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1. INTRODUÇÃO  

 

 

Compósitos odontológicos são os materiais de escolha para diversas 

situações clínicas, o que demanda boas propriedades e desempenho clínico a 

longo prazo (1). Desde sua introdução no mercado, mudanças significativas têm 

sido feitas na composição desses materiais para superar suas limitações de alta 

tensão e volume de contração, além de alcançar melhores propriedades físicas, 

mecânicas e estéticas (2,3). Nesse contexto, um novo composto foi adicionado à 

matriz polimérica, o oligômero tiouretano, como alternativa para reduzir a tensão e 

a contração de polimerização, além de melhorar as propriedades mecânicas do 

material (4). 

Os tiouretanos (TU) são oligômeros pré-polimerizados que têm sido 

propostos como aditivo da matriz de metacrilato e mostraram proporcionar 

vantagens ao mecanismo de polimerização de compósitos resinosos (4).  O 

oligômero apresenta grupo tiol pendente a partir da cadeia principal, que reagem 

por reação de transferência de cadeia resultando em um atraso na gelificação e no 

processo de vitrificação (5). Como consequência, uma redução na tensão de 

polimerização é observada (5).  Além disso, o alto peso molecular do oligômero é 

associado a uma redução no volume de contração e a terminação tiol produz 

cadeias mais homogêneas (6). Estudos anteriores mostraram que a adição de 

tiouretano à matriz orgânica de cimentos resinosos (4,5,6,7,8,9) ou compósitos 

restauradores (10) é capaz de aumentar o grau de conversão e as propriedades 

mecânicas, ao mesmo tempo em que diminui a tensão de polimerização e o volume 

de contração. É importante destacar que todas essas melhorias advindas da adição 

do TU não requerem modificações nos procedimentos clínicos restauradores 

tradicionais (9). 

No entanto, uma redução da vida útil foi relatada em materiais à base de tiol-

eno (11,12), precursores do tiouretano, devido à presença de compostos de enxofre 

quando os tióis são misturados ao metacrilato. Baseado nisso, uma nova 

abordagem para o uso de tiouretanos no recobrimento de partículas de carga ao 

invés da sua incorporação na matriz orgânica foi proposta devido à instabilidade do 

material produzido. Falhas na interface de união entre a carga inorgânica e a matriz 

orgânica podem levar ao acúmulo de água e comprometer a estabilidade hidrolítica 
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e de cor em longo prazo (13). Como consequência ocorre uma rápida degradação 

do material (13). Assim, a interferência em propriedades como absorção, 

solubilidade e cor do material deve ser investigada quando uma mudança na 

funcionalização da carga é proposta. 

 Além disso, falhas na interface matriz orgânica e carga inorgânica podem 

levar a dissolução e lixiviação de componentes do material, como monômeros 

residuais não reagidos ou partículas de carga (13). Ainda é desconhecido se o 

material com TU na composição libera compostos que podem afetar ou gerar 

reações citotóxicas às células orais. Logo, uma análise da citotoxicidade do material 

pode ser usada para investigar tal processo, bem como predizer o comportamento 

do material com incorporação de TU no meio oral. Da mesma forma, é importante 

analisar o grau de conversão do material que está diretamente correlacionado a 

suas propriedades mecânicas (14). O uso de TU na matriz orgânica mostrou 

aumento do grau de conversão e melhorias nas propriedades mecânicas (6,9). 

Contudo, ainda não se sabe se o grau de conversão é alterado quando o tiouretano 

é usado na funcionalização de partículas de carga.  

Esforços também têm sido feitos na busca por materiais com benefícios 

potencialmente terapêuticos, incorporando agentes antimicrobianos e 

remineralizantes (1). É preciso investigar se a incorporação de tiouretanos possui 

alguma atividade antimicrobiana já que é um fator interessante e que traz benefícios 

clínicos. 

Portanto, assume-se que a influência da incorporação de oligômero 

tiouretano em compósitos experimentais deve ser investigada, uma vez que 

estudos já têm mostrado que o uso deste oligômero apresenta resultados 

promissores sobre as propriedades mecânicas, além de prover vantagens ao 

mecanismo de polimerização (4-10). Essas vantagens podem ser somadas à 

possibilidade de melhoria na estabilidade do material com a incorporação de cargas 

funcionalizadas com tiouretano. 

Com base nisso, o objetivo deste trabalho é variar sistematicamente a adição 

de cargas funcionalizadas com tiouretano em compósitos experimentais e sua 

interferência em propriedades como grau de conversão, absorção e solubilidade, 

estabilidade de cor, rugosidade de superfície. As propriedades antimicrobianas e a 

capacidade citotóxica também foram avaliadas. As hipóteses desse estudo são de 

que a adição de cargas funcionalizadas com tiouretanos pode:  
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(I) aumentar o grau de conversão; 

(II) reduzir a absorção e a solubilidade; 

(III) melhorar a estabilidade de cor; 

(IV) não alterar a textura superficial, 

(V) não apresentar propriedades antimicrobianas e  

(VI) não apresentar efeitos citotóxicos. 

 

2. METODOLOGIA 

 

 

2.1. Formulação dos compósitos experimentais: 

 

 

Os compósitos experimentais foram formulados contendo 30% de matriz orgânica 

e 70% de carga inorgânica. A matriz orgânica foi utilizada na proporção de 50:30:20 

em massa, respectivamente de bisfenol A diglicidil metacrilato (Bis-GMA; Esstech, 

Essington, PA, USA), uretano dimetacrilato (UDMA; Esstech) e trietileno glicol 

dimetacrilato (TEGDMA; Esstech) – Figura 1 (Anexo). Como fotoiniciadores, utilizou-

se 0,6% em peso de amina terciária (EDMAB – ethyl 4-dimethylaminobenzoate; 

Avocado, Heysham, England) e 0,2% em peso de canforoquinona (Poly-sciences Inc., 

Warrington, PA, USA). 

A porção de carga inorgânica foi dividida em 10% de partículas esféricas de sílica 

tratada com silano ( Aerosil OX-50, Evonik Degussa lot 3523102). com 0,04 μm e 90% 

de vidro de bário com 0,7 μm (Esstech Inc., USA, batch 699-17) funcionalizadas ou 

não com tiouretano. A quantidade de carga funcionalizada com tiouretano adicionada 

variou de acordo com os grupos da seguinte forma:  
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Os materiais foram pesados em balança analítica com acurácia de 0,0001g e 

manipulados em uma máquina de mixer mecânico (SpeedMixer, DAC 150.1 FVZ, 

FlackTek Inc., Germany) por 5 min a 2500 rpm (Figura 2 - Anexo). Os procedimentos 

foram conduzidos sob luz amarela de segurança. 

 

2.2 Grau de conversão 

 

 

O grau de conversão monomérico foi avaliado através de espectroscopia 

infravermelha com transformada de Fourier (Prestige 21, Shimadzu), utilizando a 

técnica de reflectância total atenuada (ATR). Incrementos dos compósitos 

experimentais foram posicionados sobre o cristal de diamante do ATR e foram 

feitas 32 varreduras com resolução de 4 cm-1 para obter-se os espectros.  

 Na análise dos espectros FT-IR, foi considerado o intervalo entre 1800 e 

1600 cm-1, para a observação dos sinais em 1608 e 1638 cm-1, correspondentes, 

respectivamente, as ligações vinílicas aromáticas do bisfenol A e alifáticas do 

grupamento funcional metacrilato. Assim, o grau de conversão (GC) de cada 

material foi calculado utilizando a razão entre a altura do sinal em 1638 cm-1 e em 

1608 cm-1 dos compósitos polimerizados e não polimerizados de acordo com a 

equação:  

 (1638 cm-1 / 1608 cm-1 polimerizado) 

%GC =   1 -     x 100 

 (1638 cm-1 / 1608 cm-1 não polimerizado) 

30% matriz orgânica 

70% carga inorgânica 

10% OX-50 : 0,04 µm  

90% vidro de bário: 
0,7 µm 

TU0: 100% carga sem TU 

TU25: 75% carga sem TU + 25% carga com TU 

TU50: 50% carga sem TU + 50% carga com TU 

TU75: 25% carga sem TU + 75% carga com TU 

TU100: 100% carga com TU 
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2.3. Absorção e solubilidade:  

 

 

Os compósitos experimentais foram inseridos em incremento único em uma 

matriz de acordo como o teste a ser conduzido (Figura 3 - Anexo). Para o teste de 

absorção e solubilidade utilizou-se uma matriz metálica com 8 mm de diâmetro por 2 

mm de espessura (8x2mm). Tiras de poliéster foram posicionadas acima e abaixo do 

compósito, sendo aplicado um peso metálico de 65g por 30s, com a finalidade de 

planificar e escoar os excessos do material. Posteriormente, foram ativados com uma 

fonte de luz LED (Emitter.B Supra, Schuster Equipamentos Odontológicos Ltda, Santa 

Maria, RS, Brasil) por 60 segundos em cada face, a uma irradiância de 1300 mW / 

cm2, verificada com radiômetro ao término da confecção de cada espécime. Foram 

confeccionados cinco espécimes para cada grupo experimental (n=5). 

Após a confecção, as amostras foram armazenadas em um dessecador com 

sílica azul durante 22h, em estufa a 37°C. Após esse período foram mantidas em 

temperatura ambiente por 2h. Em seguida, cada amostra foi pesada em balança 

analítica (Sartorius CP225D) e retornaram para a estufa por mais 22h (Figura 4 - 

Anexo). As pesagens foram realizadas sucessivamente em ciclos de 24h até obtenção 

de uma massa constante (variação menor que ± 0,001mg em três pesagens 

consecutivas -m1). A espessura e o diâmetro das amostras foram medidos com um 

paquímetro digital (Digimess 150mm, São Paulo, SP, Brasil) em quatro pontos 

equidistantes e o volume (V) calculado em mm³.  

Em seguida, as amostras individualmente alocadas em eppendorfes foram 

imersas em 1ml de água destilada, e pesadas num ciclo de 24h até atingirem o 

equilíbrio (m2). Atingido o equilíbrio, as amostras foram novamente colocadas no 

dessecador e pesadas a cada 24h, repetindo os mesmos ciclos necessários para 

obtenção de m1, até a que massa mensurada apresentasse equilíbrio (m3). A 

absorção (A) e solubilidade (S) durante o curso da imersão em água e secagem foram 

obtidas em μg/mm³ de acordo com a ISO 4049:2009 usando as seguintes equações: 

 

𝐴 = (𝑚2 − 𝑚3 /  𝑉) 

𝑆 = (𝑚1−𝑚3/ 𝑉) 
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2.4 Estabilidade de cor 

 

 

Amostras em formato de disco foram preparadas através da inserção do compósito 

experimental em um  molde metálico com 10 mm de diâmetro e 1,5mm de espessura. 

Os mesmos procedimentos foram realizados para obter cinco amostras por grupo 

(n=5). A estabilidade de cor foi analisada através de um espectrofotômetro (modelo 

CM2600d - Konica Minolta Sensing Inc, Osaka, Japão) empregando o parâmetro 

CIELab (CIE L*, CIE a*, and CIE b*) e o iluminante D65, a um ângulo de 10° com 

máscara SAV acoplada (Figura 5 - Anexo). O parâmetro CIELab foi usado para 

expressar medidas de cor, onde CIE L* é a luminosidade, que pode variar de 0 (preto) 

a 100 (branco). O eixo CIE a* representa a coordenada vermelho-verde, que pode 

variar de valores negativos (verde) até valores positivos (vermelho). O eixo CIE b* 

representa a coordenada amarelo-azul, que pode variar de valores negativos (azul) 

até valores positivos (amarelo). 

Antes de cada ensaio, a calibração do equipamento foi realizada com a superfície 

branca padrão que acompanha o dispositivo. O modo componente especular incluído 

(specular component included = SCI) foi usado na calibração zero (CIE L* = 0.0, CIE 

a* = 0.0, and CIE b* = 0.0) e sobre o fundo branco (CIE L* = 99.47, CIE a* = -0.13, 

and CIE b* = -0,12). As leituras do espectrofotômetro foram realizadas com as 

amostras posicionadas sobre um padrão branco. 

As leituras de cor foram obtidas em três diferentes períodos: uma semana após 

a fotoativação armazenadas a seco em temperatura ambiente (baseline), 30 dias após 

imersão em água destilada em estufa a 37°C e após 6 meses de estocagem em água 

destilada a 37°C, a fim de avaliar o efeito do envelhecimento em água. 

A variação (ΔE) de cor pelo parâmetro CIELab foi determinada pela fórmula: 

  

ΔE = [(ΔL)2 + (Δa)2 + (Δb)2]1/2 

 

A qual considera a variação dos valores em cada eixo do parâmetro CIELab 

nos diferentes períodos avaliados (30 e 6 meses de estocagem em água).  
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2.5 Rugosidade de superfície 

 

 

As amostras foram preparas utilizando uma matriz metálica de 10mm de 

diâmetro e 1,5mm de espessura, na qual a resina composta foi inserida para o 

preparo de seis discos para cada grupo (n=6), seguindo os mesmos procedimentos 

dos demais testes. A rugosidade de superfície foi mensurada por um aparelho 

rugosímetro (TR210; Time Roughness Tester, China) em seis pontos diferentes (3 

verticais e 3 horizontais) de forma perpendicular à superfície de cada amostra (cut-

off=0.25 mm; velocidade=0.135 mm/s; força= 6mN) e o valor médio foi considerado 

como leitura inicial da rugosidade da superfície (Figura 6 - Anexo). Em seguida, as 

amostras foram armazenadas em água destilada a 37°C por seis meses, com 

trocas de água a cada 15 dias. Após esse período, foi feita uma segunda análise 

para obtenção da rugosidade final. O parâmetro de amplitude Ra (média aritmética 

dos desvios absolutos do perfil de rugosidade a partir da linha média) foi, portanto, 

mensurado em dois períodos (30 dias e após 6 meses estocado em água). 

 

 

2.6  Análise das propriedades antimicrobianas 

 

 

As amostras foram testadas quanto à capacidade de ação antimicrobiana sobre 

Streptococos mutans ATCC 25175 imediatamente e após teste de exaustão (15, 16) 

após a lixiviação de componentes do material em água estéril por 7 dias. Os corpos 

de prova (5x2mm) foram divididos de acordo com os grupos previamente 

estabelecidos (TU0, TU25, TU50, TU75 e TU100), além do grupo controle do 

experimento para crescimento de S. mutans na ausência do corpo de prova. O 

experimento foi conduzido em triplicata, sendo cada corpo de prova inserido em um 

poço na placa de cultura de células de 96 poços de fundo plano (Corning, NY, USA). 

Para o crescimento bacteriano, S mutans foi mantido em solução de Trypticase 

Soy Broth (TSB, Difco, Rio de Janeiro, RJ, Brasil) por 24h a 37°C. Em seguida, foi 

feita a centrifugação e lavagem das células em solução salina tamponada com fosfato 

(PBS, 0,01 M, pH 7,2) e re-suspendida em PBS, em uma densidade óptica de 0,16 

em comprimento de onda de 580 nm para obter a concentração de 1 x 108 unidades 
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formadoras de colônia por mililitro (UFC/μL). A suspensão foi diluída em PBS para 

obter a suspensão de trabalho contendo aproximadamente 3 UFC/μl. O volume de 25 

μl foi dispensado sobre cada corpo de prova e mantido em contato por 30 min. Após 

esse período, foram adicionados em cada poço 200 μl do meio de Trypticase Soy Agar 

(TSA, Difco Labs, Detroit, MI, USA), contendo 0,01% de cloreto 2,3,5-trifeniltetrazólio 

(TTFC), para crescimento e visualização das colônias. A placa foi incubada em estufa 

a 37°C por 48h em condição de capnofilia (10% CO2). Microscópio estereoscópio 

binocular foi usado para obter as fotos do crescimento de colônias de S. mutans 

(Figura 7 - Anexo). A contagem de colônias em cada poço foi expressa e comparada 

ao total de organismos viáveis. 

 

2.7 Análise da citotoxicidade 

 

 

Para o preparo das amostras, o compósito experimental foi inserido em 

incremento único em matriz circular de 5mm de diâmetro e 2mm de espessura, 

dimensões compatíveis com o poço da placa de cultura. Os mesmos 

procedimentos feitos nos testes anteriores também foram conduzidos para 

obtenção de 5 amostras por grupo. Primeiramente, os espécimes foram 

esterilizados com radiação gama (STERRAD, Hospital Universitário Antônio 

Pedro, Niterói, RJ, Brasil). Em seguida, as amostras foram pesadas e foi feito um 

cálculo para obter a quantidade de meio necessária para o preparo dos extratos. 

De acordo com as normas da ISO (10993-12:2007), os extratos foram preparados 

em meio de cultura (DMEM alta glicose) sem soro fetal bovino e contendo solução 

de penicilina-estreptomicina 1% na proporção de 0.2g de material a ser testado 

para cada ml de meio. As amostras foram imersas no meio e incubadas a 37°C e 

5% CO2 em estufa úmida por 24h. A fim de simular a extração de produtos tóxicos 

a longo prazo no interior da cavidade oral, as amostras de cada grupo também 

foram mantidas em meio de cultura por 7 dias. O meio de cultura foi renovado 

diariamente com o objetivo de simular os efeitos do fluido crevicular na lavagem 

do material em boca (17). Os extratos do grupo controle negativo (CN) foram 

preparados usando poliestireno e DMEM alta glicose sem soro fetal bovino. Para 

o grupo controle positivo (CP) foram usados fragmentos de látex em meio de 
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cultura, cuja citotoxicidade já é consistentemente relatada em ensaios baseados 

na ISO (18).  A Figura 8 (Anexo) mostra a organização dos grupos na placa de 

cultura de células de 96 poços. 

As células de fibroblasto gengival humano, obtidas no Laboratório de cultura de 

células experimental da Universidade Federal Fluminense, foram cultivadas em 

meio DMEM alta glicose (GIBCO Invitrogen, Grand Island, NY, USA) contendo 

10% de soro fetal bovino e solução antimicrobiana de penicilina-estreptomicina a 

1%. A cultura das células foi encubada a 37°C e 5% CO2 em garrafas de 25cm3. 

Após a confluência da cultura, as células foram tratadas com tripsina, contadas em 

câmara de Neubauer e subcultivadas em 96 poços de placa de cultura estéril a 

uma densidade de 104 células por poço (Figura 9 - Anexo). 

O teste foi conduzido em quintuplicata. Em cada poço, já com as células 

cultivadas, foram adicionados 180μl de cada um dos extratos preparados para 

cada grupo e 20μl de soro fetal bovino, obtendo um volume final de 200 μl de 

extrato por poço. Em seguida, a placa foi incubada por 24h a 37°C e 5% CO2. Para 

avaliar a possível citotoxicidade dos extratos um teste multiparamétrico foi 

conduzido (19), o qual testa três diferentes parâmetros sequencialmente utilizando 

as mesmas células. O primeiro parâmetro testado foi a análise da atividade 

mitocondrial, mensurada pelo teste XTT, que mede a habilidade da enzima 

desidrogenase em converter o reagente XTT em um composto chamado 

formasano de cor laranja (20). A atividade celular é diretamente relacionada a cor 

que é formada que é mensurada por um espectrofotômetro UV/Vis com 480nm de 

absorbância (PowerWave MS2; BioTek Instruments, Rio de Janeiro, RJ, Brazil). 

Após lavagem com (PBS), o segundo método empregado foi o ensaio Vermelho 

Neutro. Este teste utiliza corante vermelho neutro que é acumulado em lisossomos 

de células vivas, mas vaza em células que apresentam ruptura de membrana (21). 

As células vivas são marcadas em vermelho. Após a extração do corante, a 

densidade óptica foi mensurada a 540nm, diretamente proporcional ao número de 

células com membranas intactas. O terceiro ensaio (Crystal Violet Dye Exclusion - 

CVDE) mede a quantidade de DNA presente na placa, diretamente relacionada à 

densidade celular total. Após a lavagem para a eliminação do excesso de corante, 

a absorvância a 540 nm é proporcional à quantidade de células no poço (22). Entre 

cada um dos três testes realizados foi feita a lavagem com PBS (Figura 10 - 

Anexo).  
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A fim de obter uma análise mais preditiva de possíveis repostas que os 

fibroblastos poderiam ter ao material experimental aparentemente não tóxico, foi 

feita a mensuração de dois marcadores: interleucina 6 (IL-6) e fator básico de 

crescimento de fibroblasto (b-FGF). O FGF é o principal fator indutor de 

crescimento de fibroblastos, cujo alto nível de liberação está associado a 

cicatrização e a uma boa resposta a biomateriais em tecidos sadios (23). IL-6 é 

uma citocina pró-inflamatória liberada por várias células, inclusive fibroblastos, que 

podem estar associadas tanto a uma resposta inflamatória local quanto a efeitos 

metabólicos. 

Os dois marcadores foram mensurados pelo Ensaio de imunoabsorção 

enzimática (ELISA), empregando kits comercialmente disponíveis de ELISA b-FGF 

e IL-6 humanos (PeproTech, New Jersey, USA), com sensibilidade variando de 63-

4000pg/mL para FGF e 24-1500pg/mL para IL-6. O experimento foi conduzido em 

triplicata. Os sobrenadantes da cultura células expostas ao ensaio de 

citotoxicidade foram coletados após 24h de incubação, agrupados e armazenados 

a -80 ° C até análise. O controle negativo foi usado para determinar a liberação 

basal citocina e fator de crescimento. Os procedimentos seguiram as condições e 

recomendações do fabricante. 

 

2.7 Análise estatística 

 

 

Os resultados de grau de conversão; absorção e solubilidade; estabilidade de 

cor, rugosidade superficial e propriedades antimicrobianas foram submetidos aos 

testes de ANOVA e Tukey com nível de significância de 5%.   

Os resultados dos ensaios de ELISA e citotoxicidade foram avaliados pelo teste 

de normalidade de D'Agostino e o teste não paramétrico de Kruskal-Wallis. Para 

comparações, o pós-teste de Dunn foi empregado. Para todas as análises 

estatísticas foi considerado um erro alfa de 5%. 
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Abstract:  

The extensive use of composite materials in a wide range of clinical applications, 

mainly related to the aesthetic reasons, has resulted in great investment in research 

and development of increasingly innovative products. Thiourethane oligomers have 

been added to experimental composites and the results have already proven a 

decrease in polymerization stress and volumetric shrinkage. It is evident the relevance 

of research in this area, since there are a lot of studies on the subject and the results 

presented so far have been promising. Based on this, the present study proposed to 

review the literature on the development of composite materials based on 

thiourethanes, as well as their properties and applications. 

Key words: composite resin, polymerization, stress, thiourethane oligomers 
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Introduction 

 

 The development of resin materials is directly related to the aesthetics 

appreciation that permeates modern society. Thus, the extensive use of these 

materials in a wide range of clinical applications places great demands on their 

properties and performance. This demand requires an investment in research and 

development, which is evidenced by the continuous introduction of new products in the 

market (1), with the aim to overcome limitations and improving characteristics of 

composite materials.  

 Currently, conventional composite materials, still present limitations such as the 

stress and the volumetric shrinkage generated by the polymerization process. Such 

limitation prevents the rapid and single insertion of the material into the cavity and, if 

uncontrolled, can lead to marginal gaps, enamel and dentin cracks, cusp tension, 

postoperative sensitivity, pulp irritation, microleakage and secondary caries (2).  In 

addition, despite improvements in materials over the past few years, the longer 

composite restoration longevity still remains around 10 years (3). 

 The focus of current researches continues on materials that have the ability to 

reduce stress due to their utility in preventing interface gap formation. However, the 

goal goes beyond that. A modification in the polymer network that simultaneously allow 

to reduce the stress and maintain or increase the mechanical properties and the 

monomeric conversion is required. In this context, emerged the oligomers 

thiourethanes (4). The results with this new additive in the composition of resin 

materials have already demonstrated a decrease in the polymerization stress and 

volumetric shrinkage (5-10). In addition, some studies have shown significant 

improvements in key properties and still others are underway focusing on the use of 

thiourethanes not only in the matrix but also in the coating of inorganic filler particles, 

such as the aforementioned study and the study by Da Silva et al, 2017 (11).  

 Due to the large number of studies on the subject and the promising results 

presented so far, the relevance of research in this area is evident. Based on this, the 

present study reviewed the literature on the evolution in resin materials based on 

thiourethanes, as well as their properties and applications. 
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Improvements in resin materials composition 

 Among the recent modifications in the composition of dental composites are the 

incorporation of filler particles, the monomeric composition of the organic matrix and 

the treatment of the filler particles with coupling agents (1,12,13). 

 Changes in inorganic fillers represent the major advances in the formulations 

that have made possible an improvement of the mechanical properties of the current 

composite materials (4,6). Modification in the size, composition and amount of fillers 

allowed different viscosities, with varied indications, as well as better resistance. 

 In addition, efforts have also been made in search for materials with potentially 

therapeutic benefits incorporating antimicrobial and remineralizing agents. Materials 

such as fluoride, chlorhexidine, zinc oxide nanoparticles, quaternary ammonium, 

polyethyleneimine nanoparticles and MDPB monomer (1) have been added to 

experimental or commercial materials. 

 In the last 20 years the changes were focused on the polymer matrix of the 

material (4), mainly to develop systems with reduce polymerization shrinkage and, 

perhaps more important, reduce stress of polymerization shrinkage, and to make them 

self-adhesive to dental structure. In addition, researches has also focused on the 

development of simpler materials with fewer clinical steps, such as bulk and self-

adhesive resins (4). 

 Recently, a new compound has been added to the polymer matrix, the 

thiourethane. The purpose is not only to reduce the stress and polymerization 

shrinkage, but also to increase the mechanical properties of the material. 

Thiourethanes are prepolymerized oligomers that have been proposed as additives of 

methacrylate matrices to provide their advantages to the polymerization of dental 

materials (5). Because it is prepolymerized and due to the high molecular weight of the 

thiourethanes the polymerization shrinkage is reduced (14). In addition, such oligomers 

are synthesized with pendant thiols in the structure and thus the chain transfer reaction 

to the secondary methacrylate matrix results in a delay of the vitrification, which causes 

reduction of the polymerization stress (7), and an increase in the final degree 

conversion with greater homogeneity of the resulting polymer network (15). 
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 Previous studies have shown that it is possible to synthesize prepolymerized 

high molecular weight thiourethane oligomer to be added to the monomers of the 

organic methacrylate matrix (5-10). The studies evaluated the degree of conversion, 

polymerization rate, mechanical properties (flexural strength/modulus, toughness, 

fracture toughness), polymerization stress, volumetric shrinkage, microtensile strength 

(8) and rheological properties (10). The results showed that the addition of 

thiourethane oligomers to the organic matrix promoted an increase in the degree of 

conversion and the mechanical properties at the same time which it reduces the stress 

and the polymerization shrinkage. All improvements provided by thiourethane 

oligomers do not require modifications in traditional clinical procedures (10). 

 A new approach to the use of thiourethanes in functionalized filler particles has 

been proposed, due to the instability (lifespan) of the material produced when 

thiourethanes is added to organic matrix (16,17). Changes in the treatment of particles 

with functionalized filler particles acting as coupling agents are not so common. Silane 

is the dominant coupling agent that is widely used in dentistry to promote adhesion 

between composite resin components. However, silane is hydrolytically degraded in 

moist oral medium and has inefficient adhesion to silica-free fillers. Thus, the 

development of hydrolytically stable dental composites is an important goal in dental 

materials research today (18). 

Evolution of tiols systems  

 Thiourethanes are compounds derived from thiol groups, from which thiol-ene 

and thiol-methacrylates have arisen. The addition reaction of thiol-ene was discovered 

by Posner in 1905 (16). Since then, many studies have evaluated the mechanisms of 

polymerization, kinetics, and material properties. (19-27). 

 The use of thiol-ene has significant and unique advantages over conventional 

methacrylate polymerizations. Unlike typical chain growth polymerizations in which the 

methacrylate monomers undergo vitrification in the early stages of the polymerization 

process, the thiol-ene polymers are formed gradually by chain transfer of free radicals. 

Early vitrification of methacrylate systems causes polymerization stress and volumetric 

shrinkage. This condition promotes gaps formation at the tooth-restoration interface, 

which may increase solubility, cause microleakage, pigmentation, and thus 

compromise treatment longevity (5,16). 
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 The thiol-ene polymerizations also proceed rapidly but only reach to the gel 

point when there are relatively high functional group conversions. In addition, the 

stepwise polymerization mechanism characteristic of thiols (thiol-enes and thiol-

methacrylates) provides more homogeneous polymer networks and greater final 

conversion of monomers when compared to pure methacrylates and also have the 

advantage of not being inhibited by oxygen ( 5, 16, 28, 29, 30, 31). 

 Due to a later vitrification of thiol-enes, the tension can be dissipated, leading to 

a reduction in polymerization stress (30). Materials that reduce stress have been the 

focus of research to date due to its usefulness in preventing gap formation at the 

interface (4), one of the major disadvantages of resin materials. Until then, many 

techniques for attenuation of polymerization shrinkage have been applied in restorative 

composites, such as activation with a lower pulse of initial irradiation and incremental 

restorative techniques that consider the ratio of the amount of walls bound by the 

material and amount of walls not adhered (C-factor) to achieve this goal. 

 The addition of thiol-enes in the composition of dental resin composites has 

already shown satisfactory results in relation to the reduction in polymerization stress 

(5), mainly due to its kinetics and polymerization mechanism. However, the reduction 

of the mechanical properties and the stability of the material (lifespan) of thiol-ene 

based materials was the reason for the delay of its commercial application (16, 32). 

Another disadvantage of thiol-ene based materials has been associated with the 

unpleasant odor of low molecular weight of thiol compounds (5). 

 In order to overcome the limitations of thiol-ene compounds, the use of 

thiourethane-based materials was proposed in order to improve the mechanical 

properties in general, more precisely to the toughness (33; 34). The researchers 

believed that they could achieve mechanical improvement of the material due to the 

fact that thiourethanes promote the formation of a more homogeneous polymer 

network when compared to conventional urethanes (33; 34), as well as a higher degree 

of monomeric conversion (15). Based on this, thiourethane oligomers were 

synthesized and used as additives of methacrylate matrices to provide their 

advantages to the polymerization of dental materials. Such oligomers were also 

synthesized with pendant thiols in the structure so that the thiol characteristic chain 

transfer reaction to the secondary methacrylate matrix resulted in late vitrification, 
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reducing the polymerization stress (7). Furthermore, the produced thiourethanes were 

prepolymerized and with high molecular weight, which would provide less 

polymerization shrinkage (14), besides the possibility of reducing or even eliminating 

the unpleasant odor of the low molecular weight compounds. Thus, the major 

disadvantages of the thiol-enes would be overcome and the new thiourethane-based 

material would still bring more benefits and advantages to the composition of the 

composite resins. 

 The studies with thiourethane in the polymer matrix evaluated properties already 

studied in the thiol-enes as degree conversion, polymerization rate, polymerization 

stress and volumetric shrinkage, to verify if the advantages of the polymerization 

mechanisms characteristic of thiols would remain. The results confirmed that the 

addition of thiourethane oligomers to the organic matrix of photoactivated (9) or dual 

(5,8) and composite resin restorations (6) promoted an increase in the degree of 

conversion while reducing stress and polymerization shrinkage. In addition, the studies 

also evaluated mechanical properties (flexural strength/modulus, toughness, fracture 

toughness), microtensile strength (8) and rheological properties (10). The results 

indicated that, in general, there was improvement in the mechanical properties of the 

material. Bacchi et al. (2015) showed that the experimental cements with thiourethanes 

showed two (9) to three times (8) higher toughness than the control, in addition to 

greater fracture toughness. Furthermore, higher bond strength to dentin (8) and higher 

flexural strength/modulus were also observed. All improvements provided by 

thiourethane oligomers promoted increased key properties without interfering with 

traditional clinical procedures (10). 

Perspectives for the use of thiourethanes in resin materials 

 The studies with thiourethanes in the composition of the monomeric matrix of 

dental composite resins have shown promising results in relation to the mechanism of 

polymerization and mechanical properties. Such improvements help to overcome the 

main limitations that the resin materials still present as stress and polymerization 

shrinkage, which lead to the incremental technical, besides the gaps formation in the 

tooth-restoration interface. 

 However, its addition in composition may alter other properties that are already 

well established in methacrylate-based materials. Therefore, studies that verify 
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important properties such as cytotoxicity, antimicrobial activity, optical, physical and 

chemical properties are extremely relevant.  

 Due to the fact that some studies report low stability of the material (lifespan) of 

thiol-ene based materials (16, 30), it was tried to apply the thiourethanes not only in 

the organic matrix of the composite resin but also in functionalization of inorganic filler 

particles.  

 Due to the large number of topics on improvements in dental composites in the 

last 5 to 10 years, the relevance of research in this area is evident. The objective is to 

produce a material that maintains the aesthetic advantages the present ones, 

overcome their limitations and that last at least twice more, preserving dental structure 

and avoiding expensive retreatments (4). 

Conclusion 

 Due to the extensive use of resin materials in a wide range of clinical 

applications, great demands on their properties and performance have encouraged the 

search for ever better products. It is possible to perceive, through a literature review, 

that the thiourethanes received great prominence for some years and are part of a 

constantly evolving material. The results of the researches so far on its properties and 

clinical applications have shown to be promising. Based on this, it is believed that its 

clinical application and market introduction may occur soon. 
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ABSTRACT 

Objective: To evaluate the degree of conversion, absorption and solubility, color 

stability, surface roughness, antimicrobial properties and cytotoxicity of experimental 

composites containing different concentrations of thiourethane-functionalized fillers 

(TU). Methods: The concentration of TU varied according to the following 

experimental groups: 0 (Control-TU0), 25% (TU25), 50% (TU50), 75% (TU75) and 

100wt% (TU100). The degree of conversion was measured by Fourier Transform 

Infrared Spectroscopy (FTIR). Absorption and solubility were performed according to 

ISO 4049: 2009. Color stability were analyzed using the CIELab parameter (CIE L *, 

CIE a *, and CIE b *) and illuminant D65. The surface roughness values were obtained 

in a rugosimeter. The antimicrobial properties were detected through the exhaustion 

test and counting of Streptococus mutans colonies for biofilm formation. To evaluate 

the possible cytotoxicity of the material to human gingival fibroblasts a multiparametric 

test was conducted, evaluating three different parameters (XTT, NRU and CVDE) in 

the same cells. ELISA was used to measure the IL-6 and b-FGF markers. Results: 

There was no statistical difference among experimental groups and the control in the 

analyzes of absorption, solubility and degree conversion. The control group (TU0) 

presented the best values of color stability and the TU75 and TU100 groups had higher 

values of color variation. The surface roughness presented a statistically significant 

difference compared to the control only in the TU100 group. The groups tested did not 

demonstrate the inhibitory capacity of biofilm formation. None of the experimental 

groups presented values below 70% of cell survival (cytotoxic) in the evaluated periods 

(24h and 7 days). Positive control (toxic) had high IL-6 values and low b-FGF values. 

Conclusion: The use of thiourethane did not interfere with absorption and solubility, 

nor on degree of conversion. Color stability and surface roughness were affected as 

TU concentration increased. The material did not present antimicrobial and cytotoxic 

activity to the cells.  

Significance: The experimental material with TU in the composition is not cytotoxic to 

oral cells, which may predict its use in the oral environment. In addition, in its lower 

concentrations the material maintains its properties equivalent to those conventionally 

used. 
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INTRODUCTION 

 

 

Composite resins are the main choice for a variety of clinical situations that 

requires a great demand on the performance of these materials [1]. Since their 

introduction on the market, significant changes have been made in their composition 

to overcome limitations and achieve better physical, mechanical and aesthetic 

properties [2,3]. In this context, thiourethane oligomers have been incorporated as 

an alternative to reduce the stress development and to improve the material’s 

mechanical properties [4]. 

Proposed as an additive at the methacrylate matrices, thio-urethanes (TU) are 

pre-polymerized oligomers that seem to provide advantages to the polymerization 

mechanism of composite materials [4]. The oligomer has a pendant thiol, from the 

backbone, that reacts by chain-transfer resulting in a delay of the gelation and the 

vitrification process. As consequence a reduction in the polymerization stress is 

observed [5]. In addition, the high molecular weight of the oligomer is associated 

with reduction in volumetric shrinkage and the thiol-termination produces a more 

homogeneous network [6]. Previous studies showed that by adding thiourethane 

oligomers to the organic matrix of resin cements [4,5,6,7,8,9] or restorative 

composite reins [10] an increase in the degree of conversion and mechanical 

properties of the material was observed. Added to this, there were also reduction on 

polymerization stress and volumetric shrinkage. It is important to highlight that all 

improvements provided by the addition of TU do not require modifications in the 

traditional clinical restorative procedures [9]. 

Besides promising, lifespan reduction was reported in thiol-ene based materials 

[11,12] due to the presence of sulfur compounds when thiols are mixed with 

methacrylate. Based on this, a new approach is to use thiourethane-functionalized 

fillers, as a coupling agent, rather than incorporate TU into the organic matrix. 

Failures in interfacial bonding among inorganic filler and organic matrix can lead to 

water accumulation, compromising hydrolytic and color stability. As a consequence, 

there is a faster degradation of the material [13]. Thus, interference on properties 

such as sorption, solubility and color stability should be investigated when a change 

is proposed for the bonding agent.  
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  In addition, interface failures among inorganic filler and organic matrix may 

also lead to dissolution and leaching out of components, such as unreacted residual 

monomers or filler particles [13]. It is unknown whether the released compounds 

can affect or produce cytotoxic reactions to oral cells. Therefore, an analysis of the 

cytotoxicity of the material can be used to investigate this process and predicting 

the behavior of thiourethane incorporation.  Importantly, the degree of conversion is 

directly correlated to the mechanical properties [14]. The use of thiourethane in 

organic matrix showed increase in the degree of conversion and mechanical 

properties [6,9]. However, it is unknown if the degree conversion is altered when 

thiourethane-functionalized fillers is added to the model composite. 

Efforts have also been made in search for materials with potentially 

therapeutic benefits, incorporating antimicrobial and remineralizing agents [1]. It is 

necessary to investigate if the incorporation of thiourethanes has some antimicrobial 

activity since it is an interesting factor and that brings clinical benefits. 

Therefore, it is assumed that the influence of the incorporation of thiourethane 

oligomer in experimental composites should be investigated, since studies have 

already shown that the use of this oligomer presents promising results on 

mechanical properties and provide advantages to the polymerization mechanism [4-

10]. These advantages may be added to the possibility of improving the stability of 

the material with the addition of thiourethane-functionalized fillers. Thus, the aim of 

this study was to evaluate the systematic addition of thiourethane-functionalized 

fillers and its interference in properties such as degree of conversion, sorption, 

solubility, color stability and surface roughness.  The antimicrobial properties and 

the cytotoxic capacity were also evaluated. The hypotheses of this study are that 

the use of thiourethane-functionalized fillers would (I) increase the degree of 

conversion; (II) reduce absorption and solubility, (III) improve color stability, (IV) 

unaltered the surface texture, (V) produce none antimicrobial properties and (VI) 

has no cytotoxic effects. 

 

MATERIALS AND METHODS 

Model composites formulation 
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The mixture Bis-phenol A diglycidyl dimethacrylate (Bis-GMA; Esstech, 

Essington, PA, USA), urethane dimethacrylate (UDMA; Esstech) and tri-ethylene 

glycol dimethacrylate (TEGDMA; Esstech) (Esstech Inc., USA, batch 610-43) was 

used at ratio 50:30:20% by weight. To this, 0.2% camphorquinone (Esstech Inc., 

USA; Lot TSNP004397) and 0.6% EDMAB amine (Sigma-Aldrich, MO, USA, lot 

MKBB3614) were added as the photoinitiator/co-initiator system. Filler were added 

to obtain a composite with 70% mass load, whereas 90% composed by borosilicate 

barium glass silane-treated particles (0.7μm average size, Esstech Inc., USA, batch 

699-17) functionalized or not with thiourethane and 10% of spherical silica silane-

treated particles (4 nm average size; Aerosil OX50, Evonik Degussa lot 3523102). 

Thiourethane-functionalized fillers were systematically added according to the 

following experimental groups: 

  

 

 

 

 

 

 

The materials were weighed in an analytical balance with 0,0001g accuracy and 

manipulated in a mechanical mixer (SpeedMixer, DAC 150.1 FVZ, FlackTek Inc., 

Germany) for 5 min at 2500 rpm. The procedures were conducted under safe yellow 

light. 

Degree of conversion 

 The degree of conversion was determined by Fourier-transformed infrared 

spectrometry (32 scans, resolution of 4 cm-1, Prestige 21, Shimadzu, Tokyo, Japan) 

with an attenuated total reflectance technique (ATR). Droplets of the model 

composites unpolymerized (n = 3) were placed on ATR crystal large enough to cover 

its surface. After baseline measurement, the composites were photoactivated for 30 

s (Bluephase 2; Ivoclar Vivadent, Schaan, Liechtenstein), with an irradiance of 800 

mW/cm2, measured with a radiometer (LED Radiometer, Demetron SDS Kerr, 

30% Organic matrix 

70% Inorganic filler 

10% OX-50 : 0,04 µm  

90% Barium glass: 0,7 µm 

TU0: 100% without TU functionalized filler 

TU25: 75% without TU + 25% with TU 

TU50: 50% without TU + 50% with TU 

TU75: 25% without TU + 75% with TU 

TU100: 100% with TU functionalized filler 
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Middleton, WI, USA), standardized at a distance of 0.5 mm between the 

photopolymerizer’s tip and the curing material. The same curing unit, irradiance and 

radiometer were used for all subsequent methodologies. FTIR analysis was 

repeated after the photoactivation procedure. Degree of conversion was calculated 

by determining the FTIR bands area spectra with the software itself, whereas the 

area of the 1638 cm-1 signal was used as a standard, and 1608 cm-1 was used for 

the aromatic vinyl bonds of bisphenol A. The degree of conversion was calculated 

using the following formula: 

 

%DC= 100 {1 − [
𝐶=𝐶 𝑐𝑢𝑟𝑒𝑑 /𝐴𝑟𝑜𝑚𝑎𝑡𝑖𝑐 𝑐𝑢𝑟𝑒𝑑

𝐶=𝐶 𝑢𝑛𝑐𝑢𝑟𝑒𝑑/ 𝐴𝑟𝑜𝑚𝑎𝑡𝑖𝑐 𝑢𝑛𝑐𝑢𝑟𝑒𝑑
]} 

 

Sorption and solubility 

Five samples were prepared for each model composite (Ø 8mm x 2mm h). 

The material was inserted in a single increment in a metal mold between Mylar 

strips, with a glass coverslip on top of which a weight of 65g was placed. Photo 

activation was performed for 40 s with LED curing unit (Emitter.B Supra, 

Schuster Dental Equipments Ltda, Santa Maria, RS, Brazil) for 60s at an incident 

irradiance of 1300 mW/cm2. Both surfaces were mechanically polished with 2000 

and 4000-grit SiC papers.  

The samples were stored in a desiccator with silica gel blue for 22 h, at 37 

°C. Then samples were transferred to a desiccator at room temperature, for 2 h. 

They were weighed in a 24 h cycle with an analytical balance, accuracy 0.01 mg, 

(XS105 DU, Metler-Toledo, Leicester, UK) until obtaining a constant weight 

(range smaller than ± 0.1 mg for three consecutive weighing - m1). The thickness 

and diameter of the samples were measured with a digital calliper (ABS digital 

calliper, Mitutoyo, Tokyo, Japan) at four equidistant points, and the volume (V) 

was calculated in mm³. Afterwards, the samples were placed individually in glass 

phials, immersed in 10 ml of distilled water, and weighed in a 24 h cycle until 

reaching the equilibrium (m2). After equilibrium was reached, they were taken 

back to the desiccator and weighed every 24 h, repeating the same cycles 

required to obtain m1, until the mass equilibrium (m3) was reached. Using the 
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following equation sorption (2) and the solubility (3) during the course of water 

immersion and drying were obtained in mg / mm³: 

 𝑆𝑝 = (𝑚2 − 𝑚3) 𝑉⁄                                (2) 

 𝑆𝑙 = (𝑚1 − 𝑚3) 𝑉⁄                      (3) 

 

Color stability and translucency 

The color stability were analyzed by a spectrophotometer (CM2600d - Konica 

Minolta Sensing Inc, Osaka, Japan) according to the CIE-L*a*b*. The readings in 

disc shaped specimens (Ø 10 mm x 1.5mm h) were taken for each one (N=6) while 

positioned against a white-tile ceramic background. The colorimeter was set to 

make color measurements (L*, a* and b*) based on average daylight (D65) 

illumination.  

All measurements were repeated at different periods of time (1 week at dry and 

dark storage; 30 days and 6 months after water storage) and means for the L*-, a*-

, and b*- values were automatically calculated by the machine. The color changes, 

ΔE*, were calculated from the single color values L*, a* and b* according to the 

following formula: 

ΔE* = [(L*
1 - L*

2)2 + (a*
1 - a*

2)2 + (b*
1 - b*

2)2]1/2 

where (L*
1, a*

1, b*
1) were the values 30 days in water and (L*

2, a*
2, b*

2) after 6 

months in water.  

Surface Roughness 

The same specimens used for color stability and translucency were evaluated for 

surface roughness. A contact profilometer (Rugosimeter TR210; Time Roughness 

Tester, China) was used to measure the roughness using a constant speed of 1.35 

mm/s at the applied force of 6 mN. Six line scans were performed per specimen 

surface, three in horizontal and three in perpendicular directions. The cut-off length 

was 0.25 mm and the measuring length 2 mm. The amplitude parameter Ra (the 

arithmetic mean of the absolute departures of the roughness profile from the mean 

line) was measured at two periods of time (30 days and 6 months after water storage) 

 

Antimicrobial assay  
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The specimens were tested for antimicrobial action ability on Streptococcus 

mutans ATCC 25175 immediately, and after the exhaustion test [15,16] after 

leaching of material components in sterile water for 7 days. The test specimens with 

5x2mm of dimension were divided according to the previously established groups 

(TU0, TU25, TU50, TU75 and TU100), as well as the control group of the experiment 

for S. mutans growth in the absence of the test specimen. The experiment was 

conducted in triplicate, with each specimen inserted into a 96 well flat-bottomed cell 

culture plate (Corning, NY, USA)  

For bacterial growth, S mutans were maintained in Trypticase Soy Broth (TSB, 

Difco, Rio de Janeiro, RJ, Brazil) for 24h at 37 °C. The cells were then centrifuged 

and washed in phosphate buffered saline (PBS, 0.01M, pH 7.2) and resuspended 

in PBS, in a concentration of OD= 0.16 in 580nm wavelength, to obtain a 

concentration of 1 x 108 colony forming units per milliliter (CFU / μL). The 

suspension was diluted in PBS to obtain the working suspension containing 

approximately 3 CFU / µL. Then, 25μL was dispensed on the surface of each 

specimen and kept in contact for 30 min. After this time, 200 μl of the Trypticase 

Soy Agar medium (TSA, Difco Labs, Detroit, MI, USA) containing 0.01% 2,3,5-

triphenyltetrazolium chloride (TTFC) was added to each well for growth and 

visualization of the colonies. The plate was incubated at 37 °C for 48h in capnophilic 

conditions (10% CO2). Binocular stereoscope microscope was used to obtain the 

photos of the S. mutans growth. Colony counts in each well was expressed and 

compared to the total viable organisms. 

 

Cytotoxicity Assay 

Disc specimens (Ø 5mm x 2mm h) were sterilized with gamma radiation 

(STERRAD, Antônio Pedro University Hospital, Niterói, RJ, Brazil). Specimens were 

weighed in order to calculate the amount of medium to be added for the extracts’ 

preparation. 

 According to ISO standards (10993-12:2007), extracts were prepared in a 

culture medium (high glucose DMEM) without fetal bovine serum and containing 1% 

penicillin-streptomycin solution in a proportion of 0.2 g material to be tested for each 

ml of medium.   
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The specimens were immersed in the medium and incubated at 37°C and 

5% CO2 in a humidified chamber for 24h. In order to emulate long-term extraction 

of toxicants in the oral cavity, specimens of each group were also kept in the culture 

media for 7 days. The culture medium was renewed daily in order to simulate the 

effects of crevicular gingival fluid on clearing the material in the mouth [17]. Extracts 

of negative control groups were prepared using polystyrene and high glucose 

DMEM without fetal bovine serum. For positive control group latex fragments were 

used on culture medium, that according to ISO-based assays presents consistent 

cytotoxicity [18]. 

Human gingival fibroblast cells were obtained from the repository at the 

Laboratory Experimental of cell culture of the Federal Fluminense University, and 

cultured in high glucose DMEM (GIBCO Invitrogen, Grand Island, NY, USA) 

containing 10% fetal bovine serum and 1% penicillin-streptomycin antimicrobial 

solution. Cell cultures were incubated at 37°C and 5% CO2 in bottles of 25cm3. After 

culture confluence, the cells were treated with trypsin, counted in Neubauer's 

chamber and subcultured in 96-well sterile plates at a cell density of 104 cells per 

well.  

The test was performed in quintuplicates. In each well were added 180 μl of 

one of the extracts (as described above) and 20 μl of fetal bovine serum, obtaining 

a final volume of 200 μl of extract per well, and incubated for 24 hours at 37°C and 

5% CO2. The possible cytotoxicity of the extracts was evaluated through a 

multiparametric test [19], which tests three different parameters sequentially in the 

same exposed cells.  

The first parameter tested was mitochondrial activity, as measured by the 

XTT test, through the ability of dehydrogenase enzymes to convert the XTT reagent 

into orange-colored soluble compounds of formazan [20]. Cell activity is directly 

linked to the color that is formed measured by their absorbance at 480nm with a 

microplate UV/Vis spectrophotometer (PowerWave MS2; BioTek Instruments, Rio 

de Janeiro, RJ, Brazil). After washing with Phosphate-Saline Buffer (PBS), the 

second method employed was the Neutral Red Uptake assay (NRU). This test uses 

a neutral red dye that is accumulated on lisosomes in living cells but leaks into cells 

that have ruptured membrane [21]. The living cells are marked in red. After dye 
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extraction, the Optical Density (O.D.) was measured at 540nm, and directly 

proportional to the number of cells with intact membranes. The third assay (Crystal 

Violet Dye Exclusion - CVDE) measures the amount of DNA present in the plaque, 

directly related to the total cell density. After washing for the elimination of the 

excess dye, the absorbance at 540 nm is proportional to the amount of cells in the 

well [22]. 

In order to obtain a more predictive evaluation of possible responses that 

these fibroblasts could have to apparently non-toxic materials, two important 

markers were measured: Interleukin-6 (IL-6) and Basic Fibroblastic Growth Factor 

(b-FGF). FGF is the main inducing fibroblasts growth factor, whose high level of 

release is associated to wound healing and a good response to biomaterials in 

healthy tissues [23]. IL-6 is a pro-inflammatory cytokine released by many cells, 

including fibroblasts, which can be associated to a local inflammatory response. 

The two markers were measured by Enzyme Linked Immuno Sorbent Assay 

(ELISA), employing commercially available Human FGF-basic and Human IL-6 

ELISA Development Kits (PeproTech, New Jersey, USA), with sensitivity range of 

63-4000pg/mL for FGF and 24-1500pg/mL for IL-6. The experiment was performed 

in triplicates. The culture supernatants of of exposed cells from the cytotoxicity 

assay described above were collected after 24 hours of incubation, pooled and 

stored at -80°C until analysis. A negative control was used for determination of basal 

release of the cytokine and growth factor. The procedure followed the 

manufacturer’s conditions and recommendations. 

Statistical Analyses 

Data of absorption and solubility; color stability and translucency; roughness, 

degree of conversion and antimicrobial were submitted to ANOVA and Tukey tests 

with a significance level of 5%. The results of ELISA and cytotoxicity assay were 

evaluated for normal distribution by the D’Agostino normality test and the 

nonparametric Kruskal-Wallis test. For comparisons, Dunn's post-test was 

employed. An alpha error of 5% was considered for all statistical analysis. 
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RESULTS 

 Data of degree of conversion, water sorption and solubility, color stability 

(ΔE*)  and surface roughness are shown in Table 1. 

Table 1-Mean of Degree of Conversion (DC, n=3), Sorption (WS, n= 5, µg / mm³), Solubility (SL, n= 5 µg / mm³.) 

, Color Stability  (ΔE, n=6), Surface Roughness (SR, n=3, µm). 

      SR 

Groups DC WS SL ΔE  Initial 6 months 

TU0% 64,3 (3.2) 2,5 (0.2) 5,1 (2.3) 10.8 (1.3) c  0.1 (0.02) Aa 0.2 (0.03) A b 

TU25% 63,1 (1.1) 2,4 (0.4) 2,7 (1.3) 14.7 (0.7) b  0.1 (0.06) Aa 0.2 (0.06) Aab   

TU50% 69,0 (1.0) 2,3 (0.1) 3,1 (0.9) 16.6 (0.7) b  0.2 (0.04) Aa 0.3 (0,12) Aab 

TU75% 65,6 (2.0) 2,3 (0.1) 4,7 (3.5) 20.8 (1.2) a  0.2 (0.09) Aa 0.3 (0.19) Aab 

TU100% 64,0 (3.6) 2,4 (0.2) 2,8 (1.9) 22.6 (1.3) a  0.1 (0.02) Ba 0.4 (0.13) Aa 

1- Different lower case letters indicate statistical differences within a column (p< 0.05). 

2. Different upper case letters indicate statistical difference between SR of the same material between different treatment timing. 

2- For data of each line, standard deviation value is shown in parenthesis. 

 

Degree of conversion 

Model composites varying concentrations TU had no statistical difference in 

the degree of conversion and did not differ from the control group (p=0,089). 

Sorption and solubility 

 The addition of TU coating inorganic fillers did not adversely affected water 

sorption and solubility. No statistically significant difference was detected among the 

experimental groups. (p=0,720 and p= 0,265)  

Color stability  

Color stability was directly affected by the concentration of TU at the filler 

content. TU100% and TU 75% presented the highest color variations compared to 

all other experimental groups. TU50% and TU25% showed intermediate values and 

the control group the lowest values.  

Surface Roughness 

         Before 6 months immersion in water, there was no difference among the 

experimental groups. However, after water storage, TU25%, TU50% and TU75% 
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presented no difference compared either to the control group or TU100%. However, 

TU100% was the only group that presented rougher surfaces compared to the 

control group.   

 Bonferroni post-hoc pairwise comparisons revealed significant mean 

differences in Ra values before and after water storage. These differences were 

more prominent only for TU100%. The higher content of TU fillers (TU100%) also 

revealed higher surface roughness values (Ra) after water storage.  

Antimicrobial assay 

No significant antimicrobial properties were observed for the experimental 

groups. Binocular stereoscopic microscope images evidenced bacterial growth in 

all experimental groups in the presence of test specimens and in the control group 

of the experiment without the test specimen.  The technique described permitted not 

only the visualization of the growth of microorganisms but also the quantification of 

colonies forming units (CFUs) in each group (Graph 1). The control group presented 

the highest values of CFU. 

 

 

 

 

 

 

 

 

 

 

Graph 1: Colonies forming units (CFUs) in each experimental group and control 
group. 
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Cytotoxicity assay 

Figure 1 shows the results of the multiparametric test of cytotoxicity by indirect 

exposure (to extracts) according to ISO 7405:2008 (Figure 1). According to the results, 

none of the experimental groups presented a different behavior between 24h and 7 

days of exposure. In both cases, no tested material presented levels below 70% of 

cellular survival when compared to control (Figure 1A, B and C), while the positive 

control (latex) was significantly cytotoxic (P<0.05). In the graph, it can be seen that the 

groups tested had similar results to the negative control. Thus, no group showed 

cytotoxicity by the three parameters evaluated (metabolic activity, integrity and cell 

density) regardless of time (24h or 7 days). However, an increased metabolic activity 

(p<0.05) was observed in cells exposed to TU 50, in both experimental times. 

The results indicated that the biocompatibility of the tested materials extends to 

the cellular response to the two markers: b-FGF and IL-6 (Figure 2). Figure 2A shows 

that the cytotoxic positive control (latex) killed the cells during 24h and induced these 

to a strong release of IL-6, while all the  tested materials had similar results to the 

negative control. Figure 2B shows the cell response to b-FGF, in which it is possible 

to observe once again an impact of the exposure to the positive control, this time 

reducing the release of growth factor, while all other groups maintained similar 

responses to the control. 
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Figure 1: Multiparametric Cytotoxicity Assay. HGF cells were exposed to extracts 
produced by incubation for 24h (black bars) or 7 days (white bars) of each material, or 
to a positive control (Latex, C+), or a negative control (Polystyrene beads, C-). Cell 
survival was measured by the XTT (A),  NRU (B), or CVDE (C) assays. Results 
represented as mean±SD of quintuplicates, as a percentage of an unexposed group 
(Control). The dashed line identifies the cutoff of 70% cell survival for non-cytotoxic 
materials, according to ISO 7405:2008. The asterisk indicates significant difference 
from all other groups (p<0.05). 
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Figure 2: Evaluation of the release of IL-6 (A) and b-FGF (B) by HGF cells exposed to 
24 hours extracts of the tested materials, or to a positive control (Latex, C+), or to a 
negative control (Polystyrene beads, C-). The results from the ELISA assay for 
cytokines (pg/ml) was normalized by the cell density obtained with a CVDE assay 
performed in the same cells. The asterisk indicates significant difference from all other 
groups (p<0.05). 

 

DISCUSSION 

The use of TU in the organic matrix has already been extensively studied and 

showed improvements in mechanical properties and mechanism of polymerization 

for better clinical performance of resin materials. Recent studies have been 

extended the use of thiourethane-functionalized fillers. A recent study confirmed the 

improvement of such properties when TU was added in the organic matrix; as 

functionalized fillers or in both organic and inorganic portions when compared to a 

control (without TU) [24].  

Degree conversion of thiourethane groups shows values between 60-70%, 

which is the percentage considered necessary for monomeric conversion of the 

conventionally used resin materials. Previous studies have shown that the degree 

conversion in experimental composites with TU in the organic matrix is higher when 

compared to the control [6,7,9, 10,14]. However, an ongoing study comparing the 
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degree of conversion of materials with TU in the matrix, in the filler or in both  organic 

and inorganic portions showed that the degree conversion was not affected by the 

addition of TU, regardless of location (filler, matrix or both) [24]. This fact 

corroborates with the data found in the present study, in which TU was added only 

in the filler and the degree of conversion remained equivalent to control group. 

Regarding sorption and solubility, it was observed that the sorption values were 

equivalent to control in all experimental groups, while solubility values were slightly 

lower although this difference was not considered statistically significant. This 

behavior was also found in previous studies that used TU precursor compounds 

such as thiol-ene-methacrylate [25] and urethane-based multifunctional 

methacrylate monomer [26]. Boulden et al. (2011) showed that water sorption of 

methacrylate-thiol-ene had a significant decrease when compared to control and 

solubility was equivalent, however, both without statistical difference [25]. Although 

there was no significant difference, there was a tendency of the experimental groups 

to take longer to stabilize their mass. This may be due to the interaction of the 

material with the water. However, the results could suggest that although the 

interaction with water occurred, the material has characteristics compatible with 

conventional materials. 

TU concentration in the material showed significant variations in the long-term 

color stability of the experimental materials. The total variation (ΔE) of color 

considering the baseline, after 30 and 60 days periods, showed values that 

increased in proportion to the amount of TU. Color and hydrolytic stability may be 

interfered when the coupling agent is modified and may lead to water accumulation 

[13]. Thus, properties such as sorption, solubility and color stability should be 

investigated when there is a modification of the coupling agent. In this study the TU 

was used as coupling agent covering filler particles and the water solubility and 

sorption results were found to be equivalent to conventionally used (control) silane-

based material. However, color stability obtained intermediate results at lower 

concentrations (TU25 and TU50) and was compromised as the concentration of the 

experimental agent increased (TU75 and TU100). It is believed that the inference of 

water interaction previously observed with a higher TU concentration may contribute 

to this result. 

The results of surface roughness showed no statistically significant differences 

before water storage (baseline). However, the comparison of the results before and 
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after water stored revealed significant mean differences in Ra values that were more 

prominent only for TU100%. Clinically, this change was perceptible even in 

unpolymerized material. The experimental resin with 100% TU showed granular 

consistency, but after condensation and polymerization of the material, this 

granulation was no longer observed. The results confirm that the higher content of 

TU fillers (TU100%) presented higher surface roughness values (Ra) after water 

storage. Due to this, it is believed that the high concentration of TU covering filler 

particles can interfere in the roughness. However, lower concentrations, up to 75% 

TU, presented intermediate results and similar to control results at baseline and after 

6 months. No study using TU in composite resin evaluated this property, which is a 

clinically relevant parameter for analysis susceptibility to pigmentation, to plaque 

accumulation and wear [27,28,29]. Due to the importance of this property, its 

evaluation in an experimental composite whose coupling agent has been modified 

is justified, since the organic matrix, the bonding agent and the characteristics of the 

filler particles have a direct impact on surface smoothness [29]. These results are 

important for the knowledge of the ideal concentrations of TU that must be added to 

the composite resin for the clinical use of the material. 

Antimicrobial materials have been developed for the purpose of killing the 

bacteria by contact (bactericidal effect) or preventing bacterial adherence (anti-

biofilm effect) [3]. The researches has focused on the addition of this property to the 

restorative materials since the main reasons for the failure in composite resin 

restoration are the development of secondary caries due to the formation of biofilms 

in the gaps of the restoration margins [30]. Thus, all new material introduced should 

seek to evaluate the presence of such antimicrobial activity. The technique 

recommended in this study to evaluate the antimicrobial properties has already been 

used successfully in previous studies [15,16].  This technique permitted not only the 

visualization of the growth of microorganisms but also the quantification of colonies 

forming units (CFUs) in each group. Images from binocular stereoscopic microscope 

showed that S. mutans colonies were formed in all wells that had the presence of 

the experimental material at baseline and after 7 days exhaustion, a period in which 

it was believed that the specimens could release compounds in the medium that 

had antimicrobial action.  This period was based on the time of absorption and 

solubility that TU presented in the tests of this work. However, even after this period 
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no significant antimicrobial properties were observed. Such a property was unknown 

in materials using TU, since no study had yet appraised that issue. 

The evaluation of cytotoxicity was done through a multiparametric test, which 

assesses three different parameters using the same cells. This allows a greater 

understanding of the cytotoxicity phenomenon and a greater chance of detecting 

changes that only one test would not detect. In this study, such methodology 

identified a curious effect for the TU 50 group, which has shown a threefold increase 

in the metabolic activity, but in the other two tests presented a compatible result with 

the other groups tested. This fact indicates that there was an increase in 

metabolism, however, without changes in cell survival or integrity. This result 

reaffirms the importance of the use of diverse parameters for the analysis of 

cytotoxicity. 

While the present results could not provide an explanation for this increased 

metabolic activity independent of time (24h or 7 days) in the TU 50 group, two 

hypotheses can be considered. A first hypothesis would be the possible interference 

of some reducing component in the material, converting XTT into formazan 

independent of the presence of cells. This hypothesis, however, is discarded by a 

test where it is possible to verify that this material does not have the capacity to 

cause this interference in the absence of cells (data not shown). Another hypothesis 

would be that the material is causing a disturbance that generates an exacerbated 

response in the cells. This may be associated, as some authors have already 

shown, to oxidative stress conditions. However, this study did not advance to prove 

this hypothesis, especially considering that the material of this group did not present 

prominence in the other parameters evaluated. Although the TU50 group was not 

cytotoxic, it was not considered as optimal for this stage of the biological evaluation. 

It is known that dental materials release substances in different degrees in the 

buccal environment [31]. Cells present in such medium can react with such 

components releasing mediators that can promoting proliferation and differentiation 

of tissues culminating in a positive response to the material as well as the release 

of stress markers which may, for example, exacerbate a local inflammatory 

response. The cells selected in this study (HGF) are important representatives for 

the in vitro evaluation of dental materials, allowing the investigation of the release 

of growth factors, such as b-FGF, and cytokines, such as IL-6, that may affect 
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biocompatibility [23]. The results of the present study indicate that the 

biocompatibility of the tested materials extends to the response of the markers, 

where it was possible to observe that the cytotoxic positive control (latex), besides 

killing the cells during 24 hours, induced them to a strong liberation of IL- 6, which 

did not occur in the experimental groups. The IL-6 marker is associated with a 

representative stress and immune response [32]. Regarding b-FGF, it was possible 

to observe that the experimental groups had results equivalent to C-, which means 

that they are not inducing a cellular proliferation, and also not killing. It is important 

to highlight that the results of TU50 group is corresponding to the other experimental 

groups an C-, and the stress that is being produced in those cells that are breathing 

more, is not causing more release of pro-inflammatory cytokines when compared to 

the other groups. The TU zero, which would be the commercial standard, does not 

present much better results than the experimental groups. 

 

CONCLUSION 

 

Based on the results of this study, it can be concluded that the addition of 

thiourethane-functionalized fillers to methacrylate-based experimental composites 

maintained the sorption and solubility standards equivalent to conventional 

materials, as well as the degree of conversion. Color stability and surface roughness 

were affected as thiourethane-functionalized fillers amount increased. The material 

did not present cytotoxic activity to the cells. Thus, only hypothesis V and VI were 

accepted and the others were rejected. 
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4. CONCLUSÕES 

 

 

Na fase 1 do trabalho, foi possível perceber, através de uma revista da 

literatura, que os tiouretanos tem recebido grande destaque na sua incorporação 

na composição de compósitos resinosos há alguns anos e fazem parte de um 

material em constante evolução. Os resultados das pesquisas até então quanto às 

suas propriedades e aplicações clínicas têm se mostrado promissores. Baseado 

nisto, acredita-se que sua aplicação clínica e introdução no mercado podem ocorrer 

em breve. 

Na fase 2 desta tese, concluiu-se que o uso de tiouretano na funcionalização 

de partículas de carga manteve os padrões de sorção e solubilidade equivalentes 

aos materiais resinosos convencionais, assim como o grau de conversão. A 

estabilidade de cor e a rugosidade de superfície foram afetadas à medida que a 

concentração de TU tornou-se elevada. O material não apresentou atividade 

citotóxica às células, nem propriedades antimicrobianas. Dessa forma, apenas a 

hipótese (V) foi aceita e as demais rejeitadas. 
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ANEXOS – Imagens ilustrativas da metodologia utilizada 

 

 

 

 

 

 

Figura 1: Materiais utilizados para formulação da composição da matriz orgânica do 

compósito experimental. 

 

 

 

 

 

 

 

 

Figura 2: Balança analítica usada para pesagem dos componentes da resina 
experimental com recipiente apropriado para ser inserido na máquina de mistura 
mecânica (SpeedMixer) para manipulação dos compósitos.  
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Figura 3: Matrizes utilizadas para confecção dos corpos de prova de acordo com o 
teste a ser conduzido. Inserção de resina composta em incremento único na matriz. 
 

 

Figura 4: Dessecador contendo as amostras alocadas individualmente em eppendorfs 
e sílica azul. Estufa utilizada para armazenamento das amostras. Balança analítica 
utilizada para pesagem dos corpos de prova. 
 

 

 

 
 
 
 
 
 
 
 
Figura 5: Espectrofotômetro acoplado a um computador com programa específico 
para análise de propriedades ópticas empregando o parâmetro CIELab. 
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Figura 6: Rugosímetro TR210 
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        TU 50                                       TU75                                    TU100 

Figura 7: Imagens feitas no microscópio estereoscópio binocular evidenciando o 

crescimento bacteriano em todos os grupos experimentais na presença dos corpos de 

prova e no grupo controle do experimento sem o corpo de prova. 
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Figura 8: Organização dos grupos na placa de cultura de células de 96 poços. 

 

 

 

 

 

 

 

 

 

 

Figura 9: Células cultivadas em poço da placa de cultura de células. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 10: Lavagem com PBS realizada entre cada um dos testes 

multiparamétricos 


