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Abstract

International guidelines for dental age assessment have recommended the use of methods based on available population-
specific data. The Third Molar Maturity Index (I5y;) was previously validated in several populations worldwide. This was
the first study to evaluate the 5, in a northern Brazilian population and to test the diagnostic accuracy of the method to
distinguish between minors and adults. The sample consisted of 1.070 panoramic radiographs retrospectively collected from
females (n=595) and males (n=475) with ages between 16 and 22 years. I5,,’s original cut-off value of 0.08 was used to
classify individuals below and above the age of 18. Receiver operating characteristic (ROC) curves were plotted to assess
the accuracy (ACC) of the method. In females and males separately, the overall ACC was 73.1% and 80%, respectively. The
overall ACC for the combined sample was 76.1%. For northern Brazilian males, the best cut-off value remained 0.08, while
for females, an adjustment to 0.12 showed optimal outcomes. The new cut-off value led to an ACC of 98.5% for females,
which reflected an increase of 25.5% compared to the original cut-off value. The original cut-off value proposed by 15, was
applicable to the present sample of northern Brazilian individuals. Adjustments to 0.12, however, may be encouraged to
enhance the performance of the method among females.
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Introduction

The decision-making process behind the selection of dental
age assessment methods is guided by institutional recom-
mendations in the form of guidelines and standards [1].
According to the Study Group of Forensic Age Diagnostics
(SGFAD) of the German Society of Legal Medicine, there
is a wide agreement on the suitability of dental methods
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for age estimation [2]. In the context of dental methods,
the American Board of Forensic Odontology (ABFO) rec-
ommends those in which the expert has more familiariza-
tion [3]. Moreover, methods with population-specific data
available are recommended [1]. Reference data becomes
available through the publication of scientific studies for
specific populations [4-7]. The so-called reference studies
provide the expert with an overview of the performance of
the method in a random sample from a country or region [2].
Consequently, the SGFAD explains that the method trans-
lates developmental data into a chronological scale [2]. As
recommended by the International Organization of Forensic
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Odonto-Stomatology (IOFOS), in 2018, another aspect with
an important part in the technical procedures is the combi-
nation of dental age estimation methods [8]. Hence, experts
should be trained and be familiar with multiple methods
and, ideally, data should be available for diverse populations
worldwide.

The Third Molar Maturity Index (I5,,) was proposed
in 2008 by Cameriere et al. [9] as a radio-diagnostic tool
for dental age estimation. The method is based on a ratio
between the measurements of tooth height and open apices
of the mandibular left third molar (LL3rdM) [9]. Consid-
ering an original cut-off value of 0.08, the obtained ratio
can distinguish individuals below (ratio > 0.08) and above
(ratio < 0.08) the age threshold of legal interest of 18 years
[9]. This threshold represents the age of legal majority in
most countries [10-12] and makes the I3, potentially useful
for age estimation of the living, such as in cases of asylum
seekers [13—15] and criminal imputation of alleged minor
offenders [16, 17]. The third molar is used in this method
because this is the only developing tooth (position) in most
of the adolescents, especially around the age of 18 [18-20].

A recent systematic review of validation studies of the
I3 in worldwide populations (16 eligible studies) showed
an overall classification rate between 72.4 and 96% [21].
Meta-analyzed sensitivity and specificity rates were 0.88
and 0.96, respectively, and the pooled area under the curve
was 0.96, revealing high discriminatory power to distin-
guish minors and adults based on the legal threshold of
18 years [21]. Specifically for the Brazilian population, I3y,
was previously tested twice in the southeast region [22, 23]
and twice in the northeast region [24, 25]. The southeast
region is composed by four states and is considered the 2nd
smallest region of Brazil; however, it has a dense popula-
tion of 87 million habitants, with a predominance of mixed
European ancestry. In this region, I5y; overall classifica-
tion rates reached 87% [22]. The northeast region has nine
states and over 56 million habitants with a predominance
of African ancestry. In this region, I5y; reached accuracy
rates of 79.8% [24] and 80% [25]. A recent meta-analysis
of third molar dental age estimation methods in the Bra-
zilian population ranked Iy, among the methods that are
acceptable for application in the country [26]. However,
regional analyses for the northern region are missing in
the current literature.

The northern region of Brazil is composed of 7 states,
in which over 17 million habitants live. Amazonas is
located in this region and figures as the largest state in the
country (with 4 million habitants). Ancestral influence in
the region is predominantly Native American. The state
has borders with Venezuela, Colombia and Peru — high-
lighting the importance of pioneering I5y, validation stud-
ies to support dental age estimation cases of clandestine
migration across borders. The strong miscegenation of

@ Springer

the Brazilian population can propose a real challenge to
the performance of Iy, (originally European), especially
because of the scarce European ancestry in the northern
region compared to other Brazilian regions. This study
aimed to test, for the first time, the performance of Iy, in a
population of northern Brazilian individuals sampled from
an image database of the State of Amazonas.

Material and methods
Study model and ethical aspects

An observational cross-sectional study with retrospec-
tive sample collection was designed. Ethical approval
was obtained from the institutional committee of ethics
in research (protocol: 44,953,421.2.0000.5374). Follow-
ing national [27] and international ethical standards [28]
for human research, the participants involved in this study
were not exposed to ionizing radiation, and there was no
prospective recruitment. All the radiographs (described in
the “Settings and participants’) were obtained for clinical
reasons (diagnostic, therapeutic, and follow-up purposes)
that were unrelated to the present study and were collected
retrospectively from an existing database. The study was
reported following the “Enhancing the Quality and Trans-
parency of Health Research” (EQUATOR Network), spe-
cifically the STROBE (The Strengthening the Reporting
of Observational Studies in Epidemiology) checklist for
cross-sectional studies [29].

Settings and participants

The sample consisted of panoramic radiographs col-
lected from 595 females (mean age=19.10+1.96) and
475 males (mean age =18.73 +1.95) between 16 and
22.9 years (mean age = 18.94 + 1.97 years). The inclusion
criteria were panoramic radiographs of northern Brazil-
ians presenting the LL3rdM visible. The exclusion crite-
ria were panoramic radiographs without records of indi-
viduals’ date of birth, date of image acquisition, and sex;
visible bone lesions, surgical orthopedic appliances, and
deformities of the mandible; third molars in a transverse
position or tilted in the buccal/lingual direction (to avoid
shortened tooth images); and panoramic radiographs with
bad quality [30]. The application of the exclusion criteria
reduced the sample size from 1.256 originally collected
images to 1.070 (Table 1). According to a recent literature
review of 22 studies with the I3y, [31], our sample size
is bigger than 19 studies (86.3%) and has an equal sex
distribution.
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Table 1 Sample distribution between females and males for each of
the age categories addressed in this study

Age category Females Males Total
16 |~16‘99 84 76 160
17 |—17‘99 67 88 155
18 |—18.99 77 61 138
19 |—19.99 101 72 173
20 |—20.99 90 69 159
21 |—21.99 93 61 154
22 }—22.99 83 48 131
Total 595 475 1.070

Age categories are expressed in years

Data sources and measurements

The panoramic radiographs used in this study were col-
lected in 2021, retrospectively, from an existing database
of a private radiology clinic in the northern region of Bra-
zil, located in the State of Amazonas. The radiology clinic
operates in Manaus, the Capital city of Amazonas, and has a
predominance of patients that are (non-tribal) Amazonians.
Additional patients come mainly from the other states of the
northern region. Hence, the radiographs that we collected
were considered as a sample of the northern region of Brazil.
Image acquisition was performed with the Kodak CS8100SC
unit (Eastman Kodak Company, Rochester, NY, USA). The
images were stored in.tiff format (600 dpi) and exported to
a personal computer equipped with a 15" screen and GIMP
software version 2.10.30 (The GIMP Development Team,
International) for analysis. Image magnification of 100% and
eventual adjustments of brightness and contrast were allowed
prior to analysis. The analysis of the panoramic radiographs
was performed in a dimmed room under standard viewing
conditions [32]. No more than 25 radiographs were analyzed
per day to avoid visual fatigue [33]. Following the recom-
mendations of IOFOS [8], the method (I5),) was applied as
originally described in the literature [9]. The height (h) of the
LL3rdM was measured in the long axis of the tooth, while the
open apices (al and a2) were measured between root walls
(separately for the mesial and distal roots). The ratio between
h and al + a2 was calculated and considered based on the
reference cut-off value of 0.08 [9]. Individuals younger than
18 years would have a ratio > (.08, while older individuals
(adults) should have ratios < 0.08. LL3rdM with closed api-
ces would automatically indicate the individual as an adult.

Variables
The age category (younger or older than 18 years) that

was estimated from the ratios between 4 and al + a2 fig-
ured as the main variable in this study. Additionally, the

chronological age (second variable of this study) of the indi-
viduals was calculated as the difference between the date
of image acquisition and the date of birth. The estimated
age category and the chronological age of the individuals
were compared separately for females and males (sex as the
third variable). It is worth pointing out that the mean age
of the individuals in the younger group (below 18 years)
was 16.49 +0.50 years, while in the older group (above
18 years), the mean age was 19.96 +1.36.

Bias

Initially, a training session was established between the
main observer and the supervisor (both forensic odontolo-
gists with over 10 years of experience in practice). During
this period, one-hundred panoramic radiographs were meas-
ured and discussed based on I, reference ratio parameters,
namely the (open) apices and the tooth height. Next, an intra-
observer reproducibility test was performed by comparing
the measurements of the main examiner in a sample of ten
panoramic radiographs reassessed 30 days from the analysis
of the main sample. The repetition of image analysis led to
30 measurements for comparison (10 h, 10 al, and 10 a2).
The number of images selected for re-analysis was based
on a similar study published in 2020 [34]. Inter-observer
reproducibility was assessed within the same images and
considered the same number of measurements, and the same
time interval between analyses. During this process, a sec-
ond observer was recruited. The measurements performed
by the first and second observers were compared. The intra-
class correlation coefficient (ICC) was used.

Quantitative assessment and statistical analysis

The following steps were performed with R software version
4.1.2 (R Core Team, R Foundation for Statistical Computing,
Vienna, Austria). All the analyses considered a significance
level of 5%. Initially, the chronological age was converted
into a binary variable: individuals with ages between 16 and
17.99 years (minors) vs. individuals that were 18 or older
(adults). Kolmogorov—Smirnov test assessed and confirmed
data normality (p <0.05). A confusion matrix was produced
for the total sample and females and males based on the
performance of the I3y to classify individuals as minors
or adults. The performance of the method was quantified
by means of sensitivity (SEN), specificity (SPE), positive
predictive value (PV +), negative predictive value (PV —),
positive likelihood ratio (LR +), negative likelihood ratio
(LR -), and accuracy (ACC). A confidence interval of 95%
was presented. In a deeper analysis, the sample was tested
for a potential new population-specific cut-off value. In this
stage, 2/3 of the samples were used for training purposes and
1/3 for (cross) validation. Logistic regression was applied
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considering the classification based on the chronological age
as the outcome variable, and the Iy, ratio as the independent
variable to be tested and the predictor. New cut-off values
were investigated for the total sample, and separately for
females and males. For each of the analyses, receiver operat-
ing characteristic (ROC) curves were produced. Using the
highest SEN, SPE, and intercept obtained with the logistic
regression, it was possible to detect the best cut-off values
for the total sample and for females and males.

Results

ICC showed that the intra-observer reproducibility test for
the height measurements of the LL3rdM was 0.997, while
for the apical measurements, it was 0.996. The inter-observer
ICC values were 0.972 and 0.994 for the height and apical
measurements, respectively. All the measurements revealed
excellent reproducibility [35].

Table 2 presents an overview of the sample and age dis-
tribution of the females and males with their mean age and
standard deviation (SD) for each interval of Iy, ratios. It is
possible to see that most of the individuals sampled in this
study were allocated in the L5y, ratio interval of 0-0.3 (cover-
ing both the groups of minors and adults).

SD standard deviation, /3, ratio interval.

The contingency table (Table 3) presents the number of
correct classifications of minor/adult males and females

and shows accuracy rates of 73.1% for females and 80%
for males, and 76.1% for the total sample (combined sex).

F females, M males, SEN sensitivity, SPE specificity,
PV + positive predictive value, PV — negative predictive
value, LR + positive likelihood ratio, LR — negative likeli-
hood ratio, ACC accuracy, CI confidence interval.

The logistic regression performed to investigate a
potential cut-off value with a better classification of males
and females (separately and combined) showed that 0.08
remained the best classifier for males and for the combined
sample, while 0.12 would be the best value to classify
minor/adult females. The new cut-off reached a specificity
of 93%, showing the good performance of the new cut-off
to avoid false positives (Table 4).

The original cut-off of 0.08 remained as the best for the
combined sample and for males, while 0.12 emerged as the
best for females.

F females, M males, Ir.eta metrics used to assess the
best cut-off based on the highest sensitivity (SEM) and
specificity (SPE) rates.

Figure 1 illustrates the ROC curves of the cut-off val-
ues plotted for the combined sample, females, and males
described in Table 4. All the curves presented high speci-
ficity (related to false positives) values (99%, 93%, and
99.9% for the combined sample, females, and males,
respectively) and moderate to high sensitivity (related to
true positives) values (67.1%, 68.2%, and 79.8% for the
combined sample, females, and males, respectively).

Table2 Mean and standard

e L Females Age Males Age
deviation of the age of females ‘ -
and males for each of the I3, Mean SD Mean SD
ratio intervals
0-0.04 262 20.27 1.48 249 19.74 1.69
0.04-0.08 80 19.08 1.77 73 18.56 1.65
0.08-0.3 167 18.26 1.71 111 17.24 1.40
0.3-0.5 54 17.44 1.61 19 17.00 1.20
0.5-0.7 20 17.00 1.58 14 16.93 0.91
0.7-0.9 8 16.50 1.06 17.00 0.81
0.9-1.2 4 16.25 0.50 16.00 0.00
Table 3 Contingency table of the classification of the total sample and females and males as minors or adults based on I, ratios
Sex Iznp) True group SEN SPE PV + PV- LR+ LR- ACC
: CI 95% CI95% CI95% CI95% CI95% CI95% CI 95%
Adult  Minor
F+M  Adult 582 82 77.0% 74.0% 87.6% 57.3% 29 0.3 76.1%
Minor 173 233 (74.4-79.5)  (71.3-76.6)  (85.6-89.5)  (54.3-60.2) (2.5-32) (0.2-0.3)  (73.5-78.6)
F Adult 313 29 70.5% 80.8% 91.5% 48.2% 3.6 0.3 73.1%
Minor 131 122 (66.8-74.1)  (77.6-83.9)  (89.2-93.7)  (44.1-52.2)  (3.0-4.1) (0.2-0.3)  (69.5-76.6)
M Adult 269 53 86.5% 67.6% 83.5% 72.5% 2.6 0.2 80.0%
Minor 42 111 (83.4-89.5)  (63.3-71.8)  (80.1-86.8)  (68.4-76.5) (2.0-3.1) (0.1-0.2)  (76.4-83.6)
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Based on the new cut-off value of 0.12 for northern
Brazilian females, a new contingency table (Table 5) was
developed with descriptive data about the performance of
the cut-off as a classifier of minors and adults. The discri-
minant power of the cut-off increased the accuracy of 15, by
25.5%, as well as all the other related metrics (namely SEN,
SPE,PV+,PV—, LR+, and LR -).

F females, SEN sensitivity, SPE specificity, PV + positive
predictive value, PV —negative predictive value, LR + posi-
tive likelihood ratio, LR — negative likelihood ratio, ACC
accuracy, CI confidence interval.

Discussion
The diagnostic accuracy of Iy to classify individuals as

minors or adults based on the age threshold of legal interest
of 18 years has been proved worldwide [36]. The continental

size of Brazil highlights the need of regional validation stud-
ies. Despite the previous studies with Iy, in the southeast
[22, 23] and northeast [24, 25] regions, no study was per-
formed so far with a sample from the northern region. This
study was designed to test, for the first time, the performance
of Iy,’s original cut-off value of 0.08 to classify northern
Brazilian minors and adults.

Recent studies have demonstrated the importance of
regional validation studies, such as in the specific south-
eastern region of France [37] and the south region of India
[38]. In our validation study, the overall accuracy for the
correct classifications of minors and adults was 76.1% for
the combined sex group, and 73.1% and 80% for females and
males, using the cut-off value of 0.08. These outcomes were
considerably less accurate when compared to the southeast-
ern French population, for example, in which the correct
classification of females and males reached rates of 0.897
and 0.916, respectively [37]. Similarly, the overall accuracy

Table 4 Sensitivity and specificity rates obtained with the logistic regression to find the best cut-off values and test their predictive performance

to classify minors/adults

Sex SEN SPE Ireta Intercept Coefficient Cut-off
F+M 67.1% 99.0% 0.838 2.323 -8.124 0.08
F 68.2% 93.0% 0.865 2.901 —8.488 0.12
M 79.8% 99.9% 0.770 2.018 —10.136 0.08
Combined sex Females Males
= 2 1 =
0 e PEy /_/—/—/_f
g5 gz 2z
.g S g 3 1 é 3
Y g E
F 2 F 8 Fog
31 S El
0,’0 0,‘2 0"4 0"6 0?8 1,‘0 O.’O 0’2 074 0;5 0.‘8 1.'0 O.VO 0'2 074 0; (1'8 1,‘0

False positive rate

Fig. 1 Receiver operating characteristic (ROC) curves plotted for the
cut-off value of 0.08 for the combined (total) sample and males, and
for the new cut-off value of 0.12 plotted for the females sampled in
the present study. The curves presented specificity (related to false

False positive rate

False positive rate

positives) values of 99%, 93%, and 99.9% for the combined sample,
females, and males, respectively, and sensitivity (related to true posi-
tives) values of 67.1%, 68.2%, and 79.8% for the combined sample,
females, and males, respectively

Table 5 Female-specific contingency table for the new cut-off of 0.12 for northern Brazilian females

Sex Iz True group SEN SPE PV+ PV - LR+ LR - ACC
- C195% CI195% CI195% CI195% C195% CI195% C195%
Adults Minors
F Adults 177 3 100.0% 86.3% 98.3% 100.0% 7.3 0.0 98.5%
Minors 0 19 - (81.5-91.0) (96.5-99.9) - (6.1-8.4) (0.0-0.0) (96.8-99.9)
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for the combined sample of females and males was below
that obtained among South Indians (93.1% of correct classi-
fications) [38]. The difference may be justified by the (more)
challenging scenario proposed to test the I, in the present
study. In general, studies from the past sampled individuals
from 14 to 22 years [14, 37], while our sample was between
16 and 22 years.

The authors also demonstrated that less accurate classi-
fication rates are obtained by narrowing the age range from
16-21 years (90.3%) to 17-20 years (73.3%) [24]. This phe-
nomenon can be explained by the progressive development
of the LL3rdM roots, making it easier to classify someone
as < 18 if the person’s chronological age is 14 compared to
a 16-year-old individual (time in which the root would be
more developed). A second justification for the difference
between our outcomes and those from other international
studies is the sample size. While studies [37, 38] have sam-
pled less than 350 panoramic radiographs, our study not only
reduced the age interval but also added more radiographs
to the sample (n=1.070) — having a more representative
number of individuals per age interval of 1 year. Specifically,
between females and males, we had at least 131 individuals
in each age interval from 16 to 22.9 years.

Compared to other studies previously published in Brazil,
we reported accuracy rates that were slightly below those
reported for the northeastern population (80%) [25]. Simi-
larly, in our study, the accuracy rates were considerably bet-
ter for males (80%) compared to females (73.1%). In the
northeastern population, accuracy rates were 84% for males
and 78% for females [25]. Given the good sex distribution
in our sample (55.6% of females and 44.4% of males), we
understood that the suboptimal predictions for females could
be associated with the ancestral component (or miscegena-
tion) of our sample. Hence, we considered a potential adjust-
ment of the original cut-off for the female group. In fact,
new cut-off values were searched for the total sample and for
males as well, but 0.08 remained the best scenario in these
cases. Our decision to search for adjustments came from the
study of Cameriere et al. [39], in 2014, in which ethnicity/
ancestry was raised as a factor that could justify the adapta-
tion of cut-off values. Our methodological decision pointed
toward the cut-off of 0.12 for northern Brazilian females
— a value that reached a sensitivity of 100%, specificity of
86.3%, and an accuracy of 98.5% (increasing the previous
accuracy rates by nearly 25%).

Considering the forensic expertise in the living, our out-
comes may be useful to classify migrants crossing borders
between the State of Amazonas and Venezuela, Colombia,
and Peru. Moreover, cases of criminal imputation have been
reported for alleged Venezuelan minor offenders judged in
Brazil [16] — as the opposite may occur (Brazilians judged
in Venezuela), the results of the present study could be use-
ful to support dental age estimation practice abroad. When
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it comes to dental human identification (forensic expertise
in the deceased), the State of Amazonas has seven forensic
odontologists covering an area of 1.571.000 km?, in which
charred and decomposed bodies (especially retrieved from
rivers) are routinely found. The I, could play an impor-
tant part as an auxiliary tool to retrieve the identity of the
deceased.

Future studies in the field should be designed to map the
different geographic regions of the country in order to test
and potentially validate the 15, cut-off value. Eventually,
new cut-offs may emerge as the result of the country(region)-
specific adaptations. In the present study, a specific cut-
off proved to be more appropriate for northern Brazilian
females. The authors should strive for large and balanced
samples that can be more representative of the geographic
regions of interest. While specific states of the southeast,
northeast, and northern (current study sample) regions have
been mapped so far, there are no studies with the Iy, with
representative samples of the south and central-west regions
of Brazil. Together, both regions have over 45 million hab-
itants — highlighting the need for dedicated studies. This
study recommends, however, adaptations of cut-off values
only after a detailed (statistical) investigation of the per-
formance of the original cut-off value, and the evidence of
ground for improvement with the inherent adaptation.

Conclusion

The original cut-off value of 0.08 proposed with the Iy,
showed proper diagnostic accuracy to distinguish northern
Brazilians as minors and adults (considering the age thresh-
old of legal interest of 18 years). Improvement, however, was
observed for females with a new population-specific cut-off
value of 0.12. With the new cut-off, the diagnostic accuracy
to classify females increased by 25%, reaching an overall
98.5% rate. Among males, the diagnostic accuracy was 80%
(obtained with the original cut-off of 0.08).
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