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Objectives: From an administrative or forensic point of view, the need to estimate the age of living people who do not have hold valid
documents is crucial. In this sense 18 years, old cutoff values are of great importance due to civil and criminal imputability in the
majority of countries. Different medicine and forensic dentistry methods are used to estimate age. Among them, the development of
dental elements is one of the most reliable. This study aimed to apply and discuss sex-specific cutoff 18 years old discriminant ratios
advantages over sex-pooled reference value to improve accuracy and specificity over Cameriere et al’s (2008) method in a Southern
Brazilian Sample.

Methods: After prior ethical authorization (CAAE: 82403918.0.0000.0075), three experienced examiners measured using Fiji-Image
J software, 354 digital panoramic radiographs of individuals aged 14 to 23 years old, to obtain the dental maturity indices (I3m).
Based on the sensitivity and specificity criteria (ROC curve), different cutoff values were tested for males and for females.

Results: The inter-examiner agreement verified by Intraclass Correlation Coefficient (ICC) was 0.89. Based on post-test results, the
18-year I3m accuracy ranged from 98% to 94% throughout the tested cutoff values, and was 98% for females (I3m =0.09), 96% for
males (I3m = 0.07), and 94% for sex-pooled individuals (I3m = 0.08). Sex-pooled sensitivity values where higher when I13m = 0.09,
whereas specificity values were higher when I3m = 0.08. Sex-specific cutoff values expressed an increase in female Specificity (+2%)
at 0.09 considered the sex-pooled value of 0.08, while best male specificity was observed at 0.08 I3m values.

Conclusions: Considering the discriminating objective for estimating the age of 18 years old and its forensic impact, it must be
observed the greater importance of the specificity of the test in order to minimize false positives than the overall accuracy. In this
sense, we can conclude that even being a forensic reliable option the use of 0.08 sex-pooled 13m ratio, sex specific I3m ratios may be
a better option to be used at the local population. Subsequent research on diversified country samples is strongly indicated.
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Introduction

Age estimation plays an important role in forensic practices, mainly
by supporting civil and criminal decisions, and dental age (DA)
estimation is one of the most widely used and reliable scientific
approaches in the field of forensic medicine. Nevertheless, one
of the pending concerns is how closely and accurately can true
chronological age be predicted, considering that slight differences
may deeply change court decisions. One of the most cited problems
related with this issue involves the question of determining the

age at which civil and criminal liability apply, i.e., the legal age.
Legal age is the age limit at which the law considers an individual
to have reached adulthood [1, 2]. At the borderline age of civil
and criminal liability, the prediction confidence interval is a
critical factor in determining whether a person of unknown age
is considered a minor or an adult in court. Worldwide, the legal
age ranges from 16 to 18, the latter being the most commonly
accepted. Depending on the specific legal requirements of the
country involved, the probability of an expert’s prediction being
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accurate must be above 90% for criminal matters, and above 51%
for civil matters [3].

Therefore, particularly when dealing with the liability of borderline
age cases, it is imperative that the age estimation method be non-
invasive and highly accurate in distinguishing minors from adults

[4].

Although distinct approaches have been taken to dental age
estimation in living people, the effectiveness of the chosen
method depends on specific circumstances, such as the examinee’s
presumed age class interval, the local resources available, and,
particularly, the specific question being addressed [5]. More
specifically, one of the few (if not the only) criteria available to
distinguish adults from minors based on a dental investigation
is the development of the third molar tooth, whose complete
maturation occurs approximately at the age of 18 years old.

Contemporary forensic methods employed to address living 16-
18 year-olds are based mainly on radiographic examination, and
can be summarized in two major approaches: (i) based on an
assessment of the development stage of third molars, and (ii) based
on dental measurements and ratios, such as Drusini et al coronal
index or Cameriere et al third molar maturity index (I, ) [2, 5-8].

Naturally, the method(s) preferred by each forensic expert may
vary depending on the specific case, but it is commonly argued
in the literature that developmental analyses are likely to involve
subjectivity in stage assignation and, consequently, have the
potential to a be associated with a higher degree of intra and
inter-observer disagreement [9]. The enthusiasts of the dental-
mensuration approach, in turn, underline its potential to reduce
subjectivity, although requiring more hardware resources and
hand-skill training for personnel.

Irrespective of the approach taken—whether developmental
staging or dental measurements—the differences among distinct
world populations with respect to dental development are an issue
referred to in the literature, and several authors have stressed that
it is imperative that the validity of any method established for a
specific population should have already been quantified for the
intended application, particularly when dealing with civil and
criminal imputability [1, 4, 3].

Bearing this in mind, the present study was designed to
assess chronological age to discriminate adulthood based on
orthopantomographs using the method of Cameriere et al [2].
Although accurate results have been obtained worldwide with the
I3m method since the original reference study was published in
2008, sensitivity and specificity variations have been observed
when applied to different populations. For example, considering
a cutoff value of 0.08, the method showed almost perfect results
in a Turkish population, whereas its accuracy decreased to values
between 72% and 76% in a Saudi Arabian population [10, 11].
These results suggest that studies should explore different cutoff

values not only to increase accuracy, but also to increase specificity
for the population tested. Another relevant aspect to this issue
involves sex-specific cutoff values. The great majority of studies
have used the same cutoff values for both sexes, even though there
are unequivocal tooth developmental differences between males
and females. The use of sex-specific I3m cutoff values may have
the potential to increase accuracy and thus minimize false-positive
results.

That being said, the aim of the present study was to quantify
the accuracy of the Cameriere I3M 0.08 index in a Southeastern
Brazilian sample, and to investigate potential advantages of using
specific cutoff values for male and female subjects [2].

Materials and methods

A retrospective cross-sectional study was carried out on 354
archived digital orthopantomographs (OPG) from Brazilian adults,
residents in the Sdo Paulo metropolitan area, and aged between 14
and 23 years old. The data was obtained from a private institute of
radiology. The radiographs, taken as part of routine dental care, were
assigned to the present research after approval by the University
of Sdo Paulo School of Dentistry Research Ethics Committee
(CAAE: 82403918.0.0000.0075). The participants’ confidentiality
was fully preserved in that the information provided was limited
to sex, date of birth, and date of radiographic examination. All
of the OPGs were in digital format (JPEG file extension), and
were obtained by a CRANEX D apparatus (Soredex 26). The
standard features of the images were 3292 pixels (width) by 1536
pixels (height), and 265 dpi of vertical and horizontal resolution.
Regarding mandibular third-molars, exams presenting unclear
content, significant dental or osseous pathology were excluded. Of
the OPGs obtained, 17 did not meet the inclusion criteria and were
excluded, thus leaving a set of 328 images. In order to test intra
and inter-rater agreement, 29 exams were randomly chosen to be
repeated two times and 33 exams, three times. Three experienced
examiners, whose ICC absolute agreement was 0.89, assessed the
radiographs.

Fiji-ImagelJ software (public-domain) was used to measure both
right and left mandibular third molars. In order to determine the
third-molar maturity index (I3M), root apex and tooth height were
assessed and measured following the main guidelines laid out
by Cameriere et al 2. All of the OPGs were analyzed under the
same predetermined scale. Although scaling does not affect the
measures of interest (as they are ratios), the images scale were set
in ‘units of measure’, being 10.42 pixels equivalent to 1 unit in this
research. The Zooming was set to 1.5 X. The straight-line software
tool was used to perform and register the measurements (Ctrl + M
= register). Reference lines (Ctrl + B saves the reference lines in a
layer) were used over the images to provide tooth height reference
points before taking these measurements (Figure 1). No matter
could the roots be ‘subjectively classified’ whether open or root
apex closed, all of them were measured. The I3M was calculated
as the sum of the distances of the inner sides of the apexes divided
by the tooth length.
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Figure 1: (A) When only the crown is formed the measurement refers to the

crown opening. (B) corresponds to the apexes partially formed, each one is
measured separately and the values are summed. (C) refers to the height of
the tooth according to its long axis.

An Excel Visual Basic Macro was created to automatically transfer
all the measurements from Fiji’s results output sheet to an Excel
spreadsheet, to speed up the database construction process.

Statistical analysis

A linear regression analysis was performed as a first step. Age was
predicted as a function of sex and I3M value. The significance
threshold was set at 5%. Residual tests were performed and plots
were generated to confirm linearity, homoscedasticity, and also
to check if the errors were independent. In a subsequent linear
regression analysis, age was predicted specifically for male and
female participants. Paired T tests were performed to compare
predictions. The intraclass correlation coefficient (ICC) was used
to assess both intra- and inter-rater ratios of agreement. Paired T
tests and Bland-Altman plots were used to verify and analyze the
obtained inter-rater agreement values.

To test intra- and inter-rater reproducibility, a random sample of 30
OPGs was re-assessed after an interval of one week, and the intra-
class correlation coefficient (ICC) was then used to statistically
quantify the absolute agreement.

Scatter plot and box plot graphs and tables were used to explore the
relationships between chronological age and 13M value for both
genders. A receiver operating characteristic (ROC) curve was used
to evaluate I3M effectiveness, bearing in mind that the area under
the ROC curve indicates how well the test distinguishes adults
from minors (a value of 1 indicates a perfect test, whereas a value
of 0.5 indicates a meaningless test). The ROC curve evaluation
was used to obtain an optimal pre-test cutoff value by managing
simultaneously the sensitivity and specificity of the I3M values
(Figure 2).

ROC Area
0994

Standard error
0004

Sex-pooled
Males 0.991
0.996

0.007

Females 0.003

The performance of three I3M test cutoff values (from the ROC
analysis) was evaluated using a two-by-two contingency table
on the test database OPGs. For each cutoff value proposed,
the numbers of true positives (TP), false positives (FP), false
negatives (FN), and finally, true negatives (TN) were determined.
The percentage of accurate classifications (Ac), the sensitivity (Se)
and specificity (Sp) were calculated.

The positive predictive value (PPV) and the negative predictive
value (NPV), i.e. the proportions of positive and negative results
that were truly positive or truly negative, respectively, were also
determined.

The positive likelihood ratio, i.e. the ratio between the probability
that an examinee given a positive test result was 18 or older and
the probability that an examinee given a positive test result was
under 18; and the negative likelihood ratio, i.e. the ratio between
the probability that an examinee given a negative test result was 18
or older and the probability that an examinee given a negative test
result was under 18, were also calculated. Likelihood ratios values
above 10 (LR+) or below 0.1 (LR-) are considered to provide
strong evidence for diagnosis [6]. The post-test probability (p)
of being 18 or older in the subjects, who live in Sdo Paulo, was
calculated according to the Bayes theorem, as follows:

. S5e X po
" Sexpo+(1—Sp)X(1—po)

D

In this theorem, PO is the probability that the subject in question
is 18 years or older, given that he or she is aged between 14 and
23 years old. Actually, PO considers the proportion of subjects
aged 18-22 who live in Sao Paulo to those aged 14-23 (age class
interval of the sample) according to the official demographic data
projection from the Brazilian 2010 census (https:/www.ibge.
gov.br/estatisticas/sociais/populacao/9109projecaodapopulacao.
html?=&t=resultados). This proportion was considered to be
51.3% for males and 51.0% for females.

All of the statistical analyses were performed using IBM SPSS
17.0 software (IBM, Armonk, NY, USA). The significance threshold
was set at 0.5%

Results

The distribution of age and sex in the study sample was balanced,
and is presented in Table 1. As seen in Table 2, the I3M ratio
gradually decreased as the chronological age of the participants
increased. At 17 years of age, the first signs of apical closure were
present in both sexes (albeit more marked among males), and at
21, there were no open apices in any of the individuals examined
(an I3M ratio of 0.04-0.05 was considered to reflect a closed apex).
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Table 1: Sample characteristics: Age group cohort

Age group cohort 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 >21 Total
Males 7 15 12 8 60 33 7 4 10 156
Females 16 19 13 10 39 47 16 7 5 172
Total 23 34 25 18 99 80 23 11 15 328

Table 2: I3m Sex-pooled ratios age evolution

95% CI

Age mean See SD L_bound U_bound
13 .653 .02 .06 .62 .69
14 356 .03 .06 21 .50
15 212 .01 .04 .19 24
17 .149 .00 .02 .14 .16
18 .073 .00 .01 .07 .08
19 .066 .00 .01 .06 .07
21 .048 .00 .00 .04 .05
22 .032 .00 .01 .03 .04

See: Standard error of the estimate

The determination coefficient of the linear regression explained 70% of the sex-pooled distribution, and 63% and 75% of the male and
female distributions, respectively (Table 4).

Table 4: Linear regression models

Model Summary
Model R Df Adjusted R SEE RME 1c95%
Square
All 0.835 328 0.70 1.21 0.82 0.72-0.91
Male 0.797 156 0.63 1.33 0.85 0.69 - 1.01
Female 0.868 172 0.75 1.09 0.78 0.66 - 0.89

SEE: Standard error of the estimate; RME: Residual mean error

Df degrees of freedom

Mean chronological age and standard deviation according to I13M
for a sex-pooled group inference and for each of the sexes are
presented in Table 2. As shown in Table 2, the younger the subject,

the greater the standard deviation of the mean (as in the case of

ages 13 to 15).

Table 3: Pre test I3M cutoff values derived from the ROC curve

Sex-pooled sensitivity values where higher when I3M = 0.09,
whereas specificity values were higher when I3M = 0.08 as may
be seen on Table 3.

cutoff value Sensitivity Specificity ROC area
Sex-pooled 0.09 0.96 0.96 0.99
Male scores 0.08 0.98 0.96 0.99
Female scores 0.10 0.98 0.97 0.99
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According Post-test contingency tables analysis (Table 5)
Sensitivity, Specificity, Positive and Negative Likelihood Ratio,

Positive and Negative Predictive Value, Accuracy and Bayes test
values were calculated (Table 6).

Table 5: Post-test contingency 2 x 2 tables

Sex-pooled I3M_0.09 Age 18+ Present N Age 18+ Absent N Total
Positive True positive 127 False Positive 14
Negative False Negative 2 True Negative 185
129 199 328
Sex-pooled I3M_0.08 Age 18+ Present N Age 18+ Absent N Total
Positive True positive 118 False Positive 8
Negative False Negative 11 True Negative 191
129 199 328
Females I3M_ 0.09 Age 18+ Present N Age 18+ Absent N Total
Positive True positive 73 False Positive 2
Negative False Negative 2 True Negative 95
75 97 172
Females I3M_ 0.08 Age 18+ Present N Age 18+ Absent N Total
Positive True positive 64 False Positive 2
Negative False Negative 11 True Negative 95
75 97 172
Males I3M_0.08 Age 18+ Present N Age 18+ Absent N Total
Positive True positive 54 False Positive 5
Negative False Negative 0 True Negative 97
54 102 156
Males I3M_0.07 Age 18+ Present N Age 18+ Absent N Total
Positive True positive 52 False Positive 4
Negative False Negative 2 True Negative 98
54 102 156
Table 6: Post-test results
Type I3M Sensitivity | Specificity | Positive Negative 18+ Positive Negative Accuracy | Bayes
Likelihood | Likelihood | prevalence | Predictive | Predictive
Ratio Ratio Value Value
0.09 0.98 0.93 13.99 0.02 0.39 0.90 0.99 0.95 0.94
Sex-pooled [ 950, C1 | (94.51% to | (88.48% to | (8.4 to 23.2) [ (0.00 to (34.0%to | (84.6%to |(95.9%to | (92.2% to | (89.9% to
99.81%) | 96.10%) 0.07) 44.9%) 93.8%) 99.7%) 97.2%) | 96.1%)
0.08 0.91 0.96 22.75 0.09 0.39 0.94 0.95 0.94 0.96
Sex-pooled” | 950, C1 [ (853% to | (92.2% to | (11.52 t0 (0.05 to (34.0%to | (882%to |[(90.8%to | (91.1% to | (92.7% to
95.7%) 98.3%) 44.96) 0.16) 44.9%) 96.7%) 96.8%) 96.5%) | 98.5%)
0.09 0.97 0.98 47.21 0.03 0.44 0.97 0.98 0.98 0.98
Females*™ 1 950, 1 [ (90.70% to | (92.75% to | (11.97 to (0.01 to (36.07%to | (90.25% to |(92.37%to | (94.15% | (92.3% to
99.68%) | 99.75%) | 186.16) 0.11) 51.36%) | 99.31%) 99.47%) to 99.5%)
99.36%)
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008 [o0.85 0.98 41.39 0.15 0.44 0.97 0.90 0.92 0.98
Females 95% CI | (75.27% to | (92.75% to [ (1047t0 | (0.09t0 | (36.07%to | (89.00% to |(83.33%to |(87.42% [ (92.5% to
92.44%)  |99.75%) | 163.65) 0.26) 5136%) | 99.22%)  [93.72%) to 99.3%)
95.91%)
0.08 |1.00 0.95 20.40 0.00 0.35 0.92 1.00 0.97 0.95
Males 95% CI | (93.40% to | (88.93% to | (8.68 to 0 (27.19%to | (82.12%to | () (92.68% | (88.8% to
100.00%) | 98.39%) | 47.96) 42.64%) | 96.21%) to 98.4%)
98.95%)
007 |0.96 0.96 24.56 0.04 0.35 0.93 0.98 0.96 0.96
Males* 95% CI | (87.25% to | (90.26% to | (9.38 to (001t | (27.19%to |(83.24%to |(92.63%to |(91.82% [ (90.1% to
99.55%) | 98.92%) | 64.26) 0.15) 42.64%) |97.14%) | 99.48%) to 99.0%)
98.58%)

Sex-specific cutoff values expressed an increase in female
sensitivity (+6%) at 0.09 considered the sex-pooled value, while
female sex-specific sensitivity 0.08 cutoff represented a decrease
of 6% considered the sex-pooled value.

Male sensitivity at 0.08 cutoff decreased 1% considered the sex
pooled post-test and remained the same at 0.07 I3m (96%).

Compared to the sex-pooled 0.08 cutoff ratios, female specificity
increased 2% for I13M 0.09. Male specificity at 0.07 ratio remained
the same compared to the sex-pooled individuals at 0.08 ratio
(96%).

The positive likelihood ratio ranged from 22.8 (sex-pooled: I13M
=0.08) to 24.6 (males: I13M = 0.07) and to 47.2 (females: I3M =
0.09).

The negative predictive value ranged from 99% to 95% throughout
the tested cutoff values. Accuracy, which is the proportion of
accurately classified subjects, ranged from 98% to 94% throughout
the tested cutoff values, and was 98% for females (I3M =0.09),
96% for males (I3M = 0.07), and 94% for sex-pooled individuals
(I3M = 0.08).

Finally, application of the Bayes’ theorem (probability of the
examinee being tested meets the condition of being aged 18 or
older based on the prevalence of the condition in the population
of origin based on regional data census) gave results ranging from
98% to 94% throughout the tested cutoff values, and was 98% for
females (I3M = 0.09), 96% for males (I3M = 0.07), and 96% for
sex-pooled individuals (I3M = 0.08).

Discussion

Complete closure of the apices of mandibular third molars is an
indication that the examined individual is over the age of 18.
Several studies that have applied the I3M method of Cameriere
et al. for age estimation in different population have confirmed
high levels of sensitivity and specificity for the 0.08 cutoff value
in determining adulthood [1-3, 10-18]. In fact, the accuracy of the
I3M value of 0.08 has been found to range from a minimum of

72.4% (Saudi Arabia females) 11 to a maximum of 97.6% (Turkish
males) [10]. In the present study, accuracy reached 96% among
males for an I3M cutoff value of 0.07, and 98% among females for
an I3M cutoff value of 0.09.

Whether for individuals to be held accountable for their actions, or
to protect the rights of minors’, it is paramount that a population’s
given cutoff value expresses not only the best possible sensitivity-
specificity relationship (accuracy), but also reduces to a minimum
the chance of a minor being wrongfully considered an adult.
Bearing this premise in mind, I3M specificity is of utmost
importance, since the higher its value, the lower the chance of false
positives.

Dardouri et al. (2016) found optimal specificity in their research
with a Libyan population (100%) for both males and females
considered I3M =0.08 [3, 16, 19]. In contrast, Franklin et al. (2016)
and Deitos et al. (2015) found values ranging respectively from
85% for males to 67.2% for females in Australian and in Brazilian
populations, respectively. In the present study (conducted with a
Southeastern Brazilian sample), specificity values ranged from
96% to 98% for males and females, respectively, considering an
I3M of 0.07 (males) and an I13M of 0.09 (females). Under an 13m
value of 0.08, the observed specificity values ranged from 92% to
97% for males and females, respectively. It is worth mentioning
that beyond population variations, sampling-confounding
elements may explain part of this significant variation among
studies performed in the same country (Deitos et. al, 2015 and the
present research) [3]. Random data from radiologic clinics are not
“real random population-based data”, since it can be significantly
influenced by the cumulative presence in the sample of atypical
conditions. As an example, many patients are submitted to
orthopantomographic examination just because their wisdom teeth
seem to be lacking at a time they were expected to have erupted. In
truth, many cases of individuals over 18 years old whose wisdom
tooth maturity is compatible with that of a 14-year-old will be
present. Consequently, radiologic clinics data delayed 3rd molar
development prevalence may deeply differ from population-based
effective prevalence. Whether a third molar is lacking or merely
delayed, it cannot be assumed that the prevalence of these cases
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in radiologic clinics is the same as their actual prevalence in the
overall population. Unless this issue is addressed by researchers
by applying exclusion criteria and effectively identifying those
exams whose explicit objective was to investigate potential
anodontia or delayed eruption (e.g., by accessing the radiologic
exam prescription), the study results will likely be biased. A
high proportion of delayed tooth formation in a given sample
of radiographic exams could entail accuracy problems and
compromise specificity scores.

Although the great majority of previous studies conducted with
I3M methodology have effectively used the cutoff value of 0.08,
or other values for both sexes, the literature has also pointed out
that the timing of third molar development varies according to sex,
and, therefore, that it is possible that fine-tuning adjustments may
increase accuracy in terms of both sensitivity and specificity [20-
24].

Both situations— using the 0.08 cutoff value for both sexes and
using different cutoff values for either sex—were tested in the
present study. For females, specificity values were very high
(98%) under both 0.08 and 0.09 ratios, the latter performing better
in terms of sensitivity. Since the results of the Bayes post-test were
equivalent for both values, but accuracy was significantly higher
for the I3M of 0.09, it could be concluded that this ratio performed
better. For males, the I3M ratios of 0.08 and 0.07 seemed quite
similar in terms of specificity (a mere 1% increase for I3M = 0.07);
however, in terms of accuracy, I3M = 0.07 performed significantly
better, namely 96% versus 92.6%.

Conclusion

Considered the fact a very specific cut- off value will rarely
prove positive in the absence of being 18 years age or older and
the required discriminant confidence needed in the forensic age
prediction we can conclude from the sex-pooled cut- off values
(I3m 0.08) to sex-specific cut- off values comparison, that 3M
0.09 ratio is a better option to be used at the local tested female
population and I3M 0.07 ratio is a better option to be used at the
local tested male population.
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