Int J Legal Med (2011) 125:235-243
DOI 10.1007/s00414-010-0531-8

ORIGINAL ARTICLE

Chronological age estimation based on third molar
development in a Portuguese population

Inés Morais Caldas - Paula Julio -
Ricardo Jorge Simdes - Eduarda Matos -
Américo Afonso - Teresa Magalhies

Received: 30 March 2010 / Accepted: 8 November 2010 /Published online: 25 November 2010

© Springer-Verlag 2010

Abstract Third molar development was assessed using a
sample of 1,131 orthopantomograms from a Portuguese
population. The methodology applied was the eight stages
(A—H) method described by Demirjian et al. The final
sample was made of 739 orthopantomograms, 387 (52.5%)
of which belonging to females; age ranged between 6.1 and
22.5 years old (mean age=14.49, S.D.=4.37). For each
developmental stage, mean age, standard deviation, and
minimal and maximal age was assessed; evaluation of the
rate formation of each tooth, according to sex, was
calculated and data distribution expressed in percentiles
for each stage; the probability of an individual being 16 was
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also evaluated. The relationship between tooth development
and chronological age had a statistical significance for all
teeth and both sexes (p<0.0001). The data described may
provide reference for forensic application and agree with
the thesis that each population need specific data.
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Introduction

Age estimation is an important area of forensic dentistry
which has been gaining increasing importance in the past
few years. In accordance with the recommendations for age
estimation in criminal proceedings of the study group on
forensic age diagnostics, for an age estimation, an physical
examination, an X-ray examination of the hand, and a
dental examination should be carried out; if the skeletal
development of the hand is completed, an additional X-ray
examination (or CT scan) of the clavicles (medial extrem-
ity) should be performed [1].

Developing teeth are a useful indicator of maturation
(and hence of biological age) because they are less affected
than other body tissues by diseases and environmental
insults [2]. Dental development may be measured either by
tooth eruption or tooth formation. While eruption is a
discontinuous and variable measurement, affected by
several factors like malnutrition, premature loss of primary
teeth, crowding and dental decay, tooth formation is seen as
a more robust measure with high heritability, low coeffi-
cient of variation and resistance to environmental effects
[2]. Most authors have chosen the eighth-grade scheme of
Demirjian for dental age estimation, for reasons of accuracy
and practicability. Third molar development is particularly
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Table 1 Orthopantomograms distribution according to age and sex
(n=1737)

Age, in years Female Male Total
6 14 16 30
7 20 33 53
8 31 32 63
9 38 38 76
10 28 42 70
11 18 20 38
12 27 27 54
13 30 35 65
14 24 16 40
15 20 9 29
16 15 14 29
17 19 9 28
18 12 6 18
19 26 17 43
20 31 19 50
21 27 15 42
22 7 2 9
Total 387 350 737

important due to the fact of it being the only teeth still in
development by age 16; however, previous findings
showed that the mineralization of the wisdom teeth is a
population-specific process and does not occur in every
ethnic group at the same age [3—5]. According to Olze et al.
[6] there are not enough data to decide how ethnic origin
affects teeth mineralization, and the forensic value of age
estimation depends on it. Therefore, it is crucial to use
population-specific reference data in forensic age estima-
tion of living people. Hence, the aim of this study is to
obtain data regarding third molar development in a
Portuguese population.

Material and methods

A total sample of 1,131 orthopantomogram collected from
a Portuguese population aged between 6 and 22 years old
was analyzed. The radiographs used were taken from
patient files of the Faculty of Dentistry of Porto University,
Portugal.

The exclusion criteria were the following:

Other nationalities other than Portuguese;

Absence of all third molars;
— Image deformity affecting third molars;
Orthopantomogram exhibiting obvious pathology.

A >cross-sectional study was carried out to assess
chronological age based on the stages of third molar
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development. Dental development was assessed using the
method developed by Demirjian et al. [7]. To assess
reliability, 80 randomly selected radiographs were exam-
ined by the two first authors; 80 randomly selected
orthopantomograms were assessed twice by the first
author, with a 1 month interval between the two
observations. Intra- and interobserver agreement was
determined using the Wilcoxon signed ranks. Statistical
analysis was performed using the SPSS 16.0 (SPSS Inc.,
Chicago, IL).

Results

Repeated scoring of 80 radiographs revealed no significant
intra- or interobserver differences (p>0.05). Intraobserver
agreement occurred in 95% and interobserver agreement
occurred in 93%. The final sample was made of 739
orthopantomograms, 387 (52.5%) of which belonging to
females; age ranged between 6.1 and 22.5 years old (mean
age=14.49; S.D.=4.37). Orthopantomograms distribution,
according with age and sex is shown in Table 1. Of the
orthopantograms, 17.1% were excluded since they present
no third molars; 4.9% presented one third of a molar; 6.1%,
two; 6.9% had three third molars; and 65.0% presented all
four third molars.

Results were studied according to sex and age for every
third molar. Table 2 shows the mean age, standard
deviation, standard error of the mean, and minimal and
maximal age (in years) for third molars, for stages A-G.
For stage H, mean values were not calculated, and the
probability of excluding age younger than 18 years old was
calculated for every third molar, both for males and females
(Table 3). Table 4 presents 50% probability values for stage
H.

To allow better visualization of the rate formation of
each tooth, according to sex, the data distribution is
expressed in percentiles for each stage, in Table 5. The
frequency distribution by stages and sex for each group age
is shown in Table 6. Stage A was not observed beyond the
age group 13-13.9 years, and stage B was rare in those age
groups. From stage D onward, all group ages older than 9,
for females, and 10, for males, were verified.

A correlation analysis with Spearman rank order
correlation (rho) was used to assess the strength and
direction of the linear relationship between tooth develop-
ment and chronological age. There was a strong, positive
correlation between the two variables for every tooth in
both genders (p<0.005). The Kruskal-Wallis test was used
to check for differences in tooth mineralization according to
sex. It was found that, overall, there were statistically
significant differences for all third molar mineralization rate
in males and females (tooth 18, p=0.002; tooth 28, p<



237

Int J Legal Med (2011) 125:235-243

9¢ 9¢ 09 19 vEl ¥eEl vel veEl ST sTc ST STC - - - - - - - - - - - - W
ve 6¢ O ¢ €Il €I ¢Il €Il 6'1lc 61c 1t 17T - - - - - - - - - - - - 9[EN  H
se¢ ve 1€ 8¢ o6vl e6vl e6vl o6vl CTce ¢€Ilc 6'1lc 61c 0o 80 9¢0 Y0 ST TCT 0CT <¢T €81 I8l ¥8] ¥8] orWeq
€ 61 61 LI §91 SS9 ¥9l ¥91 <Tlc <Tlc O01Ic 01 ¢€€0 9¢0 O¥0 850 91 91 LT 91T 81 ¥8 €81 I8l SN D
91 ¢I c¢ 61 Lvl ¢¢l 8¢l 6%l 91c 9lIc 01¢ 01Ic 80 0.0 Is0 850 61 LT vT ¢&¢C 891 S91 891 ¢€LI W4
el ¢ ¢ or oSt O0Sr oSt O0SI S8 L0C LOT LOCT 9¢0 ¥SO 80 80 €I 61 LT 8L &SI 991 891 ¥9I SN A4
ve 6¢ v¢ o6c ¢¢l ¢TSIl ¢cl LI Ll L1 80T 6¥0 S0 L¥O 0S50 8¢ 0¢ 88T LT 6SI €91 TOl 091 orWsg
or 9 91 I 67l 6¢l 67TI 6¢l TLI T91 TLI TLL TSO 90 oOvO0 ¥SO 9T ¥I 91 8L €yl LYl 9vI LYl SFN d
9% Sy ¢¢ 8¢ 80L SII L6 L6 00c 6Ic ¢0C 00C 620 ¥£€0 8CT0O 60 61 €C 0T <¢ v¥el 0ovl TCl  Sel  9rWd
¢ 8 v o 11 €Il ool oo <91 891 891 891 <¢Cco0O <0 <¢coO <¢co 11 ¢TI ¥I v1 CT¢l  T'el 871 67Tl SN d
e 09 9% 8¢ 68 68 66 66 ¥'sL 00T ¥SI 891 9C0 60 <C€0 00 61 <TC <TCT 61 CTII  SIl  0Cl &Il orW
€9 79 9% Ly 98 VL V'L VL 6L ¢91 91 <91 ICO <O LTO LTO 91 LT 61 61 SII ¢SI1 01l  <II S[EIN D
0c ¢ ow 1v L8 '8 6L 6L avl ocl  o¢r STl I€0 910 Ceo 810 vl 80 IT TI 86 €6 96 €6 S[ela{
€ e e €€ 7L <L L L velr Sl LTl sel €0 o 0Cc0 €O €1 TI Tl €l 96 96 v'6 86 9EN  d
ve L L1 1T TL 9 8L 8L o€¢r o¢r sor sor Ss¢co Lo Lo S¢oO vI o 91 I'l TI 98 v'8 98 98 Sewa{
9¢ ¥¢ S €€ TL L L L et ret  oI1r oiIrr L0 LI'0 LI'O 810 <1l T¢I 01 01 ¢8 €8 ¥'8 S8 SNV
8y 8¢ 8T 8I 8y 8¢ 8¢ 81 8y 8¢ 8¢ 81 8y 8¢ 8¢ 81 8y 8¢ 8T 8l 8y 8¢ 8¢ 81

JoquunN wnWIuA WNWIXBIA ueow JO 1010 pIepue)§ UORIAQD PIEpUR)S UBIIN X3s ‘03818

300} pue ‘a3e)s ‘xas Aq uonnquysip a3y ¢ d[qeL

pringer

AQs



238

Int J Legal Med (2011) 125:235-243

Table 3 Probability of excluding age younger than 18 years if stage H is attained

Sex Tooth

18 28 38 48
Male 97.3% 97.4% 97.5% 98.1%
Female 98.0% 98.1% 97.6% 98.0%

0.001; tooth 38, p=0.005; tooth 48, p=0.002); however,
considering each stage separately, it was found that sexual
dimorphism was not always the case, and significant
differences concerned only stages F, G, and H for all four
teeth. Differences in the mineralization rate between the
upper and lower, left and right third molars were also
evaluated (Table 7), and no significant differences were
observed, except for females, between the upper third
molars (p=0.024).

A logistic regression analysis was also performed for
age 16 years old, with teeth staging (from D to F) as
predictor variables. Analysis was done dividing the
sample according to gender. For females, a total of 260
cases were analyzed and for males, 205 cases were
analyzed (Table 8). Stage D was found to be a useful
marker for diagnosing age equal or superior to 16 years,
both in males and females, with 98.4% and 96.3% 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 9). The results
pointed out that excluding age 16 or over (true negatives)
is a more secure prediction for every stage.

Discussion

Age estimation using dental development has been used for
a long time since it is recognized that dental mineralization
is an accurate measure of chronological age, not being
particularly affected by other factors (as diseases, nutrition,
among others); however, contradiction is reported on the
usefulness of third molars for dental age estimation [8]. On
one hand, there are various studies using distinct method-

Table 4 Fifty percent probability values for stage H, according to sex

Tooth Males Females
18 18.77 19.45
28 18.99 19.37
38 18.70 19.38
48 19.25 19.45

@ Springer

ologies, for instance, Mesotten et al. [8] performed dental
age estimation using a modification of the method of
Gleiser and Hunt [9], wherein third molar development is
assessed taking into consideration ten developmental
stages. The same procedure was adopted by Gunst et al.
[10] in a continuation and extension of the previous study.

According to De Salvia et al. [11], a method evaluation
should be accurate, not invasive, reproducible and, if
possible, easy exploitable. In this study, we chose to adopt
the eighth-grade scheme of Demirjian et al. [7] because it
obeys the characteristics; in addition, it does not require
tooth measurements and is an easy, objective, and practical
method requiring only experience in orthopantomogram
interpretation. Besides, it is the preferred method by several
authors [12—-19], allowing us to compare our results with
those from other studies. Olze et al. [6] also found the
Demirjian method as the one more suitable for their
investigation, claiming that other methods, such as the
one used by Gleiser and Hunt [9] or the one described by
Moorrees et al. [20] or yet, that applied by Kullman et al.
[21], used many stages, making it harder to compare results
and also use estimation values of the root future length,
which results in a subjective approach to estimation. In
another investigation, Olze et al. [22] referred to this
method as the one revealing the highest inter- and intra-
individual correspondence between evaluators and as the
one with the highest correspondence between estimated age
and chronological age as well.

On the other hand, third molars are frequently absent,
adopt aberrant positions, and vary in size, structure,
formation, and eruption times [23-25]. Nevertheless, after
a certain age, (approximately 15 years of age) third molars
are the only teeth developing and therefore, the only useful
age indicator [26], but because, root mineralization can be
completed under age 18, other alternative methods that do
not consider tooth mineralization as a factor are being
studied. For instances, Olze et al. [27] described the
radiographic visibility of the root pulp in third molars as a
potential age estimation criterion, concluding that it is
possible, “beyond resonable doubt” state that a person is
over 18 years old if a certain stage is attained. We chose to
study the mineralization stages of third molars because in
Portugal, the age with legal relevancy is 16 and not 18 years
old.
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Table 7 Differences in tooth mineralization according to sex (Mann—
Whitney U test)

Tooth

18 28 38 48
z -3.128 —3.745 -2.815 -3.103
p 0.02 <0.05 0.05 0.002

Grouping variable: sex

The results of this investigation point to an almost linear
relationship between age and third molar mineralization
regardless of the individual sex. It also shows that complete
mineralization occurs a little later in females. This is
consistent, in general lines, with the relevant literature;
however, not all data are consistent, and a clear tendency of
earlier mineralization chronology is evident in our sample.
Nevertheless, it must be taken into account that the mean
age is influenced by the maximum age of the sample.

The present investigation showed no intra- or interob-
server significant differences, and this finding is consistent
with many other studies in the area [5, 15, 17-19, 28-30]. It
was also found that there is a strong correlation between
age and third molar development, both for males and
females (p<0.001, for both sexes). The correlation coef-
ficients were 0.772 and 0.705 (tooth 18), 0.853 and 0.728
(tooth 28), 0.848 and 0.771 (tooth 38), and 0.843 and 0.759
(tooth 48), for girls and boys, respectively. Similar results
were presented by other investigators [15, 17, 29].

Trends for an earlier third molar formation in males were
apparent in all teeth and in all stages. These data agree with
some and disagree with others, those from other inves-
tigations. For instance, in an Austrian sample of 610
individuals aged between 12 and 24 years old [5], a
tendency for earlier third molar mineralization in females
was apparent at earlier crown formation stages; the authors
claim then an inversion and a faster root formation in male
individuals, with boys reaching stage E 2 years earlier than
girls. In this Portuguese sample, as stated before (stage E),
these were also first reached by boys (1.3 to 1.8 years
earlier). On the other hand, Lee et al. [17] stated that, as in

this study, third molar formation happens earlier in males.
The same resultes were stated by Rai et al. and Olze et al.
[28, 31].

In this study, there were statistically significant differ-
ences for all third molar mineralization rate in males and
females. Considering each stage separately, it was found
that sexual dimorphism was not always the case, and
significant differences concerned only stages F, G, and H,
for all four teeth. These results partially agree with those
from other studies; Meinl et al. [5] stated that significant
sexual dimorphism was presented in stages E and F, Olze et
al. [15] reported no significant differences between males
and females, but no individual stage analysis was done.
Prieto et al. [16] found that, as in our sample, there were no
significant differences between genders, but when consid-
ering each stage isolated, significant sexual dimorphism
was found in stages E, F, and G with males reaching
maturity indicators earlier than females. Lee et al. [17]
stated that significant sexual dimorphism as present in
stages F and G. In a Chinese population, Bai et al. [18] also
reported the presence of significant sexual dimorphism but
on earlier and later stages (D, E, and H). These differences
could be related with sample differences or with
population-specific data.

No differences in the mineralization rate between the
upper and lower, left and right third molars were observed,
except for females, between the upper third molars. This
difference was not observed in any of the investigations
consulted [17, 19, 28].

Most authors chose to determine the likelihood that a
subject is over 18 [11]; however, in Portugal, the age with
legal relevancy is 16, therefore, 16 was the choosen age for
this assessment. In our opinion, the diagnosis of being
younger than 16 years old can be made with accuracy using
stage D of the radiological development of the third molars.
In fact, logistic regression pointed out that stage D can be
used to predict age equal or superior to 16 with an accuracy
of 96.3% for females and 98.4% for males. It should be
stated that stage D is not the best stage to diagnose age over
16 since third molar mineralization increases with age. In
this manner, stage E, F, G, and H are more suitable

Table 8 Binary logistic regres-

sion results, by sex, according STAGE  Sex Model significancy Variance explained (%)  Correct predictions (%)
with tooth staging

Omnibus y2 DF 2 <16 >16 Total

D Male 140.722 4 <0.001 49.7-69.8 82.3 98.4 87.3

Female 128.619 4 <0.001 39.0-52.5 65.1 96.3 78.1

E Male 189.894 4 <0.001 60.4-84.9 93.6 96.9 94.6

Female 176.088 4 <0.001 49.2-64.8 84.9 90.7 87.3

F Male 208.826 4 <0.001 3.9-89.8 97.6 93.8 96.6

Female 170.519 4 <0.001 48.1-64.8 93.4 81.5 88.5

DF degrees of freedom
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Table 9 Criterion validity

(chronological age>16) Stage Sex TP TN FP FN Sensitivity (CI 95%) Specificity (CI 95%)
according to tooth staging for
male (n=350) and female Male 66 240 28 16 0.19 0.69
(n=387) Female 112 194 56 25 0.29 0.50
E Male 66 260 8 16 0.19 0.74
Female 113 225 25 26 0.29 0.58
TP true positive, TN true nega- F Male 74 263 5 8 0.21 0.75
tive, FP false positive, FN false Female 101 236 14 36 0.26 0.61

negative

indicators. Stage D is, perhaps, the earliest indicator of age
over 16 years; however, dental age estimation is one more
complementary method of age estimation, and other
indicators should be used in order to improve specificity
and sensitivity and diminish the occurrence of technically
and ethically unacceptable errors. These type of errors were
described by Garamendi et al. [32] who refer to the errors
derived from a forensic age estimation indicating that a
subject who is actually over 18 (in our case, 16) is a minor
(technically unacceptable errors) and to the errors indicating
that minors are over 18. The first type of error leads to a
more benevolent criminal treatment and the second one
leads to a violation of minors’ rights. Taking this into
account, additional age estimation methods should be used
to reduce technically unacceptable to a minimum, and to
erase ethically unacceptable.

Because in some few procedures, age 18 may be the age
with legal relevancy (in determining illegal imigration, for
instances), probability calculation of excluding age younger
than 18 if stage H is attained was also calculated. As
recommended by Knell et al. [33], mean values of age ate at
stage H were not calculated, since they can lead to false
conclusions.

Finally, we believe that, based on our results, and the
differences between them and those of other populations,
we do agree with Olze et al. [6] when they state that
population-specific standards enhance the accuracy of
forensic age estimation based on third molar mineraliza-
tion in living subjects. Nevertheless, this remains to be
proven, and some investigators do state that there is no
indication at all that not using country-specific informa-
tion influences the percentage of correctly identified
subjects [30].

Conclusion

The present investigation provides important data on third
molar mineralization in the Portuguese population. It can be
concluded that stage D can be used to predict age equal or
superior to 16 with an accuracy of 96.3% for females and
98.4% for males. It is also evident that different populations
have different data; in this manner, these data may not be

@ Springer

valid to other populations. The data described may provide
a reference for forensic application; however, additional
studies with a larger population sample should be con-
ducted to meet provisions of more accurate data concerning
the Portuguese population.
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