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Introduction 
Dental age is a type of developmental age 

considered by pediatric dentists, orthodontists, 

and dental practitioners in treatment of  

various anomalies [1, 2]. Different methods are 

used to determine dental age.  The Demirjian 

method is the most valid method and, due to its 

simplicity, it is also highly accepted [3, 4]. This 

method is based on estimating dental maturity 

or dental age according to the data extracted 

from panoramic radiographs of a large  

population of Canadian-French girls and boys. 

According to Demirjian, it seems that the  

developmental pattern of teeth in different 

populations is not highly different, the maturity 

index in different populations is similar, and a 
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 Abstract  

Background and Aim: The most valid method for radiographic  

estimation of dental age is the Demirjian method. However, the use 
of Demirjian indices has shown variations among different races 

worldwide. Therefore, the aim of this study was to investigate the 
relationship between the chronological age and dental age of 6-15-
year-old children in Zanjan, Iran by using the Demirjian method.   
Materials and Methods: In this descriptive correlational study, 250 
panoramic radiographs of children aged 6 to 15 years in Zanjan, Iran 
were used. The dental age was calculated from the radiographic  
images based on the calcification stage of all left mandibular teeth 

according to the Demirjian method. The chronological age and  
demographic data were collected based on patient records. The  
relationship between the chronological age and dental age was  
analyzed by the Spearman correlation coefficient and Wilcoxon test. 
Results: There was a strong positive correlation between the  
chronological age and dental age of all participants (r=0.93).  
Comparing the mean chronological age and dental age of the  

participants showed a significant difference between the two values 

(P<0.001). 
Conclusion: Based on the results of the present study, it may be 
concluded that despite significant statistical differences, the  
Demirjian method has sufficient clinical accuracy for dental age  
estimation in 6–15-year-olds in Zanjan, Iran.  
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difference is only seen when these maturity 

indices are translated to dental age which  

depends on the target population [5].  

However, application of the Demirjian method 

and maturity indices for different populations 

has always been a matter of question [6, 7]. 

This method has been studied in different  

populations, and the application of the  

Demirjian indices has shown differences  

between different races worldwide [8]. 

Chandramohan et al. [9] showed a  

significant difference between dental age and 

chronological age of girls and boys aged 11-16 

years in Bangalore, India, and reported that the 

Demirjian method can be used in this  

population with a suitable correction factor. 

Mohtavipour et al. [10] reported that the  

Demirjian dental age standards may not be  

appropriate for children aged 6-14 years in 

Guilan, Iran and age-specific dental assessment 

standards should be established for this  

population. In a retrospective cross-sectional 

study, Sheikhi et al. [7] reported that the  

Demirjian method was accurate in estimating 

the actual age of 4-5 year-old children in Rasht, 

Iran. 

Although several studies have been  

conducted in different cities of Iran in order to 

evaluate the effectiveness of the Demirjian 

method, to date, no study has been conducted 

in Zanjan, Iran and it seems necessary to  

evaluate the accuracy of this method for dental 

age estimation in children residing in Zanjan. 

This study aimed at investigating the  

relationship between chronological age and 

dental age of 6- to 15-year-old children in  

Zanjan, Iran by the Demirjian method. 

 

Materials and Methods  
This descriptive correlational study was  

conducted on 250 radiographs. The sample  

size was calculated according to the following  

formula                                             and considering 

 

α=0.05 and β=0.10. The children were selected 

by convenience sampling. All panoramic  

radiographs were of good quality and belonged 

to children aged 6 to 15 years referred to an 

oral and maxillofacial radiology center in  

Zanjan, Iran. After selecting the study  

population, using the information available in 

the radiology center archives, the researcher 

collected patient information including  

chronological age by year, month and day from 

the clinicians who had ordered the radiographs 

after obtaining written informed consent from 

the patients. Radiographic images of patients 

with incomplete records, previous history of 

orthodontic treatment, dental injuries or  

abnormalities, systemic diseases, and those 

taking steroids were excluded and replaced 

[11, 12]. All selected panoramic radiographs 

were coded such that the research team were 

blinded to the sex and age of patients to avoid 

bias in the results. To collect information, 30 

images were examined independently by a  

radiologist, a pediatric dentist, an orthodontist, 

and a trained senior dental student using a  

negatoscope (LED, AjTeb, Tehran, Iran). To  

ensure optimal inter-rater reliability, the  

consensus of all researchers was applied in 

cases of disagreement. After 2 weeks, 30  

images were randomly selected and  

re-examined by the same observers to assess 

intra-rater reliability. After ensuring optimal 

inter-rater and intra-rater reliability,  

information of the rest of the radiographic  

images was extracted by the trained dental 

student. Dental age was determined using 7 left 

mandibular teeth except for the third molar 

tooth according to the method proposed by 

Demirjian et al [5]. In this method, 7 teeth were 

examined in the left quadrant and each tooth 

was assigned a letter from A to H depending on 

its calcification stage. Each letter was then  

assigned a specific number. Eventually, the 

numbers were summed, and the total value 

ranging from 0 and 100 indicated the maturity 

index. This number was converted to dental 

age using the Demirjian percentage chart or 

table [5, 13,14]. The chronological age of the 

participants was determined by subtracting 
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their date of birth from the date of  

radiography. The data were analyzed by SPSS 

version 19 after allocating appropriate codes.  

Distribution of chronological age and dental 

age data was evaluated by the Kolmogorov–

Smirnov test. The correlation between these 

two ages was assessed using the Spearman 

test. The Wilcoxon signed-rank test was used 

to determine the difference between the mean 

chronological age and dental age. The Cohen's 

kappa coefficient for agreement between the 

observers (inter-rater reliability) and data  

reliability for different teeth (intra-examiner 

reliability) ranged from 0.83 to 0.94, and the 

significance level of the results was considered 

to be 0.05. This study was approved by the  

Ethics Committee of Zanjan University of  

Medical Sciences (IR.ZUMS.REC.1398.031). 

 

Results  
In this study, out of 250 radiographs, 128 

(51.2%) belonged to females and 122 (48.8%) 

belonged to males. The mean difference  

between the chronological age and dental age 

of the participants was 0.15 years (55 days) 

(Table 1). 

*Significant  

 

There was a strong positive correlation 

(r=0.93) between dental age and chronological 

age indicating that as the chronological age  

increased, the dental age also increased  

(Figure 1). There was also a strong positive 

correlation in both females and males  

(Figure 2). The r value (correlation coefficient) 

was 0.94 for females and 0.91 for males. 

The chronological age of 133 individuals 

was lower and that of 73 was higher than the  

estimated dental age and 44 patients had 

chronological age equivalent to their dental 

age. Therefore, the Demirjian method over-

estimated the age of the majority of the study 

participants. There was a significant difference 

between the mean chronological age and  

dental age of the participants (P<0.001). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Relationship between the chronological age and 

estimated dental age by the Demirjian method in the 

study participants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Relationship between the chronological age and 

estimated dental age by the Demirjian method in females 

(A) and males (B) 

Table 1: Mean chronological age and estimated dental age  

 

Age 
Mean 

(years) 

Std. Deviation 

(years) 
P value 

Chronological Age 8.75 1.38 0.009* 

Dental Age 8.90 1.34 0.000* 
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Examination of the difference between the 

chronological age and dental age of males and 

females also showed that out of 128 females, 

the chronological age of 68 (53%) was lower 

and 38 (30%) was higher than their dental age 

and 22 (17%) had similar chronological age 

and dental age. Among males (n=122), the 

chronological age of 65 (53%) was lower and 

35 (29%) was higher than their dental age and 

22 (18%) had similar chronological age and 

dental age. Comparing the mean of these two 

groups in both males and females showed that 

there was a significant difference between the 

mean values (P<0.001 in females and P=0.006 

in males). 

 

Discussion 
In this study, the Demirjian method 

overestimated dental age by 0.15 years (55 

days). Namadchian et al. [13] also showed 

that dental age was overestimated by the 

Demirjian's method. In a study by Sheikhi et 

al. [7], dental age of 5-16 year-old children 

in Rasht, Iran was over-estimated by 0.01 

years (4 days). The small difference  

between the study of Sheikhi et al, and the 

present study could be due to differences in 

the statistical tests used and differences in 

the race of the study populations. However, 

the results of the study by Sheikhi et al. [12] 

who examined the accuracy of the  

Demirjian method in estimating the dental 

age of 5-17 year-old children in Kerman, 

showed that the estimated dental age of 

these children was 0.11 years (40 days) 

lower than their actual age. The differences 

in the results may be due to differences in 

the study populations, lifestyles, diet, and 

perhaps the statistical tests used in studies. 

Moreover, the study by Sheikhi et al, [12] in 

Kerman covered a wider age range than the 

present study and the study conducted in 

Rasht [7]. 

The results of the present study showed 

that there was a strong positive correlation 

between the chronological age and  

estimated dental age with the Demirjian's 

method in total, and also separately in 

males and females. This finding was similar 

to the results of a study by Naseh et al. [15]. 

They reported a strong significant  

correlation between chronological age and 

dental age so that the correlation coefficient 

(r) in girls and boys was 0.91 and 0.90,  

respectively. In the present study, this  

coefficient was 0.94 for females and 0.91 for 

males. According to the results of the  

present study, the correlation coefficient of 

chronological age and estimated dental age 

in the entire population was 0.93. This  

coefficient was calculated to be 0.95 in the 

study by Sheikhi et al. in Kerman [12] which 

was in agreement with the results of the 

present study. Gupta et al. [16] in Uttar  

Pradesh, India reported a correlation  

coefficient of 0.824 for 762 samples. The 

correlation coefficients for boys and girls 

were 0.852 and 0.780, respectively. Sheikhi 

et al. [7]  in their study conducted in Rasht, 

Iran reported a correlation coefficient  

of 0.73. The correlation coefficients for  

boys and girls were 0.75 and 0.68,  

respectively. The difference between the  

abovementioned studies and the present 

study could be due to differences in sample 

size and use of the Pearson correlation test 

by them; whereas, we used the Spearman 

test for correlation analysis.  

The results of the present study showed 

that despite the slight difference between the 

mean chronological age and dental age (55 

days), this difference was statistically  

significant. In the study by Prakoeswa et al. 

[17] with a sample size of 162 people in  

Surabaya, Indonesia, the mean difference  

between the two age groups was not  

statistically significant in males aged 6-17 

years (18 days).The mean difference between 

the two age groups was not statistically  

significant in children aged 5-17 years in  

Shiraz (40 days) [14] and children aged 5-16 

years in Rasht (4 days) [7]. In the study by 
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Sheikhi et al. [12] samples were selected  

randomly. In the present study, however, 

convenience sampling was applied, and the 

results could not be generalized to the entire 

population. 

 Some authors consider the difference  

between dental age and estimated age of up 

to 12 months to be the normal standard [18]. 

Thus, despite the significant differences  

between the data, it can be argued that 55 

days in this study is not significant in the  

clinical scale and the Demirjian method can 

be accurate to estimate the age of 6–15-year-

old children in Zanjan. Despite the low  

correlation between the chronological age 

and the dental age of the study population, 

Sheikhi et al. [7] reported that the Demirjian 

method had sufficient accuracy for age  

estimation of 5-16 year-old children in Rasht. 

Other studies, such as the study by Naseh et 

al. [15] in Qazvin, Iran, Rai in India [18], 

NykaÈnen et al. [19] in Norway, Farah et al. 

[20] in Western Australia and Leurs et al. [21] 

in Netherlands reported the optimal accuracy 

of the Demirjian method in estimating the age 

of children. However, some other studies such 

as those by Moness Ali et al, [22] in Egypt, 

Tunc and Koyuturk , [23] in northern Turkey, 

Nyarady et al. [24] in southwestern Hungary, 

Lee et al. [25] in South Korea, Chen et al, [26] 

in China and Mckenna et al. [27] in Australia 

found that application of the Demirjian  

method in some populations was  

unacceptable due to the large differences. 

This difference in the results could be due to  

factors such as differences in ethnicity, race, 

culture, sample size, environmental factors,  

socioeconomic status, nutrition, dietary  

habits, statistical methods, and subjectivity of 

different populations [28]. Based on the  

results, it can be argued that the efficacy and 

accuracy of each method for estimating dental 

age are different and for each population, the 

most efficient method should be investigated 

and applied. 

Conclusion 

Based on the results of the present study, it 

may be concluded that the Demirjian method 

has sufficient and acceptable accuracy for  

dental age estimation in 6-15-year-old children 

in Zanjan, Iran.  
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