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Abstract Forensic age determination has become increas-
ingly important over the past few years. Dental age
estimation is frequently used as a part of this process due
to the technique simplicity and reliability. This process is
done taking into account pre-established values that, often,
concern the population of the undocumented person. In this
manner, population parameters are needed. In this paper, the
authors present data concerning the third molar eruption in
a Portuguese population: The minimum age for alveolar
emergence of third molars ranged from 6.6 to 11.3 in
females and 7.4 to 8.3 in males, for gingival emergence was
11.1 to 15.1 for females and 8.3 to 14.4 in males and for
complete emergence was 15.9 to 19.4 in females and 13.4
for males. Complete emergence was found to be a useful

marker for diagnosing age inferior 16 years, both in males
and females, with 99.2% and 99.3% of correct predictions,
respectively. These findings point out that it is possible to
estimate the age of investigated persons based on alveolar,
gingival and complete emergence of the third molars in the
occlusal plane.
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Introduction

In recent years, forensic age estimation of living people has
become increasingly important, particularly in what con-
cerns age estimation of undocumented minors [1, 2]. The
international interdisciplinary Study Group on Forensic
Age Diagnostics (AGFAD) has proposed some orientations
to guide forensic age estimation [3]. These guidelines
include (a) a clinical examination, performing body
measurements and assessment of sexual maturity signs;
(b) assessment of an X-ray of the left hand and (c) a dental
evaluation, with a clinical examination and analysis of an
orthopantomogram (OPT). Additionally, if the skeletal
development of the hand is completed, an X-ray examina-
tion of the clavicles needs to be performed. In fact,
according with Kellinghaus et al. [4], the determination of
the stage of ossification of the medial clavicular epiphysis
is a crucial part of age estimation in criminal proceedings,
when evaluating individuals with complete hand ossifica-
tion. According with recent references studies [5], if a late
stage 3 is attained (characterized by a fusion between the
metaphysic and the epiphysis completing more than two
thirds of the former epiphyseal gap), it is possible to
substantiate that an individual has reached age 18.
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Often, the information needed relates with the probabil-
ity of an individual being older than 14, 16, 18 or 21 years
old [3, 6, 7]; in these situations, third molars are the only
teeth able to provide valuable information, since all the
remaining teeth have finished their development process.
Several new dental techniques have been recently proposed
to prove with certainty that the age of 18 has been reached.
Olze et al. [8] referred to the use of the periodontal ligament
in the lower third molars as a potential age estimation
criterion after completed formation of the root. The
evaluation of the radiographic visibility of the root pulp
[9] has also been purposed to be used to prove age over
18 years old and also to prove age over 21 years old.

One other criterion used to assess a subject’s age is tooth
eruption. Tooth eruption, unlike tooth mineralization, the
visibility of the periodontal ligament or the visibility of the
root pulp, can be studied in two ways—by clinical
examination and/or evaluating dental X-rays [7]—and
therefore can be used in forensic age estimation following
the AGFAD recommendations. However, there are not many
studies concerning third molar emergence. As a matter of
fact, we found studies only concerning in German, South
African, Japanese and Canadian populations [7, 10–12].

We were unable to find data concerning the Portuguese
population. Nevertheless, according with Olze et al. [13],
population-specific reference data should be used when
evaluating wisdom tooth eruption for the purpose of
forensic age estimation, in a similar way as it is done for
age assessment through third molar mineralization. In this
study, the chronological course of third molar eruption is
analysed using OPT from a Portuguese population, in order
to determine the suitability of this methodology in forensic
age assessment and provide reference data for this
population.

Material and methods

A total of 521 OPT from 264 male and 257 female
Portuguese subjects from ages 6 to 22 years were assessed.
Subjects attended the residency dental clinic of the Faculty
of Dental Medicine of University of Porto. The radiographs
were taken for diagnostic purposes; dates of birth and
exposure were proven, but unknown to the examiners. Date
of X-ray exposure ranged between March 2005 and
December 2010. The socioeconomic background of the
subjects’ sample can be described as middle to low; the
general health status of the sample subjects was good, with
no known systemic pathologies. The population affinity
could not be verified but it can be assumed, since all
subjects were born in Portugal, lived in Portugal and had
Portuguese last names. Age and sex distribution of the
studied population is shown in Table 1. The OPT used

belong to the Faculty of Dental Medicine of Porto
University.

The staging system used to classify third molar eruption
was the one proposed by Olze et al. [7, 11, 12] and
comprehends four stages as described (Fig. 1): (a) stage A:
occlusal plane covered with alveolar bone, (b) stage B:
alveolar emergence—complete resorption of alveolar bone
over occlusal plane, (c) stage C: gingival emergence—
penetration of gingival by at least one dental cusp and (d)
stage D: complete emergence in occlusal plane.

Third molars with an unclear eruption direction and
impacted teeth were excluded from this investigation.
Impacted teeth were those which had their eruption detained
by a physical barrier (another tooth, bone or soft tissues) or
due to an anomalous position of the tooth itself [14].

All assessments were made by the same investigators
(IMC and JLC), who are both dentists with over 12 years of
professional practice. A training sample of 20 OPT was
assessed prior to the study investigation, to analyse the
methodology suitability.

Statistical analyses were performed using IBM SPSS
Statistics 19.0 software. Descriptive analysis of mean age,
standard deviation, standard error of the mean and minimal
and maximal age (in years) for third molars, for stages A–
C, was determined; for stage D, mean values were not
calculated, and 50% probability values were calculated
using logistic regression, following Garamendi et al. [15]
recommendations. To cope with outliers and/or skew

Table 1 Sample age distribution according with sex

Age (in years) Sex Total (n)

Male Female

6 12 14 26

7 18 34 52

8 31 29 60

9 28 27 55

10 22 35 57

11 13 17 30

12 20 18 38

13 23 21 44

14 19 9 28

15 13 6 19

16 11 11 22

17 12 2 14

18 5 3 8

19 13 13 26

20 15 10 25

21 8 8 16

22 1 0 1

108 Int J Legal Med (2012) 126:107–112



distributions, differences between groups of interest were
analysed using nonparametric tests (sign test for side and
jaw differences, Kruskal–Wallis test for sex differences).
Correlation between age and stage of eruption was
evaluated using Spearman rank order correlation (rho).
The level of significance was defined as p<0.05. Inter- and
intra-observer agreement was determined on a sample of 30
OPT randomly selected, using the Wilcoxon signed ranks.
A logistic regression analysis was also performed for age
16 years old, with teeth staging (C and D) as predictor
variables.

Results

Repeated scoring of 30 radiographs revealed no significant
inter- and intra-observer differences (p>0.05), and agree-
ment occurred in over 95%. Results were studied according
to sex and age for every third molar. Tables 2 and 3 show
the mean age, standard deviation, standard error of the
mean and minimal and maximal age (in years) for third

molars, for stages A–C; for stage D, mean values were not
calculated. The probability of excluding age younger than
18 years old was calculated for every third molar, both for
males and females (Table 4). Table 5 presents 50%
probability values, for each tooth, for stage D.

The minimum age for alveolar emergence of third molars
ranged from 6.6 to 11.3 in females and 7.4 to 8.3 in males.
The minimum age of gingival emergence was 11.1 to 15.1
for females and 8.3 to 14.4 in males; the minimum age for
complete emergence was 15.9 to 19.4 in females and 13.4
for males.

A correlation analysis with Spearman rank order
correlation (rho) was used to assess the strength and
direction of the linear relationship between tooth emergence
and chronological age. There was a strong, positive
correlation between the two variables for every tooth in
both genders (p<0.001).

The Kruskal–Wallis test was used to check for differ-
ences in tooth emergence according with sex. It was found
that, overall, there were no statistically significant differ-
ences for emergence in all third molars in males and

Table 2 Age distribution by stage, by tooth, in males

Tooth Stage n Mean Standard deviation Standard error of the mean Minimum Maximum

18 A 88 11.62 2.52 0.27 7.79 20.04

B 47 13.81 3.00 0.44 7.37 21.18

C 36 18.08 2.37 0.39 13.53 21.64

D 17 – – – 13.36 22.29

28 A 91 11.66 2.62 0.28 7.79 20.04

B 47 14.22 2.99 0.44 7.37 21.18

C 31 17.78 2.96 0.53 8.28 21.79

D 19 – – – 13.36 21.53

38 A 110 11.08 2.34 0.22 6.89 20.04

B 43 15.13 2.82 0.43 8.28 21.64

C 22 18.00 2.11 0.45 14.43 21.05

D 21 – – – 13.36 22.29

48 A 102 11.02 2.28 0.23 6.28 20.04

B 47 14.91 2.69 0.39 8.28 21.64

C 24 18.11 2.30 0.47 14.20 21.05

D 21 – – – 13.36 22.29

Fig. 1 Stages A to D of third molar eruption (adapted from [12])
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females (p>0.05). Differences in the eruption chronology
between the upper and lower, left and right third molars
were also evaluated, and significant differences were
observed, for females, between the following pairs: 18–48
(p=0.008) and 28–48 (p=0.003); for males, no significant
differences were found.

A logistic regression analysis was also performed for age
16 years old, with teeth staging (C and D) as predictor
variables. Analysis was done dividing the sample according
to gender. A total of 351 cases were analysed: 178 cases for
females and 173 cases for males (Table 6). Stage D was
found to be a useful marker for diagnosing age inferior 16
years, both in males and females, with 99.2% and 99.3% of
correct predictions, respectively.

Criteria validity was also assessed, evaluating this
method’s specificity (the percentage of non-occurrences
correctly predicted) and sensitivity (the percentage of
occurrences correctly predicted) (Table 7). The results
pointed out that excluding age 16 or over (true negatives)
is a more secure prediction for every stage. Equations for

age estimation, for each sex according with tooth emer-
gence stage, were also developed (Table 8).

Discussion

Forensic age estimation based on dental development has
been used for a long time [16, 17]; in this context, dental
examination is conducted in order to relate teeth develop-
ment with chronological age, and two major factors can be
studied: teeth emergence and teeth mineralization. Teeth
emergence is a discontinuous process that can be assessed
either using visual inspection or X-ray analysis; teeth
mineralization is a continuous process that can only be
evaluated using X-ray images [18]. Hence, each technique
has advantages and disadvantages. In fact, if teeth miner-
alization can be a more informative process, teeth emer-
gence is easier to assess, not requiring radiographic
techniques (although more information is obtained if X-ray
analysis is done). The simplicity of this methodology is

Tooth Male Female

18 99.3 99.9

28 98.6 99.9

38 98.6 98.0

48 98.6 98.7

Table 4 Probability of exclud-
ing age younger than 18 years if
stage D is attained

Tooth Male Female

18 21.4 19.8

28 20.8 20.2

38 21.0 19.0

48 21.6 19.2

Table 5 Fifty percent probabil-
ity values for stage D, according
to sex

Table 3 Age distribution by stage, by tooth, in females

Tooth Stage n Mean Standard deviation Standard error of the mean Minimum Maximum

18 A 81 11.29 2.14 0.24 7.20 19.76

B 27 13.72 3.64 0.70 6.63 21.47

C 22 17.88 2.09 0.45 13.57 21.24

D 17 – – – 19.43 21.59

28 A 78 11.19 2.29 0.26 6.63 19.76

B 27 13.86 3.02 0.58 7.53 20.74

C 27 18.13 2.73 0.53 11.14 21.47

D 14 – – – 18.91 21.59

38 A 113 10.62 2.04 0.19 6.63 16.76

B 24 14.50 2.59 0.53 11.28 19.90

C 9 18.56 2.22 0.74 15.06 21.05

D 21 – – – 15.89 21.59

48 A 113 10.28 2.09 0.20 6.63 16.76

B 28 14.90 2.64 0.50 10.74 20.74

C 12 18.26 2.34 0.68 13.72 18.45

D 16 – – – 15.89 21.59
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illustrated in the present study by the nearly inexistence of
inter- and intra-observer differences.

The third molars, in particular, are often used as dental
age indicators [6, 19–24]; in fact, although there are
contradicting reports on the usefulness of third molars for
dental age estimation [25], they remain the only useful
dental age indicator after certain age, (approximately
15 years old) [26]. However, this usefulness has resulted
in a great number of studies concerning third molar
mineralization and very few concerning third molar
emergence. In fact, Olze et al. [7, 11, 12] stated that studies
on the chronology of wisdom tooth eruption are scarce; this
can pose as a problem in those cases where X-rays are
available, and there are third molars emerging.

In this investigation, we noticed an almost linear
relationship between age and third molar emergence, which
means that third molar emergence can be used as a dental
age indicator. Overall, there were no statistically significant
differences for emergence in all third molars in males and
females. These data agree with those from other inves-
tigations [7, 11]. Gingival emergence was found to be a
useful marker for diagnosing age equal or superior to
16 years, both in males and females, with 95.3% and 96.4%
of correct predictions, respectively, meaning that, in the
absence of X-ray, a fairly secure prediction of age over 16
can be made. If we compare these results with those
observed in a study concerning third molar mineralization
study in a Portuguese population [6], the accuracy of
predicting age 16 was similar, suggesting that third molar
emergence can be safely used as a criterion for age
estimation.

Regarding sex differences in third molar emergence, it
was found that females reach stage A earlier than males;

stage B and C are first reached by males; 50% probability
values for stage D point out that females reach complete
emergence in occlusal plane first. This type of sequence is
not verified in other investigations; results from Olze et al.
[11], in a Japanese population, do not show these differ-
ences, and only a very little difference is noted between
stages, being that in same teeth, females reach the stage
first, and in others, the inverse is noticed. In Germans [7],
female reach all stages first; in a black African population
[12], an earlier stage attainment was described for males,
for every stage and every teeth, exception being for stage A
in the first upper right molar. In what concerns eventual
population differences, in Japanese, 50% probability values
for stage D are higher than those verified in this
investigation, except for males’ lower third molars, whereas
in the black African population they are lower, for every
teeth. In a German population-based study, no 50%
probability values were given; however, mean values of
stage attainment were higher in all stages, in both genders.
These findings point out the need for population-based third
molar emergence data, as it is defended by some authors for
third molar mineralization [6, 27].

Conclusions

Our findings point out that it is possible, in a Portuguese
population, to estimate the age of investigated persons
based on alveolar, gingival and complete emergence of the
third molars in the occlusal plane and to allow an
estimation of the minimum and most probable age of such
individuals and the likelihood of being older than 16 and
18 years.

Stage Sex Model significancy Variance explained (%) Correct predictions (%)

Omnibus χ2 DF χ2 <16 ≥16 Total

C Male 39.562 4 <0.001 20.4–29.9 95.3 48.9 83.2

Female 47.983 4 <0.001 23.6–36.3 96.4 46.2 85.4

D Male 43.219 4 <0.001 22.1–32.4 99.2 40.0 83.8

Female 67.504 4 <0.001 31.6–48.5 99.3 51.3 88.8

Table 6 Binary logistic regres-
sion results, by sex, according
with tooth staging

DF degrees of freedom

Stage Sex TP TN FP FN Sensitivity (CI 95%) Specificity (CI 95%)

C Male 22 122 6 23 41.5 85.3

Female 18 134 5 21 46.2 96.4

D Male 18 127 1 27 40.0 99.2

Female 20 138 1 19 51.28 99.3

Table 7 Criterion validity
(chronological age ≥16) accord-
ing with tooth staging for male
(n=173) and female (n=178)
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