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A B S T R A C T

The estimation of age in living subjects is today a significant issue because of the increase in the situations
in which it arises and its legal consequences. In line with the Study Group on Forensic Age Diagnostics of
the German Association of Legal Medicine’s recommendations, it is based on the concomitant use of
physical examination and methods for estimating bone age and dental age. Given the variations between
the populations, the use of the latter requires their validation on all the ethnic groups on which they can
be used. This aim of this study was to access the interest of the Cameriere’s third molar maturity index
(I3M) to indicate if an individual had reached the age of 18 in a sample of individuals from southeastern
France. The studied sample consisted of OPTs 339 (184 females and 155 males) subjects aged between 14
and 22 years old. A logistic regression analysis with the adult age and minor age as dichotomous
dependent variable and gender and I3M as predictor variables showed that gender was not statistically
significant in discriminating adults and minors. The receiver operating curve (ROC) analysis showed the
best discrimination performance of the specific cut-off value of I3M< 0.08 in discriminating adults from
minors. The proportion of accurate classification was 0.897 and 0.916 for females and males, respectively.
The specificity (Sp) and sensitivity (Se) results for females were 0.962 and 0.813, respectively. Sp and Se
for males were 0.953 and 0.871, respectively. The Bayes post-test probability was 0.961 and 0.955 in
females and males respectively. Obtained results showed that a cut-off value of I3M< 0.08 may be an
additional tool for indicating adult age in the tested population.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Age estimation has become an essential question in forensic
science, especially determining that a person or victim has passed
the juvenile/adult threshold (being 18 years old or so, depending
on the country’s legislation) [1]. It has become common in civil or
penal proceedings for the application of juvenile or adult law [2].

According to the updated recommendations for age estimation
in criminal proceedings of the German Society of Legal Medicine
Study Group on Forensic Age Diagnostics for age estimation, a
physical examination, an X-ray examination of the hand, as well as
* Corresponding author at: University of Split School of Medicine, Department of
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a dental examination, should be performed. If the skeletal
development of the hand finished, an additional X-ray examination
or CT scan of the clavicles should be carried out [3].

Various techniques have been proposed for age estimation in
living and dead from teeth [4–8]. Permanent teeth excluding the
third molars usually calcify and erupt before the pubertal growth
peak. After the ages of 14 or 15, the third molar is one of the few
quantitative biological indicators available for age estimation for
individuals who passed the puberty or in their early 20s [9].

It has been recently observed that ethnicity can affect third molar
calcification and eruption, which might usually arrive around 17–21
years in Western countries [10]. Validation of age estimation
methods from the third molar requires obtaining a reference to
allow its uses for each ethnic group in which it can be used.

In 2008, Cameriere et al. [11] developed a new method for
indicating the chronological adult age of 18 years in the Italian
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individuals. It was based on the relationship between age and the
third molar maturity index (I3M), according to the widths of the
open apices of the mandibular third molars [11]. A threshold (cut-
off) value of I3M< 0.08 was identified and used to discriminate
between individuals who mare or not 18 years of age or older. In
France, as in many countries, the age of 18 is the one at which a
child reaches adulthood the legal age? [12]. Cameriere et al. [11]
showed that an I3M< 0.08 was more discriminating than the
Demirjian staging system in distinguishing an individual under 18
years from an individual 18 years old and more. This method has
thus been applied in several populations and showed to be an
efficient in indicating the age of majority [13–26].

The study of the same cut-off value of I3M in different
populations tries to unravel some of the main problems of age
determination for forensic purposes. First, the cut-off has been
tested on different populations to be used indifferently in the
world. Second, to prove or cancel the importance of the ethnic
factor. In addition, with this technique, attention is focused on the
probability that an individual is aged 18 or over, and not on an age
range that could be unimportant. Therefore, the primary purpose
of this research was to verify if a single cut-off is valid in different
regions all over the world. No studies have tested the applicability
of Cameriere’s third molar maturity index in the French individu-
als. The present study was conducted to test the applicability of the
Cameriere’s third molar index in determining if a subject is 18
years of age or not in a French sample of digital panoramic
radiographs (OPTs) of young individuals.

2. Materials and methods

OPTs of 339 French individuals, 14–22 years of age, regular
patients in a general dental office, were analyzed (Table 1).

All available OPT’s were previously collected in private general
practice in Vienne, Isère, in southeastern France for diagnostic and
treatment from 2001 until 2016, Orthophos XG 3D (Sirona, NYC,
USA). The OPTs were exported as JPEG images for the examination
with image processing software ImageJ (Graphics Suite X7, Ottawa,
Canada). The dental radiographs and data including data of birth
and OPT, gender could only be used for research and statistical
purposes without the possibility to identify the individual.
According to ethical and deontological principles, the archived
radiographs were used with agreement of the patient or their
parents. No radiographs were taken exclusively for this study.

The lower left third molars on the OPTs were studied according
to the method of Cameriere et al. [11]. The apical ends of the roots
of the left lower third molars were analyzed, and the third molar
maturity index (I3M) was recorded. I3M was defined as follows: I3M
is evaluated as the sum of the distances between the inner sides of
the two open apices divided by the tooth length, if the root
development of the third molar is complete, then I3M = 0.0. All
available non-impacted and impacted third molars were analyzed
Table 1
Age and sex distribution of the sample of the orthopantomograms from France.

Age Females Males Total

14–14.9 14 16 30
15–15.9 32 20 52
16–16.9 37 23 60
17–17.9 21 28 49
18–18.9 20 15 35
19–19.9 19 10 29
20–20.9 17 24 41
21–21.9 19 10 29
22–22.9 5 9 14
Total 184 155 339
if their roots were visible at OPT [11]. All analyses of the OPTs were
performed by the first author (CT).

Pearson correlation coefficient was calculated to test the
correlation between I3M and real age. The first author (CT) and
the second (IG) analyzed 34 (10%) randomly selected OPTs four
weeks after the first measurings. The intraclass correlation
coefficient (ICC) was calculated to estimate the intra-rater and
inter-rater agreement of I3M [27]. A forward stepwise logistic
regression (Wald) was done to consider the effect of I3M and gender
on the discrimination of the individuals into adults and minors on
the sample of OPTs. A logistic model was based on the dichotomous
dependent variable of the individuals who have attained the age of
18 years and more (E = 1, adults) or under the age of 18 (E = 0,
minors), and gender (g) and I3M as predictors [11]. The receiver
operating curve (ROC) analysis determined the cut-off of I3Mwhich
the best discriminate adults and minors. Youden’s index is a single
measure of the performance of the dichotomous diagnostic test
[28]. The maximum Youden’s index, as a single measure of the
performance of the dichotomous diagnostic test, was set as the
best performance of the ROC analysis and corresponding cut-off
value of I3M will be used for the analysis of the test dataset [28]. A
two-by-two contingency table was used to study the usefulness of
the specific cut-off value of I3M to discriminate French adults and
minors. The results of the accurate classification (Acc), the
Sensitivity (Se) or the proportion of the individuals of 18 years
and older who had I3M< cut-off and the Specificity (Sp) or the
proportion of individuals younger than 18 who had I3M� cut-off,
were calculated. Next, the positive likelihood ratio (LR+) and
negative likelihood ratio (LR�) were additionally calculated to
show how many times more or less likely a test result is to be found
in adults compared with minor individuals [28]. The post-test
probability, p, of attainment of 18 years of age or older can help to
discriminate between those individuals who are �18 years and
those who are <18 years. According to Bayes’ theorem, the post-
test probability may be written as:

p ¼ Se � p0
Se � p0 þ 1 � Spð Þ � 1 � p0ð Þ ð1Þ

where p is post-test probability and p0 is the probability that the
individual in question is �18 years, given that he or she is aged
between 14 and 22 years, which represented the tested population.
Probability p0 was calculated as the proportion of individuals
between 18 and 22 years of age who live in the Republic of France
from the 2017 census and those between 14 and 22 years which
was evaluated from data from the Institut national de la Statistique
et des études économiques (Insee) [29]. This proportion was
considered to be 0.535 for females and 0.532 for males. Statistical
analysis was performed by IBM SPSS 20.0 software program (IBM1

SPSS1 Statistics, Armonk, NY, USA). The significance threshold was
set at value p < 0.05.

3. Results

Pearson correlation coefficients for the correlation between I3M
and real age were better for males, �0.674 (p < 0.001), than for
females, �0.626 (p < 0.001) (Fig. 1).

The intra-class correlation coefficient for intra-rater agreement
was 0.983 (95% CI, 0.966–0.992) whereas it was 0.974 (95% CI,
0.949–0.987) for the inter-rater agreement. The intra-class
correlation coefficients of I3M showed a very good agreement
between the same and two different raters. The logistic regression
model showed the significance of variable I3M (p < 0.001) whereas
gender was not significant (p = 0.159) (Table 2).

The full model, containing only I3M as a predictor variable, was
statistically significant (p < 0.001), indicating that the model was



Fig. 1. Scatter-plot of the relationship between age (years) and the third molar
maturity index (I3M).

Fig. 2. Receiver operating characteristic curve for indicating the legal adult age
(�18 years) by the third molar maturity index in the sample from southeastern
France.
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able to discriminate individuals between adults and minors. The
whole model explained between 0.396 (Cox & Snell R Square) and
0.530 (Nagelkerke R Square) of the variance in adult or minor
status. The linear logistic model could be written as:

Logit (p) = 1.408 � 8.208 � I3M (2)

Fig. 2 shows the ROC curve of the adult age status while the
results of Se,Sp, and Youden index for the cohort of I3M were shown
in the Electronic supplementary material (Table S1).

The best performance of the discrimination between adults and
minors or the maximum Youden index (J = 0.798) was for the I3M
value of 0.08 (Electronic supplementary material, Table S1).
Following the obtained results, we set that an individual is an
adult if I3M< 0.08 or minor if I3M� 0.08.

We additionally analyzed the sample of OPT according to the
age across different I3M classes (Table 3).

In the test sample, age gradually increased as I3M decreased in
both females and males. The mean age in each I3M class varied
between genders, the differences were not significant in most
classes, except in (0.80, 0.40] class (Table 3).

To quantify the performance of the specific cut-off value of
I3M< 0.08 to discriminate between adults and minors, the two-by-
two contingency tables and quantities from the contingency tables
were presented for females and males (Tables 3 and 4).

In females, the accuracy or Acc was 0.897 (95%CI, 0.842–0.925).
The proportion of individuals who are �18 years of age whose test
was positive or Se was 0.813 (95% CI, 0.750–0.845). The proportion
of individuals <18 years whose test was negative or Sp was 0.962
(95% CI, 0.913–0.97). The positive likelihood ratio (LR+) and the
negative likelihood ratio (LR�) were 21.125 (95% CI, 8.644–64.586)
and 0.195 (95% CI, 0.157–0.274), respectively. The estimated Bayes
posttest probability was 0.961 (95% CI, 0.891–1.00) (Table 5). The
highest error in selecting a minor as adult females was for the 17-
year-old, 90.5% were correctly selected. The most significant error
Table 2
Parameter estimates of the third molar maturity index (I3M) and gender (g) as
explanatory variables and �18 years (E = 1) and <18 years (E = 0) of age as a
dichotomous dependent variable on the Logistic Regression.

B Std. error Wald statistics df P

Constant 1.218 0.236 26.565 1 <0.000
I3M �8.439 1.022 68.184 1 <0.000
Gender 0.415 0.295 1.980 1 0.159
in selecting adult as minor females was for the 18-year-old, only
70.0% were correctly selected (Table 6).

In males, Acc was 0.916 (95% CI, 0.871–0.908), Se was 0.871 (95%
CI, 0.804–0.834) and Sp was 0.953 (95% CI, 0.898–9.83). The
positive likelihood ratio (LR+) and the negative likelihood ratio
(LR�) were 18.518 (95% CI, 7.871–54.376) and 0.135 (95% CI, 0.093–
0.218), respectively. The estimated Bayes posttest probability was
0.955 (95% CI, 0.877–1.00) (Table 5). The highest error in selecting
minor as adult males was for the 17-year-old, 82.4% were correctly
selected, while the greatest error in selecting adult as minor
females was for the 18-year-old, only 66.6% were correctly selected
(Table 6).

4. Discussion

Third molars develop from mid-teens to early 20’s. Nearly
complete closure of the apices of the third molar teeth is an
indication that the living individual is over the age of 18 years and
thus, by definition, an adult [9,30]. Cameriere et al. [11] presented a
method to assess the age of majority, which is based on the relation
between real age and the widths of open apices and the tooth
length of third molars. Later the cut-off value of I3M< 0.08 has been
tested for different populations, so we tested I3M in the sample of
OPTs from southeastern France.

In our study, OPTs of 339 living French individuals (155 males
and 184 females) aged between 14 and 22 were analyzed. Our
study is the first one who used OPTs to test the usefulness of
Cameriere's third molar maturity index in discriminating minor
and adult status on French adolescents and young adults. Logic
regression and ROC analyses showed that the same cut-off value
of I3M, proposed by Cameriere et al. [11], was the best for
discriminating minor or adult status in the sample from
southeastern France. Our results demonstrated good sensitivity
and specificity values, comparable with previous studies on
I3M< 0.08 [13,15–22,24,31–36]. Both sexes presented better
specificity, 96,2% in females and 95.3% in males, than sensitivity,
81.3% in females and 87.1% in males. Males were better classified
(91.6%) than females (89.7%) between adults and juveniles. Our



Table 3
Summary statistics of chronological age (years) according to sex and third molar maturity index (I3M) classes.

I3M class Females Sd Min Q1 Med Q2 Max Males Sd Min Q1 Med Q2 Max T(df) aP

N Mean N Mean

[1.59, 0.80] 27 15.38 1.09 14.01 14.40 15.40 16.30 18.10 21 15.52 1.13 14.20 14.60 15.10 16.35 17.80 0.45(46) 0.654
(0.80, 0.40] 29 16.85 2.07 14.50 15.25 16.40 17.70 22.00 16 15.54 1.32 14.00 14.63 15.05 16.68 18.00 2.28(43) 0.027
(0.40, 0.08] 59 16.81 1.42 14.90 15.80 16.50 17.30 21.30 53 17.04 1.34 14.40 16.10 16.90 17.50 20.80 0.86(110) 0.389
(0.08, 0.0] 69 20.05 1.46 16.70 18.85 20.00 21.20 22.90 65 20.12 1.57 15.60 18.95 20.20 21.15 22.80 0.25(132) 0.801

N, number of cases; Mean, mean age; Sd, standard deviation; Min, minimum age; Q1, first quartile; Med, median age; Q2, second quartile; Max, maximum age.
a Independent samples T-test.

Table 4
Contingency 2-by-2 tables shows the separating performance of the specific third
molar maturity index cut-off value (I3M< 0.08).

Test Females <18 Total females Males <18 Total males
Age � 18 Age � 18

I3M< 0.08 65 4 69 61 4 65
I3M� 0.08 15 100 115 9 81 90
Total 80 104 184 70 85 155
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findings are in line to the most studies on the usefulness of
I3M< 0.08 in discriminating adults and minors in different
populations [13,15–22,24,26,31,33].

For example, the Libyan study by Dardouri et al. [22],
demonstrated the better performance of the test, with a specificity
of 100.0% in both sexes and sensitivity of 90.6% and 90.9%, while
accurate classifications were 94.5% and 95.1% in females and males,
respectively. The performance in our study was better than in
Australian study by Franklin et al. [19], they showed the sensitivity
of 90% in both sexes, specificity of 88% and 85% and accurate
classification of 88% for females and 87% for males.

The results for the Dutch population [24] show for girls that the
sensitivity was 72,7% and specificity was 96,3%. The proportion of
accurately classified individuals was 83,3%. For boys, the sensitivity
was 84%, and specificity was 95%. The proportion of correctly
classified individuals was 88,9%. The study in a South Indian
sample by Balla et al. [23], shows that the sensitivity was 90,2%,
and its specificity was 95,1% for males. For females, the sensitivity
was 83,3%, and specificity was 98,3%. Males were better classified,
93.1%, than females, 91.2%, between adults and minors.

Various methods have been published for medico-legal purposes
for estimation of age. Actually, in most countries, forensic age
estimation in living subjects has very important to determine the
majority or not. Dental age, skeletal age, morphological features, and
sexual development were the most routinely used maturity
indicators for estimating age in sub-adults [6,37–41]. Next, age
estimation in living needs to be performed using appropriate
population-specific standards [42].
Table 5
The quantities derived from 2-by-2 contingency table (95% confidence interval)
to test the age of majority for third molar maturity index (I3M< 0.08) in the
sample from France.

Females Males

Accuracy 0.897 (95% CI, 0.842–
0.925)

0.916 (0.856–
0.949)

Sensitivity 0.813 (95% CI, 0.750–
0.845)

0.871 (0.804–
0.908)

Specificity 0.962 (95% CI, 0.913–
0.987)

0.953 (0.898–
0.983)

Positive likelihood ratio
(LR+)

21.125 (95% CI, 8.644–
64.586)

18.518 (7.871–
54.376)

Negative likelihood ratio
(LR�)

0.195 (95% CI, 0.157–
0.274)

0.135 (0.093–
0.218)
Concerning French specific experience for age estimation, there
are different studies about this subject deserving attention. Foti
et al. [43] in 2002 provided mathematical models for age
calculation based on counting erupted teeth, and, if possible,
germs. The method is applicable both in clinical and radiological
examinations on 810 panoramic radiographs of 397 boys (49.0%)
and 413 girls (51.0%) of 6.10–21.08 years of age (average age of 12.63
years). This original approach for forensic odontologists proposed
four regressive models providing 95% confidence interval age
estimates in any situation, i.e., whether there are available
panoramic radiographs or not, and even if we have incomplete
skeletal remains. The same team compared in 2003 two methods
of age estimation, discriminant functions and the Bayesian
approach, which can both be applied during clinical or radiological
examinations. The method is based on the count of erupted teeth,
which is known to be almost independent of environmental
factors, and on the classification into age groups [44]. The
apprenticeship sample was constituted in the dental care service
of a hospital in Marseille (France). This sample was composed of
810 radiographs, belonging to 397 males (49%) and 413 females
(51%). The mean age in the global sample is 12.63 and range was
6.10–21.08 years. This new probabilistic method is presented as in
addition to the Ubelaker method. Rougé-Maillart et al. [45] in 2011
tested Demirjian’s technique on panoramic radiographs on
population-based in west France (115 girls and 94 boys aged
between 11 and 26 years), assessment of the development stage for
a wisdom tooth. According to the literature, the use of the third
molar to estimate the biological age of an individual is far from
being an ideal marker; but there are very few other alternatives in
the age range between 15 and 20. Demirjian’s method is easy to
reproduce and, despite the variability in the third molar, which
does not allow an accurate age to be given, it is possible to observe
a correlation between estimated and actual age. Their study
concluded that 77% of patients reaching stage H according to
Demirjian’s classification are over 18 and that an individual who is
at stage D according to Demirjian is under 18 (99.6% according to
their modeling). The difference in the development of third molars
according to patients (ethnic origin, hence, the necessity of using
databases) that are specific to each population studied to give the
Table 6
Number of correct evaluations/total participants (%) of being adult or minor in each
age group by using the third molar maturity index cut-off (I3M< 0.08).

Age groups (years) Females Males Total

14 14/14 (100%) 16/16 (100%) 30/30 (100%)
15 32/32 (100%) 19/20 (95%) 51/52 (98.1%)
16 35/37 (94.6%) 23/23 (100%) 58/60 (93.3%)
17 19/21 (90.5%) 23/28 (82.4%) 42/49 (85.7%)
18 14/20 (70%) 10/15 (66.6%) 24/35 (68.6%)
19 16/19 (84.2%) 10/10 (100%) 26/29 (89.7%)
20 16/17 (94.1%) 20/24 (83.3%) 36/41 (87.8%)
21 15/19 (78.9%) 10/10 (100%) 25/29 (86.2%)
22 4/5 (80%) 9/9 (100%) 13/14 (92.9%)
Total 165/184 (89.7%) 140/155 (90.3%) 305/339 (90%)
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most appropriate results. Tardivo et al. [46] in 2014 proposed an
easy and reliable method for dental age estimation of adult
individuals that does not require sophisticated technical support,
does not damage the study material and can be used for both
anthropological and forensic applications. 3D modeling of 840
canines with the calculation of pulp volume (PV) and total volume
(TV) of each tooth were performed. Based on the criteria for
assessing regression performance, the mathematical models
appear more efficient than those of previous studies, which also
used as explanatory variable a direct or an indirect estimation of
the PV/TV ratio. Finally, given the width of the fluctuation intervals,
the regressions presented here appear to give more accurate age
predictions than previous techniques.

Every year, in the Mediterranean, growing numbers of individuals
without approved migration documents transit through North Africa
and the Balkans before seeking entry by boat to Italy, Spain and the
European Union [47]. In France, the forensic practitioners have
increasingly faced this problem in their daily practice. An error due
to forensic age estimation indicating that a subject over 18 is a minor is a
technically unacceptable error. However, an error indicating that a
minor is over 18 may be classified as ethically unacceptable because
when the minor is judged to be under 18, he or she will be treated as a
child,withthefullbenefitofsafeguardingthroughbeingchildrenincare
[31]. In this context, accurate age assessments are vitally important. Our
results of I3M in southeastern France indicate that all 14-years-old were
accurately selected while some 15 to 17-years-old may be wrongly
selected as an adult, which are in line with most previous studies of I3M.

In France, the forensic age estimation in living subjects is being
carried out as part of the migrants and when subjects are in police
custody to determine the sanction [48]. Next, in French law, the
penal threshold established at the ages of 13, 16 and 18 years,
initiates different penal proceedings [49–51]. However, determi-
nation of age between 16 and 18 years is very hard despite the
different methods used. Schmeling et al. [52] recommended
physical and dental examination together with the X-Ray of the left
hand and dentition. The latest version of guidelines for forensic age
estimation includes the possibility of recourse to X-Rays, CT scans
or MR imaging of the clavicle to establish the threshold of the age
of majority [53].

In conclusion, according to the literature, the cut-off value by
measurements of open apices has never been analyzed in French
individuals. The result of this study provided this method can be
used in combination with the other scientific methods for estimate
the legal adult age of majority and it is not possible to exclude that
an individual with an I3M< 0.08 could be minor.

Author’s contribution

Cheraz Tafrount, as the first author conducted all measure-
ments on the panoramic X-rays and contributed to the planning
and writing of the paper.

Ivan Gali�c as the corresponding author conducted measure-
ments as the second rater, contributed to the statistical analysis,
preparing and finishing the last version of the manuscript.

Angelique Franchi contributed to the planning and writing of
the paper.

Laurent Fanton contributed to the planning and writing of the
paper.

Roberto Cameriere as the principal researcher organized the
whole team and resources, contributed to the planning, critical
discussion and writing the final version of the paper.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.forsciint.2018.10.013.
References

[1] I. Galic, F. Mihanovic, A. Giuliodori, F. Conforti, M. Cingolani, R. Cameriere,
Accuracy of scoring of the epiphyses at the knee joint (SKJ) for assessing legal
adult age of 18 years, Int. J. Legal Med. 130 (4) (2016) 1129–1142.

[2] E. Cunha, E. Baccino, L. Martrille, F. Ramsthaler, J. Prieto, Y. Schuliar, N.
Lynnerup, C. Cattaneo, The problem of aging human remains and living
individuals: a review, Forensic Sci. Int. 193 (1–3) (2009) 1–13.

[3] S. Schmidt, D. Schramm, S. Ribbecke, R. Schulz, D. Wittschieber, A. Olze, V.
Vieth, H.F. Ramsthaler, K. Pfischel, H. Pfeiffer, G. Geserick, A. Schmeling,
Forensic age estimation in juveniles and young adults: reducing the range of
scatter in age diagnosis by combining different methods, Arch. Kriminol. 237
(1–2) (2016) 25–37.

[4] A. Demirjian, H. Goldstein, J.M. Tanner, A new system of dental age assessment,
Hum. Biol. 45 (2) (1973) 211–227.

[5] A. Demirjian, H. Goldstein, New systems for dental maturity based on seven
and four teeth, Ann. Hum. Biol. 3 (5) (1976) 411–421.

[6] C.F. Moorrees, E.A. Fanning, E.E. Hunt Jr., Age variation of formation stages for
ten permanent teeth, J. Dent. Res. 42 (1963) 1490–1502.

[7] H.M. Liversidge, Dental maturation of 18th and 19th century British children
using Demirjian’s method, Int. J. Paediatr. Dent. 9 (2) (1999) 111–115.

[8] M. Vodanovic, J. Dumancic, I. Galic, I. Savic Pavicin, M. Petrovecki, R. Cameriere,
H. Brkic, Age estimation in archaeological skeletal remains: evaluation of four
non-destructive age calculation methods, J. Forensic Odontostomatol. 29 (2)
(2011) 14–21.

[9] H.H. Mincer, E.F. Harris, H.E. Berryman, The A.B.F.O. study of third molar
development and its use as an estimator of chronological age, J. Forensic Sci. 38
(2) (1993) 379–390.

[10] A. Olze, A. Schmeling, M. Taniguchi, H. Maeda, P. van Niekerk, K.D. Wernecke,
G. Geserick, Forensic age estimation in living subjects: the ethnic factor in
wisdom tooth mineralization, Int. J. Legal Med. 118 (3) (2004) 170–173.

[11] R. Cameriere, L. Ferrante, D. De Angelis, F. Scarpino, F. Galli, The comparison
between measurement of open apices of third molars and Demirjian stages to
test chronological age of over 18 year olds in living subjects, Int. J. Legal Med.
122 (6) (2008) 493–497.

[12] Fixation à dix-huit ans de l’âge de la majorité (Law number 74-631).
[13] J. Cavri�c, I. Gali�c, M. Vodanovi�c, H. Brki�c, J. Gregov, S. Viva, L. Rey, R. Cameriere,

Third molar maturity index (I3M) for assessing age of majority in a black
African population in Botswana, Int. J. Legal Med. 130 (4) (2016) 1109–1120.

[14] R. Cameriere, V. Santoro, R. Roca, P. Lozito, F. Introna, M. Cingolani, I. Galic, L.
Ferrante, Assessment of legal adult age of 18 by measurement of open apices of
the third molars: study on the Albanian sample, Forensic Sci. Int. 245 (2014)
205 e1–205 e5.

[15] I. Galic, T. Lauc, H. Brkic, M. Vodanovic, E. Galic, M.G. Biazevic, I. Brakus, J.
Badrov, R. Cameriere, Cameriere’s third molar maturity index in assessing age
of majority, Forensic Sci. Int. 252 (2015) 191 e1-5.

[16] K. Zelic, I. Galic, N. Nedeljkovic, A. Jakovljevic, O. Milosevic, M. Djuric, R.
Cameriere, Accuracy of Cameriere’s third molar maturity index in assessing
legal adulthood on Serbian population, Forensic Sci. Int. 259 (2016) 127–132.

[17] S. De Luca, L. Aguilar, M. Rivera, L.A. Palacio, G. Riccomi, F. Bestetti, R.
Cameriere, Accuracy of cut-off value by measurement of third molar index:
study of a Colombian sample, Forensic Sci. Int. 261 (2016) 160 e1-5.

[18] A.R. Deitos, C. Costa, E. Michel-Crosato, I. Galic, R. Cameriere, M.G. Biazevic, Age
estimation among Brazilians: younger or older than 18? J. Forensic Leg. Med.
33 (2015) 111–115.

[19] D. Franklin, S. Karkhanis, A. Flavel, F. Collini, S. DeLuca, R. Cameriere, Accuracy
of a cut-off value based on the third molar index: validation in an Australian
population, Forensic Sci. Int. 266 (2016) 575 e1-6.

[20] R. Cameriere, A. Pacifici, S. Viva, D. Carbone, L. Pacifici, A. Polimeni, Adult or
not? Accuracy of Cameriere’s cut-off value for third molar in assessing 18 years
of age for legal purposes, Minerva Stomatol. 63 (9) (2014) 283–294.

[21] R.J. Quispe Lizarbe, C. Solís Adrianzén, M.M. Quezada-Márquez, I. Gali�c, R.
Cameriere, Demirjian’s stages and Cameriere’s third molar maturity index to
estimate legal adult age in Peruvian population, Legal Med. (Tokyo) 25 (2017)
59–65.

[22] A.A. Dardouri, R. Cameriere, S. De Luca, S. Vanin, Third molar maturity index by
measurements of open apices in a Libyan sample of living subjects, Forensic
Sci. Int. 267 (2016) 230 e1-230 e6.

[23] S.B. Balla, I. Galic, P. Karunakar, S. Vanin, S. De Luca, R. Cameriere, Validation of
third molar maturity index (I3M) for discrimination of juvenile/adult status in
South Indian population, J. Forensic Legal Med. 49 (2017) 2–7.

[24] H. Boyacioglu Dogru, A. Gulsahi, S.B. Cehreli, I. Galic, P. van der Stelt, R.
Cameriere, Age of majority assessment in Dutch individuals based on
Cameriere’s third molar maturity index, Forensic Sci. Int. 282 (2018) 231
e1–231 e6.

[25] I. Rozylo-Kalinowska, P. Kalinowski, M. Kozek, I. Galic, R. Cameriere, Validity of
the third molar maturity index I3M for indicating the adult age in the Polish
population, Forensic Sci. Int. 290 (2018) 352 e1–352 e6.

[26] B.M. Santiago, L. Almeida, Y.W. Cavalcanti, M.B. Magno, L.C. Maia, Accuracy of
the third molar maturity index in assessing the legal age of 18 years: a
systematic review and meta-analysis, Int. J. Legal Med. 132 (4) (2018) 1167–
1184.

[27] L. Ferrante, R. Cameriere, Statistical methods to assess the reliability of
measurements in the procedures for forensic age estimation, Int. J. Legal Med.
123 (4) (2009) 277–283.

https://doi.org/10.1016/j.forsciint.2018.10.013
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0005
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0005
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0005
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0010
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0010
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0010
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0015
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0020
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0020
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0025
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0025
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0030
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0030
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0035
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0035
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0040
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0040
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0040
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0040
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0045
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0045
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0045
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0050
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0050
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0050
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0055
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0055
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0055
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0055
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0065
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0065
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0065
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0070
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0070
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0070
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0070
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0075
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0075
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0075
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0080
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0080
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0080
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0085
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0085
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0085
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0090
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0090
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0090
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0095
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0095
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0095
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0100
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0100
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0100
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0105
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0105
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0105
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0105
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0110
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0110
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0110
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0115
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0115
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0115
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0120
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0120
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0120
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0120
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0125
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0125
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0125
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0130
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0130
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0130
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0130
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0135
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0135
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0135


C. Tafrount et al. / Forensic Science International 294 (2019) 218.e1–218.e6 218.e6
[28] R. Fletcher, S. Fletcher, Diagnosis, in: R. Fletcher, S. Fletcher (Eds.), Clinical
Epidemiology. The Essentials, Wolters, Kluwer, Lippincott, Williams & Wilkins,
Baltimore, 2005, pp. 35–58.

[29] Census France, 2017.
[30] J. Costa, J. Montero, S. Serrano, A. Albaladejo, A. Lopez-Valverde, I. Bica,

Accuracy in the legal age estimation according to the third molars
mineralization among Mexicans and Columbians, Atencion primaria/Sociedad
Espanola de Medicina de Familia y Comunitaria 46 (Suppl 5) (2014) 165–175.

[31] S. De Luca, R. Biagi, G. Begnoni, G. Farronato, M. Cingolani, V. Merelli, L.
Ferrante, R. Cameriere, Accuracy of Cameriere’s cut-off value for third molar in
assessing 18 years of age, Forensic Sci. Int. 235 (2014) 102 e1-6.

[32] S.B. Balla, P. Venkat Baghirath, B. Hari Vinay, J. Vijay Kumar, D.B. Babu, Accuracy
of methods of age estimation in predicting dental age of preadolescents in
South Indian children, J. Forensic Legal Med. 43 (2016) 21–25.

[33] S. AlQahtani, A. Kawthar, A. AlAraik, A. AlShalan, Third molar cut-off value in
assessing the legal age of 18 in Saudi population, Forensic Sci. Int. 272 (2017) 64–67.

[34] A. Gulsahi, S. De Luca, S.B. Cehreli, R.E. Tirali, R. Cameriere, Accuracy of the
third molar index for assessing the legal majority of 18 years in Turkish
population, Forensic Sci. Int. 266 (2016) 584 e1-6.

[35] J. Kelmendi, R. Cameriere, F. Kocani, I. Galic, B. Mehmeti, M. Vodanovic, The
third molar maturity index in indicating the legal adult age in Kosovar
population, Int. J. Legal Med. 132 (4) (2018) 1151–1159.

[36] M. Antunovic, I. Galic, K. Zelic, N. Nedeljkovic, E. Lazic, M. Djuric, R. Cameriere,
The third molars for indicating legal adult age in Montenegro, Legal Med.
(Tokyo) 33 (2018) 55–61.

[37] W.W. Greulich, S.I. Pyle, Radiographic Atlas of Skeletal Development of the
Hand and Wrist, Second edition, Stanford University Press, Oxford University
Press, Stanford, London, 1959 pp. xvi. 256.

[38] P.M. Garamendi, M.I. Landa, M.C. Botella, I. Aleman, Forensic age estimation on
digital X-ray images: medial epiphyses of the clavicle and first rib ossification
in relation to chronological age, J. Forensic Sci. 56 (Suppl 1) (2011) S3–S12.

[39] A.L. Rosenbloom, Inaccuracy of age assessment from images of postpubescent
subjectsincasesofallegedchildpornography,Int. J.LegalMed.127(2)(2013)467–471.

[40] A. Olze, W. Reisinger, G. Geserick, A. Schmeling, Age estimation of
unaccompanied minors. Part II. Dental aspects, Forensic Sci. Int. 159 (Suppl
1) (2006) S65–S67.
[41] S. Schmidt, M. Schiborr, H. Pfeiffer, A. Schmeling, R. Schulz, Sonographic
examination of the apophysis of the iliac crest for forensic age estimation in
living persons, Sci. Justice 53 (4) (2013) 395–401.

[42] D. Franklin, A. Flavel, J. Noble, L. Swift, S. Karkhanis, Forensic age estimation in
living individuals: methodological consideration in the context of medico-
legal practice, Res. Rep. Forensic Med. Sci. 5 (2015) 53–66.

[43] B. Foti, P. Adalian, L. Lalys, N. Chaillet, G. Leonetti, O. Dutour, Probabilistic
approach to age estimation of children by dental maturation, C. R. Biol. 326 (4)
(2003) 441–448.

[44] B. Foti, L. Lalys, P. Adalian, J. Giustiniani, M. Maczel, M. Signoli, O. Dutour, G.
Leonetti, New forensic approach to age determination in children based on
tooth eruption, Forensic Sci. Int. 132 (1) (2003) 49–56.

[45] C. Rougé-Maillart, A. Franco, T. Franco, N. Jousset, Estimation of the age of 15–
25 year-olds using Dermirjian’s dental technique. Study of a population from
the West, France, La Revue de Médecine Légale 2 (3) (2011) 117–124.

[46] D. Tardivo, J. Sastre, J.H. Catherine, G. Leonetti, P. Adalian, B. Foti, Age
determination of adult individuals by three-dimensional modelling of canines,
Int. J. Legal Med. 128 (1) (2014) 161–169.

[47] E. Nuzzolese, Missing people, migrants, identification and human rights, J.
Forensic Odontostomatol. 30 (Suppl 1) (2012) 47–59.

[48] French National Authority for Health, Doctors’ attendance on detainees in
police custody. Consensus conference 2005, www.has-sante.fr/portail/upload/
docs/application/pdf/garde_a_vue_gb.pdf.

[49] Code Pénal, 98ème Edition Dalloz, 2001.
[50] Code de Procédure Pénale, 42ème édition Dalloz, 2001.
[51] G. Leonetti, M.D. Piercecchi, F. Vareilles, F. Cianfarani, La détermination de l’âge

chez le vivant: intérêt et méthodes, J. Med. Legale Droit Med. 38 (5) (1995)
345–357.

[52] A. Schmeling, W. Reisinger, G. Geserick, A. Olze, Age estimation of
unaccompanied minors. Part I. General considerations, Forensic Sci. Int. 159
(Suppl 1) (2006) S61–S64.

[53] A. Schmeling, C. Grundmann, A. Fuhrmann, H.J. Kaatsch, B. Knell, F. Ramsthaler,
W. Reisinger, T. Riepert, S. Ritz-Timme, F.W. Rosing, K. Rotzscher, G. Geserick,
Criteria for age estimation in living individuals, Int. J. Legal Med. 122 (6) (2008)
457–460.

http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0140
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0140
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0140
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0150
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0150
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0150
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0150
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0155
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0155
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0155
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0160
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0160
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0160
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0165
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0165
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0170
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0170
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0170
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0175
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0175
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0175
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0180
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0180
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0180
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0185
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0185
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0185
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0190
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0190
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0190
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0195
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0195
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0200
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0200
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0200
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0205
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0205
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0205
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0210
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0210
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0210
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0215
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0215
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0215
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0220
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0220
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0220
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0225
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0225
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0225
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0230
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0230
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0230
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0235
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0235
http://www.has-sante.fr/portail/upload/docs/application/pdf/garde_a_vue_gb.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/garde_a_vue_gb.pdf
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0255
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0255
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0255
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0260
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0260
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0260
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0265
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0265
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0265
http://refhub.elsevier.com/S0379-0738(18)30948-4/sbref0265

	Third molar maturity index for indicating the legal adult age in southeastern France
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	Author’s contribution
	Appendix A Supplementary data
	References


