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RESUMO 
 

A utilização de materiais restauradores unidos ao substrato dentinário tem sido um 

desafio que vem sendo superado nos últimos anos. Pesquisas têm conseguido aperfeiçoar a 

união dos materiais ao substrato dentinário, porém, a maioria dos estudos utiliza dentina 

hígida, uma vez que a utilização da dentina após remoção de cárie, isto é o substrato 

dentinário afetado pela cárie torna as pesquisas de difícil execução. Dentre os principais 

motivos destaca-se a difícil seleção de lesões similares, sendo, portanto um desafio para os 

pesquisadores pela variabilidade encontrada nos resultados não se alcançando a devida 

evidência científica para a aplicação das técnicas de união. A fim de aprimorar os estudos 

sobre este tipo de substrato, o objetivo deste estudo foi avaliar diferentes modelos de 

produção de cárie: modelo biológico e modelo in situ, comparando-os quanto a 

microdureza e profundidade de cárie à lesão de dentes extraídos com cárie. Foram 

utilizados 15 terceiros molares, compreendendo 5 dentes extraídos com cárie  (cárie oclusal 

de profundidade média – C, grupo controle), 10 dentes eram hígidos, dos quais 5 foram 

utilizados para o modelo de produção de cárie in situ (IS) e 5 para o modelo biológico 

(MB). De todos os dentes foram obtidos blocos de dentina de 4x4x2 mm. Os blocos de 

dentina hígida foram analisados quanto à microdureza de superfície (SMH) e depois 

submetidos ao processo de cárie artificial. Após o desafio cariogênico, os blocos dos 3 

grupos (C, IS, e MB) foram seccionados longitudinalmente ao centro obtendo-se dois 

hemi-blocos um dos quais foi submetido à análise da microdureza longitudinal (CSMH), e 

o outro à análise em Microscopia Eletrônica de Varredura (MEV). A microdureza 

longitudinal foi medida em 4 colunas com 8 pontos diferentes (com distância de 20µm 

entre as cinco indentações iniciais e 100µm entre as três finais), obtendo-se uma média de 

medidas por bloco. Os hemi-blocos restantes foram submetidos à análise em MEV para 

verificação da profundidade da lesão (X25 e X200), que foi medida na região mais 

profunda de cada uma delas. Os dados obtidos na análise da microdureza de superfície e 

longitudinal da lesão foram submetidos ao teste t, ANOVA e teste de Tukey, 

respectivamente (p<0,05). E os dados obtidos na análise de profundidade da lesão pelo 

MEV foram submetidos a ANOVA e teste de Tukey (p<0,05). Os resultados da 



 

 x 

microdureza de superfície após a produção de cárie mostrou que houve diferença 

significante entre os modelos de produção de cárie biológico e in situ, sendo que o modelo 

biológico não diferiu da lesão de cárie natural. Na microdureza longitudinal o modelo in 

situ apresentou nenhuma diferença estatística da cárie natural, mas o menor valor de CSMH 

foi observado na cárie produzida pelo modelo biológico. Na análise do MEV a lesão de 

cárie em dentina produzida pelo modelo biológico e a dentina cariada naturalmente tiveram 

profundidades similares, e o modelo in situ apresentou a menor profundidade de lesão de 

cárie. Baseado nos resultados obtidos neste estudo, foi concluido que os dois métodos de 

produção de cárie mostraram características similares ao da lesão de cárie natural em 

dentina nos diferentes testes realizados: microdureza de superfície e longitudinal, e 

Microscopia Eletrônica de Varredura. 

 

Palavras-chave: Dentina, Cárie Dentária, Testes de Microdureza, Microscopia 

Eletrônica de Varredura. 
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ABSTRACT 
 

The use of restorative materials attached to the dentin substrate has been a challenge 

that has been overcome in the last years. Research has been able to improve the bonding 

between the materials and dentin substrate, however, the most studies use sound dentin, 

since the use of dentin after caries remove, such as dentin substrate affected make research 

difficult to perform. Among the main reasons stand the difficult selection of similar lesions, 

and, therefore a challenge to the researchers for the variability found in the results not 

reaching the proper scientific evidence for the application of bonding techniques. In order 

to improve the researches about this specific substrate, the aim of this study was to evaluate 

different models to produce caries, using the biological model, and the in situ model, 

comparing them about the cross-sectional microhardness and caries depth with the natural 

carious lesion, thus, extract teeth with caries dentin. Were used 15 third molars, including 5 

teeth with natural caries (occlusal caries with average depth- CN), 10 teeth were sound, 

which 5 were used for the in situ production model of caries (IS) and 5 for the biological 

model (MB). Of all the teeth were obtained dentin samples with 4x4x2mm. Sound dentin 

samples were submitted to surface microhardness analysis and after to artificial caries 

process. After the cariogenic challenge, samples of the three groups (CN, IS, e MB) were 

cross sectioned to the center obtaining two sections which one was submitted cross-

sectional microhardness analysis (CSMH) and the other to Scanning Electron Microscopy 

(SEM). Samples were analyzed as cross-section hardness in 4 columns with 8 different 

points (with a distance of 20µm between the first five indentations and 100µm between the 

last three) obtaining average measures for sample. The rest of sections were submitted to 

analysis by SEM to check the depth of the lesion, which was measured in the deepest 

region of each one. The data obtained by microhardness analysis and the depth lesion by 

SEM were submitted to ANOVA 2 criteria and t test, and ANOVA and Tukey test, 

respectively (p<0,05).  Results of surface microhardness after to artificial caries process 

showed significantly difference between biological model and in situ model, and the 

biological model had no difference to natural caries. In the cross-sectional microhardness in 

situ model present no statistically difference from natural caries, but the lowest CSMH was 
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observed for biological model of caries producing. SEM analysis, the artificial carious 

dentin lesions produced by biological model and natural carious dentin had similar depth, 

and the in situ model had the lowest depth of carious lesion. Based on the obtained results 

of this study it was concluded that both methods showed similar characteristics to natural 

caries dentin but concerning different tests: surface and cross-sectional microhardness, and 

scanning electron microscopy.  

 

        

Key-words: dentin, caries dentin, microhardness tests, Scanning Electron 

Microscopy.  
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INTRODUÇÃO  
 

A preservação máxima da estrutura dentária é um dos objetivos da odontologia 

restauradora contemporânea, substituindo o conceito tradicional da remoção completa do 

tecido cariado por um procedimento menos invasivo, o qual envolve a remoção parcial da 

cárie dentinária, protegendo também o tecido pulpar. A remoção parcial da cárie encontra-

se baseada na diferenciação da dentina cariada, a qual possui duas zonas distintas: camada 

infectada e camada afetada (Fusayama e Terashima, 1972). A dentina infectada, mais 

externa, apresenta tecido amolecido e necrosado, não passível de remineralização e 

altamente infectado por bactérias. Entretanto, a dentina afetada por cárie, mais endurecida, 

apresenta-se passível de remineralização e com pequena colonização bacteriana (Hahn e 

Hellwing, 2004), além de possuir íntima relação com a câmara pulpar. Estes fatores 

possibilitam a preservação da dentina afetada por cárie, durante o preparo cavitário em 

cavidades profundas, quando sinais e sintomas de envolvimento pulpar não estiverem 

presentes.  

Além da preservação da estrutura dentinária, a resistência de união, ou melhor, o 

sucesso do procedimento restaurador também é importante já que a adesão dos materiais se 

dá em níveis microscópicos, envolvendo ligações químicas e físicas com o substrato 

dentinário. Com o acelerado desenvolvimento dos sistemas adesivos assim como outros 

materiais restauradores, a determinação da resistência de união às estruturas dentinárias 

modificadas por cárie se tornou de grande importância e interesse.  

Até a década de 1990, poucos estudos avaliaram as propriedades adesivas em 

substratos clinicamente relevantes como dentina cariada e/ou esclerótica, devido às 
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dificuldades técnicas dos testes existentes até então, já que essas lesões são geralmente 

pequenas e apresentam-se de forma irregular (Sadek, 2005). 

Pequenas modificações no substrato dentinário podem ser responsáveis por 

significativas alterações no comportamento da união destes aos materiais restauradores, 

como nos tratamentos da dentina com ácidos, oxidantes (hipoclorito de sódio, EDTA) e 

outros agentes químicos ou também as próprias alterações no substrato decorrente de 

processos de envelhecimento, traumatismos e cárie dentária. Estudos que utilizam dentina 

afetada por cárie têm demonstrado resistência de união inferior a da dentina hígida devido 

respectivamente, a maior porosidade na dentina intertubular pela perda mineral em 

decorrência do processo da cárie e a presença intratubular dos cristais de cálcio ácido-

resistentes que impedem a infiltração dos monômeros resinosos dentro dos túbulos 

(Yoshiyama et al., 2002; Arrais et al., 2004). Além disso, a dentina apresenta-se 

desmineralizada pelos ácidos produzidos pelas bactérias e com conteúdo orgânico alterado 

pelas toxinas exógenas produzidas pelas mesmas, produzindo um substrato com 

propriedades químicas, físicas e mecânicas diferentes do substrato hígido. Portanto, a 

interação molecular que ocorre entre os materiais adesivos e a dentina alterada pela cárie ou 

cariada se dá de forma diferenciada dos demais substratos dentinários (Spencer et al., 2000; 

2005).    

Metodologias que envolvam dentina cariada são difíceis de serem realizadas, devido 

à dificuldade de obtenção desse tipo de substrato. Frente a esse fato, é importante a análise 

do substrato cariado artificialmente para que possam substituir os dentes cariados in vivo 

(dentina cariada natural). Tendo em vista que os parâmetros envolvidos no 

desenvolvimento das lesões artificiais de cárie têm um papel significativo sobre as lesões 
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produzidas, o método de desenvolvimento de cárie tem papel preponderante na lesão 

formada, uma vez que dependendo do método empregado, pode ocorrer maior quantidade 

de desmineralização no substrato, o processo des-remineralização pode não ocorrer, 

produzindo uma estrutura da lesão cariosa muito diferente daquela que ocorre naturalmente 

no meio ambiente bucal (Haj-Ali et al., 2006; Hsu et al., 2008).  

Modelos de produção de lesões cariosas in situ e in vitro têm sido estudados, 

procurando-se aproximar-se da produção da lesão natural de cárie. Dentre os modelos mais 

utilizados encontram-se os modelos químicos, dinâmicos ou estáticos, estes últimos 

utilizando-se de ácidos na forma de gel ou solução. Entretanto, estes são limitados, pois 

muitas vezes precisam de um período maior para desenvolver a lesão de cárie. O método 

químico dinâmico, onde se utiliza soluções des-remineralizantes através de ciclagens, 

produz lesões com profundidade semelhante a lesão natural de cárie porém com 

características estruturais um pouco diferentes (Nishitani et al., 2005; Sonoda et al., 2005).  

Outro modelo que poderia ser utilizado seria o modelo in situ, uma vez que as 

lesões são produzidas no meio ambiente bucal, passível de todos os fatores que afetam o 

desenvolvimento das lesões cariosas, como o pH do meio, colonização bacteriana, 

formando um biofilme capaz de produzir toxinas e ácidos que desmineralizam os substratos 

dentários e as trocas de íons com saliva, o que permitiria a formação de lesões semelhantes 

a lesão de cárie natural (Cury et al., 2000, 2001). Entretanto, apresenta como desvantagens 

a necessidade de voluntários que apresentem padrões de atividade de cárie e que colaborem 

com os parâmetros da pesquisa. 

Quanto ao método biológico para produção de cárie in vitro, este favorece a 

padronização das lesões e também apresenta características do meio semelhante a cárie 



 

 4 

natural em atividade, induzindo o crescimento bacteriano através do fornecimento de 

nutrientes favorecendo o desenvolvimento da cárie. 

Uma das formas de se observar as características estruturais das lesões é a 

Microscopia Eletrônica de Varredura (MEV), através desta são geradas imagens que podem 

mostrar a organização estrutural dos diferentes substratos produzidos. E também através 

dos testes de Microdureza que mostram o grau de desmineralização causado pelos 

diferentes métodos de produção de cárie realizados (Nakajima et al., 2005). Dessa maneira, 

o objetivo deste estudo foi avaliar a estrutura morfológica dos substratos artificialmente 

cariados pelos modelos biológico e in situ, e compará-los com o substrato de cárie natural. 

Esta dissertação está baseada na resolução CCPG 002/06,  a qual dispõe a respeito do 

formato das teses de mestrado e doutorado aprovados pela UNICAMP, e comporta um 

capítulo. 
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ABSTRACT 

Objectives. This study evaluated comparatively the caries-like lesions produced by 

biological and in situ artificial models with natural caries (control group) in permanent 

dentin. Study design. Ten third sound molars and five third molars with carious lesion were 

used. The oclusal enamel was removed and dentin blocks with 4x4x2mm were obtained. 

Surface microhardness analyses (SMH1) were made in all blocks before caries production. 

Half of sound dentin blocks were immersed in BHI broth with S. mutans for 14 days 

(biological model) and the other half were set in the intra oral device for 14 days to produce 

the in situ model. After development of artificial caries, all blocks were submitted to a final 

surface microhardness analyses (SMH2) and were longitudinally sectioned on the center of 

the carious lesion, obtaining two sections which one was submitted cross-sectional 

microhardness (CSMH) and the other to Scanning Electron Microscopy (SEM) analysis. 

Four columns of 8 indentations each were made in all blocks for cross-sectional 

microhardness and one measurement of carious dentin depth were made by SEM. The 

factors of this study were compared using two-way ANOVA factorial, considering caries 

producing methods and depth of measurements as study factors. T-test was used as a post-

hoc test. The data from dentin caries lesions depth were submitted to one-way ANOVA and 

Tukey tests. All tests were considered at 0.05 significant level. Results. The biological 

model presented the lowest dentin surface values (SMH2), similar to natural caries lesion. 

There was no difference in dentin cross-sectional microhardness between the in situ model 

of caries production and natural caries lesion, and the biological model had the lowest 

values. SEM showed that caries like-lesions produced biological model and natural lesions 

had similar depth. Those values were significantly higher than those obtained by in situ 
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model.  Conclusion. Based on the obtained results of this study it was concluded that both 

models showed similar characteristics (microhardness and depth of lesions) to natural 

caries dentin. 

     

 INTRODUCTION 

 According to previous studies, carious dentin consists of a superficial first layer and 

a deeper second layer. The outer layer was characterized as highly decalcified, 

physiologically unrecalcifiable, showing degenerated collagen fibers with virtual 

disappearance of cross-links indicating irreversible denaturation of collagen. The inner 

layer was depicted as intermediately decalcified, physiologically recalcifiable, fuchsin-

unstainable, with expanded odontoblastic processes, sound collagen fibers, and apatite 

crystals bound to the fibers (1,2,3). The mainly aim of contemporary restorative dentistry in 

the excavation of carious dentin is to remove only the outer layer (4).  

  
Consequently this substrate modified by carie became relevant in daily practice. 

Several other substrate-related variables may affect the clinical outcome of bonded 

restorations (2,3). 

The wetness of dentin surfaces, the presence of pulpal pressure, and the thickness of 

dentin are extremely important variables during bonding procedures, especially when 

testing bond strength of adhesive materials in vitro with the intention of simulating in vivo 

conditions (5). The humid and organic nature of carious dentin makes this hard tissue very 

challenging to bond to. Carious dentin has a Knoop hardness that is less than that of normal 

dentin (1,6), indicating that it has a certain level of demineralization, even though the 
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lumina of many dentin tubules are occluded with mineral crystals (7) to form the 

transparent layer.  

Although most bond strength testing is done on normal dentin for convenience, 

clinically most bonding substrates are not normal, but rather are caries-affected dentin or 

sclerotic dentin. Unfortunately, little work has been published on these clinically-relevant 

substrates. Some studies recently attempted to simulate the properties and characteristics of 

sclerotic or caries-affected dentin in vitro (8). 

The limited size and shape of caries-affected dentin creates technical difficulties 

when investigators attempted conventional testing methods. (8,9)      

In vitro studies produce artificial caries to simulate the cariogenic challenge and 

analyze the cariostatic effect of materials by mineral loss (10), microhardness (11), 

inhibition zone formation and depth of developed outer lesion (10,11). 

The artificial caries models found in the literature focus on physicochemical aspects 

of dental caries, namely static (acid gel or solutions) (10,11) or dynamic (pH regimens) 

(4,5) chemical models, and can also use microorganisms as acid producers in cultures 

(11,12), known as biological models. Different methodologies have been indicated to assess 

the depth of carious lesions produced in these models, such as, polarized light microscopy 

(13), confocal laser scanning microscopy and Scanning electron microscopy evaluations 

(14). Also some methods are cheap and easier of accomplishing as the microhardness test. 

Faltou uma frase de ligação, ou seja, que relembre o objetivo do trabalho ou o próprio 

objetivo. Thus, two methods were used: SEM and Surface and Cross-Sectional 

Microhardness to evaluate the standard of the lesion produced, according the microhardness 

values.   
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MATERIAL AND METHODS 

Preparation of Dentin Specimens 

This study was performed under the protocol number 111/2005 approved by the 

Research Ethics Committee of the Dental School of Piracicaba, University of Campinas, 

Brazil. 

Ten sound extracted third molars and five third molars with caries lesion in medium 

dentin (evaluated by radiography) were selected. Teeth were stored in 0.1% thymol for 1 

month and then stored in distilled water at 4ºC until use. The occlusal enamel was sectioned 

perpendicular to tooth long axis with a water-cooled low-speed diamond saw (Isomet; 

Buehler Ltd., Lake Bluff, IL, USA) to expose the subjacent dentin. Dentin was wet ground 

flat with 180- and 400-grit silicon carbide paper until a uniform enamel-free dentin surface 

was obtained. The roots were sectioned 1 mm short of the cement enamel junction and 

discarded. The pulp chamber was filled with composite resin. Blocks were produced with a 

4x4x2 mm area, covered with an acid-resistant nail polish (Colorama; CEIL Com. Exp. Ind. 

Ltda., São Paulo, SP, Brazil), living just the crown surface free to be submitted to artificial 

caries development. 

 

Artificial Caries Development 

 

Two models of artificial caries development were used: biological (broth culture 

with Streptococcus mutans - UA159) and in situ (acrylic palatal appliances). Three groups 

(n=5) were formed according to the caries development (Table 1). 
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Table 1 – Groups according methods of caries production. 
 

Caries Production Model  

GI Biological Model – Dentin artificial carious lesions 

produced by S. mutans biofilm 

GII In situ Model - dentin artificial caries lesions by in 

situ  

GIII Natural Caries Lesions - Extracted teeth with dentin 

caries lesions (control group). 

 

Blocks from Group I were fixed with orthodontic wire on the lids of glass vials 

containing 22 mL of sterile distilled water and were taken to the Nuclear Energy Center for 

Agriculture (CENA - USP) to be submitted to gamma radiation (15) in a dose of 14.5 kGy - 

for about 12.5 h. The room temperature was constant (27  C), and then transferred to 

another glass vial containing 22 mL of sterile brain-heart infusion (BHI) broth (Becton 

Dickinson and Company, Sparks, MD, USA) supplemented with yeast extract (Himedia 

Laboratories, PVT Ltd., Mumbai, India), with 0.5% glucose (Synth; LabSynth, São Paulo, 

SP, Brazil), 1% sucrose (Synth; LabSynth) and 2% S. mutans (UA159) for development of 

the artificial carious lesions (16). The concentration of this bacterial suspension was 

determined by measuring absorption at 660 nm (A660) (17). In order to adjust the number 

of viable bacteria to A660, the number of colony-forming units per milliliter of bacterial 
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suspension(cfu/mL) was determined with the use of standard spreading techniques at 

carious optical densities (17). Inoculation occurred only in the first day of the experiment, 

but the broth was renewed every 48 h during 14 days (16). Contamination of the broth was 

checked every day using Gram staining.  

For in situ model (Group II), one acrylic palatal appliance was made for a volunteer, 

which was prepared with cavities of 5x5x2mm corresponding to the dentin specimen, 

which was set in the five sterile dental specimens. These were covered with a plastic grid 

attached to 1 mm from the specimen to allow the accumulation of dental biofilm (18,19). 

The Volunteer used the device daily including to sleep, throughout the 14 days (study 

period). The removal of intra-oral palatal appliance occured only during meals. Written 

guidelines were issued to volunteer emphasizing the non-use of products containing 

fluoride, except recommended. The usual teeth brushing and the brushing of inner surface 

of the device was made with standard toothpaste fluoride-free. To simulate the cariogenic 

challenge, a drop of 20% sucrose solution was placed in each block of dentin and 5 min 

after the device was put back in the mouth, and the frequency and time drip predetermined 

(8 times per day). After the 14 days, the plastic grid that covered the dentin specimens were 

removed with a scalpel blade number 15 and the dentin specimens were analized(18,19). 

After artificial caries development, specimens were washed with distilled water and 

sectioned longitudinally on the center of the carious lesion with a water-cooled low-speed 

diamond saw (Isomet; Buehler Ltd.) providing two halves (20). 

 

Scanning Electron Microscopy Evaluations (SEM) 
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After the caries production, a hemisection of each block was prepared for SEM 

evaluation. They were dehydrated in ascending grades of ethanol (25% for 20 min, 50% for 

20 min, 75% 20 min, 95% 30 min, 100% 60 min). After the final ethanol step the 

specimens were dried by immersion in hexamethyldisilazane (HMDS) for 10 minutes, 

placed on filter paper inside a covered glass vial, and air-dried at room temperature. (21) 

The hemisections were mounted on aluminum stubs with double-sided carbon tape (SEM, 

NISSHIN EM Co. Ltd., Tokyo - Japan), and sputter coated at 10 mA for 2 min (SCD050 

sputter coater, Balzers, Liechtenstein). They were observed under a Scanning Electron 

Microscopy (JSM 5600LV, JEOL, Tokyo – Japan) at an accelerating voltage of 10 kV, a 

working distance of 20 mm, and 200x magnification. 

From each dentin specimen, one image was obtained in a low magnification (X25) 

in order to identify a whole dentin caries lesion and established the highest depth region of 

the caries lesion. Then, in a higher magnification (X200) measurement at the deepest point 

was accomplished. 

 

Surface and Cross-sectional Microhardness Tests 

In order to confirm the presence of caries lesion on specimens it was accomplished a 

surface microhardness (SMH) using a Shimadzu HMV-2000 microhardness tester with a 

Knoop diamond under a 25g load for 10 s, before (SMH1) and after (SMH2) cariogenic 

challenge. Five indentations, spaced 100 μm from each other were made on the specimen 

surface. 

To the cross-sectional microhardness (CSMH), after SMH analysis, all blocks were 

longitudinally sectioned through the center. To measure CSMH, a half of each block was 
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embedded in acrylic resin (Buehler Transoptic Powder, Lake Bluff, IL, USA) and the cut 

surfaces were exposed and polished. Next, the cross-sectional microhardness test was 

performed using the same load of SMH. Testing was performed on each block, with 32 

indentations distributed in four columns of 8 indentations each at distances of 10, 30, 50, 

70, 90, 110, 220 and 330 μm. 

 

Statistical Analyses 

Data from SMH1 and SMH2 were submitted to t-test (p<0.05). In order to compare 

the groups (Groups I, II and III) data from SMH2 and SMH1 and natural caries lesions were 

submitted to one-way ANOVA and Tukey test (p<0.05). 

The factors of this study were compared using two-way ANOVA factorial, 

considering caries producing models and depth of measurements as study factors. T-test 

was used as a post-hoc test. And all tests were considered at 0.05 significant level.  

The same tests were applied for the data obtained in the SEM. 

 

RESULTS 

 Dentin Surface and Cross-sectional Microhardness 

 

 All specimens showed similar values of SMH1. After submitted to cariogenic 

challenge, in situ model provided higher surface microhardness than biological model 

(p<0.01).  Actually, biological model provided similar SMH2 as natural caries lesions 

(NCL) and lower than in situ model (p<0.01) (Table 2). 
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Table 2 - Surface microhardness average (ẋ) and standard deviation (SD) for all groups 

evaluated. 

 Biological Model In situ Model NCL 
 SHM1 SHM2 SHM1 SHM2  
ẋ 75.11a 5.44b 75.88a 11.47c 5.64b 

SD 3.156 0.667 5.500 0.322 0.151 
Averages followed by different small letters are significantly different statistically (t test at 5% of probability). 

Averages followed by similar small letters are not significantly different statistically (t test at 5% of probability). 

 

Two-way ANOVA test showed there was not significant interaction between 

studied factors (p=0.4319). However, both studied factors showed significant differences 

when considered independently. 

Considering the models of caries production, in situ model showed no statistically 

significant difference from natural caries, concerning CSMH. The lowest CSMH value was 

observed for biological caries model (Table 3).  

 

Table 3 – Cross-sectional microhardness average obtained by the three models of caries 
producing. 
 

Methods of caries lesion producing 
In situ Biological Natural 

25.01244 a 20.56181  b 23.29335 a 
Averages followed by different small letters are significantly different statistically (t test at 5% of probability). 

Averages followed by similar small letters are not significantly different statistically (t test at 5% of probability). 

 
 

Regarding, the lowest values were observed until 30 µm, being considered as highly 

carious tissue. There was a significant difference of CSMH values in the depth of 30 to 330 

µm. Also it was observed an increase in the value until the highest values between 220 and 
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Figure 2 showed visibles alterations and well delimited of the surface to center of 

the dentin in caries lesions produced by biological model and natural caries lesions. The 

image obtained for caries in situ lesion also was visible, but there was no difference 

between carious and sound dentin. This result can be related with lower values of depth 

measured in the image.     
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Figure 2 – Electronmicrography from dentin caries lesions. Red circle shows the depthest 
dentin caries lesion region that was measured in the specimen, showed in the highest 
magnification (X200) on right side. (A) dentin caries lesion produced by biological model, 
(B) dentin caries lesion produced naturally in oral cavity, note the different surfaces over 
the lesion length. (C) dentin caries lesion produced by ins situ model. 
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DISCUSSION 

The development of methodology for easy and standard in vitro studies is very 

important, mainly in the contemporaneous world where techniques and materials are 

improved or created and need to be tested all the time. Thus, several materials are being 

used under caries-affected or infected dentin to invasive minimal technique like stepwise 

excavation. For that, developed materials meet the requirements of the modern treatments. 

It is necessary that in vitro methods reproducing the conditions of dental substrate be 

created (22). 

The SEM and Microhardness tests were used in this study to evaluate the 

demineralization of the dentin and also to allow the visualization of the characteristics of 

caries lesions as continuity and depth (14).      

SEM images showed that the biological model and natural carious lesions were 

more aggressive, developing deeper lesions and causing a higher demineralization in dentin 

structure than in the in situ model (Figs. 2A and 2B), which produced thinner lesions (Fig. 

2C). 

The results of CSMH showed no significant difference between in situ model and 

natural carious lesion, but both differ of the biological model. The broth used for the 

development of caries lesions was completely different; being biological model the one 

which produced more changes in dentin surface having as possible cause the direct contact 

of the surface with the broth suffering action of microorganisms during 14 days without 

interval for treatment or demineralization/remineralization process.   

 There was formation of caries lesions in all the specimens considering CSMH, what 

changed among the different methods were structural aspects and facilities of technique that 
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it are important for in vitro researches, therefore the best method that represents the points 

raised above is the biological (20).     

  In the biological model, the constant change of broth (every 48 h) might have 

promoted an unsaturated environment of minerals, leading to a continuous demineralization 

of specimens. In addition, sucrose and glucose supplied in the broth represents a nutrient 

source for acid production by S. mutans, keeping the pH around 4.0 (23).  

Unlike this conditions, the specimens in the in situ method have external factors that 

can contribute to a possible remineralization process, as saliva buffering capacity and 

Streptococcus mutans count reducing the severity of the carious lesion produced (24), and 

were maintained at pH minimum around 5.5 (24). The caries lesions produced with 

biological model presented a structure defined and more similar of the natural carious 

lesion.  

The caries lesions produced in vitro still need be studied for that to have more 

control of the results and it favors the development of reliable clinical technique. 

 

CONCLUSION 

Based on the obtained results of this study it was concluded that both models 

showed similar characteristics (microhardness and depth of lesions) to natural caries dentin. 
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CONCLUSÕES   

 
Diante do objetivo e da metodologia empregada no presente estudo, concluiu-se que 

os dois métodos de produção de cárie mostraram características similares ao da lesão de 

cárie natural em dentina nos diferentes testes realizados: Microdureza de superfície e 

longitudinal, e Microscopia Eletrônica de Varredura. 
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Figura 3. Esquema representativo do dispositivo intra-oral utilizado para produção de cárie 

pelo modelo in situ. 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figura 4. Blocos no meio de cultura para desenvolvimento de cárie artificial pelo modelo 

biológico. 
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Figura 5. Troca de meio de cultura realizada a cada 48 horas. 
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Figura 6. Imagens do Microscópio Eletrônico de Varredura – Modelo de Produção de 

Cárie Biológico. 
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Figura 7. Imagens do Microscópio Eletrônico de Varredura – Modelo de Produção de 

Cárie In situ. 
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Figura 8. Imagens do Microscópio Eletrônico de Varredura – Lesão de Cárie Natural. 
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ANEXOS 

 
Anexo 1 
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