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RESUMO 

As resinas compostas tornaram-se a primeira escolha para restaurações diretas 

tanto para dentes anteriores quanto para posteriores. A grande popularidade 

para do uso desses materais está relacionada à aparência estética e a 

possibilidade preparos menos invasivos, reduzindo a necessidade de remoção 

de tecidos sadios. Resinas composta viabiliza ainda reconstituição coronária, 

promovendo a reabilitação e estética de forma mais acessível. O desempenho 

clínico das resinas compostas é influenciado por diversos fatores, como 

biológicos, mecânicos e estéticos. Este estudo teve por objetivo geral avaliar 

características inerentes aos materiais  que interferem na polimerização. Três 

objetivos integram esse estudo; objetivo específico 1: investigar a influência do 

sistema fotoiniciador na cinética de polimerização de monômeros à base de 

metacrilamida como alternativa aos metacrilatos em materiais dentários 

adesivos; objetivo específico 2: desenvolver um dispositivo de laboratório para 

padronização de radiografias usando filmes convencionais e sensores digitais, 

validando o mesmo por meio de análise de radiopacidade de resinas compostas; 

objetivo específico 3: avaliar o efeito de fontes de luz de espectro único ou 

multi-espectros nas propriedades mecânicas expresso pela dureza Knoop, grau 

de conversão e módulo de elasticidade de resinas compostas convencional e 

bulk fill com diferentes fotoiniciadores. Em conclusão, a cinética de polimerização 

foi afetada pelos fotoiniciadores para ambos os monômeros testados. A 

viscosidade aumentou significativamente com a incorporação de metacrilamida 

secundária. Este trabalho demonstrou a viabilidade do uso de monômeros de 

metacrilamida recém sintetizados em conjunto com sistemas iniciadores já 

usados em materiais comerciais. Resinas compostas convencionais e bulk fill 

exibiram nível de radiopacidade adequado. Os métodos radiográficos digitais e 

os processos de imagem testados mostraram capacidade de classificação de 

similaridade para todas as resinas compostas testadas. O dispositivo 

desenvolvido foi capaz de padronizar os métodos radiográficos usados para 

avaliar a radiopacidade dos materiais restauradores. As resinas compostas Vittra 

APS, Opus Bulk Fill APS e Tetric Evoceram Bulk Fill apresentaram valores 

adequados de dureza Knoop, grau de conversão e módulo de elasticidade nas 
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análises realizadas na superfície e na profundidade de 2,0mm. As fontes de luz 

Bluephase e VALO Cordless, resultaram em maiores valores de dureza Knoop, 

grau de conversão e módulo de elasticidade quando comparadas às fontes de 

radiical plus e optilight max independente da resina testada. O sistema 

fotoiniciador tende a influenciar menos os resultados do que o desempenho das 

fontes de luzes. 

 

Palavras – Chave: monômeros alternativos, resinas compostas bulk fill, 

fotoiniciador, propriedades mecânicas, radiopacidade, fontes de luz, dureza 

koop, grau de conversão.  
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ABSTRACT 

Resins composites have become the first choice for direct restorations for anterior 

and posterior teeth. The great popularity for the use of these materials is related 

to the aesthetic appearance and the possibility of less invasive procedure, 

reducing the need of removal of healthy tissues. Resins composite also enable 

coronary reconstruction, promoting rehabilitation and aesthetics in a more 

accessible way. The performance of resin composites can be influenced by 

several factors, such as biological, mechanical and aesthetic. The general 

objective of this study was to evaluate characteristics inherent to materials that 

can interfere with the polimerization. Three objectives are part of this study; 

specific objective 1: to investigate the influence of the photoinitiator system on 

the polymerization kinetics of methacrylamide-based monomers as an alternative 

to methacrylars in adhesives of dental materials; specific objective 2: to develop 

a laboratory device for standardization of radiographs using conventional films 

and digital sensors, validating it through radiopacity analysis of composite resins; 

specific objective 3: to evaluate the effect of single spectrum or multi-spectrum 

light sources on the mechanical properties expressed by Knoop hardness, 

degree of conversion and modulus of elasticity of conventional and bulk fill resins 

composite with different photoinitiators systems. In conclusion, polymerization 

kinetics was affected by photoinitiators for both monomers tested. Viscosity 

increased significantly with the incorporation of secondary methacrylamide. This 

work demonstrated the viability of using newly synthesized methacrylamide 

monomers in conjunction with primer systems already used in commercial 

materials. Conventional and bulk fill resins composite exhibited adequate 

radiopacity level. The digital radiographic methods and imaging processes tested 

showed similarity classification capacity for all resins composite tested. The 

developed device was able to standardize the radiographic methods used to 

evaluate the radiopacity of restorative materials. The composite resins Vittra 

APS, Opus Bulk Fill APS and Tetric Evoceram Bulk Fill showed adequate values 

of Knoop hardness, conversion gradu and modulus of elasticity in the analyses 

performed on the surface and at the depth of 2.0mm. The Light Sources 

Bluephase and VALO Cordless resulted in higher values of Knoop hardness, 
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degree of conversion and modulus of elasticity when compared to the sources 

independent of the tested resin. The photoinitiator system tends to influence the 

results less than the performance of light sources.   

Keywords: alternative monomers, bulk fill resin composite, photoinitiator, 

mechanical properties, radiopacity, light sources, koop hardness, degree of 

conversion. 
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1. INTRODUÇÃO E REFERENCIAL TEÓRICO 

Restaurações adesivas realizadas com resinas compostas vêm sendo 

amplamente utilizadas na prática clínica (Demarco et al. 2012; Sabbagh et al., 

2016). Muito se deve a evolução de suas propriedades químicas, físicas e 

mecânicas que mimetizar cada vez mais a estrutura dental (Soares et al., 2017), 

melhorando a longevidade dos materiais restauradores adesivos (van Dijken & 

Pallesen 2015; Alkurdi & Abboud 2016). Desde que as resinas compostas foram 

desenvolvidas há mais de 60 anos muitas mudanças aconteceram com intuito 

de aperfeiçoar suas propriedades, principalmente nos sistemas de carga, e 

eficiência do sistema fotoiniciador (Ferracane, 2011; Fugolin & Pfeifer, 2017). Ao 

mesmo tempo avanços tecnológicos vêm sendo alcançados nas fontes luz que 

induzem a polimerização (Rueggeberg 2011; Shimokawa et al., 2018). Esses 

avanços tornaram os materiais restauradores adesivos opção popular para 

restaurações em dentes posteriores e anteriores para restaurações diretas 

(Demarco et al., 2012). No entanto, a durabilidade clínica de materiais diretos 

adesivos ainda é desafior, e pode levar a substituições de restaurações mais 

frequente quando se negligência pontos importantes como por exemplo a fonte 

de luz a ser utilizada (Demarco et al., 2012). 

Nos dias atuais, um dos protocolos mais utilizados para restaurações com 

resinas compostas convencionais é definido pela técnica incremental. Porém, 

com o objetivo de simplificar procedimentos bem como melhorar desempenho 

clínico das restaurações em resinas compostas, foram desenvolvidas as resinas 

composta do tipo Bulk fill que propiciam o seu uso em incremento de até 4 a 

5mm (Ilie & Stark 2014; Leprince et al., 2014).     

As características inerentes às resinas compostas como dureza e grau de 

conversão, são propriedades que impactam no sucesso clínico das restaurações 

em dentes posteriores (Fronza et al., 2015). Materiais com baixa dureza de 

superfície são mais suscetíveis ao desgaste e geram superfícies rugosas o que 

compromete a resistência à fadiga do material, e  pode sugerir falhas clínicas 

prematuras das restaurações (Monterubbianesi et al., 2016). O desempenho de 

restaurações em resinas compostas pode ser afetado negativamente por 
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parâmetros como grau de conversão e dureza (Da Silva et al., 2008a). Alto grau 

de conversão pode refletir em boas propriedades mecânicas, estabilidade 

química, além de boa longevidade da restauração (Miyazaki et al., 2003; Da Silva 

et al., 2008b). Outra propriedade importante é  a radiopacidade, propriedade 

essencial dos materiais restauradores, que permite avaliar a integridade das 

restaurações, detecção de cárie secundária, espaços vazios, e até mesmo 

desadaptação nas margens e também contato com dentes adjacentes 

(Ferracane, 2017; Gul et al., 2017). As resinas compostas precisam ser 

suficientemente radiopacas para permitir a diferenciação entre esmalte e dentina 

(Dukic et al., 2012). Diversos sistemas convencionais e digitais vem sendo 

utilizados para testar essas propriedades em técnicas incremental e bulk fill 

(Soares et al., 2017; Berti et al., 2020).  

Sugere-se que um dos principais requisitos para garantir o sucesso clínico 

das resinas compostas é a fotoativação com a fonte de luz adequada (Santini & 

Turner, 2011; Price et al., 2015). Considera-se que a ativação da polimerização 

das resinas compostas por meio da luz é um processo complexo dependente 

também do tipo de fotoiniciadores (Rueggeberg, 2017; Gan et al., 2018 ). Durante 

o processo restaurador é importante ter certeza de que todo o material está 

recebendo luz suficiente nos comprimentos de onda corretos que reflita em 

polimerização satisfatória (Leprince et al., 2013; Braga et al., 2020). O 

fotoiniciador é capaz de absorver luz e consequentemente de forma direta ou 

indiretamente iniciar o processo de polimerização dos monômeros resultando na 

formação de cadeias poliméricas (Pfeifer et al., 2009). A forma como os 

fotoiniciadores convertem monômeros em polímeros, são influenciados por 

variedade de fatores, como composição do material, tipo e concentração de 

fotoiniciador presente, assim como no espectro e na transmissão de luz através 

do material (Stansbury, 2000; Santini et al., 2013). 

Importante evidenciar que na composição da matriz orgânica, os 

monômeros têm a função de estruturar um material que possa ser adaptado no 

interior da cavidade, restaurando a estrutura dental perdida após sua 

polimerização. Dentre os monômeros mais utilizados, destacam-se o Bis-GMA 

(Bisfenol glicidil dimetacrilato) e o UDMA (uretano dimetacrilato), denominados 

monômeros de alto peso molecular, e os monômeros diluentes como TEGDMA 
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(trietilenoglicol dimetacrilato) e EGDMA (etilenoglicol dimetacrilato), de baixo 

peso molecular (Emami et al., 2003).  Uma alternativa adequada para superar 

esse problema depende da incorporação de monômeros livres de éster na 

formulação da matriz orgânica. As methacrilamidas têm se mostrado opções 

promissoras para formulações de adesivos dentários no intuito de melhorar 

assim o desempenho das restaurações adesivas (Rodrigues et al., 2018; Fugolin 

et al. 2019; Barcelos et al., 2020) 

Diante o exposto, o objetivo geral deste trabalho foi avaliar o 

comportamento de monômeros alternativos com diferentes sistemas 

fotoinicadores durante o processo de polimerização, assim como a influência de 

diferentes tipos de fontes de luz nas propriedades de resinas compostas 

disponíveis comercialmente. 
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2. OBJETIVOS 

2.1 Objetivo Geral 

Avaliar o comportamento de monômeros alternativos com diferentes 

sistemas fotoinicadores durante o processo de polimerização, assim como a 

influência de diferentes tipos de fontes de luz e o efeito da composição nas 

propriedades de resinas compostas disponíveis comercialmente. 

  

2.2 Objetivos Específicos 

Objetivo específico 1 

Capítulo 1 - Effect of the photoinitiator system on the polymerization of 

secondary methacrylamides of systematically varied structure for dental adhesive 

applications 

O objetivo deste estudo foi investigar a influência do sistema fotoiniciador na 

cinética de polimerização de monômeros à base de metacrilamida como 

alternativa aos metacrilatos em adesivos de materiais dentários. 

 

Objetivo específico 2  

Capítulo 2 - Development of device for radiopacity analysis of resin composites 

using different radiographic methods. 

Este estudo teve como objetivo desenvolver um dispositivo de laboratório para 

padronização de radiografias usando filmes convencionais e sensores digitais, 

validando o mesmo por meio de análise de radiopacidade das resinas 

compostas. 

 

Objetivo específico 3 

Capítulo 3 - Bulk fill or conventional resin composites – interaction between 

mono and multi-peak light-curing units and photoinitiator are a concern in 

nondeep posterior cavities? 

Avaliar o efeito de fontes de luz de espectro único ou multi-espectros nas 

propriedades mecânicas expresso pela dureza Knoop, grau de conversão e 

módulo de elasticidade de resinas compostas convencional e bulk fill com 

diferentes fotoiniciadores. 
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Capítulo 1 

3.1 CAPÍTULO 1 
Effect of the photoinitiator system on the polymerization of secondary 

methacrylamides of systematically varied structure for dental adhesive 

applications 

Artigo publicado no periódico Dental Materials 
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Capítulo 2 
 

3.2 CAPÍTULO 2 

Development of device for radiopacity analysis of resin composites using 

different radiographic methods.  

 

Artigo a ser submetido para publicação no periódico Brazilian Oral Research 
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Original Research: Dental Materials 

 

Development of device for radiopacity analysis of resin composites using 

different radiographic methods.  

 

Abstract 

This study aimed to develop a laboratory device for standardization of 

radiographs using conventional films and digital sensors for testing the 

radiopacity of composites resins. To validate the developed device, the 

radiopacity analysis of composite resins was performed. Specimens with 6.0mm 

in diameter and 2.0mm in thickness of 6 composite resins: 2 nanohybrid: Z350 - 

Filtek Z350XT, 3M-ESPE; and VIT- Vittra APS, FGM; and 4 bulk fill: POST - Filtek 

Bulk fill Posterior, 3M-ESPE; OPR - Opus Bulk Fill Regular, FGM; OPF - Opus 

Bulk fill flow, FGM; and TET-Tetric Evoceram Bulk fill, Ivoclar, Vivadent. The 

radiographs were obtained of 6 composite resins and aluminium step wedge on 

2 imaging receptors: CMOS sensor (FIT, Acteon); and PSP Plate (VistaScan). 

Image J and DBSWIN softwares were used to calculate the radiopacity values. 

Data were analysed by 3-way ANOVA followed by Tukey test (=0.05). The 

developed device showed adequate performance to standardize the radiographs. 

All composites resins showed adequate radiopacity. TET had the highest 

radiopacity values, followed by POST, Z350 and OPR, which had similar values 

among them. VIT had the lowest radiopacity level. When PSP system was 

associated with DBSWIN software, the radiopacity order values for composite 

resins was the opposite, maintaining the same significant differences. Bulk fill and 

conventional composite resins exhibit proper radiopacity level. Digital 

radiographic methods and imaging process tested showed similarity ranking 

capacity for all composite resins. The developed device was able to standardize 

the radiographic methods used to assess radiopacity of restorative materials.  

Keywords: Resin composites, Radiography, Radiology, In Vitro Techniques. 
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Introduction 

Radiopacity is an essential property of dental restorative materials, 

allowing to assess the integrity of restorations, detection of secondary caries, 

voids, overhangs or open margins, and adaptation and its contact with adjacent 

teeth.1,2 Resins composites need to be sufficiently radiopaque to allow the 

differentiation between enamel and dentin.3 The literature is controversial 

regarding the most effective level of radiopacity of resins composites to 

distinguish secondary caries from normal adjacent tooth structure or the 

restoration.1 Some studies have reported that the adequate radiopacity level of 

composite resins should be close to dentin.4 Others studies reported that it should 

have equal or slightly greater radiopacity than enamel to accurately distinguish 

the tooth-restoration margin.5,6 The International Organization for Standardization 

(ISO) 4049, defines that the radiopacity of a material must be equal or greater 

than the same thickness of aluminium wedge step and should not be less than 

0.5 mm of any claimed value by the manufacturer.6 Aluminium is the reference of 

choice as it is specified to have similar radiopacity  when compared to same 

thickness of dentin, and two times more radiopaque when compared to the 

enamel .2,6 

The modification of resin composites over the years include reduction on 

particle size and increase of the filler content.7 Moreover, the use of particles with 

high atomic numbers, such a barium, strontium, and zirconium have been 

recommended to produce more radiopaque materials.8 Otherwise, if the material 

has low radiopacity it could mislead to an inappropriate analysis of adaptability 

and caries diagnosis.9 

Digital imaging systems in oral and maxillofacial radiology was introduced 

in 1989 and gained popularity for its use in dental practice.2 Digital radiographic 

analysis can be performed using different softwares available in the market that 

can be included in the purchased system, free, open-source for download or 

paid.10 Digital imaging systems have been widely used for evaluating radiopacity 

of restorative materials and have advantages as the reduction of x-ray exposure 

time and no need of film processing.1,12-14 Additionally, the image manipulation 

can be improved through basic and advanced softwares that allows a dynamic 

analysis of the produced images by working with the gray scale and image 
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density and contrast.12,14 The direct digital sensor (CMOS - Complementary metal 

– oxide – semiconductor) and the semi-direct plates (PSP - photostimulable 

phosphor plate) systems can be used in association with different softwares for 

image assessment.7,11,14 The standardization of the distance between the x-ray 

source and specimen for in vitro studies should be preserved to create regular 

exposure during image acquisition. The development of a laboratory device for in 

vitro studies that allows handling different conventional x ray films or digital 

detectors maintaining the position of the specimen, can deliver more 

standardized images, more accurate analysis, as well as time saving lab 

procedures. Therefore, the aim of this study was to develop a laboratory device 

for obtaining standardized x-ray images of in vitro studies as well as to evaluate 

the radiopacity of conventional and bulk-fill composite resins by radiographs 

obtained with direct (CMOS) and semi direct (PSP) imaging systems analysed by 

Image J and DBSWIN softwares. The null hypotheses were: 1) the composition 

and type of composite resin would not influence their radiopacity values; and 2) 

the CMOS and PSP digital imaging systems used in combination with Image J 

and DBSWIN softwares would not modify the values and the ranking of the tested 

composite resins.   

 

Methodology 

Radiograph standardization device development 

The radiographic standardization device was designed and produced as 

demonstrated in Figure 1. The device was proposed in order to promote safety 

and adequate standardization on the position during the x ray exposure, 

improving the accuracy on the methodology. 

The device construction started with a lead shielding box with 3.0mm of 

lead barrier and lead glass window. A mechanism was designed and fixed inside 

the box to support the specimens avoiding the operator exposition to secondary 

radiation. The mechanism is based on a platform that fits different imaging 

sensors, plates and conventional films. The device mechanism attached 

internally to the lead shielding box is a milled Teflon block that slides through two 

metal guides to adjust the distance of the sample and image receptor. The milled 
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Teflon block has support to fit different sizes of imaging receptors: sizes #0, 1, 2 

or 4.  

Specimen preparation 

Six different resin composites as shown in Table 1, were selected: Z350 - 

Filtek Z350 3M ESPE (St Paul, MN, USA); POST - Filtek Posterior Bulk fill 3M 

ESPE (St Paul, MN, USA); OPR - Opus Bulk fill regular (FGM, Joinville, SC, 

Brazil); OPF - Opus Bulk fill flow FGM (Joinville, SC, Brazil); VIT - Vittra APS 

(FGM, SC, Joinville, Brazil); and TET - Tetric Evoceram Bulk fill (Ivoclar, 

Vivadent, Schaan, Liechtenstein). 

The specimens with 6 mm in diameter and 2 mm in thickness were 

produced (n=5), using Teflon mold and light cured using broad wave light curing 

unit (Bluephase G2, Ivoclar Vivadent Schaan, Liechtenstein). The light curing unit 

tip has 9.0mm covered all the diameter of the specimen. The irradiance (1.390 

mW/cm2) was checked using MARC Resin Calibrator (BlueLight Analytics, 

Halifax, Canada). The mold was positioned over a glass plate and covered by 

polyester matrix aiming to minimize the bubbles and irregularities, a second glass 

plate was positioned over the polyester matrix pressing the material in order to 

standardize the specimen thickness. The light curing tip was positioned touching 

the polyester matrix and the composite resin was light activated for 20 seconds.  

 

Radiographic procedures and imaging process 

Specimens were radiographed using two methods: digital intraoral sensor 

- CMOS (Complementary metal – oxide – semiconductor) (FIT, size 1, Acteon; 

Indaiatuba, São Paulo, Brazil); and photostimulable phosphor plate - PSP 

(VistaScan #2; Durr Dental, Bietigheim Bissingen, Germany). Specimens were 

properly positioned on the detector next to the aluminium step wedge for both 

imaging methods inside the device as shown in Figure 1.  

The X ray exposure for both methods was performed using an x-ray 

machine Timex 70 E (Gnatus, Ribeirão Preto, São Paulo, Brazil) 20cm from the 

specimen with exposure time of 0.10s and operating at 70kV and 7.0 mA.  

Radiopacity was analysed by two different softwares:  ImageJ (version 1.48 

software of public domain, Wayne Rasband, National Institutes of Health, USA) 
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and DBSWIN (VistaScan, Dürr Dental, Bietigheim-Bissingen, Germany). Five 

measuring points were defined on each specimen where the mouse cursor was 

positioned to indicate the gray value of the selected point as shown in Figure 1. 

The mean value of the 5 measurements was used as radiopacity values for each 

composite resin specimen.  

 

Statistical Analysis 

Data of the radiopacity level of composite resins were analyzed for normal 

distribution (Shapiro-Wilk test) and homoscedasticity (Levene’s test). Data were 

analyzed by using three-way analysis of variance ANOVA (2 x-ray systems, 2 

softwares and 6 composite resins). All tests used α = 0.05 significance level and 

all analyses were carried out with the statistical package Sigma Plot version 13.1 

(Systat Software Inc, San Jose, CA, USA).   

 

Results 

Radiopacity of different composite resins evaluated by the 2 imaging 

receptors and the 2 softwares are shown in Table 2. Three-way ANOVA showed 

significant influence of composite resin (P < 0.001), imaging detector (P < 0.001) 

and software used (P < 0.001), however no significance was observed for the 

interaction between the two factors: composite resin type and software used (P 

= 0.342), composite resin type and imaging detector (P = 0.412), software used 

and imaging detector (P = 0.118), and between three study factors (P = 0.156). 

TET had the highest radiopacity values, followed by POST, Z350 and OPR, which 

had similar radiopacity values between them, OPF and VIT that had the lowest 

radiopacity values measured using CMOS method associated with both software 

and with PSP associated with Image J. However, when PSP system was used in 

association with DBSWIN, the order of the composite was inverse, maintaining 

the same significant differences among materials. The developed device 

contributed for great reproducibility of the radiopacity data and the low coefficient 

of variation of all tested combination CMOS/ImageJ (2.5 – 8.3%), 

CMOS/DBSWIN (2.9 – 10.0%), PSP/ImageJ (1.5 – 10.6%), PSP/ImageJ (4.4 – 

15.1%). The composites resins compared to aluminium step wedge presented 
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equal or higher grey values when compared to 4mm reference value, 

demonstrating adequate radiopacity according to the ISO 4049 guidelines. 

Discussion 

The standardization on specimen preparation and methodology 

reproduction in order to better answer tested hypothesis is essential to avoid risks 

of bias in laboratory experiments. This study showed that the device developed 

for standardization of in vitro studies that requires a radiographic test was a 

valuable and reliable setting. The reproducibility of the protocols was observed 

without any secondary external radiation, demonstrating important safety 

performance. The developed device was validated analysing radiopacity of 

composite resins used for restoring posterior cavities using incremental or bulk 

fill techniques. The conventional and bulk fill composite resins showed significant 

difference for radiopacity levels irrespective of the imaging receptor and software 

used for gray values measurement. Therefore, the first null hypothesis was 

rejected.  

Radiopacity is related to the chemical composition of the materials,9 

allowing the differentiation between dental structures and restorative 

materials.3,15 The radiopacity of the materials also allows the radiographic 

evaluation of inadequate proximal contours, marginal adaptation and possible 

gaps between material and tooth structure.1 The method used to evaluate the 

radiopacity of different material specimens and the aluminium step wedge on the 

radiograph , allows the operator to compare the radiopacity of the each specimen 

to an aluminium step of equal radiopacity. 5,10   

The addition of certain elements with high atomic number in the material 

such as zirconia, aluminium, barium, silicon, strontium, zinc, and ytterbium can 

increase the material's absorption of x rays making it more radiopaque.7 The 

greater the quantity of these elements in the composition of the material, the 

greater its radiopacity.7,9,18 The fact that Tetric Evo BKF composite resin showed 

the highest radiopacity in all tests can be justified by its filler composition. There 

are some chemical elements of high atomic number such as Ytterbium (atomic 

number 70), Ytrium (atomic number 39) and Barium (atomic number 56) which is 

the most commonly used element to increase radiopacity on composites resin.2 
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Since the presence of bubbles in the material may change radiopacity, the 

selection of five different measuring points was used to provide a mean gray 

value correspondent to the radiopacity of each specimen.  The coefficient of 

variations observed in same materials are probably related to the bubbles into 

the specimen, however this parameter had no great influence in the present 

study.8 Image J software tested in this study is a reliable open-source software of 

public domain that appears to be an interesting alternative for researchers as well 

as for clinicians in their radiographic evaluation.  

The present study showed that all tested composite resins had adequate 

radiopacity, with higher radiopacity than the 4.0mm aluminium step when 

compared to the step aluminium wedge.3,6,16 The use of the aluminium step 

wedge is highly recommended for studies of radiopacity.6  However, for a better 

effectiveness the aluminium step wedge must have at least 98% of pureness.4,6,17 

The 10 steps wedge used in this study had 99.7% pureness and it is important to 

mention that the aluminum radiopacity is a commonly used threshold value used 

by manufactures to identify whether their material is sufficiently radiopaque.19  

The imaging detectors and softwares used demonstrated different ranking 

of tested materials, therefore the second hypothesis was also rejected. The 

results showed that when radiopacity was evaluated by ImageJ software, the 

grayscale values ranged from 0 to 256, showing that the higher the value 

obtained the higher the radiopacity of material. On the other hand, when the 

images obtained by PSP plates radiographs were evaluated by DBSWIN 

software the grayscale pattern was different, with numbers ranging from 631 to 

1273; where the lower the value, the higher the radiopacity of material. Therefore, 

when using any type of software analyses, it is important to pay attention in the 

way the results are expressed, as they can be equivalents, though in different or 

contrary position, and even in need of previous calibration. However, even with 

different values for PSP/DBSWIN, the order of radiopacity levels for all 

composites resins was similar. Tetric Evo BKF was always the most radiopaque 

and Vittra APS was the less radiopaque, irrespective of radiographic method and 

software used. Radiographic visualization of composite resin restoration and 

dental structures is essential for establishing a correct diagnosis and treatment 

plan. A composite resin may be within the established requirements for 
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radiopacity, however on radiographic evaluation it might not be differentiated from 

mineralized dental tissues.20 The radiopacity of the dental materials is an 

important property and can justify the incorporation of nanoparticles improving 

radiopacity of restorative dental resins, easing the tracking of actual 

remineralization effects and enabling diagnosis of recurrent caries.21 

Standardization of the distance between imaging receptor, specimens and 

aluminum step wedge by the developed device was guaranteed. The device 

proved to be viable, maintaining the position during the tests leading to higher 

standardization and accuracy of the images and analysis. Additionally, the 

mechanism of the construction of the device provided a safety using because no 

secondary external radiation was observed. Overall, it was demonstrated that 

bulk fill and conventional composites have sufficient radiopacity to facilitate its 

detection when measured with different radiographic methods and processed by 

different software.  

 

Conclusion 

 Within the limitations of this laboratorial study, the following conclusions 

can be drawn: 

1. The developed device for in vitro studies showed adequate standardization 

on the radiographic acquisition and analysis;  

2. All tested bulk fill and conventional composite resins exhibit appropriate 

radiopacity; 

3. Both softwares used in the evaluation of radiopacity were reliable and 

worthwhile to be used, however they presented different sequence of the 

radiopacity level, requiring careful assessment when comparing data from 

different studies.  
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Tables and Figures 

 

Table 1. Composites resins tested. 

Material 
Composite 
type 

Light 
activation 
time 

Basic composition: 
Organic matrix/Filler 

Filler % 
w/vol 

Manufacture 

Z350, Filtek Z350  Conventional  20 s Bis-GMA, UDMA, TEG-
DMA/ 
Silica and zirconia 
nanofillers, agglomerated 
zirconia silica nanoclusters. 

78.5/59.5 
 
 

3M-ESPE (St. Paul, 
MN, USA) 

VIT, Vittra APS  Conventional  20 s Methacrylate monomers 
mixtures, photoinitiators 
composition (APS), co-
initiators, stabilizer and 
silane/Particles of zirconia, 
silica and pigments. 

72/52 FGM (Joinville, SC, 
Brazil) 

POST, Filtek Posterior 
Bulk fill  

High 
Viscosity 
Bulk fill  

20 s AUDMA, UDDMA, UDMA/ 
Silica, zirconia, and YbF3. 

76.5/59.5 3M-ESPE (St. Paul, 
MN, USA) 

OPR, Opus Bulk Fill 
APS  

High 
Viscosity 
Bulk fill  

20 s Urethane-dimetacrylic 
monomers, stabilizers, 
photoinitiations and co-
initiators/ Inorganic load of 
silanized silicon dioxide 
(silica), stabilizers and 
pigments 

79/ - FGM (Joinville, SC, 
Brazil) 

TET, Tetric Evoceram 
Bulk Fill  

High 
Viscosity 
Bulk fill 

20 s UDMA, Bis-GMA/ Barium 
glass, ytterbium trifluoride, 
mixed oxide prepolymer 

79/61 Ivoclar (Vivadent, 
Schaan, 
Liechtenstein) 

OPF, Opus Bulk Fill 
Flow APS 

Low 
Viscosity 
Bulk fill 

20 s Urethane dimetrhacrylate 
monomers, stabilizers, 
canforoquinone and 
coinitiators/ salinized silica 
dioxide, 
salinized barium glass, 
YbF3. 

68/ - FGM (Joinville, SC, 
Brazil) 
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Table 2. Mean and standard deviation radiopacity values of composite resins 

analyzed by different methods and software. 

Resin composites 

CMOS sensor Phosphorus plate 

ImageJ DBSWIN ImageJ DBSWIN 

Tetric Evoceram Bulk Fill 234.0 ± 6.0 Aa 225.0 ± 9.0 Aa 193.2 ± 6.7 Ba 773.4 ± 34.3 Aa*  

Filtek Bulk fill Posterior 208.2 ± 9.7 Ab 199.0 ± 7.8 Ab 171.7 ± 6.0 Bb 1035.4 ± 124.1 Ab* 

Filtek Z350 200.3 ± 7.9 Ab 195.2 ± 5.7 Ab 163.0 ± 4.9 Bb 1145.2 ± 63.3 Ab 

Opus Bulk fill Regular 197.3 ± 7.8 Ab 192.4 ± 7.58 Ab 168.6 ± 2.6 Bb 1057.2 ± 159.9 Ab 

Opus Bulk Fill Flow  152.1 ± 12.6 Ac 151.0 ± 15.1 Ac 147.0 ± 15.7 Bc 1313.2 ± 94.0 Ac  

Vittra APS 96.2 ± 5.8 Ad 93.6 ± 6.5 Ad 112.2 ± 2.4 Bd 1819.0 ± 112.2 Ad  

Different letters indicate a significant difference – upper caser used for comparing 

the composites resins and lower-case letters used for comparing radiographic 

methods and software analyses (P < 0.05).   
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Figures 

  

 

Figure 1. A: Construction of the developed device for the radiography 

standardization for in vitro test; B: Device developed stabilizing the x ray tube; C: 

Internal support for sample of in vitro studies and illumination; D: Composite resin 

samples and step wedge over the CMOS sensor. E: Radiography image of all 

composite resin samples and step wedge. F: Radiography image of 5 measuring 

points for radiopacity level of composite resin samples. 
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Abstract 

Objectives: To analyze the effect of monowave and multiple peak light curing units (LCU) 

on Knoop hardness (KH), elastic modulus (E) and degree of cure (DC), of conventional 

and bulk fill resin-based composites (RBCs) with different photoinitiators systems. 

Methods: Three commercially available Resin Based Composites (RBCs) were tested in 

this study: Tetric EvoCeram Bulk Fill (Ivoclar Vivadent, Schaan, Liechtenstein) and Opus 

Bulk Fill APS (FGM); and 1 conventional RBC: Vittra APS (FGM), were tested after light 

activation of four light curing units: 2 single peak (Optilight Max and Radii-Cal) and 2 

mult peak (VALO Cordless and Bluephase G2) were used in this study. The effect of both 

study factors was tested regarding the Irradiance reaching the bottom surface (n = 3), 

Knoop hardness and Elastic modulus (n = 5), and Degree of conversion (%) at the top 

and bottom surfaces of specimens. Data of KH, E and DC values were analyzed by 2-way 

ANOVA followed by a Tukey test (α = 0.05).  

Results: The irradiance (mW/cm2), emission spectrum (mW/cm2/nm) emitted by the 

four LCUs reduced significantly when measured thought 2.0mm of all tested composite 

resin (P < 0.001). The KH and E values at top surface were always significantly higher 

than at the bottom surface, irrespective of RBC and LCU tested (P < 0.001). The DC values 

of Vittra APS were more influence by the depth of the restoration than both bulk fill 

resin composites. Optilight Max and Radii-Cal were less efficient regarding the KH and 

DC values than VALO Cordless and Bluephase G2 (P < 0.001). 

Conclusions: all RBCs showed adequate KH, DC and E values at the top and bottom 

analyses. Bluephase and Valo, resulted in higher values of KH, E and DC regardless of the 

tested resin. The photoinitiator system tend to influence less the outcomes than the LCU 

performance.  

Clinical relevance: Clinician should be aware that in cases of restoring small conservative 

cavities, both conventional and Bulk fill RBC could be the material of choice, irrespective 

of the type of the light curing unit used, since it offers a good irradiance, however, in the 

use of a bulk fill composite less error in thechique can be avoided, improving restoration 

longevity.   
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1. Introduction  

Over the years resin-based composites (RBC) have been widely used as the 

primary option for restoring anterior and posterior teeth.1 Mechanical properties of 

RBC, such as degree of conversion (DC) and Knoop microhardness (KH) are important 

parameters that can reflect the polymerization process of RBC.2,3 Higher DC can 

determine good mechanical properties, chemical stability, and longevity of the 

restoration.4 The RBC’s DC has direct correlation with biocompatibility of restorations.5 

Microhardness is defined as the resistance of solid structures to permanent indentation 

or penetration and changes in hardness may reflect the state of the polymeric network 

of the resinous material.6 Low surface microhardness tends to be correlate with more 

susceptibility to roughness, and consequently can lead to a low fatigue resistance 

causing premature failure of the restoration.7-9 When the RBC polymerizes the elastic 

modulus (E) is generated by vitrification of the material.10 The KH method is a convenient 

test to determine at the same time KH and E of RBCs influenced by different light 

activation process.10  

The polymerization process of RBCs is mediated by light photons with the ability 

to activate free radicals, via interaction with photoinitiator molecules.11 The relationship 

between wavelength of radiation within specific light spectrum and the activation 

energy of the different photoinitiators is essential for efficiency of polymerization 

process.11 Light intensity, wavelength and exposure time can have influence in the 

conversion of monomers into polymers.12 Consequently, the mechanical properties of a 

RBC can be compromised by an inadequate light activation, which might be influenced 

by the amount and spectrum of energy emitted by different light-curing unit (LCU).13 

Other characteristics of LCU such as irradiance, power and exposure time can also 

influence the mechanical properties of a RBC.14,15 If RBC receives lower and no specific 

wavelength energy required by the manufacture recommendation, improperly 

polymerization is generated, leading to lower mechanical properties.16 LCUs have been 

evaluated delivering light in different spectrum with peak of the lights located in 

different wavelength.15 The spectral radiant power, effective tip diameter, irradiance 
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from these LCUs are often different and this may have a negative impact on the ability 

of these units to photo-cure RBCs with different photoinitiators.11,15,17  

Additionally, most clinicians do not pay attention about the composition of a RBC, 

more specifically about the different photoinitiator systems, which might be influenced 

by the type of LCU.18  Depending on the photoinitiator used, the compound must either 

react with an intermediary molecule (an amine), which then goes on to form free 

radicals (a Type 2 initiator), and cause polymerization, or can directly break down into 

one or more free radicals, which need no such secondary compounds to assist in 

initiating polymerization (Type 1 compounds).11 The most commonly used 

photoinitiator system is camphorquinone (CQ) in combination with a tertiary amine as 

co-initiator (1,7,7-trimethylbicyclo [2.2.1] heptane-2,3-dione) Type 2 initiator system. 

CQ is bright yellow, resulting in restorations with the tendency to have a yellowish 

colour. Other new “amine-free” photoinitiator, Ivocerin® is the patented product only 

available in products from Ivoclar Vivadent. Ivocerin® is a Bis-(4-methoxybenzoyl) 

dibenzoyl germanium derivative photoinitiator, that provides an even broader spectrum 

of short-wave absorption.19,20 Ivocerin® can be activated by visible light, at a slightly 

shorter wavelengths compared to CQ (405 and 470 nm, respectively), which has been 

described as an advantage for improving light penetration through the bulk of the 

material.21,22 The APS system, Advanced Polymerization System, which is a patented 

combination of the CQ, and 2- (Dimethylamino) ethyl Benzoate (co-initiator), other 

patented Type I and II initiators and other special proprietary co-initiators present in 

conventional and bulk-fill RBC produced by FGM Company. The manufacturer reported 

that light activation of APS system-based resin composites does not requires any special 

LCU since the absorption peak of the proprietary initiators are between 400 and 500 nm. 

With the inclusion of the APS system, the CQ content is reduced minimizing the 

yellowing of the RBC. 

 Bulk fill composite resins have been gaining in popularity for restoring deep 

posterior cavities with good improvement on mechanical properties observed in in vitro 

evaluations.23 However, the most of these studies are designed in deep cavities with 4-

5mm in depth, then clinicians have presented the question about what protocol should 
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be used in non-deep cavities, limited to 2.0mm in depth. Could the factors such as the 

LCU type and the composition of the bulk fill or conventional RBCs influence the 

performance of these restorations? Therefore, the aim of this study was to evaluate the 

effect of monowave and multiple peak LCUs on KH, E and DC, of RBCs with different 

photoinitiators systems in their composition. The null hypothesis was the interaction 

between different RBCs materials with different photoinitiators with monowave and 

multiple peak LCUs would not influence the KH, E and DC values. 

 

2. Materials & Methods  

 

2.1 Study Design 

Three RBCs used for posterior restorations, 2 bulk-fill high viscosity: Tetric 

EvoCeram Bulk Fill (Ivoclar Vivadent, Schaan, Liechtenstein) and Opus Bulk Fill APS 

(FGM); and 1 conventional RBC: Vittra APS (FGM) were tested in this study. The chemical 

compositions of the RBCs are listed in Table 1. The RBCs were light activated using four 

LCUs: Two monowave LCU: Optilight Max (Gnatus, Ribeirão Preto, SP, Brazil) and Radii 

Cal (SDI, Basywater, Victoria, Australia); and two multiple peaks LCUs: Bluephase G2 

(Ivoclar Vivadent); and VALO Cordless (Ultradent, South Jordan, UT, USA). LCU 

characteristics are listed in Table 2. The irradiance (mW/cm2), emission spectrum 

(mW/cm2/nm) and radiant exposure (J/cm2) of emitted light delivered by each LCU were 

measured and mechanical properties of the RBCs, expressed by KH, E and DC were 

calculated. 

 

2.2 Specimen Preparation  

Specimens for all groups and tests were made using a plastic ring mold (Delrin 

Ring, DuPont, Mississauga, ON, Canada) of 6 mm inner diameter and 2 mm thickness. 

Specimens were prepared in a dark room with yellow light so that the room light would 

not influence the RBC polymerization. In order to minimize the presence of bubbles and 

obtain a smooth surface, the mold was covered with a Mylar strip (DuPont Teijin Films, 
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Hopewell, VA, USA) and made flat by pressing between two glass slabs. All the RBCs 

were light activated by the four LCUs mentioned previously, accordingly to the 

manufacturer’s instructions for each of them as shown in Table 1. Light activation was 

performed on MARC resin calibrator (MARC-RC, BlueLight Analytics Inc, Halifax, NS, 

Canada). The irradiance, emission spectrum, and radiant exposure of LCU were 

measured while photoactivating the RBCs. The specimens were stored dry at 37 °C, 

protected from light. After 24 hours, KH, E and DC for the RBCs specimens were tested 

at the top and bottom surfaces. 

 

2.3 Irradiance, Emission Spectrum, and Radiant Exposure 

The irradiance (mW/cm2), emission spectrum (mW/cm2/nm), and radiant 

exposure (J/cm2) delivered by each LCU operating in the standard mode to the RBCs 

were measured using MARC-RC. The measurements were recorded three times under 

different conditions:  

Control:  the irradiance at the tip of each LCU was determined by placing the tip directly 

over and at a distance of 0 mm from the MARC-RC top sensor; 

Through 2.0 mm of RBC: to estimate the irradiance, emission spectrum, and radiant 

exposure transmitted through each RBC during the light activation. The plastic ring mold 

previously described was filled with each RBC. A Mylar strip was placed over the MARC-

RC bottom sensor, the ring matrix was centered over the sensor, and another Mylar strip 

was placed over the mold.  

The same trained operator conducted all tests for the light exposures. The tip of 

the LCU was fixed as close as possible to the surface of the RBC with a rigid clamp. The 

MARC-RC software displayed the maximum irradiance (mW/cm²), radiant exposure 

(J/cm²), and the emission spectrum (mW/cm²/nm) received by the sensor. 

2 Knoop microhardness (KH) and Elastic Modulus (E) 

After 24 hours of dry storage at 37ºC in the dark room, the specimens were 

submitted to KH test. Readings were taken in five locations on top and bottom surfaces. 
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The KH values (N/mm2) and E, for each surface was calculated the average of five 

readings. The KH indentation values were determined with a microhardness tester 

(FM700; Future Tech Corp., Kawasaki, Japan) by applying a load of 500 g for 15 s. Five 

indentations were made on the middle of each surface (top/bottom) with interval of 1 

mm between them to obtain an average value. The following formula was used: E= .25 

KHN 14.2293 Load (Kg)/(long diagonal in mm). In addition to the microhardness 

determination, KH indentations were also used to determine the E.24,25 The decrease in 

the length of the indentation diagonals caused by elastic recovery of a material is related 

to the microhardness: modulus ratio (H/E) by the equation where b/a is the ratio of the 

diagonal dimensions a and b in the fully loaded state, given by a constant 0.140647; b/a 

is the ratio of the altered dimensions when fully recovered; and ‘10.45 is a 

proportionality constant. 

2.5 Degree of conversion (%) 

The DC at the top and bottom of the RBCs specimens (n = 5) were assessed after 

24 hours in 3 spots (2 mm distance from each measurement) using a LabRam HR 

Evolution Raman spectrometer (Horiba LabRam, Villeneuve d'Ascq, France) operating at 

an excitation power of 17 mW with radiation emitted by a He-Ne laser (633 nm). Raman 

signal was acquired using 600 line/mm grating centered on between 1000 and 2000 cm-

1 with 200µm confocal hole. These settings enabled to acquire spectra of 1.05 cm-1/pixel 

of resolution. The spectra were adjusted by polynomial function and by manual multiple 

point baseline correction. The Raman vibrational modes were analyzed in the area 

peaks: aliphatic (1638 cm-1) and aromatic (1608 cm-1), then calculated from polymerized 

(P) and unpolymerized (NP) RBCs specimens. The formula used for the calculation of the 

DC value was: DC (%) = (1 - P / NP) x 100. The test was done after 24 hours that the 

specimens were stored dry at 37 oC in a dark recipient. 

2.6 Statistical Analysis 

Data of KH, E and DC values were analyzed for normal distribution (Shapiro-Wilk 

test) and homoscedasticity (Levene’s test). Two-way analysis of variance (2-way ANOVA) 

was carried out, followed by a Tukey test for comparing KNH, E and DC data generated 
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by different LCUs and composite resins. All tests used α = 0.05 significance level, and all 

analyses were carried out with the statistical package Sigma Plot version 13.1 (Systat 

Software, San Jose, CA, USA).  

Results  

3.1 Irradiance and Emission Spectrum Emitted by LCUs 

The irradiance (mW/cm2), emission spectrum (mW/cm2/nm) emitted by the four 

LCUs when photocuring the three RBCs are reported in (Figure 1). The light transmission 

increased through Tetric EvoCeram Bulk fill and reduced through Opus Bulk Fill APS 

during the light activation (Figure 1). No alteration on light transmission through Vittra 

APS was verified, irrespective of LCU (Figure 1I, 1J). Optilight Max and Bluephase G2 had 

the highest irradiance values, VALO Cordless had intermediated values and Radii-Cal the 

lowest irradiance measured through Tetric Evoceram Bulk fill (Figure 1G, 1H). Optilight 

Max and Bluephase G2 had the highest, VALO Cordless and Radii-Cal the lowest 

irradiance measured through Opus Bulk fill APS (Figure 1K, 1L). The difference in the 

performance among LCU was better observed in for Vittra APS, which Optilight Max had 

the highest irradiance measured through Vittra APS, followed by Bluephase G2, VALO 

Cordless and Radii-Cal the lowest (Figure 2).   

 

3.2 Knoop hardness and Elasticity Modulus 

The KH (N/mm2), of the RBCs when light activated using the four LCUs are shown 

in Figure 3. The KH values measured at top surface were always significantly higher those 

values measured at the bottom surface, irrespective of RBC and LCU tested (P < 0.001). 

Bluephase G2 and VALO Cordless resulted significantly higher KH values than Optilight 

Max and Radii-Cal, irrespective of tested surface and RBCs (P < 0.001). The KH values 

measured at top surface of Opus Bulk Fill APS and Vittra APS were significantly higher 

than Tetric EvoCeram Bulk fill when light cured with Bluephase G2 and VALO Cordless. 

The KH values measured at bottom surface of Vittra APS were significantly lower than 
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Opus Bulk fill APS and Tetric EvoCeram Bulk fill when light cured with Optilight Max and 

Radii-Cal. 

The E values (MPa), of three RBCs when light activated using the four LCUs are 

shown in Figure 5. The E values measured at top surface were always significantly higher 

those values measured at the bottom surface, irrespective of RBC and LCU tested (P < 

0.001). The LCU had no significant effect on the E values, irrespective of tested surface 

(P = 0.328) and RBCs (P = 0.412).  

3.3 Degree of Conversion (%) of resin-based composites 

The DC (%), of three RBCs when light activated using four LCUs are shown in Table 

3. The DC values measured at top surface were significantly higher than those values 

measured at the bottom surface for Vittra APS light cured with all LCUs and Opus Bulk 

Fill light cured with Radii-Cal. Bluephase G2 and VALO Cordless resulted significantly 

higher DC values than Optilight Max and Radii-Cal for Opus Bulk Fill and Vittra APS, 

irrespective of tested surface (P < 0.001). LCU had no effect on the DC values for Tetric 

EvoCeram Bulk Fill, irrespective of tested surface. Opus Bulk Fill light activated with 

Bluephase G2 and VALO Cordless had significantly higher DC values than Tetric 

EvoCeram Bulk Fill irrespective of tested surface, and had also significantly higher DC 

values than Vittra APS at bottom surface. 

3. Discussion 

The effectiveness of monowave and multiple peak LCUs for polymerizing the 

RBCs with different composition and photoinitiator systems, have been studied in order 

to evaluate their effects on the mechanical properties. The null hypotheses were 

rejected, as KH, E and DC vales were influenced by the type of tested RBCs and by tested 

LCUs. A properly polymerization of RBCs is crucial to improve physicmechanical 

properties and consequently better clinical performance of composites restorations.26 

The polymerization efficiency of RBCs in 2.0 mm increment thickness or more are related 

to their translucency, which helps the light transmission through the material. Several 

studies have tested the effectiveness of bulk fill RBCs in 4-5mm increment thickness and 

have verified that the biomechanical properties of these materials are influenced by its 
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behavior in depth of cavities.27-30 We tested in this study the condition recommended 

for conventional RBC, increment of 2.0 mm, trying to verified if in this condition, often 

observed in posterior conservative restorations, the conventional or bulk fill resin 

composites perform similarly. Additionally, we also tested the effect of interaction 

between different LCUs with RBCs with different photoinitiator systems. The RBCs 

tested presented different performance in terms of polymerization, but they showed 

satisfactory performance irrespective of the type of LCU. Although, composition of RBCs 

might have influenced the light transmission, these parameters had no direct correlation 

with the performance of both study factors. The light transmission increased through 

Tetric Evoceram Bulk fill during the light activation time, however reduced through Opus 

Bulk Fill APS during the light activation, mainly when using Optilight Max, Bluephase G2 

and VALO Cordless. These findings can suggest that the LCUs performed differently, 

depending on the quality and type of the emitted light. Other studies showed that, 

measured mechanicals properties of tested RBCs were influenced by the type of LCU, as 

well as by the distribution of emitted light at the LCU tip.3,13 The three RBCs selected in 

this study were specifically chosen to verify the interaction amongst their composition 

with different photoinitiator systems and the emission spectra of the LCUs. Light 

transmission through the bulk fill RBCs is necessary to achieve good mechanical 

properties, however during and after curing if the material gains opacity, that can be 

benefit esthetical observed.31 This aspect can result in esthetical impact when posterior 

restorations are visible to buccal surface.  

Although, the two bulk fill RBCs used in this study have different photoinitiators 

systems that are known to be excited by different light spectrum, no significant 

difference was observed on their mechanical properties.  However, it was observed that 

Tetric Evoceram Bulk fill was effectively polymerized but the KH values were significantly 

lower at the bottom when the monowaves LCU were used. This can suggest that Ivocerin 

when light activated PROPERLY by Optilight and Radii-Cal due to the absence of the 

violet light range was not activated as when used VALO Cordless and Bluephase G2. The 

KH values, although lower, they reach the satisfactory level.32 As it was observed the 

Tetric Evoceram Bulk fill presented the highest light transmission, probably due its 
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translucency, which can be justified by its filler composition. Some chemical elements 

such as Ytterbium, Yttrium and Barium, the most commonly elements to lead to higher 

radiopacity on RBCs, can increase translucency.33 Additionally, it has been shown that 

light transmission is strongly linked to material opacity.34  

The KH values followed the same tendency to all RBCs tested and LCUs 

evaluation. The KH where had higher values when the multiple peak LCU were used 

irrespective of the RBC. Although, KH measured at top surface of Opus Bulk Fill APS and 

Vittra APS were significantly higher than Tetric Evo Ceram Bulk fill when light cured with 

Bluephase G2 and VALO Cordless. These results could be elucidated by the composition 

for both RBCs and also by the high irradiance of the both LCUs multiple peak. However, 

the time activation for Opus and Vittra Aps was longer than the time activation for Tetric 

Evo Ceram Bulk fill, according to manufacturer’s instructions and that could also have 

influenced these results. A study showed that longer light activation time can induce 

better polymerization of RBCs as long as the RBC has not reached the maximum 

conversion of monomers into polymers, so that mechanical properties can be 

improved.35  

On the other hand, the KH values measured at bottom surface of Vittra APS were 

lower than Opus Bulk fill APS and Tetric EvoCeram Bulk fill when light cured with 

Optilight Max and Radii-Cal. This result can be explained by the presence of pre-polymer 

particles presented in Tetric Bulk Fill which showed results in inferior hardness values, 

agreeing with previous investigation studies.36 Although Vittra APS and Opus Bulk fill 

APS have the same type of photoinitiator system, they are RBCs with different filler 

composition and light activation time, what can influence KH as mentioned before. 

The E measured values, presented significantly higher values than those values 

at the bottom surface, irrespective of RBC and LCU tested. As E is a property that 

correlates with the filler content of RBC, as the top surface is near of the emitted light, 

consequently receive more energy that might explain the higher values.  

The DC values measured at top surface were significantly higher than those 

values measured at the bottom surface, for Vittra APS light cured with all LCUs and Opus 
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Bulk Fill light cured with Radii-Cal. DC has a strong correlation with the organic matrix, 

what might explain Vittra APS results. Vittra is a free Bis-GMA composite, presenting 

monomers with lower viscosity, what can lead to greater mobility of the molecules, 

resulting in a higher DC as showed in studies about monomers behaviours.20 Opus Bulk 

Fill APS also have a monomer with lower viscosity leading to the similar result as Vittra.  

In addition, Vittra APS and Opus are mention by the manufacture to have an advanced 

polymerization system with the absorbance peak around 470nm, another factor which 

probably have been an advantage for the two monowave LCUs in the case of RBCs with 

the necessity of absorbance at a short wavelength in the blue visible light. For Tetric 

Evoceram Bulk fill our study showed lower DC compared to the others RBCs of this study, 

and again it can be associated with the higher irradiance of. Other point to mention is 

that high irradiance can be associated with a production of more radicals quickly, and 

may cause an earlier termination of the polymers chains, resulting in lower degree of 

conversion of an RBC.37  

Nonetheless, we noted in the present study that a 2mm increment of an RBC, 

either conventional or bulk fill can have a different behavior in polymerization due to 

the type of light as well as light activation time.  Previous studies, have showed that to 

restore a cavity with conventional RBC the best choice it is to use 2mm increment in the 

correct technique.38 However, in cases of conservative cavities, our study shows that is 

totally suitable to use a bulk fill RBC but paying special attention to the type of LCU to 

have better results and excellence of the clinical procedure. In the present study, it can 

be mention that the thickness of the specimen could be a limitation, however, studies 

have showed that in the analyse of KH, E and DC thickness would not influence in the 

investigation proposed. The RBCs with the new APS system showed encouraging 

outcomes, for esthetical and mechanical points.  

Conclusion 

Within the limitations of this in vitro study all investigated RBCs tested, showed 

adequate stability of KHN and E values between top and bottom. In general, Bluephase 

and Valo, resulted in higher values of KHN, E and DC regardless of the tested resin. 

Considering the thickness tested, irradiance tends to be more influential than the 
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interaction between the light spectrum and the photoinitiator presented in the 

composite resin, and irrespective of the photoinitiator system the outcomes were 

satisfactory.  
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Tables and Figures: 

Table 1: Materials/Manufacturers, and Chemical Composition of Matrix and Filler. 

 

Resin composites/ 
Manufacture 

Type Shade Organic 
matrix  

Photoinitiator 
system 

Filler W/V(%) Ligt 
activation 
time 

Tetric EvoCeram  

(Ivoclar Vivadent, 

Schaan, 

Liechtenstein) 

Bulk fill 
– 
Regular 
paste 

IVA UDMA, Bis-
GMA, mixed 
oxide 
prepolymer 
 

Ivocerin* Barium glass, 
ytterbium 
trifluoride, 
oxides 
and 
prepolymers 

62.5%/60% 10 sec 

Opus  

(FGM, Joinville, SC, 

Brazil) 

Bulk Fill 
– 
Regular 
paste 

A2 UDMA 
Monomers 

APS System* load of 
silanized 
silicon dioxide 
(silica), 
stabilizers and 
pigments 

79%/ - 40 sec 

https://doi.org/10.1111/j.1365-2842.2005.01523.x
https://doi.org/10.1016/j.jdent.2014.05.012
https://doi.org/10.1016/j.jdent.2014.05.009
https://doi.org/10.1016/j.dental.2008.07.007
https://doi.org/10.2341/18-163-L
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Vittra APS 

(FGM, Joinville, SC, 

Brazil) 

Conventi
onal 

A2 UDMA, 
TEGDMA 

APS System* Zircon load, 
silica and 
pigments. 

72-82%/ 

52-60% 

20 sec 

Composition provided by manufacturers. Abbreviations: Bis-GMA, bisphenol A 

diglycidylmethacrylate; Bis-EMA, bisphenol A polyethylene glycol diether 

dimethacrylate; UDMA, urethane dimethacrylate; TEGDMA, triethyleneglycol 

dimethacrylate; YbF3, ytterbium fluoride; EDMAB, tertiary amine ethyl-4- 

dimethylaminobenzoate;  Ivocerin* - photoiniator dibenzoyl germanium derivative. APS 

system*- according to manufacture it is an Advanced Polymerization System.  
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Table 2. Information about the light-curing units used in this study, provided by 

manufacturers. 

Light curing unit  Type Wavelength 

(nm) 

Irradiance
(mW/cm2) 

Manufacture 

Optilight Max Monowave 420-480 1200 Gnatus, Ribeirão Preto, SP, Brazil 

Radii-Cal  Monowave 440-480 1200 SDI, Basywater, Victoria, 

Australia 

Bluephase G2  Multiple 

peak 

385-515 1394  Ivoclar Vivadent, Schaan, 

Liechtenstein 

VALO Cordless  Multiple 

peak 

395-480 1298  Ultradent, South Jordan, UT, USA 

 

 

 

Table 3. Mean values and standard deviations of DC values of resins composites 

activated using different LCU are shown measured by Raman spectroscopy. 

LCUs 

Tetric EvoCeram Bulk Fill  Opus Bulk Fill Vittra APS 

 Top  Bottom  Top  Bottom  Top  Bottom 

Optilight Max 75.2 (1.5) Aa  71.8 (1.2) Aa 75.9 (1.7) Ba 73.3 (1.7) Ba 71.9 (0.4) Ba 64.6 (0.3) Bb* 

Radii-Cal  72.8 (1.5) Aa 69.0 (1.1) Aa  76.3 (1.6) Ba 70.6 (2.3) Ba* 72.2 (2.5) Ba 66.5 (1.6) Ba* 

Bluephase G2  74.0 (1.2) Ab 70.3 (1.7) Ab 83.6 (2.2) Aa 80.4 (1.6) Aa 80.2 (2.4) Aa 71.1 (5.9) Ab* 

VALO Cordless  75.8 (2.2) Ab  72.6 (6.8) Ab 80.6 (0.7) Aa 78.3 (2.2) Aa 83.5 (1.6) Aa 66.1 (10.2) Bb* 

Different letters indicate significant difference – uppercase letters used for comparison 

between LCU and lowercase letters used for comparison among resins composites (P < 

0.05). 
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Figure 1. Irradiance (mW/cm²) and emission spectrum (mW/cm²/nm) from the LCUs. A, 

C and E: Irradiance of LCUs over the top sensor for 10, 20 and 40 seconds, respectively; 

B, D and F: Emission spectrum of LCUs over the top sensor for 10, 20 and 40 seconds, 

respectively; G, I and K: Irradiance of LCUs over the bottom sensor through the RBCs; H, 

J and L: Emission spectrum of LCUs over the bottom sensor through the RBCs. Note the 

irradiance scales are different in A, C and E compared to G, I and K. The scales are also 

different in B, D and F compared to H, J and L. 
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Figure 2. Mean and standard deviation of radiant exposure (J/cm²) of four LCUs for 

control condition and through three RBCs light activated. A. LCUs radiant exposure for 

three different exposure times tested without RBCs over the MARC-RC top sensor; B. 

LCUs radiant exposure through three RBCs over the MARC-RC bottom sensor.  
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Figure 3. Mean and standard deviation of KH values (N/mm2) for three RBCs light 

activated using 4 LCUs. Different letters indicate significant difference, uppercase letters 

used for comparison between LCU and lowercase letters used for comparison between 

composite resins; * indicate significant difference for tested surface, top or bottom (P < 

0.05). 

 

 

Figure 4. Mean and standard deviation of E values (MPa) for three RBCs, light activated 

using 4 LCUs. Different letters indicate significant difference, uppercase letters used for 

comparison between LCU and lowercase letters used for comparison between 

composite resins; * indicate significant difference for tested surface, top or bottom (P < 

0.05). 
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4. CONSIDERACÕES FINAIS  

A conjunção dos objetivos envolvidos nesse estudo demonstram que as 

resinas compostas convencionais e bulk fill apresentam propriedades 

adequadas e que a síntese de novos monômeros é promissora. No primeiro 

objetivo fica evidente que a cinética de polimerização dos compósitos 

experimentais testados foi afetada pelos fotoiniciadores. A incorporação de 

metacrilamida secundária aumentou significativamente a viscosidade desses 

materiais. Este trabalho demonstrou a viabilidade do uso de monômeros de 

metacrilamida recém-sintetizados em conjunto com sistemas iniciadores já 

usados em materiais comerciais. No segundo objetivo desse estudo foi 

demonstrado que as resinas compostas convencionais e bulk fill testadas 

exibiram nível de radiopacidade adequado. O dispositivo desenvolvido é uma 

importante ferramenta de pesquisa tendo demonstrado ser capaz de padronizar 

os métodos radiográficos usados para avaliar a radiopacidade dos materiais 

restauradores. No terceiro objetivo desse estudo, as resinas compostas Vittra 

APS, Opus Bulk Fill APS e Tetric Evoceram Bulk Fill utilizadas em incrementos 

de 2,0mm de espessura apresentaram valores adequados das propriedades 

mecânicas tanto na superfície como na região mais profunda. As fontes de luz 

Bluephase e VALO Cordless apresentaram desempenho superiores às fontes de 

luz Radii Cal e Optilight Max. O sistema fotoiniciador tende a influenciar menos 

os resultados do que o desempenho das fontes de luzes.  

O horizonte de uso resinas compostas é promissoras, esse de material 

seja convencional ou bulk fill, busca aprimorar durabilidade e os trabalhos 

laboratoriais tem papel importante nesse cenário. A longevidade clínica das 

resinas compostas e da sua integração adesiva aos substratos dentais ainda é 

desafiador. A busca por novos monômeros, equilíbrio entre simplificação técnica 

e otimização de propriedades mecânicas de resinas compostas e a evolução de 

fontes de luzes para otimizar a fotoativação continua sendo o desafio a ser 

perseguido por pesquisadores para refletir no incremento de sucesso clínicos de 

protocolos restauradores adesivos diretos.  
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