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APRESENTAÇÃO

Historicamente falando a odontologia já atingiu patamares inimagináveis. Relatos 
sobre a ciência odontológica datam desde a Antiguidade. Agora, imagine se pudéssemos 
contar à um praticante da odontologia da época que, no futuro, seria possível reabilitação 
oral completa, com implantação de parafusos, especialmente preparados para se fixarem 
no osso, e enxerto de tecido ósseo, caso necessário.

A tecnologia possibilita realizações na Odontologia que, cada dia mais, beneficiam 
pacientes e profissionais. Já não podemos mais ensinar a odontologia da década de 90 
para os acadêmicos. É necessário acompanhar a evolução e o desenvolvimento, sempre.

Este e-book traz um compilado de artigos que retratam como a tecnologia vem 
sendo aplicada à prática e ao ensino da Odontologia atualmente. Estas duas áreas do 
conhecimento podem e devem colaborar mutuamente, sendo possível alcançar resultados 
infinitamente melhores.

E, a partir da apreciação do conteúdo que vos é apresentado, convido-os à uma 
reflexão: O que nos é dito hoje sobre o futuro da Odontologia? Ousamos dizer até onde 
a tecnologia nos levará?

Ótima leitura!

Emanuela C. dos Santos
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ABSTRACT: Problem Contextualization. 
Dental Fluorosis (DF) is a multifactorial condition 
that associates environmental, psychological 
and genetic aspects. Purpose. The objective of 
this research was to investigate the association 
between genetic polymorphisms in the COL2A1 
gene with DF in a population of adolescents living 
in the city of Curitiba. Material and methods. 
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253 adolescents between 10 and 14 years old, diagnosed with DF by the modified Dean 
index, were selected. The individuals were divided into two groups: Affected by Fluorosis (AF) 
and Unaffected by Fluorosis (UF). Genomic DNA was extracted from buccal cells by scraping 
the mucosa, and the genetic polymorphisms in COL2A1 were genotyped by polymerase 
chain reaction in real time using the TaqMan assay. 253 included in this study, 25 individuals 
in the AF group and 228 in the UF group. Results. There were no significant differences 
between individuals in the AF and UF groups, both in the genotypic analysis and in the allelic 
analysis (p> 0.05). In the dominant and recessive models, there was also no association 
of DF with the COL2A1 gene. Conclusion. The genetic polymorphisms studied were not 
associated with DF.
KEYWORDS. Adolescents, dental fluorosis, genetic polymorphism.

ESTUDO DE ASSOCIAÇÃO ENTRE O GENE COL2A1 E FLUOROSE DENTÁRIA EM 

ADOLESCENTES

RESUMO: Contextualização do Problema. Fluorose dentária (FD) é uma condição 
multifatorial que associa aspectos ambientais, psicológicos e genéticos. Propósito.  O objetivo 
desta pesquisa foi investigar a associação entre polimorfismos genéticos no gene COL2A1 
com FD em uma população de adolescentes residentes no município de Curitiba. Material e 
Métodos. Foram selecionados 253 adolescentes entre 10 e 14 anos, diagnosticados com FD 
pelo índice de Dean modificado. Os indivíduos foram divididos em dois grupos: Afetados por 
Fluorose (AF) e Não Afetados por Fluorose (NAF). O DNA genômico foi extraído das células 
bucais, por meio de raspagem da mucosa, e os polimorfismos genéticos em COL2A1 foram 
genotipados por reação em cadeia da polimerase em tempo real utilizando o ensaio TaqMan. 
253 incluídos neste estudo, 25 indivíduos no grupo AF e 228 no grupo NAF. Resultados. 
Não houve diferenças significativas entre os indivíduo do grupo AF e NAF, tanto na análise 
genotípica quanto na análise alélica (p> 0,05). Nos modelos dominante e recessivo, também 
não houve associação de FD com o gene COL2A1. Conclusão. Os polimorfismos genéticos 
estudados não foram associados com FD.
PALAVRAS-CHAVE. Adolescentes, fluorose dentária, polimorfismo genético.  

1 |  INTRODUCTION

Oral health is a recurring theme in specialized literature and issues such as periodontal 
disease, malocclusion and dental fluorosis (DF) have gained prominence once dental 
caries declined in the general population (ANTUNES et al., 2016).  Curiously the same 
fluoride responsible for decay of dental caries is responsible for increase Dental Fluorosis 
(STEPHENS et al., 2018). In fact, DF prevalence increased in some countries, among 
them in Brazil, and became public health problem in countries around the world (CRUZ & 
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NARVAI et al., 2018).
Dental fluorosis is a condition caused by the excessive use of fluoride during tooth 

formation, enamel secretion and pre-eruptive maturation (KUMAR et al., 2018). It can be 
classified into mild, moderate and severe and could be differentiated by the color developed 
by the enamel. Cases of severe fluorosis may make the tooth enamel brittle and susceptible 
to fractures. In addition to the excessive use of fluoride, DF has its etiology associated with 
other factors and, currently genetic polymorphisms seem to increase the risk of developing 
this condition (HUANG et al., 2008; JIANG et al., 2015; JIAO et al., 2013; KÜCHLER et al., 
2017a; KÜCHLER et al., 2017b; WEN et al., 2012; ZHANG et al., 2013).

Collagen is a very resistant fibrillar protein that constitutes about 30% of the human 
body’s proteins (BARATH-HOUARI et al., 2016). It is part of a family of proteins that play 
an important role in the structure, shape and function of various connective tissues and in 
the extracellular matrix of connective tissues found in the human body, especially in the 
skin, tendons, bones, muscles, joints (AVILA RODRIGUEZ et al., 2018) and also in the 
teeth. In fact, bone collagen fibers are mineralized by calcium hydroxyapatite making the 
gene responsible by collagen synthesis a candidate to be studied in cases of DF. 

Collagen synthesis is encoded by the collagen type II alpha 1 (COL2A1) gene located 
on chromosome 12q13.11-13.2 (NIEBLER et al., 2013; BARAT-HOUARI, et al., 2016). 
Mutations in this gene are associated with various diseases, such as achondrogenesis, 
chondrodysplasia and osteoarthritis (CHEN et al., 2009; MACHOL et al., 2017). Our 
hypothesis is that polymorphisms in COL2A1 could be involved in the DF etiology. Therefore, 
the aim of this study was to investigate the association between two polymorphisms in 
COL2A1, rs1793953 and rs2276454, and Dental Fluorosis.

2 |  MATERIALS AND METHODS

2.1 Type of study and sampling

This study was approved by the Universidade Federal do Paraná research ethics 
committee (number 2.006.086) and followed the Declaration of Helsinki guidelines. Informed 
consent was obtained from all participating individuals or parents/legal guardians. For this 
case-control study, a random sample was selected from a previous cross-sectional studies 
with a representative sample of 934 adolescents aged 10 to 14 years (BERTOLI et al., 
2018). For this study, a subset of these adolescents (N=249) was selected using a random 
number generator website (www.randomizer.com). The subjects were divided in groups 
according presence or absence of DF. The current analysis used data from early-erupting 
permanent teeth. For the mixed dentition, only erupted permanent teeth were assessed. 

http://www.ijmr.org.in/searchresult.asp?search=&author=Neeraj+Kumar&journal=Y&but_search=Search&entries=10&pg=1&s=0
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2.2 Determination of dental fluorosis phenotype

Trained examiners conducted dental examinations. The kappa scores on intra- and 
inter-examiner were between good to excellent; weighted kappa scores were 1.00 for 
intra-examiner reliability and 0.89 for inter-examiner reliability. Subjects were seated in 
a dental chair, and the examiner used a probe and dental mirror according to the criteria 
recommended by the World Health Organization guidelines (WHO, 2013). DF was assessed 
using the Dean´s index modified (ROZIER et al.,1994) with the examination and a score 
was registered. This index allows the classification of DF into three degrees: mild (very 
mild and mild), moderate, and severe. The questionable degree was excluded. 

2.3 DNA samples and genotyping

Genomic DNA for molecular analysis was extracted from buccal cells based on the 
reported method (KÜCHLER et al., 2012). Genetic polymorphisms in COL2A1, rs1793953 
and rs2276454, were genotyped by real time polymerase chain reactions (Real Time 
PCR) using the Taqman assay (Agilent Technologies, Stratgene Mx3005P) (SHEN et al., 
2009)complex diseases using genome-wide association studies, candidate gene case-
control association studies, and genome-wide linkage analyses. A key to these studies is 
genotyping of SNPs. Various methods for SNP genotyping have been developed. For a 
particular genotyping project, the choice of method is dependent on the number of SNPs 
(n. Gene and polymorphism characteristics are described in Table 1.

2.4 Statistical analysis

The data were analyzed using the Epi Info 3.5.7. Chi-square or Fisher´s exact tests 
and odds ratio, at a level of significance of 0.05, were used to compare allele, genotype 
distributions between ‘unaffected’ and ‘affected’ groups and between ‘Moderate plus 
severe DF’ and ‘DF free’. 

Gene Position Polymorphism MAF Base Change

COL2A1
12q13.11 rs1793953 0.449 C/T
12q13.11 rs2276454 0.429 C/T

Tabela 1 - Genes and studied polymorphims.
Note: MAF mean minor allele frequency.

Obtained from database:  ncbi.nlm.nih.gov

3 |  RESULTS

From 934 subjects evaluated, 253 subjects were included in this study (25 subjects 
“affected” and 228 ‘unaffected’ subjects).  Table 2 summarize the genotype and allele 
distributions found in unaffected and affected groups. There were no significant differences 
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between the affected and unaffected individual (p>0.05). Since the genotypic and allelic 
models showed no association between DF and COL2A1, the possible association with 
alleles in the recessive and dominant models was investigated (table 3). No allele, both in 
the dominant model and in the recessive model, was associated with DF. Table 4 presents 
the results adjusted by genotype and allele distributions between unaffected group and 
affected group (moderate DF plus severe DF). Again, there were no significant differences 
between the affected and unaffected individual (p>0.05).

Gene rs# Groups Genotype n (%) p-value Allele n (%) p-value

COL2A1

rs1793953
CC CT TT

0.34
C T

0.69Unaffected 92(47.1) 100(44.3) 34(15.0) 284(62.8) 168(37.2)
Affected 11(44.0) 8(32.0) 6(24.0) 30(60.0) 20(40.0)

rs2276454
CC CT TT

0.32
C T

0.22Unaffected 31(13.6) 99(43.4) 98(43.0) 161(35.3) 295(64.7)
Affected 4(16.0) 14(56.0) 7(28.0) 22(44.0) 28(56.0)

Table 2. Genotype and allele distributions between unaffected and affected groups.

Gene rs# Group Genotype n (%) p-
value Odds ratio

COL2A1 rs1793953

C CC + CT TT

0.24 1.78
(0.66-4.70)Dominant

Unaffected 192(85.9%) 34(14.1%)
Affected 19(76.0%) 6(24.0%)

T CT + TT CC

0.75
1.14

(0.49-2.63)Recessive
Unaffected 134(59.3%) 92(40.7%)

Affected 14(56.0%) 11(44.0%)

COL2A1 rs2276454

T CT + TT CC

0.74 1.21
(0.38-3.76)Dominant

Unaffected 197(86.4%) 31(13.6%)
Affected 21(84.0%) 4(16.0%)

C CC + CT TT

0.14
0.51

(0.20-1.28)Recessive
Unaffected 130(57.0%) 98(43.0%)

Affected 18(72.0%) 7(28.0%)

Table 3.   Genotypic analysis of polymorphisms in dominant and recessive models.

Gene rs# Groups Genotype n (%) p-value Allele p-value

Discussion 

rs1793953
CC CT TT

0.88
C T

0.68Unaffected 93(41.0) 100(44.0) 34(15.0) 286(63.0) 168(37.0)
Affected 6(37.5) 7(43.7) 3(18.8) 30(59.4) 13(40.6)

rs2276454
CC CT TT

0.86
C T

0.86Unaffected 31(13.5) 100(43.5) 98(43.0) 162(35.4) 296(64.6)
Affected 2(16.0) 8(56.0) 16(28.0) 12(37.5) 20(62.5)

Table 4. Genotype and allele distributions between control group and moderate/severe DF. 



 
Tecnologias Aplicadas à Prática e ao Ensino da Odontologia Capítulo 19 214

4 |  DISCUSSION 

Dental fluorosis is an endemic condition in countries around the world (KUMAR et al., 
2018). It is known that individual environmental exposure to fluoride, such as water, fluoride 
toothpaste and eating habits, are the main cause of dental fluorosis (BUZALAF & LEVY et 
al., 2011), although it is difficult to measure the contribution of each factor individually. The 
main characteristic of fluorotic enamel is the underground hypomineralization that results 
from the incorrect removal of proteins during the enamel maturation stage and from the 
excessive precipitation of minerals in the enamel in formation. In both processes, fluorine 
plays an important role (DENBESTEN & LI, 2011). There is evidence that the genetic 
background may increase the predisposition to dental fluorosis (PRAMANIK et al., 2017). 

Collagen is a fibrous protein whose chains form supramolecular aggregates that 
contribute to maintaining the structural integrity of the extracellular matrix (ME). The 
formation of ME is a critical point during the bone formation process, since the ME provides 
micro-environmental conditions for cell adhesion and mineralization (ZHANG et al., 2014). 
So, any disturbance that alters ME formation can result in a mineralization deficiency that, 
in the dental enamel, could be represented by imperfect amelogenesis, hypomineralization 
or even Dental Fluorosis. In this sense, the genes responsible for the collagen synthesis, 
formation and maturation of the enamel are candidates to be studied. In this pilot study, we 
tested the hypothesis that the COL2A1 gene could be involved in DF.

For this, two polymorphisms were selected, rs1793953 and rs2276454, with high 
allelic frequency and previously associated with a series of collagen diseases (DENG et 
al., 2016). It is not new that the COL gene is involved with dental fluorosis. In fact, genetic 
polymorphisms in COL1A2 (ESCOBAR-GARCÍA et al., 2015), COL1A1 and COL14A1 
(CHARONE et al., 2019) have already been studied in dental fluorosis and some of them 
were associated, others not. As far as we know, this is the first study that investigates the 
association of COL2A1 with DF. 

Of course, gene expression depends on experiences and the environment of life. It 
is no different with DF, but in our study, even using the genotypic and allelic models, we 
found no association between the polymorphism studied and the affected group. Also, in 
the dominant and recessive models, there was no association. When the variable was 
dichotomized in absent DF and moderate / severe DF, there was also no association. Our 
study has some limitations, including the number of individuals affected by DF can be a 
determining factor for not finding an association. Therefore, our future research should 
concentrate efforts to collect more samples from individuals with DF. Finally, our results 
found no association between polymorphisms in the COL2A1 gene with DF, but it is worth 
mentioning that the test sample was small, so it is possible to find an association in a 
larger sample. In addition, further investigations with other polymorphisms in this gene are 
needed.
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