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Abstract  
The age of a person may be calculated taking into consideration her/his chronological age, biological, skeletal, dental, 

behavioural age, etc. The aim of the study was to evaluate the accuracy of the dental age estimation (Demirjian 

method) and of the skeletal maturation (Baccetti method) and to establish the possible correlations between 

chronological age, dental age and cervical vertebrae maturity. The present work is a retrospective study and was 

conducted by analysing randomly selected panoramic radiographs and lateral cephalograms of 88 children aged 

between 7 and 16 years. The data obtained were analysed using the SPPS 20.0 program. Measurement of the degree of 

association between maturity indexes of cervical vertebrae and dental age was done applying the Spearman correlation 

coefficient. It was observed a statistically significant association between cervical vertebrae maturity and the 

development of all evaluated teeth, in male patients. The maturity of the cervical vertebrae did not increased in 

accordance with chronological and dental age in male children. Introducing the interrelation between dental and 

skeletal maturity in pediatric dentistry and orthodontics could be of a real aid in diagnosis and treatment planning as 

well in identifying the ideal moment of establishing a multidisciplinary, complex treatment. 
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INTRODUCTION 

 

             The individual development is 

influenced by a multitude of general and local 

factors, which include genetic, nutritional, 

hormonal or environmental factors. To 

determine the developmental stage of a child 

for a certain biological system have been 

developed several indices such as indices for 

sexual maturity, somatic maturity, skeletal 

age and dental age [1]. 

Chronological age (CA) is the easiest 

one to be evaluated. It can be calculated using 

the birth date, but it does not represent a very 

precise indicator of the child developmental 

stage, due to its large individual variations. 

In children, a reliable pathway for age 

estimation is represented by the tooth 

development. The assessment of dental age is 

a useful tool in the diagnosis and treatment 

planning various area of dental and general 

medicine (pediatric dentistry, orthodontics, 

pediatric endocrinology or forensic medicine). 

One of the worldwide unanimously accepted 

methods in estimating the dental age based on 

teeth calcification degree is the method used 

in 1973 by Demirjian et al. [2], a simple 

method with schematic and radiographic 

illustrations of tooth development.  

Skeletal age (skeletal maturity) may be 

a reflection of the psychological maturity of a 

person, and is majorly important in evaluating 

the physical development of the child and 

adolescent [3-5]. One of the methods of 

determining the skeletal age and also of the 

peak of the bone growth is the Cervical 

Vertebrae Maturation method of Baccetti et al 

(2005) [6]. 

Among all the growth indicators, dental 

age has the weakest correlation with general 

somatic development. Physical growth often 

deviates to the chronological age, but 
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correlates well with skeletal age that 

represents relative stage of bone maturation 

[7]. These correlations between chronological, 

dental and skeletal age could be relevant 

especially for orthodontists (orthopaedic 

treatment is indicated as early as possible in 

childhood, while functional treatment have its 

optimal results during the puberty period 

when the bone growth is at its maximum)[8], 

as well as for pediatric dentists and general 

dental practitioner.  

The aim of this study was to evaluate 

the accuracy of the dental age estimation 

(Demirjian method (1973)) and of the skeletal 

maturation (Baccetti method (2005)) 

chronologically aged 6-14 years, from Iasi 

county and to establish the possible 

correlations between chronological age, 

dental age and skeletal age in a group of 

children. 

 

MATERIALS AND METHOD 

This study represents an integrated part 

of the research developed in the Pediatric 

Dentistry Department, Dental Medicine 

Faculty, ―Grigore T. Popa‖ University of 

Medicine and Pharmacy, Iasi. The present 

work is a retrospective study and was 

conducted by analysing randomly selected 

panoramic radiographs and lateral 

cephalograms of 88 children (42 boys and 46 

girls) with chronologically aged between 7 

and 16 years.  

The chronological age (CA) was 

calculated by substracting the date of birth 

from the date when the panoramic 

radiography was taken, and it was expressed 

in years and months.   

The dental age (DA) was evaluated 

using Demirjan method (DA_D) [2]. This 

method can be applied in temporary, mixed 

and permanent dentition without being 

influenced by possible premature loss of 

temporary teeth. It is a method which relies 

on evaluating the degree of the teeth 

calcification in the 3
rd

 quadrant, using a scale 

from A to H. The 7 permanent teeth on the 

mandibular left hemiarch (quadrant 3) are 

examined and each receiving a degree of 

development, according to Demirjian’s 

diagram. Depending on the developmental 

stage, each tooth is assigned with a number 

(score) from a standard chart of scores, based 

on dental pattern and gender. Then, the sum 

of scores of the 7 teeth from the 3
rd

 quadrant 

is calculated, and that represented the 

maturity score. In order to establish the dental 

age, was used a conversion chart (the 

Demirjian Maturity Score Table) [2] that 

correlated the maturity score to dental age  

The skeletal age (SA) was evaluated 

using the Baccetti (2005) Cervical Vertebrae 

Maturation (CVM) method [6]. Using this 

method, the morphology of cervical vertebrae 

bodies C2, C3 și C4 was classified according 

to a 6 degrees scale, from CVM_1 to CVM_6.  

All radiographs were analysed and 

visualised twice, on the X-ray illuminator, 

without magnification, without knowing the 

sex or the chronological age of the patients. 

The interval of time between the evaluations 

was 10 days. The differences between the 

examinations were not higher than one degree 

of development, in which situation the lowest 

score was chosen as final value for that 

evaluation. 

The dental and skeletal age accuracy 

was estimated by calculating the „closeness‖ 

between the dental age and the skeletal age, 

and also between skeletal age and 

chronological age. The chronological age was 

substracted from the dental age, and the 

skeletal age respectively. A positive result 

indicated an overestimation and a negative 

result indicated an underestimation. 

The data obtained from analysis of the 

orthopantomographies and lateral 

cephalograms were introduced in a database 

and analysed using the Statistical Package for 

Social Sciences (SPPS 20.0, version for 

Windows) statistical analysis program. To 

evaluate the dental age, the chronological age 

as well as the skeletal maturity of children it 

was applied the descriptive statistics. The 

Pearson correlation test was used to evaluate 

the association of the results. Measurement of 

the degree of association between maturity 

indexes of cervical vertebrae/skeletal 
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maturity and dental age was made by 

applying the Spearman correlation 

coefficient. 

 

RESULTS 

Regarding the sex repartition, the study 

group had a relatively homogeneous 

component, with 52.27% female and 47.73% 

male children, which showed a girls/boys 

ratio of approximately 1/1. 

The evaluation of the „environment of 

child origin‖ and „gender‖ variables indicated 

that the majority (58%) of the children whose 

radiographs were examined were from the 

urban area, from that, 60.8% being girls, 

differently from the rural background 

children, in which the majority were males 

(59.5%). 

In our study sample, the dental age 

estimation according to Demirjian method 

(DA_D), showed that for the age group 9-9.9 

and 13-13.9 was not found the variable 

―male”, while for the  age groups 14-14.9 and 

15-15.9 years was not found the variable 

―female” (fig. 1). 

 

 
Fig. 1. DA_D distribution according to the variable ―gender‖. 

 

It was observed a tendency to a 

balanced children distribution as respects the 

DA_D, the highest number of children 

having a DA_D of 13.6 years (n=18). A 

small number of children had DA_D lower 

than 8.6 years, while the majority of the 

children had the DA_D of 11.3, 11.8, 11.9, 

12.6 and 15.7 (n = 6). Generally, in the study 

sample, the DA_D showed values closed to 

CA, even if in some age stages there were 

overestimations or underestimations, given by 

the fact that their values were much higher 

than the chronological age for most of age 

groups (fig. 2). 
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Fig. 2. DA_D prediction accuracy according to gender. 

 

The mean in differences between CA and DA_D was, for both boys and girls, of 

approximately - 0.48 years (table I). 

 

Table I. The differences in years between CA and DA_D in the study sample. 

n 
CA 

Mean (SD) 
DA_D 

Mean (SD) 
Mean of age 

difference (95% CI) 
statistic t 

(df)a 
pa 

88 11,98 (2,06) 12,46 (1,93) 
-0,48 

(-0,7; 0,25) 
-4,21 (87) 0,00 

a Paired t-test; CA = chronological age; VD_D = dental age - Demirjian; df= 
freedom degrees; SD = standard deviation 

 

According to the cervical vertebrae 

maturation stages, evaluated on the lateral 

cephalograms using Baccetti method (2005) 

(CVM_1CVM_6), we observed that the 

developmental stages from CVM_2 to 

CVM_6 were encountered in approximately 

20% of the children. The lowest frequency of 

the cervical vertebrae maturation stages were 

CVM_6 and CVM_1, for which we observed 

percentages of 10.2% and 4.5% respectively 

(fig. 3). 

  

 
Fig. 3. The repartition of the CVM stages in the study sample. 
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Table II shows the patients distribution 

according to variables ―gender‖ and ―CVM‖. 

We observed that the majority of the children 

had cervical vertebrae developmental stages 

between 2 and 5. For most of the girls, the 

stages of development were 1 and 2 (12.5% 

and 13.63% respectively), and for most of the 

boys, the developmental degrees were 4 and 5 

(13.63% and 17.04% respectively). 

 

Table II. Distribution according to variables ―gender‖ and ―CVM‖. 
 
 
Cervical 

Vertebrae 

Maturation 

 

Gender 

 
 

Total 
   Male Female 

           n     % n    %     n     % 

CVM_1 4 4,54 0 0 4 4,54 

CVM_2 11 12,5 7 7,95 18 20,45 

CVM_3 12 13,63 9 10,22 21 23,86 

CVM_4 6 6,81 12 13,63 18 20,45 

CVM_5 3 3,4 15 17,04 18 20,45 

CVM_6 6 6,81 3 3,4 9 10,22 

TOTAL 42 47,73 46 52,27 88 100 

 

The distribution of developmental dental 

stages in CVM_1 for each tooth assessed and 

differentiated according to the gender of the 

children revealed a tendency for an accelerated 

dental development in girls. The correlation 

between dental developmental stages and the 

variable "gender" in CVM_2 revealed a more 

rapid dental development trend in girls, 

maintaining a ratio of 1,5 (11/7) for each 

dental pattern, with the exception of the lateral 

incisor. 

For the dental stages corresponding to 

CVM_3 for each evaluated tooth, it was 

maintained the same tendency for girls, with a 

ratio of 1,3 (12/9). In the case of the CVM_4 it 

is observed that the dental development tends 

to be more accelerated in girls. 

For the maturation stages of cervical 

vertebrae CVM_5 and CVM_6 the results 

revealed that in both gender (female and male) 

it was found only two stages of dental 

development (G and H). In these categories, 

the dental development tended to be more 

accelerated in girls. 

To evaluate a possible association 

between CVM and dental calcification stages, 

was used the Spearman correlation coefficient. 

The results are shown in the table III. Thus, we 

observed a statistically significant association 

between CVM and the development of all 

evaluated teeth, in male patients (p<0.05). 

However, the degree of statistical correlation 

was weak for the central and lateral incisors (r 

< 0.4) and moderate for the other examined 

teeth (r < 0.8). In female patients, there was no 

statistically significant association between 

CVM and central incisor and first permanent 

molar maturity (p > 0.05). The degree of 

statistical association was weak for incisors as 

well as the first permanent molar (r < 0.4) and 

moderate for all other examined teeth (r < 0.8). 
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Table III. Spearman correlation coefficient between CVM and DA_D. 

 
Tooth 

Correlation coefficient 

Female Male 

                r                        p r p 

Central Incisor 0,226 0,131 0,328* 0,034 

Lateral Incisor  0,324* 0,028 0,328* 0,034 

Canine   0,753** 0,000 0,733** 0,000 

First premolar   0,742** 0,000 0,651** 0,000 

Second premolar             0,656**             0,000 0,679** 0,000 

First molar 0,085 0,576 0,655** 0,000 

Second molar   0,562**            0,000 0,528** 0,000 

**Correlation is significant for 0.01 level  (2 cozi). 

*Correlation is significant for 0.05 level (2 cozi). 

 

The Pearson correlation test applied for 

the variables chronological age on one hand 

and DA_D, gender, CVM on the other hand, 

showed a statistically significant correlation 

between the CA and DA_D and between the 

CA and CVM (table IV). 

 

Table IV. Pearson correlation test for variable ―chronological age‖. 
 R P* 

DA_D 0,861 < 0,001 

Gender -0,308 0,003 

CVM 0,548 < 0,001 

*P < 0.01 statistically significant  

 

DISCUSSION 

In our study, the mean age of the CA was 

11,98 (SD = 2,06) and the mean age of DA_D 

was 12,46 (SD=1,93), indicating an 

overestimation in the study group of about 

0.48 for both genders. Jayaraman et al., in 

2013 [9], showed an overestimation of DA_D 

of 0,60 years for boys and 0,65 for girls. 

A possible explanation for the 

differences between DA_D and CA found in 

our study is that the Canadian francophone 

population investigated by Demirjian was 

born between 1957 and 1971 and the 

children in our study were born between 

2002 and 2011. The previous explanation is 

also found in Daito's studies (1989) [10] and 

the Chaillet study (2004) [11], which states 

that a method defined three decades ago 

cannot be strictly enforced nowadays due to 

secular trends and variations.  

In the present study the mean of the CA 

according to the CVM for girls was slightly 

lower than for boys. In the CVM_3 and 

CVM_4 stages, the chronological average 

was 13,3 ± 1,6 and 12,6 ± 1,4 for boys and 9,5 

± 1,5 and 12,1 ± 1,5 respectively for girls, 

which were consistent with those of the 

Felemban NH study from 2017 on a group of 

children from Saudi Arabia with 

chronological ages ranging from 9 to 20 years 

[12]. 

In the present investigation it was also 

found that the maturity of the cervical 

vertebrae did not increase in accordance with 

CA and DA_D in the case of the male 

children, with a regression for the CVM_4 

and CVM_6 stages. These results are in 

contradiction to the study conducted by 

Rozylo-Kalinowska and col and published in 

2011 [13]. 
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Some researchers such as Uysal et al., 

Basran et al., Rozylo-Kalinovska at al. [13-

15] stated that studying the degree of 

calcification of teeth, taken separately results 

in statistically significant correlation 

coefficients for the association between 

dental maturity and skeletal one. However, 

there are some individual variations of teeth 

mineralization due to geographic, race or 

ethnicity features [16]. For these reasons, the 

study also examined the existence of 

correlations between individual teeth 

development (DA_D) and skeletal maturity 

(CVM) stages. Thus, we found that in the 

case of male children there was a statistically 

significant association between the CVM and 

the maturity of all evaluated teeth (p <0.05), 

with a degree of association with reduced 

statistical significance for the central incisor 

and the lateral incisor (r <0.4) and moderate 

association for the other teeth (canine, 

premolar 1, premolar 2, molar 1 and molar 2) 

(r <0.8). The results of our study are partly 

accordance with those of the study 

undertaken on a sample of Polish children 

[13], and in disagreement with those of other 

literature studies. This situation with 

somewhat opposite results may be justified to 

some extent by the existence of the 

differences between the sizes of study 

samples, the different approached age stages 

or between the teeth selection.  

The most statistically significant 

correlation coefficient between the degree of 

mineralization of a certain dental pattern and 

the skeletal maturity was obtained for the 

mandibular canines and had values of 0.753 

for girls and 0.733 for boys. Given that in our 

study the highest correlation coefficient for 

the dental maturity - skeletal maturity 

variables was found for mandibular canine, 

for both girls and boys, it can be stated that 

the degree of mineralization of this tooth 

could be considered as a guide in predicting 

pubertal growth for the studied population. 

In majority of the studies published in 

the field of reference and mentioned above, 

the authors emphasize the importance of 

evaluating the both indices in parallel 

[14,17,18]. 

The simplicity of the evaluation method 

of the teeth development and the fact that 

intra- and extra-oral radiographs are widely 

used in pediatric dentistry and orthodontics, 

make the dental maturation assessment 

method to be used as the initial method in 

assessing a child's skeletal maturity. 

 

CONCLUSIONS 

The dental age values estimated by 

Demirjian method were generally close to the 

chronological age, even if, in some age 

groups, there were overestimations or 

underestimations, the predictive capacity of 

DA_D being significantly higher for boys. 

In this study, the CA and DA_D 

association and also the CA and CVM 

association were statistically significant 

(r=0.861, p<0.001; r=0.548, p<0.001 

respectively). 

Introducing the interrelation between 

dental and skeletal maturity in pediatric 

dentistry and orthodontics could be of a real 

aid in diagnosis and treatment planning as 

well in identifying the ideal moment of 

establishing a multidisciplinary, complex 

treatment. 
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