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ABSTRACT

Objective: The purpose of the present study was to compare 
three methods for calculation of dental age (DA) to be used for 
forensic purposes. Material and methods: 512 panoramic X-rays 
of subjects of both genders living in Maracaibo, State of Zulia, 
Venezuela were selected (272 females, 240 males). Selected 
subjects were in the 6-18 years chronological age (CA) range. 
Maturation stages of Nolla, Moorrees et al and Demirjian et al 
were assigned to seven permanent teeth of the left side, and DA 
was calculated according to methodology of each author. CA was 
obtained where different stages of maturation were observed, 
as well as mean difference between DA and CA as calculated 
with each method were obtained with a t student test for related 
samples. Results: In general, females reached maturation stages 
at earlier ages than males. The total sample revealed age over-
estimation for the Demirjian method (-0.14 ± 1.45), whereas, a 
sub-calculation was observed for the Nolla and Moorrees et al 
method. This under-estimation was greater for the Moorrees at 
al method (2.63 ± 2.09) when compared to Nolla method (0.42 
± 1.38) and differences between DA and CA were found to be 
statistically signifi cant. Conclusion: In the total studied sample, it 
was determined that Demirjian et al method was the most accurate.

Key words: Dental development, dental age, Nolla method, Moorrees method, Demirjian method.
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RESUMEN

Objetivo: El propósito de este estudio fue comparar tres métodos 
de estimación de la edad dental (ED) con fi nes forenses. Material 
y métodos: Se seleccionaron 512 radiografías panorámicas de su-
jetos de Maracaibo, Estado Zulia, Venezuela, de ambos sexos (272 
hembras y 240 varones), con edades cronológicas (EC) entre 6-18 
años. Se asignaron los estadios de maduración propuestos por No-
lla, Moorrees et al y Demirjian et al a siete dientes mandibulares 
permanentes del lado izquierdo, la ED fue calculada de acuerdo 
con la metodología de cada autor. Se obtuvo la EC en la cual se 
observaron los diferentes estadios de maduración, así como las di-
ferencias de media entre la EC y la ED estimada por cada método 
mediante un test de Student para muestras relacionadas. Resulta-
dos: En general, las hembras alcanzaron los estadios de madura-
ción a edades más tempranas que los varones. Se evidenció en el 
total de la muestra, una sobreestimación de la edad para el método 
de Demirjian et al (-0.14 ± 1.45), mientras que para el de Nolla y 
Moorrees et al se observó una subestimación, esta subestimación 
fue mayor para el método de Moorrees et al (2.63 ± 2.09) que para 
el de Nolla (0.42 ± 1.38), siendo que las diferencias encontradas 
entre la EC y la ED fueron estadísticamente signifi cativas. Conclu-
sión: Se determinó que para el total de la muestra, el método de 
Demirjian et al fue el más preciso.
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INTRODUCTION

Dental age (DA) is considered a reliable indicator of 
chronological age (CA), and has been used in dentistry 
with the aim of determining whether dental maturation of 
the patient is  found to be within average for his age group, 
It has also been used for live or deceased individuals 
lacking valid identifi cation documents.1-3 In this sense, 
DA determination during childhood (0-14 years) includes 
all dental groups in maturation stages, whereas third 
molars are used in adolescence and early adulthood 
(14-21 years), since those teeth are still developing 
in this period. Forensic age calculation in children and 
adolescents, also includes assessment of anthropometric 
indicators, secondary sexual traits (characters) as well as 
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maturation radiographic assessment, where recognition 
of development disorders which might influence age 
calculations are of the utmost importance.4-6

Among methods used to assess dental maturation we 
can count those of Nolla,7 Moorrees et al8 and Demirjian 
et al.1 Nollas method7 divides dental development in 11 
stages, which comprise from «0», absence of the crypt 
until apical closure of single and multi-rooted teeth. To 
apply this method, a quadrant of the upper or lower 
jaw can be selected, or even the complete arch, either 
including or not including the third molar. Each tooth 
has an assigned stage, represented by punctuation; 
these punctuations are added and scores (points) are 
obtained, which are then transformed into DA by means 
of reference tables for each gender.

Even though the method of Moorrees et al8 proposes 
assignation of maturation stages for crown and root, these 
can vary in number according to whether the tooth is 
single rooted or multi-rooted. Once the stage is selected, 
DA is inferred through graphs which allow to know the 
age in which the stage is observed for this particular 
tooth, this enables calculation through evaluation of a 
single tooth, or through average of corresponding ages to 
stages assigned to a group of teeth.

On the other hand, Demirjian et al1 method presents 
eight stages of maturation, named with letters from A 
to H which represent formation of all seven left side 
mandibular teeth. A punctuation corresponds to each 
stage, after that, points are added, and the resulting 
score is transformed into DA, using reference tables 
for each gender. For stage assignation, authors 
propose in addition to schematic images, radiographic 
images and description.

Several studies have been conducted to assess 
applicability of these methods to subjects with ethnic, 
socioeconomic and environmental characteristics 
different from those of the samples used in their 
elaboration, bearing in mind that most have been 
conducted in European subjects,9-11 Asian,12 African13 
and subjects residing in Oceania.14 In Latin America, 
research has been reported in Argentinian,15 
Brazilian,16,17 Chilean,18 Colombian,19 Paraguayan,20 
Peruvian21,22 and Mexican23 subjects.

In reports coming from Venezuela, we can mention 
research conducted by Cruz-Landeira et al2 in Native 
Americans of Merida, State of Merida, in the Andean 
zone of the country; research conducted by Medina3 
in children from Caracas’ Metropolitan area and the 
west; Tineo et al24 and Ortega-Pertuz et al25 in subjects 
from Maracaibo, State of Zulia.

Considering the fact that tooth maturat ion 
studies are scarce in Latin America, especially so 
in Venezuela, and also considering that DA is an 

important indicator for a forensic age diagnosis, the 
present research project has the aim of comparing 
methods of Nolla,7 Moorrees et al8 and Demirjian et al1 
in a sample of subjects from Maracaibo, State of Zulia.

MATERIAL AND METHODS

Sample

The study’s population was composed of panoramic 
X-rays of patients attending CIAN (Centro Integral de 
Atención al Niño, Center for Comprehensive Childcare) 
and from the Forensic Dentistry Area Files (Research 
institute, School of Dentistry, University of Zulia). The 
sample was composed of 512 panoramic X-rays of 
subjects of both genders (272 females, 240 males), 
aged 6-18 years. The following inclusion criteria were 
used to select X-rays: absence of systemic disease 
as well as size and weight according to CA as stated 
in the previous clinical history. Images with suffi cient 
contrast and density, minimal distortion, presence 
of all seven permanent mandibular teeth in the left 
side, in case of some missing tooth, the homologous 
tooth in the opposite side was considered, absence of 
extensive disease and number anomalies, shape, size 
or position which might alter odontogenesis.

Age groups for each gender were composed so 
as to have groups of at least 10 subjects with age 
difference amongst them of 11 months. Real age was 
calculating by subtracting birth date from date of X-ray 
procurement.

Techniques and procedure

Procurement of X-ray images

X-rays selected from CIAN were digitalized 
with a photographic camera (Sony Cyber-shot 
DSC-W650. Sony Corporation, Tokyo Japan) with 
300 dpi resolution. In order to obtain an image, the 
radiograph was placed on a desk negatoscope, in an 
environment with dimmed light, no fl ash and framed 
with matte black cardboard. At a later point these 
images were stored in a computer and transformed to 
a scale of grey in order to be interpreted. Panoramic 
X-rays selected from the Forensic Dentistry Area were 
physically available for analysis.

Tooth maturation analysis and DA calculation

All conventional and digital panoramic images were 
assessed by a single, previously gauged observer, who 
only possessed knowledge of the subject’s gender. 
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Digital images were analyzed using software Adobe 
Photoshop CS6 version (Adobe System Incorporated, 
San Jose, CA, USA). The operator could use resources 
of brightness (shine), contrast and magnifi cation of the 
software. Conventional panoramic radiographs were 
placed on a desk negatoscope with a matte black 
mask to improve their observation in an environment of 
dimmed light. In these studied methods, only the seven 
left lower permanent teeth were evaluated.

In cases when Nolla7 method was applied, 
radiographic evaluation was performed of mineralization 
grade of studied permanent teeth, and corresponding 
stage was assigned represented as punctuation 
according to the method. Following author’s instructions, 
in cases when studied tooth was found to be between 
two stages, a value of 0.5 was added to the punctuation; 
in those cases when it showed development slightly 
above than that described by stage, 0.2 was added to 
assigned score (punctuation); in cases when the tooth 
exhibited a slightly lesser development to the following 
stage, 0.7 was added. Obtained scores were added 
and result was transformed into DA by means of tables 
standardized for each gender.

In the case of Moorrees et al8 method, proposed 
stages were identified in studied teeth. After this, a 
certain age was assigned to each tooth according to 
the stage reached using Smith’s26 table; after this, 
these age scores were averaged so as to obtain the 
subject’s DA. In Demirjian et al1 method, selection 
of stages and DA calculation were accomplished 
following procedure described by the author. Data 
were recorded in a specially tailored chart.

Statistical analysis

Statistical package SPSS version 15.0 (Statistical 
Package for the Social Sciences SPSS Inc. Chicago Ill, 
USA) was used for data analysis. Descriptive statistics 
were obtained (mean, standard deviation) of chronological 
ages at which different maturation studies of studied 
methods were observed. Likewise, means of dental ages 
for both genders as determined by each method were 
calculated. Mean differences between DA and dental 
ages obtained in each method were determined. This 
was achieved with a T Student test for related samples, 
thus, in the present study, a negative symbol implied 
age over-estimation, and a positive sign represented a 
subestimation. Assumed signifi cance level was p < 0.05.

RESULTS

Tables I-III show results of chronological ages 
means obtained for maturation stages of all three 

methods. In general, in all three methods, females 
reached these stages at earlier ages than males.

Table IV shows mean difference between CA 
and DA calculated for each method used in the 
present study. It was observed in the total sample 
that there was age over-estimation in the Demirjian 
et al method,1 whereas Nolla’s7 and Moorrees et 
al methods8 subestimation was observed, which 
was more pronounced in Moorrees et al method.8 
Differences found among variables were statistically 
signifi cant; Demirjian et al method1 exhibited lesser 
difference with CA. In Demirjian et al’s method1 
calculated aged over-estimation was observed for both 
genders, this being signifi cant for males, whereas in 
Nolla7 and Moorrees et al methods8 under-estimation, 
with statistical signifi cant differences was observed; 
among these two, Moorrees et al method8 exhibited 
greater under-estimation.

Tables V and VI show mean and mean difference 
between CA and DA, calculated through all three 
methods used in the present study and distributed by 
gender and age group. In groups 6 and 8 years old, 
females (Table V) exhibited age over-estimation in the 
Nolla7 method, whereas in groups 7 and 9-18 years, 
age subestimation was observed with variance ranging 
0.02 ± 0.51 to 2.61 ± 0.30 years; these differences 
were statistically signifi cant for groups 11 and 16-18 
years. Moorrees et al’ s method8 exhibited consistent 
age underestimation in all groups, with variation 
ranging from 0.20 ± 1.14 to 7.61 ± 0.231 years; these 
differences were statistically signifi cant with exception 
of the six year old group.

In the Demirjian et al1 method, age a statistically 
significant over-estimation was observed in groups 
6-11 years, varying in ranges -0.51 ± 1.13 to -1.29 
± 1.18 years age subestimation was observed from 
group 12-18 years onwards; differences were only 
statistically signifi cant for groups 15-18 years.

In males, table VI showed age overestimation in 
age in groups 6-8 and 13 years with the Nolla method;7 
these differences were statistically significant for 
groups six and seven years. Age under-estimation was 
observed in groups of 9, 10, 12, 14 and 15 years. In 
groups of 11, 16-18 years, age under-estimation was 
observed, with variation ranging 0.50 ± 0.97 to 2.50 
± 0.58 years, with statistically signifi cant differences. 
Moorrees et al method8 exhibited age under-estimation 
ranging from 0.45 ± (0.82) to 6.64 ± (0.30), with 
statistically signifi cant differences for all groups.

Consistent age over-estimation was observed 
in Demirjian et al1 with statistically significant 
differences between CA and DA in groups 6-14 years, 
which varied from -022 ± 1.15 to -1.26 ± 0.73 years, 
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except for the group 15 years. Age subestimation 
was observed from group 16 years onwards varying 
from 0.75 ± (0.98) to 2.34 ± (0.30) with statistically 
signifi cant differences.

Graphs were built, to represent comparison 
between estimated CA and DA means according to all 
three methods in age groups for both genders (Figures 
1 and 2). With respect to CA, more proximity was 

Table I. Means and standard deviations of chronological ages (years) where maturation 
stages of the Nolla method are observed for both genders.

Stages Gender

Teeth

37 36 35 34 33 32 31

Me SD Me SD Me SD Me SD Me SD Me SD Me SD

10 F 16.37 1.74 13.41 2.85 15.63 2.02 15.10 2.17 14.96 2.21 13.27 2.89 13.00 2.99
M 16.53 1.68 13.59 2.91 16.02 1.84 15.48 2.01 15.81 1.87 13.63 2.85 13.13 3.11

9 F 13.07 1.51 8.53 1.59 12.48 1.80 11.76 1.76 11.10 1.77 8.72 1.44 7.70 1.07
M 13.40 1.58 8.63 1.76 12.55 1.32 11.62 1.08 11.80 1.56 8.70 1.49 8.05 1.65

8 F 11.50 1.55 7.86 2.20 10.23 1.36 9.79 1.23 9.00 1.52 6.94 0.59 7.51 1.78
M 11.63 1.42 7.66 1.69 10.62 1.50 10.07 1.68 8.93 1.19 7.06 0.99 7.62 1.98

7 F 9.72 1.29 - - 9.07 1.42 8.30 1.36 7.21 0.84 6.86 0.25 - -
M 9.97 1.31 6.40 0.34 8.90 1.54 8.23 1.21 7.27 0.91 9.07 2.10 6.90 -

6 F 8.17 1.54 - - 7.56 1.63 7.09 0.91 6.30 - - - - -
M 8.38 1.61 - - 7.61 1.21 7.31 1.27 7.92 2.00 6.90 - - -

5 F 7.13 1.00 - - 7.15 0.49 - - - - - - - -
M 7.17 1.29 - - 6.25 0.07 6.90 - - - - - - -

4 F - - - - - - - - - - - - - -
M 6.20 - - - 6.90 - - - - - - - - -

F = Female, M = Male, SD = Standard deviation, Me = median.

Table II. Means and standard deviations of chronological ages (years) where maturation 
stages are observed for both genders according to Moorrees et al method.

Stages Gender

Teeth

37 36 35 34 33 32 31

Me SD Me SD Me SD Me SD Me SD Me SD Me SD

Cr¾ F 7.25 0.49 - - 6.80 - - - - - - - - -
M 6.90 0.83 - - 7.08 1.49 6.30 - - - - - - -

CrC F 7.58 1.12 - - 7.54 1.61 6.72 0.44 - - - - - -
M 8.02 1.15 - - 7.29 0.99 6.97 0.91 - - - - - -

Ri F 9.04 2.19 - - 8.66 1.60 7.48 0.80 6.36 0.40 - - - -
M 8.40 1.05 - - 8.55 1.22 8.03 1.28 7.28 1.29 - - - -

R¼ F 9.65 1.41 - - 8.70 0.80 8.80 1.18 7.31 0.80 6.58 0.39 - -
M 9.91 1.45 6.50 0.34 9.50 1.44 8.54 1.18 7.54 0.86 6.80 0.56 - -

R½ F 11.07 1.28 6.15 0.21 10.63 1.37 9.43 1.14 7.92 0.78 6.75 0.63 6.00 -
M 11.36 1.41 7.64 1.71 9.70 0.78 9.54 1.29 8.51 0.91 7.71 2.00 6.43 0.41

R3/4 F 11.10 1.42 7.87 1.36 10.61 1.11 10.39 1.16 9.53 1.51 7.11 0.38 6.84 0.48
M 11.55 0.77 7.60 1.85 11.64 1.58 10.80 1.82 9.30 1.08 7.65 1.20 6.95 1.06

Rc F 11.14 0.52 7.00 0.47 11.04 1.87 11.14 1.39 10.53 1.54 9.30 3.51 6.85 0.44
M 12.27 1.02 7.30 0.94 11.88 1.20 11.33 1.01 11.22 1.33 7.78 1.19 7.37 1.53

A½ F 13.53 1.31 8.81 1.59 12.82 1.60 11.81 1.76 11.36 1.96 8.66 1.20 7.98 1.03
M 13.62 1.58 8.76 1.80 12.92 1.24 11.88 1.12 12.63 1.49 8.88 1.47 8.35 1.65

Ac F 16.52 1.63 13.40 2.85 15.63 2.02 15.10 2.17 14.96 2.21 13.27 2.89 12.98 2.99
M 16.54 1.75 13.63 2.87 16.05 1.82 15.48 2.01 15.81 1.87 13.63 2.85 13.13 3.12

F = Female, M = Male, SD = Standard deviation, Me = median.
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observed in Nolla’s7 and Demirjian’s1 et al method. 
Moorrees8 et al method exhibited least proximity to 
CA, showing under-estimation.

DISCUSSION

DA is included in the forensic age diagnosis 
of subjects with teeth in maturation process.4,5 In 
the present research Nolla’s,7 Moorrees at al8 and 
Demirjian et al1 methods were used; DA was compared 

to CA with the aim of acknowledging which method 
was more accurate in ages calculation.

When maturation stages proposed by each method 
were identifi ed in X-rays, it was clear that, regardless 
of method employed, females reached stages at 
earlier ages than males, this is concurrent with other 
authors’ reports.11-24

In Nolla’s7 method, results revealed age under-
estimation for the whole sample in both genders, 
values obtained were lesser than those found in 

Table III. Means and standard deviations of chronological ages (years) where maturation stages 
for both genders can be observed according to Demirjian et al method.

Maturation stages

Teeth Gender

C D E F G H

Me SD Me SD Me SD Me SD Me SD Me SD

37 F - - 7.85 1.29 9.88 1.41 10.74 1.72 12.86 1.52 16.47 1.64
M 8.65 2.47 7.99 1.64 9.95 1.47 10.91 1.44 13.35 1.56 16.58 1.55

36 F - - - - - - 6.60 0.42 8.53 1.66 13.41 2.84
M - - - - 6.60 0.42 7.62 1.98 8.49 1.78 13.60 2.83

35 F 6.80 - 7.27 1.30 8.81 1.52 1.10 1.48 12.73 1.62 12.73 1.62
M 7.22 1.43 7.56 1.25 8.51 1.46 10.59 1.48 12.57 1.35 16.00 1.78

34 F - - 6.87 0.41 7.86 1.00 9.75 1.29 11.72 1.71 15.13 2.15
M - - - - 6.60 0.42 7.62 1.98 8.49 1.78 13.60 2.83

33 F - - - - 6.97 0.43 9.08 1.48 11.25 1.86 15.10 2.15
M - - 8.46 2.05 7.18 1.00 9.05 1.43 11.93 1.60 15.83 1.87

32 F - - - - 6.90 0.30 6.94 0.58 8.93 1.58 13.28 2.91
M - - - - 6.90 0.63 7.45 1.52 8.72 1.48 13.59 2.82

31 F - - - - - - 7.08 0.36 7.80 1.42 12.96 3.00
M - - - - 6.10 - 7.51 1.52 8.08 1.65 13.13 3.06

F = Female, M = Male, SD = Standard deviation, Me = median.

Table IV. Mean and mean difference between chronological age and dental age estimated with different studied methods.

Method Gender (n) CA (SD) DA (SD) CA-DA (SD)

CI (95%)

Sig.‡Max. Min.

Nolla F (272) 12.30 (3.34) 11.79 (3.07) 0.51 (1.41) 0.34 0.68 0.00*
Moorrees 9.44 (1.51) 2.86 (2.14) 2.60 3.11 0.00*
Demirjian 12.34 (2.74) -0.03 (1.45) -0.21 0.13 0.65

Nolla M (240) 12.22 (3.47) 11.90 (2.95) 0.32 (1.35) 0.15 0.49 0.00*
Moorrees 9.84 (1.87) 2.38 (2.01) 2.13 2.64 0.00*
Demirjian 12.49 (2.95) -0.26 (1.44) -0.44 -0.08 0.00*

Nolla Total (512) 12.27 (3.40) 11.84 (3.01) 0.42 (1.38) 0.30 0.54 0.00*
Moorrees 9.63 (1.70) 2.63 (2.09) 2.45 2.82 0.00*
Demirjian 12.41 (2.83) -0.14 (1.45) -0.27 -0.01 0.02*

‡ t test for related samples.
F = Females, M = Males, CA = Chronological age, DA = Dental age, SD = Standard deviation, CI = Confi dence interval, Max. = Maximum, 
Min. = Minimum, Sig. = Signifi cance (p < 0.05).
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children in Bangladesh,27 Turkey28 and United 
Kingdom.27 With respect to Latin American samples, 
underestimation in the present study was similar 
to that found in Argentinians15 and Peruvians21 and 
lower to that found in Brazilians.17 In the case of 
Venezuelans, Medina3 reported values above those 
found in the present study.

With respect to Moorrees et al8 method, obtained 
results showed age under-estimation in males and 
females for the full sample, in discordance with 
that found for Colombians.19 Under-estimation 
values found in the present research were higher 
than those reported in South Afr icans29 and 
Venezuelans.3

Table V. Mean and mean differences between chronological age and dental age estimated 
with different studied methods according to age group for females.

AG (n) Methods CA (SD) DA (SD) CA-DA (SD)

CI (95%)

Sig.‡Max. Min.

6 (13) Nolla 6.58 (0.31) 7.15 (1.06) -0.56 (1.14) 0.12 -1.26 0.09
Moorrees 6.38 (1.08) 0.20 (1.14) 0.89 -0.48 0.53
Demirjian 7.87 (1.01) -1.29 (1.18) -0.57 -2.00 0.00*

7 (17) Nolla 7.49 (0.29) 7.47 (0.51) 0.02 (0.51) 0.29 -0.24 0.85
Moorrees 6.79 (0.62) 0.70 (0.57) 0.99 0.40 0.00*
Demirjian 8.11 (0.49) -0.61 (0.39) -0.41 -0.82 0.00*

8 (21) Nolla 8.47 (0.30) 8.80 (1.16) -0.33 (1.09) 0.16 -0.83 0.17
Moorrees 7.90 (0.63) 0.56 (0.57) 0.82 0.30 0.00*
Demirjian 9.65 (1.13) -1.18 (1.05) -0.70 1.16 0.00*

9 (20) Nolla 9.30 (0.28) 9.00 (097) 0.30 (0.99) 0.76 -0.16 0.19
Moorrees 8.13 (0.74) 1.16 (0.75) 1.51 0.81 0.00*
Demirjian 10.14 (1.00) -0.84 (1.05) -0.35 -1.33 0.00*

10 (27) Nolla 10.40 (0.30) 10.14 (0.98) 0.25 (1.06) 0.68 -0.16 0.21
Moorrees 8.91 (067) 1.49 (0.79) 1.80 1.17 0.00*
Demirjian 10.92 (1.06) -0.51 (1.15) -0.05 -0.97 0.02*

11 (31) Nolla 11.33 (0.24) 10.64 (1.01) 0.69 (1.09) 1.09 0.29 0.00*
Moorrees 9.43 (0.73) 1.90 (0.84) 2.21 1.59 0.00*
Demirjian 11.85 (1.07) -0.51 (1.13) -0.09 -0.92 0.01*

12 (25) Nolla 12.36 (0.31) 11.82 (1.66) 0.54 (1.62) 1.24 -0.15 0.12
Moorrees 9.94 (0.65) 2.42 (0.64) 2.70 2.14 0.00*
Demirjian 12.30 (1.57) 0.06 (1.43) 0.68 -0.05 0.83

13 (30) Nolla 13.51 (0.26) 13.03 (1.89) 0.46 (1.92) 1.21 -0.28 0.21
Moorrees 10.30 (0.57) 3.19 (0.61) 3.42 2.95 0.00*
Demirjian 13.36 (1.44) 0.14 (1.46) 0.69 -0.41 0.60

14 (24) Nolla 14.41 (0.26) 13.91 (1.61) 0.49 (1.60) 1.17 -0.18 0.14
Moorrees 10.58 (0.29) 3.83 (0.379) 3.98 3.67 0.00*
Demirjian 14.04 (1.45) 0.36 (1.39) 0.95 -0.22 0.21

15 (21) Nolla 15.36 (0.26) 15.00 (1.54) 0.36 (1.45) 1.02 -0.30 0.26
Moorrees 10.76 (0.29) 4.59 (0.29) 4.73 4.45 0.00*
Demirjian 15.16 (1.30) 0.19 (1.23) 0.75 -0.36 0.47

16 (15) Nolla 16.53 (0.28) 15.66 (0.89) 0.86 (0.98) 1.41 0.31 0.00*
Moorrees 10.95 (0.25) 5.57 (0.38) 5.79 5.36 0.00*
Demirjian 15.78 (0.63) 0.75 (0.75) 1.16 0.33 0.00*

17 (13) Nolla 17.58 (0.28) 16.00 (0.00) 1.58 (0.28) 1.75 1.41 0.00*
Moorrees 10.95 (0.00) 6.63 (0.28) 6.80 6.46 0.00*
Demirjian 16.00 (0.00) 1.58 (0.28) 1.75 1.41 0.00*

18 (15) Nolla 18.61 (0.30) 16.00 (0.00) 2.61 (0.30) 2.78 2.44 0.00*
Moorrees 11.00 (0.19) 7.61 (0.31) 7.78 7.43 0.00*
Demirjian 16.00 (0.00) 2.61 (0.30) 2.78 2.44 0.00*

‡ t test for related samples.
AG = Age group, F = Females, M = Males, CA = Chronological age, DA = Dental age, SD = Standard deviation, CI = Confi dence interval, 
Max. = Maximum, Min. = Minimum, Sig. = Signifi cance (p < 0.05).
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With respect to Demir j ian et al  method1 a 
consistent age over-estimation was observed. 
In males, age over-estimation was higher than 
that observed in Iranians, and lesser in both 
genders than that reported in subjects f rom 
Saudi Arabia,12 Australia,14 Belgium,9 Spain,10 
France11 and Senegal.13 In Latin America, reports 

obtained in the present research were lesser than 
those reported for Argentinians,15 Brazilians,16 
Chileans,18 Paraguayans20 and Peruvians.22 For 
Venezuelans, this over-estimation was observed in 
children of Caracas Metropolitan Areas3 and Zulia 
inhabitants24,25 whereas in people from Merida,2 age 
was underestimated when applying the method.

Table VI. Mean and mean differences between chronological age and dental age estimated 
with different studied methods according to age group for males.

AG (n) Methods CA (SD) DA (SD) CA-DA (SD)

CI (95%)

Sig.‡Max. Min.

6 (15) Nolla 6.45 (0.29) 7.42 (0.93) -0.97 (0.94) -0.42 -1.51 0.00*
Moorrees 5.95 (0.61) 0.50 (0.67) 0.89 1.11 0.01*
Demirjian 7.72 (0.64) -1.26 (0.73) -0.83 -1.69 0.00*

7 (15) Nolla 7.36 (0.31) 8.20 (0.56) -0.83 (0.64) -0.47 -1.19 0.00*
Moorrees 6.90 (0.74) 0.45 (0.82) 0.91 -0.00 0.05*
Demirjian 8.20 (0.54) -0.84 (0.55) -0.53 -1.14 0.00*

8 (22) Nolla 8.77 (1.29) 9.06 (1.21) -0.29 (0.80) 0.06 -0.64 0.10
Moorrees 8.02 (1.06) 0.75 (0.90) 1.15 0.35 0.00*
Demirjian 9.78 (1.54) -1.00 (1.04) -0.54 -1.46 0.00*

9 (19) Nolla 9.44 (0.37) 9.42 (0.90) 0.02 (0.92) 0.46 -0.42 0.91
Moorrees 8.36 (0.94) 1.08 (0.94) 1.53 0.62 0.00*
Demirjian 9.95 (1.46) -0.51 (1.42) 0.17 -1.20 0.13

10 (18) Nolla 10.36 (0.26) 10.00 (1.37) 0.36 (1.44) 1.08 -0.35 0.29
Moorrees 9.18 (0.89) 1.18 (0.93) 1.64 0.71 0.00*
Demirjian 11.08 (1.59) -0.71 (1.66) 0.11 -1.54 0.08

11 (30) Nolla 11.40 (0.29) 10.90 (0.95) 0.50 (0.97) 0.86 0.13 0.00*
Moorrees 9.97 (0.84) 1.43 (0.91) 1.77 1.09 0.00*
Demirjian 11.62 (1.13) -0.22 (1.15) 0.21 -0.65 0.30

12 (25) Nolla 12.46 (0.31) 12.20 (1.08) 0.26 (1.15) 0.73 -0.21 0.27
Moorrees 10.63 (0.61) 1.82 (0.69) 2.10 1.53 0.00*
Demirjian 12.99 (1.14) -0.53 (1.18) -0.04 -1.02 0.03*

13 (17) Nolla 13.40 (0.25) 13.58 (1.27) -0.18 (1.27) 0.47 -0.83 0.56
Moorrees 11.15 (0.42) 2.25 (0.46) 2.49 2.01 0.00*
Demirjian 14.55 (1.09) -1.14 (1.08) -0.58 -1.70 0.00*

14 (18) Nolla 14.45 (0.31) 13.94 (1.14) 0.51 (1.30) 1.18 -0.16 0.12
Moorrees 11.29 (0.33) 3.15 (0.56) 3.45 2.86 0.00*
Demirjian 15.04 (1.01) -0.58 (1.17) 0.01 -1.19 0.05*

15 (17) Nolla 15.38 (0.23) 15.11 (1.53) 0.26 (1.59) 1.08 -0.55 0.50
Moorrees 11.53 (0.34) 3.84 (0.43) 4.06 3.62 0.00*
Demirjian 15.47 (1.34) -0.09 (1.36) 0.60 -0.79 0.78

16 (14) Nolla 16.40 (0.28) 15.21 (1.47) 1.18 (1.41) 2.00 0.36 0.00*
Moorrees 11.48 (0.55) 4.91 (0.51) 5.21 4.61 0.00*
Demirjian 15.65 (1.05) 0.75 (0.98) 1.31 0.18 0.01*

17 (19) Nolla 17.61 (0.24) 16.00 (0.00) 1.61 (0.24) 1.73 1.49 0.00*
Moorrees 11.70 (0.00) 5.91 (0.24) 6.03 5.79 0.00*
Demirjian 15.97 (0.00) 1.61 (0.24) 1.73 1.49 0.00*

18 (11) Nolla 18.31 (0.32) 15.81 (0.60) 2.50 (0.58) 2.89 2.10 0.00*
Moorrees 11.67 (0.09) 6.64 (0.30) 6.85 6.44 0.00*
Demirjian 15.97 (0.09) 2.34 (0.30) 2.55 2.14 0.00*

‡ t test for related samples.
AG = Age group, F = Females, M = Males, CA = Chronological age, DA = Dental age, SD = Standard deviation, CI = Confi dence interval, 
Max. = Maximum, Min. = Minimum, Sig. = Signifi cance (p < 0.05).
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When comparing differences between CA and DA 
in the total sample, it could be observed that Demirjian 
et al method1 showed lower values for both genders, 
this coincides with that observed in subjects from 
Bangladesh and the United Kingdom,27 whereas 
Nolla’s method7 was more accurate for Indians30 and 
Turks.30 Findings reported in the present work coincide 
with those of Gutierrez21 conducted in Peruvians, who 
compared Nolla’s7 and Demirjian et al1 methods and 
those observed by Medina3 in Venezuelans.

When mean differences between estimated CA 
and DA were analyzed through the three methods 
here studied, distributed according to gender and 
age, it could be observed that Nolla’s7 method for both 
genders and Demirjian et al1 method for females, that 
groups comprised between 9 and 15 years did not 
exhibit statistically signifi cant differences. On the other 
hand, in age groups comprised between 6-9 and 15-

18 years, differences between estimated CA and DA 
estimated thorugh all three methods were statistically 
significant. This dynamic process between age 
groups could be infl uenced by the variability in tooth 
maturation process exhibited by the studied sample, 
when compared to subjects in the sample used to 
build original methods.

Differences found between DA and CA estimated 
in all three methods, clearly refl ect infl uence exerted 
by genetic and environmental factors such as heredity, 
nutrition, health status of the subject, ethnicity, social 
and fi nancial level, climatologic factors, among others, 
which intervene and modify human development 
processes; these factors vary from one population 
to the next, therefore it is imperative to adapt these 
methods to the study methods, whose characteristics 
are different from those of subjects studied in the 
samples of original methods.2,3,9-30

All three applied methods exhibited usefulness in 
age forensic diagnosis, considering acceptable an 
error margin of ± 2-3 years in DA estimation, taking 
into account that DA must be used alongside the study 
of size and weight, presence of secondary sexual 
traits as well as bone age.4-6

CONCLUSIONS

Dental maturation stages assigned through studied 
methods were reached at earlier ages in females. 
It was verified that for Nolla’s7 and Moorrees et al8 
methods greater age underestimation was obtained; 
Moorrees et al method8 exhibited greater under-
estimation, and thus was considered the less precise 
of both, whereas overestimation was observed in 
Demirjian et al1 method.

Of all three presented methods, Demirjian et al 
method1 exhibited greater accuracy in dental age 
estimation for the whole studied sample. Although 
assessed methods showed applicability for age 
estimation for forensic purposes, it is necessary 
to adapt them to the studied populations, since 
these populations might exhibit different ethnic 
characteristics, environmental factors and social and 
fi nancial circumstances than the populations used to 
build standardization of these methods. In order to 
obtain suitable age calculation, DA must be evaluated 
along with size, weight, presence of secondary sexual 
traits and bone age.
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