energy

densities, delay times and root segment.

Materials and Methods

Forty-five freshly extracted bovine incisors with mature apices and without root
curvature and with similar length were used. The crowns were separated from their roots
with a double-sided diamond disc (KG, Cotia, SP, Brazil), and a standardized root length
of 18 mm, all of these measured with a digital caliper (Mitutoyo, Suzano, St. Paul,

Brazil), was obtained.

The endodontic treatment was performed by the step-back preparation with
stainless steel K-files and #3 to #5 Gates-Gliden burs (Moyco Union Broach, York, PA,
USA), under irrigation with saline solution. After the preparation, the root canals were
irrigated with EDTA. The filling was made by lateral condensation technique using gutta-
percha cones and an endodontic cement containing calcium hydroxide (Sealer 26,
Dentsply, York, PA, USA). The filled roots were stored in distilled water at 37° C for

seven days.
Cementing technique

Each root was enlarged with a bur, supplied by the manufacturer of the fiber post,
providing access for a post drill, using a low-speed handpiece, whereas 4 mm of the
endodontic filing was left at the apex of each canal.

For all groups, the #3 double conicity translucent glass fiber post (White Post DC,
FGM, Joinville-SC, Brazil) was cleaned with 37% phosphoric acid (Condac 37, FGM,
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Joinville-SC, Brazil) for 30 s, following by water-rinsing and air-drying. Silane (Silano,
Angelus, Londrina-PR, Brazil) was applied on each post for 60 s, following by air-drying.

Each root was etched with 37% of phosphoric acid (Condact 37, FGM, Joinville-
SC, Brazil) for 15 s and water-rinsed for 30 s. Excess of water was removed with paper
points (Endopoints, Manacapuru, Brazil) and then the adhesive system Adper
Scothbond Multipurpose (3M-ESPE, Saint Paul-MN, USA) composed by an activator,
primer and catalyst was applied respectively., according to the manufacturer
recommendations, as described on table 1.

Table 1: Composition of the adhesive system and the resin cement.

Material Composition Mode of application

Scothbond Multipurpose Activator:  ethyl alcohol, sodium Application with a micro-brush,
benzenesulfinate removing excess with paper

points and air-drying for 5s

Primer: 2-hydroxyethyl methacrylate
(HEMA), copolymer of acrylic and Application with a micro-brush,
itaconic acids, water removing excess with paper

points and air-drying for 5s

Catalyst: BisGMA (Bisphenol glycidil

dimethacrylate), HEMA (hidroxyethyl  Application with a micro-brush
methacrylate), benzoyl peroxide, and air-drying for 5s
triphenylphosphine

RelyX ARC Paste A: BisGMA, TEGDMA
(Trithyleneglycol dimethacrylate),

, , Manipulation of the pastes for
dimethacrylate polymer, amine,

10
camphorquinine Paste B: BisGMA, S

TEGDMA, dimethacrylate polymer,

benzoyl peroxide




After the adhesive system application, five doses of RelyX ARC (8M-ESPE, Saint
Paul-MN, USA) were manipulated for 10 s and inserted on each root canal with the
metal tip of a Centrix syringe (Centrix. Incorporated, Shelton, EUA). The filled roots were
randomly divided into 9 groups (n=5): eight experimental groups according to energy
density (7, 14, 20 or 28 J/cm?), and delay time for light curing (0 or 2 minutes); and a
control, which was not light-cured (Table 1).

After the fiber post cementation, the photoactivation was performed with a light-
emitting diode (LED) device (Valo, Ultradent Products, Inc., South Jordan-UT, USA),

according to the following groups:

Table 2: Experimental groups and control

Groups Energy density (J/cm?) — Delay time
Irradiance x time of
- (minutes)
photoactivation

G1 20 - 1,000 x 20 0
G2 20 - 1,000 x 20 2
G3 14 - 700 x 20 0
G4 14 -700 x 20 2
G5 7-350x20 0
G6 7-350x20 2
G7 28 - 700 x 40 0
G8 28 - 700 x 40 2

G9 (without photoactivation) - -
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The irradiance values were monitored by a radiometer (Model 100 Optilux
Radiometer, Kerr, Middleton, WI, USA) and those lower than 1,000 mW/cm? were
obtained with the aid of silicone-based spacers put on the coronal side of each root
previously the light curing. For the irradiances 1,000 and 700 mW/cm?, the tip of the light
source was put in 45 with the fiber post. The specimens were stored in distilled water at
37° C for 15 days.

After the storage period, the specimens were sectioned into 1-mm thick slabs,
using a diamond cutting disc (EXTEC DIA WAFER BLADE 4” x 0,12 x %2 (102 mm x 0,3
mm x 127 mm)) coupled to a metallographic cutter (Isomet 1000, Buehler Lida; Lake
Buff, IL, USA). The first slab of each specimen was dismissed, and the remaining slabs
were divided into three root segments: Cervical, Medium and Apical. The coronal face of
each root segment was market and used for degree of conversion and Knoop

microhardness measurements.
Degree of conversion measurements

The coronal side of each slab was put on a support of the Confocal Spectrometer
Raman (River Diagnostics Model 3510 Analyser), of which a laser was attached with
excitation of 785 nm. Two measurements were obtained to each slab, in the medium
distance between the post and the dentin, with 40 seconds of exposure time and 1
accumulation. Collected spectra ranged from 400 and 1,800 cm™ . The Opus software
was used for the fluorescence subtraction. The spectra correspondent to C=C aromatic
stretching mode at 1,638 cm™', and C=C aliphatic at 1,608 cm™ were analyzed by the
Origin 6.0. software (Microcal Software, Inc., Northampton, MA, USA). For the non-
polymerized measurement, one portion of each past of the resin cement was
manipulated and put on the sample holder of the spectrometer. The measurements
were made through the methods above described. The DC was calculated through the

following equation:

DC (%) = 100* [1 - Rpolymerized / Runpolymerized]
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R = peak at 1.638 cm™ / peak at 1.608 cm”
Microhardness measurements

The microhardness was measured using the Knoop hardness test (Shimadzu,
Japan) set at 20 g for 10 s. Three indentations were made in cementation line of each
specimen. The largest diagonal of the lozenge-shaped indentation in each specimen
was measured. The mean of these three indentations was measured and the KHN

values were obtained.

Data were submitted to three-way split-plot ANOVA and Tukey’s test. The
Dunnett test was used for comparison between the experimental groups and the control.

All tests were performed at p < 0.05.

Results
DC Analysis

The results of DC are presented on table 3. There were significance for the
factors energy density (p<0.0001), root segment (p<0.0001), and delay time (p=0.0114).
There were not interactions between the factors delay time and energy density
(p=0.1428); delay time and root segment (p=0.7498); and energy density and root
segment (p=0.0808).The interaction among the factors energy density, delay time and
root segment was not significant (p=0.4133). Significant differences concerning DC were
found for the Cervical root segment, which showed the highest values, comparing to
Medium and Apical. Concerning the delay time, 2-min delay time obtained the highest
DC values comparing to 0 minute (immediate), for all energy densities. Statistical
differences were found for the energy densities concerning the delay time 0 and 2
minutes, where 28 J/cm? obtained the highest DC values and 14 J/cm?, the lowest for

both delay times. The Cervical root segment at 28 J/cm? was statistically different from

12



the same root segment of the control (Dunnett test) for both delay time. The same was
obtained for the Medium at 14 J/cm? at 0-min delay time.

KHN Analysis

The results of KHN are presented on table 4. There were interactions between
the factors energy density and root segment (p=0.0119), but no interactions between
delay time and energy density (p=0.4581); and delay time and root segment (p=0.053).
The interaction among the factors energy densiy, delay time and root segment was not
significant (p=0.5027). The KHN values were similar for all thirds at all experimental
condition, excepted at 7 J/cm? and 2-min delay time, when the Apical root segment
obtained the lowest value. There were no statistical difference concerning the KHN
values for the energy densities at the Cervical and Apical third the delay times tested.
For the Medium third, the KHN values at 14 J/cm? were statistically different from 28
J/cm2. The Dunnett test showed no statistical difference for the Apical from the same
root segment of the control. However, for the Medium root segment, the KHN values at
the energy densities 7, 14 and 20 and 0-min delay time, and at 7 and 14 and 2-min
delay time, were higher than control. The KHN values concerning the Cervical obtained
significant higher values from the same root segment of the control at the energy
densities 7 and 14 J/cm? and 0-min delay time, and at 7, 14 and 20 J/cm? and 2-min

delay time
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Table 3: Results of DC (Standard Deviation).

Delay time Energy Root Segment Tukey
(minutes) density (J/cm?)
Cervical Medium Apical
0 7 *83.68 (2.88) *84.02 (1.46) *81.92 (3.11) b
14 *84.04 (1.58) #+78.32 (4.52) *81.21 (2.09) c
20 *85,45 (2.73) *85.03 (2.65) *83.25 (3.59) b
28 #+88.22 (0.24) *88.32 (1.40) *85.88 (1.39) a
2 7 86.78 (1.40) 85.04 (1.09) 84.53 (1.23) b
14 85.46 (1.84) 82.37 (3.52) 82.21 (0.61) c
20 87.30 (2.10) 84.66 (2.07) 84.33 (1.26) b
28 #88.09 (1.77) 86.77 (1.38) 86.36 (1.92) a
Tukey A B B
Control 84.51 (2.29) 84.84 (1.18) 83.29 (2.17)

* Significant differences between the delay times; * Statistical differences from the control concerning the

same third; Vertical lowercase letters and horizontal uppercase letters differ statistically.
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Table 4: Results of KHN (Standard Deviation).

Delay time Energy Root Segment
(minutes) density (J/cm?)
Cervical Medium Apical
0 7 *45.99 (4.72) Aa *44.77 (1.82) Aab 41.00 (1.86) Aa
14 *46.77 (2.90) Aa #46.67 (3.54) Aa 42.68 (4.11) Aa
20 42.80 (0.69) Aa *43.51 (1.82) Aab 41.05 (3.71) Aa
28 42.91 (3.32) Aa 41.45 (1.72) Ab 41.60 (3.31) Aa
2 7 *46.05 (1.83) Aa #43.65 (1.43) Aab 37.58 (4.33) Ba
14 #45.05 (2.23) Aa *44.27 (3.27) Aa 40.27 (2.05) Aa
20 *46.67 (4.24) Aa 41.41 (2.95) Aab 42.00 (1.52) Aa
28 4210 (1.49) Aa 39.05 (1.06) Ab 38.62 (1.78) Aa
Control 39.89 (0.44) 39.09 (0,76) 38.86 (0.63)

* Statistical differences from the control concerning the same third; Horizontal uppercase letters and
vertical lowercase letters differ statistically.

Discussion

The results showed that the DC was affected by the three factors (energy density,
delay time and third of the root canal), and the KHN was influenced by the energy
density and the root segment of the canal, so the null hypothesis was rejected.

In the present study, the Cervical root segment obtained the highest DC values,
followed by the Medium and Apical, that were not statistical different from each other. It
is known that the light suffers absorption and scattering by the resin cement and the
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fiber post during the light curing, ' that may have impaired the photoactivation of the
resin cement along the dowel space, even with the use of a translucent fiber post. So
the Apical root segment probably relied especially on the chemical curing to develop
polymers, as this segment was not statistically different from the same segment of the

control.

The idea that the immediate light curing could impair the degree of conversion of
dual-cured resin cements was supported by the present study. The results of this
study showed that the 2-min delay time obtained better DC values than the immediate
delay time. The explanation for this result is based on entrapment of free radicals from
the chemical curing on the developing polymer from the light curing. It has been
reported that the immediate light curing stiffens the polymer chains and jeopardize the
propagation of the chemical curing, hence the delay time has been proposed to increase
the overall DC. 2

The DC was also influenced by the intensity of light reaching to the resin-based
material. In the present study, the energy density 28 J/cm? obtained the highest DC
values, while the 14 J/cm? obtained the lowest. The irradiance used for these two energy
densities were 700 mW/cm?2. However at 28 J/cm?, the time of light curing was 40 s and,
at 14 J/cm?2, this time was 20 s. Higher time of photoactivation induces a higher amount
of photons to the target, which leads to a more amount of free radicals originated from
the light curing and consequently to a high conversion of the double bounds C=C to C-
C, that sets the degree of conversion. 2! So the total energy amount delivered from the
light source with a higher time of light curing might have contributed for this result.

It is interesting to observe that the DC was not different from the control, except

for two situations (28 J/cm? at 0 and 2-min delay time on Cervical root segment; and 14

J/icm? at 0-min delay time on Medium). Dual resin-based materials probably have a

lower amount of chemical activators in order to not hinder the working time. 22 3o, it has

been suggested that the chemical curing alone is not sufficient to promote a proper DC
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of dual-cured resin cements and the light curing is crucial for the material obtain the
desirable physical and mechanical properties, though these two mechanics are
independents. 2° The dual-cured resin cements has a DC ranged about 80 %, 2* which is
in accordance with the present study, even for the control group, without light curing.
Two explanations for this finding is the composition of RelyX ARC, which has the
monomer TEGDMA, a linear and low-viscosity molecule that has the ability of increases
the DC of resin-based materials. 2 In the present study, the measurements of DC were
made 15 days after the cementation, which might be contribute to a high DC values for
the control, without differences from the experimental group. Further the adhesive
system used in the present study was the Scothbond Multipurpose Plus that has a
catalyst solution among the components. This solution contains coinitiators systems,
such as tertiary amine/benzoyl peroxide, that catalyse the chemical curing and increase
the monomer conversion, mainly in the regions where the light does not reach. %°

However, despite significant differences among the groups, the results of degree
of conversion of this study ranged around 80% at all conditions, which is a high value,
comparing with other resin-based materials. * So, it is possible to infer that the chemical
curing was able to compensate the lower amount of radiant exposure that was delivered

in the deepest layers of the resin cement.

Several authors correlate DC with microhardness. ' 26 22 The higher
microhardness the higher DC. '?® However this relation might not happen in all
situations, as the conversion is an average measurement that does not take into
account the low and high conversion regions of the polymer. Furthermore, the polymers
differ in crosslinked densities. So polymers may have different crosslinked densities with
similar DC. # The present study showed no relation between DC and microhardness.
Unlike the results of DC, the microharness values did not differ when taking into account
the delay time. And it was similar for the thirds of the root canal, except for one condition
(Apical third at 7 J/cm? and 2-min delay time).
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By the analysis of the KHN values, it was observed that there were not statistical
differences among the energy densities for the Cervical and Apical root segments. Only
the Medium obtained these differences. The Cervical root segment is in direct contact
with the light from the light source. It is known that the continuous light curing promotes
a high and fast amount of free radicals and growth centers of polymers that causes the
vitrification fase and crosslinked densities. ® It could be suggested that, at this third of
the root canal, all energy densities tested were equally sufficient to reach to this
vitrification fase and crosslinked densities, and the additional 20 s (total of 40 s) from 28
J/cm? did not contribute to an increase of the KHN values. As the Cervical root segment,
the Apical obtained similar results concerning the energy densities. However along the
root canal the light is absorbed and scattered. 7 Probably at this third of the root canal
the polymerization relied especially on the chemical curing to develop crosslinked
densities, with little contribution of the light to obtain the KHN values. Unlike these thirds,
there were statistical differences among the energy densities tested at the Medium root
segment. The measurements at this root segment were made around 3 mm beneath the
opening of the root canal. It can be inferred that even with the absorption and scattering
of the light by the restorative material, the light reached to the cement at this region. So
the both modes of activation (photo and chemical) may have contributed to the
development of the KHN values.

Considering the KHN values, there were not statistical differences among the
thirds of the root canal. Like it was already mentioned, the Cervical root segment
probably relied on the photoactivation and the Apical, on the chemical activation. It is in
accordance with the literature that the fast polymerization by the continuous light curing
causes a high amount of crosslinked densities in the polymer, thus increasing the KHN
values. Unlike this mode, the chemical curing promotes a slow rate of polymerization,
which produces low amount of free radicals and growth centers, and consequently more
linear polymers. '® The possibility for this absence of differences is the use of the
catalyst previously the resin cement. This catalyst, compound by chemical initiators such
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as benzoyl peroxide, makes the reaction faster, that could have promote a higher
amount of free radicals and thus a crosslinked network of the polymer on this third of the

root canal..

Concerning the comparisons to the control, the Apical root segment obtained
similar results. It was due the absence of light reaching to this third. So, as the control,
the Apical root segment relied on the chemical curing to form the resulting polymer. The
Cervical and the Medium were statistically different from the control in some situations,
such as at 7 and 14 J/cm? in both delay time and for 20 J/cm? for the delay time
immediate. Unlike these energy densities, 28 J/cm? did not differ from the control. It
could be said that the fast vitrification fase of the polymer at this intensity of light
impaired the free radicals formed by the chemical activation to develop crosslinked
density of the resulting polymer. However, at 7 and 14 J/cm?2, the low intensity of light did
not impair the chemical curing, and could be suggest that the both modes of activation
were synergic to achieve crosslinked densities, which in a different result from the

control.

The cementation of fiber posts has become common in restorative dentistry and
self- and dual-cure resin cements are indicate for this procedure. There are several
concerns about the polymerization in the apical region of the root canal. In general, the
results of the present study showed similar DC and KHN values for all factors tested. It
shows that the resin cement tested obtained efficient results, even in the deepest region
of the root canal. These results could indicate a good performance of the material in
fiber post cementation in obtaining favorable properties, such as degree of conversion
and Knoop microhardness.
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Conclusions:

- The energy densities affected the DC values at all root segments (Cervical,
Medium, Apical) and the 2-min delay time was better than the immediate;

- The energy density of 28 J/cm? obtained the better DC values, comparing to the
others;

- The high energy density (28 J/cm?) did not contributed to better KHN values
neither the 2-min delay time;
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CONCLUSAO

Através dos resultados obtidos no presente estudo pode-se concluir que:

- O grau de conversao foi influenciado pelas densidades de energia, e tempos
de espera para a fotoativagcédo. A densidade de energia de 28 J/cm? e 0 tempo
de espera de dois minutos apresentam os maiores valores de grau de
conversao;

- O terco Cervical apresentou os maiores resultados para grau de conversao
em relacao aos demais tercos do canal radicular;

- Os valores de microdureza Knoop nao foram influenciados pelo tempo de
espera para a fotoativagao;

- A maior densidade de energia utilizada (28 J/cm?) ndo contribuiu para um

aumento nos valores de microdureza Knoop.
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APENDICE

MATERAIS E METODOS
Materiais:

Os materiais utilizados neste estudo, assim como suas composi¢cées e modos de
aplicacao estao detalhados nas tabelas 1 e 2 e ilustrados nas figuras 1 e 2.

Tabela 1: Material, composigao e fabricante do pino intrarradicular.

Material Composicao Fabricante

White Post DC n® 3 Fibra de vidro e resina epoxica FGM

Figura 1: Pino de fibra de
vidro White Post DC n° 3



Tabela 2: Material, composicao, modo de aplicacao e fabricante dos materiais

utilizados para a cimentagao dos pinos intrarradiculares.

Material Composicao Modo de Aplicagcao Fabricante
Condicionador acido Acido fosférico 37 % Aplicagéo durante 15 s, lavagem FGM
Condact 37 por 30 s
Silano Radicais silico-funcionais e radicais Aplicagéo durante 1 minuto e Angelus
organo-funcionais remogao dos excessos com jatos
de ar

Ativador: solugao etilica de um sal de Ativador: aplicagdo com o auxilio

acido sulfinico de um microbrush, remogéo de
excessos com cones de papel
Sistema Adesivo Adper Primer: solugdo aquosa de HEMA e absorvente e secagem por 5 s
Scothbond Multi-purpose copolimero de &cido polialcendico
Primer: aplicacéo com o auxilio de 3M/ESPE
Catalisador: BisGMA, HEMA e um microbrush, remogao de
peroxido de benzoila excessos com cones de papel

absorvente e secagem por 5 s

Catalisador: aplicagdo com o
auxilio de um microbrush e
remogao de excessos com cones
de papel absorvente

Cimento resinoso dual Pasta A: BisGMA, TEGDMA,
Rely X ARC particulas de silica e zirconia (68% em
peso), aminas e canforoquinona. Manipular as duas pastas durante 3M/ESPE
Pasta B: BisGMA, TEGDMA, 10s

particulas de silica e zirconia e
peréxido de benzoila

HEMA: 2-hidroxietiimetacrilato; BisGMA: Bisfenol glicidyl dimetacrilato; TEGDMA: trietilenoglicoldimetacrilato.
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Figura 2: A: condicionador &cido Condact 37; B: silano; C: sistema adesivo
Adper Sconthbond Multipurpose; D: cimento resinoso dual RelyX ARC.

Métodos:

Para a realizacdo deste estudo foram utilizadas quarenta e cinco raizes de
dentes bovinos. Estas foram obtidas através da selecdo de dentes bovinos recém-
extraidos, dos quais, com o auxilio de uma lamina de bisturi n® 15, foram removidos os
remanescentes de ligamento periodontal. Dentes com raizes retas e apices fechados
foram selecionados. Apés esta etapa, os dentes foram seccionados com disco
diamantado dupla face (KG, Cotia, SP, Brasil), em baixa rotagédo e refrigeracdo, com o
objetivo de separar as raizes de suas coroas. Com o auxilio do paquimetro digital
(Mitutoyo, Suzano, S&o Paulo, Brasil), as raizes foram marcadas no comprimento de 18
mm e seccionadas com disco diamantado dupla face para a obtencdo deste
comprimento.
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Figura 3: A: esquematizacao de raizes retas e com apices fechados; B: marcag¢éao no
comprimento de 18 mm; C: corte no comprimento de 18 mm com disco diamantado
dupla face; D: comprimento padronizado de 18 mm.

Para o tratamento endododntico, as raizes foram instrumentadas até o
comprimento de trabalho, 1 mm aquém do &pice, com limas k-file, de numero
compativel com o didmetro do canal, e preparados com brocas Gates-Glidden n® 2 a n®
5 (Moyco Union Broach, York, PA, USA), irrigando-se com soro fisiol6gico entre cada
instrumentacdo. Com a instrumentacdo e o preparo concluidos, os canais foram
irrigados com soro fisiolégico e solugao de EDTA para remocao da “smear layer” e,
entdo, foram secos com cones de papel absorvente. O procedimento de obturagéo foi
realizado através da técnica de condensacgdo lateral, utilizando-se cones de guta-
percha e cimento endoddntico contendo hidréxido de célcio Sealer 26 (Dentsply, York,
PA, USA). Apdés a condensacao e corte dos cones de guta-percha, os canais foram
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selados com selador a base de éxido de zinco (Coltosol, Vigodent). As raizes, com o
tratamento endodontico concluido, foram armazenadas em &gua destilada a 37° C
durante sete dias, e entéo, divididas aleatoriamente em oito grupos experimentais e um

controle, conforme descritos na tabela 3:

Tabela 3: Grupos experimentais e controle:

Grupos Densidade de energia Tempo de espera para a
(J/cm?) — Irradiancia x fotoativacao
tempo de fotoativacao (minutos)

G1 20 -1,000 x 20 0
G2 20 -1,000 x 20 2
G3 14 —-700 x 20 0
G4 14 -700 x 20 2
G5 7 -350x 20 0
G6 7 —-350x 20 2
G7 28 — 700 x 40 0
G8 28 — 700 x 40 2
G9 (controle)

As densidades de energia foram obtidas através do produto entre a irradiancia x
tempo de exposicao.

A fixagdo dos pinos de fibra de vidro foi conduzida de acordo com 0s grupos
experimentais e controle.

Técnica de cimentag&o:
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Os canais foram preparados com broca cénica, disponibilizada pelo fabricante do
pino, de modo que permanecessem 4 mm de guta-percha na regido apical (figura 4).

Figura 4: desobturagéo e preparo com a broca Largo disponibilizada
pelo fabricante do pino.

Os pinos de fibra de vidro (tabela 1) foram limpos com &cido fosférico 37%
durante 30 s, e entdo lavados e cuidadosamente secos para a aplicacdo do silano
(Silano, Angelus, Londrina-PR, Brazil), conforme descrito na tabela 2 (figura 5).
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Figura 5: A: pino de fibra e vidro; B: limpeza com &cido fosférico 37%; C:
aplicacao do agente de uniao Silano

O condicionamento acido dos canais radiculares foi realizado utilizando-se acido
fosférico a 37%. Apds o enxague, os canais foram secos com cones de papel
absorvente (Endopoints, Manacapuru, Brasil) (figura 6) para a posterior aplicagcdo do
sistema adesivo Scothbond Multi-Purpose (figura 7) e, posteriormente, do cimento
resinoso de dupla ativacdo RelyX ARC. A seguinte ordem de aplicacao do sistema
adesivo foi utilizada: ativador, primer e catalisador, conforme descricdo na tabela 2.
Uma porcdo das pastas base e catalisadoras do cimento resinoso RelyX ARC foi
dispensada em um placa de vidro e entdo manipulada durante 10 segundos, de acordo
com as recomendagfes do fabricante. O cimento manipulado foi inserido no canal

radicular através das pontas metalicas da seringa do tipo Centrix (Centrix. Incorporated,
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Shelton, EUA) O pino foi inserido no conjunto canal radicular + cimento resinoso (figura
8) e a fotoativacao foi realizada com o aparelho LED Valo (Ultradent Products, Inc.,
South Jordan-UT, USA), seguindo os protocolos estabelecidos para cada grupo
experimental. As irradiancias de 700 e 350 mW/cm? foram obtidas através de
espacadores de silicone (figura 9 e 10) anteriormente confeccionados, e todas as
irradiancias utilizadas foram monitoradas através de radidmetro (Model 100 Optilux
Radiometer, Kerr, Middleton, WI, USA). Apds o procedimento de cimentagéo, as raizes

foram armazenadas em agua destilada a 37° C, durante 15 dias.

Figura 6: A: aplicacao do acido fosférico 37% durante 15 s; B: ap6s enxague,
secagem do canal com ponta de papel absorvente.
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Figura 7: A: aplicacao do ativador; B: aplicacao do primer: C: aplicagdo do
catalisador.
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Figura 8: A: manipulag&o do cimento resinoso dual durante 10 s; B: insergéo do
cimento no canal radicular; C: raiz com o pino cimentado antes da remogao dos
excessos de cimento.

Figura 9: A: aparelho fotoativador Valo; B: espagadores utilizados para as
irradiancias de 700 e 350 mW/cm?
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Figura 10: imagens representativas da fotoativagdo; A: fotoativagdo com irradiancia
de 1.000 mW/cm?; B: com irradiancia de 700 mW/cm?; C: com irradiancia de 350
mW/cm?2.

Apés o periodo de armazenagem, as raizes foram fixadas com cera pegajosa em
placas de acrilico e, posteriormente, seccionadas perpendicularmente ao seu longo eixo
através do disco EXTEC DIA WAFER BLADE 4” x 0,12 x 2 (102 mm x 0,3 mm x 127
mm), que foi acoplado a recortadeira metalografica (Isomet 1000, Buehler Ltda; Lake
Buff, IL, USA). Sete fatias de 1 mm cada foram obtidas para cada raiz, sendo que a
primeira de cada raiz foi descartada. Sendo assim, seis fatias foram obtidas para cada
raiz, sendo duas para cada terco (Cervical, Médio e Apical) do canal radicular. A
primeira fatia de cada tergo foi selecionada e uma marcacdo foi realizada na face
voltada para cervical, na qual foram realizadas as analises do grau de conversao e
microdureza Knoop (figura 11).
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Figura 11: A: raiz com pino cimentado fixado em placa acrilica com cera pegajosa;
B: cortadeira metalogréfica; C: imagem representativa do corte perpendicular ao
longo eixo; D: fatias de 1 mm armazenadas e separadas nos tergos cervical,
médio e apical.

Analise do Grau de Conversao

A face voltada para cervical de cada fatia foi colocada em um suporte do
Espectrdmetro Raman Confocal River Diagnostics Model 3510 Analyser, acoplado com
um laser de linha de excitacdo de 785 nm. Foram feitas duas medidas em pontos
diferentes, sendo que estes pontos estavam localizados na distancia média entre o pino
e a dentina (figura 12), com um tempo de integracdo de 40 s e 1 acumulagédo cada.

Para a obtencdo dos espectros nao-polimerizados uma porcdo da pasta base e
39



catalisadora do cimento resinoso testado foi manipulada durante 10 s e colocada no
suporte do espectrdmetro. Foram coletados os espectros localizados entre 400 e 1.800
cm™. Apo6s a obtengcdo dos espectros, foi realizada a subtracdo da fluorescéncia
utilizando o software Opus. Os espectros correspondentes as ligagdes C=C aromaticas
(1638 cm) e alifaticas (1608 cm™') foram analisados através do software Origin 6.0, e 0

grau de conversao foi calculado a partir da seguinte férmula:
GC (%) = 100" [1 - Rpolimerizado/ Rnéopolimerizado]

R = pico em 1.638 cm™ / pico em 1.608 cm™

Figura 12: imagens representativas da regido do cimento resinoso, onde foram feitas
as medidas de grau de conversao, na regiao meédia entre pino e dentina. As setas

indicam as regides das medic¢des, a letra “d” corresponde a dentina, “c” ao cimento e

p” ao pino de fibra de vidro

Analise da Microdureza Knoop

Cada fatia foi levada ao dispositivo de teste de microdureza Knoop (Shimadzu,
Japao). Foram feitas trés indenta¢des ao longo da linha de cimentagédo da face voltada
para cervical de cada fatia, configuradas em uma carga de 20 g durante 10 s, ao longo

da linha de cimentacao de cada fatia. A maior diagonal de cada losango formado pela
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indentacao foi medida, e assim o numero de microdureza Knoop foi calculado. A média
dos valores de KNH das trés indentacbes foi calculada para a obtencdo do KHN de

casa fatia.
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