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Resumo

O objetivo neste estudo foi determinar a influéncia da concentracdo e propor¢do de
canforoquinona (CQ) e etil-dimetilaminobenzoato (amina tercidria - DABE) em
propriedades de compdsitos microhibridos experimentais. Foram testados o Grau de
Conversao (GC), Amarelamento (AM), Mdédulo de Elasticidade (ME), Resisténcia a Flexao
(RF), Sor¢do de Agua (SO) e Solubilidade (SL). Para tanto, 10 compdsitos experimentais
com a mesma composicdo monomérica (Bis-GMA, UDMA, BisEMA e TEGDMA) foram
manipulados, variando-se apenas as concentragdes e proporcoes de CQ/DABE (% em
peso): 0,4/0,4 (C1); 0,4/0,8 (C2); 0,6/0,6 (C3); 0,6/1,2 (C4); 0,8/0,8 (C5); 0,8/1,6 (C6); 1/1
(C7); 172 (C8); 1,5/1,5 (C9) e 1,5/3 (C10). Para o ensaio de GC, 8 espécimes de cada
material foram confeccionados, a partir de uma matriz de silicone em forma de barra
(comprimento = 7 mm; largura = 2mm e espessura = 1lmm), os quais foram fotoativados
com um aparelho LED (Radii Cal, SDI, 800 mW/cmz), durante 20 segundos. Apds 24
horas, o GC foi analisado por Espectroscopia de Infravermelho Transformada de Fourier
(FTIR). Posteriormente, as mesmas amostras foram submetidas ao ensaio de flexdao de 3
pontos em maquina de ensaio universal (Instron), e a RF e ME calculados. Para os testes de
AM, SO e SL, foi utilizada uma matriz de silicone cilindrica (didmetro = 6 mm e espessura
= 0,5 mm), e confeccionadas 5 amostras de cada material para cada teste. Todas as
amostras foram armazenadas em estufa a 37° C, até que fossem submetidas aos seus
respectivos testes. O AM foi mensurado apds 24 horas de armazenamento em dgua,
utilizando o espectrofotdmetro Chroma Meter CR-400 (Konica Minolta). A andlise se
baseou no eixo b* (+b = amarelo; -b = azul). Para os testes de SO e SL, as amostras foram

dissecadas por 1 semana e pesadas diariamente até que a variacio maxima de massa fosse



de 0,0001 g de um dia para o outro, obtendo ml. Para obter m2, as amostras foram
armazenadas em dgua por 1 semana e pesadas novamente, uma Unica vez. Por dltimo, m3
foram obtidas do mesmo modo em que ml, apds recondicionamento das amostras. Para o
calculo foram utilizadas as férmulas: SO = (m2-m3) / V e SL = (m1-m3) / V. Apés os
testes, os dados foram submetidos a0 ANOVA one-way e teste Tukey (5%). As diferentes
concentracdes € proporcoes de CQ e DABE ndo alteraram significativamente as
propriedades de RF e SO. Por outro lado, o GC foi influenciado positivamente, seguindo a
ordem crescente da concentracio CQ/DABE (Cl1 a C10). A SL foi inversamente
proporcional a concentracdo do sistema CQ/DABE. J4 relacionado ao ME, observou-se
valores diretamente proporcionais a porcentagem em volume de CQ/DABE. Os compdsitos
9 e 10, com maiores concentracoes de CQ, apresentaram maior AM, comparados aos
demais. Pode-se concluir que as altas concentracdoes de CQ/DABE levaram as melhores
propriedades, porém ao maior AM. O aumento na propor¢do do co-iniciador (DABE) néo

influenciou nas propriedades de todas as formulacdes experimentais.

Palavras-chave: canforoquinona, DABE, resina composta
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Abstract

The aim of this study was to determine the influence of the concentration and ratio of
camphorquinone (CQ) and ethyl-dimethylaminobenzoic (tertiary amine - DABE) on
properties of microhybrids experimental composites. It was tested Degree of Conversion
(DC), Yellowing (YL), Elastic Modulus (EM), Flexural Strength (FS), Water Sorption
(WSP) and Solubility (SL). For this, 10 experimental composites with the same monomer
composition (Bis-GMA, UDMA, BisEMA and TEGDMA) were manipulated by varying
the concentration and ratio of CQ / DABE (wt%): 0.4/ 0.4 (C1); 0.4 /0.8 (C2); 0.6 /0.6
(C3);0.6/1.2(C4);0.8/0.8(C5);0.8/1.6(C6);1/1(C7);1/2(C8); 1.5/1.5(C9); 1.5
/ 3 (C10). For DC testing, 8 specimens of each material were prepared from a matrix of
silicone-shaped bar (length = 7 mm, width = 2 mm and thickness = Imm), which were
photoactivated with one LED unit (Radii Cal, SDI, 800 mW/cm?) for 20 seconds . After 24
hours, the DC was analyzed by Infrared Fourier Transformed (FTIR). Subsequently, the
same samples were subjected to bending test of three points on a universal testing machine
(Instron), and the FS and EM calculated. For testing of YL, WSP and SL was used an array
of cylindrical silicon (diameter = 6 mm and thickness = 0.5 mm), and made 5 samples of
each material for each test. All samples were stored at 37 ° C until they were subjected to
their respective tests. The YL was measured after 24 hours of storage in water using the
spectrophotometer Chroma Meter CR-400 (Konica Minolta). The analysis was based on the
axis b * (+ b = yellow,-b = blue). For testing WSP and SL, the samples were dissected for 1
week and weighed daily until the maximum variation in weight was 0.0001 g of an
overnight, obtaining m1. For m2, the samples were stored in water for 1 week and weighed

once again. Finally, m3 were obtained in the same manner in which ml, after
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reconditioning of samples. For the calculation, were used: WSP = (m2-m3) / V and
SL = (m1-m3) / V. After the tests, the data were subjected to one-way ANOVA and Tukey
test (5%). The different concentration and ratio of CQ and DABE not significantly altered
the properties of FS and WSP. Moreover, the DC was influenced positively in the order of
increasing concentration of CQ / DABE (C1 to C10). The SL was inversely proportional to
the concentration of the system CQ / DABE. Related to EM, was observed values directly
proportional to the percentage by volume of CQ / DABE. The composites 9 and 10, with
higher concentration of CQ showed higher YL, compared to the others. It can be concluded
that high concentrations of CQ / DABE took the best properties, but the larger YL. The
increase in the proportion of co-initiator (DABE) did not affect the properties of all
experimental formulations.

Keywords: camphorquinone, DABE, composite resin
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INTRODUCAO

O desenvolvimento de resinas compostas segue desde a sua introduc¢io nos anos 60,
com a finalidade de melhorar a estética e propriedades fisico-mecanicas, além das reacdes
quimicas dos fotoiniciadores. A maioria das resinas compostas odontoldgicas consistem em
monOmeros dimetacrilatos, reforcados por particulas de cargas inorganicas. A
polimerizacdo dos compdsitos atuais teve um melhoramento significativo com a utilizacao
de energia de luz visivel para iniciar as reacdes fotoquimicas dos mondmeros, formando
materiais poliméricos por foto-indu¢do, onde mondmeros se convertem em polimeros de

alto peso molecular.

A tecnologia de polimerizacdo dos compdsitos atuais estd baseada no uso do
sistema fotoreativo (fotoiniciador e co-iniciador), adequado para a absorcdo da luz de
irradiacdo de comprimento de onda especifico, o qual produz radicais livres capazes de
converter um mondmero multifuncional em uma rede de ligagdes lineares e cruzadas. Em
relacdo ao fotoiniciador, sabe-se que seu sucesso estd ligado a alta absor¢do de luz na
regido do espectro correspondente a sua excitacdo. A reacdo induzida por radicais é
amplamente utilizada para resinas compostas, sendo a canforoquinona a mais utilizada em
compositos odontologicos desde sua introdugdo, em 1971 (Dart e Nemcek, 1971). Além
disso, possui cor amarelada, o que pode causar contraste com a cor natural do dente,
dependendo da concentragdo no compoésito. No entanto, a canforoquinona necessita atuar
conjuntamente com um agente redutor (co-iniciador) para aumentar a cinética da
polimerizacdo e produzir radicais livres para iniciar a reacdo de polimerizagdao (Williams e

Cunningham, 1979; Stansbury, 2000).



A reacdo de polimerizacdo das resinas compostas fotoativadas €, portanto, iniciada
por sistemas apropriados para a luz (Shin e Rawis 2009; Sun e Chae, 2000), por meio de
um fotoiniciador € de um co-iniciador . Dos diferentes co-iniciadores existentes, as aminas
tercidrias sdo os mais reativos, que interagem facilmente com fotoiniciadores, formando
complexos de transferéncia de carga (exciplexes) com triplo grupo carbonil. Nestes
complexos, a transferéncia de elétrons / protons ocorre com a formacgdo de radicais "ketyl"
e amina. O radical "ketyl" e a amina sdo responsdveis por iniciar a polimerizagdo e a amina,
nesse caso, € sempre mais eficiente. O desenvolvimento do sistema foto-iniciador CQ /
amina tercidria abriu uma nova visdo no campo de materiais compostos resinosos ativados
pela luz. Em virtude de seu desempenho em compdsitos, este sistema tem sido até agora
reconhecido como o mais eficiente e pratico em compositos odontologicos. No entanto, o
proporcionamenro entre ambos € sempre motivo de preocupacgdo, j4 que uma propor¢ao
baixa do sistema fotoiniciador pode levar a uma reacdo de polimerizacdo deficiente. Por
outro lado, em excesso, pode levar ao posterior amarelamento do compdsito devido a sua

decomposicao.

O grau de conversdao pode ser definido de modo pratico como a porcentagem de
conversdo de mondmeros em polimeros e € um importante parametro utilizado para
monitorar o desempenho da reacdo de polimerizacdo. Nos compdsitos odontolégicos, isso é
observado nas ligacdes duplas de carbono, as quais se transformam em ligacdes simples.
No caso da polimerizagdo, o grau de conversao pode estar diretamente relacionado com as

propriedades do composito fotoativado e € influenciado por vdrios fatores: tipo de

monomeros base e diluentes presentes na composicdo, tipo de fotoiniciadores e co-



iniciadores utilizados, além do comprimento de onda e intensidade da luz irradiada pela

unidade de luz.

O desempenho de restauracdes estéticas depende da estabilidade da cor do material,
bem como outros fatores, como anatomia, brilho e translucidez (Abu-Bakr er al., 2000).
Um fator que reduz a estabilidade de cor € a sorcdo de &4gua, a qual provoca o
amolecimento da matriz resinosa e a sua degradacdo (Shan et al., 2009). Por esse motivo é

que se torna desejdvel o maior grau de conversdo possivel da matriz e também sua

reticularizacdo por meio de ligacOes cruzadas entre as cadeias poliméricas em formacao.

A estabilidade de cor estd também intimamente relacionada a fatores intrinsecos
como a composicdo da matriz de resina (Dietschi et al., 1994), quantidade de
fotoiniciadores e inibidores de polimerizacdo (Van Landuyt et al., 2007) e grau de
conversao (Hosoya, 1999). Por outro lado, a 4gua pode ser considerada um fator extrinseco
que causa a degradagdo e a instabilidade da cor do compdsito (Vichi et al., 2004). Os dados
quantitativos da alteracio de cor sdo obtidos usando um espectrofotdmetro e os parametros
utilizados de acordo com a escala CIEL * a * b * sdo L * (luminosidade ou opaco), a *

(quantidade de verde-vermelho) e b * (quantidade de azul- amarelo).

O moédulo de elasticidade descreve a rigidez relativa dos varios materiais e €
importante para se prever o comportamento clinico deles. Quando utilizado em dentes
posteriores, a resina composta deve ter médulo de elasticidade adequado para resistir as
forcas de mastigacdao sem se deformar permanentemente (El-Safty et al., 2012), bem como

resistir mecanicamente a forcas complexas, como por exemplo a flexdo. Ainda, a sor¢do e



solubilidade sdo propriedades quimicas que podem ser influenciada pelo grau de conversdo
(Sideridou et al., 2003). Quando um compdsito é imerso em um solvente, em primeiro
lugar ocorre embebi¢do e ganho de peso, que € definido como sor¢do; subsequentemente,
ocorre a lixiviacdo dos componentes que ndo reagiram, causando perda de massa, volume e

reducdo das propriedades mecanicas, fendmeno conhecido como solubilidade.

Assim, a obten¢do de uma reacdo de polimerizagdo mais eficiente para se alcancar
propriedades desejdveis ao polimero é sempre motivo de estudo entre os pesquisadores. A
correta concentracio e propor¢do entre CQ e amina seria o primeiro passo para se alcancar
sucesso nesse quesito. Assim sendo, o objetivo da presente dissertagdo, composta por um
capitulo, foi avaliar a influéncia da concentracdo de canforoquinona e amina tercidria no
Grau de Conversdao, Amarelamento, Resisténcia a Flexdo, Mdédulo de Elasticidade, Sorcao
e Solubilidade de compdsitos experimentais contendo diferentes concentracdes do sistema

fotoiniciador CQ / N,N-dimetil-p-écido etil ester-aminobenzoico (DABE).



CAPITULO 1

Influence of different concentration of photoinitiator system on

the properties of experimental resin composites

Abstract

The aim in this study was to evaluate the influence of camphorquinone and tertiary
amine concentration on the flexural strength (FS), elastic modulus (EM), degree of
conversion (DC), yellowing (YL), water sorption (WS) and water solubility (WSL) of
experimental composites. Thus, BisGMA, UDMA, BisEMA and TEGDMA blends were
prepared with different camphorquinone (CQ) and amine (DABE) concentrations, in
weight (CQ/DABE%): 0.4/0.4% (C1), 0.4/0.8% (C2), 0.6/0.6% (C3), 0.6/1.2 (C4),
0.8/0.8% (C5), 0.8/1.6% (C6), 1.0/1.0% (C7), 1.0/2.0% (C8), 1.5/1.5% (C9), 1.5/3.0%
(C10). All specimens were photo-activated by an LED curing unit for 20s. For the FS and
EM, rectangular specimens (7x2x1mm, n=10) were made and tested in an Instron
(0.5mm/min). Then, the same specimens were evaluated for DC by FTIR. For the YL,
composite disks (6x2mm, n=10) were prepared and immediately evaluated in a
spectrophotometer for the b parameter of the CIElab system. For WS and WSL, composites
disks (5x0.5mm, n=5) were prepared. After proper desiccation, the cured specimens were
stored in distilled water for 7 days and then again desiccated, in order to measure the WS
and WSL. Data were submitted to one-way ANOVA and Tukey’s test (5%). The groups C6

to C10 showed higher DC, EM and YL values, compared to the other composites. The FS



and WS values were similar among all groups. Cl1 and C2 presented higher WSL,
compared to the other composites. In general, higher concentrations of camphorquinone
promoted higher physical-mechanical properties, however, inducing higher yellowing

effect for the experimental resin composites.

Keywords: camphorquinone, dental resin, curing performance.

Introduction

For satisfactory polymerization of resin dental composites, a proper combination of
photoinitiator/co-initiator system, which are usually camphorquinone (CQ) and a tertiary
amine, respectively (Park, 1999; Pereira et al., 2008) should be used. Light absorption
raises CQ to an excited state, called the “triplet-state”, which presents a very short half-life
(Tsai, 1969). The excited CQ molecule interacts with a tertiary amine, forming a triplet
exciplex that disintegrates into free radicals, which initiate the polymerization of
methacrylates (Ledwith, 1977). The concentration of CQ and amine, as well as the
CQ/Amine ratio, play important roles in the polymerization efficiency and ultimately in the
physical and mechanical properties of the resin composite (Musanje et al., 2009; Schneider
et al., 2009; Furuse et al., 2011).

CQ 1is inherently yellow and can cause composite to have a color mismatch,
especially in bleached teeth (Alvim et al., 2007). Moreover, due to the tendency for internal
discoloration of the resin composite, the amount of the tertiary amine may be a concern.
According to Musanje et al. (2009), higher quantities of CQ promote a rapid generation of a

large amount of free radicals, but this may result in a reduced ability to form an adequate



polymer network, since polymers with relatively lower molecular weight are formed.
Therefore, in accordance with Schneider et al. (2009), the high concentration of the
photoinitiator system may guarantee a high monomer conversion, and consequently, higher
physical and mechanical properties of the composites. Therefore, the intense yellow hue of
CQ places practical limits on the concentration of photoinitiators that can be used, because
of the esthetic properties, and this consequently may limit the degree of polymerization and
depth of cure that can be attained (Emami et al., 2005; Neumann et al., 2006).

Conversely, if the concentration of photoinitiators is kept too low, an inadequately
polymerized resin composite may result, and the physical-mechanical properties and
durability of the restoration can be compromised (Ferracane et al., 1997). Also, an
incomplete photocuring process leaves the composite with more leachable residual
monomer and initiator that can increase its biological incompatibility and jeopardize the
color stability (Imazato, 1995; Park, 1999; Nomura et al., 2006). Therefore, it is important
to find an optimal photoinitiator and co-initiator concentration and ratio, which can
guarantee a satisfactory polymerization behavior and, consequently, increase the durability
of composite restorations.

The tested hypotheses were: 1) The higher the content of CQ, the higher are the
physical-mechanical properties, but also the yellowing effect of the experimental
composites; 2) The higher the DABE ratio, the higher are the properties, but also the

yellowing effect.

Materials and methods

Resin preparation



Ten experimental resin formulations were tested in this study. The resin matrix for
all formulations consisted of a combination of bisphenol glycidyl methacrylate — 29.0 wt%
(BisGMA — Sigma-Aldrich Inc, St Louis, MO, USA); urethane dimethacrylate — 32.5 wt%
(UDMA - Sigma-Aldrich Inc, St Louis, MO, USA); bisphenol ethoxylate dimethacrylate —
32.5 wt% (BisEMA - Sigma-Aldrich Inc, St Louis, MO, USA); and triethyleneglycol
dimethacrylate — 6.0 wt% (TEGDMA - Sigma-Aldrich Inc, St Louis, MO, USA).
Composites were loaded at 75% by volume with silanized filler (20 wt% of 0.04 pm
colloidal silica and 80 wt% of 0.7 um Ba-Al-silicate glass with 0.7 um — FGM, Joinville,
SC, Brazil). The inhibitor, BHT (butylated hydroxytoluene), was added to the organic
matrix in a concentration of 0.1 wt% to avoid spontaneous polymerization of the
monomers.

The only difference among the ten experimental composites was the concentration
and proportion of the photo-initiator system, where camphorquinone (CQ) and N,N-
dimethyl-p-aminobenzoic acid ethylester (DABE) - Sigma-Aldrich Inc, St Louis, MO,

USA, were used, in relation to the resin matrix (Table 1).



Table 1. Concentration and proportion of the photo-initiator system of the

experimental composites used in the study.

Composite CQ wt% DABE wt%
Composite 1 (C1) 0.4 0.4
Composite 2 (C2) 0.4 0.8
Composite 3 (C3) 0.6 0.6
Composite 4 (C4) 0.6 1.2
Composite 5 (C5) 0.8 0.8
Composite 6 (C6) 0.8 1.6
Composite 7 (C7) 1.0 1.0
Composite 8 (C8) 1.0 2.0
Composite 9 (C9) 1.5 1.5
Composite 10 (C10) 1.5 3.0




Degree of conversion

For the degree of conversion (DC) analysis, bar-shaped specimens (7 mm length x 2
mm width x 1 mm thickness) (n=8) were made in molds of silicon and photo-activated by a
LED curing unit (Radii Cal, SDI, Victoria, Australia - 800 mW/cm2), for 20s. The total
energy dose was standardized at 16 J/cm2. After polymerization, the specimens were
removed from the molds and stored dry in light-proof containers at 37°C, for 24 hours. DC
was measured on the top surface of each specimen using Fourier transformed infrared
spectroscopy with attenuated total reflectance (FTIR/ATR - Spectrum 100, PerkinElmer,
Shelton, CA, USA).

The absorption spectra of non-polymerized and polymerized composites
were obtained from the region between 4000 and 650 cm—1 with 32 scans at 4 cm—1. The
aliphatic carbon-carbon double-bond absorbance peak intensity (located at 1638 cm—1) and
that of the aromatic (C...C) (located at 1608 cm—1; reference peak) were collected. The DC
(%) was calculated using the following equation: DC (%) = 100 x [1 — (R polymerized/R
non-polymerized)], where R represents the ratio between the absorbance peak at 1638

cm—1 and 1608 cm—1.

Flexural strength and elastic modulus

Immediately after the DC analysis, the same bar-shaped specimens (n=8) were used
for the three-point bending flexural test. The flexural test was performed according to ISO
4049, except for the specimen’s dimensions (7 mm length x 2 mm width x 1 mm
thickness). The three-point bending test was performed in a universal testing machine

(Instron, Canton, USA — span between supports = 5 mm) at a cross-head speed of 0.5
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mm/min. The maximum load for the specimens’ at fracture was recorded and the flexural
strength (FS) calculated using the following equation: FS = 3FL/(2BH2), where F is the
maximum load (N) exerted on the specimens; L the distance (mm) between the supports; B
is the width (mm) of the specimens measured immediately prior testing; H is the height
(mm) of the specimens measured immediately prior testing.

The elastic modulus was measured as the slope of the strain x strain curve in the
linear portion, using the following equation: E = L1D310-3/4BH3D, where L1 is load (N);
D: distance (mm) between the supports; B: width (mm); H: height (mm); D: displacement

(mm).

Yellowing effect

The experimental resin composites were inserted in Teflon molds (6mm in diameter
x 0,5mm thickness) with placement of a Mylar strip on the top and bottom surfaces. Then,
the composites were photoactivated for 20s by the curing unit (Radii Cal, 800 mW/cm?2)
and were stored dry in the dark for 24h at 37°C. For the yellowing effect analysis, a
spectrophotometer CM-700d (Minolta, Corp., Ramsey, NJ, USA) was utilized to measure
the the b-axis parameter of the CIELab system. This parameter measures the yellow color

of a material, with higher b-values relating to a greater yellowing effect.

Water Sorption and Solubility
This study was performed in compliance with ISO 4049:2000 standard
specifications (except for the specimen dimensions and curing protocol) as follows. To

verify the sorption (WS) and solubility (WBS), circular samples (0.5 mm thickness x 6 mm
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diameter) (n=5) were photo-activated by the LED (Radii-Cal, 800 mW/cm2) for 20s. The
specimens were stored in desiccators containing silica gel at 37°C and weighed daily on an
analytical balance (Tel Marke, Bel Quimis, Sdo Paulo, SP, Brazil) accurate to 0.0001 g,
until a constant mass (m1) was obtained (i.e. three days of no weight change). Thickness
(four measurements at four equidistant points on the circumference) and diameter of each
specimen were measured using a digital electronic caliper (Mitutoyo Corporation, Tokyo,
Japan). Mean values were used to calculate the volume (V) of each specimen (in mm?3).
Thereafter, the samples were stored in plastic containers with 6 mL of distilled water at
37°C for 7 days and weighed daily after carefully wiping with absorbent paper. When
constant weight was obtained (two days of no weight change), this value was recorded as
m?2, and the samples were returned to the desiccators. The entire mass reconditioning cycle
was repeated and the constant mass (two days of no weight change) was recorded as m3.
The values for water sorption (WS) and solubility (WSB), in micrograms per cubic
millimeters, were calculated using the following equations:
WS=(m2-m3)/V

WSB=(ml-m3)/V

Statistical analyses
The data were analyzed by one-way ANOVA and Tukey’s post-hoc test. Statistical

significance was established at 0=0.05 for all tests.
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Results

The flexural strength (FS), elastic modulus (EM), degree of conversion (DC) and
yellowing effect values are shown in Table 2. The composites C6, C7, C8, C9, and C10
showed higher DC when compared to the other resins, containing lower photoinitiator
systems concentration (p<0.001). For the flexural strength (FS), all composites showed
similar values (p>0.05). In relation to the elastic modulus (EM), the composites containing
CQ/DABE in the 1.5/1.5 (C9) and 1.5/3.0 wt% (C10) showed higher values (p<0.001). As
expected, the yellowing effect (YL) was higher for the composites C9 and C10, which
contained the highest photoinitiator systems formulation (p<0.001). The results for the
water sorption (WS) and water solubility (WSB) are shown in the Table 3. All groups
showed similar WS means, after 7 days of immersion in distilled water (p=>0.001).
However, for the WSB, the composites containing the lower quantities of the photoinitiator
system presented higher water solubility values after 7 days of immersion in distilled water

(p < 0.001).
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Table 2. Means (standard-deviation) of elastic modulus (EM), flexural strength (FS),

yellowing (YL) and degree of conversion (DC) for the tested experimental composites.

Composite EM (GPa) FS (MPa) YL (b¥*) DC (%)

C1 2.4 (0.5)CD 104.8 (27.5) A 13.5(1.1) EF 56.91.2)C
C2 2.1(04)D 107.0 (19.8) A 126 2.8) F 549 @3.4)C
C3 2.6 (0.3) CD 117.1 (23.1) A 16.3 (1.2) CDE 57.7@3.1)C
C4 2.8 (0.5) BC 110.2 (32.0) A 15.7 (1.6) ED 56.9 (3.0) C
C5 2.7 (0.5) CD 121.2 (22.1) A 17.9 (0.8) BCD 61.0(2.2)B
Cco6 2.6 (0.2) CD 127.4 (10.7) A 16.2 (0.3) CDE 65.2(22) A
c7 2.6 (0.1) CD 122.9 (13.6) A 19.8(0.6) B 67.7(1.2) A
C8 2.7(0.2) BC 122.1 (19.9) A 19.0 (1.5) BC 66.8 (1.5) A
C9 3.3(0.4) AB 119.3(19.3) A 244 (1.9) A 66.1 (1.1) A
C10 39(0.2) A 125.5(21.0) A 242 (0.7) A 66.7 (2.5) A

Table 3. Means (standard-deviation) of water sorption (WS) and water solubility (WSL)

for the tested experimental composites.

Composite WS (ug/mm3) WSL (ug/mm3)

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10

25.1 (6.9) A
163 (4.0) A
19.2 (3.0) A
19.8 (6.0) A
175 (5.5 A
12.4 (5.0) A
20.6 (5.3) A
21.5(7.0) A
173 (4.2) A
16.9 (4.3) A

13.6 (1.8) A
13.4 2.0) A
8.8(42)B
42 (6.1)B
3.5(4.0)B
9.6 (3.3) B
9.2 (4.0) B
6.8 (6.9) B
4.0 (4.0)B
1.17 2.6)C
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Discussion

The type and concentration of the photoinitiator system are a fundamental
parameters that determine the polymerization characteristics of a resin composite (Park,
1999). Commercial resin composites are supplied with a wide range of concentration of
these molecules, and their effects on the polymerization behavior and physical-mechanical
properties have not been completely elucidated. Some studies have evaluated CQ
concentrations ranging from 0.05 - 3 wt% wt% (Schroeder & Vallo, 2007; Musanje et al.,
2009; Schneider et al., 2009; Shin & Rawls, 2009). In this study, the concentration of CQ
ranged from 0.4 to 1.5 wt% of the resin matrix, and this range was shown affect the
polymerization performance and the selected properties. Thus, the first hypothesis tested
was accepted, since in general, the higher the content of CQ, the higher the physical-

mechanical improvements and the yellowing effect of the experimental composites.

For the DC analysis, Alonso et al. (2008), using similar composite formulations as
those in this study, found a significant reduction of monomer conversion when a composite
containing 0.5 wt% of CQ was compared one containing 1.5 wt%, showing that the higher
the initiator concentration, the higher the DC. This is consistent with the present study in
which the higher CQ concentrations resulted in higher DC. On the other hand, Musanje et
al. (2009) found that composites with 1.44 wt% the polymer matrix would interfere badly

and decline the physical properties of the resin material.

The higher DC for composites with higher concentration of CQ/DABE may be
explained by the fact that the presence of a higher quantity of photoinitiator system allows

the generation of more free radicals during light application, promoting increased monomer
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conversion (Ogunyinka et al., 2007; Chen et al., 2007; Schneider et al., 2009). In this study,
the threshold level of photoinitiator concentration was 0.8% of CQ and 1.6% of the co-
initiator (C6), since this composite reached the maximum DC with good physical properties
and a low yellowing effect. Nevertheless, all composites presented similar FS regardless of
the CQ concentration and DABE ratios. However, for the EM, the higher the CQ
concentration, the higher the EM values for the tested composites. It may be explained also
by the higher DC presented by these composites. The higher in the DC should have
improved the cohesive forces of the polymer network of these resins, which became more
rigid to deformation and can ensure good clinical performance of these composites

(Gongalves et al., 2010).

The photoinitiator content of a composite must be sufficient to allow an adequate
polymerization (Schneider et al., 2008; Brandt et al., 2011). An inadequate polymerization
affects biocompatibility due to the release of monomers that may damage cells in oral
tissues (Geurtsen et al. 1998). This would argue for higher CQ/amine concentrations to
maximize cure. However, the yellowing effect causing by the presence of CQ may cause
difficulty in matching dental restorations, as well as result in a tendency for internal
discoloration due to the amine (Park, 1999; Moin Jan et al., 2001). Therefore, the
CQ/amine concentration should be as low as possible to produce a satisfactory DC but
without causing esthetic problems; this is why the formulation of C6 may be the optimal
concentration of CQ/DABE in the present study, since it presents high DC with low

yellowing effect.

16



While water sorption, was similar among the composites, the composites with
higher photoinitiator concentration resulted in less solubility. This result is consistent with
the DC outcomes. The WS may be more dependent upon the chemical composition of the
monomers, which was equivalent in the ten composites, and thus they did not show a
difference in water uptake. The solubility may be more related to formulation (monomers
type/concentration) and polymer network formation (monomer conversion). Composites
presenting higher DC have fewer residual monomers to be leached. Also, these composites
would be less degraded through hydrolytic degradation by the water than would composites

with poorer conversion (Schneider et al., 2009, Asmussen et al., 2009).

In general, the DABE ratio did not influence the polymerization performance of the
experimental composites, except for the composites C5 and C6. Based on this, the second
hypothesis was partially accepted, since for the majority of the composites the DABE
concentration did not influence the selected properties. This result indicates that the amount
of CQ has a greater influence on the curing efficiency for this resin system than the amine
content, and that hydrogen abstraction with the higher amine content does not help or

interfere in forming the polymer network.

Conclusion

Based on the results of the present study, the higher concentration of
camphorquinone presents higher properties; however, it also induced a greater yellowing
effect. Also, the co-initiator concentration did not influence the polymerization behavior or

the physical-mechanical properties of the experimental microhybrid resin composites.
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CONSIDERACOES GERAIS

As concentragdes e propor¢des de moléculas de fotoiniciador e co-iniciador devem
ser definidas como essenciais para obtencao de propriedades fisicas e mecanicas ideais nos
compdsitos, como grau de conversdo, amarelamento, sor¢do de dgua, solubilidade,

resisténcia a flexao e mdodulo de elasticidade.

Musanje et al. (2009) relataram que a concentragdo adequada de canforoquinona e
amina tercidria em materiais dentdrios restauradores € fundamental para reduzir a
concentracdo residual de mondmeros que migram para os tecidos adjacentes da cavidade
oral e para a saliva, assim como concentragdes elevadas desses componentes resultam em
altas concentracoes de radicais livres, ja que apenas uma parte deles participa da reacdo de
polimerizacdo. A mistura de canforoquinona e amina resultou na formacdo de um
complexo estado excitatdrio através da transferéncia de elétrons a partir da amina para a
canforoquinona. O hidrogénio transferido para o fotoiniciador resultou na formacdo de
radicais aminyl, responsavel pela iniciagdo da polimerizacdo, e hydryl, quase inativo (Shin

et al., 2009).

O amarelamento do compésito dental deve ser considerada pelos operadores,
principalmente em regides estéticas. Alteracdes na cor estdo intimamente relacionadas a
dois fatores neste estudo: sorcdo de dgua na matriz organica de resina e reacdes quimicas
devido a concentragdo de canforoquinona e amina tercidria. Se a resina absorve dgua,

também pode absorver outros fluidos que provocam descoloragao, tais como café, vinho e
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refrigerantes. A canforoquinona é um composto amarelo. Portanto, em concentracdes

inadequadas, causam amarelamento da restauracao.

Nesse sentido, pode-se observar nesse estudo que a concentragdo mais favoravel
encontrada entre CQ/DABE apds os ensaios realizados foi a do compésito 6 (0,8% de CQ e
1,6% de DABE), o qual exibiu propriedades satisfatérias e baixo amarelamento, quando
comparado as demais formulacdes de compdsito. No entanto, sabe-se que outras
propriedades ainda precisam ser avaliadas, mas baseando-se no que foi encontrado nesse
estudo, pode-se sugerir essa formulacdo como sendo a mais adequada para se utilizar em

compdsitos odontoldgicos.
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CONCLUSAO

De acordo com as condi¢des experimentais e baseando-se nos resultados

encontrados foi possivel concluir que:

e A porcentagem em volume (%) de CQ/DABE (fotoiniciador/amina tercidria) nao
altera as propriedades de Resisténcia a Flexdo e Sorcdo de dgua;

e (Quanto maior a concentracdo de canforoquinona, maior € o grau de Amarelamento
do compdsito (+b*), assim como maior € o Grau de Conversao;

e Grau de conversao e Solubilidade estdo relacionados, ou seja, quanto menor o Grau
de Conversao, maior a Solubilidade do compdsito. O mesmo ocorre para 0 Mddulo
de Elasticidade, relacionado ao Grau de Conversao, porém, sdo diretamente
proporcionais;

e Os compdsitos 6 a 10 obtiveram os maiores valores de Grau de Conversao e
Moddulo de Elasticidade, sendo que o tltimo obteve o menor valor de Solubilidade.
Nao houve diferenca estatistica para Sor¢cao de dgua e Resisténcia a Flexao entre os

compdsitos.
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APENDICE

Pranchas de Figuras

Figura 1 — Material utilizado na dissertacdo. Dez compdsitos experimentais, com
concentragdes e propor¢des diferentes, em peso, de CQ e DABE
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Figura 2 — Confeccdo das amostras

A. Adaptacdo da tira de poliéster e 1amina de vidro sobre o compdsito

B. LED Radii Cal (SDI, Victoria, Australia - 800 mW/cmz)
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Figura 3 — Espectrofotdmetro utilizado para o teste de Grau de Conversao

Figura 4 — Maquina de Ensaio Universal Instron, utilizado para os testes de Resisténcia a

Flexdo e Modulo de Elasticidade
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Figura S — Balanca utilizada nas pesagens dos testes de Sor¢ao e Solubilidade)

Figura 6 — Espectrofotdometro CM-700d (Minolta, Corp., Ramsey, NJ, USA) utilizado para

o teste de Amarelamento.
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