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APRESENTAÇÃO

Observando a história da Odontologia é possível notar grandes evoluções na 
utilização e criação de recursos, materiais e técnicas, associados à tecnologia para 
melhorar os processos dentro da área. A odontologia tradicional foi aperfeiçoada e 
continua em processo de lapidação.

Sendo o questionamento a chave para o desenvolvimento, a melhoria nos 
serviços odontológicos disponíveis à população é reflexo da busca incessante por 
respostas na área científica.

Este E-book intitulado Odontologia: Serviços Disponíveis e Acesso 3 mostra 
mais um capítulo das recentes descobertas e reflexões que enriquecem o campo 
Odontológico.

Espero que a leitura deste rico acervo seja transformada em matéria prima 
para construção de seu caminho profissional.

Ótima leitura!

Profa. Ms. Emanuela C. dos Santos
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RESUMO: Contextualização do Problema. 
Um dos aspectos mais importantes da estética 
dentofacial é a aparência dos dentes anteriores. 
Alguns fatores, incluindo fatores genéticos 
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e hormônios sexuais,  podem estar envolvidos no tamanho e na proporção destes 
dentes. Propósito. Este estudo objetivou investigar a associação entre sexo, genes 
que codificam os receptores alfa e beta do hormônio estrógeno (ESR1 e ESR2, 
respectivamente) e a proporção dentária dos incisivos centrais maxilares, e avaliar se 
esses fatores estão envolvidos na proporção dentária. Material e Métodos. A amostra 
foi composta por 65 pacientes com deformidade dentofacial que necessitavam 
cirurgia ortognática. Modelos dentários dos pacientes foram utilizados para mensurar 
as dimensões naturais dos dentes. A largura e o comprimento dos incisivos centrais 
maxilares foi mensurada e a proporção largura/comprimento (L/C) foi calculada para 
cada dente. Amostras de saliva foram coletadas e o DNA genômico para análise 
molecular foi extraído das células bucais. Polimorfismos genéticos no ESR1 e no 
ESR2 foram genotipados por reações de PCR em tempo real. As comparações entre 
as médias foram realizadas entre os genótipos e o alfa foi estabelecido em 0,006 
após a correção de Bonferroni.  Resultados. Sexo não foi associado com a proporção 
L/C dos incisivos centrais maxilares. Não houve associação entre os polimorfismos 
genéticos rs2234693 e rs9340799 no gene ESR1, e rs1256049 e rs4986938 no gene 
ESR2 com a proporção L/C. Conclusão. O sexo e os polimorfismos genéticos em 
ESR1 e ESR2 não foram associados com a proporção dos incisivos centrais maxilares.
PALAVRAS-CHAVE. Coroa Dentária, Polimorfismo Genético, Hormônios Esteroides 
Gonadais.

MAXILLARY CENTRAL INCISOR PROPORTION AND GENETIC POLYMORPHISMS

ABSTRACT: Statement of Problem. One of the most important aspects of dental and 
facial esthetics is anterior tooth display. Some factors, including genetic factors involved 
in sex hormones, could be involved in the tooth proportion. Purpose. This study aimed 
to assess the association between sex, genes codifying estrogen receptors alpha and 
beta (ESR1 and ESR2, respectively) and upper central incisors proportion, in order to 
evaluated if these factors are involved in the tooth proportion. Material and Methods. 
The sample was composed by 65 patients with dentofacial deformities that required 
orthognathic surgery. Patient’s dental casts were used to evaluate the natural tooth 
dimension data. The width and the length of upper central incisors were measured and 
the width-to-length ratio (W/L) was calculated for each incisor. Saliva samples were 
collected and genomic DNA for molecular analysis was extracted from buccal cells. 
Genetic polymorphisms in ESR1 and ESR2 were genotyped by real-time polymerase 
chain reactions. Means comparisons were performed among genotypes and the 
alpha was set in 0.006 after Bonferroni correction. Results. Sex was not associated 
with upper central incisor W/L ratio. There was no association between the genetic 
polymorphisms rs2234693 and rs9340799 in ESR1, and rs1256049 and rs4986938 
in ESR2 and the W/L proportion. Conclusion. The sex and genetic polymorphisms in 
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ESR1 and in ESR2 were not associated maxillary central incisors proportion.
KEYWORDS: Tooth Crown, Polymorphism Genetic, Gonadal Steroid Hormones

INTRODUCTION

Smile is the sum of a number of features that contribute to it, either positively 
or negatively (MCNAMARA et al., 2008). These features comprise the lips, gingiva 
and teeth. All these components lie within the display zone of the smile and are 
proportionally related to each other (ACKERMAN et al., 2002). The proportion and 
morphology of the maxillary incisors, are important aspects in cosmetic dentistry 
(Sarver, 2004).

One of the most important aspects of dental and facial esthetics is anterior 
tooth display (AL TAKI et al., 2017), in which the width-to-length ratio of the upper 
central incisor is a key determinant in providing a pleasing smile (WARD, 2015). Sex 
differences were observed in some phenotypes related to the smile (AL-HABAHBEH 
et al., 2009; SAH et al., 2014; SHETTY et al., 2017), including central incisor 
proportion (SAH et al., 2014), which suggests that some factors, including genetic 
factors involved in sex hormones, could be involved in the tooth proportion. Although, 
many genes have been implicated in the tooth development (THESLEFF, 2006), 
there are no studies evaluating the association between genes and tooth proportion.

The genes ESR1 and ESR2 encode the estrogen receptors alpha and beta (ERα 
and ERβ, respectively). ESR1 is on chromosome 6, while ESR2 is on chromosome 
14 (ENMARK et al., 1997). Estrogen is a sex hormone that play a key role in the 
development (CUTLER, 1997) and binds to either ERα or ERβ activate estrogen-
responsive genes and stimulate ER-positive cell lines (KLINGE et al., 2004). Some 
studies have demonstrated that these receptors are expressed in in dental tissues 
(HIETALA et al., 1998; JUKIĆ et al., 2003; FERRER et al., 2005).

Therefore, this study aimed to assess the association between sex, ESR1, 
ESR2 and upper central incisors proportion, in order to evaluated if these factors are 
involved in the dental proportion.

MATERIALS AND METHODS 

The Ethics Committee of Health Science, Positivo University (CAEE 
69240817.7.0000.0093) approved this study. Informed consent was obtained from 
all patients and/or their parents or legal guardians. 

The sample was composed by 65 patients with dentofacial deformities (DFD) 
that required orthognathic surgery from Positivo University and Federal University 
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of Parana. All patients were biologically unrelated. Patients who had underlying 
syndromes or congenital disorders, such as oral cleft, were excluded from the study. 
Also teeth with caries, occlusal wear, restorations, extrusion, obvious deformities, 
displaced or crowded were evaluated.

Teeth measurements and width-to-length ratio of maxillary incisors 

Dental casts were used to evaluate the natural tooth dimension data. The width 
and the length of upper central incisors were measured using a digital caliper (Mitutoyo 
500-752-20 Digimatic Digital Caliper) with an accuracy of 0.01 millimeters. For width 
dimension, the measurement was defi ned as the maximum distance between the 
mesial and distal contact points of the tooth on a line perpendicular to the long axis 
of the tooth. For crown length, the longest distance between the gingival zenith (the 
most apical point of the marginal gingiva) and the incisal edge, on a line parallel to 
the long axis of the tooth, was recorded. All measurements were of facial surfaces 
of the teeth and recorded in millimeters (SAH et al., 2014). Therefore, the width-to-
length ratio (W/L) was calculated for each incisor.

All measurements were performed by one operator in each subset, with a 
strict criterion in order to reduce variation. Five models were analyzed per day to 
prevent depletion of the operator. Each measurement was made thrice by the same 
operator and the mean of the values was used for statistical analysis. The intraclass 
coeffi cient correlation (ICC) was calculated (ICC95% 0.968). 

DNA samples and genotyping 

Saliva samples were collected from all included patients. Genomic DNA for 
molecular analysis was extracted from buccal cells in saliva (KUCHLER et al., 
2012; TREVILATTO; LINE, 2000). Genetic polymorphisms in ESR1 and ESR2
were genotyped by real-time polymerase chain reactions (real-time PCR) using 
the Taqman assay Step OnePlus real-time PCR system (Applied Biosystems). The 
characteristics of the studied polymorphisms are presented in Table 1. 

Table 1. Characteristics of the candidate studied genes and polymorphisms
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Statistical analysis 

The Kolmogorov-Smirnov test was used to verify the normality of the data. T 
test was used to evaluate the association between sex and measurements. ANOVA 
one-way with Tukey posttest or t test were used to evaluate the association between 
genotypes and teeth W/L ratios. Bonferroni adjustment was applied for multiple 
testing. Thus, the signifi cance value adopted (p = 0.006) was the result of 0.05/8, in 
which 8 was the number of tests performed per subset.

Hardy-Weinberg equilibrium was evaluated using the chi-square test within 
each polymorphism. 

RESULTS 

Fouty-six (70.8%) patients were female and 19 (29.2%) were males. The Mean 
age was 30.95 (SD1.22).

Table 2 demonstrated the W/L data distribution among sexes.  Sex was not 
associated with upper central incisor W/L ratio (p>0.05).

Table 2. The W/L ratio distribution of the central incisors between sex according to the tooth for 
both subsets. 

The genotype frequencies for all polymorphisms were in Hardy-Weinberg 
equilibrium (data not shown). 

Table 3 demonstrated the W/L data distribution among genotypes in rs2234693
and rs9340799 in ESR1, and rs1256049 and rs4986938 in ESR2. There was no 
association between the genetic polymorphisms and the W/L proportion. 
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Table 3. The W/L distribution among genotypes.

DISCUSSION

In the past decades, esthetic dentistry has become in focus for the dentists and 
for the patients. This trend was initiated by prosthodontists and, later, by orthodontists 
(ALSULAIMANI et al 2013). To provide the highest level of dental care, dentists are 
required to put just as much effort on esthetics as they would on function and health 
when planning the dental treatment. Therefore, the number of studies evaluating the 
aspects involved in sizes and proportions of the teeth have increased in the past 
decades (BUKHARY et al., 2007; PARCIAK et al., 2017; ÖZDEMIR et al., 2018), 
however, to the best of our knowledge, this is the fi rst study that attempted to evaluate 
if genetic polymorphisms are involved in maxillary central incisors proportion. 

The W/L ratio of maxillary anterior teeth have been considered as important 
factor for dental esthetics and harmonic teeth arrangement (WARD, 2001). We 
focused in this measurement to evaluate if the genetic polymorphisms in ESR1 and 
ESR2 were involved with maxillary central incisors proportion in patients requiring 
orthognathic surgery.

Although the degree ranged according to the studied population, previous 
studies have demonstrated the presence of sexual dimorphism within the human 
dentition, in which males have larger teeth than females (ZORBA et al., 2011; 
SABÓIA et al., 2013, PECKMANN et al., 2015; GARCÍA-CAMPOS et al., 2018). 
We were not able to observe a sexual dimorphism in the maxillary central incisor 
proportion. However, for maxillary anterior teeth, the W/L ratio is considered to be 
the most stable reference because it has a minimum variation between sexes (SAH 
et al., 2014), which corroborates with our results. 
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An interesting aspect to be discussed is that most people have variations in 
their smile that deviate from the published standards for ideal smiles (WARD, 2015) 
The ratio known as “gold standard” determines that the W/L of the maxillary incisors 
should be approximately 80% (SAH et al., 2014), however, many patients included 
here deviate from this value. For this reason, we decided to evaluate the outcome 
as a continuous variable. 

 These genetic polymorphisms investigated here were associated with a 
variety of phenotypes (MARUYAMA et al., 2000, YANG et al., 2014; LIU et al., 2018; 
LUO et al., 2018). However, they were not associated with maxillary central incisors 
proportion in both studied populations. Therefore, further studies in larger samples 
evaluating estrogen receptors should be performed in order to evaluate if our results 
could be a false negative association, once we decided to adopt a Bonferroni 
correction, a classical approach to multiple comparisons, in order to avoid familywise 
error. 

 Although genes that encode sexual hormones receptors are candidate genes 
for alterations in tooth measurements due to established sexual dimorphism in human 
dentition, it is possible that other genes are involved in maxillary central incisors 
proportion. Some genes have been previously involved in facial phenotypes  (LIU 
et al., 2012; KIMURA et al., 2015). Due to the close relationship between facial type 
and teeth morphology (SARVER, 2004; PARCIAK et al., 2017) the genes involved in 
the facial phenotypes are candidate genes for tooth morphology. So, future studies 
should focus in the evaluation of the association of genetic polymorphisms in these 
genes with teeth proportion. 

CONCLUSION 

The sex and genetic polymorphisms rs2234693 and rs9340799 in ESR1, and 
rs1256049 and rs4986938 in ESR2 were not associated maxillary central incisors 
proportion. 

CLINICAL IMPLICATIONS

The knowledge regarding the effect of some genes on tooth proportion could 
be an important aspect to be take into consideration in the future personalized dental 
treatment plan.
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