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RESUMO 

O objetivo desse estudo foi avaliar a influência da porcentagem de colágeno da dentina na 

resistência de união à microtração (µTBS) entre substrato dentinário e resina composta com um 

sistema adesivo. Foram selecionados 51 dentes de indivíduos que tiverem molares hígidos 

indicados para extração. Após extração foi realizada secção transversal 1,0 mm acima da junção 

amelocementária para obtenção de dois fragmentos: um para avaliação do colágeno e outro para 

avaliar a µTBS. Nos fragmentos de porção coronária foi aplicado um sistema adesivo 

autocondicionante. Sobre esse sistema adesivo foram aplicadas duas camadas de 2 mm de 

espessura de uma resina composta híbrida. Após os procedimentos de adesão foram realizados 

os testes de µTBS (EMIC DL 3000, São Jóse dos Pinhais, Paraná, Brasil) com sela de carga de 

10 kgf e velocidade de deslocamento de 0,5 mm/min. A porção radicular contento 1,0 mm da 

coroa foi processada histologicamente para avaliar a porcentagem de colágeno. O teste 

de Kolmogorov-Smirnov foi utilizado para a avaliação da normalidade. Para comparação das 

variáveis com distribuição não-normal entre dois grupos foi realizado o teste Mann Whitney e 

para variáveis com distribuição normal foi realizado o teste “t" de Student. Para comparação 

das variáveis com distribuição não-normal entre três ou mais grupo foi realizado o teste 

Kruskall Wallis e para variáveis com distribuição normal foi realizado o teste ANOVA. A 

correlação entre porcentagem de colágeno e resistência de união foi realizada utilizando o teste 

de correlação de Pearson.  A correlação entre porcentagem de colágeno e idades foi realizada 

utilizando o teste de correlação de Spearman. O nível de significância assumido foi de 5% 

(α=0,05). Os indivíduos brancos e do sexo masculino apresentaram menor porcentagem de 

colágeno quando comparados aos indivíduos não-brancos (p<0,0001) e do sexo feminino 

(p<0,0001). A faixa etária entre 44-51 anos apresentou maior porcentagem de colágeno 

(p=0,0013). Não foram observadas diferenças significativas em relação à µTBS entre as etnias 

(p=0,9338), sexos (p=0,9050) e subgrupos (p=0,9093). Não houve correlação significativa 

entre porcentagem de colágeno e µTBS (p=0,2635) e entre porcentagem de colágeno e idade 

(p=0,9856). Concluímos que a porcentagem de colágeno na dentina coronária está 

significativamente relacionada ao sexo, à etnia e à idade e que a µTBS independe da 

porcentagem de fibras colágenas. Como nosso estudo foi o primeiro a avaliar a porcentagem de 

colágeno na dentina coronária entre sexos, etnias e faixas etárias e associar a porcentagem de 

dentina coronária com a µTBS, mais estudos são necessários para compreender melhor a 

associação entre porcentagem colágeno dentinário com etnia, sexo, faixa etária e µTBS. 

Palavras-chave: Colágeno. Dentina. Grupos Etários. Grupos Étnicos. Identidade de Gênero. 

Resistência à Tração.
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ABSTRACT 

 

The objective of this study was to evaluate the influence of the percentage of dentin collagen 

on the microtensile bond strength (µTBS) between dentin substrate and composite resin with 

an adhesive system. Fifty-one teeth of individuals with healthy molars indicated for extraction 

were selected. After extraction, a cross-section 1.0 mm above the cementum junction was 

performed to obtain two fragments: one for the evaluation of collagen and the other for the 

evaluation of µTBS. In the fragments of the coronary portion, a self-etching adhesive system 

was adhesive. On this adhesive system, two 2 mm thick layers of a hybrid composite resin were 

applied. After the adhesion procedures, the µTBS tests (EMIC DL 3000, São Jóse dos Pinhais, 

Paraná, Brazil) were performed with a load saddle of 10 kgf and displacement speed of 0.5 

mm/min. The root portion of the 1.0 mm crown was processed histologically to assess the 

percentage of collagen. The Kolmogorov-Smirnov test was used to assess normality. To 

compare variables with non-normal distribution between two groups, the Mann Whitney test 

was performed and for variables with normal distribution, Student's “t” test was performed. To 

compare variables with non-normal distribution between three or more groups, the Kruskall 

Wallis test and for variables with normal distribution, the ANOVA test was performed. The 

correlation between percentage of collagen and bond strength was performed using Pearson's 

correlation test. The correlation between percentage of collagen and age was performed using 

the Spearman correlation test. The level of significance assumed was 5% (α=0.05). White and 

male individuals had a lower percentage of collagen when compared to non-white (p<0.0001) 

and female (p<0.0001) individuals. The age group between 44-51 years had a higher percentage 

of collagen (p=0.0013). There were no significant differences in relation to µTBS between 

ethnicities (p=0.9338), sexes (p=0.9050) and subgroups (p=0.9093). There was no significant 

correlation between the percentage of collagen and µTBS (p=0.2635) and between the 

percentage of collagen and age (p=0.9856). We conclude that the percentage of collagen in 

coronary dentin is significantly related to sex, ethnicity and age and that µTBS does not depend 

on the percentage of collagen fibers. As our study was the first to assess the percentage of 

collagen in coronary dentin between sexes, ethnicities and age groups and to associate the 

percentage of coronary dentin with µTBS, further studies are needed to better understand the 

association between percentage of dentin collagen with ethnicity, sex, age group and µTBS. 

Keywords: Age Groups. Collagen. Dentin. Ethnic groups. Gender Identity. Tensile Strength. 
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Os dentes são compostos por três tecidos duros: esmalte, cemento e dentina. O esmalte 1 

cobre a superfície da coroa, o cemento cobre a superfície da raiz do dente, e a dentina circunda 2 

um tecido conjuntivo não-mineralizado abundante em fibras nervosas e vasos sanguíneos que 3 

é a polpa dentária (KAWASHIMA; OKIJI, 2016). Na polpa encontram-se os odontoblastos que 4 

enviam para os túbulos dentinários os processos ou prolongamentos odontoblásticos 5 

(FERREIRA; CARRILHO; LEITÃO, 2006).  6 

Esmalte, cemento e dentina são compostos por componentes inorgânicos e orgânicos. O 7 

componente inorgânico consiste da apatita biológica, a hidroxiapatita. O esmalte possui origem 8 

ectodérmica com pouco ou nenhum colágeno. A matriz orgânica do esmalte é composta de 9 

proteínas não colágenas, principalmente amelogenina que se encontra em 90% da sua 10 

constituição. O esmalte possui mais conteúdo inorgânico (aproximadamente 90% de cristais 11 

prismáticos) que a dentina (aproximadamente 70%) e o cemento (45%). Os cristais de 12 

hidroxiapatita são maiores e mais orientados no esmalte fazendo com que esse tecido seja o 13 

mais duro do corpo humano (NEEL et al., 2016), permitindo várias funções, como a de 14 

processar os alimentos (LACRUZ et al., 2017). No entanto, por possuir alto conteúdo orgânico, 15 

a dentina é mais resiliente que o esmalte (NEEL et al., 2016). 16 

O cemento e a dentina são descritos como tecidos conjuntivos mineralizados e de origem 17 

mesodérmica (NEEL et al., 2016).  São tecidos conjuntivos especializados constituídos por 18 

colágeno tipo I que corresponde a aproximadamente 90% dos componentes orgânicos, sendo o 19 

restante constituído por proteínas não colágenas (NEEL et al., 2016). A dentina constitui a 20 

maior parte do dente, sendo que na porção coronária é protegida pelo esmalte e na porção 21 

radicular é protegida pelo cemento (FERREIRA; CARRILHO; LEITÃO, 2006).  22 

A dentina é composta por túbulos dentinários que se estendem por toda a sua área, e 23 

com diâmetro aproximado de 1 µm a 4 µm, sendo que esse diâmetro é maior na região próxima 24 

à polpa, diminuindo no sentido mais externo, ou seja, nas proximidades das junções 25 

amelodentinária e cementodentinária (FERREIRA; CARRILHO; LEITÃO, 2006; 26 

ELDARRAT; HIGH; KALE, 2017). A densidade aproximada dos túbulos na dentina é de 27 

27.000 túbulos/mm² na superfície externa e na região mais interna esse número aumenta para 28 

cerca de 45.000 túbulos/mm². (ELDARRAT; HIGH; KALE, 2017). Dentro dos túbulos 29 

dentinários encontram-se os prolongamentos dos odontoblastos, com forma de cones 30 

invertidos, e o líquido extracelular (FERREIRA; CARRILHO; LEITÃO, 2006; ELDARRAT; 31 

HIGH; KALE, 2017).  32 

Os odontoblastos consistem em células diferenciadas, cujos corpos celulares encontram-33 

se na parte mais periférica da estrutura pulpar e seus prolongamentos se estendem pelos túbulos 34 
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dentinários e alcançam a junção amelodentinária (KAWASHIMA; OKIJI, 2016).O maior 35 

diâmetro dos túbulos a nível da cavidade pulpar tem como consequência um aumento da 36 

permeabilidade dentinária, facilitando a invasão de produtos bacterianos que se formam quando 37 

existe necrose pulpar, o que causa efeitos prejudiciais a nível dentinário (FERREIRA; 38 

CARRILHO; LEITÃO, 2006). 39 

De acordo com o período de deposição e resposta a estímulos nocivos, existem três tipos 40 

de dentina: primária, secundária e terciária. A dentina primária é a primeira a se formar e 41 

representa a maior porção do dente, localizando-se mais interiormente, delimitando o tecido 42 

pulpar. A camada de pré-dentina não mineralizada é importante para manter a integridade da 43 

dentina, pois que, qualquer estímulo danoso ao órgão dental a pré dentina tem pronta resposta 44 

em mineralização. A dentina secundária é uma dentina fisiológica e se forma após os 45 

odontoblastos formarem a dentina primária e após a erupção do órgão dental, continuando a ser 46 

formada mais lentamente. A dentina terciária, também conhecida por dentina reparadora ou 47 

reacional, se forma em resposta da polpa aos vários estímulos de agressão dentária, como cáries 48 

e procedimentos operatórios (FERREIRA; CARRILHO; LEITÃO, 2006).  49 

Durante toda a vida do órgão dental, os odontoblastos possuem a capacidade de 50 

formarem dentina. Nos casos de destruição odontoblástica, as células mesenquimatosas da 51 

polpa apresentam capacidade de se diferenciarem em células do tipo odontoblastos 52 

(FERREIRA; CARRILHO; LEITÃO, 2006).  53 

Sabe-se que com o aumento da idade do indivíduo há formação de dentina esclerótica, 54 

que provoca oclusão dos túbulos dentinários com material mineralizado. Acredita-se que a 55 

formação de dentina esclerótica seja uma resposta fisiológica e que a obliteração seja alcançada 56 

por deposição contínua de dentina peritubular (NANCI, 2013). 57 

De acordo com a localização existem dois tipos de dentina, a peritubular e a intertubular. 58 

A dentina peritubular é altamente mineralizada, rica em hidroxiapatita e se localiza entre os 59 

túbulos e a dentina intertubular. A dentina intertubular concentra maior parte do material 60 

orgânico e reveste os túbulos dentinários. A matriz da dentina intertubular é composta 61 

principalmente de fibras colágenas do tipo I além de outras proteínas não colágenas e 62 

proteoglicanas formando uma rede orgânica reforçada por cristais minerais de apatita 63 

(BERTASSONI et al., 2012). 64 

A dentina é constituída por aproximadamente (volume) 50% de matéria inorgânica, 30% 65 

de matéria orgânica que corresponde à matriz dentinária e 20% de água (NAKABAYASHI; 66 

PASHLEY, 1998). Cerca de 10% da matriz dentinária é composta por proteínas não colágenas 67 

e lipídios e 90% por colágeno tipo I (NEEL et al, 2016). 68 
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O colágeno do tipo I é o principal componente da porção orgânica da dentina, abrange 69 

30% do volume da área mineralizada da dentina (HU et al., 2015) e representa mais que 85% 70 

dos componentes da matriz orgânica, sendo o restante representado pelo colágeno tipo III e tipo 71 

V. A parte não colágena da matriz orgânica é composta principalmente de fosfoproteína 72 

dentinária que apresentam funções inibidoras ou promotoras, interferindo na deposição mineral. 73 

A matriz inorgânica restante é composta principalmente por hidroxiapatita (NEEL et al., 2016).   74 

O colágeno do tipo I representa uma estrutura elástica, com alta resistência à tração e 75 

altamente organizada (BERTASSONI et al., 2012; SCHWARZ, 2015). O comprimento 76 

aproximando de cada estrutura de colágeno é de 300 nm e, de um extremo ao outro, suas fibrilas 77 

apresentam áreas intervaladas de 40 nm. A estabilização dessas estruturas colagenosas é 78 

realizada através de interações fracas com hidrogênio e também através de ligações 79 

intermoleculares fortes, sendo essa estabilização de fundamental importância para a 80 

manutenção da estrutura do colágeno, bem como sua insolubilidade em meio aquoso (NEEL et 81 

al., 2016).  82 

A macromolécula de colágeno tipo I, conhecida como tripla hélice, é formada por três 83 

cadeias α polipeptídicas, sendo duas cadeias α1 e uma α2, as quais são compostas pela 84 

sequência de aminoácidos glicina-X-Y, sendo que X e Y são frequentemente ocupados pelos 85 

aminoácidos prolina e hidroxiprolina, respectivamente. Além da tripla hélice central, a 86 

molécula heterotrimérica do colágeno tipo I apresenta outros dois domínios, ambos não 87 

helicoidais: um NH2 terminal ou N telopeptídeo e um COOH terminal ou C telopeptídeo 88 

(GELSE; POSCHL; AIGNER, 2003). A estrutura do colágeno tipo I apresenta forma de 89 

bastonete com diâmetro aproximado de 1,5 nm. Essa estrutura é conhecida como pró-colágeno, 90 

configurando a forma pela qual é secretada pelas células odontoblásticas no espaço extracelular, 91 

onde é então convertida a tropocolágeno, caracterizado pela perda dos dois domínios N e C 92 

terminais (NEEL et al., 2016). 93 

Já foi demonstrado em vários tecidos que as concentrações de colágeno sofrem 94 

variações de acordo com a etnia, sexo e idade. Em relação à etnia, indivíduos afro-americanos 95 

apresentam maior incidência de deposição colagenosa na derme quando comparados aos 96 

indivíduos caucasianos (YU et al., 2015). Quanto ao sexo, um demonstrou que o estrogênio 97 

está envolvido na remodelação da matriz extracelular e do colágeno e que está associado com 98 

a maior porcentagem de colágeno no sexo feminino (FEDE et al., 2016). Quanto à idade, sabe-99 

se que o conteúdo total de colágeno da superfície da pele humana apresenta declínio anual de 100 

aproximadamente 1%. Além disso, com o avançar da idade a estrutura colágena da pele torna-101 
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se irregular e não organizada, diferenciando-se da pele jovem, onde o colágeno é abundante, 102 

organizado e altamente regular (GANCEVICIENE et al., 2012). 103 

Além de grande quantidade de colágeno, os dentes apresentam alta composição 104 

mineral e estão sujeitos ao fenômeno da desmineralização. Essa desmineralização está 105 

intimamente associada ao declínio do pH na superfície da estrutura dental e pode acarretar 106 

lesões significativas (LARSEN; FIEHN, 2017). As estruturas dentais lesionadas pela cárie ou 107 

outras doenças podem ser reparadas ou substituídas por meio da aplicação de materiais 108 

sintéticos, que reestabelecem a função e a estética do elemento dental. Dessa forma, os 109 

procedimentos restauradores atuais dependem da união entre os materiais e os substratos 110 

dentários (BERTASSONI et al., 2012; ARINELLI et al., 2016).  111 

Como os túbulos dentinários contêm fluido que dificultam a união efetiva do dente 112 

com o material restaurador, a camada híbrida é o principal elemento de união micromecânica e 113 

se configura pela inter-relação efetiva entre as fibrilas colágenas e o adesivo, que penetra e 114 

preenche os espaços entre essas fibrilas (HU et al., 2015). Por se tratar de estrutura altamente 115 

sensível e pela presença de umidade, a ligação de materiais restauradores à dentina se torna 116 

altamente desafiadora (KAUR et al., 2015). Quando a dentina é cortada por brocas ou pontas 117 

diamantadas em baixa ou alta velocidade, forma-se uma camada de detritos de corte variando 118 

entre 1 a 2 μm de espessura, chamada de camada de esfregaço ou smear layer (FRASSETTO 119 

et al., 2015). 120 

 Dessa forma, a adesão à dentina é muito complexa devido a sua composição orgânica, 121 

a umidade presente nos túbulos dentinários, a não homogeneidade e a presença de smear layer, 122 

fatos que tornam a adesão à dentina mais difícil que no esmalte (ALMEIDA et al., 2017). 123 

 Por outro lado, a união efetiva entre materiais restauradores e estrutura dentária é 124 

fundamental para a longevidade dos procedimentos restauradores. A falta de adesão leva à 125 

vários problemas, como infiltração marginal e sensibilidade pós-operatória (BHATTI, 2019). 126 

A restauração das estruturas dentárias utilizando materiais adesivos poliméricos 127 

normalmente preconiza três etapas: a desmineralização ácida, a incorporação da matriz resinosa 128 

às fibras colágenas e a etapa adesiva (BERTASSONI et al., 2012).  Na etapa da 129 

desmineralização ácida um agente é empregado com o objetivo de retirar a smear layer e, ao 130 

mesmo tempo, desmineralizar o substrato mineral do esmalte e da dentina. No esmalte o ácido 131 

causa a desmineralização e aumenta a área de adesão. Na dentina, o ácido causa a 132 

desmineralização, levando à exposição da matriz de fibras colágenas e ao alargamento do 133 

diâmetro dos túbulos (DAVARI; ATAEI; ASSARZADEH, 2013; HU et al., 2015). Utiliza-se 134 

o ácido fosfórico entre 30 e 40% como agente ácido por 15 segundos na dentina, solubilizando 135 
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toda a camada de smear layer e 5 μm de dentina mineralizada subjacente faz com que a camada 136 

de esfregaço se dissolva (FRASSETTO et al., 2015). Outra alternativa é a aplicação de adesivo 137 

denominado auto condicionante, cujo primer já possui componente acídico em sua composição 138 

e resulta em desmineralização concomitante à penetração do adesivo (KAUR et al., 2015; 139 

SAIKAEW et al., 2018). O processo de desmineralização superficial e exposição das fibras 140 

colágenas cria uma retenção micro-mecânica importante na adesão à dentina, no qual ocorre a 141 

impregnação e a polimerização dos monômeros nas fibras colágenas expostas, formando a 142 

camada híbrida (NAKABAYASHI, 1992).  143 

Dessa forma, na etapa da incorporação da matriz resinosa são empregados os agentes 144 

denominados primers, que são compostos por monômeros hidrofílicos e solventes voláteis. Os 145 

solventes voláteis têm a função de deslocar os fluídos para liberar a matriz dentinária e de 146 

transportar os monômeros resinosos para a matriz colágena exposta (BERTASSONI et al., 147 

2012). O espaço entre as fibrilas de colágeno possui cerca de 30-11 nm de diâmetro, servindo 148 

como canais de difusão para os monômeros solventes do adesivo se infiltrarem em volta das 149 

fibrilas de colágeno e irem em direção à base dos 5 μm de profundidade desmineralizados 150 

(FRASSETTO et al., 2015). Os monômeros de resina agem infiltrando e encapsulando a matriz 151 

de colágeno que se encontra desmineralizada e exposta, levando a formação de uma união 152 

resistente entre dentina e compósito (DAVARI; ATAEI; ASSARZADEH, 2013; HU et al., 153 

2015). Essa união, formada entre as fibras colágenas expostas e a matriz resinosa, é denominada 154 

camada híbrida (HU et al., 2015).  155 

Portanto, a camada híbrida é formada quando um monômero penetra na superfície 156 

dentinária desmineralizada, formando uma camada ácido resistente de dentina, reforçada por 157 

resina. Já foi demonstrado na literatura que a qualidade dessa camada híbrida é mais importante 158 

que sua espessura (ALMEIDA, et al., 2017). 159 

Com relação aos sistemas adesivos, sabe-se que os sistemas adesivos convencionais 160 

com três passos podem produzir altas resistências de união resina/dentina, porém o 161 

condicionamento ácido em excesso, o risco de colapso de colágeno durante a secagem com ar 162 

após o condicionamento ácido e o controle de umidade, podem influenciar no desempenho de 163 

união (MARTINS et al., 2008).  164 

Dessa forma, a interface dentina-adesivo é extremamente relevante para a longevidade 165 

das restaurações. A degradação dessa interface pode ocorrer quando os polímeros dos adesivos 166 

sofrem quebra hidrolítica e quando ocorre a degradação das fibrilas de colágeno expostas pela 167 

má penetração dos monômeros dentro da dentina desmineralizada (ALMEIDA, et al., 2017). A 168 

degradação da interface adesiva pode ocorrer ao longo do tempo, levando à falha da interface 169 
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adesiva, o que leva à formação de microgaps que são facilmente penetrados por patógenos. 170 

Como resultado da degradação e fratura, as restaurações dentárias têm mostrado um serviço 171 

clínico limitado e a falha recorrente da interface dente-compósito tem sido considerado o 172 

principal motivo pela substituição das restaurações compostas (FRASSETTO et al., 2015).  173 

Portanto, sabendo da importância das fibras colágenas para a adesividade de 174 

restaurações diretas com resina composta e que existem diferenças na quantidade de colágeno 175 

com relação à etnia, sexo e idade, justificou -se a realização do presente estudo. 176 
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Como já foram observadas diferenças na porcentagem de colágeno entre etnias, sexos e 177 

idades em outros órgãos, acreditamos que a hipótese nula seja rejeitada e que os indivíduos do 178 

sexo feminino e não-brancos apresentem maior porcentagem de colágeno na dentina quando 179 

comparados aos indivíduos do sexo masculino e brancos. Acreditamos também que exista 180 

correlação positiva e significativa entre a porcentagem de colágeno dentinário e a resistência 181 

de união. 182 
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O objetivo do presente estudo foi comparar a porcentagem de colágeno na dentina 183 

coronária de dentes humanos recém-extraídos entre os sexos, as etnias e os grupos etários e 184 

correlacionar a porcentagem de colágeno com a resistência de união com um sistema adesivo.185 
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ABSTRACT 223 

 224 

Objectives: Evaluate the influence of percentage of dentin collagen in different sexes, 225 

ethnicities and ages on the microtensile bond strength (µTBS) between dentin substrate and 226 

composite resin. 227 

Methods: Fifty-one sound extracted molars were selected from patients of different sexes and 228 

ethnicities with age variation between 16 to 51 year. The crown was separated from the root. 229 

The dentin of coronal part was restored with a hybrid composite resin block. After 24 hours 230 

storage in distilled water at 37 oC. Each specimen was sectioned perpendicular to the bonding 231 

interface area to obtain beams with a cross section area of approximately 0.9 mm2. The beams 232 

were submitted to μTBS test until failure. The μTBS was expressed in MPa. The root portion 233 

containing 1.0 mm of the crown was processed histologically to assess the percentage of 234 

collagen. 235 

Results: White and male individuals had a lower percentage of collagen when compared to non-236 

white and female individuals (p<0.0001). The age group between 44-51 years had highest 237 

percentage of collagen (p=0.0013). There were no significant differences in relation to µTBS 238 

(ethnicity: p=0.9338; whites: 47.36 ± 18.57; non-whites: 46.95 ± 16.05) (sex: p=0.9050; male: 239 

47.53 ± 14.36; female: 46.93 ± 19.12) (subgroups: p=0.9093; white male: 47.26 (87.23-11.26); 240 

non-white male: 46.32 (58.05-34.13); white female: 43,48 (91.92-17.91); non-white female: 241 

42.94 (82.11-24.79) and no significant correlation between percentage of collagen and µTBS. 242 

Conclusions: The percentage of collagen in coronary dentin is significantly related to sex, 243 

ethnicity and age. The µTBS does not depend on the percentage of collagen fibers. 244 

 245 

Keywords: Age Groups, Collagen, Dentin, Ethnic Groups, Gender Identity, Tensile Strength 246 
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1. Introduction 255 

Dental caries is the most common disease in the world and occurs when the ecological 256 

balance in oral microflora is interrupted by biological and environmental factors 257 

(Grigalauskienė, Slabšinskienė, & Vasiliauskienė, 2015). Restorative dentistry allows to restore 258 

dental function and aesthetics. Thus, the effective bond between restorative materials and dental 259 

structure is fundamental for the longevity of restorative procedures. The lack of satisfactory 260 

adhesion between dentin and restorative material leads to several problems such as fracture, 261 

marginal infiltration, secondary caries and postoperative sensitivity (Bhatti, 2019). As a 262 

consequence of the degradation of the adhesive interface, recurrent failures of the tooth-263 

composite interface have been considered as the main reason for replace composite restorations 264 

(Frassetto et al., 2015).    265 

 Teeth are composed of enamel, cement and dentin (Kawashima, & Okiji, 2016). Dentin 266 

is a mineralized connective tissue consisting of approximately (volume) 50% inorganic matter, 267 

30% organic matter that corresponds to the dentinal matrix and 20% water (Nakabayashi, & 268 

Pashley, 1998). About 10% of the dentin matrix is composed of non-collagen proteins and lipids 269 

and 90% of type I collagen (Neel et al, 2016). Type I collagen is a highly organized elastic 270 

structure with high tensile strength (Schwarz, 2015). 271 

Collagen concentrations have been shown to vary according to ethnicity, sex and age. 272 

Regarding ethnicity, African-Americans individuals have a higher incidence of collagenous 273 

deposition in the dermis when compared to Caucasians individuals (Yu et al., 2015). As for sex, 274 

there is a study that demonstrated that estrogen is involved in the remodeling of the extracellular 275 

matrix and collagen and that it is associated with the highest percentage of collagen in the 276 

female sex (Fede et al., 2016). 277 

The total collagen content of the human skin surface shows an annual decline of 278 

approximately 1%. In addition, with advancing age the collagen structure of the skin becomes 279 

irregular and unorganized, differentiating it from young skin, where collagen is abundant, 280 

organized and highly regular (Ganceviciene, Liakou, Theodoridis, Makrantonaki, & Zouboulis, 281 

2012). 282 

Even due to the high mineral composition, the teeth are subject to demineralization 283 

associated with the decline in pH on the surface of the dental structure, which can cause lesions 284 

in the enamel and dentin (Larsen, & Fiehn, 2017). The damaged areas can be replaced by 285 

restorative materials, which reestablish the function and aesthetics of the tooth. Thus, 286 
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restorative procedures depend on the bond between materials and dental substrates (Arinelli, 287 

Pereira, Prado, & Rabello, 2016). 288 

As the dentinal tubules have spaces that contain fluids that can prevent effective bonding 289 

between dentin and restorative material, the hybrid layer is the main micromechanical bonding 290 

element. The hybrid layer is formed by the effective interrelation between the collagen fibrils 291 

and the adhesive, which penetrates the dentin and fills the interfibrillary microspaces (Hu et al., 292 

2015). The fact that dentin is a highly sensitive structure, and due to the presence of moisture, 293 

the bonding of restorative materials to dentin becomes highly challenging (Kaur et al., 2015). 294 

It is due to several intrinsic characteristics, such as its organic composition, inhomogeneity, the 295 

humidity present in the dentinal tubules and the presence of smear layer (Almeida et al., 2017; 296 

Frassetto et al., 2015). Thus, adhesion of restorative materials to dentin becomes more difficult 297 

than adhesion to enamel (Almeida et al., 2017). 298 

It has already been demonstrated that the degradation of dentin collagen networks is 299 

closely related to flaws found in the dentin-adhesive interface (Hu et al., 2015). Therefore, 300 

knowing the importance of collagen fibers for the adhesiveness of direct restorations with 301 

composite resin and that there are differences in the amount of collagen in relation to ethnicity, 302 

sex and age in other organs, the present study was justified. Furthermore, studies that compared 303 

the percentage of collagen in coronary dentin between ethnicities, sexes, age groups and also 304 

that correlated the percentage of dentin collagen with the bond strength between dentin 305 

substrate and composite resin were not found.   306 

As in other organs differences in the percentage of collagen have already been observed 307 

between ethnicities, sexes and ages, we believe that the null hypothesis is rejected and that 308 

female and non-white individuals have a higher percentage of collagen compared to male and 309 

white individuals. Thus, it is probable that there is a positive and significant correlation between 310 

the percentage of dentin collagen and the bond strength. 311 

Thus, the aim of the present study was to compare the percentage of collagen in the 312 

coronary dentin of newly extracted human teeth between sexes, ethnicities and age groups and 313 

to correlate the percentage of collagen with the bond strength of an adhesive system. 314 

2. Materials and methods 315 

2.1. Selection of participants 316 

This study was approved by the University of Uberaba Human Research Ethics 317 

Committee (protocol #14423519.6.0000.5145). Fifty-one extrated sound human 318 
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third molars were obtained from 51 individuals between 16 and 51 years old at the Dental Clinic 319 

of the University of Uberaba from September 2019 to July 2020. These teeth had extraction 320 

indicated for therapeutics reason. Prior to clinical procedures, data related to age, sex, ethnicity 321 

and information on parafunctional habits or systemic diseases associated with collagen 322 

synthesis were recorded. 323 

 All eligible participants were informed of the nature of the study and the potential risks 324 

and benefits of their participation by signing the informed consent form. 325 

The inclusion criteria were: sound molars, without restorations or wear, extracted for 326 

therapeutics reasons. Teeth should be healthy because cavities and restorations can induce 327 

tertiary dentin formation that could alter the amount of dentin collagen. 328 

The exclusion criteria were: extracted teeth that presented any abnormality of size, lack 329 

of uniformity in enamel or dentin, or that presented fractures, wear, history of parafunctional 330 

habits, abfraction, cavities or restorations. Teeth from individuals with systemic diseases 331 

associated with collagen synthesis, such as rheumatoid arthritis, progressive systemic sclerosis, 332 

systemic lupus erythematosus, dermatopolymyiositis, mixed connective tissue disease and 333 

Sjögren's syndrome, were excluded. 334 

The 51 individuals were divided into groups according to ethnicity, sex and age: White 335 

(W) (n=27); Non-White (NW) (n=24); Male (M) (n=20); Female (F) (n=31). The individuals 336 

were also divided into subgroups: White Male (WM) (n=14); Non-White Male (NWM) (n=6); 337 

White Female (WF) (n=13); Non-White Female (NWF) (n=18). According to age, individuals 338 

were grouped in the following intervals, in years: 16-22, 23-29, 37-43, 44-51. 339 

After tooth extraction, cementum and periodontal ligament remnants were removed 340 

using curettes and running water. Then, a 1.0 mm cross-section was made above the cementum 341 

junction with a diamond disk Buehler, Lake Buff, IL of 0.125 mm in diameter) mounted on a 342 

cutting machine (Isomet 1000, Buehler, Lake Bluff, IL, USA) to obtain two fragments: one 343 

fragment containing the coronary portion and another fragment containing the roots and 1.0 344 

mm of the coronary portion. 345 

Subsequently, the coronary portions of the teeth were kept in distilled water at 37 ºC.  346 

The root portions of the teeth containing 1.0 mm of the coronary structure were fixed in 10% 347 

buffered formaldehyde for later histological processing and analysis of the percentage of 348 

collagen. 349 

 350 

 351 
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2.2. Dental crowns demineralization and histological processing 352 
 353 

After fixation in formaldehyde, the root portions containing 1.0 mm of the coronary 354 

structure were individually stored in sterile flasks containing 6% formic acid solution (60 mL 355 

of 6% formic acid + 940 mL of 10% buffered formaldehyde) for demineralization. The 6% 356 

formic acid solution was changed once a week for 15 weeks. Subsequently, this solution was 357 

changed every day for 60 days. After the complete demineralization of the dental structure, the 358 

crown segments destined for histological processing were dehydrated in alcohol, diaphanized 359 

in xylol and included in paraffin. Then they were cut in a microtome (Lupe, MRP 03, São Paulo, 360 

Brazil) and sections of 6 µm thick were obtained. These histological sections were placed on 361 

glass slides and stained with picrosirius red to analyze the percentage of collagen. 362 

For staining with picrosirius red, the histological sections were washed in running water 363 

for five minutes. Then they were dewaxed with xylol, dehydrated in increasing concentrations 364 

of absolute alcohol and then washed in running water for hydration. Subsequently, the slides 365 

containing the fragments were placed in the picrosirius red solution for five minutes and in the 366 

fuchsin G solution, also for five minutes. Finally, the cuts were quickly counterstained with 367 

Harris' hematoxylin and dipped in water to remove excess dyes. The slides were then assembled 368 

with Entelan. 369 

2.3. Quantification of the percentage of collagen 370 

The collagen morphometry was performed in a semi-automatic way using a common 371 

light microscope Axio 4.1 (Zeiss, Berlin, Germany) coupled to an Axiocam image capture 372 

camera (Zeiss, Berlin, Germany) and a computer where the Axiovision 4.8 software is installed 373 

(Zeiss, Berlin, Germany). The images viewed under the microscope were transmitted to the 374 

computer monitor. For this analysis, a 40X objective and a polarizing filter were used. In the 375 

polarized image, collagen showed birefringence with green, yellow or red coloring, being 376 

quantified in a semi-automatic way (Garvil et al., 2020).  377 

To determine the total number of fields to be evaluated per case, the slide containing the 378 

largest fragment was selected. In this slide, all fields were evaluated, totaling 206 fields. Then, 379 

the accumulated average test was used to determine the number of fields to be evaluated in each 380 

case. With the aid of this test it was possible to observe that the accumulated average stabilized 381 

with the evaluation of 100 fields. Thus, in each case, 100 histological fields were analyzed in 382 

the 40X objective. 383 

 384 
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2.4. Adhesion procedures 385 

Initially, the fragments of the coronary portion were regularized with sandpaper (#320, 386 

400 and 600 grits). The ClearFil Se Bond adhesive system (Kuraray Noritake Dental Inc., 387 

Sakazu, Kurashiki, Okayama, Japan) was applied to the coronary dentin. The adhesive system 388 

consists of two bottles, one bottle containing the acidic primer and another bottle containing the 389 

adhesive, which must be used with the self-etching technique. After drying the tooth surface, 390 

the primer was actively applied for 20 seconds, volatilizing slightly with a jet of air and then 391 

bond was applied, the excess removed and light cured for 10 seconds, according to the 392 

manufacturer's instructions. Two 2 mm thick layers of a hybrid composite resin (Tetric N-393 

Ceram - Empress direct, Ivoclar - Vivadent, Germany) were placed on the adhesive dentin 394 

surface of each tooth. Each layer of composite resin was photoactivated for 30 seconds using a 395 

light source unit (Bluephse, Ivoclar-Viva dente, Schaan Liechtenstein), in low mode with an 396 

output density of 600 mW/cm² (reading using radiometer). The static test condition was used. 397 

The static test was performed by storing the teeth in distilled water at 37 ºC for 24 hours. 398 

2.5. Test of bond strength to microtensile (µTBS) 399 

 Beams with an approximate transverse dimension of 0.9 mm x 0.9 mm were obtained 400 

from the most central area of each restored tooth with using a water-cooled diamond blade in a 401 

low-speed saw machine (Isomet 1000, Buehler, Lake Bluff, IL, USA). All beams obtained per 402 

tooth were used for the µTBS test. 403 

 Each beam was attached to Geraldeli's device, a microtensile device, using 404 

cyanoacrylate glue (Raposo et al., 2012). This device was then coupled to a universal testing 405 

machine (EMIC DL 3000, São José dos Pinhais, Paraná, Brazil) with a 10 kgf load cell with a 406 

cross speed of 0.5 mm/min until the failure occurs. All beams were measured for thickness and 407 

width in the region of the adhesive interface before and after the test. 408 

 All analyzes were performed by a single examiner and blindly. 409 

2.6. Statistical analysis 410 

Statistical analysis was performed using the GraphPad Prism 7 software (GraphPad, San 411 

Diego, California, USA). 412 

Statistical analysis for bond strength was performed using the tooth as an experimental 413 

unit. The average µTBS obtained from the sticks of each tooth was used to represent the bond 414 

strength of each tooth. For the statistical analysis of the percentage of collagen, all values of the 415 

100 fields analyzed in each case were used. 416 
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The Kolmogorov-Smirnov test was used to assess normality. To compare variables with 417 

non-normal distribution between two groups, the Mann Whitney test was performed and for 418 

variables with normal distribution, Student's “t” test was performed, with the values expressed 419 

as mean and standard deviation. To compare variables with non-normal distribution between 420 

three or more groups, the Kruskall Wallis test was performed and for variables with normal 421 

distribution, the ANOVA test was performed. The correlation between percentage of collagen 422 

and bond strength was performed using Pearson's correlation test. The correlation between 423 

percentage of collagen and age was performed using the Spearman correlation test. The level 424 

of significance assumed was 5% (α=0.05). 425 

3. Results 426 

When assessing ethnicity, the percentage of collagen was significantly higher in non-427 

white individuals (NW) when compared to white individuals (W) (p<0.0001) (Figure 1). There 428 

was no significant difference in bond strength between ethnic groups (p=0.9338). 429 

When assessing sex, the percentage of collagen was significantly higher in females (F) 430 

when compared to males (M) (p<0.0001) (Figure 2). There was no significant difference in 431 

bond strength between sexes (p=0.9050). 432 

When comparing all the WM, NWM, WF, NWF subgroups, we observed a significantly 433 

higher percentage of collagen in the NWM, WF, NWF subgroups when compared to the WM 434 

subgroup. There was a significant difference in the percentage of collagen being greater: in the 435 

NWM subgroup when compared to the WF subgroup; in the NWF subgroup when compared 436 

to the NWM subgroup and in the NWF subgroup when compared to the WF subgroup 437 

(p<0.0001) (Figure 3), (Figure 4). There was no significant difference in bond strength between 438 

the subgroups (p=0.9093). 439 

Individuals aged 44 to 51 years presented a significantly higher percentage of collagen 440 

when compared to individuals aged 16 to 22 and 23 to 29 years (p=0.0013) (Figure 5), (Figure 441 

6). There was no significant difference in bond strength between age groups (p=0.8596). 442 

There was a positive and non-significant correlation between the percentage of collagen 443 

and age (p=0.9856) (Figure 7). 444 

There was no significant correlation between the percentage of collagen and the bond 445 

strength (p=0.2635) (Figure 8). 446 

 447 
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4. Discussion 448 

In the present study, the null hypothesis was rejected because a significant difference in 449 

the percentage of collagen between sexes, ethnicities and ages was observed. 450 

The null hypothesis for the bond strength was accepted, since there was no significant 451 

difference between the groups.  452 

It is known that inadequate diet (Sorensen, 2006) and bad habits like smoking (Amaral 453 

et al., 2020), along with biological characteristics such as age and sex can have an impact on 454 

the formation and degradation of collagen in various organs (Beghini et al., 2017; Sorensen, 455 

2006). In the present study, a higher percentage of collagen was found in the coronary dentin 456 

of female individuals when compared to male individuals. Healthy pre-menopausal women 457 

accumulate significantly more collagen when compared to men, suggesting greater collagen 458 

formation in females, probably due to variations in the inflammatory response associated with 459 

estrogen (Sorensen, 2006). Thus, we suggest that the lower percentage of collagen found in the 460 

dentin of male individuals is associated with a lower amount of estrogen in men. 461 

It has been shown that collagen in the skin declines with aging, being that in human 462 

tendons the crosslinking of collagen seems to decrease with each decade of age. Likewise, 463 

postmenopausal women deposit significantly less collagen than premenopausal women. Thus, 464 

increasing age can alter the balance between collagen formation and degradation, which leads 465 

to a reduction in the percentage of collagen with aging (Sorensen, 2006). 466 

Additionally, another study demonstrated that during aging, type I collagen undergoes 467 

non-enzymatic post-translational changes, such as glycation. This glycation induces the 468 

generation of advanced glycated products (AGEs), which contribute to an increase in collagen 469 

fiber cross-links with a consequent decrease in the diameter and length of collagen fibers 470 

(Gulick et al., 2019), which could also lead to a lower percentage of collagen with aging. 471 

However, in the present study we found a higher percentage of collagen in dentin with 472 

aging, perhaps due to the particularities of each tooth, since odontoblasts have the capacity to 473 

form dentin throughout life. Furthermore, it is known that with odontoblastic destruction after 474 

aggression or trauma, the mesenchymal cells of the pulp differentiate into odontoblasts and start 475 

depositing dentin (Kawashima, & Okiji, 2016), which would lead to an increase in dentin 476 

collagen with aging, as demonstrated in the present study. 477 

In addition, with increasing age, sclerotic dentin is formed, which is characterized by 478 

the occlusion of dentinal tubules with mineralized material. It is believed that sclerotic dentin 479 

formation is a physiological response and that obliteration is achieved by continuous deposition 480 
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of peritubular dentin (Nanci, 2013). Thus, as in the present study a higher percentage of collagen 481 

was found with aging, we believe that this increase in collagen in dentin is associated with the 482 

physiological response of the dental organ resulting from the masticatory process over the years.  483 

African-Americans individuals have been shown to have greater collagenous deposition 484 

in the dermis and greater organization of collagenous architecture when compared to 485 

Caucasians individuals (Yu et al., 2015), which corroborates with our results, because we 486 

observed a higher percentage of collagen in the coronary dentin of non-white individuals when 487 

compared to white individuals. However, as our study was the first to compare the percentage 488 

of dentin collagen associated with ethnicity, further studies are needed in order to better clarify 489 

the pathogenesis of ethnic differences in the percentage of dentin collagen. 490 

When comparing all subgroups, the White Male subgroup was the one with significantly 491 

lower percentage of collagen when compared to other groups. The percentage of collagen was 492 

significantly higher in the subgroups: Non-White Male when compared to the White Female 493 

subgroup; in the Non-White Female when compared to the Non-White Male subgroup and in 494 

the Non-White Female when compared to the White Female subgroup. Thus, we suggest that 495 

factors related to ethnicity and sex also prevailed in the subgroups. 496 

Regarding bond strength, it is known that the adhesion of the restorative material to 497 

dentin is a challenge, since dentin is a tissue composed of approximately (volume) 50% 498 

inorganic matter, 30% organic matter (collagen) and 20% water (Nakabayashi, & Pashley, 499 

1998). In addition, most clinical substrates are covered by smear layers, which act as barriers 500 

against the penetration of adhesive molecules into dental substrates. Clinically, the removal or 501 

modification of the smear layer is essential to create a satisfactory hybrid layer to ensure stable 502 

or high bond strength between resin and dentin (Saikaew et al., 2016). It is known that the 503 

maintenance of the smear layer interferes with the adhesion of some dental materials to dentin, 504 

at the same time that it can serve as a deposit of bacteria or its products, promoting the 505 

reinstatement of caries and pulp inflammation (Pashley, 1984). Therefore, dentin adhesion 506 

depends on the formation of a hybrid layer, which is a structure composed of demineralized 507 

collagen fibrils reinforced by the resin matrix (Nakabayashi, 1992). 508 

The present study used a self-etching adhesive system Clearfil SE Bond (Kuraray), 509 

which is considered the gold standard of adhesive systems (Cardoso et al., 2019; Pneumans, 510 

Munck, Landuyt, & Meerbeek, 2015; Tichy et al., 2019). The basic composition of self-etching 511 

primers and self-etching adhesive systems is an aqueous solution of acid functional monomers, 512 

with a relatively higher pH than that of phosphoric acid-based conditioning agents (Giannini et 513 

al., 2015). The role of water is to provide the medium for the ionization and action of these 514 
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acidic resin monomers. Self-etching adhesive systems also contain HEMA monomer (2-515 

hydroxyethyl methacrylate) to increase the wettability of the dentin surface, as most acid 516 

monomers are poorly soluble in water. Bi or multifunctional monomers are added to provide 517 

resistance to crosslinking formed from the monomeric matrix (Perdigão, Reis, & Loguercio, 518 

2013). 519 

Like self-etching adhesive systems do not require a separate acid conditioning and 520 

moisture control step, they are considered simplified adhesive materials. These adhesive 521 

systems offer some advantages over conventional conditioning and rinsing systems, such as 522 

reduced postoperative sensitivity and less sensitive technique. Another advantage of self-523 

etching adhesive systems is that the infiltration of adhesive resin tends to occur simultaneously 524 

with the self-etching process (Giannini et al., 2015). 525 

The adhesion mechanism of self-etching adhesive systems has been intensively 526 

investigated, and two basic mechanisms have been described: micro-mechanical retention and 527 

chemical adhesion. The micromechanical bond contributes to provide resistance to mechanical 528 

stress, while the chemical interaction reduces hydrolytic degradation, maintaining the marginal 529 

sealing of restorations for longer (Breschi et al., 2018). 530 

The present study showed that the percentage of collagen did not influence the results 531 

of adhesive strength in the different groups. Although no studies have been found on the 532 

relationship between the percentage of collagen and the adhesive strength of self-etching 533 

adhesive systems, the results of this study suggest that the quality of the hybrid layer would be 534 

more important than the amount of collagen available for hybridization. It has been documented 535 

that the quality of the hybrid layer is of paramount importance for the success and longevity of 536 

the restoration and that its degradation may occur due to the disorganization and solubilization 537 

of collagen fibrils, as well as by the hydrolysis and leaching of the adhesive in the interfibrillar 538 

spaces (Breschi et al., 2018). 539 

According to the methodology used, and with the limitations of the present study, we 540 

concluded that the percentage of collagen in coronary dentin is significantly associated with 541 

sex, ethnicity and age of individuals. Furthermore, the bond strength of the restorative material 542 

does not appear to depend on the percentage of collagen fibers in dentin. As this was the first 543 

study to associate the percentage of collagen with sex, age groups, ethnic groups and bond 544 

strength, further studies are needed to better understand the pathogenesis of dentin collagen 545 

deposition in different groups. 546 

 547 
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Figure Captions 724 

 725 

Figure 1: Percentage of collagen between groups of individuals according to ethnicity: Non-726 
Whites (NW); Whites (W). Normality test: Kolmogorov-Sminorv; NW: 64.1 (99.06-7.54); W: 727 
57.5 (97.61-6.73); Mann Whitney test; p<0.0001. Values expressed in median (maximum - 728 
minimum) *indicates statistical difference 729 

Figure 2: Percentage of collagen between groups of individuals according to sex: Female (F); 730 
Male (M). Normality test: Kolmogorov-Sminorv; F: 62.36 (99.06-7.54); M: 58.03 (97.61-6.73); 731 
Mann Whitney test; p<0.0001. Values expressed in median (maximum - minimum) *indicates 732 
statistical difference 733 

Figure 3: Percentage of collagen between subgroups: White Male (WM); Non-White Male 734 
(NWM); White Female (WF); Non-White Female (NWF). Normality test: Kolmogorov-735 

Sminorv; WM: 56.31 (97.61-6.73); NWM: 61.23 (90.9-20.02); WF: 58.31 (92.57-11.56); 736 
NWF: 65.81 (99.06-7.54); Kruskall wallis test; p<0.0001; Dunn’s multiple comparisons test. 737 
Values expressed in median (maximum - minimum) *indicates statistical difference 738 

Figure 4: Coronary dentin collagen in the subgroups according to sex: Female (F) and Male 739 

(M) and according to ethnicity: White (W) and Non-White (NW). A) White Male (WM), 740 
ordinary light microscopy; B) White Male (WM), polarized light; C) Non-White Male (NWM), 741 
ordinary light microscopy; D) Non-White Male (NWM), polarized light; E) White Female 742 

(WF), ordinary light microscopy; F) White Female (WF), polarized light; G) Non-White 743 
Female (NWF), ordinary light microscopy; H) Non-White Female (NWF), polarized light. 744 

Picrosirius red coloring, 40X. 745 

Figure 5: Percentage of collagen according to age groups, 16-22 years old, 23-29 years old, 746 
37-43 years old, 44-51 years old. Normality test: Kolmogorov-Sminorv; 16-22 years old: 59.8 747 

(97.86-11.56); 23-29 years old: 61.19 (99.06-6.73); 37-43 years old: 61.49 (89.1-27.13); 44-51 748 
years old: 65.23 (87.45-44.32); Kruskall wallis test; p = 0.0013; Dunn’s multiple comparisons 749 

test. Values expressed in median (maximum - minimum) *indicates statistical difference 750 
 751 
Figure 6: Coronary dentin collagen in groups according to age group. A) 16-22 years old; B) 752 

23-29 years old; C) 37-43 years old; D) 44-51 years old. Picrosirius red coloring, polarized 753 
image, 40X. 754 

Figure 7: Correlation between the mean of the collagen percentages and the ages of the 51 755 

molars. Normality test: Kolmogorov-Sminorv; Spearman's correlation; (S= 0.002594); 756 
p=0.9856. 757 

Figure 8: Correlation between the percentage of collagen and the microtensile bond strength 758 
of the 51 molars. Normality test: Kolmogorov-Sminorv; Pearson's correlation (r= -0.1595); 759 

p=0.2635. 760 
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V. CONCLUSÃO 
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Portanto, de acordo com a metodologia empregada, e com as limitações do presente 761 

estudo, concluímos que a porcentagem de colágeno na dentina coronária está 762 

significativamente associada ao sexo, etnia e à idade dos indivíduos. Além disso, a resistência 763 

de união do material restaurador parece não depender da porcentagem de fibras colágenas na 764 

dentina. Como esse foi o primeiro estudo a associar a porcentagem de colágeno com o sexo, 765 

faixas etárias, grupos étnicos e com a resistência de união, mais estudos são necessários para 766 

compreender melhor a patogênese da deposição de colágeno na dentina nos diferentes grupos. 767 
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Apêndice A – Imagem 1 
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Imagem 1. Resistência de união à microtração (MPa) entre grupos de indivíduos de acordo com 

o sexo: Masculino (M); Feminino (F). Teste de normalidade: Kolmogorov-Sminorv; Masculino: 

47,53 ± 14,36; Feminino: 46,93 ± 19,12;  teste t; p=0,9050. Valores expressos em média ± 

desvio padrão. 

 

 

 

Apêndice B – Imagem 2 
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Imagem 2. Resistência de união à microtração (MPa) entre grupos de indivíduos de acordo a 

etnia: Brancos (B); Não-Brancos (NB). Teste de normalidade: Kolmogorov-Sminorv; Brancos: 

47,36 ± 18,57; Não-Brancos: 46,95 ± 16,05; teste t; p=0,9338. Valores expressos em média ± 

desvio padrão. 
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Apêndice C – Imagem 3 
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Imagem 3. Resistência de união à microtração (MPa) entre os subgrupos: Masculino Branco 

(MB);  Masculino Não-Branco (NB); Feminino Branco (FB); Feminino Não-Branco (FNB). 

Teste de normalidade: Kolmogorov-Sminorv; Masculino Branco: 47,26 (87,23-11,26); 

Masculino Não-Branco: 46,32 (58,05-34,13); Feminino Branco: 43,48 (91,92-17,91); Feminino 

Não-Branco: 42,94 (82,11-24,79); teste Kruskall Wallis; p=0,9093. Valores expressos em 

mediana (máximo – mínimo). 

 

 

 

Apêndice D – Imagem 4 
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Imagem 4. Resistência de união à microtração (MPa) entre grupos de indivíduos de acordo com 

a faixa etária (anos): 16-22 anos de idade; 23-29 anos de idade; 37-43 anos de idade; 44-51 anos 

de idade. Teste de normalidade: Kolmogorov-Sminorv; 16-22 anos de idade: 48,4 ± 16,54; 23-

29 anos de idade: 46,23 ± 19,47; 37-43 anos de idade: 48,9 ± 4,07; 44-51 anos de idade: 34,13 

± 0; teste ANOVA; p=0,8596. Valores expressos em média ± desvio padrão. 
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Apêndice E – Termo de consentimento livre e esclarecido 
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Apêndice F – Anamnese 
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Apêndice G – Carta de autorização para pesquisa 
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Apêndice H – Carta de encaminhamento ao Comitê de Ética 
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Anexo A – Declaração do banco de dentes da Universidade de Uberaba 

 

 

 
  

 



 

 

66 

 

 

Anexo B – Parecer de aprovação do Comitê de Ética em Pesquisa 
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Anexo C – Comprovante de submissão do artigo para o Journal of Dentistry 

 

 
 


