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Resumo  

O objetivo neste estudo foi estabelecer a concentração de butil-hidroxitolueno 

(BHT) para obter o máximo de tempo de trabalho sob exposição à luz do refletor, sem 

afetar propriedades mecânicas e grau de conversão de compósitos experimentais. Para, isso, 

seis formulações de compósitos experimentais contendo diferentes concentrações do 

inibidor BHT foram testadas: C1 – 0% de BHT; C2 – 0,01% de BHT; C3 – 0,025% de 

BHT; C4 – 0,05% de BHT; C5 – 0,1% de BHT e C6 - 0,5% de BHT. Foram avaliados o 

grau de conversão (GC), resistência à flexão (RF), módulo flexural (MF) e microdureza 

Knoop (MK), além de determinar a consistência (C) dos compósitos após diferentes tempos 

de exposição à luz do refletor (20, 40 ou 60 segundos). Os dados de GC, RF, MF e MK 

foram submetidos a ANOVA 1 fator e de C foi submetido a ANOVA 2 fatores. As médias 

foram comparadas pelo teste de Tukey, considerando a significância de 5% (α= 0,05). Para 

GC, RF e MF, todos os compósitos mostraram valores semelhantes em cada avaliação. Para 

os valores de MK, C1 representou o mais alto, não apresentando diferença estatística com 

C3. Este grupo apresentou valor estatisticamente maior que C4 e C5, mas não apresentou 

diferença estatística quando comparado a C2 e C6. Para o teste de C, em 20 segundos de 

exposição à luz do refletor, C4, C5 e C6 obtiveram os maiores valores, e diferiram dos 

demais grupos. Quando expostos por 40 s, somente C5 e C6 obtiveram valores para 

comparação, sendo que C6 apresentou média estatisticamente diferente de C5 (p≤0.05). 

Somente C6 obteve média para o teste de consistência no tempo de 60 s. A comparação 

entre os tempos de exposição para cada compósito foi somente possível para C5 e C6, onde 

houve aumento estatisticamente significativo da consistência do material em função do 

aumento do tempo de exposição (p≤0.05). Em conclusão, concentrações mais elevadas de 

BHT não influenciaram na maioria das propriedades mecânicas dos compósitos; no entanto, 

promoveram maior tempo de trabalho frente à exposição à luz do refletor. Desta forma, C6 

apresentou as melhores propriedades após a realização dos testes. 

 

Palavras-chave: butil-hidroxitolueno, resina composta, propriedades mecânicas. 
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Abstract 

The aim of this study was to establish the concentration of butylatedhydroxytoluene 

(BHT) to obtain the maximum working time under exposure to reflector light, without 

affecting the mechanical properties and degree of conversion of experimental composites. 

For this, six formulations of experimental composites containing different concentrations of 

BHT were tested: C1 0% BHT; C2 - 0.01% BHT; C3 - 0.025% BHT; C4 - 0.05% BHT; C5 

- 0.1% BHT and C6 - 0.5% BHT. The degree of conversion (DC), flexural strength (FS), 

flexural modulus (FM) and Knoop microhardness (KH) were evaluated, besides 

determining the consistency (C) of the composites after different exposure times to 

dentistry light reflector (20 , 40 or 60 s). Data from DC, FS, FM and KH were submitted to 

1-way ANOVA and C was subjected to 2-way ANOVA. The means were compared by the 

Tukey’s test, considering the significance of 5% (α = 0.05). For DC, FS and FM, all 

composites showed similar values in each evaluation. For the KH values, C1 represented 

the highest, presenting no statistical difference with C3. This group had statistically higher 

value than C4 and C5, but did not present statistical difference when compared to C2 and 

C6. For the C test, in 20 s of exposure to the reflector light, C4, C5 and C6 obtained the 

highest values, and differed from the other groups. When exposed for 40 s, only C5 and C6 

obtained values for comparison, and C6 presented a statistical different mean of C5 

(p≤0.05). Only C6 obtained the mean for the 60 s time consistency test. The comparison 

between exposure times for each composite was only possible for C5 and C6, where there 

was a statistical significant increase in material consistency as a function of the increase in 

exposure time (p≤0.05). In conclusion, higher concentrations of BHT did not influence 

most of the mechanical properties of the composites; however, they promoted higher 

working time when exposed to reflector light. Thus, C6 showed better properties after tests. 

 

Keywords: butylatedhydroxytoluene, composite resin, mechanical properties. 
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1. INTRODUÇÃO  

Os compósitos resinosos são os materiais restauradores mais utilizados para 

restaurações diretas em dentes anteriores e posteriores. Essa preferência se deve às 

características estéticas e também às facilidades de manipulação (Nash et al., 2001; 

Bernardo et al., 2007). Esse tipo de material é fotoativado, em que se utiliza luz de alta 

intensidade, que converte o monômero em polímero e que, por sua vez, produz uma 

transformação de uma massa viscosa para um produto final sólido (Bolhuis et al., 2006; 

Alpoz et al., 2008; Brandt et al., 2008). Após irradiação de luz, inicia-se a polimerização 

por radicais livres do monômero, que é acompanhada pela reticulação da cadeia polimérica 

(Abate et al., 2001). 

A tecnologia de polimerização dos compósitos atuais está baseada no uso do 

sistema fotoreativo (fotoiniciador e co-iniciador), adequado para a absorção da luz de 

irradiação de comprimento de onda específico, o qual produz radicais livres capazes de 

converter um monômero em uma rede de ligações lineares e cruzadas (Cowie, 1991; Craig, 

2003). Tecnicamente, os compósitos já iniciam a polimerização desde o momento em que 

são expostos à luz do refletor ou à luz ambiente. Isso pode dificultar a aplicação do material 

pelo profissional devido à redução do tempo de trabalho, além de, potencialmente, 

influenciar negativamente nas propriedades mecânicas do material (Al-Shammari, 2007). 

Os inibidores de polimerização são moléculas antioxidantes adicionadas à base 

monomérica para neutralizar os radicais livres que ativam os fotoiniciadores, impedindo a 

polimerização precoce e espontânea. O inibidor mais utilizado nos compósitos comerciais é 

o butil-hidroxitolueno (BHT) (Swartz et al., 1982; Katona et al., 1994). O BHT tem sido 

utilizado como inibidor no compósito resinoso em concentração ao redor de 0,01% em peso 

(Anusavice, 2003; Van Landuyt et al., 2007). Quando a concentração dos inibidores se 

torna baixa, a polimerização e a propagação da reação tornam-se competitivas com a reação 

de inibição. Para que os inibidores sejam eficazes, devem reagir com o radical livre a uma 

taxa mais rápida do que a do radical livre com o monômero. Além disso, com a presença 

dos inibidores, a polimerização será inexistente até que a sua concentração seja 

substancialmente reduzida (Odian, 2004). 
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Existe tendência para a diminuição no grau de conversão, pela fotoativação, com o 

aumento na concentração de inibidor (Braga & Ferracane, 2002). Porém, os efeitos dos 

inibidores sobre as propriedades mecânicas não foram avaliados. Al-Shammari (2007) 

observou em seu estudo resultados promissores na variação da concentração dos inibidores 

nas características de polimerização de compósito resinoso fotopolimerizável. Verificou-se 

também que o ajuste fino dos níveis de inibidor pode ser um método eficaz para retardar a 

polimerização precoce do material, sem comprometer o grau de conversão da reação. O 

autor inferiu ainda, que o nível ideal de inibidor permitiria uma taxa de polimerização 

adequada, o que não prejudicaria as propriedades mecânicas do compósito (Al-Shammari, 

2007).  

Os estudos que verificaram a variação da concentração dos inibidores na 

composição dos compósitos tinham como objetivo principal controlar e minimizar a tensão 

de contração de polimerização (Al-Shammari, 2007, Karunagaran & Chu, 2013). No 

entanto, muitos profissionais encontram dificuldade no momento de aplicar, adaptar e 

modelar o compósito na cavidade, devido à polimerização precoce do material pela 

exposição à luz do refletor, muitas vezes tendo que fazer esse processo com a luz do 

refletor apagada ou utilizando refletores com luz na cor laranja. Assim, a obtenção de 

tempo de trabalho adequado é desejável pelos profissionais durante a prática clínica, sendo 

a correta concentração de BHT mais uma etapa para alcançar sucesso nesse quesito.  

Dessa maneira, o objetivo neste estudo, composto por um capítulo, foi avaliar a 

influência de diferentes concentrações do inibidor de polimerização (BHT) em compósitos 

experimentais sobre o grau de conversão (GC), resistência à flexão (RF), módulo flexural 

(MF) e microdureza Knoop (MK), além de determinar a consistência (C) dos compósitos 

após diferentes tempos de exposição à luz do refletor (20, 40 ou 60 segundos). As hipóteses 

testadas foram que: 1- a concentração de BHT não influenciaria nas propriedades 

mecânicas e grau de conversão dos compósitos; 2- quanto maior a concentração de BHT, 

menor a consistência do material em função à exposição à luz. 
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2. ARTIGO 

 

Influence of different polymerization inhibitor concentration on 

the mechanical properties and consistency of experimental resin 

composites 
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Abstract 

The aim of this study was to establish the concentration of butylatedhydroxytoluene 

(BHT) to obtain the maximum working time under exposure to reflector light, without 

affecting the mechanical properties and degree of conversion of experimental composites. 

For this, six formulations of experimental composites containing different concentrations of 

BHT were tested: C1 0% BHT; C2 - 0.01% BHT; C3 - 0.025% BHT; C4 - 0.05% BHT; C5 

- 0.1% BHT and C6 - 0.5% BHT. The degree of conversion (DC), flexural strength (FS), 

flexural modulus (FM) and Knoop microhardness (KH) were evaluated, besides 

determining the consistency (C) of the composites after different exposure times to 

dentistry light reflector (20 , 40 or 60 s). Data from DC, FS, FM and KH were submitted to 

1-way ANOVA and C was subjected to 2-way ANOVA. The means were compared by the 

Tukey’s test, considering the significance of 5% (α = 0.05). For DC, FS and FM, all 

composites showed similar values in each evaluation. For the KH values, C1 represented 

the highest, presenting no statistical difference with C3. This group had statistically higher 

value than C4 and C5, but did not present statistical difference when compared to C2 and 

C6. For the C test, in 20 s of exposure to the reflector light, C4, C5 and C6 obtained the 

highest values, and differed from the other groups. When exposed for 40 s, only C5 and C6 

obtained values for comparison, and C6 presented a statistical different mean of C5 

(p≤0.05). Only C6 obtained the mean for the 60 s time consistency test. The comparison 

between exposure times for each composite was only possible for C5 and C6, where there 

was a statistical significant increase in material consistency as a function of the increase in 

exposure time (p≤0.05). In conclusion, higher concentrations of BHT did not influence 

most of the mechanical properties of the composites; however, they promoted higher 

working time when exposed to reflector light. Thus, C6 showed better properties after tests. 

 

Keywords: butylatedhydroxytoluene, composite resin, mechanical properties. 
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Introduction 

Resin composites are the most commonly used restorative materials for restorations 

on anterior and posterior teeth. This preference is due to the aesthetic characteristics and 

also to manipulation easiness (Nash et al., 2001; Bernardo et al., 2007). This type of 

material is photoactivated, where a light of high intensity is employed converting 

monomers to polymers, which transforms a viscous mass to a solid final product (Bolhuis 

et al., 2006; Alpoz et al., 2008; Brandt et al., 2008). After light irradiation, monomer 

polymerization is initiated with free radicals formation, which is accompanied by molecule 

cross-linking (Abate et al., 2001). 

The polymerization technology of current composites is based on the application of  

photoactive systems (photoinitiator and co-initiator), suitable for the absorption of specific 

wavelength irradiation light, which produces free radicals capable of converting a monomer 

into a network of linear and cross connections (Cowie, 1991; Craig, 2003). Technically, 

composites start polymerization at the moment when it is exposed to light either from the 

reflector or from room environment light. This may hinder the manipulation of the material 

by the professional due to the reduction of working time, as well as can negatively 

influence the mechanical properties of the material (Al-Shammari, 2007). Polymerization 

inhibitors are antioxidant molecules added to monomeric base to inhibite the premature 

polymerization, preventing premature and spontaneous polymerization. The most 

commonly used inhibitor in commercial composites is butylatedhydroxytoluene (BHT) 

(Swartz et al., 1982; Katona et al., 1994). BHT has been used as an inhibitor in the resinous 

composite at concentration around 0.01% by weight (Anusavice, 2003; Van Landuyt et al., 

2007). When the inhibitors are present, the polymerization will be nonexistent until its 

concentration is substantially reduced. When the inhibitor concentration becomes low, 

reaction polymerization and propagation becomes competitive with the inhibition reaction. 

To ensure inhibitors effectiveness, they must react with free radicals faster than that of free 

radicals with the monomer (Odian, 2004). 

There is a tendency for the decrease in the degree of conversion with the increase in 

inhibitor concentration (Braga & Ferracane, 2002). However, the effects of the inhibitors 

on the mechanical properties were not evaluated. Al-Shammari, (2007) observed in his 

study promising results in the variation of inhibitor concentration in the polymerization 
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characteristics of photo-polymerizable resinous composite. It has also been found that fine-

tuning inhibitor levels may be an effective method of avoid early polymerization of the 

material without compromising its degree of conversion. The authors also infer that the 

ideal inhibitor level would allow a suitable rate of polymerization, which would not impair 

the composite mechanical properties (Al-Shammari, 2007). 

The studies that verified the variation of inhibitor concentration in the composition 

of the composite had a main objective to control and minimize their polymerization 

shrinkage stress (Al-Shammari, 2007, Karunagaran & Chu, 2013). However, many 

professionals find difficult to apply, adapt and model the composite into the cavity due to 

early material polymerization by exposure to the light from the reflector, often having to do 

this under switched off light reflector or using reflectors with orange color light. Thus, 

obtaining adequate working time is a desirable issue for professionals during clinical 

practice, and the correct concentration of BHT is another step to achieve success in this 

area. 

The aim of this study was to evaluate the influence of different polymerization 

inhibitor (BHT) concentrations on experimental designed composites on the degree of 

conversion (DC), flexural strength (FS), flexural modulus (FM) and microhardness Knoop 

(KH), in addition to determining the consistency (C) of the composites after different 

exposure times to the light reflector (20, 40 or 60 s). The hypotheses tested were that: 1- the 

concentration of BHT would not influence the mechanical properties and degree of 

conversion of the composites; 2- the higher the concentration of BHT, the lower the 

consistency of the material as a function of light exposure. 

 

Material and methods 

Resin preparation  

Six experimental resin composites formulations were tested in this study. The resin 

matrix for all formulations consisted of a blend of bisphenolglycidyl methacrylate – 30 

wt% (BisGMA – Sigma-Aldrich Inc, St Louis, MO, USA); urethane dimethacrylate – 30 

wt% (UDMA - Sigma-Aldrich Inc); bisphenolethoxylatedimethacrylate – 30 wt% 

(BisEMA - Sigma-Aldrich Inc); and triethyleneglycoldimethacrylate – 10 wt% (TEGDMA 

- Sigma-Aldrich Inc). The photoinitiator and co-initiator used were camphorquinone (0.25 
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wt%) and ethyl-dimethylaminobenzoic (DABE - 0.5 wt%), respectively. Composites were 

loaded at 75% by volume with silanized filler (20 wt% of 0.05μm fumed silica (Nippon 

Aerosil Co. Ltd., Yokkaichi, Tokyo, Japan) and 80 wt% of 0.7 μm Ba-Al-silicate glass 

(Esstech Inc., Essington, PA, USA). The inhibitor, BHT (butylatedhydroxytoluene, - 

Sigma-Aldrich Inc) was the only difference among the experimental composites added to 

the organic matrix, in different concentration, according Table 1. 

 

Table 1. Inhibitor system different concentrations of the experimental composites 

used in the study. 

Experimental group BHT wt% 

Composite 1 (C1) 0 

Composite 2 (C2) 0.01  

Composite 3 (C3) 0.025 

Composite 4 (C4) 0.05 

Composite 5 (C5) 0.1 

Composite 6 (C6) 0.5 

 

Degree of conversion (DC) 

For the degree of conversion (DC) analysis, 5 specimens per group, with 7 mm 

length x 2 mm width x 1 mm thickness, were made in rubber molds 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 20 J/cm2. After polymerization, the specimens were 

removed from the molds and stored dry in light-proof containers at 37ºC, for 24 h. 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 
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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 × [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 (FS) and flexural modulus (FM) 

Immediately of DC analysis, the same bar-shaped specimens of DC analysis (n=5) 

were used for the three-point bending flexural test, accordingly to ISO 4049, except 

specimen dimensions. The three-point bending test was performed in an universal testing 

machine (Instron, Canton, USA – span between supports = 5 mm) at a cross-head speed of 

0.5 mm/min. The maximum load for the specimens at fracture was recorded and the 

flexural strength (FS) calculated using the following equation: FS = 3.F.L/2.B.H², where F 

was the maximum load (N) exerted on the specimens; L, the distance (mm) between the 

supports; B, the width (mm) of the specimens and H was the height (mm) of the specimens 

measured immediately prior testing.  

The flexural modulus was measured as the slope of the stress x strain curve in the 

linear portion, using the following equation: E = L1.D³.10-3/4.B.H³.d, where L1 was the 

load (N); D, distance (mm) between the supports; B, width (mm); H, height (mm) and d 

was the deflection due to the load (mm).  

 

Microhardness Knoop (KH)  

 Specimens were prepared in a rubber mold with a central circular orifice, where 

resin composite was inserted in a single increment and activated for 20 s using Radii Cal 

LED (800 mW/cm²) . The height of the die orifice was 2 mm and the diameter 5 mm. All 

samples were prepared in controlled temperature environment. For each group tested, five 

samples were prepared (n=5). 

 After this, the surfaces that have been exposed to LED unit were submitted to the 

Knoop microhardness test, performed after 24 h storage in an incubator at 37°C, in dry and 

protected from the light environment. The assay was performed in a micro-durometer 

(HMV-2000, Shimadzu, Tokyo 101, Japan), applying a load of 50g for 15 s (three 
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indentations were performed for each sample). The values obtained, in micrometers, were 

transformed into Knoop hardness values (KHN) through micro-durometer software. 

 

Consistency testing (C) 

 The consistency testing was performed using the ADA (American Dental 

Association) Specification Nº.8. A volume of 0.5 mL of composite resin was placed in 

spherical rubber molds. Each composite sphere was taken on a glass plate and exposed to 

the light emitted by the lamp (150 W, Osram, Berlin, Germany) of the reflector for a 

predetermined time (20, 40 or 60 s of light exposure, at a distance of 50 cm). For each 

group of experimental composite resin, 5 samples were taken for each time. Next, another 

glass plate, with 20 g weight, together with a 100 g weight, was placed over the composite 

sphere for 30 seconds − to form a disc. 

 After this, the load was removed and the composite resin was activated for 20 s 

with the Radii Cal LED curing unit (SDI). Disc shape samples were removed from the glass 

plate, and their larger and smaller diagonals were measured (mm), with a digital electronic 

caliper (Mitutoyo Corporation, Tokyo, Japan). The mean of the diagonals of each sample 

was calculated and, in each group, the mean of these values was also calculated.  

 

Statistical analysis  

The DC, FS, FM and KH outcomes were analyzed by 1-way ANOVA and C 

outcomes by 2-way ANOVA. The means were compared by Tukey’s test with statistical 

significance established at α=0.05 for all tests. 

 

Results  

The flexural strength (FS), flexural modulus (FM), degree of conversion (DC) and 

microhardness Knoop (KH) values are shown in Table 2. All composites showed similar 

values (p≥0.05) for FS, FM and DC, for each evaluation. For the KH values, the composite 

C1 showed the highest values, presenting no statistical difference with C3. This group had 

higher statistically value than C4 and C5, but did not present statistical differences 

compared to C2 and C6 (p≤0.05). 
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Table 2. Means (standard-deviation) of flexural strength (FS), flexural modulus (FM), 

degree of conversion (DC) and microhardness Knoop (KH) for the experimental 

composites. 

________________________________________________________________________ 

Composite         FS (MPa)    FM (GPa)              DC (%)               KH (KHN)  

C1   96.85 (12.82) a          1.65 (0.1) a   44.9 (5.7) a        22.6 (1.7) a 

C2                    82.36 (10.19) a          1.42 (0.27) a  44.0 (2.8) a    19.9 (0.7) bc 

C3                    97.74 (15.96) a          1.63 (0.2) a  43.9 (2.7) a    20.5 (0.9) ab 

C4                    94.89 (10.37) a          1.6 (0.2) a  44.1 (1.2) a    17.9 (0.8) c 

C5                    93.42 (6.7) a              1.52 (0.21) a  43.5 (0.7) a    17.7 (0.9) c 

C6                    94.77 (15.09) a          1.77 (0.16) a       39.6 (2.0) a    18 (0.8) bc 
_________________________________________________________________________ 
Means followed by same small letter in the same column are not statistically different at 5%, by Tukey’s test. 

 

The results for consistency testing (C) are shown in the Table 3. For the groups with 

20 s of exposure to the reflector light, C4, C5 and C6 obtained the highest mean values, and 

were statistically different from the groups C1, C2 and C3. When exposed for 40 s to the 

reflector light, only C5 and C6 obtained values for comparison, with C6 presenting 

statistically higher values than C5 (p≤0.05). Only C6 obtained consistency at 60 s of 

exposure to the reflector light. The comparison of exposure times for all experimental 

composites was only possible for C5 and C6. There was a statistical difference (p≤0.05) 

between the exposure times with an increase in the consistency of the material as a function 

of the increase in exposure time. For other materials, only in 20 s of exposition to reflector 

light was possible to measure the consistency of the material. 
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Table 3. Means in mm (standard-deviation) of the Consistency (C) for the experimental 

composites. 

Composite Time (s) 

20 40 60 

C1 12.67 (1.16) b, A 0.0  (0.0) c, B 0.0  (0.0) b, B 

C2 12.77 (0.48) b, A 0.0  (0.0) c, B 0.0  (0.0) b, B 

C3 13.05 (0.62) b, A 0.0  (0.0) c, B 0.0  (0.0) b, B 

C4 13.78 (0.47) a, A 0.0  (0.0) c, B 0.0  (0.0) b, B 

C5 13.11 (0.66) a, A 8.42 (0.38) b, B 0.0  (0.0) b, C 

C6 14.23 (0.19) a, A 13.49 (0.44) a, B 8.96 (0.39) a, C  
    ________________________________________________________________ 

Means followed by same small letter in the column and capital letter in row are not statistically 
different at 5%, by Tukey’s test. 

 

Discussion 

The first hypothesis that the concentration of BHT would not influence the degree 

of conversion and mechanical properties of the composites was rejected, since it did present 

an influence in microhardness Knoop test. The higher the concentration of BHT, the 

material flow would remain in function underlight exposure; therefore, the second 

hypothesis in this study was accepted. The highest concentration of BHT did not influence 

the degree of conversion and the major part of the mechanical properties evaluated 

conceding longer working time, even under light reflector exposition. The optimum 

concentration of BHT molecules should be defined as essential to ensure longer composite 

life, as well as optimum working time for the operator during handling. It is also a 

fundamental parameter that determines the polymerization characteristics of a composite. 

This concentration is variable among commercial composites and its effects on polymeric 

structure of composites are not still completely elucidated. In order to guarantee a 

satisfactory handling time of the composites, many concentration of BHT is included in the 

composite formulation. It is very important to understand the outcomes of including a 

higher or lower concentration of BHT in the actual composite formulations. 
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Braga and Ferracane (2002) reported that increase the inhibitor concentration results 

in a lower curing rate and in a decrease in contraction stress without compromise 

conversion rate. However, they found a tendency towards degree of conversion decrease 

when inhibitor concentration increased. But, the effects of inhibitors on mechanical 

properties were not evaluated in that study. Al-Shamari (2007) has shown that the optimum 

level of inhibitor promotes a rate of polymerization slow enough to reduce contraction 

stress, but sufficient to achieve a degree of conversion that does not impair the mechanical 

properties of the resin composite. 

In attempt to find a method to increase the useful life and delay the polymerization 

of the resinous composites, researchers studied the effects of the inhibitor concentration 

(Braga & Ferracane, 2002; Al-Shammari, 2007) on these materials. Polymerization 

inhibitors are molecules added into composite resin to prevent formed free radicals from 

prematurely activate photoinitiators, preventing spontaneous initiation of the 

polymerization reaction (Shaabin, 2009). 

The study of Al-Shammari (2007) evaluated the effect of variation of BHT 

concentration on mechanical properties. It was shown that flexural strength and flexural 

modulus were not affected by the increase in BHT level up to 1.2%. On the other hand, it 

showed a significant decrease when the concentration reached 1.4%. Another study 

(Ferracane & Greener, 1986) showed that increase inhibitor concentration reduces flexural 

strength and flexural modulus, which was attributed to fewer cross-links that were found. It 

was concluded that the lower degree of conversion was responsible for the reduction of the 

mechanical properties. 

In the present study, the concentration of BHT ranged from 0 to 0.5 wt% into 

monomer and this values did not affect the tested mechanical properties and degree of 

conversion. It probably occurred due to the amount of photoinitiator system that was able to 

promote the monomer conversion, even using higher concentration of BHT (0.5%). The 

curing kinetics of these materials allows a satisfactory degree of conversion, flexural 

strength and flexural modulus of the tested composites.  

Besides this, microhardness measurements have been shown to have a good 

correlation with the degree of conversion of resinous materials, which did not have 

different formulations, with the exception of BHT, in this study. For this reason, 
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microhardness was used by some authors in order to study composite cure in different 

depths (Uhl et al., 2003; Baharav et al., 1988). 

Physical characteristics are of great importance to choose appropriate materials. 

Hardness evaluation may determine their abrasion resistance compromising the clinical 

behavior of the resin composite, which leads it to failure (Ferracane, 1985). Results of this 

study confirm that multiple laboratorial tests are of great concern to characterize correctly 

the effect of BHT concentration on the polymeric network of resin-based dental materials. 

In relation to consistency test, the higher the concentration of BHT, the material 

flow level would remain in function when light exposed for a longer time. In this sense, this 

study showed that the most favorable concentration of BHT was C6 (0.5% of 

polymerization inhibitor), which exhibited satisfactory properties and lower consistency, 

even after a light exposure of 60 s. Thinking in a clinical possibility, the dentist will work 

with the composite with a more interesting time to adapt and model the composite into the 

cavity. It is well known that the clinical should put away the light reflector during the 

procedure of sculpture of the composites in order to avoid an early polymerization. 

Therefore, in some places in mouth, the light reflector is required for a better view. Thus, it 

is important that the composite might have a good working time for placement and 

sculpture. 

 Thus, further studies evaluating other mechanical and physical properties, such as 

color stability, sorption and solubility, still needs to be conducted. Based on the outcomes 

of this study, the composite with 0.5 wt% of BHT concentration is the most indicated for 

application due its better of manipulation under light reflector added to a maintained 

characteristic of less sensitive to early photocuring.  

 

Conclusion  

 All concentrations of BHT in experimental composites did not negatively influence 

mechanical properties and degree of conversion, except for microhardness Knoop. Higher 

concentrations of BHT promoted longer working time when exposed to light reflector. 

Thus, C6 showed better properties after tests. 
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3. CONCLUSÃO 

As concentrações de BHT nos compósitos experimentais não influenciaram negativamente 

nas propriedades mecânicas e grau de conversão, exceto para microdureza Knoop. Maiores 

concentrações de BHT promoveram maior tempo de trabalho das resinas quando expostas à 

luz do refletor. Portanto, o compósito 6 obteve os melhores resultados nos testes realizados. 
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APÊNDICE 1 

Metodologia ilustrada 

 

  
 

Figura 1 – Compósito experimental.      
 

 

 

  

Figura 2 – Confecção das amostras para os testes de Grau de Conversão, Resistência à 

Flexão e Módulo Flexural. 

A. Adaptação da tira de poliéster e lâmina de vidro sobre o compósito 

B. LED Radii Cal (SDI, Victoria, Australia - 800 mW/cm2) 
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Figura 3 – Espectrofotômetro utilizado para o teste de Grau de Conversão. 

 

 

Figura 4 – Máquina de Ensaio Universal Instron, utilizada para os testes de Resistência à 

Flexão e Módulo Flexural. 
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Figura 5 – Sequência do teste de Microdureza Knoop:  

A. Planificação da amostra no conjunto placa de acrílico e cera utilidade 

B. Colocação da amostra no Microdurômetro HMV-2000 

C. Aplicação da carga de 50 g por 15 segundos (foram realizadas 3 indentações por 
amostra) 
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Figura 6 – Confecção das amostras para o teste de Consistência 

A. Colocação de 0,5 mL de resina composta sobre uma placa de vidro 

B. Incidência da luz do refletor, a uma distância de 50 cm 

C. Amostra não-polimerizada, após aplicação da carga de 120 g por 30 segundos  

D. Polimerização da amostra por 20 segundos 

E. Disco de resina composta 
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ANEXO 1 

Comprovante de submissão do artigo 
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