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INTRODUCTION

The possibility of  accurate estimation of  dental 
age is beneficial in various fields such as pediatric 
dentistry, orthodontics, paleontology, archeology and 
forensic medicine [1]. In order for the assessment of  
the dental age to be as accurate as possible, a validated 
dental age estimation method should be used. Several 
methods have been proposed over the years. Among the 
best known methods developed for assessing dental age 
are: the “Nolla method”, the “Demirjian method” and 
the “Cameriere method” [2,3,4]. All these techniques 
use radiographic examinations of  the oral cavity based 
on which different stages of  dental develoment are 
established for each tooth investigated. Each method 
has its own specific stages and evaluation criteria [2,3,4].

Despite the great number of  methods that have 
been developed, the most widely used for the assessment 
of  dental age has been and remains, the “Demirjian 
method”, mainly due to the simplicity with which it can 
be applied. It requires a panoramic radiography of  the 
child patient. The seven permanent teeth situated on 
the left mandibular arch are evaluated and are asigned 
a specific developmental stage. The third permanent 
molar is not taken into consideration [3].

The assessment of  skeletal maturation is crucial 

in pediatric dentistry and orthodontics, because it 
influences the proper timing of  treatment initiation, as 
well as the choice of  the optimal treatment method [5]. 
Hand and wrist radiographs can be used to determine 
skeletal age, but they are not considered routine 
investigation methods in the conduct of  the orthodontic 
treatment, the child patient needing, therefore, an 
additional X-ray exposure [5,6]. A much easier approach 
using the method initially developed by Franchi et al. and 
later improved by Baccetti et al., known as the Cervical 
Vertebral Maturation method or the CVM method [7,8]. 
The method no longer requires additional radiography 
of  the wrist, but uses lateral cepaholgrams to determine 
skeletal age. The lateral cephalogram is a complementary 
examination, compulsory for the establishing of  
the correct diagnosis in orthodontics, but also for 
configuring the treatment plan [7,8]. It involves the 
examination of  cervical vertebrae C2, C3 and C4, which 
will subsequently be placed in a developmental stage, 
depending on certain morphological aspects described 
by the authors of  the technique [7,8].

Skeletal age and dental age can be correlated to 
each other, or may be correlated to the chronological 
age. When dental age and skeletal age do not coincide, a 
discrepancy in the rhytm of  the dental eruption occurs 
[9,10]. Under normal circumstances, all three ages must 
correspond [9]. Left uninvestigated, undiagnosed and 
untreated, these eruption discrepancies can lead to 
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dental malpositions and can have a negative impact on 
the smile, but also on other functions of  the oral cavity. 
The patient’s mental health and the positive perception 
of  one´s own image are other elements that will be 
potentially affected [10,11].

Aim and objectives
The main objective of  this paper was to confirm or 

refute the accuracy of  the application of  the “Demirjian 
method” and the “Baccetti method”, for assessing the 
dental age, and, respectively, the skeletal age for a group 
of  children from Bihor county. A second objective was to 
make correlations between chronological age, dental age 
and skeletal age and to diagnose possible dental eruption 
discrepancies.

MATERIAL AND METHODS

The retrospective study was conducted in agreement 
with the World Medical Association Declaration of  
Helsinki-Ethical Principles for Medical Research 
Involving Human Subjects. The sample consisted of  99 
sets of  radiographs, belonging to 99 children, both boys 
and girls, all requiring orthodontic treatment, with ages 
between 7 and 15 years. Each radiographic set consisted 
of  a panoramic radiography and a lateral cephalogram. 
Only radiographs of  children residing in the Bihor county 
were taken into consideration.

The chronological age was determined by 
substracting the date of  birth from the date the 
radiographs were taken. The chronological age was 
expressed in years and months.

The “Demirjian method”, that is based on the 
usage of  panoramic radiographs,  was utilized to estimate 
the dental age. The method establishes the existence of  
8 stages of  development for each of  the 7 permanent 
teeth situated on the lower left dental arch. The stages 
are assessed with letters from A to H. After determining 
the right stage for each of  the 7 permanent teeth of  the 
lower left dental arch, they are converted into numerical 
scores. After all scores are added together, a final value 
is obtained, representing the Dental Maturity Score. The 
Dental Maturity Score will be transformed into dental 
age, according to gender, based on the tables proposed 
by Demirjian et al. [3].

Lateral cephalograms were used to estimate the 
skeletal age, based on which the Cervical Vertebral 
Maturation method, developed by Baccetti et al., was 
applied. The method surveys the morphology of  the C2, 
C3 and C4 cervical vertebrae. Based on their morphology, 
the maturational stage of  the child is established. The 
method describes 6 different stages of  development, 
from CS1 to CS6. Depending on the stage obtained, 
the skeletal age is assessed based on the indicative tables 
produced by Baccetti et al. [8,12]. The “CVM Stage 
Guide App”, an application developed by Dr. Pavam 
Kumar (NXS Inc), for educational purposes, was used to 
quickly estimate the Cervical Vertebral Maturation stage.

In order to decide which radiographs will be 
analyzed, the following inclusion criteria were applied: 
high quality radiographs, available in a digital format; 
radiographs that had the patients´ gender and date of  
birth imprinted; radiographs belonging to non-syndromic 
children; radiographs that belonged to children without 
congenital oral anomalies; radiographs of  children who 
had all the permanent teeth in the lower left dental arch. 
Patients were divided into the following age categories, 
expressed in years: 7 – 8.9; 9 – 10.9; 11 – 12.9; 13 – 14.9; 
15 – 15.9. Patients in each main category were divided 
into sub-groups of  boys and girls. All radiographs were 
analyzed by a single examiner (MAE), in order to avoid 
inter-operators bias.

The data was analyzed with the IBM Statistical 
Package for the Social Sciences (SPSS) ver. 20. 
Quantitative variables were written as averages with or 
without standard deviations, while categorical variables 
were written as counts or percentages. A paired sample 
t-test was used to compare the mean chronological age 
with the mean dental age, the mean dental age with the 
mean skeletal age and, utlimately, the mean chronological 
age with the mean skeletal age. Microsoft Excel for Mac 
2011 programme was used for designing tables and 
graphics.

RESULTS

 Table 1 illustrates the number and percentages 
of  boys and girls included in the study. Graphic 1 high-
lights the percentage of  boys and girls investigated. As 
such, the sample consisted of  99 sets of  radiographs, of  
which 45 (45%) belonged to male patients and 54 (55%) 
belonged to female patients.

 Table 2 illustrates the number of  patients 
included in each age group according to their gender, 
as well as the total number and percentages of  patients 
included in each age group.

Table I. 
Number and percentages of  boys and girls included 

in the study
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 As such,  19 patients (19%) were included in 
the first age group, 15 patients (15%) were included in 
the second age group, 32 patients (33%) were included 
in the third age group, 27 patients (27%) were included 
in the fourth age group and, finally, 6 patients (6%) were 
included in the sixth age group. 

 A distribution of  the various CVM stages in 
different age groups is shown in Table  3 and Table 4 
for girls and boys. The most prevalent CVM stage for 
each age group was highlighted. In the girls´ sample, CS 
1 is the most prevalent stage in the first age group, 50% 
of  the girls showing a first stage skeletal maturation. CS 
1 is the second most prevalent CVM stage in the second 
age group, the most prevalent being CS 3, accounting 
for a total of  40% of  the girls´ sample of  the second 
age group. The third age group has the CS 4 stage as the 
most prevalent stage, while in the last two age groups 
CS 5 stage prevails. As for the boys´ sample, the first 
age group, is predominantly situated in the first stage of  

skeletal maturation, CS 1 accounting for a total of  44% 
of  the boys´ sample of  the first group. CS 2 predomi-
nates in the second age group, while CS 4 prevails in the 
third (50%) and fourth (58%) age groups. The last age 
group consisted of  only one radiograph, belonging to a 
boy showing a CS 6 stage, in terms of  skeletal matura-
tion.

 Table 5 and Graphic 2 display the distribution 
of  CVM stages in different age groups, for the entire 
sample. As shown, the first CVM stage is prevalent 
in the 7 – 8.9 age group, while the third CVM stage is 
prevalent in the 9 - 10.9 age group. 48% of  the patients 
included in the 11 – 12.9 age group show a CS 4 stage. 
56% of  the patients included in the 13 – 14.9 age group 
and 66% of  those included in the 15 – 15.9 age group, 
are situated in the CS 5 maturational stage, this being 
the most prevalent in the last two age groups.

Graphic 1. 
Percentages of  boys and girls included in the study

Table 2. 
Distribution of  patients according to age group and 

gender

Table 3. 
Prevalence of  various CVM Stages for girls

Table 4.
 Prevalence of  various CVM Stages for boys
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Table 6 and Table 7 illustrate the mean chronological 
age, the mean dental age and the mean skeletal age with 
their standard deviation beneath, separately, for girls and 
boys. The important thing to note is the overestimation of  
dental age, using the Demirjian method, for both genders. 
It is a technique for assessing endothelial cell proliferation 
by introducing into the synthesis phase of  DNA cellular 
replication measuring agents such as tritiated thymidine or 
bromodeoxyuridine. (6)

Table 8 and Table 9 compare the chronological age 
and dental age, dental age and skeletal age and, finally, 
chronological age and skeletal age, separately, for girls and 
boys.

The mean result and their standard deviations are 
reported, as well as the value of  “t” and “p”, for each 
comparison. The paired sample t-test was used to analyze 
the comparisons between the various ages. When comparing 
chronological age and dental age, an overestimation of  
the latter is visible in both genders, the differences being 
statistically significant for all age groups and for both genders, 
with values of  “p” varying from 0.000 to 0.050. Dental age 
shows and advance when compared to the skeletal age, 
for most of  the age groups investigated, the results being 
statistically significant for most of  the values obtained, with 
the exception of  the girls´ first age group and the boys´ 
second age group, where the value of  “p” is higher than 0.05 
(p=0.218 and 0.118, respectively). The overestimation of  the 
skeletal age was observed in the first girls´ age group and in 
the first boys´ age group. 

Table 5. 
Prevalence of  various CVM Stages for the entire sample

Table 6. 
Mean chronological age, dental age and skeletal age for 

girls

Table 7. 
Mean chronological age, dental age and skeletal age for 

boysGraphic 2. 
Prevalence of  various CVM Stages for the entire sample
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Both results are statistically significant (p<0.05). An 
overestimation of  the skeletal age was obtained in the second 
boys´ age group, but the results are not statistically significant 
(p>0.05). For all other age groups, the underestimation of  
the skeletal age was noticeable, all result being statistically 
significant (p<0.005).

DISCUSSIONS

The total number of  patients included in the study 
was 99, of  which 45 were boys and 54 were girls, gender 
distribution being relatively homogeneous. The distribution 

of  patients according to the age category was variable. 
Most patients were distributed in the 11 - 12.90 years age 
group, while the last age group consists of  the smallest 
number of  patients. This distribution may be related to 
the moment most preffered by patients for the initiation 
of  the orthodontic treatment and for the first orthodontic 
examination.

The distribution of  different skeletal maturation stages 
by different age categories and by gender revealed various 
results. Safavi et al. investigated the correlation between 
CVM stages and chronological age in a group of  female 
patients from Iran. The results of  the study revealed that 
CS 1 most frequently corresponds to the age of  9 years, CS 
2 most frequently corresponds to the age of  10 years, CS 3 
corresponds to the age of  11 years, CS 4 corresponds to the 
age of  12 years, and CS 5 is the most common stage in 13- and 
14-year-old patients [13]. The present study reveals similar 
results for the first three age categories, however, compared 
to the cited study, in the 11 - 12.9 years age category, CS 4 
is the most common stage in the group of  girls investigated. 
Stoilova-Totorova et al. compared skeletal maturation stage 
and chronological age in a group of  patients from Bulgaria. 
The investigated patients had ages ranging from 9 to 17 years. 
The most common stage was CS 6, and the least common 
was CS 1 [14]. The differences from the cited studies are 
numerous, probably due to the different categorization of  
the investigated patients.

Discrepancies between chronological age, dental 
age and skeletal age are also of  interest to the scientific 
community. The results of  the current study are similar to 
those published by the author in the past. The previous 
study suggests that the “Demirjian method”, used to 
estimate dental age, tends to overestimate the dental age 
[15]. The “Demirjian method´s” tendency to overestimate 
the dental age is also visible in the current study. However, 
Savin et al., in a study comparing skeletal maturation with 
dental and chronological age, on a group of  patients from 
Iasi, concludes that the values obtained by the Demirjian 
method for dental age are close to chronological age [16]. 
Discrepancies between dental age, obtained by utilizing 
the “Demirjian method”, and chronological age were also 
reported in other populations, suggesting, like the present 
study, the need to adapt the values in the Demirjian tables for 
the studied populations [17,18,19].

When it comes to comparing dental age and skeletal 
age, the current study reveals an advance of  dental age over 
skeletal age, which may be due to the overestimation of  dental 
age by the “Demirjian method”. These results are similar to 
those of  other published studies [10,20]. Finally, comparing 
skeletal age with chronological age, an advance of  skeletal 
age was observed in some age categories, while in others an 
advance of  the chronological age was noted. The results are 
comparable, to some extent, with those obtained by other 
authors. Thus, Calfee et al. , following a study investigating 
American adolescents, concluded that skeletal age is, in most 
cases, more advanced than chronological age. The method 
of  determining skeletal age was, however, different from the 
present study [21]. Ramos et al. obtained similar results using 
hand-wrist radiographs to determine skeletal age [22].

Table 8. 
Comparisons between mean chronological age, dental 

age and skeletal age for girls

Table 9. 
Comparisons between mean chronological age, dental 

age and skeletal age for boys



_____________________________

A.E. Moca et al  35

This research highlights that many of  the patients 
investigated show discrepancies between the chronological 
age and dental age. All groups investigated showed an 
overestimation of  the dental age when compared to the 
chronological age. Discrepancies were found between dental 
age and skeletal age, as well as between chronological age and 
skeletal age, with different values for the different groups. 

CONCLUSIONS

“Demirjian´s method” of  dental age assessment is 
relatively easy to use, but adaptations of  this method must be 
provided for the Romanian population, as it overestimated 
the dental age of  the patients investigated. The improved 
and simplified CVM method is, also, easily applied on lateral 
cephalograms and an advance of  skeletal age when compared 
to dental age or chronological age was discovered, for most 
of  the age groups investigated. This indicates the existance 
of  discrepancies between the the different ages examined. 
For more accurate results, the examination of  larger samples 
should be considered.

REFERENCES

1.  Mohammed RB, Krishnamraju PV, Prasanth PS, Sanghvi P, Lata 
Reddy MA, Jyotsna S. Dental age estimation using Willems method: A digital 
orthopantomographic study. Contemp Clin Dent. 2014; 5(3):371–376.
2.  Nolla C. The development of the permanent teeth. ASDC J Dent 
Child. 1960; 27:254e66.
3.  Demirjian A, Goldstein H, Tanner JM. A new system of dental age 
assessment. Hum Biol. 1973; 45:211–227.
4.  Cameriere R, Ferrante L, Liversidge HM, Prieto JL, Brkic H. 
Accuracy of age estimation in children using radiograph of developing teeth. 
Forensic Sci Int. 2008; 176(2-3):173–177.
5. 	 Durka-Zając	 M,	 Mituś-Kenig	 M,	 Derwich	 M,	 Marcinkowska-
Mituś	 A,	 Łoboda	 M.	 Radiological	 Indicators	 of	 Bone	 Age	 Assessment	 in	
Cephalometric Images. Review. Pol J Radiol. 2016; 81:347–353. 
6.  Darwood R. Digital Radiology – A realistic prospect? Clin Radiol. 
1990; 42:6–11.
7.  Franchi L, Baccetti T, McNamara JA Jr. Mandibular growth as 
related to cervical vertebral maturation and body height. Am J Orthod 
Dentofacial Orthop. 2000; 118(3):335–340.
8.  Baccetti T, Franchi L, McNamara JA Jr. The cervical vertebral 
maturation (CVM) method for the assessment of optimal treatment timing 
in dentofacial orthopedics. Semin Orthod. 2005; 11(3):119–129.
9. 	 Mesaroș	M,	Botoș	A.	Erupția	dentară.	In:	Mesaroș	M,	Muntean	A.	
Medicină	 dentară	 pediatrică.	 Cluj-Napoca:	 Editura	 Medicală	 Universitară	
„Iuliu	Hațieganu“;	2012.	p.57-66.
10.  Vaida LL, Moca AE, Todor L, Tent A, Todor BI, Negrutiu BM, 
Moraru AI. Correlations between morphology of cervical vertebrae and 
dental eruption. Rom J Morphol Embryol. 2019; 60(1):175-180.
11. 	 Vaida	 L,	 Pirte	 A,	 Corega	 C,	 Slăvescu	 D,	 Muţiu	 G.	 Correlations	
between the changes in patients’ dental-facial morphology at the end of 
the orthodontic treatment and the psychological variables. Rom J Morphol 
Embryol, 2009; 50(4):625–629.
12.  Baccetti T, Franchi L, De Toffol L, Ghiozzi B, Cozza P. The diagnostic 
performance of chronological age in the assessment of skeletal maturity. 
Prog Orthod. 2006; 7(2):176-188.
13.  Safavi SM, Beikaii H, Hassanizadeh R, Younessian F, Baghban AA. 
Correlation between cervical vertebral maturation and chronological age in 
a group of Iranian females. Dent Res J (Isfahan). 2015; 12(5):443-448.
14.  Stoilova-Todorova MG, Krasteva S, Stoilov G, Todorova-Plachiyska 
K. Comparison of skeletal maturity and chronological age in Bulgarian 
female	and	male	patients	with	transverse	maxillary	deficit.	Journal	of	IMAB.	
2018; 24(3):2119-2124.
15.  Moca AE, Vaida LL, Spineanu R, Todor BI, Matei RI, Negrutiu BM. 
Dental age estimation using the Demirjian method in a sample of patients 
from the Crisana region. Medicine in evolution. 2019; 25(2):200-208. 
16.  Savin C, Balan A, Gavrila-Vasilica L, Dumitroaia A, Mihalas E, Sirghe 
A. Correlation between skeletal maturation, dental and chronological age in 
a sample of Romanian children. Romanian Journal of Oral Rehabilitation. 
2018; 11(3):24-31.
17.  Tomas LF, Monico LSM, Tomas I, Vaerla-Patino P, Martin-Bidema 
B. The accuracy of estimating chronological age from Demirjian and Nolla 
methods in a Portuguese and Spanish sample. BMC Oral Health. 2014; 
14:160.
18.  Nur B, Kusgoz A, Bayram M, Celikoglu M, Nur M, Kayipmaz S, 
Yildirim S. Validity of Demirjian and Nolla methods for dental age estimation 
for Northeastern Turkish children aged 5-16 years old. Med Oral Patol Cir 
Bucal. 2012; 17(5):e871-877.
19.  Chen JW, Guo J, Zhou J, Liu RK, Chen TT, Zou SJ. Assessment of 
dental maturity of western Chinese children using Demirjian´s method. 
Forensic Sci Int. 2010; 197:119.e1-119.e4.
20.  Nanda M, Singla A, Sachdev V, Jaj HS. Correlation of chronological, 
skeletal, and dental age in North Indian population. Indian Journal of Dental 
Sciences. 2017; 9(5):13-20.
21.  Calfee RP, Sutter M, Steffen JA, Goldfarb CA. Skeletal and 
chronological	 ages	 in	 American	 adolescents:	 current	 findings	 in	 skeletal	
maturation. J Child Orthop. 2010; 4(5):467-470. 
22.  Ramos NAA, Lozano MB, Ocampu AM. Comparative analysis 
between dental, skeletal and chronological age. Revista Mexicana de 
Ortodoncia. 2013; 1(1):33-37.


