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Resumo

O objetivo deste estudo foi avaliar a resisténcia de unido ao microcisalhamento de
trés cimentos resinosos (RelyX ARC, RelyX U100 e Panavia F), com diferentes protocolos
adesivos estabelecidos para cada cimento e unidos a dois tipos de ceramica (feldspatica —
d.SIGN e dissilicato de litio — e.max) através da fotopolimerizagdo transceramica. Em adicdo
foi avaliado o grau de conversdo dos grupos em estudo. Para resisténcia de unido, apds a
aplicacdo dos adesivos, foram confeccionados cilindros de cimento para a realizagdo do
teste de microcisalhamento (n=8) em maquina de ensaio universal. A fotopolimerizacdo foi
realizada com aparelho de luz halégena por 60 segundos através da ceramica com o auxilio
de um dispositivo confeccionado para o presente estudo. Apds os ensaios, as amostras
fraturadas foram analisadas em microscépio eletrénico de varredura para a classificacdo do
padrdo de fratura. Para andlise do grau de conversdo, os cimentos foram manipulados e
inseridos em molde. Os diferentes protocolos adesivos foram aplicados em uma tira de
poliéster, posicionados sobre o cimento e fotopolimerizados através da um disco de
ceramica de acordo com o grupo (n=5) A leitura do grau de conversao foi alizada através de
espectofotometria. Os dados obtidos para ambos os experimentos foram analisados
estatisticamente através de ANOVA 2-critérios e teste de Tukey (p< 0,05). A resisténcia de
unido e o grau de conversdo foram influenciados pelo tipo de ceramica utilizada. As
amostras fotopolimerizadas através da ceramica feldspatica apresentaram resultados
superiores do que as polimerizadas através da ceramica reforcada. RelyX ARC obteve os
maiores valores de resisténcia de unido que os demais cimentos testados. Os valores de
resisténcia de unido e grau de conversdao dos cimentos testados foram influenciados pelos

protocolos adesivos na auséncia de intensidade de luz adequada.

Palavras-chave: Cimentos resinosos, ceramicas, protocolos adesivos, resisténcia de unido,

grau de conversdo
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Abstract

The aim of this study was to evaluate the micro shear bond strength of three resin
cements (RelyX ARC, RelyX U100 and Panavia F), with differente adhesive protocols and two
ceramic types (feldspatic — d.SIGN and lithium dissilicate reinforced — e.max) photocured
through ceramic. In addition it was measured the degree of conversion of each group. For
bond strength test, the adhesives were applied in the ceramic surface, and the resin cement
cylinders were confectioned for the micro-shear bond strength test (8 specimens with 4
cylinders for each group). A device was developed to permit light cure through ceramic.
Fractures specimens were SEM analyzed to classify the failure mode. For DC analysis, the
resin cements were manipulated and applied into a mold. The adhesive protocols were
performed on a Mylar strip and positioned upon the manipulated cement. A ceramic disc
respective to each group was placed above the Mylar strip and the light curing was
performed (n=5). Data were statistically analyzed (p<0.05) using a two-way ANOVA and
Tukey’s test. Feldspatic ceramic presented better results than lithium dissilicate reinforced
ceramic for both methodologies. RelyX ARC presented higher bond strength values than the
other cements. Different adhesive protocols significantly affect bond strength and DC values

in abcense of adequate ligth intensity.

Key-words: Resin cements, ceramic, adhesive protocols, bond strength, degree of

conversion
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INTRODUCAO

A utilizacdo de restauracGes indiretas em ceramica livre de metal (metal free) tem
crescido consideravelmente nos ultimos anos, devido ao aumento da procura e realizagdo
de procedimentos odontoldgicos estéticos.

Embora as ceramicas possuam excelentes propriedades mecanicas, como alta
resisténcia a compressdo, apresentam-se como materiais friaveis, com alto médulo de
elasticidade, que podem apresentar fraturas internas, devido a fendas microscdpicas que
promovem areas de concentracdo de esforcos. Com o carregamento mastigatorio atuando
continuamente sobre as fendas microscopicas, fraturas podem ocorrer no material com o
tempo (Correr-Sobrinho, L, 1998). A adesao efetiva da ceramica a estrutura dentdria permite
a distribuicdo mastigatoéria para dentro do complexo dente - agente cimentante - ceramica,
evitando a propagacao de possiveis fendas, de maneira semelhante a uma fenda de esmalte
gue se propaga até a juncdo amelo-dentindria, sem crescimento posterior (Roulet et al.,
1995). A partir disso, ressalta-se a importancia da correta escolha do agente cimentante
utilizado na fixacdo de pecas ceramicas, para que as Otimas propriedades desse material
sejam aproveitadas em sua plenitude.

O cimento de fosfato de zinco, ao longo dos anos, apresentou alto indice de sucesso
(Creugers NH et. al, 2004). Porém, a auséncia de unido tanto ao substrato como ao material
restaurador, além de sua alta solubilidade, contra-indicam sua utilizagdo em restauragdes
adesivas de ceramica fazendo-se necessaria a utilizacdo, nesses casos, de cimentos que
possibilitem unido ao material restaurador e ao preparo (Raigrodski AJ, 2005). Os cimentos
ionoméricos, apesar de suas caracteristicas adesivas ao substrato dental e liberacao de fluor,
tem em sua opacidade uma desvantagem, pois esta propriedade, em alguns casos, pode
comprometer a estética da restauracdo final (Gladys et al.,, 1999), além destes agentes
cimentantes apresentarem maior solubilidade e menor médulo de elasticidade, quando

comparados aos cimentos resinosos (Rosenstiel SF et al., 1998). O aprimoramento dos



sistemas de cimentacdo resinosos, com conseqiiente melhoria em suas propriedades
mecanicas e adesivas, faz com que a cimentacdo de restauragbes indiretas em ceramica
metal free seja um procedimento cada vez mais seguro, confidvel, e com maior perspectiva
de longevidade clinica (Raigrodski AJ, 2005).

Os cimentos resinosos apresentam em sua formula, componentes semelhantes a
resina composta, como a presenca de monémeros como Bis-GMA, UDMA, HEMA e
TEGDMA. O Bis-GMA é uma molécula longa com duplas ligacGes alifaticas de carbono nas
extremidades e anéis aromdticos no centro da cadeia, o que confere rigidez e alta
viscosidade (Peutzfeldt, 1997; Van Landuyt et al., 2007). Em funcdo desta elevada
viscosidade, monomeros diluentes com menor peso molecular sdo adicionados aos
compositos resinosos, a fim de facilitar suas caracteristicas manipulativas, sendo que a
guantidade de diluente incorporada ao material ira ditar a sua fluidez (Davy et al., 1998).

A modificacdo da superficie das ceramicas de vidro pelo condicionamento acido
resulta no aumento da superficie de contato, melhorando a intera¢do entre a ceramica e o
cimento resinoso (Zogheib LV et. al., 2011). Para o melhor aproveitamento do aumento da
energia de superficie, é necessario um molhamento adequado da superficie ceramica
permitindo completa infiltracdo nas irregularidades criadas. Apesar de os fabricantes
recomendarem o uso dos cimentos resinosos diretamente sobre a superficie silanizada das
ceramicas, para conferir efetiva unido entre a ceramica e o substrato dentdrio a grande
maioria dos cimentos resinosos necessita da realizacdo de um procedimento adesivo prévio
(Piwowarczyk A, Lauer HC, Sorensen JA, 2004). Quando o adesivo entra em contato com a
superficie de ceramica, se espalha e penetra profundamente nas microrretencgdes criadas
pelo condicionamento acido prévio, devido a sua baixa viscosidade (Oh WS et. al, 2002).
Apds sua polimerizacdo, se estabelece uma ligagcdo quimica com o cimento resinoso e um
forte embricamento mecanico com a cerdamica (Waters MGJ et. al., 1995). Dessa maneira,

um bom molhamento da superficie condicionada da ceramica pela camada adesiva menos



viscosa, é importante para obtencdo de uma resisténcia de unido adequada (Phoenix RD,
Shen C, 1995)

Os sistemas adesivos podem ser classificados de acordo com a sua forma de
aplicacdo. Os convencionais exigem condicionamento prévio do substrato, sendo estes de
dois ou trés passos, e os autocondicionantes, de dois passos ou aplicagdo Unica, que foram
desenvolvidos buscando eliminar a sensibilidade técnica em relacdo as etapas criticas
associadas aos adesivos convencionais, como condicionamento acido e controle de umidade
da superficie a ser restaurada (Van Meerbeek et al., 2003). Buscando simplificar ainda mais a
etapa da cimentacdo, foram desenvolvidos os cimentos auto-adesivos, a fim de eliminar
etapas de condicionamento do substrato e aplicacdo do sistema adesivo (Burke FJ, 2005).

Em relacgdo ao modo de polimerizagdo, os cimentos resinosos podem ser
classificados em: ativados quimicamente, fisicamente ativados ou de ativacdo dupla
(cimentos duais), que combina as duas formas anteriores de ativacdo (Van Landuyt KL, et. al,
2007). Uma polimerizagdo inadequada estd relacionada a propriedades mecanicas
deficientes. Estudos relatam a atenuacdo da luz ao passar pela ceramica, o que diminui a
guantidade de energia que alcanca o agente cimentante, sendo esta atenuacdo dependente
da estrutura cristalina da ceramica, espessura, cor e formato da peca (Borges GA et. al,
2008; Rasetto FH, Driscoll CF & von Fraunhofer JA, 2001; Soares CJ, da Silva NR, Fonseca RB,
2006)

Diante da grande variedade de materiais disponiveis, dividas surgem a respeito da
escolha do cimento resinoso, e do correto protocolo adesivo a ser utilizado. Sendo assim,
faz-se necessaria a avaliagdo da resisténcia de unido de pecas cerdmicas a diferentes
agentes de fixacdo, a partir da realizacdo de variados protocolos adesivos, assim como a
avaliacdo do grau de conversdo dos diferentes cimentos resinosos, através de fotoativacao
transceramica, para que as propriedades mecanicas dos cimentos, assim como suas
propriedades adesivas sejam aproveitadas ao maximo, e as restauracgdes indiretas em

ceramica tenham maior longevidade e sucesso clinico.
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CAPITULO UNICO

Effect of the adhesive protocol on micro shear bond strength and degree

of conversion among different resin cements and ceramic systems.

Mayra de Mello Fabido*
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Gisele Maria Marchi Baron*

Luis Roberto Marcondes Martins*

* Department of Restorative Dentistry, Operative Dentistry Section, Piracicaba School of Dentistry,

University of Campinas, SP, Brazil

Abstract

The aim of this study was to evaluate the micro shear bond strength of three resin
cements (RelyX ARC, RelyX U100 and Panavia F), with differente adhesive protocols and two
ceramic types (feldspatic — d.SIGN and lithium dissilicate reinforced — e.max) photocured
through ceramic. In addition it was measured the Degree of Conversion of each group. For
bond strength test, after the adhesive application on ceramic surface, resin cement cylinders
were confectioned (8 specimens with 4 cylinders for each group). A device was developed to
permit light cure through ceramic. Fractures specimens were SEM analyzed to classify the
failure mode. For DC analysis, the resin cements were manipulated and applied into a mold.
The adhesive protocols were performed on a Mylar strip and positioned upon the
manipulated cement. A ceramic disc respective to each group was placed above the Mylar

strip and the light curing was performed (n=5). Data were statistically analyzed (p<0.05)
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using a two-way (ceramic type X adhesive protocol) ANOVA and Tukey’s test for each
cement tested. Feldspatic ceramic presented superior results than lithium dissilicate
reinforced ceramic for both methodologies. RelyX ARC presented higher bond strength
values than the other cements. Different adhesive protocols significantly affect bond

strength and DC values in abcense of adequate ligth intensity.

Key-words: Resin cements, ceramic, adhesive protocols, bond strength, degree of

conversion

Introduction

The use of indirect metal free ceramic restorations has grown considerably in recent
years, due to increased demand for aesthetic procedures. Desirable characteristics for
materials used on confection of indirect restorations include translucence, fluorescence,
chemical stability, biocompatibility, high compressive strength, and a coefficient of thermal
expansion similar to tooth structure (Moraes RR et al., 2008)

Although ceramics have excellent mechanical properties, it is a friable material with
high elastic modulus, which may present internal fractures due to microscopic cracks,
promoting areas of concentrated effort (Lawn BR et al., 2004). With the masticatory load
acting continuously on the microscopic cracks, total failures may occur in the material over
time (Sobrinho LC et al., 1998). The effective bonding of the ceramic restorations to tooth
structure allows a better stress distribution into the tooth - luting agent - ceramic complex,
preventing cracks (Roulet et al., 1995) and consequently, increasing the longevity of the
restoration.

To ensure adherence of the resin cement to the ceramic, an intermediate adhesive

layer of low viscosity and high flow characteristics is mandatory (Piwowarczyk A et al., 2004).



When the adhesive resin contacts the ceramic surface, it wets, spreads over the surface, and
deeply penetrates into the grooves and pits within the conditioned ceramic surface (Oh WS
et. al, 2002). As the adhesive resin polymerizes, it establishes chemical bonds with resin
cement and a mechanical interlocking mechanism with the ceramic (Waters MGJ et. al.,
1995). Thus the wetting of roughened ceramic surface by adhesive resin is a critical
requirement for establishing optimal bonding of resin to ceramic (Phoenix RD; Shen C.,
1995).

The adhesives can be classified according to their application form, as conventional
systems, which require prior acid etching of the substrate, presenting agents with two or
three steps, and self-etches, one- or two-steps, which were developed to eliminate the
technique sensitivity in relation to critical steps associated with conventional adhesives, such
as etching and moist control of dental substrate (Van Meerbeek et al., 2003). To simplify the
cementation, self-adhesives cements were developed, in order to eliminate the critical steps
inherent to the bonding procedures involving the adhesives systems (Burke FJ, 2005).

In face of these facts, the resin cements properties, such as bonding and the degree
of conversion, are crucial to improve the reliability of the ceramic restorations. Inadequate
polymerization is associated with lower mechanical properties (Ferracane & Grenner, 1986,
Vandewalle et al.,, 2004, Satterthwaite et. al., 2009). Many studies have reported the
attenuation of light through the ceramic, which decreases the energy reaching the luting
agent. This attenuation is dependent on the crystal structure of ceramic, thickness and
shape of the indirect restoration (Borges GA et al., 2008; Rasetto FH et. al., 2001)

Due to the great amount of materials available, questions arises about the choice of
the resin cement and the correct adhesive protocol to be used. The different composition of
ceramics, as well as adhesive protocol can influence the bond effectiveness and degree of
conversion of the dual-cure adhesives systems. Therefore, the aim of this study was evaluate
the influence of adhesive protocols on the degree of conversion and bond strength of dual-

cure resin cements to a feldspatic and a lithium dissilicate reinforced ceramic.
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Materials and Methods

One hundred and forty four ceramic discs (12 mm diameter, 2 mm thick - 1 mm
core, 0,5 mm dentin shade and 0,5 mm enamel shade, both A2) were prepared and divided
into two groups with 72 specimens, according to the ceramic composition (d.SIGN, feldspatic
ceramic and e.Max, lithium dissilicate reinforced ceramic, lIvoclar Vivadent, Schaan,
Liechtenstein).

Three resin cements (RelyX ARC, RelyX U100 and Panavia F) and adhesives protocols

were established for each ceramic type (n=8).

Experimental Groups

For each ceramic type the following adhesives protocols were established:
RelyX ARC + SBMP Catalyst
RelyX ARC + SBMP Adhesive
RelyX ARC + SBMP Adhesive + SBMP Catalyst
RelyX U100
RelyX U100 + SBMP Adhesive + U100
RelyX U100 + SBMP Adhesive + SBMP Catalyst
Panavia F + ED Primer + Panavia F
Panavia F + Clearfil SE Bond

Panavia F + Clearfil SE Bond + ED primer.

The ceramic disks surfaces were acid etched with 10% hydrofluoric acid (Dentsply,
Petropolis, Brazil). The feldspatic ceramic disks were conditioned for 60 seconds (Passos SP

et al., 2008) and the lithium dissilicate reinforced ceramic disks were conditioned for 20



seconds (Kiyan, VH, et. al, 2007, Blatz, MB, et. al, 2003). The etched disks were thoroughly
water rinsed and extensively air-dried for 30 s with oil-free compressed air. The silane
(Ceramic Primer for RelyX ARC and RelyX U100 and Clearfil Porcelain Bond Activator/Clearfil
SE Primer for Panavia F) was then applied according to manufactures’ instructions followed

by the adhesive protocol established for each group.

Micro-shear Bond Strength Test

After the adhesive protocol application, the resin cements were manipulated
according to manufacturers’ instructions and inserted inside a silicon matrix with a 1 mm
orifice, fixed to the internal face of the ceramic. The ceramic discs were fixed in a device,
specially developed to permits the light curing through the ceramic, simulating a clinical
situation. The resin cement was light-cured (60 s) with a quartz-tungsten halogen unit (LC
Demetron, Kerr Orange, CA, USA) which had its irradiance constantly monitored, being
around 600 mW/cm2. Afterwards, the molds were removed to expose the resin cylinders. It
was confectioned 8 specimens with 4 cylinders for each group.

The specimens were submitted to micro-shear bond strength test on mechanical
testing machine (EMIC DL 2000, S3o José dos Pinhais, PR, Brazil). A shear load was applied to
the base of the cylinder at a crosshead speed of 0.5 mm/min until failure. Micro shear bond
strength were calculated and expressed in MPa. The average value of the four bonded
cylinders for each ceramic disc was recorded and considered as a value of each specimen.

The fractured specimens were assembled on aluminum stubs, coated with gold (SCD
050, Baltec, Vaduz, Liechtenstein) and evaluated by scanning electron microscopy (JSM-
5600LV, JEOL, Tokyo, Japan). The failure modes were classified as: Adhesive failure between

resin cement and ceramic disc; Cohesive failure within the ceramic; Mixed failure.



Degree of conversion (DC)

For DC analysis, the resin cements were manipulated and applied into a mold (disc-
shaped - 0,5 mm thick, 5 mm in diameter). The adhesive protocols previously described
were performed on a Mylar strip and positioned upon the manipulated cement. A ceramic
disc respective to each group was placed above the Mylar strip and the light curing was
performed for 60 seconds (600 mW/cm2, LC Demetron, Kerr Orange, CA, USA), in a similar
way that the micro-shear bond strength test. As a control group, the DC of each resin
cement was measured without adhesive protocol. Five specimens were made for each group
and they were stored dry at 37 C in absence of light for 24 hours after the polymerization.
The surfaces were wet-grounded with 1200 grit SiC papers (Carburundum, Vinhedo, SP,
Brazil) to remove the adhesive layer. Afterwards the cured specimens were placed on the
ATR crystal surface and an infrared spectra were collected between 1665 a 1589 cm-1 at a 4
cm-1 resolution. Monomer conversion was calculated by standard methods using changes in
the ratios of the aliphatic to aromatic C=C absorption peaks in both the uncured and cured
states obtained from the infrared spectra according to the following equation, where abs is

absorbance:

DC = 1- [abs (C = C aliphatic) / abs (C = C aromatic)] polymer x 100

[abs (C = C aliphatic) / abs (C = C aromatic)] monomer

Statistical Analysis

Data from bond strength test and degree of conversion of each resin cement

|Il

were analyzed by two-way ANOVA, with main variables “adhesive protocol” and

“ceramic type”. All post hoc multiple comparisons were performed using Tukey’s test.



Statistical significance was preset at a a= 0.05.

Results

Micro-Shear Bond strength
The means and standard deviations of the bond strength of the resin cements

are summarized in Table 1.

Table 1. Means (SD) for Micro-shear Bond Strength (MPa) of the Resin Cements Testing

Different Adhesive Protocols with Different Ceramics

Lithium dissilicate

Protocols* reinforced ceramic  Feldspatic ceramic
ARC/SBMP Catalyst 43,52 (1,36) Bb 46,40 (1,73) Aa
ARC/SBMP Adhesive 45,28 (1,06) Ba 50,32 (2,6) Aa

ARC/SBMP Adhesive/Catalyst 48,72 (2,28) Aa 47,39 (0,64) Aa
U100 23,34 (1,24) 24,70 (1,11)
U100/SBMP Adhesive 32,61 (2,14) 34,62 (,073) a
U100/SBMP Adhesive/Catalyst 29,76 (1,8) 30,85 (0,59) b
B A
Panavia F/ED Primer 27,47 (0,75) Bb 32,17 (1,23) Aa
Panavia F/Clearfil SE Bond 29,29 (0,54) Ba 33,10 (1,24) Aa
Panavia F/Clearfil SE Bond/ED
Primer 28,77 (0,96) Bab 31,73 (1,14) Aa

*The comparisons were performed between the adhesive protocols and different ceramics.
The resin cements were not compared.

**Means followed by distinct capital letters in the same row and distinct small letters in the
same column are significantly different at p<0.05.

Relyx ARC, showed no difference among adhesive protocols within glass ceramic.
Instead, for lithium dissilicate reinforced ceramic the group with previous application of
catalyst presented lower values.

RelyX U100 showed no interaction among factors, instead values obtained with
glass ceramic were superior than lithium dissilicate ceramic. Bond application showed

the better values and the control group revealed the worst mean of bond strength,
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regardless the ceramic. The simultaneously application revealed intermediate values for
both ceramic.

Panavia F presented better values within feldspatic ceramic with no difference
among adhesive protocols. Instead, for reinforced ceramic, the Clearfil SE Bond
application showed better results, while ED primer group obtained the worst values of
bond strength.

After evaluating the better bond strength values for each cement, they were

compared (table 2).

Table 2. Comparison between the better bond strength values (MPa) of adhesive protocol

for each cement and ceramic

Ceramica
Protocolos e.max d.SIGN
ARC/SBMP Adhesive/Catalyst 48,72 (2,28) Aa 47,39 (0,64) Aa
U100 2/ SBMP Adhesive 32,61 (2,14) Ab 34,62 (0,73) Ab
Panavia F/Clearfil SE Bond 29,29 (0,54) Bb 33,10 (1,24) Ab

**Means followed by distinct capital letters in the same row and distinct small letters in the
same column are significantly different at p<0.05.

RelyX presented higher results irrespective the ceramic type. The other cements
were similar when glass ceramic was used. However, Panavia F presented lower values for

reinforced ceramic compared to d.SIGN.

Degree of conversion

The means and standard deviations of the degree of conversion of the resin

cements are summarized in Table 3.
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Table 3. Means (SD) of the degree of conversion (%) of the Resin Cements Testing
Different Adhesive Protocols with Different Ceramics:

Lithium dissilicate

Protocols* reinforced ceramic Feldspatic ceramic

79,86 (0,85) Bb 85,60 (1,41) Aa

ARC/SBMP Catalyst 82,65 (1,55) Ba 82,84 (0,68) Bb

ARC/SBMP Adhesive 83,83 (1,71) Ba 82,89 (1,18) Bb

ARC/SBMP Adhesive/Catalyst 82,18 (0,67) Bab 83,2 (0,85) Bab

U100 65,42 (2,16) Bb 79,98 (3,57) Aa

U100/SBMP Adhesive 77,25 (1,47) Aa 78,69 (2,7) Aa

U100/SBMP Adhesive/Catalyst 78,51 (0,58) Aa 81,34 (1,95) Aa
Panavia F 73,73 (1,29) 76,86 (1,35)
Panavia F/ED Primer 75,55 (0,76) 78,26 (2,14)
Panavia F/Clearfil SE Bond 79,82 (2,68) 82,00 (1,17)
Panavia F/Clearfil SE Bond/ ED Primer 77,98 (1,51) 81,52 (1,5)

B A

*The comparisons were performed between the adhesive protocols and different ceramics.
The resin cements were not compared.

**Means followed by distinct capital letters in the same row and distinct small letters in the
same column are significantly different at p<0.05.

RelyX ARC showed no diference among ceramics within adhesive protocols,
instead of the control group with feldspatic ceramic, which presented higher values. For
lithium dissilicate reinforced ceramic, the control group presented the worst DC values.
The combined application of Adhesive and Catalyst showed intermediate results for
both ceramics systems.

RelyX U100 presented higher means of DC with glass ceramic compared to the
control group within reinforced ceramic. For lithium dissilicate ceramic, the Adhesive
application groups presented higher DC than the control group.

Panavia F showed no interaction among factors, instead DC values obtained with
glass ceramic were superior than reinforced ceramic. The Clearfil SE Bond groups
presented higher values of monomer conversion than the control and solo ED Primer

application groups, regardless de ceramic used.
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Figure 1. Failure mode distribution for the IPS e.max groups. There was a
predominance of mixed failure in the RelyX U100 and Panavia F groups regardless the

adhesive protocol aplied. For RelyX ARC it was observed a greater amount of mixed failures.
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Figure 2. Failure mode distribution for the IPS d.SIGN groups. There was a
predominance of mixed failure in the RelyX U100 and Panavia F groups regardless the

adhesive protocol aplied. For RelyX ARC it was observed a greater amount of mixed failures.
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Figure 4. SEM image of fractured cylinder on ceramic surface. Mixed failure.

White arrow — fractured ceramic. Black arrow - adhesive layer
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Discussion

Dual-cured resin cements are popular because of their ability to bond to tooth
structure and restoration, their reduced solubility and they biocompatibility. However light
reaching the cement is strongly attenuated by either the distance source or by the absorbing
characteristics of the indirect restorative material (Arrais, CAG et al., 2009). Different
commercially resin cements available were evaluated in an attempt to obtain further
information about their behavior when distinct adhesive protocols and ceramic type are
employed. The results showed that these factors were able to modulate the bond strength
and DC of the resin cements tested.

In this study, the groups cured through glass ceramic, presented higher bond
strength and DC than lithium dissilicate reinforced ceramic, for almost all adhesive protocols
tested. This probably occurred because the light intensity reaching the resin cement was
reduced when the more crystalline ceramic (lithium dissilicate reinforced ceramic) was used
(Pazin MC et al., 2008; Valentino TA et al, 2010). The degree of this attenuation is primarily
dependent on the characteristics of the restorative material, such as its crystalline structure,
thickness, and opacity. Combination of scattering, reflecting, and absorbing properties at the
outer surface of the intervening material may explain the reduction in the incident light and,
consequently, the reduction of polymerization effectiveness. (Moraes RR et al., 2008)

For RelyX ARC bond strength, the adhesive protocols interfered significantly only
when photo cured through reinforced ceramic. Braga et al. (1999) showed that when light is
attenuated by the presence of an indirect restoration, the self-curing reaction contributes to
the cement polymerization, allowing the chemical components to react. Besides, the
application of SBMP Adhesive in lithium dissilicate ceramic, lead to higher bonds strength
values. The hydrophobic layer possibly diffuses through the irregularities created on the

ceramic after the acid etching, leading to a mechanical interlocking capable of increase the
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bond strength in these groups after polymerization (El Zohairy AA et. al, 2004). The control
group presented the highest values of monomer conversion when photocured through glass
ceramic. On the other hand, when the light intensity was strongly attenuated by reinforced
ceramic, the control group presented lower DC, which can be explained by the absence of
photoinitiators and chemical components for activation of the polymerization reaction,
present in the adhesives applied (Arrais CAG et al., 2009).

In relation to RelyX U100 bond strength, no interaction among factors was observed.
Glass ceramic presented better results than the reinforced one. When an adhesive protocol
was applied, higher values were obtained, regardless the ceramic type. The high viscosity of
RelyX U100 may have hindered a great diffusion of free radicals in the polymerization
process, jeopardizing the conversion potential (Faria-e-Silva et al., 2010, Caughman WF, et
al., 2001), and consequently the mechanical properties. Besides that, to establish a reliable
bonding to dental ceramic, it is necessary to obtain adequate infiltration of monomers
interlocking the ceramic substrate, allied to the optimal mechanical properties of the luting
agents. According to this approach, the penetration ability of the cement is fundamental to
high bond strength. Thereby, the previous low viscosity adhesive application may have
promoted a better wetting and consequently interlocking within the ceramic irregularities
(El Zohairy AA et. al., 2004). Catalyst application reduced bond strength values. A possible
explanation for this fact is that the catalyst contains benzoyl peroxide in it composition,
responsible by the chemical reaction start in the presence of tertiary amine. However, this
cement doesn’t present this initiator system in it composition. Therefore, the catalyst
application may have limited de contact between the resin cement and Adhesive layer,
reducing the monomer interaction, decreasing the bond strength values obtained. For this
cement the absence of previous adhesive application and adequate light intensity was
determinant for the reduced values obtained for bond strength and DC.

On the same way, Panavia F also presented better bond strength and DC values

when light cured through feldspatic ceramic. This cement showed a significant difference
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between adhesive protocols, and the groups with previous Clearfil SE application presented
higher DC and Bond Strength values. Some authors report that polymerization inhibition
can occur in the presence of acidic monomers, presented such as, in ED primer composition
(Tay FR, et al., 2003; Arrais CAG et al., 2008). This inhibition in the base of the interface
between cement and ceramic disk probably reduced it mechanical properties and
consequently the bond strength. In addition, the presence of filler particles in Clearfil SE
composition probably resulted in better mechanical properties within ceramic micro
porosities, creating a better mechanical interlocking and consequently, enhancing bond
strength values. (Ronaldo G. Viotti RG et al, 2009).

Moreover, Faria-e-Silva AL et al. evaluated the rate of polymerization and DC of
Panavia F when self- or dual-activated, and the influence of either using or not using ED
Primer mixed with the material. They showed that the Primer containing co-initiators is
essential for the polymerization of Panavia F when it is not exposed to polymerizing light.
However in this study, ED primer was applied on ceramic surface before Panavia F mixture.
Thus the effect of any co-initiators may have occurred at the interface between the resin
cement and the primer layer, thus only a few micrometers thickness of the cement may
have undergo increase in DC. The remaining material probably poorly polymerized when
exposed to attenuated light, reducing it mechanical properties and consequently the bond
strength values.

After evaluating the better bond strength values for each cement, they were
compared. RelyX presented higher results irrespective the ceramic type. The other cements
were similar when glass ceramic was used. However, Panavia F presented lower values for
reinforced ceramic. RelyX U100 presents both a new methacrylate monomer formulation
and technology of initiating polymerization in an acidic environment. According to the
manufacturer, the initial high acidity of the cement is then quickly neutralized during the
polymerization process because the phosphoric acid groups react with alkaline fillers (Vaz

RR, et. al., 2011). However, this initial acidity may have hindered the DC of the
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unpolymerized SBMP Adhesive applied before, reducing the polymer mechanical properties,
jeopardizing the bond strength (Suh BI, et al., 2003). In relation to Panavia F, the lower
values obtained can be explained by the different silane agent applied. Whereas Ceramic
Primer is fully hydrolyzed in the bottle and ready for application, the Porcelain Bond
Activator must be activated with Clearfil SE Primer before application, which introduces a
higher likelihood of operator variability and incomplete hydrolysis (Lu R et al., 1992). The
higher the degree of hydrolysis, the better bond strength is provided. Therefore, the lower
bond strength with Porcelain Bond Activator could be due to an incomplete hydrolysis in the
activation step.

Almost all bond strength tests are categorized as tensile or shear bond strength.
Regarding low flaw concentration and uniform stress distribution along the interface
observed in microspecimen, microtests seems to be more accurate than macrotests.
Specimen preparation for micro-tensile test is difficult and time consuming, especially for
ceramic material, which is hard and brittle. Compared to micro-tensile test, trimming of the
bonded specimens is not necessary for micro-shear test and specimens can easily be made,
even for brittle materials. (Kermanshah H. et al., 2011). Shear stresses are believed to be
major stresses involved in in-vivo bonding failures of restorative materials. In this study,
bond strengths were assessed by means of a micro-shear bond test that measured bonding
to small areas of the ceramic substrate. In addition, the fractured bond sites were evaluated
by scanning electron microscopy (SEM). After the shear test, the debonded site showed a
significant amount of cohesive failure within the ceramic. Even though it has been reported
that this mode of failure is due to the non-uniform stress distribution generated in the shear
test arrangement (DellaBona e van Noort R, 1995), Shimada et al reported that HF-etching
may be destructive for glass ceramics.

After all, it should be clarified that the absence of adequate light intensity was
determinant for the reduced values obtained for bond strength and DC when activated

through lithium dissilicate ceramic. In this condition, the previous application of an adhesive
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protocol is necessary to enhance the ceramic surface wetting, the monomer conversion and

consequently the mechanical properties of resin cements.

Conclusion

Based on the results, it can be concluded that:

A — The micro shear Bond strength and the degree of conversion are influenced by
the ceramic type;

B — Feldspatic ceramic presented superior results than lithium dissilicate reinforced
ceramic for both methodologies;

C — Different adhesive protocols significantly affects bond strength and DC values in

abcense of adequate ligth intensity.
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METODOLOGIA ILUSTRADA

MATERIAIS E METODOS

Os cimentos resinosos duais e sistemas adesivos utilizados neste trabalho estdo

demonstrados nas Figuras 1 e 2. A composi¢cdo dos materiais esta descrita na Tabela 1.

RelyX™ U100
Self-Adhesive Universal
Resin Cement

i1g Base Paste/
Catalyst Paste

[tor] 393184

Figura 1. Cimentos resinosos duais avaliados: (A) RelyX ARC; (B) Panavia F e
(C) RelyX U100.
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CLEARFIL
SE BOND

80N

Figura 2. Materiais utilizados nos procedimentos de unido. (A) (3M ESPE) — Ceramic Primer,
Adesivo e Catalisador do sistema Scothbond Multi-purpose; (B) (Kuraray) — Clearfil
Porcelain Bond Activator e Primer do sistema Clearfil SE Bond; ED Primer e Adesivo dc
sistema Clearfil SE Bond.

Tabela 1. Composi¢do dos materiais

Cimentos Fabricantes Composigao

Pasta A: Bis-GMA, TEGDMA, pigmentos, Carga de
Silica/Zirconia, polimero dimetacrilato, amina e CQ.
RelyX ARC 3M ESPE, St Paul,
MN, USA Pasta B: Bis-GMA, TEGDMA, polimero dimetacrilato,
Carga de Silica/Zirconia e BPO.

Pasta A: Mondmeros metacrilatos, grupos acido fosférico,
particulas silanizadas, iniciadores, estabilizadores
RelyX U100 3M ESPE, St Paul,
MN, USA Pasta B: mondmeros metacrilatos, particulas silanizadas,
iniciadores, estabilizadores, pigmentos

Pasta A (Light): Dimetacrilatos hidroéfilos e hidréfobos, 10-
Panavia F Kuraray Dental Co., MDP, silica coloidal, CQ e BPO.
Okayama,
Japao Pasta B: Dimetacrilatos hidréfilos e hidréfobos, vidro
debario silanizado, éxido de titanio, fluoreto de sddio, silica
coloidal, DHEPT e sulfinato de sddio benzénico T-
isopropilico.
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Catalisador: Bis-GMA, HEMA, perdxido de benzoila.

Adper 3M ESPE, St Paul,
ScothBond MN, USA Bond: Bis-GMA, HEMA, CQ
MPP
Liquido A: HEMA, 10-MDP, 5-NMSA, agua, aceleradores
ED Primer Kuraray Dental Co.,
Okayama, Liquido B: 5-NMSA, agua, catalisadores, aceleradores.
Japao

Primer: 2- HEMA, 10-MDP, dimetacrilatos hidrofilicos. CQ,

agua, aceleradores, pigmentos.
Kuraray Dental Co.,

Clearfil SE Okayama, Bond: Bis-GMA, HEMA, 10-MDP, dimetacrilatos

Japao hidrofdbicos, silica coloidal, CQ, iniciadores, aceleradores.

Porcelain Bond Activator: 3-trimetoxisililpropil metacrilato,

dimetacrilatos hidrofébicos.

RelyX Ceramic ~ 3M ESPE, St Paul,  Etanol, dgua, metacriloxipropiltrimetoxisilano
Primer MN, USA

Avaliacao da resisténcia de uniao

Confecgdo dos discos de ceramica

Para avaliacdo da resisténcia de unido, foram utilizados 144 discos, sendo 72 deles de
ceramica feldspatica (d.SIGN, Ivoclar Vivadent, Schaan, Liechtenstein) e 72 discos de
ceramica de di-silicato de litio (e.max, Ivoclar Vivadent, Schaan, Liechtenstein)
confeccionados de acordo com as instrucdes dos fabricantes. Os espécimes foram
confeccionados com 12 mm de didmetro e 2,0 mm de altura (1,0 mm de material opaco A2,
0,5 mm de substrato correspondente a dentina e 0,5 mm de substrato correspondente ao
esmalte A2), a fim de simular as caracteristicas de pecas protéticas em ceramica, livres de

metal.
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Grupos Experimentais

Previamente ao condicionamento e silanizacdo, todos os discos foram limpos em
ultrassom por 5 minutos com dagua destilada e alocados aleatoriamente em 18 grupos
experimentais (n=8), de acordo com o tipo de ceramica (feldspatica e di-silicato de litio) e o
protocolo adesivo a ser realizado, descritos abaixo:

G1 - Ceramic Primer + SBMP Catalisador + RelyX ARC

G2 - Ceramic Primer + SBMP Adesivo + RelyX ARC

G3 - Ceramic Primer + SBMP Adesivo + SBMP Catalisador + RelyX ARC

G4 - Ceramic Primer + RelyX U100

G5 - Ceramic Primer + SBMP Adesivo + U100

G6 - Ceramic Primer + SBMP Adesivo + SBMP Catalisador + RelyX U100

G7 - Clearfil SE Primer + Porcelain Bond Activator + ED Primer + Panavia F

G8 - Clearfil SE Primer + Porcelain Bond Activator + Clearfil SE Bond + Panavia F

G9 - Clearfil SE Primer + Porcelain Bond Activator + Clearfil SE Bond + ED primer + Panavia F

Preparo das amostras

Para possibilitar a fotopolimerizacdo dos cimentos através da ceramica, foi
confeccionado um dispositivo semelhante a uma mesa (Figura 3 — A) com um orificio no
centro (Figura 3 — B) permitindo a passagem da ponta do aparelho fotopolimerizador para
qgue fique em contato com a superficie externa da ceramica permitindo a fotopolimerizagao

transceramica (Figura 4 A).
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Figura 3. Dispositivo desenvolvido para permitir a fotopolimerizacao
transceramica. (A) - Visdo lateral do dispositivo, (B) - Orificio central.

Condicionamento

Para ambas as ceramicas, os discos foram tratados com dacido fluoridrico (Dentsply
Petropolis, Brazil) a 10%. Porém, nos grupos a serem confeccionados com a ceramica
feldspatica, esse condicionamento foi mantido por 60 segundos (Passos SP et al., 2008),
enquanto que nos grupos de ceramica de di-silicato de litio, esse condicionamento se deu

por 20 segundos (Kiyan, VH, et. al, 2007, Blatz, MB, et. al, 2003) (Figura 4-B)

Silanizacdo e Procedimentos Adesivos

G1 - Apds a aplicagdo do silano (Ceramic Primer, 3M ESPE, St Paul, MN, USA) na
superficie dos discos e secagem apds 60 segundos para evaporacdao do solvente, o
catalisador do sistema SBMPP foi aplicado e um leve jato de ar foi dispensado.

G2 - Apds a aplicagdo do silano na superficie dos discos e secagem apds 60 segundos
para evaporacgdo do solvente, o Bond do sistema SBMPP foi aplicado e um leve jato de ar foi
dispensado.

G3 - Apds a aplicagdo do silano na superficie dos discos e secagem apds 60 segundos
para evaporacao do solvente, o Bond do sistema SBMPP foi aplicado e um leve jato de ar

dispensado. Depois, o catalisador, também do sistema SBMPP, foi aplicado.
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G4 - O silano foi aplicado na superficie dos discos e seco apds 60 segundos para
evaporacao do solvente.

G5 - Apds a aplicagdo do silano na superficie dos discos e secagem apds 60 segundos
para evaporacao do solvente, o Bond do sistema SBMMP foi aplicado e um leve jato de ar
dispensado.

G6 - Apds a aplicacdo do silano (Ceramic Primer, 3M ESPE, St Paul, MN, USA) na
superficie dos discos e secagem apds 60 segundos para evaporacdo do solvente, o Bond do
sistema SBMPP foi aplicado e um leve jato de ar dispensado. Depois, o catalisador, também
do sistema SBMPP, foi aplicado.

G7 - Uma gota de Clearfil SE Bond Primer e de Clearfil Porcelain Bond Activator
(Kuraray Dental Co., Okayama, Japdo) foram misturadas no casulo fornecido pelo fabricante
e aplicadas imediatamente na superficie da ceramica. Apds 60 segundos, um leve jato de ar
foi aplicado para evaporacdo do solvente. Uma gota de cada frasco de ED Primer foram
misturadas e aplicadas sobre a superficie da ceramica. Apos 30 segundos, um leve jato de ar
foi aplicado.

G8 - Apds aplicacdo do silano, um leve jato de ar foi aplicado apds 60 segundos para
evaporacado do solvente. Uma gota do Clearfil SE Bond foi aplicada e um jato de ar foi
dispensado.

G9 - Apds aplicacdo do silano, um leve jato de ar foi aplicado apds 60 segundos para
evaporacdo do solvente. Uma gota do Clearfil SE Bond foi aplicada e um jato de ar foi
dispensada. Em seguida, uma gota de cada frasco de ED Primer foram misturadas e

aplicadas sobre a superficie da ceramica. Apds 30 segundos, um leve jato de ar foi aplicado.

Confecgdo dos cilindros de cimento

Foi utilizada uma matriz com 1 mm de altura e 2 mm de didametro interno, obtida a

partir de um molde, e confeccionada com o material leve do silicone de adi¢do (Aquasil,
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Dentsply, DeTrey, Konstanz, Alemanha). Esta foi posicionada sobre a superficie interna dos
discos de ceramica (Figura 5 — A), permitindo a confec¢do de cilindros de cimentos, com
auxilio de uma sonda exploradora #5 (Figura 5- C). Para cada amostra, foram confeccionados
quatro cilindros de cimento. Os cimentos resinosos foram manipulados de acordo com as
especificacdes dos respectivos fabricantes, e entao inseridos no interior da matriz (Figura 5 —

B).

“ 4

Figura 4. Condicionamento e procedimentos adesivos. (A) — Disco de ceramica posicionado sobre o
orificio do dispositivo, (B) — Condicionamento com 4cido fluoridrico, (C) — Silanizagdo e
procedimentos adesivos

Figura 5. Confeccdo dos cilindros de cimento. (A) Matriz posicionada sobre o disco de ceramica, (B)
Manipulagdo dos cimentos resinosos, (C) Inser¢do dos cimentos na matriz

Fotoativacao do cimento

A fotopolimerizacdo dos cimentos foi realizada com a ponta do aparelho de lampada
halégena Optilux 501 (Kerr/Demetron, Orange, CA, USA — Figura 6 - A), tocando a superficie

da ceramica, pelo tempo de 60 segundos. Apds a polimerizacdo do cimento resinoso, a
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matriz de silicone foi removida com o auxilio de uma espatula de insercdo de resina,
permanecendo quatro cilindros de cimento resinoso aderidos ao disco de ceramica (Figura 6
- B). Os corpos-de-prova foram armazenados em umidade relativa e ao abrigo da luz até o

momento do ensaio de micro-cisalhamento (Figura 7 — A).

Figura 6. (A) Aparelho de fotoativacdo com luz halégena Demetron LC/Kerr

(B) Fotopolimerizagao transceramica

Ensaio de Microcisalhamento

Para o ensaio de microcisalhamento, os corpos-de-prova foram unidos a base do
dispositivo acoplado a maquina de ensaios (Emic - Equipamentos e Sistemas de Ensaio LTDA,
Sdo José dos Pinhais. PR — Brasil). O carregamento foi realizado através de um fio de aco de
0,3 mm de diametro preso a porc¢do superior do dispositivo, ligado a célula de carga (50 N) a
uma velocidade de 0,5 mm por minuto até que ocorreu a ruptura do cilindro de cimento
resinoso (Figura 7 — B). Os valores da carga maxima fornecidos em Kgf foram convertidos em

MPa através da seguinte férmula: MPa = Kgf * 9,8 (constante)/ area (expressa em mm?).
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Figura 7. (A) Amostra finalizada, (B) Ensaio de Microcisalhamento

Analise do Padrao de fratura
Apds o teste de microcisalhamento, as amostras fraturadas foram limpas em ultra-
som com agua destilada por 10 minutos, secas com papel absorvente e desidratadas em um

recipiente com silica coloidal for 24 horas.

As amostras foram fixadas em stubs, com auxilio de fita adesiva dupla face de
carbono, e levadas a um metalizador MED 10 (Balzers Union, Fiirstentum, Liechtenstein).
Apds a obtencdo de vacuo de 10 'mmHg, em atmosfera de Argdnio, uma placa de ouro foi
bombardeada por ions positivos e os atomos gerados por esse bombardeamento do ouro se
depositaram na superficie da amostra. Para a obten¢do de uma camada superficial de 200A,
a metalizacdo foi feita por 180 segundos. Em seguida, as amostras metalizadas foram
levadas a um microscépio eletrénico de varredura (JEOL-JMS-T33A Scanning Microscope,
JEOL — USA Inc., Peabody, MA, USA) para a observacao e captura das imagens das superficies
na superficie da ceramica. A primeira imagem de cada amostra fraturada foi feita com uma
magnificacdo que possibilitou a visualizacdo de toda a superficie fraturada. Em seguida,
foram feitas novas imagens com magnificagdes maiores, buscando a observagdo mais

detalhada de areas especificas.
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As imagens foram classificadas de acordo com os seguintes padrdes:

Tipo 1 — Fratura coesiva na ceramica)

Tipo Il — Fratura mista

Grau de conversao

Buscou-se resultados que auxiliem na interpretacdo dos valores obtidos de
resisténcia de unido, foi desenvolvido um delineamento para a analise do grau de
conversdo. Desse modo, buscamos avaliar a influéncia do protocolo adesivo no grau de
conversdo dos cimentos resinosos testados. A fotopolimerizacdo foi realizada através dos
discos de ceramica feldspatica e reforcada por dissilicato de litio. Para RelyX ARC e Panavia,
foi proposto um grupo controle, com a auséncia de protocolo adesivo. Para RelyX U100 foi
acrescentado um grupo com aplicacdo do SBMP Catalisador. Os grupos, para cada ceramica,
estdo descritos abaixo:

G1 - RelyX ARC

G2 - SBMP Catalisador + RelyX ARC

G3 - SBMP Bond + RelyX ARC

G4 - SBMP Bond + Catalisador SBMPP + RelyX ARC
G5 - RelyX U100

G6 - SBMP Catalisador + RelyX U100

G7 - SBMP Bond + RelyX U100

G8 - SBMP Bond + Catalisador SBMPP + RelyX U100
G9 - Panavia F

G10 - ED Primer + Panavia F

G11 - Clearfil SE Bond + Panavia F

G12 - Clearfil SE Bond + ED Primer + Panavia F
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Para a realizacdo das amostras para a leitura do grau de conversdo, uma matriz de
silicone de adicdo foi confeccionada de modo que o corpo de prova apresentasse 5mm de
diametro e 0,5mm de espessura. Os protocolos adesivos foram realizados sobre uma tira de
poliester que foi posicionada sobre o cimento resinoso manipulado e inserido na matriz, de
acordo com o grupo a ser analisado. Um disco de ceramica (feldspatica ou reforcada) foi
posicionado sobre a tira de poliester e a fotopolimerizacdo se deu por 60 segundos. Foram
confeccionadas 5 amostras para cada grupo que foram armazenadas ao abrigo de luz e sua
leitura ocorreu 24 horas apos a polimerizacdo. A utilizacdo dos blocos de ceramica objetiva
simular uma situacdo clinica, em que o cimento resinoso é utilizado na cimentacdo de pecas
protéticas e a fotoativagdo daquele é realizada através do material ceramico (Figuras 8 e 9).

As amostras de cimento resinoso polimerizado foram lixadas e limpas
ultrasonicamente para a remoc¢do da camada de adesivo. A mensuragdo do grau de
conversdo dos cimentos resinosos foi realizada em um espectrOmetro de raios
infravermelhos transformado de Fourier — FT-IR (Spectrum 100 Optica; PerkinElmer, MA,
USA), com um elemento de refletancia total atenuada acoplado - ATR, o qual possui um
cristal horizontal de Seleneto de Zinco (Pike Technologies, Madison, WI, USA) no centro que
funciona com substrato ativo para os raios infra-vermelhos (Figura 10). Para a definicdo dos
espectros dos cimentos ndo polimerizados, as duas pastas de cada cimento foram colocadas
sobre o cristal separadamente e foi realizada a leitura da espectrometria. Para o calculo, foi
utilizada a técnica de baseline (Rueegeberg et al., 1990), que sera tracado pelo prodprio
programa Spectrum. A partir desta, foram mensurados alguns parametros pelo préprio
programa. A intensidade corrigida dos picos observados nos comprimentos de onda 1638 e

1608 cm-1 foi utilizada na seguinte férmula:
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GC(%) = 1- | Polimerizada/Ndo Polimerizada(Alifatica)

....................... = X100

Figura 8: (A) Matriz de silicone; (B) Aplicacdo do protocolo adesivo na tira de poliéster; (C)
Manipulagdao do cimento; (D) Inser¢ao do cimento no interior da matriz; (E) Tira de poliéster sobre o
cimento manipulado; (F) Disco de ceramica sobre a tira de poliéster.

Figura 9: (A) Fotopolimerizacdo transceramica; (B) Amostra finalizada.
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Figura 10: (A) Espectrometro de raios infravermelhos transformado de Fourier - FTIR com
elemento de refletancia total atenuada acoplado (ATR); (B) Leitura do grau de conversao.
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