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Um dos trabalhos de pesquisa foi realizado nas Clínicas de Odontologia da Universidade 

Positivo. 

Os dados do segundo trabalho foram coletados da Universidade da Região de Joinville- 

UNIVILLE. 
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Carelli, J. Idade dentária: Avaliação de métodos de estimativa e associação com polimorfismos 

nos genes ESR1e ESR2. [Tese de Doutorado]. Curitiba: Universidade Positivo; 2023. 

 

RESUMO 

 

 Objetivo: O objetivo deste trabalho foi apresentar dois estudos sobre a idade dentária. No 

primeiro estudo o objetivo foi avaliar dois métodos de determinação de idade dentária em uma 

população de Joinville, localizada no Sul do Brasil. E no segundo trabalho o objetivo foi avaliar 

o papel dos polimorfismos genéticos nos receptores de estrógeno (ESR1) e (ESR2) na idade 

dentária. Metodologia: No primeiro estudo a amostra foi composta por 229 radiografias 

panorâmicas (119 meninos e 110 meninas) de crianças com idade de 6 a 12 anos. A idade 

cronológica foi calculada para cada paciente e a idade dentária foi determinada pelos métodos de 

Demirjian e Cameriere.  Todos os dados contínuos foram testados quanto à normalidade pelo 

teste de Shapiro–Wilk. O coeficiente de correlação de Pearson foi empregado. A significância 

estatística foi considerada quando p<0,05. O segundo estudo, foi um trabalho transversal que 

avaliou radiografias panorâmicas, exames clínicos, análise genética e sorológica de 36 

adolescentes (19 meninas e 17 meninos)com idade de 10 a 16 anos. Foi determinada a idade 

cronológica e a idade dentária foi estimada através dos métodos de Hofmann e Demirjian. Os 

polimorfismos genéticos ESR1 (rs2234693) e ESR2 (rs4986938 e rs1256049) foram genotipados 

por meio de PCR em tempo real. Os níveis de estradiol, estrona e estriol foram medidos através 

de coletas sorológicas. O equilíbrio de Hardy-Weinberg dos polimorfismos foi avaliado pelo 

teste qui-quadrado. Valores de p<0,05 indicaram diferença estatística. Resultados: No primeiro 

estudo, a idade cronológica média encontrada foi de 8,75 anos. De acordo com o método de 

Demirjian, a média da idade dentária foi de 9,3 anos, enquanto, segundo o método de Cameriere, 
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a idade dentária média foi de 8,66 anos. Foi encontrada uma forte correlação entre a idade 

cronológica e a idade dentária, tanto no método de Demirjian (r= 0,776 e p=0,000) quanto no 

método de Cameriere (r= 0,735 e p= 0,000). No segundo estudo os resultados mostraram que em 

relação aos hormônios, o estradiol apresentou correlação com idade cronológica (p=0,050). De 

acordo com o método de Hofmann, não houve diferença na idade dentária entre homens e 

mulheres (p=0,321). A idade dentária de acordo com Demirjian foi maior em homens (-0,30 a 

1,69; média = 1,06, desvio padrão = 1,71). Os níveis de estradiol foram mais altos que os de 

estriol e estrona, mas não houve associação com polimorfismos genéticos avaliados (p>0,05). A 

idade dentária média não foi estatisticamente diferente entre os  polimorfismos genéticos 

rs2234693 em ESR1 e rs4986938 e rs1256049 em ESR2.Conclusão: No primeiro estudo pode-se 

concluir que o método de Demirjian teve uma melhor estimativa de idade dentária dentro da 

população avaliada. E, no segundo estudo os polimorfismos genéticos estudados em ESR1 e 

ESR2 não foram associados à idade dentária na população estudada. 

 

Palavras chave: Desenvolvimento dentário, Genética, Hormônios 
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Carelli, J. Dental Age: Evaluation of methods and association with polymorphisms in the ESR1 

and ESR2 genes. [Tese de Doutorado]. Curitiba: Universidade Positivo; 2023. 

 

ABSTRACT 

Objective: The aim of this study was to present two studies on dental age. The first study aimed 

to evaluated two methods for determining dental age in a group of children from Joinville, South 

Brazil. The second study aimed to evaluate the association between dental age and the genetic 

polymorphisms in estrogen receptor alpha (ESR1) and beta (ESR2). Methodology: In the first 

study the sample consisted of 229panoramic radiographs (119 males and 110 females) from 

Brazilian children from 6 to 12 years old. The chronological age was calculated for each child. 

The dental age was estimated according to the Demirjian’s and Cameriere’s methods. All 

continuous data were tested for normality by Shapiro–Wilk test and therefore, parametric and 

non-parametric tests were used to analyze the data. The Pearson correlation coefficient was used. 

The statistical significance was p<0.05. 

The second was a cross-sectional study based on panoramic radiograph analysis, clinical 

examinations, genetic analysis and serological evaluation of 36 adolescents (19 females and 17 

males) from 10 to 16 years old. The chronological age was calculated for adolescent and dental 

age was estimated according to two different methods: Demirjian et al. and Hofmannet.al. The 

genetic polymorphisms ESR1(rs2234693) and ESR2(rs4986938 and rs1256049) were genotyped 

through real-time PCR. The levels of estradiol, estrone and estriol were also measured in the 

serum. The Hardy-Weinberg equilibrium of the polymorphisms were evaluated by chi-square 

test. Values of p<0.05 was considered. Results: In the first study the mean of chronological age 

was 8.75 years old. According to Demirjian method the median of dental age was 9.3 years old, 

while according to Cameriere method the median of dental age was 8.66 years old. A strong 

correlation between chronological age and dental age  according to Demirjian  (r= 0.776 and 
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p=0.000) and Cameriere (r= 0.735 and p= 0.000) were founded for both genders. The second 

study showed that estradiol was correlated with chronological age (p=0.050). According to 

Hofmann´s method, there was no difference between males and females in dental age. Dental age 

according to Demirjian was higher in male (-0.30 to 1.69; mean = 1.06, standard deviation = 

1.71).Estradiol levels were higher than estriol and estrone, but there was no association with 

genotypes (p>0.05). The mean dental age was not statistically different among genotypes in the 

genetic polymorphisms rs2234693, in ESR1, and rs4986938 and rs1256049 in ESR2. Conclusion: 

In the first study dental age according to the Demirjian's method had better correlation with 

chronological age in the evaluated population. And in the second study the genetic 

polymorphisms in ESR1and ESR2, were not associated with dental age in the studied population. 

 

Key words: Odontogenesis. Genetic. Hormones 
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Manuscrito 1 

 

THE CAMERIERE AND DEMIRJIAN METHODS FOR THE ASSESSMENT OF 

DENTAL AGE IN BRAZILIAN CHILDREN1 

 

Abstract 

Objective: This study aimed to compare the correlation between chronological age and 

dental age using Demirjian’s and Cameriere’s methods in a group of children from Joinville, 

South Brazil. Method: The sample consisted of 229 panoramic radiographs(119 males and 110 

females) from Brazilian children from 6 to 12 years old. The chronological age was calculated 

for each child. The dental age was estimated according to the Demirjian´s and Cameriere´s 

methods. All continuous data were tested for normality by Shapiro–Wilk. The Pearson 

correlation coefficient was used. The statistical considered was p<0.05. Result: The mean 

chronological age was 8.75 years old. According to Demirjian´s method the average dental age 

was 9.3 years old, while according to Cameriere´s method the average dental age was 8.66 years 

old. A strong correlation between chronological age and dental age according to Demirjian´s (r= 

0.776 and p=0.000) and Cameriere´s (r= 0.735 and p= 0.000) were founded for both genders. 

Conclusion: Dental age according to the Cameriere's method had better correlation with 

chronological age in the evaluated population. 

 

Keywords: Panoramic radiography. Odontogenesis. Orthodontics. 

 

 

 

 

 
1Manuscrito foi submetido ao periódico: Journal of the World Federation of Orthodontists. Manuscrito formatado de 

acordo com as normas específicas do periódico (acessado em: 21/11/2023). 
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Introduction 

 

Assessing chronological age (CA) using parts of the body or bone analysis is an essential 

tool to identify people and solve crimes[1]. In dentistry, the analysis of anatomical regions in the 

hand-wrist area is very common for the determination of CA with orthodontic purposes[2] but, 

once teeth follow a predictable pattern of mineralization and eruption during the development, 

estimation of the CA based on the dental development stage may be also an accurate method[3, 

4]. In fact, dental age (DA) determination by the analyzes of the stage of dental maturation could 

be a more reliable indicator of CA than skeletal analysis once it is less affected by environmental 

and nutritional factors[5, 6].  

Several DA determination have been proposed in the literature and the most used in 

different populations is the Demirjian´s method. This method was elaborated by Demirjian and 

has been modified and adapted over the years to improve its accuracy and applicability for CA 

estimation[2]. This method assesses the mineralization stages of seven permanent teeth in the 

mandible using radiographs and comparing the findings to established age estimation tables. 

More recently, a new method was introduced by Cameriere[7] and have also been used for the 

same purpose. This method analyzes dental maturation by measuring the projections of open 

dental apices through a formula that analyzes tooth maturation by gauging open apices of seven 

permanent teeth on the left mandible of a panoramic radiograph[7]. 

DA is an important biological age marker that plays a role in many fields, including 

forensic science, anthropology, pediatrics and orthodontics[8]. Despite both methods, 

Demirjian´s and Cameriere´s, show reliability and accuracy in age estimation, there is still a 

certain controversy in the literature especially when applied to different populations Therefore, 
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new studies in different samples are important to identify the best method used to DA 

determination in different populations. Thus, this study aimed to compare the correlation 

between CA and DA using those two methods in a group of children from Joinville, South 

Brazil. 

 

Materials and Methods 

Ethical aspects, Study Design and Sampling 

 This retrospective study was approved by Research Ethics Committee of University of 

Joinville- UNIVILLE (Approval Number: 4.392.279). The sample consisted of panoramic 

radiographs and clinical records from Brazilian children from 6 to 12 years old who were 

seeking dental treatment in the city of Joinville-UNIVILLE. All included children were resident 

in Joinville region. Joinville is the largest city in Santa Catarina state, which is located in the 

Southern Region of Brazil. Joinville has around 605,000 inhabitants, most of whom are of 

German descendant[9]. 

Exclusion criteria were clinical records without panoramic radiograph, image quality 

problems affecting lower permanent tooth visualization, systemic diseases and dental agenesis. 

Data were collected between November, 2021 and august, 2022. 

 

Dental Age Determination 

The CA was calculated for each child by subtracting the date of birth from the date of the 

image exam, and the results were expressed as years with two decimal places. For the evaluation 

of DA, the CA of the participants was blinded. To determine intra-rater and inter-rater reliability 

was examined by using weighted kappa statistics, the images of 5 randomly selected participants 
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were evaluated twice in a blinded manner both by the same investigator as well as by a second 

(senior) investigator. The intra-rater and inter-rater reliability were assessed by calculating 

Cohen's kappa (k=1.00 and k=0.86) respectively. 

The DA was estimated according to the Demirjian´s and Cameriere´s methods. The DA 

estimation according to the Demirjian´s method was performed based on the maturity of the 

seven permanent teeth on the lower left side (mandible) (except the third molar). According to 

the Demirjian´s staging criteria [2] each tooth was classified into 8 different developmental 

mineralization stages, which were identified by letters "A" to "H". The designated stages started 

with the initial crown formation and continued until the closure of the root apex. Each tooth was 

rated on a scale, and each rating was then converted into a score. 

The Cameriere´s method [7] analyzed the left permanent mandibular teeth, and the age 

was calculated using the formula: Age = 8.971 + 0.375.g + 1.631x5 + 0.674.N0 – 1.034.s – 

0.176.s.N0. Where g is a variable equal to 1 for boys and 0 for girls. The total number of teeth 

with completely closed apices (N0) was obtained. For teeth with a single root, the width of the 

open apex was measured(A1-A5). For teeth with two roots, the sum of the widths of the two 

open apices was measured (A5-A7). The measurements (A) were normalized by dividing the 

tooth length (L1-L7) to consider the effect of possible differences in magnification and 

angulations among radiographs. The normalized measurements of the seven left permanent 

mandibular teeth (xi=Ai/Li, i=1… 7), the sum of the normalized open apices (s) and the number 

of teeth with closed apices (N0) was used to estimate DA. All measurements were carried out by 

the same observer. 
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Statistical analysis 

All analyses were performed using Graph Pad Prism 5.0a (Graph Pad Software Inc., San 

Diego, CA, USA). All continuous data were tested for normality by Shapiro–Wilk test and 

therefore, parametric and non-parametric tests were used to analyze the data. The intra-rater and 

inter-rater reliability were assessed by calculating Cohen's kappa (k=1.00 and k=0.86) 

respectively. 

The Pearson correlation coefficient was used to determine the correlation strength 

between the variables (non-normal data). The strength of the positive correlations was defined 

according to the value of the “Correlation Coefficient”, such as:1: perfect; 0.7 to 0.9: strong; 0.4 

to 0.6: moderate; 0.1 to 0.3: weak; and 0: no correlation. The statistical significance was defined 

by two-tailed p<0.05. 

 

Results 

A total of 9117 dental records was founded for eligibility and 8231 was excluded for 

absence of panoramic radiography. In a second moment more 657 dental records were excluded 

for image quality problems affecting lower permanent tooth visualization or systemic diseases or 

dental agenesis. So, in a total 229 dental records were included in this study. 

CA in years was calculated in females and males and the median was 8.75 years old. 

According to Demirjian´s method the median DA was 9.3 years old, while according to 

Cameriere´s method the median DA was 8.66 years old (Table 1). 
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Table 1: Descriptive statistics of studied variables in both gender 

 

All 

Mean 
Standard 

Deviation 
Median Max – Min 

Interquartil 

Range 

CA 8.82 1.29 8.75 12.08 –6.0  1.91 

Demirjian 9.62 1.52 9.3 13.40 – 6.7 2.45 

Cameriere 8.74 1.29 8.66 11.18 –5.63 2.42 

 

CA and DA according Demirjian´s was higher in males than females (p<0.05). There was 

no difference between male and female according to Cameriere´s method (Table 2). 

 

The correlation between DA according to Demirjian´s and Cameriere´s methods with CA 

in both genders are shown on Table 3. A strong correlation between CA and DA according to 

Demirjian´s for both genders was founded (r= 0.776 and p=0.000). The correlation was strong 

between CA and DA according to Cameriere´s for both gender (r= 0.735 and p= 0.000).  

 

Table 3: Correlation between the studied variables in both gender 

DA  CA 

Demirjian 
R 0.776 

p-value 0.000 

Cameriere 
R 0.735 

p-value 0.000 

Notes: Pearson’s correlation was performed. Bold forms mean 

statistical significance. 

 

Table 2: Descriptive statistics of studied variables between sex 

 
Male Female 

Mean 
Standard 

Deviation 
Median 

Max – 

Min 

Interquartil 

Range 
Mean 

Standard 

Deviation 
Median 

Max – 

Min 

Interquartil 

Range 

CA 8.90 1.38 9.0 
11.58 

– 6 
2.20 8.73 1.18 8.75 

12.08– 

6.08 
1.66 

Demirjian 9.66 1.52 9.4 
12.90 

– 6.7 
2.4 9.5 1.52 9.1 

13.40 

– 7.10 
2.60 

Cameriere 8.76 1.33 8.65 
10.72–

5.63 
2.44 8.71 1.26 8.69 

11.18– 

6.07 
2.47 
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A strong correlation between CA and DA according to Demirjian´s for male and female 

was founded (r = 0.801 and p= 0.000; r = 0.749 and p= -.000). The correlation was strong 

between CA and DA according to Cameriere´s for both male and female (r = 0.745 and p= 

0.000; r= 0.725 and p= 0.000). 

 

Table 4: Correlation between the studied variables 

between sex 

Male Female 

CA CA 

Demirjian 
r 0.801 0.749 

p-value 0.000 0.000 

Cameriere 
r 0.745 0.725 

p-value 0.000 0.000 

Notes: Pearson’s correlation was performed. Bold forms 

mean statistical significance. 

 

Discussion 

The present study aimed to investigate the association between DA and CA in a group of 

children aged 6 to 12 years, both genders from a city in the south of Brazil. One important aspect 

to be highlighted is that a recent review of the literature evaluated original studies on DA 

estimation methods applied to Brazilian children [10]. The authors concluded that most of the 

international methods for DA estimation had optimal performance in Brazilian children, however 

it is important to emphasize that none of the studies evaluated children from Joinville. The 

population from Joinville - Santa Catarina state, is located in southern Brazil and may have some 

difference from other regions of Brazil. Joinville is well known by its German immigration 

which could reflect in some variation in the DA due to the particular genetic background of the 

population. Therefore, in the present study we used two methods to estimate DA in this specific 
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population. We used Demirjian´s [2] and Cameriere´s [7] methods. Demirjian's approach gained 

widespread recognition and became the predominant method for estimating dental age [11]. 

Joinville city is essentially colonized by the German-Brazilian population, composed of 

German descendants. We hypothesized that the observed results may be very similar to results 

observed in the Germanic population [12] or other studies with central Europe samples due to the 

genetic background of the population [13]. In our study, the mean of the CA was 8.75 years, and 

both methods revealed values very close to CA: 9.3 years was found in Demirjian´s method and 

8.66 in Cameriere’s method. There are some studies that affirm that the Demirjian´s method is 

geographically sensitive [14, 15] except some studies that are single population oriented [10, 16]. 

Cameriere’s method is considered one of the geographically stable methods and tends to 

overestimate around 4 months [17, 10,14]. 

It is important to consider that in previous studies Demirjian’s method overestimation 

varies between 4 to 9 months [10,14,15]. In our study an overestimation was also observed. 

Some studies using Cameriere’s method also have showed and overestimation [10, 14, 17]. 

Analysis of DA is a crucial aspect of clinical diagnosis and forensic dentistry, particularly 

in children and young adolescents [18]. Several methods have been developed for this purpose, 

but approaches that use dental tissues are among the most useful and reliable, due their small 

capacity for change and greater resistance to degradation [19]. Unlike skeletal analysis, DA is 

less influenced by extrinsic or intrinsic factors, making it a more reliable indicator of CA [5]. It 

is also less affected by environmental factors such as nutrition and the individual’s endocrine 

system variations, therefore it is an effective tool for determining age ante-mortem and post-

mortem [20]. In order to determine the DA, we used panoramic radiographs from the digital 

archives of Univille University, therefore no individual was exposed to ionizing radiation. The 
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analysis of the panoramic radiographs enables the assessment of the individual's dental 

development degree, while offering the advantages of low radiation exposure and cost-

effectiveness for the patient [21]. 

Both methods tested in this study presented high correlation between DA and CA, the 

method with the highest correlation was Cameriere´s [7]. Previous studies showed different 

results. Nair et al., [22] carried out a study comparing the methods of Demirjian´s [2] and 

Cameriere´s [7] in an Indian population composed of children aged 7 to 12 years of both genders 

and concluded that the method of Cameriere was the most reliable for estimating the age of that 

population. In Europe, Wolf et al. [12], compared the two methods in a German population aged 

6 to 14 years of both genders and found that the method of Demirjian presented more adequate 

results for the estimation of DA in the investigated population. Although the population of 

Joinville is majority Germanic descendants, our results were different from the one reported by 

Wolf et al. [12]. This difference may be related to the age group of the study sample once this 

method may be more relevant when an age group between 12 and 18 years is used [23,24].  

Cameriere’s method was tested by Machado et al [25] in children of the Southeast of 

Brazil, aged 6 to 14 years old, and showed a good correlation with CA from Brazilian boys and 

girls, which corroborates with our study. Hostiuc et al., [14] show that the Cameriere´s method is 

useful for estimating the CA, with errors of less than one year and concluded that Cameriere´s 

method of evaluating DA is sufficiently accurate for forensic practice, at least in the 7-14 age 

interval. 

Finally, it is important to mention that the development of each individual can be affected 

by other factors in populations around the world, covering individuals from different cities or 
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regions within the same country [26]. Our results suggest that the both methods are efficient to 

estimate the CA in the population from Joinville - Brazil.   
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Conclusion 

Dental age according to the Demirjian's method had better correlation with chronological 

aged in the evaluated population. 
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Manuscrito 2 

ASSESSING THE ASSOCIATION BETWEEN POLYMORPHISM IN THE GENE 

ENCODING ESTROGEN RECEPTORS AND DENTAL AGE2 

 

Abstract 

Objective: This study evaluated the association between dental age and the genetic 

polymorphisms in estrogen receptor alpha (ESR1) and beta (ESR2). Methods: This cross-

sectional study was based on panoramic radiograph analysis, oral examination, blood collection 

and genotype analysis from biological samples of 36 adolescents. Dental age was estimated 

according to two different methods: Demirjian´s and Hofmann´s. The genetic polymorphisms 

ESR1(rs2234693) and ESR2(rs4986938 and rs1256049) were genotyped through real-time PCR. 

The estradiol level was also measured in the serum. The Hardy-Weinberg equilibrium of the 

polymorphisms were evaluated by chi-square test. Values of p<0.05 indicate statistical 

difference. Results: Regarding hormones, estradiol was correlated with chronological age 

(p=0.050). According to Hofmann´s method, there is no difference in third molar maturation 

between males and females (p=0.321). However, Chronological Age –Dental Age (CA-DA) in 

male is higher than in female (0.35 to 2.81, mean= 1.66, standard deviation = 1.97). Dental age 

according to Demirjian was higher in male (-0.30 to 1.69; mean = 1.06, standard deviation = 

1.71).Estradiol levels was higher than estriol and estrone, but there is no association with 

genotypes (p>0.05). The mean dental age was not statistically different among genotypes in the 

genetic polymorphisms rs2234693, in ESR1, and rs4986938 and rs1256049 in ESR2. Conclusion: 

 
2Manuscrito foi submetido ao periódico: Brazilian Journal of Oral Sciences. Manuscrito formatado de acordo com as 

normas específicas do periódico (acessado em: 17/11/2023). 
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The studied genetic polymorphisms in ESR1and ESR2, were not associated with dental age in the 

studied population. 

Keywords: Panoramic radiography. Odontogenesis. Estrogen receptor gene. 
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1. Introduction 

 

Dental development is a complex process that contributes to the harmonious growth of 

jaws, craniofacial structures, and teeth1. It serves as a valuable tool in clinical practice and 

forensic identification, facilitating the estimation of skeletal maturation, pubertal growth, and age 

determination for minors. Specific stages of dental development can be assessed through 

imaging, biochemical, and histological methods2,3.The entire process is finely regulated by a 

combination of environmental, genetic, epigenetic, and hormonal factors4, though the precise 

role of each factor remains uncertain. 

Regarding methods for assessing dental development and maturity, two widely used 

approaches are the Demirjian´s method, described by Demirjian et al.5, which estimates dental 

maturity based on eight developmental stages ranging from the crown and root formation to apex 

closure of seven teeth from the left side of the mandible, scoring their calcification stages from A 

to H, and the Hofmann´s method, a modified version of the former that focuses solely on the 

mineralization of the third molar. The scoring system for estimating third molar mineralization 

follows the same order from A to H3. 

Additionally, compelling evidence suggests that estrogen hormones play a crucial role in 

dental development6. Among these hormones are estradiol, estrone, and estriol, which are steroid 

hormones present and active throughout an individual's life, in both females and males7. 

Estrogens trigger their response through intracellular estrogen receptors, known as ERα and 

Erβ8. ERα is encoded by the ESR1 gene located on human chromosome 6, while ERβ is encoded 

by the ESR2 gene located on chromosome 149. 
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Genetic polymorphisms in ESR1 and ESR2have already been associated with various 

conditions, including low bone mineral density10, dental caries11, and cell differentiation and 

growth12, which are events involved in the tooth eruption process13.Furthermore, studies have 

demonstrated that both genes play a role in dental development, particularly in enamel and 

dentin mineralization14-17. Despite odontogenic cells expressing estrogen receptors, the exact 

influence of estrogen on phenotypes and tooth development remains unclear. Therefore, the 

present study aims to evaluate the association between dental age according to Demirjian and 

Hoffman methods, and the genetic polymorphisms in ESR1(rs2234693) and ESR2(rs4986938 

and rs1256049). 

 

2. Materials and Methods 

 

2.1 Ethical aspects, Study Design and Sampling 

This cross-sectional study was ethically approved by the Positivo University Committee 

(Approval Number: 3.036.106). Informed consent and assent were obtained from all legal 

guardians and patients involved in the study. A total of 36 adolescents participated of this study 

(19 females, 52.8%, and 17 males, 47.2%) between the ages of 10 and 16 years seeking 

orthodontic treatment at Positivo University, Curitiba, Brazil. Adolescents with systemic 

conditions, syndromes, oral cleft, bone diseases, history of facial trauma, or those who had 

previously undergone orthodontic treatment were excluded. Additionally, all adolescents 

underwent screening for estrogen levels, and those with abnormally low or high estrogen levels 

relative to their age and gender were not included in the study. Comprehensive assessments, 
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including anamnesis, clinical examination, imaging analysis, and serological evaluation of serum 

estrogen levels, were conducted for all eligible patients. 

 

2.2 Imaging Analysis 

Before commencing orthodontic treatment and as part of the orthodontic record, all 

individuals underwent Cone-Beam Computed Tomography (CBCT), which were performed 

using a standardized protocol with standard head positioning (Frankfurt horizontal plane). The 

scanning time of 17.8 seconds, a field of vision of 170 mm/170 mm, and patient in maximum 

intercuspation. i-CAT (Imaging Sciences International, Hatfield, PA, USA), model 9140, 

115/230 Vca, 10 A/ 5 A, and 50/60 Hz was used. The CBCT images were exported as DICOM 

(Digital Imaging and Communication in Medicine) files, in a universal format, with a voxel size 

of 0.3 mm. Panoramic images were reconstructed from the CBCT volumes for further analysis. 

 

 

2.3 Dental age determination 

Chronological age (CA) was calculated for each adolescent by subtracting the date of 

birth from the date of the imaging exam, and the results were expressed as years with two 

decimal places. For the evaluation of dental age, the chronological age of the participants was 

blinded to the investigators. To determine intra-rater and inter-rater reliability, weighted kappa 

statistics were used. Five randomly selected participants' images were evaluated twice in a 

blinded manner, both by the same investigator and by a second (senior) investigator. The intra-

rater and inter-rater reliability were assessed using Cohen's kappa (k=1). 
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Dental age was estimated using two methods: the Demirjian5 method and the Hofmann3 

method. The dental age (DA) estimation according to the Demirjian method was performed 

based on the maturity of the seven permanent teeth on the lower left side (mandible) (except the 

third molar). According to the Demirjian5 staging criteria, dental development was classified into 

8 different developmental mineralization stages, which were identified by letters "A" to "H". The 

designated stages started with the initial crown formation and continued until the closure of the 

root apex. Each tooth was rated on a scale, and each rating was then converted into a score 

according to the table provided by Demirjian´s.  

The Hofmann´s method is a simplified version of the Demirjian´s method and is based on 

the mineralization of the third molars3. Each third molar is assigned to one of eight 

developmental mineralization stages “A” to “H” according to the criteria defined by Demirjian5. 

Each of the development stages A to H is matched with a jaw-specific and gender-specific point 

score. This point score represented the dental age according to Hofmann3. 

 

2.4 Blood Collection and Biochemical Analysis  

During the week of the radiographs 5 mL of blood was collected from each child. The 

samples of blood were centrifuged to separate the serum from the blood, allowing for the 

screening of estrogen status, specifically estradiol, estriol, and estrone levels. 

Chemiluminescence microparticle immunoassay was utilized for this purpose, employing an 

Abbott Alinity automated immunoassay analyzer that utilizes anti-analyte coated paramagnetic 

microparticles and anti-analyst acridinium-labeled conjugates. The reactions were performed 

according to the manufacturer's instructions. Alinity-Abbott calibrators were employed to 

calibrate the equipment for the analytical measurement of estradiol, estriol, and estrone, with the 
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results reported in pg/mL. The estrogen levels are presented in Table 1. All 36 screened 

adolescents exhibited normal estrogen levels for their age and gender, and they were 

consequently included in the study. 

 

Table 1: Estrogens status between male and female included in the study. 

 Male (n=17) Female (n=19)  

 
Mean SD Median IR Mean SD Median IR 

p-

value 

Estriol 0.02 0.01 0.02 0.02-0.03 0.03 0.01 0.03 0.02-0.04 0.114 

Estradiol 21.41 6.76 19.00 19.00-19.00 51.42 65.44 28.00 21.00-59.00 0.001 

Estrone 32.87 19.05 29.40 19.30-40.70 48.82 32.26 38.80 23.30-64.50 0.114 

Notes: SD= Standard Deviation; IR= Interquartil Range; Mann-Whitney test was performed. Bold forms 

mean statistical significance (p<0.05) 

 

 

2.5 Genotyping 

Genomic DNA for genotyping analysis was extracted from cells in saliva using a well-

established protocol, which has been previously published18. In brief, after incubation, the tubes 

were centrifuged to separate the cells from the saliva. The supernatant was discarded and 1 mL 

of extraction solution (Tris-HCl 10 mM, pH 7.8, EDTA 5 mM, SDS 0.5%) containing proteinase 

K (100 ng/mL) (Invitrogen, Grand Island, NY, USA) was added. Following an overnight 

incubation, 400μL of 10 M ammonium acetate was added, and then the mixture was centrifuged. 

Subsequently, DNA was precipitated with 700μL of isopropanol at –20°C. After another round 

of centrifugation, the supernatant was poured off and the DNA pellet was washed with 1 mL of 

70% ethanol. Ethanol was then decanted carefully after centrifugation and the DNA was 

resuspended in TE buffer (10 mM Tris and 1 mM EDTA) and stored appropriately.  

Intronic genetic polymorphisms in ESR1 (rs2234693) and ESR2 (rs1256049 and 

rs4986938) were blindly genotyped using the TaqMan™ method for real time polymerase chain 

reaction [PCR] (ABI PRISM® 7900HT Sequence Detection System, Foster City, CA, USA). 
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2.6 Statistical Analysis 

In order to analyze potential effects of hormone levels and polymorphisms on the dental 

age, the difference between Chronological age (CA) and Dental age (DA) was calculated based 

on the Demirjian´s and Hoffman´s methods, and these differences (CA-DA) were considered the 

dependent variables for this study. The data distribution was assessed by the Shapiro-Wilk test, 

and non-parametric tests were employed for analysis. Additionally, the Hardy-Weinberg 

equilibrium of the polymorphisms was evaluated using the chi-square test. All statistical analyses 

were conducted using IBM SPSS version 25.0 (IBM Corp. Armonk, USA), and significance was 

determined at p<0.05. 

 

3. Results 

Chronological age in years was similar between females and males. Dental age, according 

Demirjian´s and Hofmann´s method, was higher in male than female, however without statistical 

significance (p>0.05) (Table 2). 

 

Table 2. Sample characteristics. 

Variables Female Male 

Gender (%) 19 (52.8%) 17 (47.2%) 

Chronological age (years)  

Mean (SD; Min-Max) 12.5 (1.5; 11-16) 12.5(1.7; 10-15) 

Dental maturation according to Demirjian 

Mean (SD; Min-Max) 14.1 (1.15; 11.9-16.0) 14.2 (1.2; 12.3-15.8) 

Dental maturation according to Hofmann 

Mean (SD; Min-Max) 14.3 (2.28; 10.5-18.88) 14.4 (2.1; 11.2-18.7) 

Note: SD. Standard Deviation 

 

There was no difference between third molar maturation according to Hofmann between 

males and females (p=0.321). These results are presented in Table 3. 
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Table 3. Comparisons of studied variables between sexes. 

 Male Female  

Mean SD Median IR Mean SD Median IR p-value 

CA–DA by 

Hofmann 
1.66 1.97 1.71 0.35 - 2.81 0.89 2.61 0.75 -0.38 - 2.47 0.321 

CA–DA by 

Demirjian 
1.06 1.71 0.67 -0.30 -1.69 0.61 1.88 1.13 -0.51 - 1.78 0.937 

Notes: SD= Standard Deviation; IR= Interquartil Range; Mann-Whitney test was performed.  

 

In order to test the correlation between Chronological age (CA), Dental age (DA) and 

hormones, Spearman’s correlation test was performed. Regarding hormones, estradiol was 

correlated with chronological age (Table 4).  

 

Table 4: Correlation between CA, DA, Estrone, Estradiol and Estriol 

  Chronological 

age 

CA–DA by 

Hofmann 

CA–DA by 

Demirjian 

Chronological age 
r² 

 
-0.272 -0.287 

p-value 0.132 0.094 

CA–DA by Hofmann 
r² -0.272 

 
0.350* 

p-value 0.132 0.050 

CA–DA by Demirjian 
r² -0.287 0.350* 

 
p-value 0.094 0.050 

Estriol 
r² 0.283 -0.101 -0.224 

p-value 0.095 0.581 0.195 

Estradiol 
r² .378* -0.230 -0.265 

p-value 0.023 0.206 0.124 

Estrone 
r² -0.016 0.108 0.142 

p-value 0.927 0.557 0.415 

Notes: Spearman’s correlation was performed. Bold forms mean statistical significance. 

 

Table 5 shows the genotypic frequencies in the studied population. 

 

Also, the comparison of the difference between chronological age and dental age by 

Hofmann and Demirjian methods did not show difference between the genotypes of the analyzed 

polymorphisms. A borderline association was observed for the rs2234693 (ESR1) in which in 

patients that carried the genotypes TC and CC had a lower difference between CA-DA for 

Demirjian´s method (Table 6). 
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Table 5: Frequency of genotypes. 

 Total 

n % 

rs2234693 

(ESR1) 

TT 13 41.9 

TC 15 48.4 

CC 3 9.7 

rs4986938 

(ESR2) 

AA 12 38.7 

AG 16 51.6 

GG 3 9.7 

rs1256049 

(ESR2) 

AA 29 93.5 

AG 2 6.5 

 

 

Table 6: Comparison of the difference between chronological age and dental age by Hofmann and Demirjian 

among genotypes. 

 CA – DA by Hofmann CA – DA by Demirjian 

N Mean SD Median IR p-value Mean SD Median IR p-value 

rs2234693 

(ESR1) 

TT 13 1.70 1.98 1.92 0.75 - 2.96 Ref. 1.70 2.00 1.89 0.64 - 2.67 Ref. 

TC 15 1.10 2.99 1.41 -0.26 - 2.47 0.545 0.29 1.76 0.72 -0.41 - 1.45 0.058 

CC 3 -0.17 3.57 -0.17 -2.69 - 2.36 0.476 -0.35 0.65 -0.65 -0.80 - 0.40 0.057 

rs4986938 

(ESR2) 

AA 12 0.19 2.80 -0.03 -1.47 - 2.35 Ref. 0.58 2.58 0.30 -0.53 - 1.54 Ref. 

AG 16 1.93 2.25 1.41 0.75 - 2.36 0.247 0.95 1.45 1.36 -0.30 - 2.12 0.397 

GG 3 2.89 0.08 2.91 2.81 - 2.96 0.101 1.09 1.54 1.02 -0.41 - 2.67 0.734 

rs1256049 

(ESR2) 

AA 29 1.25 2.63 1.23 -0.38 - 2.91 Ref. 0.86 1.97 1.10 -0.41 - 1.92 Ref. 

AG 2 1.84 0.54 1.84 1.45 - 2.22 0.762 0.17 0.67 0.17 -0.31 - 0.64 0.568 

Notes: SD= Standard Deviation; IR= Interquartil Range; Mann-Whitney test was performed.  

 

Finally, the comparison of the hormone’s levels showed that estradiol levels are higher 

than estriol and estrone but there are no association with genotypes (p> 0.05) (Table 7). 
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Table 7: Comparison of hormones levels between genotypes 

 
Estriol Estradiol Estrone 

Mean SD Median IR p-value Mean SD Median IR p-value Mean SD Median IR p-value 

rs2234693 

(ESR1) 

TT 0.02 0.01 0.02 0.02-0.03 Ref. 29.31 
19.2

2 
19.00 19.00-27.00 Ref. 47.59 33.34 42.20 

21.20 - 

54.30 
Ref. 

TC 0.03 0.01 0.03 0.02-0.04 0.44 29.20 
18.1

9 
21.00 19.00-34.00 0.68 36.44 15.61 32.50 

28.00 - 

50.70 
0.650 

CC 0.03 0.01 0.04 0.02-0.04 0.23 128.33 
156.

02 
59.00 19.00-307.0 0.29 67.90 50.40 67.70 

17.60 - 

18.40 
0.521 

rs4986938 

(ESR2) 

AA 0.03 0.01 0.03 0.02-0.04 Ref. 47.17 
82.0

0 
22.00 19.00-29.00 Ref. 46.63 33.11 37.45 

19.00 - 

62.50 
Ref. 

AG 0.03 0.01 0.03 0.02-0.04 0.45 33.81 
24.1

3 
19.00 19.00-46.50 0.66 39.43 24.60 32.35 

25.65 - 

47.85 
0.802 

GG 0.03 0.02 0.02 0.02-0.05 0.84 32.33 
11.9

3 
27.00 24.00-46.00 0.29 59.53 33.85 48.60 

32.50 - 

97.50 
0.536 

rs1256049 

(ESR2) 

AA 0.03 0.01 0.03 0.02-0.04 Ref. 40.21 
54.6

1 
23.00 19.00-34.00 Ref. 44.73 29.27 32.90 

23.50 - 

59.00 
Ref. 

AG 0.02 0.01 0.02 0.01-0.03 0.38 19.00 0.00 19.00 19.00-19.00 0.24 35.95 20.86 35.95 
21.20 - 

50.70 
0.843 

Notes: SD= Standard Deviation; IR= Interquartil Range; Mann-Whitney test was performed. Results for hormone levels are given in pg/mL. 



 

38 

4. Discussion 

In the present study, our aim was to investigate the potential involvement of 

genetic polymorphisms in the estrogen receptor genes (ESR1 and ESR2) in dental 

development and its impact on dental age. To achieve this, we genotyped three specific 

genetic polymorphisms, namely rs2234693 in ESR1 and rs4986938 and rs1256049 in 

ESR2, and analyzed the results using different genetic models, including genotypic and 

allelic, followed by a dominant model. Surprisingly, the results from our study indicated 

that these genetic polymorphisms in ESR1 and ESR2 genes are not associated with 

dental age. Nevertheless, despite this outcome, several essential points merit further 

discussion. 

To estimate the dental age, we used Demirjian´s5 and Hofmann´s3 methods. 

Demirjian's method stands as one of the simplest approaches in the current literature, 

enabling the assessment of dental maturity based on changes in dental morphology, 

encompassing various stages of crown and dental root development. Similarly, 

Hofmann's method is based on Demirjian's criteria but focuses solely on evaluating the 

developmental stages of third molars. As our study population comprised individuals 

older than 14 years of age, for whom Demirjian's method is considered more effective19, 

we decided to include both methods in our study for comprehensive analysis. 

Interestingly, the comparison between the two methods in our population revealed 

highly similar results for both males and females, with chronological age closely 

matching dental age in both methods. The existing literature indicate that girls tend to 

exhibit more advanced dental development across all age groups and achieve dental age 

maturation earlier thanboys20. This earlier maturation in girls could potentially be 

attributed to hormone influences, particularly estrogen. 



 

39 

Our study found no significant association between genetic polymorphisms in 

the ESR1 and ESR2 genes and dental age. However, our results bring valuable 

information to the field of dental development research, as a borderline association was 

established indicating that these genes could be involved with dental age in a larger 

sample. Further investigations are needed to explore other potential genetic factors and 

their interaction with hormonal influences on tooth maturation. In genetic studies, 

values close to p<0.05 are relevant and suggest the possibility of other statistical tests to 

confirm the analyses. Understanding the complexities of dental development will 

undoubtedly provide crucial information for various clinical and forensic applications in 

dentistry. 

In that regard, this research decided to investigate the potential association genetic 

polymorphisms in ESR1 and ESR2 with early dental maturation, given the existing 

evidence of their involvement in dental development, including enamel and dentin 

mineralization14-17. In this study was conducted a screening of estrogen levels, 

specifically estradiol, estriol, and estrone, between males and females. As expected, 

only estradiol was significantly higher in females, and it correlated with chronological 

age, consistent with existing knowledge. During adolescence, girls typically exhibit 

higher estradiol levels, which can influence mood and behavioral changes21. One 

limitation of this study was the lack of control over the menstrual cycle phase in 

females, which could have acted as a confounding factor. 

Next, was assessed the genotype frequency in the study population. The 

distribution of genotypes was found to be homogeneous between males and females, 

with no significant differences observed between the genotypes of the investigated 

polymorphisms and dental age as determined by Hofmann´s and Demirjian´s methods. 

Furthermore, no statistically significant associations were found in both genders. 



 

40 

Additionally, was compared estrogen levels in females and males, and despite females 

having significantly higher estrogen levels, no correlations were observed between the 

investigated polymorphisms and tooth maturation. Although this study did not identify a 

direct association between the genetic polymorphisms in ESR1 and ESR2 and dental 

maturation, it contributes valuable information to the current understanding of dental 

development. The complexities of dental maturation are likely influenced by a 

combination of genetic factors and hormonal interplay, which warrants further 

investigation. Future studies may delve into exploring other genetic markers and 

consider additional hormonal factors to gain a comprehensive understanding of dental 

development and its underlying mechanisms22. Despite the lack of significant findings 

in this specific investigation, the knowledge gained may pave the way for future 

advancements in the field of dental research and clinical practice23. 
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Conclusion 

The genetic polymorphisms rs2234693, in ESR1 and rs4986938, and rs1256049 

in ESR2, were not associated with dental age in the studied population.  
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ANEXO 

ANEXO 1 - Aprovação do Comitê de Ética em Pesquisa da Universidade da 

Região de Joinville- UNIVILLE 
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ANEXO 2 - Aprovação do Comitê de Ética em Pesquisa da Universidade Positivo 
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ANEXO 3- Tabela  fornecida pelo artigo de Demirjian et. al. Para determinação da 

idade dentária  
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Fonte: Demirjian et. al. 1973 
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ANEXO 4- TABELA  FORNECIDA PELO ARTIGO DE HOFFMANN  ET. 

AL.PARA DETERMINAÇÃO DA IDADE DENTÁRIA  

 

 

 

Valor Correspondente  Gênero  
Estágio de Mineração de acordo com Demirjian et al. (1973) 

A B C D E F G H 

Maxila 
Feminino 10,4 11,8 13,1 14,7 16 17 18,9 20,9 

Masculino 9,4 11,5 12,3 14,6 15,8 16,8 19,2 21,1 

Mandíbula 
Feminino 11,1 12 13,9 15,4 16,3 18,1 19,8 21,6 

Masculino 10,6 11,8 13,8 15,4 16,5 18,2 19,7 21,2 

Fonte: Hofmann et. al. 2018 

 

 

 
 

 

 

 

 

 

 

 



 

58 

ANEXO 5- FIGURA ILUSTRATIVA DO MÉTODO CAMERIERI ET. AL. 

 

Legenda: N0 (número de dentes com ápice radicular fechado), x5 (medida correspondente a 

A5/L5), S (Soma total de A3/L3+ A4/L4+A5/L5+A6(A61+A62)/L6+A7/L7).  

Fonte: Cameriere et al, 2006. 


