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ABSTRACT. Estimation of dental age in pediatric dentistry, orthodontics and forensic dentistry 

is a continuous challenge due to the fact that it is very important in assessing if the adult age was 

reached or not, in determining growth and somatic development. Aim. To assess the accuracy of 

dental age estimation by Demirjian and Nolla methods in a sample of Romanian children population. 

Materials and Methods. The study was carried on a number of 161 orthopantomographs of 

Romanian boys and girls of known chronological age. Dental age accuracy was estimated by 

calculating how close the estimated dental age was to the actual chronological age. Results and 

discussions. There was a strong correlation between chronological age and dental age calculated by 

Demirjian method; the same situation was found in the case of the dental age estimated by the Nolla 

method. Dental age prediction by Nolla method was more accurate than the one of Demirjian method 

in both genders in our micro-study. Conclusion. To improve accuracy of dental age estimation it is 

preferable to elaborate further specific curves and scores for the Romanian population that must be 

developed and tested, based on ethnicity. 
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INTRODUCTION 

With the global changes around the world 

and the population migrations, today it is of a 

great importance to know how to determine 

the chronological age of children, adolescents 

and adults, based on the estimation of dental 

age.  

In paediatric dentistry, pediatrics, 

orthodontics and forensic medicine 

(odontology/dentistry), the correlations 

between dental age, skeletal age and 

chronological age are important [1]. Thus, in 

pediatric dentistry knowledge of dental age 

maybe useful when taking decisions 

concerning extraction versus non-extraction of 

deciduous teeth. In children with over-retained 

teeth making the correlation between dental 

skeletal and chronological age may guide the 

specialist to choose the wright moment for 

treatment to start.  
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Dental age is also of particular interest for 

orthodontics and implicitly for orthodontists 

due to its relation with maxillo-facial growth.  

Dental age estimation may also have 

forensic significance. Thus, with the 

examination of a microscopic histological 

sections of a tooth, the doctor may specify for 

sure if a child was alive or death at the 

moment of its birth due to the presence or 

absence of the neonatal line. Measurements of 

the quantity of enamel and dentine that are 

formed after the neonatal line offers valuable 

data about the time passed from birth [2].  

Estimation of dental age in pediatric 

dentistry, orthodontics and forensic dentistry 

is a continuous challenge due to the fact that it 

is very important in assessing if the adult age 

was reached or not, in determining growth and 

somatic development. 

 Among the methods applied for age 

estimation in paediatric dentistry and 

orthodontics are: Schour and Massler method 

(1941), Nolla method (1960), Haavikko 

method (1970), Cameriere method, Lilequist 

and Lundberg method (1971), Demirjian et al. 

method (1973), Acharia (2011), Mahtab 

(2011) [3, 4, 5, 6, 7]. 

In determination of dental age exits 

variations between different populations and 

ethnics [8,9] and as a consequence of this fact, 

any foreign dental age estimation standards 

should be tested in a local population in order 

to assess the accuracy of the chosen 

method(s). 

The aim of this study was to assess the 

accuracy of dental age estimation by 

Demirjian and Nolla methods in sample of 

Romanian Caucasian children, to determine if 

there are certain differences between dental 

age (estimated by the two above mentioned 

methods) and chronological age and to find 

which of the two methods used is the most 

suitable to be applied in Romanian children. 

 

MATHERIAL AND METHODS.  

The present study was a retrospective one 

and was carried out on a number of 161 

orthopantomographs of Romanian boys and 

girls of known chronological age (78 boys and 

83 girls) that were selected for examination. 

All the OPG‘s were done using the same X-

Ray device and were made in years 2015-

2016, being indicated by a specialist for 

orthodontic or paediatric dentistry reason. No 

X-Ray was made only for this study. Only 

good quality OPG‘s, with presence of all 

permanent teeth from the lower left and right 

quadrant and from the upper right quadrant 

were taken into consideration.  

The radiographs belonged to children that 

were from Caucasian population, healthy, 

without systemic diseases or congenital 

anomalies, born on time, with normal birth 

weight.  

The orthopantomographs were viewed in a 

standard radiographic box without 

magnification, by two observers. 

Inclusion criteria: 

- Absence of any clinical medical 

history that could affect the 

development of the permanent teeth. 

- All seven left mandibular and 

maxillary teeth present without gross 

pathology. 

- Patients without fixed orthodontic 

appliances. 

- Good quality OPG‘s. 

Exclusion criteria: 

- Patients with bilaterally/bi-maxillary 

developmentally missing teeth apart 

from developmentally 3rd molars 

absent. 
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- Patients with any history of chronic 

diseases, illness, syndrome known to 

significantly affect the dental 

development. 

- OPG‘s of the patients with incomplete 

information such as birth date or date 

of exposure to X-ray (date of 

radiography). 

- Cleft-lip and/or cleft-palate patients or 

patients with other cranial-facial deformities. 

- Patients with fixed orthodontic 

appliances. 

- OPG‘s with distortions (overlapping 

images of the teeth or lacking clarity). 

 

Chronological age (CA) was calculated 

subtracting from the date when the OPG was 

taken the birth date and was expressed in 

terms of years and months. 

Dental age (DA) was assessed by 2 

observers using Demirjian [10] and Nolla [11] 

methods for dental age estimation. Any 

disagreement was discussed until a consensus 

was reached.  

Dental age accuracy was estimated by 

calculating how close the estimated dental age 

was to the actual chronological age. The 

chronological age was substracted from dental 

age. A positive result indicated an 

overestimation and a negative result indicated 

an underestimation. 

Prior to conducting the study, ethical 

approval was obtained respecting ethical 

principles of medical research. 

For the statistical interpretation of data the 

program SPSS 20 version for Windows (SPSS 

Inc, Chicago, IL, USA) was used. For 

statistical evaluation, descriptive statistics 

were used to compare the deviations of the 

mean value of chronological and dental age in 

each group and t test was used to compare 

deviations of mean values for chronological 

age and for dental age in each group. For 

evaluation of the association between the 

results it was used the correlation analysis 

(Pearson test). 

 

RESULTS 

Depending on the demographic data of the 

subjects from our study, the sample material 

can be grouped as is showed in fig. 1; the 

majority of the subjects were from 

chronological stage 10-10.9, followed closely 

by the ones from chronological stage 8-8.9, 

fact that is found also in the mean value of the 

chronological age (9,05 0,13). 

 

Figure 1. The distribution of the subjects 

by chronological age. 

The distribution of subjects by gender 

revealed that in our study sample were found 

almost equal percentages of boys (48.44%) 

and girls (51.56%). 

The mean values for chronological age in 

our study was 9.05   0.13, with a value of 

9.86   0.1 for girls and a value of 8.24   0.17 

for boys. 

In our study, the mean values for estimated 

dental age according to Demirjian method 

(DA_D) was 9.11   0.36, with a value of 9.92 
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  0.43 for girls and a value of 8.31   0.29 for 

boys.  

According to the distribution of the study 

sample on age stages, the majority of the 

subjects had an estimated DA_D between 8 

and 9 years old.  

In our study, the mean values for estimated 

dental age according to Nolla method was 

8.82   1.55, with a value of 9.57   1.48 for 

girls and a value of 8.07   1.59 for boys.  

According to the distribution of the study 

sample on age stages, the majority of the 

subjects had an estimated DA_N between 9 

and 10 years old. 

The mean differences between 

chronological age and dental age estimated by 

Demirjian method was globally, for boys and 

girls about -0.03 years (Table I). The same 

difference in the case of Nolla method was 

slightly bigger - 0.08 years (Table II). 

 

Table I. Differences between CA and DA_D (years) for the study sample. 

n CA 

Mean (SD) 

DA_D 

Mean (SD) 

Mean of age 

difference 

(95% CI) 

t statistic 

(df)
a 

pvalue
a 

161 9,156(1,64) 9,186 (1,45) -0,0301 

(-0,17; 0,11) 

-0,404 (160) 0,687 

 

Table II. Differences between CA and DA_N (years) for the study sample. 

N CA 

Mean (SD) 

DA_N 

Mean (SD) 

Mean of age 

difference 

(95% CI) 

t statistic 

(df)
a 

pvalue
a 

161 9,156 (1,64) 9,07 (1,55) 0,0817  

(0,08; 0,25) 

0,950 (160) 0,344 

 

In both genders there were age groups that 

were overestimated or underestimated in 

dental maturity. However there was a strong 

correlation between chronological age and 

dental age calculated by Demirjian method (r 

= 0.824; p <0.01). The same situation we 

encountered in the case of the dental age 

estimated by the Nolla method (r = 0.774; p 

<0.01). 

In terms of chronological age and gender 

affiliation it was found a relatively low 

correlation (p = 0.184; p <0.05)  

In the Fig. 2, 3 and 4 are presented the 

scatter plots for the chronological age versus 

estimated dental age according to Demirjian 

and Nolla and also for the estimated dental age 

according to Nolla versus the one according to 

Demirjian.  
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Figure 2. The scatter plot for DA_Dversus CA for males and females. 

 

Figure 3. The scatter plot for DA_Nversus CA for males and females. 

 

Figure 4. The scatter plot for DA_Nversus DA_D for males and females. 

 

We found that for boys both Demirjian 

method and Nolla method barely 

underestimate the chronological age with 

0.07  0.96 years, respectively 0.16  1.03 

years. Statistically significant differences were 

recorded between the two methods. 
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Concerning the girls from our study, we 

found that Nolla method also underestimates 

the chronological age with 0.29 1.15 years, 

while Demirjian method barely overestimates 

the chronological age with 0.05  0.32 years. 

In our micro-investigation we found that in 

boys, for age stage 6-6.9 years old, the Nolla 

method was a more significant predictor than 

Demirjian method which slightly 

overestimated the chronological age with 0.7  

0.37 years.  

Between 6 and up to 10 years, Nolla 

seemed to be more accurate having a 

predictive capacity of 83.16% since Demirjian 

method revealed a lower prediction power 

around 46.32% between 6 and 10 years old. 

For the age period between 10 and 12 years, 

the predictive capacity of Nolla method 

decreased to a percentage of 41.82%, and 

declined to zero for age group 11-13.9 years. 

The same results were found in case of 

Demirjian method, meaning a decrease in the 

predictive capacity of the method. 

Dental age prediction by Nolla method was 

higher than the one of Demirjian method in 

both genders, being in accordance with 

chronological age in girls in approximately 

63% of cases. 

 

DISCUSSIONS 

There are various methods to estimate 

dental age, methods that are based on the 

counting of the teeth number erupted in the 

oral cavity or on the mineralization during 

developmental stages. Due to the fact that the 

eruption in the oral cavity of the teeth varies 

widely among the populations of children with 

the same ethnicity [12,13] and is under the 

influence of environmental factors (tipping of 

teeth, space available in the dental arch) 

[13,14,15] the radiografical examination of the 

tooth (including length, height, size of crown 

and root) maybe consider as a good valid 

indicator for chronological age of Romanian 

children.  

According to Liversidge et all (2003), 

establishing of dental age based on teeth 

maturation may also vary due to factors like: 

biological variations among studied 

population, different statistical analyses or 

poor resolutions of the radiological 

investigation. 

The inaccuracy of Demirjian method has 

been documented by a lot of studies in the 

literature by systematic comparison between 

the estimated age and chronological age of the 

child [16]. 

According to the study of Carneiro et al 

from 2014, Demirjian method can be further 

shown to be inappropriate for age estimation, 

maybe due to the fact that this method was 

conceived to measure biological maturity, 

chronological age and dental age being 

expressed as sigmoid curve [17] So, Demirjian 

method may not satisfactory minimize the 

differences between chronological age and the 

dental age.  

Despite its limitations this method has been 

used worldwide (Japan, Iran, India, Turkey, 

Korea, Belgium, Brazil, Malaysia, Romania, 

etc.) for forensic age estimation 

[13,15,18,19,20,21,22,23]. One of the 

advantages of Demirjian method is that allows 

comparing dental age/dental development 

between different populations. In our study the 

comparison was made between the Romanian 

and French-Canadian population of children 

and the mean dental age differences were 

small 0.06 0.94 (0.05 0.32 for girls and -

0.07 0.96 for boys). Some small differences 

were found in the study conducted by 

Safeiddin et al in 2010 in a Malay population 
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of children aged between 5 and 16 years old, 

but only for the younger age groups in boys 

(7-9.99 years old). For other age groups for 

both sexes the Demirjian method 

overestimates the chronological age among 

the Malay children. The small differences in 

younger age groups can be explained probably 

by relatively high number of stages with short 

duration in young children [24] short duration 

stages being more informative than one of 

long duration.  

The mean chronological age in our study 

was globally 9.05 (SD = 0.13) (9.86 (SD=0.1) 

for girls and 8.24 (SD=0.17) for boys) and the 

mean dental age according to Demirjian was 

globally 9.11 (SD= 0.36) (9.92 (SD=0.43) for 

girls and 8.31 (SD=0.29) for boys), indicating 

an overaging of the sample by approximately 

1 month, which held true for both sexes. 

which held true only for girls. Taking into 

consideration the fact that the difference is 

only of 1 month, we can conclude that in our 

sample, globally, the chronological age is the 

same with dental age estimated by Demirjian 

method. 

On age stages, in our study, the differences 

between chronological and dental age assessed 

by Demirjian method ranged from -1.1 to 1.00 

in boys and from -1.40 to 1.00 in girls. Four 

age groups were overestimated in both boys 

and girls and had significant differences. The 

girls were advanced for age groups 6-7.9 and 

9-10.9. The boys were advanced for age 

groups between 5 and 8.9 years. Some of the 

age groups were also underestimated, 

especially in boys for age group 11-11.9 years. 

The standards of Demirjian method resulted 

not to be appropriate for all age groups of 

Nord-Eastern Romanian children. 

In our micro-investigation an age 

estimation difference was observed between 

boys and girls and also between younger and 

older individuals. Globally on sexes, in our 

study, dental age according to Demirjian 

method was barely overestimated in females 

(0.05±0.32) and barely  underestimated in 

males (-0.07±0.96). Overall, in both sexes and 

all age groups, dental age estimation was 

barely overestimated (-0.06±0.94).  

In the previous studies from the literature, 

it was stated that exists some sex differences 

and these must be taken into account, in the 

sense that girls show faster dental maturation 

than boys. In our investigation the differences 

between girls and boys were very low, as 

mean differences between chronological age 

and dental age were 0.05 years in girls and -

0.07 years in boys. 

Thus, being some maturation differences in 

populations each of the populations need its 

own conversion table or its own standard for 

dental age estimation. 

An explanation for the differences between 

French-Canadian and Nord Eastern Romanian 

children can be that the sample size from our 

study was much smaller, explanation 

encountered in the studies of Koshy et al 

(1998), Maber et al (2006). 

To improve accuracy of dental age 

estimation further specific curves and scores 

for Romanian population must be developed 

and tested, based on ethnicity. This study is in 

correlation with other authors ‗studies that 

concluded that correction factors must be used 

on different population groups [13,15,25]. 

Despite of all critics from the literature, 

Demirjian method and its modifications are 

widely accepted, with some limitations and 

problems associated with the standard 

application [26,27]. Demirjian method was 

followed by a number of modifications of the 

original method; the weighted scored were 
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changed, providing equations to calculate age 

from score or score from age [28]. 

The studies reported a high level of 

accuracy using French-Canadian data set 

when applying to young individuals [29] and 

the high accuracy was related to a large 

number of tooth developmental stages in a 

younger dentition covering a shorter time span 

[30]. 

The inter-relation between chronological 

age and dental age (maturation age, dental 

maturity) cannot follow a simple mathematic 

function according to a study done by Teivens 

and coll (2001), but could give clear 

information on tooth development, on ethnic 

and individual variation. 

Demirjian method of dental age estimation 

overestimated the chronological age of 

24.36% boys and of 40.96% girls. Nolla 

method overestimated lower percentages in 

both boys and girls in comparison with 

Demirjian method (15.38% respectively 

3.61%). Our results are much lower than the 

one reported in a study conducted in Poland 

that gives overestimation values of 77.5% for 

males and 81.7% for females. 

In the study conducted by Chaillet et al in 

2005, it was used the French-Canadian data 

set to compare the Demirjian method of 

subjects from 8 different countries; the results 

showed that Korean had the slowest 

maturation while the Australians had the 

earliest one. On the other hand, a study done 

by Maber et al in 2006, reported minimal 

differences between subjects of Bangladesh 

and British Caucasian living in UK, London 

area.   

In our study, the socio-economic status has 

not been assessed, even in the studies of 

Cameriere et al from 2007 and Garn et al from 

1965 have shown a low tendency to be 

affected by the socio-economic status. In a 

publication of Demirjian from 1978, it is 

stated also that socio-economic status has a 

lesser influence on the permanent teeth 

eruption.  

Since the environmental factors was shown 

to have less effect on dental development, the 

difference in dental age between different 

populations maybe attributed according to 

Pelsmackers and col. (1997) to different 

genetic background.  

Besides Demirjian method, in our study we 

assessed the dental age according to Nolla 

method. This method proved to be a very 

accurate one in a sample of Spanish and 

Portuguese participants [31]. Despite its 

proven effectiveness [31,32,33,34,35,36] is a 

method that was one of the least frequently 

used and tested in world populations. 

Our study concluded that underestimation 

was done in girls in almost equal percentages 

in the case of dental age assessment by both 

Nolla and Demirjian method (33.73% and 

34.94%). 

In our sample of Romanian children from 

Nord East of the country, at global level, the 

Nolla method was a more significant predictor 

for chronological age (67.70% versus 

33.54%).  

These variations and the fact that literature 

and studies states that teeth appear in girls 

earlier than in boys [37,38], the mineralization 

takes place earlier in girls [33,36,37], impose 

the necessity of estimation with the help of 

specific coefficients for males and females. 

One possible explanation for which Nolla 

method is a more significant predictor may be 

related to the fact that this way of dental age 

estimation has more inter-stage subdivisions 

and thus inter-stage differentiations on dental 

maturity [31]. 
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 The problems of age estimation and age 

assessment will be with us foreseeable future. 

The knowledge base on dental age assessment 

is developing rapidly, center in different parts 

of the world are generating ethnic specific 

data that provide the opportunity to estimate 

age of specific groups reliability [39]. 

 

CONCLUSIONS.  

In our study sample, globally, the 

chronological age was the same with dental 

age estimated by Demirjian method. 

We can conclude that globally, the 

estimated dental age by Demirjian method is 

more close to the chronological age than the 

one estimated by Nolla method, even on age 

stages are overestimations and 

underestimations of dental age for both 

methods. 

To improve accuracy of dental age 

estimation it is preferable to elaborate further 

specific curves and scores for the Romanian 

population that must be developed and tested, 

based on ethnicity. 
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