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RESUMEN
La edad dental es un indicador de la maduración somática con
importancia tanto para la odontología clínica como forense.
Este estudio tiene como objetivo comparar la aplicabilidad de
los métodos propuestos por Demirjian y por Willems para la
estimación de la edad dental en un grupo de niños Venezolanos.
Fueron evaluadas 238 radiografías panorámicas de niños
venezolanos con edades de 5 a 13 años para determinar la edad
dental utilizando los métodos de Demirjan y de Willems.
Fueron excluidos casos con radiografías defectuosas, agene-
sia dental y pérdida prematura de dientes primarios. Las
medias de las diferencias entre la edad dental y la edad
cronológica fueron estimadas, distribuyendo por género y por
grupo de edad. Fueron utilizadas las pruebas estadísticas
ANOVA y T de Student (p=0,05). Para el método de Demirjian,

la media de la diferencia entre la edad dental y la edad
cronológica fue 0,62 ± 0,93 siendo estadísticamente significa-
tiva. La media de la sobrestimación para el género femenino
fue menor que para el género masculino (hembras 0,56 ± 0,96
años; varones 0,67 ± 0,93 años). Para el método de Willems la
diferencia entre la edad dental y la edad cronológica fue 0,15
± 0,97 sin significancia estadística. La precisión de este méto-
do presentó variación estadísticamente significativa entre
géneros (hembras 0,01 ± 0,96 años, varones (varones 0,29 ±
0,96 años). El método de estimación de edad dental de Willems
presentó mayor precisión para esta muestra de niños Vene-
zolanos.

Palabras clave: Estimación de edad según la dentición; niños;
radiografías; dental

ABSTRACT
Dental age is a somatic maturity indicator with importance in
clinical and forensic dentistry. The purpose of this study is to
compare the applicability of the Demirjian and Willems meth-
ods for dental age estimation in a group of Venezuelan children.
Panoramic radiographs of 238 Venezuelan children aged 5-13
years were used to assess dental age using the methods
described by Demirjian and Willems. Children with unclear
panoramic radiographs, dental agenesis, and premature loss
of primary teeth were excluded. Mean differences between den-
tal age and chronological age by gender and age groups were
estimated (ANOVA, Student tests p=0.05). For the Demirjian
method, the mean difference between dental age and chrono-

logical age was 0.62 ± 0.93 years, statistically significant. The
mean overestimation was lower for females than for males
(females 0.56 ± 0.96 years, males 0.67 ± 0.93 years). For the
Willems method, the mean difference between dental age and
chronological age was 0.15 ± 0.97 years, not statistically sig-
nificant. Accuracy was significantly different between genders,
performing best for females (females 0.01 ± 0.96 years, males
0.29 ± 0.96 years). The Willems method for age estimation was
found to be more accurate than the Demirjian method in this
sample of Venezuelan children.

Keywords: age determination by teeth; children; radiography;
dental
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INTRODUCTION
Estimation of biological age is extremely important
in several fields such as forensic medicine, pedi-
atric endocrinology, archaeology, and clinical den-
tistry. Biological age indicates an individual’s
progress towards full maturation and may be esti-
mated by studying one or more tissue systems such

as skeletal, body mass, secondary sexual characters
or dental system.1-9

Dental development is under strong genetic control,10

and may be altered by preterm birth,11-13 systemic
diseases or syndromes, malnutrition,14 chemothera-
py or radiotherapy.15,16 On a local basis, permanent
tooth eruption and tooth formation may be affected
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by dental injuries to the primary dentition, caries, 17

apical infections, pulp therapy18 or premature
extractions.19-22 Dental age may be estimated either
by tooth eruption or tooth formation, 2 and hence
appropriate study groups and accurate methods that
include observation of dental buds in dental
panoramic or lateral cephalic radiographs4, 23,24 are
required for its determination. 
Demirjian, Goldstein and Tanner4 proposed a
method for dental age estimation based on the
development stages of seven left mandibular tooth
buds (central and lateral incisors, canine, first and
second premolars and first and second molars) from
panoramic radiographs of a large group of French
Canadian children. This method has been applied
in populations around the world, with reports of
wide variation from the known chronological age
of the cases studied; usually with consistent overes-
timation of dental age.5, 9, 25-33

Willems et al.7 adapted the method developed by
Demirjian in a Belgian Caucasian population. This
method has proven more accurate for estimating
dental age, although only a few studies assessing it
have been published.8, 33, 34

Although there are available data on the applicabil-
ity of the Demirjian method in Latin American chil-
dren, there is no published data comparing the
Demirjian and Willems methods in these popula-
tions.5,9 Thus, the data set analyzed in the present
study provides a unique opportunity to compare the
applicability of the Demirjian and Willems meth-
ods for dental age estimation in a group of Venezue-
lan children.

MATERIAL AND METHODS 
This is a retrospective study of 238 panoramic dental
radiographs of healthy Venezuelan children (117
males, 121 females), aged 5 to 13 years, with mean
chronological age 8.86 ± 2.34 years; 8.85 ± 2.36 years
for males, 8.87 ± 2.33 years for females (Fig. 1), col-
lected from 2000 to 2010 in the Caracas region.
A convenience sampling method was applied to
select the panoramic radiographs from children
attending a Pediatric Dental Clinic in Caracas,
Venezuela. Gender and age stratification was per-
formed to segregate the radiographs and those in
compliance with the inclusion criteria (healthy chil-
dren, free from any disorder affecting growth, good
quality radiograph, presence of all seven left
mandibular teeth) were considered in the study.

Children with unclear panoramic radiographs,
preterm birth, dental agenesis, supernumerary teeth,
and orthodontic treatment of premature loss of pri-
mary teeth were excluded. 
Chronological age was calculated by subtracting the
date of birth from de date of the panoramic radi-
ograph after converting them to decimal points, using
Microsoft® Office Excel 2007© 2008 Microsoft Cor-
poration software.
Dental age was assessed by one observer using the
Demirjian method 4 with Willems adjusted scoring.7

The left mandibular tooth buds (central and lateral
incisors, canine, first and second premolars and first
and second molars) were assessed and graded
according to the 8 stages previously defined by
Demirjian et al. Each stage was allocated a score,
and the sum of the stages was converted into a
maturity score using tables and percentile curves
provided by the authors.4

Accuracy was estimated by calculating how close the
estimated dental age was to the actual chronological
age. The chronological age was subtracted from the
dental age; thus, a positive result indicated an over-
estimation and negative result an underestimation. 
The differences between chronological age and
dental age, and gender differences were analyzed
using paired t-test and Wilcoxon signed-rank test.
Association between chronological age and dental
age was explored by correlation analysis (Pearson).
Kruskall-Wallis and ANOVA were used to measure
mean age group differences. Homogeneity and nor-
mality were tested. Consistency between signifi-
cance levels of the parametric methods and
non-parametric methods were found, parametric
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Fig.1: Age and gender distribution.
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results are shown. A P value of less than 0.05 was
considered to be statistically significant. Data
analyses was performed using PASW® Statistics 18
(SSPS18) © 2009 SPSS Inc. USA software.
A random sample of 10% of the panoramic radi-
ographs was re-examined by the observer. Within-
observer agreement was measured using Kappa
statistic and was found to be 0.75, indicating sub-
stantial agreement. 
The study was approved by the institutional review
board and ethics committee of the Bioethics Com-
mittee of the School of Dentistry at the Central Uni-
versity of Venezuela (# 0112-2010).

RESULTS
For Demirjian and Willems methods correlations
were consistently high for chronological age and
dental age (r2= 0.93 for either method, P=0.01)
(data not shown).

Mean age of dental formation stages for total sample,
males and females and mean accuracy in years using
the Demirjian method are shown in Table 1 and Table
2, respectively. Females were earlier than males in all
stages of tooth formation (Table 1, Fig. 2), although
the differences were not statistically significant. An
overestimation of age by 0.62 ± 0.93 years was
observed for the total sample (Table 2, Fig. 3). Accu-
racy was better for females, the average difference
between chronological age and dental age was 0.56 ±
0.96 years in females and 0.67 ± 0.90 years in males.
The results indicated that there was no statistically
significant gender difference (Table 2, Fig. 4). For the
total sample, overestimation occurred across age
groups. The greatest differences between chronologi-
cal age and dental age were at 6, 10 and 14 years of
age, with significant results reported at 6 (P=0.01)
and 11 (P=0.04) years of age (Table 3, Fig. 5). For
males and females, overestimation occurred at any
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Table 1: Demirjian’s  Method: Mean age of dental formation stages in Venezuelan children by gender.

Left central Left lateral Left Left Left Left Left
mandibular mandibular mandibular mandibular mandibular mandibular mandibular

incisor incisor canine first premolar second premolar first molar second molar

Stage Gender Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

B F 5.42 0.17 5.42 0.17

M 6.76 - 6.13 0.90

Total 5.42 0.17 6.76 - 5.93 0.82

C F 5.74 - 5.24 0.15 6.27 0.83 - - 6.39 0.86

M 6.13 0.33 6.25 0.53 6.26 0.83 - - 6.60 0.96

Total 6.03 0.33 5.88 0.66 6.27 0.82 - - 6.50 0.92

D F 5.47 0.53 6.09 0.73 6.75 0.98 7.29 0.98 5.29 0.05 8.15 0.95

M 5.93 0.74 6.31 0.82 6.66 1.02 7.43 1.14 - - 8.56 1.07

Total 5.70 0.64 6.21 0.78 6.70 1.00 7.35 1.05 5.29 0.05 8.29 1.00

E F 5.45 0.47 5.86 0.53 7.24 1.02 8.01 0.89 8.96 1.05 5.54 0.52 10.50 1.06

M 5.65 0.47 6.02 0.58 7.76 1.27 9.01 0.97 9.72 0.92 5.85 0.56 10.18 1.05

Total 5.58 0.46 5.95 0.56 7.48 1.15 8.46 1.04 9.39 1.04 5.76 0.55 10.32 1.05

F F 6.13 0.67 6.67 0.77 8.78 1.33 9.60 1.10 10.41 1.02 6.30 0.67 10.85 0.58

M 6.37 0.74 6.55 0.79 9.21 0.93 9.69 1.03 10.12 1.39 6.44 0.85 10.93 0.99

Total 6.26 0.71 6.61 0.77 8.99 1.16 9.66 1.05 10.28 1.19 6.36 0.75 10.89 0.80

G F 7.25 0.80 7.81 0.98 10.54 1.03 10.83 0.93 11.72 1.12 7.90 1.32 12.26 1.05

M 7.03 0.71 8.14 1.01 11.12 1.26 11.67 1.12 11.91 0.86 7.71 1.22 12.75 0.80

Total 7.16 0.76 7.94 1.00 10.83 1.18 11.16 1.08 11.81 1.01 7.82 1.28 12.43 0.98

H F 10.07 1.88 10.96 1.39 12.18 1.20 12.45 0.96 12.78 1.03 10.90 1.47 - -

M 10.20 1.78 10.79 1.54 12.97 0.84 12.80 0.78 13.26 0.49 10.77 1.58 13.67 0.30

Total 10.13 1.83 10.88 1.46 12.39 1.15 12.58 0.89 13.05 0.76 10.83 1.52 13.67 0.30
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chronological age, except at age 12 for females. These
figures were not statistically significant (Fig. 4).
The Willems method showed an average overes-
timation of age by 0.15 ± 0.97 years for the

whole sample (Table 2, Fig. 3). This method
yielded a mean overestimation of 0.01 ± 0.96
years for females and 0.29 ± 0.96 years for
males. Gender showed statistically significant
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Fig.2: Demirjian Method: mean age of dental formation stages
in children from total sample.

Fig.3: Mean accuracy (in years) by method in children from
total sample.

Table 2: Mean accuracy (in years) by method and gender.

Method N Mean SD SE Minimum Maximum

Demirjian Female 121 0.55 0.95 0.09 -2.08 3.22

Male 117 0.68 0.91 0.08 -1.34 3.14

Total 238 0.62 0.93 0.06 -2.08 3.22

Willems Female 121 0.01 0.96 0.09 -3.37 2.96

Male 117 0.29 0.96 0.09 -1.75 3.30

Total 238 0.15 0.97 0.06 -3.37 3.30

Table 3: Mean differences between chronological and dental age estimation by method and age group in 
children from total sample.

Age group Chronological Dental age Mean SD Dental age Mean SD
age Demirjian difference Willems difference

5.00 - 5.99 5.55 6.49 0.94** 0.66 5.93 0.38 0.83

6.00 - 6.99 6.50 7.09 0.59 0.50 6.60 0.11 0.67

7.00 - 7.99 7.37 7.74 0.37 0.74 7.43 0.06 0.94

8.00 - 8.99 8.50 8.81 0.31 0.89 8.49 0.05 0.82

9.00 - 9.99 9.46 10.13 0.66 1.08 9.70 0.23 1.02

10.00 - 10.99 10.47 11.36 0.86* 0.76 10.67 0.19 0.82

11.00 - 11.99 11.54 12.09 0.55 1.15 11.70 0.16 1.11

12.00 - 12.99 12.62 12.93 0.31 1.46 12.21 -0.41 1.40

13.00 - 13.99 13.52 14.42 0.89 1.47 13.84 0.32 1.63

TOTAL 0.62* 0.93 0.15 0.97

ANOVA  *P=0.05    ** P=0.01
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differences (Table 2, Fig. 4). Across age groups,
for total sample, males and females, slight over-
estimations were observed between chronologi-
cal age and dental age (Table 3, Fig. 5).

DISCUSSION
Dental age is an indicator of somatic maturation
with importance in fields such as law, medicine, and

dentistry, particularly in treatment planning for the
growing child. Diverse methods have been pro-
posed and used for dental age assessment, with
varying results. Some are consistent within their
population and some describe divergent results and
the need to develop new tables in order to convert
dental maturity to dental age.4, 6-8, 32, 35

Basically, these methods define the stages of min-
eralization of teeth examined in panoramic radi-
ographs and code them in accordance with scores.
For the present study, good quality panoramic
radiographs were selected, using strict exclusion
criteria.19-22

In the current study, the Demirjian 4 and Willems 6

methods showed a high correlation between
chronological age and dental age. Several studies
have reported similar results.27-37

In the present study, left mandibular tooth buds
were evaluated and classified according to Demir-
jian’s criteria. Within-observer agreement was con-
sistent with previous studies.38 This method has
high reproducibility due to very clear and detailed
description of stages proposed, that include relative
lengths of crown and root. 
For the present investigation, Demirjian’s age esti-
mation reported an average overestimation of 0.62
years for the total sample. Compared to other
Venezuelan data from a similar time period, this
overestimation is fairly similar to that found by
Tineo et al. (0.9 years)36 in various groups of
Venezuelan children from the Maracaibo lake
region. However, Cruz-Landeira et al. reported
underestimation of age by 0.23 years in a Venezue-
lan Amerindian sample from the Andes region. 5

This difference might be due to effect of nutrition
on dental age. It is a fact that Venezuela is ethnical-
ly very homogenous and that the economy of the
Venezuelan Andean region is primarily based on
agriculture. In this regard, in a study aimed at deter-
mining the effect of nutrition on estimation of den-
tal age by Demirjian’s method in a group of
Venezuelan children, Espina et al.39 found that
mean dental age estimation for undernourished
children was 1.52 years less than for well nourished
children. When contrasting our results to those
obtained in diverse populations abroad, Europeans
showed similar overestimation.25,26 Brazilian, South
Africans,27, 28 Eastern Europeans,29-31 Australians,
Saudi Arabians,9, 40 Indians 37, 41 and Iranians 42 have
reported lower overestimation. 

38 Aída C. Medina, et al.
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Fig.4: Mean differences between chronological age and dental
age estimated by method and gender.

Fig.5: Chronological age and dental age estimation by method
and age group in children from total sample.
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The difference between chronological age and dental
age estimated by Demirjian was lower for females
than for males by 0.11 years. For female and males,
overestimations were reported at all ages with varying
differences, without statistically significant results.
The lack of significance may be due to small sample
sizes. This finding is consistent with other studies.8, 26,

43, 44 The varying differences in the magnitude of over-
estimation of age between males and females suggests
that dental growth may not be a steady, uniform
process, but is probably correlated with the variation
in patterns of pubertal development.8

Willems adapted Demirjian’s method for dental age
estimation in a Belgian population and modified the
scoring system when a significant overestimation
was reported.7 This adjustment has been evaluated
in various populations and has been found to be
more accurate. 8, 32 In the current study, the Willems
method showed no significant difference between
chronological age and dental age for the total sam-
ple, males and females. Age estimation produced an
average overestimation by 0.15 years for the total
sample. This difference was greater for males (0.29
years) than for females (0.01 years). Comparable
findings had been described by El-Bakary et al.
(males 0.29 years, females 0.14 years).33 For a
Malian sample, Mani et al.34 compared the Demir-
jian and Willems methods, finding differences using
the Demirjian method to be 0.75 for males and 0.61
for females. The Willems method yielded a mean
overestimation of 0.55 years for males and 0.41
years for females. Nevertheless, underestimation has
been reported by other authors. Camariere et al.25

applied the Willems method on Italian, Spanish and
Croatian children, and found that it underestimated
the age for females by 0.07 years and overestimated
the age for males by 0.25 years. Maber et al.8 stud-
ied the accuracy of the Willems method on
Bangladeshi and British Caucasian children, and
their results indicated underestimation of 0.20 and
0.05 years for females and males, respectively. 
When using a dental age estimation technique, differ-
ences may arise between populations. There is docu-

mentation that has attributed these discrepancies to
population differences (ethnic differences, nutrition,
socio-economic level, age structure) and/or a secular
trend in growth and development of the subjects stud-
ied.32 Regarding population differences, a study car-
ried out by Liversidge32 found evidence of similarity
in maturity of individual tooth formation stages in chil-
dren from eight countries of different ethnic back-
ground. According to Liversidge, this finding strongly
suggests that the significant differences in estimated
dental maturity scores do not denote any biological
difference in the timing of tooth formation stages at
the population level. With regard to the secular trend
in growth and development, several studies 4, 7, 24, 34, 40

support the idea that the rate of dental development
varies among different populations. Moreover, a sta-
tistically significant positive secular trend in accelera-
tion of dental development has been described by
some authors, 45 which suggests that maturity scores
obtained in the 1960’s and 1970’s may not be applica-
ble to growing individuals in the 2010’s. 
Liversidge 32 recognizes that the Demirjian method
is a valid, useful and widely applicable technique
to assess maturity of an individual child, and that
the Willems score system is the best adaptation of
the Demirjian method and the recommended
method of choice to estimate age when all seven
mandibular left teeth are available. Results obtained
in the present investigation support the latter. There-
fore, the Willems method should be used to esti-
mate dental age accurately.
The results of the current investigation support other
work showing that the reliability of the Demirjian
method as it stands may be applied satisfactorily to
assess tooth formation stages in any ethnic group.
However, the Willems method proved to be more
accurate for estimating dental age in Venezuelan
children.

CONCLUSION
The Willems method was more accurate than the
Demirijan method for assessing dental age in
Venezuelan children.
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