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ORIGINAL RESEARCH

based on the correlation between age and the measuring of 
open apices in teeth to determine the dental age in children.7 
Numerous studies have been conducted to assess the dental 
age using orthopantomogram; however, CBCT has not been 
used to date.8,9

Cone beam computed tomography (CBCT) has high reliability 
and reproducibility because it generates multiplanar reformatted 
(MPR) pictures, enabling two-dimensional (2D) views in the axial, 

In t r o d u c t i o n

Age determination plays an important role in many domains, such 
as pediatric dentistry, orthodontics, forensic sciences, and in the 
identification of people in circumstances involving false information 
about illegal immigrants and unidentified bodies.1 Anthropometry, 
dental age, chronological age, and other factors can all be used for 
age estimation.2

In dentistry, dental age estimation is done using different 
methods such as morphological, biochemical, and radiological 
methods. However, these dental age determination methods 
are mainly based on the subjective prediction of the radiological 
aspects of stages of dental development. 3 The dif ferent 
radiographical methods used for dental age estimation in children 
and adolescents include the Schour and Massler (S&M) method 
(1941), Nolla’s method (NM) (1960), Demirjian method (DM) (1973), 
and Cameriere method (CM) (2006).

The oldest method used for dental age estimation in 
children and adolescents was the S&M method, in which the 
calcification stages of teeth on radiographs were compared 
with standards.4 CM and NM developed a method in 1963 that 
assessed the mineralization of permanent dentition in 10 stages 
through which every tooth passed. It was used to analyze the 
development of each tooth of the maxillary and mandibular 
arch.5

Demirjian et  al. reduced the number of stages as they 
only evaluated seven left mandibular permanent teeth and 
identified eight stages (A–H) of tooth mineralization.6 More 
recently, in 2006, Cameriere et  al. introduced a technique 
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Ab s t r ac t
Background: Age assessment is useful in various fields of dentistry due to its ability to influence the planning of dental treatments. Dental age 
estimation methods are specifically based on age-related variables observed in two-dimensional (2D) radiographs in the dentition in terms 
of the time of emergence and are considered reliable in determining the chronological age; however, the inevitable problems of orientation 
errors found in 2D can be eliminated using cone beam computed tomography (CBCT).
Objective: This study aimed to compare the accuracy of different radiological dental age estimation methods using CBCT in relation to the 
chronological age of children.
Materials and methods: A total of 100 CBCT images of patients in the age-group of 8–15 years requiring orthodontic treatment were obtained 
from December 2019 to August 2022. The exact chronological age was determined through valid proof, that is, aadhar card or birth certificate. 
The dental age of the children was assessed using all four methods—Nolla’s method (NM), Demirjian method (DM), Schour and Massler (S&M), 
and Cameriere method (CM). 
Results: The results found that NM underestimated the mean age by 0.24 years, while DM overestimated the mean age by 0.82 years. Both 
showed statistically significant differences based on the standard deviation (SD) (p < 0.05). S&M and CM also overestimated the mean age by 
1.16 years and 2.75 years respectively, but with statistically nonsignificant differences (p > 0.05). 
Conclusion: Among the four tested radiographic methods, the best accuracy was found with NM, which tended to underestimate but was 
closest to the chronological age. CBCT provided better age estimation values without image distortion.
Keywords: Cone beam computed tomography, Demirjian method, Nolla’s method, Schour and Massler.
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In the CBCT scans, a complete maxillary and mandibular view 
was captured, and image analysis was conducted. The exact 
chronological age was determined through valid proof, that is, 
aadhar card/birth certificate (not known to the operator). Informed 
consent was obtained from the parents/guardians of the children 
participating in the study. The dental age of 100 children using 
CBCTs was assessed using all four methods, that is, NM,5 DM,6 
S&M,4 and CM.7

In NM, All the teeth in the CBCT were analyzed and 
designated with a development stage of left mandibular teeth, 
as given in Figure 1. Values obtained for mandibular teeth 
were added, and this sum was matched with Table  1 for the 
translation of supplemental value into the dental age. Based on 
the growth of seven teeth from the left side of the mandible, 
DM calculated the dental age of the patient, and all teeth were 
rated on a scale A–H (Fig. 2 and Table 2). In the S&M method, 
age estimation was done by directly comparing the stages of 

coronal, and sagittal planes. This effectively addresses issues with 
orientation errors and overlaps.10,11

However, to date, there are hardly any studies that have 
compared these four dental age estimation methods using CBCT. 
Thus, the present study was planned to compare the accuracy 
of commonly used different radiological dental age estimation 
methods using CBCT in relation to the chronological age of 
children.

Mat e r ia  l s a n d Me t h o d s

A total of 100 children aged 8–15 years undergoing orthodontic 
intervention were selected from the Outpatient Departments 
of Subharti Dental College, Meerut, Uttar Pradesh, India, from 
December 2019 to August 2022, and were advised CBCT. The cases 
excluded were medically compromised children with a history of 
premature extraction or congenitally missing permanent teeth. 

Fig. 1: Stages of development given by Nolla5
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Table 1: Nolla’s age norms for maxillary and mandibular teeth of boys and girls5

Age in 
years

Sum of stages of 7 
mandibular teeth (boys)

Sum of stages of 7 
mandibular teeth (girls)

Sum of stages of 7 
maxillary teeth (boys)

Sum of stages of 7 
maxillary teeth (girls)

Sum of stages of 
14 teeth (boys)

Sum of stages of 
14 teeth (girls)

3 22.3 24.6 18.9 22.2 41.2 46.8
4 30.3 32.7 26.1 29.6 56.4 62.3
5 37.1 40.1 33.1 37.9 70.2 78.0
6 43.0 46.6 39.6 43.4 82.6 90.0
7 48.7 52.4 45.5 49.5 94.2 101.9
8 53.7 57.4 50.8 54.9 104.5 112.3
9 57.9 58.4 55.5 59.6 113.3 118.0
10 61.5 64.8 59.5 63.4 121.0 127.7
11 64.0 66.3 62.6 64.0 126.6 130.3
12 66.3 67.9 65.3 67.8 131.6 135.7
13 67.8 68.9 67.3 69.2 135.1 138.1
14 69.0 69.4 68.5 69.7 137.5 139.1
15 69.7 69.8 69.3 69.8 139.0 139.6
16 70.0 70.0 70.0 70.0 140.0 140.0
17 70.0 70.0 70.0 70.0 140.0 140.0

Fig. 2: Demirjian’s chart of tooth development6
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age using seven left mandibular teeth based on the relation 
between the age and the measurement of open apices in teeth 
using seven left mandibular teeth and derived a regression 

tooth development on CBCT using the S&M chart (Fig. 3), which 
depicted the development of deciduous and permanent teeth 
in seven stages. Similar to DM, Cameriere determined the dental 

Fig. 3: Schour and Massler’s chart of tooth development4

Table 2: Maturity scores given for each stage by Demirjian6

Tooth 0 A B C D E F G H
Stages for boys

M2 0.0 2.1 3.5 5.9 10.1 12.5 13.2 13.6 15.4
M1 0.0 8.0 9.6 12.3 17.0 19.3
PM2 0.0 1.7 3.1 5.4 9.7 12.0 12.8 13.2 14.4
PM1 0 3.4 7.0 11.0 12.3 12.7 13.5
C 0.0 3.5 7.9 10.0 11.0 11.9
I1 0.0 3.2 5.2 7.8 11.7 13.7
I2 0 1.9 4.1 8.2 11.8

Stages for girls
M2 0.0 2.7 3.9 6.9 11.1 13.5 14.2 14.5 15.6
M1 0.0 4.5 6.2 9.0 14.0 16.2
PM2 0.0 1.8 3.4 6.5 10.6 12.7 13.5 13.8 14.6
PM1 0 3.7 7.5 11.8 13.1 13.4 14.1
C 0.0 3.8 7.3 10.3 11.6 12.4
I1 0.0 3.2 5.6 8.0 12.2 14.2
I2 0 2.4 5.1 9.3 12.9



Accuracy of Different Dental Age Estimation Methods

International Journal of Clinical Pediatric Dentistry, Volume 17 Issue 5 (May 2024)562

Di s c u s s i o n

The time period that an organism or individual survives after birth 
is referred to as chronological age and is recorded by registering 
the birth date of an individual. This age is referenced throughout an 
individual’s life.12 Since a child’s chronological age is influenced by a 
number of elements, including genetic, epigenetic, environmental, 
nutritional, hormonal, and more, it plays a significant role in 
determining their maturational state. However, the assessment 
of age is useful in planning orthodontic treatment, particularly 
with myofunctional appliances, to formulate the treatment plan, 

formula (age = 8.971 + 0.375 g + 1.631 (5) + 0.674 No − 1.034 
s − 0.176 (s) (No). g = 1 for boys, g = 0 for girls, No = the number 
of teeth with root completed with apical ends closed, s = the sum 
of normalized open apices). Determined ages were compared 
with the chronological age.

Re s u lts

Data obtained was calculated, compared, and statistically analyzed 
using the Statistical Package for the Social Sciences (SPSS) software 
(SPSS® for Windows, version 19.0). Mean, standard deviation (SD), 
frequency, and Wilcoxon signed-rank test were used for the analysis 
of the data. The sample size was calculated using the following 
formula: 

N
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The mean chronological age was found to be 11.80 years, and the 
mean age estimated using NM, DM, S&M, and CM was found to be 
11.56, 12.62, 12.96, and 14.55 years, respectively (Table 3). By NM, 
the mean age estimated was 0.24 years less than the chronological 
age and had more SD than the chronological age. On comparing the 
other methods, the mean age difference by DM, S&M, and CM was 
0.82, 1.16, and 2.75 years more than the chronological age (Table 3 
and Fig. 4). Hence, it was concluded that the mean difference in age 
estimation was lesser in NM compared to other methods. Therefore, 
NM is a more accurate method for estimating the chronological 
age, whereas DM, S&M, and CM showed slightly moderate, 
substantial, and fair agreement with that of chronological age.

Table  4  shows the comparison of mean age difference 
between different radiographical methods of age estimation. 
There was a significant difference between NM and other 
methods of dental age estimation, with NM showing lesser age 
(11.56 years), but the differences were statistically significant 
(p < 0.05). DM underestimated the age (12.62 years) compared 
to the S&M method (12.96 years) and CM (14.55 years), but the 
differences were statistically significant (p < 0.001). Age estimated 
using S&M (12.96 years) was significantly less compared to the 
CM (14.55 years).

Table  5  depicts the validity of each dental age estimation 
method and clarifies that the best accuracy was found in NM (mean 
absolute error: 0.562 years) with the tendency to overestimate 
chronological age (mean error: 0.24 years) and with high 
precision (SD: 0.82 years). CM was the least precise method (mean 
absolute error: 3.396 years) with a tendency of overestimation 
(ME: −2.75 years) and moderate precision (SD: 3.27 years).

Table 3: Comparison of chronological age with age estimated using 
different methods (in years)

Pair Method Mean SD Difference p-value

Pair 1 Chronological age 11.80 2.02 0.24 0.004*
NM 11.56 2.21

Pair 2 Chronological age 11.80 2.02 −0.82 <0.001*
DM 12.62 1.88

Pair 3 Chronological age 11.80 2.02 −1.16 0.396
S&M 12.96 1.87

Pair 4 Chronological age 11.80 2.02 −2.75 <0.001*

CM 14.55 3.22

Paired t-test; *, indicates significant difference at p ≤ 0.05

Fig. 4: Comparison of different age estimation methods in relation to 
chronological age (in years)

Table 4: Comparison between different methods of age estimation 
(in years)

Pair Method Mean SD Difference p-value

Pair 1 NM 11.56 2.21 −1.06 <0.001*
DM 12.62 1.88

Pair 2 NM 11.56 2.21 −0.30 0.042*
S&M 12.96 1.87

Pair 3 NM 11.56 2.21 −2.99 0.004*
CM 14.55 3.22

Pair 4 DM 12.62 1.88 0.66 0.001*
S&M 12.96 1.87

Pair 5 DM 12.62 1.88 −1.93 <0.001*
CM 14.55 3.22

Pair 6 S&M 12.96 1.87 −2.59 <0.001*

CM 14.55 3.22

Paired t-test; *, indicates significant difference at p ≤ 0.05

Table 5:  Validity of each dental age estimation method

Method SD ME MAE

NM 0.82 −0.24 0.562
DM 2.25 0.82 1.749
S&M 1.87 1.16 1.424

CM 3.27 2.75 3.396

MAE, mean absolute error as a measure of method’s accuracy; ME, mean 
error as a measure of method’s bias; SD, standard deviation as a measure 
of accuracy
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compared to CMs, whereas CM overestimated the age compared 
to other radiological methods.

For radiographic imaging in age estimation, a number of studies 
using 2D images have been conducted; however, the teeth undergo 
distortion by overlapping of the dental structure, but more recently, 
3D radiographs (CBCT) with a focus on age estimation have emerged. 
Hence, an investigation with the applicability of 3D imaging in age 
estimation seems more reasonable.19 Thus, in the present study, 
CBCT, a 3D image was used to obtain more accurate results.

The results in the present study thus supported that the NM is 
suitable and reliable for estimating the chronological age in the age-
group of 8–15 years compared to other methods. The accuracy of an 
age-estimating method is influenced by three factors—individual 
variability in biological development, the quality and applicability of 
reference standards, and the possibility of correctly interpreting the 
staging of teeth. Further research is required to check the validity, 
reliability, and applicability of this method in different populations 
across the world.

Co n c lu s i o n

The present study implies that all four radiographic methods, 
including NM, DM, S&M, and CM, were able to determine 
approximate age using CBCT. The best accuracy was found in the NM, 
with a tendency to underestimate the chronological age, followed 
by the DM, with a tendency to overestimate the chronological age.

Clinical Significance
Evaluation of growth and development in children based on 
general and oral developmental status and dental age is important 
for appropriate diagnosis and treatment decisions in pediatric 
dentistry.

Or c i d

Noopur Kaushik  https://orcid.org/0000-0001-7285-9074

Re f e r e n c e s
1.	 Bhadana S, Indushekar KR, Saraf BG, et al. Comparative assessment 

of chronological, dental, and skeletal age in children. Indian J Dent 
Res 2019;30(5):687–691. DOI: 10.4103/ijdr.IJDR_698_17

2.	 Malik P, Rana V, Rehani U. To evaluate the relationship between 
mandibular canine calcification stages and skeletal age. Int J Clin 
Pediatr Dent 2012;5(1):14–19. DOI: 10.5005/jp-journals-10005-1127

3.	 George GJ, Chatra L, Shenoy P, et  al. Age determination by S&M 
method: a forensic study. Int J Forensic Odontol 2018;3(1):36–39. DOI: 
10.4103/ijfo.ijfo_5_18

4.	 Schour I, Massler M. The development of the human dentition. J Am 
Den Assoc 1941;28:1153–1160.

5.	 Nolla CM. The development of permanent teeth. J Dent Child 
1960;27:254–266.

6.	 Demirjian A, Goldstein H, Tanner JM. A new system of dental age 
assessment. Human Biol 1973;45(2):211–227.

7.	 Cameriere R, Ferrante L, Belcastro M, et  al. Age estimation by 
pulp/tooth ratio in canines by periapical X-rays. J Forensic Sci 
2007;52(1):166–170. DOI: 10.1111/j.1556-4029.2006.00336.x

8.	 Yang F, Jacobs R, Willems G. Dental age estimation through volume 
matching of teeth imaged by cone-beam CT. Forensic Sci Int 
2006;159:S78–S83. DOI: 10.1016/j.forsciint.2006.02.031

9.	 Penaloza TY, Karkhanis S, Kvaal SI, et  al. Application of the Kvaal 
method for adult dental age estimation using cone beam computed 
tomography (CBCT). J Forensic Legal Med 2016;44:178–182. 
DOI: 10.1016/j.jflm.2016.10.013

and it also serves as a source of complementary information for 
pediatricians.6

Dental age estimation is done by comparing the dental 
development status of an individual of unknown age with 
previously published developmental surveys. In the present study, 
the dental age in all the children was assessed using four methods, 
that is, NM,5 DM,6 SM,4 and CM,7 and were compared with the exact 
chronological age, which was determined through valid proof, that 
is, aadhar card/birth certificate (not known to the operator). Dental 
age estimation using 2D radiological techniques was not able to 
provide enough information to establish a correct interpretation.8 
Therefore, the present study employed the use of CBCT for age 
estimation.

When chronological age was compared with NM, it 
underestimated the age (mean age = 11.80 years), and this 
difference was statistically significant (p = 0.004) (p < 0.05). The NM 
offers more interstage subdivisions and allows for better interstage 
distinction of dental maturity, which may be one of the reasons it 
has proven to be a more significant predictor.7

Similar results were observed in a study conducted by Kirzioglu 
and Ceyhan,13 who compared NM, Havikko, and DM in healthy 
Turkish children between 7 and 13 years old, and the authors 
concluded that the NM was more accurate than Havikko and DM 
in the Turkish population.

When chronological age was compared with the DM, it was 
observed that DM overestimated the chronological age; however, 
the difference was statistically significant (p < 0.05). This could 
be attributed to the reason that in the DM, the stages are clearly 
defined, and they facilitate the classification of the development 
of individual teeth.6

When S&M method and Cameriere were compared with the 
chronological age, both the methods overestimated the age, but 
the result was statistically nonsignificant (p < 0.05). The possible 
explanation for this could be that S&M omitted several age 
categories in which tooth development is highly variable. Also, 
the chart does not have separate surveys for males and females.4 
Similarly, CM is based on mathematical measurements and formulae 
with objective, statistical, and numerical approaches that maximize 
possible errors of interpretation, which might result in lower 
reliability. Thus, these methods were not found to be more reliable 
for exact age estimation.14

In the intercomparison of NM with the other methods, the 
NM underestimated the mean age difference compared to other 
methods, and the result was statistically significant (p < 0.001). 
The results were in accordance with several studies15,16 in which 
the NM was found to be a more accurate method for estimating 
dental age than the DM.

When the DM was compared with other radiographic methods, 
it was found that the DM underestimated the age compared 
to S&M and CM but overestimated the mean age compared to 
the NM. Similar results were obtained in the study by Boel and 
Bahri17 in which the S&M method was compared to the DM, and 
it was concluded that the DM more accurately estimated the 
chronological age.

Wolf et  al.18 compared CM with DM and observed that DM 
showed more appropriate results for dental age estimation, and 
CM showed a higher inaccuracy in all age-groups.

When a comparison of S&M method with other methods 
was done, it was demonstrated that it overestimated the age 
as compared to the NM and DM and underestimated the age 

https://orcid.org/0000-0001-7285-9074
https://doi.org/10.4103/ijdr.IJDR_698_17
https://doi.org/10.5005/jp-journals-10005-1127
https://doi.org/10.4103/ijfo.ijfo_5_18
https://doi.org/10.1111/j.1556-4029.2006.00336.
https://doi.org/10.1016/j.forsciint.2006.02.031
https://doi.org/10.1016/j.jflm.2016.10.013


Accuracy of Different Dental Age Estimation Methods

International Journal of Clinical Pediatric Dentistry, Volume 17 Issue 5 (May 2024)564

15.	 Nur B, Kusgoz A, Bayram M, et  al. Validity of Demirjian and Nolla 
methods for dental age estimation for Northeastern Turkish children 
aged 5–16 years old. Med Oral Patol Oral Cir Bucal 2012;17(5):871–877. 
DOI: 10.4317/medoral.18034

16.	 Fantasia E, Rodi G, D’emidio MM, et al. Comparison between Nolla 
and Demirjian dental age assessment methods: a systematic review. 
Am J Orthod 2016;7(10):52.

17.	 Boel T, Bahri TA. Age estimation using Schour-Massler method 
compared to the Demirjian method. Dentika Dent J 2019;22(1):15–19. 
DOI: 10.32734/dentika.v22i1.1713

18.	 Wolf TG, Briseño-Marroquín B, Callaway A, et  al. Dental age 
assessment in 6- to 14-year old German children: comparison of 
Cameriere and Demirjian methods. BMC Oral Health 2016;16(1):1–8. 
DOI: 10.1186/s12903-016-0315-8

19.	 Merdietio Boedi R, Shepherd S, Mânica S, et al. CBCT in dental age 
estimation: a systematic review and meta analysis. Dentomaxillofacial 
Radiol 2022;51(4):20210335. DOI: 10.1259/dmfr.20210335

10.	 Zirk M, Zoeller JE, Lentzen MP, et al. Comparison of two established 
2D staging techniques to their appliance in 3D cone beam computer-
tomography for dental age estimation. Sci Rep 2021;11(1):1–9. 
DOI: 10.1038/s41598-021-88379-1

11.	 Gaurav V, Srivastava N, Rana V, et  al. A study of root canal 
morphology of human primary incisors and molars using cone beam 
computerized tomography: an in vitro study. J Indian Soc Pedod Prev 
Dent 2013;31(4):254. DOI: 10.4103/0970-4388.121827

12.	 Tyagi A, Srivastava N, Rana V, et al. Radiological and nonradiological 
methods of dental and skeletal age assessment: A narrative review. 
J Oral Maxill Radiol 2022;10(1):1. DOI: 10.4103/jomr.jomr_5_22

13.	 Kirzioglu Z, Ceyhan D. Accuracy of different dental age estimation 
methods on Turkish children. Forensic Sci Int 2012;216(1–3):61–67. 
DOI: 10.1016/j.forsciint.2011.08.018

14.	 Shen S, Liu Z, Wang J, et al. Machine learning assisted Cameriere for 
dental age estimation. BMC Oral Health 2021;21(1):1–10. DOI: 10.1186/
s12903-021-01996-0

https://doi.org/10.4317/medoral.18034
https://doi.org/10.32734/dentika.v22i1.1713
https://doi.org/10.1186/s12903-016-0315-8
https://doi.org/10.1259/dmfr.20210335
https://doi.org/10.1038/s41598-021-88379-1
https://doi.org/10.4103/0970-4388.121827
https://doi.org/10.4103/jomr.jomr_5_22
https://doi.org/10.1016/j.forsciint.2011.08.018
https://doi.org/10.1186/s12903-021-01996-0
https://doi.org/10.1186/s12903-021-01996-0

	Accuracy of Different Dental Age Estimation Methods Using Cone Beam Computed Tomography: A Comparative Study
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Clinical Significance

	Orcid
	References


