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Abstract

Identification of living undocumented individuals highlights the need for accurate, precise, and reproducible age estimation
methods, especially in those cases involving minors. However, when their country of origin is unknown, or it can be only
roughly estimated, it is extremely difficult to apply assessment policies, procedures, and practices that are accurate and child-
sensitive. The main aim of this research is to optimize the correct classification of adults and minors by establishing new
cut-off values for four different continents (Africa, America, Asia, and Europe). For this purpose, a vast sample of 10,701
orthopantomographs (OPTs) from four continents was evaluated. For determination and subsequent validation of the new
third molar maturity index (/3m) cut-off values by world regions, a cross-validation by holdout method was used and contin-
gency tables (confusion matrices) were generated. The lower third molar maturity indexes, from both left and right side (/3mL
and /zmR) and the combination of both sides (/smL_73mR) were calculated. The new cut-off values, that aim to differentiate
between a minor and an adult, with more than 74.00% accuracy for all populations were as follows (l3mL; smR; imL 3mR,
respectively): Africa=(0.10; 0.10; 0.10), America = (0.10; 0.09; 0.09), Asia=(0.15; 0.17; 0.14), and Europe = (0.09; 0.09;
0.09). The higher sensitivity (Se) was detected for the IzmL for male African people (91%) and the higher specificity (Sp) of
all the parameters (/3mL; smR; IsmL_I3mR) for Europeans both male and female (> 91%). The original cut-off value (0.08)
is still useful, especially in discriminating individuals younger than 18 years old which is the goal of the forensic methods
used for justice.

Keywords Forensic sciences - Dental age estimation - Age of majority - Third molar maturity index (/3m) * Geographical
zones - Population data

Abbreviations LR- Negative likelihood
Acc Accuracy OPTs Orthopantomographs
ICC Intraclass correlation coefficient PV+ Positive predictive value
Im Third molar maturity index PV-— Negative predictive value
vl Left Third molar maturity index Se Sensitivity
LyR Right Third molar maturity index Sp Specificity
vl iR Combined (left+right) third molar maturity

index
LR+ Positive likelihood Introduction

Nowadays, the phenomena of migration, human trafficking,
paedopornography, and underage delinquency are spread
consistently across the globe [1-6]. As a consequence, the
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identification of undocumented minors faces particular chal-
lenges, acknowledging the need to provide an additional
legal protection to the most vulnerable ones.

It should not be overlooked that age assessment in
living individuals evokes several procedures that aim to
follow legal and civic guidelines [7] Thus, ethical and
legislation concerning consent, cultural respect, safety,
and well-being must always be present when processing
the assessment [7]. Moreover, these are living individu-
als, often originating from precarious contexts, which
demands the application of efficient, innocuous, and
non-invasive methods. Also, it is well established that
undocumented individuals arriving at different bor-
ders must first be screened to determine their country
of origin and estimate their legal age. Nevertheless,
sometimes, only an estimated geographic origin can be
assessed, particularly because many cases do not follow
the legally required steps of the immigration process.
According to Dhamo et al. (2018), both geographical
and genetic ancestry differently influence the dental
development [8].

This raises another issue complementary to the underly-
ing need for accurate, precise, and reproducible age estima-
tion techniques, which is for these techniques to be appli-
cable to a wide variety of population groups with different
ancestral backgrounds.

The use of teeth as a reliable biological marker for chil-
dren is widely described [9, 10]. Also, the use of third
molars has been explored to be a good age marker at the
18-year threshold, discriminating between juvenile and adult
status [11, 12]. Among several approaches [5], the third
molar maturity index (/3m) was introduced by Cameriere
et al. [13]. Based on the relationship between age and the
normalized measures of the third molar’s open apices, this
method applies a cut-off value of 0.08 to assign an individual
as a juvenile or adult [13]. Since its introduction, several
authors have tested and validated this method in various
populations [12, 14-43].

A recent study depicted and validated the use of both left
(I3mL) and right (lsmR) lower third molar, in cases of legal
inquiry on the 18-year-old threshold, and demonstrated that
the accuracies attained for /33 on both left and right sides
were high and did not differ significantly [44].

Despite the fact that numerous studies have validated
the third molar maturity index method (/3m) for differ-
ent geographical populations, some missing pieces or
insufficient information in the research literature were
detected. More specifically, dental characteristics vary
due to both geographical (climatic, nutritionally, latitude)
[8, 45] and genetic factors [8]. So, the need for a con-
tinuously better performance of this method and a better
understanding of the effects of geography and genetics
on dental development established this research aimed at

optimizing the correct classification of adults and minors
in cases of unknown geographic origin. Thus, this study
established new cut-off values for four different regions
(Africa, America, Asia, and Europe) according to pos-
sible influences on the third molar maturity index (/3wm)
of the different geographical populations belonging to
the same ancestral group.

Materials and methods
Sample

Extensive population data from globally distributed data-
sets and a total of 10,701 orthopantomographs (OPTs) from
different countries were evaluated. The sample distribution
was performed by classifying the different geographical
populations into four continental groups, not based on a
racial characterization of the sample, but simply on geo-
graphical distribution (1631 subjects from Africa; 1781
from America; 3919 from Asia; and 3770 from Europe).
This study fused data from previously published papers and
unpublished OPTs data included subjects from Mexico,
Argentina, Indonesia, Malaysia, Sri Lanka, and Bosnia.
Sample distribution, divided by country, world region,
and published or unpublished dataset is shown in detail
in Table 1.

The data collection followed the protocol first described
by Cameriere and colleagues [13]. Only the lower left (/3mL)
and right (/3mR), third molars were analyzed for this study.
The sample selection criteria were as follows: clear OPTs
with all the permanent teeth present, including mandibular
left and right third molars, were included. Cases where only
one of the mandibular left and right third molars were avail-
able (e.g., hypodontia, unilateral lower third molar agen-
esis, early extraction, or forced removal of the tooth) were
excluded from the study. For the same reason, the sample
size of our included data does not correspond to the sample
size of the original individual studies.

The presence of any visible dental and bone pathology
(e.g., large carious lesions or endodontic treatments), chil-
dren with any systemic diseases or endocrine anomalies
(e.g., dysmorphology, abnormally short roots), and sub-
jects with previous root canal treatment in the lower per-
manent teeth were excluded from the study. Heavily rotated
and impacted third molar with no visible roots were also
excluded from this study.

No identification data were collected, and images were
saved with high resolution in the JPEG file format, and auto-
matically anonymized before the selection process. All data
were recorded in an Excel file and the columns indicated as
follows: continent, subject’s identification number, sex, date
of birth, and date of OPTs.



Table 1 Distribution of

] R Region Country Sample size Real age classification Cutoff determination Test
frequencies of individuals phase (training) of new
included in study and cutoffs
daivision 10r training phase 1or
determination of the new cutoffs Africa All 1631 Adult (n=761) 1088 508 543 253
and for test of the new cutoffs, Minor (n=_870) 580 290
for region of world Black South 742 Adult (n=289) 495 193 247 96

Angelakopoulos et al. Minor (n=453) 302 151
(2018)
Botswana 779 Adult (n=398) 519 266 260 132
Cavric et al. (2016) Minor (n=381) 253 128
Egypt 110 Adult (n=74) 74 50 36 24
El-Bakary et al. (2019) Minor (n=36) 24 12
America  All 1781 Adult (n=933) 1188 620 593 313
Minor (n=2848) 568 280
Brazil 372 Adult (n=200) 249 134 123 66
Deitos et al. (2015) Minor (n=172) 115 57
Mexico 105 Adult (n=30) 70 20 35 10
(Unpublished data) Minor (n=75) 50 25
Peru 210 Adult (n=286) 140 58 70 28
Quispe etal. 2017) Minor (n=124) 82 )
Dominican Republic 174 Adult (n=92) 118 62 56 30
GoOmez Jiménez et al. Minor (n=82) 56 26
(2019)
Chile 593 Adult (n=317) 397 212 196 105
Cameriere et al. (2018) Minor (n=276) 185 91
Argentina 327 Adult (n=208) 219 139 108 69
(Unpublished data) Minor (n=119) 20 39
Asia All 3919 Adult (n=2346) 2617 1566 1302 780
Minor (n=1573) 1051 522
India 358 Adult (n=264) 239 176 119 88
Balla et al. (2017) Minor (n=94) 63 31
Indonesia 426 Adult (n=295) 285 197 141 98
(Unpublished data) Minor (n=131) 38 43
Japan 271 Adult (n=188) 182 126 89 62
Kumagai et al. (2019) Minor (n=83) 56 27
Lebanon 554 Adult (n=269) 370 180 184 89
Moukarzel et al. (2020) Minor (n=285) 190 95
Malaysia 558 Adult (n=366) 372 244 186 122
(Unpublished data) Minor (n=192) 128 64
Sri Lanka 1026 Adult (n=554) 684 369 342 185
(Unpublished data) Minor (1=472) 315 157
Turkey 726 Adult (n=410) 485 274 241 136
Gulsahi et al. (2014) Minor (n=316) 211 105

Intra- and inter-observer variabilities

Three forensic odontologists with varying levels of experi-
ence performed the observer error analysis. Repeated obser-
vations from the first author (NA) were used to determine
intra-observer agreement, while inter-observer analysis was
based on comparisons with those of two other observers
(IG and LGJ). For this purpose, 100 OPTs from the new
unpublished data were randomly selected one month after
the initial scoring to calculate the agreement’s percentage
for both intra- and inter-observer test. During the process,
the observers were categorically blinded from the chrono-
logical age and sex of each subject. Intraclass correlation

coefficient (ICC) was applied to calculate intra- and inter-
observer variability.

Statistical analysis

For determination and subsequent validation of the new cut-
off values by world regions, a cross-validation by holdout
method was used. Initially, the database was divided into
two databases. The first one (consisting of two-thirds of the
sample) was for the training phase and determination of the
best cut-off values for optimizing the correct classification
of adults and minors using the /zm method developed by
Cameriere et al. [13], in each region of the world. The other



Table1 (continued)

Region Country Sample size Real age classification Cutoff determination Test
phase (training) of new
cutoffs
Europe All 3770 Adult (n=2380) 2,516 1588 1254 792
Minor (n=1390) 928 462
Bosnia 640 Adult (n=277) 427 185 213 92
(Unpublished data)
Minor (n=363) 242 121
Ttaly 447 Adult (n=246) 298 164 1499 82
De Luca et al. (2016) [35] )
Cameriere et al. (2014) [39] Minor (7=201) 134 67
Kossovo 973 Adult (n=2803) 649 535 324 268
Kelmendi et al. (2018)
Minor (n=170) 114 56
Montenegro 597 Adult (n=371) 399 2438 198 123
Antunovic et al. (2018)
Minor (n=226) 151 75
Portugal 244 Adult (n=115) 163 77 81 38
Albernaz Neves et al.

(2020) Minor (n=129) 86 43
Russia 570 Adult (n=350) 380 233 190 117
Scandoni et al. (2020)

Minor (n=220) 147 73
Serbia 299 Adult (n=218) 200 146 99 72
Zelic et al. (2016)

Minor (n=281) 54 27

database (one-third of the sample) was used in the test phase
of the newly determined cut-off values.

All data were analyzed descriptively and inferentially, and
the frequencies of cases per country in each of the regions
were also described. After the division and random selec-

tion of the sample for training and testing of the new cut-

off values for all analyses, the real age was classified as a
binary variable, divided into adults (18.00 years or older)
and minors (12—17.99 years old). The normality distribu-
tion for both the I3mL and IzmR was evaluated by the Kol-
mogorov—Smirnov test (p <0.05). The lsmL and IzmR were
compared according to the categories of age (adult or minor)
according to each continent using Wilcoxon signed rank test
and its respective parametric-paired sample #-test, in order
to evaluate possible differences between the measurements.
Sequentially, the cases selected for training were analyzed using
binary logistic regression and, from the optimal values in sensitiv-
ity, specificity, and accuracy, the best cut-off values for age clas-
sification were selected according to each of the estimators (/3mL,
MR, or the mean of IvL and IsmR). The sensitivity indicates the
I ability to correctly identify individuals who are 18 years or
older (/3m<0.08). On the other hand, specificity is the ability to
discriminate individuals younger than 18 years old (/3m>0.08).
The values for Se, Sp, PV+, PV—, and Acc were calculated using
the “value (100%)” and the LR—the “value (1%).”

After determining the best cut-off values in the first phase
of the study, each subject of the second database (selected
for testing the new cut-off values) was classified as minor or
adult according to the respective cut-off value determined

for each region of the world and predictor variable. Values of
the variables of interest (/3mL, IsmR, or the mean of I3mL and
LMmR) below the determined cut-off values were classified
as corresponding to adults, and values equal to or above the
cut-off values were classified as corresponding to minors.

Finally, contingency tables (confusion matrices) were
generated, and the respective predictive values of sensitiv-
ity and specificity (Se and Sp, including 95% CI), positive
and negative predictive values (PV + and PV —, including
95% CI), positive and negative likelihood ratio (LR + and
LR —, including 95% CI), and accuracy (Acc) of estimates
were determined. The LR + shows how much the probability
of being an adult is increased, given a positive test result.
The LR — indicates how much the probability of being adult
decreases, given a negative test result.

All the analyses were performed using the R software
(version 3.6.3, R Core Team, R Foundation for Statistical
Computing, Vienna, Austria) and SPSS software (version
26.0, Armonk, IBM Corporation, New York, USA). The
threshold of significance was set at 5%.

Results

Regarding the measurement process, the intra-observer
agreement values were 0.991 (95% CI: 0.985-0.994) and
0.955 (95% CI: 0.947-0.972), for the left and right mandibu-
lar third molars, respectively. The values for inter-observer
agreement were 0.897 (95% CI: 0.881-0.957) and 0.931



(95% CI: 0.915-0.949), for the left and right mandibular
third molars, respectively.

In Table 1, it is possible to observe the global geographi-
cal distribution of the sample included in this study and it
is divided into the different phases of the analysis (phase of
determination and phase of test for the new cut-off points).
All the individuals are classified according to their real
chronological age as adults or minors.

In Table 2, chronological age of the individuals and their
real classifications are represented globally and divided by
country and regions. The values of smL and I3mR are also
compared, confirming that, for most countries, in different
regions of the world, the measurements of /3mL do not differ
from those of IsmR and, when this difference was verified
(» <0.05), it was of insignificant to small magnitude, espe-
cially for European adults (Italians and Bosnians).

Table 3 presents the data for the diagnoses of the logistic
regression analysis in the prediction of age classification in
adults and minors from the parameters of /smL, lsmR, and
for the mean cut-off values (/3mL and /3mR) obtained from
the different populations. Based on these parameters, the
best cut-off values were defined for classification in each of
the studied regions of the world. The results obtained in the
training phase selected revealed very similar cut-off values
among African, American, and European populations, while
they showed a deviation based on the Asian population.

Table 4 describes the quantitative and predictive values
obtained from testing the new cut-off values according to sex
and country groups. The new cut-off values, applied to the
test sample, generated the values of sensitivity (Se), specific-
ity (Sp), positive predictive value (PV +), negative predictive
value (PV —), positive likelihood (LR +), negative likelihood
(LR -), and accuracy (Acc). Accuracies (Acc) > 74% were
obtained for all world regions without significant differences
between IsmL, IsmR, or IsmL_IsuR (Table 4).

It is possible to observe in Table 4 that the positive and
negative predictive values were all above 70%, both for
adults and minors, respectively, except for the Asian popu-
lation. In the case of Asians, it is observed that the general
reliability for a correct classification of minors is a lower
than in the other regions especially due to female samples
Of all I3ML, I3MR, or I3ML_[3MR (Table 4)

In fact, based on the LR +, the prediction proposed for
all populations in the present study has a moderate to high
potential to increase the chances of correctly classifying an
individual as an adult (> 80.00% for all the three predictive
parameters — IxumL, IsmR, and IsmL_I3,R — in each popula-
tion), and, based on the values observed for LR —, the predic-
tion proposed in the present study has a small to moderate
potential to reduce the chances of misclassifying someone
who is minor as an adult (> 70% for all the three predictive
parameters — IiuL, MR, and IivL IsmR — in African,
American, and European populations) (Table 4). According

to sex, the new cut-off estimates show a prediction accuracy
higher for males than for females in practically all inferences
(Table 4). The difference in accuracy between genders ranged
from 0.49% (America; lsmL and _sumR) to 4.48% (Asia; Iiul).
The only exception is the American female population with an
accuracy of 2.25% higher than American males considering
the imL predictive parameter (Table 4).

Table 5 show quantities and predictive values for clas-
sification of subjects based on IzmL, IsmR, and imL and
_IsmR measurements for cut-off of 0.08 (gold standard) for
the same samples to compare with the new cut-off estimates.

Meanwhile, the negative predictive values for the Asian
sample are lower than for other populations for all three /3m
predictors (about 65.00% to 68.00%). Table 6 illustrates
the accuracy values obtained by specifically applying the
new cut-off to each Asian country in the testing phase. The
results obtained show a low level of accuracy for all three
predictors only for the Malaysian population: the new I3m
cut-off seems to correctly classify only 50.00% of the sub-
jects, unlike all other Asian populations where the accuracy
of the new index is above 80.00% (Table 6). Further research
should be performed to assess the influence of geography as
the main factor in shaping the variation of the cut-off values’
diversity across the Asian region.

Table 7 summarizes the main findings from previous
studies on original cut-off (/3m = 0.08) including details
on continent, author and year, country of subjects origin,
sensitivity (Se), specificity (Sp), and accuracy (Acc) data
according to sex with 95% confidence interval.

Discussion

Nowadays, while there is not a homogeneous approach to age
assessment of the living across the globe, dental development
is generally highlighted as one of the steps to follow to achieve

a fair age estimation. The third molar has been one of the

indicators used throughout the years, since it encompasses
the important threshold between minor and adult [13, 46, 47].
In the original study, Cameriere et al. [13] reported a
cut-off value of /3 =0.08 (sensitivity =70% and specific-
ity=98%) to differentiate between minors and adults. Several
researchers tested and validated the /3m=0.08 cut-off value
on different populations, obtaining promising results [48].

Santiago et al. [48] reported a high specificity of I3m tool
in correctly classifying minors. This outcome is key in foren-
sic science because if a minor is wrongly processed as an
adult, it would violate his/her rights.

So far, the /sm has not only been tested in various popu-
lations worldwide [12, 14—43], but a recently multi-ethnic
study has also shown that there is no significant variability
between the development of left and right mandibular third
molars in the same subject [44]. Therefore, the /3L and



Table 2 Characterization of study sample and comparison between measurements of /3L and uR

Region  Country Sample size Real age classifica-  Real age Lyl LuR P Effect
tion Mean (£DP) Median (p25; Median (p25; size
(Range) p75) p75)
Africa Al 1631 Adult (n=761) 20.26 (£1.60) 0.02 (0.00; 0.07)  0.01(0.00;0.07) 0353 -
(18.00 to 24.88)
Minor (n=870) 16.00 (£1.07) 0.25(0.14;0.41)  0.24 (0.14;0.40) 0.002 0.03
(14.00 to 17.98)
Black South 742 Adult (n=289) 20.23 (£1.60) 0.00 (0.00;0.00)  0.00(0.00; 0.00) 0.507 -
Minor (n=453) 15.82 (+1.09) 0.21(0.13;0.38)  0.22(0.12;0.38)  0.244 -
Botswana 779 Adult (n=398) 20.19 (£1.53) 0.04 (0.00; 0.09)  0.05(0.00;0.09) 0.651 -
Minor (n=381) 16.18 (£1.05) 0.30(0.19; 0.43)  0.28 (0.16; 0.41)  0.000 0.08
Egypt 110 Adult (n=74) 20.77 (+1.88) 0.03 (0.01; 0.05)  0.02(0.01;0.04) 0.002 0.28
Minor (n=36) 16.41 (£0.61) 0.26 (0.16; 0.40)  0.23(0.13;0.39) 0.010 0.11
America All 1.781 Adult (n=408) 20.39 (£1.61) 0.01 (0.00; 0.07)  0.01(0.00;0.06) 0.949 -
(18.00 to 24.96)
Minor (n=453) 15.84 (+1.13) 0.32(0.15; 0.60)  0.30(0.16; 0.60)  0.939 -
(12.32 to 17.99)
Brazil 372 Adult (n=200) 20.92 (£1.73) 0.02 (0.00; 0.08)  0.03 (0.00;0.07) 0.883 -
Minor (n=172) 15.88 (+1.10) 0.29 (0.16; 0.47)  0.30(0.15;0.57)  0.095 -
Mexico 105 Adult (n=30) 20.16 (£1.61) 0.07 (0.03;0.12)  0.08 (0.05;0.13)  0.280 -
Minor (n=75) 16.19 (£0.97) 0.300.13;0.41)  0.29(0.15;0.49) 0.438 -
Peru 210 Adult (n=86) 19.27 (£0.70) 0.04 (0.00; 0.07)  0.04 (0.00;0.07)  0.628 -
Minor (n=124) 15.54 (£1.15) 0.47 (0.16; 0.70)  0.37(0.18;0.66) 0.093 -
Dominican 174 Adult (n=92) 20.38 (£1.42) 0.00 (0.00; 0.00)  0.00 (0.00; 0.00) 0.019 0.01
Republic Minor (n=82) 15.87 (£1.18) 0.28 (0.14; 0.66)  0.27(0.14;0.63) 0409 -
Chile 593 Adult (n=317) 20.97 (+2.00) 0.04 (0.00; 0.12)  0.04 (0.00; 0.13)  0.403 -
Minor (n=276) 16.06 (+1.16) 0.34(0.19;0.52)  0.32(0.19;047) 0.621 -
Argentina 327 Adult (n=208) 20.90 (£1.97) 0.02 (0.01;0.03)  0.02(0.01;0.03) 0.957 -
Minor (n=119) 15.47 (+1.14) 0.56 (0.18;0.80)  0.55(0.20;0.80) 0.016 0.01
Asia All 3,919 Adult (n=2346) 20.69 (£1.63) 0.05 (0.00; 0.16)  0.04 (0.00; 0.16)  0.018 0.06
(18.00 to 24.90)
Minor (n=1573) 1598 (+1.17) 0.38(0.21;0.70)  0.38(0.20;0.70)  0.960 -
(13.10 to 17.98)
India 358 Adult (n=264) 20.90 (£1.69) 0.00 (0.00; 0.11)  0.00 (0.00; 0.09) 0.460 -
Minor (n=94) 16.86 (+0.58) 0.40 (0.24; 0.68)  0.42(0.26; 0.64)  0.604 -
Indonesia 426 Adult (n=295) 20.71 (£1.86) 0.00 (0.00; 0.13)  0.00(0.00;0.13)  0.297 -
Minor (n=131) 16.63 (£0.65) 0.34(0.18; 0.62)  0.34(0.20;0.59) 0.186 -
Japan 271 Adult (n=188) 21.50 (£1.95) 0.00 (0.00; 0.00)  0.00 (0.00; 0.00) 0.001 0.01
Minor (n=83) 16.10 (£1.03) 0.41(0.17; 0.62)  0.33(0.15;0.57)  0.000 0.18
Lebanon 554 Adult (n=269) 20.60 (£1.67) 0.04 (0.00; 0.12)  0.04 (0.00;0.13)  0.892 -
Minor (n=285) 15.70 (+1.21) 0.54 (0.25;0.95)  0.53(0.28;0.98) 0.000 0.01
Malaysia 558 Adult (n=366) 20.63 (£1.32) 0.34(0.08; 0.62)  0.28 (0.06; 0.55)  0.074 -
Minor (n=192) 16.16 (£0.94) 0.33(0.18;0.54) 0.36(0.18;0.58) 0.771 -
Sri Lanka 1,026 Adult (n=554) 20.70 (£1.65) 0.05 (0.00; 0.08)  0.05(0.00;0.08) 0.196 -
Minor (n=472) 15.54 (£1.28) 0.42 (0.20; 0.78)  0.38(0.17;0.79) 0.861 -
Turkey 726 Adult (n=410) 20.27 (£1.27) 0.05(0.00; 0.22)  0.05(0.00;0.20) 0465 -
Minor (n=316) 16.45 (£0.96) 0.31(0.20;0.49)  0.32(0.20; 0.52)  0.656 -

IR present the same reliability in terms of being used as a
parameter for estimating age in African, European, Ameri-
can, and Asiatic populations [44], confirmed by the results
showed in Table 2 of the study applying a partially different
and largest sample.

In some of these populations, the /3 method was reliable
and highly accurate in discriminating whether a person is
younger or older than 18 years [48]. However, systematic
search of its application on a diverse array of populations
has generated some discrepant results [48].



Table 2 (continued)

Region  Country Sample size Real age classifica- Real age Lul LuR p Effect
tion Mean (£DP) Median (p25; Median (p25; size
(Range) p75) p75)
Europe  All 3,770 Adult (n=2380) 21.01 (£1.88) 0.00 (0.00; 0.07)  0.00 (0.00; 0.06) 0.000 0.15
(18.00 to 24.99)
Minor (n=1390) 15.94 (+1.16) 0.35(0.18; 0.65)  0.35(0.17;0.64) 0.079 -
(14.00 to 17.98)

Bosnia 640 Adult (n=277) 19.99 (£1.99) 0.06 (0.02; 0.17)  0.06 (0.00; 0.15)  0.032 0.01
Minor (n=363) 15.57 (£1.08) 0.34(0.13;0.81)  0.21(0.10;0.82) 0.531 -

Italy 447 Adult (n=246) 20.47 (£1.68) 0.02 (0.00; 0.05)  0.00 (0.00; 0.05) 0.021 0.38
Minor (n=201) 15.99 (+1.03) 0.33(0.13;0.57)  0.35(0.10;0.68) 0996 -

Kossovo 973 Adult (n=803) 21.25 (x1.75) 0.00 (0.00; 0.08)  0.00 (0.00; 0.06) 0.000 0.14
Minor (n=170) 16.99 (+0.56) 0.37 (0.24; 0.60)  0.37(0.25; 0.58)  0.065 -
Montenegro 597 Adult (n=371) 21.36 (x1.94) 0.00 (0.00; 0.03)  0.00 (0.00; 0.03) 0916 -
Minor (n=226) 15.90 (+1.19) 0.48 (0.25;0.95)  0.50(0.22;0.92) 0.144 -
Portugal 244 Adult (n=115) 20.82 (x1.71) 0.00 (0.00; 0.02)  0.00 (0.00; 0.02) 0.766 -
Minor (n=129) 15.69 (+1.19) 0.33(0.17;0.65) 0.36(0.14;0.77) 0926 -

Russia 570 Adult (n=350) 21.22 (+1.81) 0.03 (0.00; 0.06)  0.02 (0.00; 0.04) 0.000 0.19
Minor (n=220) 15.50 (+1.14) 0.42 (0.21;0.76)  0.45(0.22;0.74) 0.070 -
Serbia 299 Adult (n=218) 21.19 (+1,98) 0.03 (0.00; 0.10)  0.03 (0.00;0.09) 0.168 -
Minor (n=81) 17.00 (£0.61) 0.21(0.10;0.38)  0.21(0.11;0.38) 0.652 -

Wilcoxon signed rank test. Effect size=Cohen’s d. Significance level =5%

IsuL left third molar, ;4R right third molar, SD standard deviation, p25 percentile 25, p75 percentile 75

Another study showed discrepancies in assessment accu-
racy, when they compared data on third molar mineraliza-
tion among different ethnicities [46]. In other words, ethnic
differences might exist and may influence different cut-off
values, meaning that they cannot be safely applied to non-
tested populations. As such, it is necessary to test, validate,
revise, and adjust such dental age estimation methods in
samples from diverse origins.

In this paper, this issue was addressed by exploring pos-
sible geographical and ethnic influences on Cameriere’s
third molar maturity index I3 = 0.08 [13] and by establish-
ing new cutoff values validated on different populations
included in four continents (Africa, America, Asia, and
Europe) according to the definition of ancestry by Dhamo
et al. [8]. This research is focused on discovering whether
any different trends are detectible in dental maturations on
a geographical scale and within different populations in the
same geographic zones.

Thevissen et al. [47] have found not differences in third
molar development between nine different populations; on
the contrary, another ethnic comparative study [46] con-
ducted on German, Japanese, and South African popula-
tions found that the Japanese people reached third molars

Demirjian D-F stages [49] 1-2 years earlier than the Ger-
man subjects but the South African people about 1-2 years
later than Germans. Examples of different trends in dental
maturation and third molar mineralization stages among
populations of the same country but in different locations
were revealed in Chinese samples [50-52]. Furthermore,
a study that investigated and compared the chronology of
third molar development among African American and
white American populations showed that African Americans
mature faster [53]. In fact, third molar maturation discrep-
ancies between different populations have been reported by
numerous authors [54—60] but this could be explained by
a heterogeneous age cohorts’ distribution among samples
rather than for the difference between populations accord-
ing to the greater reliability of age estimation methods for
early maturation stages rather than for the late ones [61, 62].
Despite the significance of Cameriere’s I3y = 0.08 cut-
off value for all the different populations around the world,
none of the data obtained from different origins has shown a
variability high enough to invalidate the established cut-off
value of Izm = 0.08 [21, 26, 33], so far, except small cor-
rections to the original cut-off value [23, 63]. In particular,
in Polish population, the best performances were obtained



Table 3 Parameters verified for the better cutoff in age classification
for each region of the world, according each one of predictor (/3mL,
MR, and mean of IsmL and /3mR)

Region Parameters ~ Predictors
Lyl LvR LML MR
Africa (n=1.088) Sensitivity ~ 81.20%  81.30%  84.20%
Specificity ~ 86.90%  84.60%  83.90%
Accuracy 89.80%  89.30%  90.20%
Cutoft 0.10 0.10 0.10
America (n=1.188)  Sensitivity ~ 80.80%  80.20%  80.0%
Specificity  87.60%  89.20%  89.50%
Accuracy 90.20%  90.80% 91.10%
Cutoff 0.10 0.09 0.09
Asia (n=2.617) Sensitivity ~ 72.80%  75.60%  70.90%
Specificity  84.10%  81.00%  85.80%
Accuracy 84.10% 84.30% 84.80%
Cutoff 0.15 0.17 0.14
Europe (n=2.516) Sensitivity ~ 79.00%  80.90%  80.00%
Specificity  93.00%  93.60%  93.90%
Accuracy 91.90% 92.40% 92.70%
Cutof 0.09 0.09 0.09

Logistic regression. Significance level=5%

IsuL left third molar, /smR right third molar, IsuL IsuR arithmetic
mean of /smL and /3R measurements

using a cut-off value of /s =0.07 [23] and of lsm=10.10 for
Chinese people. When researchers around the world apply
the Izm cut-off value and draw conclusions based on similar
values in sensitivity and specificity, it does not mean that its
application in non-studied populations will return the same
results. For this reason,, new I3m cut-off values were gener-
ated for each of the studied world regions, despite sugges-
tions [48] that it would not be highly influenced by popula-
tion differences.

The new cut-off values, that aim to differentiate between
a minor and an adult, with more than 74.00% accuracy for
all populations were as follows (lsmL; LmR; liml LwmR,
respectively): Africa=(0.10; 0.10; 0.10), America=(0.10;
0.09; 0.09), Asia=(0.15; 0.17; 0.14), and Europe =(0.09;
0.09; 0.09). The higher sensitivity (Se) was detected for the
L for male African people (91%) and the higher specific-
ity (Sp) of all the parameters (limL; IsmR; IimL IsmR) for
Europeans both male and female (> 91%).

African region

Previous studies on African populations that tested the
I cutoff value have been conducted separately on Lib-
yan [30], Egyptian [42], Black South African [12], and
Black African Botswanan [33] samples as summarized in
Table 7. The results from these studies [12, 30, 33, 42]

seem to be in agreement with the outcomes of the applica-
tion of the new single cut-off value of 0.10 obtained from
the overall African regions tested. In fact, after using it
on the test sample, the new Se and Sp were found to be
86.95% and 85.86%, respectively (Table 4), taking into
account the I3vL, while the precision (Acc) was around
85% (similar to the results obtained by combining both
IumL and I3mR; Table 4). Even if the Se and Sp values
of the new cut-off are slightly lower than previous ones,
the classification accuracy obtained is high considering
the amplitude and heterogeneity of the analyzed African
sample. It is also better than the single sensitivity obtained
for Egyptian females (73%) in a much smaller selected
sample [42] (Tables 4 and 7). Therefore, this confirms
that although it is possible to detect an internal variability
among different populations of the same area (e.g., Egypt
compared to black Africans), this is not sufficiently high
to invalidate the original cut-off value using the Cameriere
method (/3m = 0.08) [13], nor the new one (0.10).

American region

Some studies previously conducted using Cameriere’s Izm
cut-off value on American populations showed a variability
of results in terms of specificity and sensitivity (Table 7).
The most promising outcome was related to the Colombian
samples [34] contrary to Deitos et al. [37]. In terms of this
study, it was not possible to collect a sample of the Colom-
bian population, but the new cut-off value for the American
geographical region was adjusted to 0.09 when considering
the mean of IsmL and IsmR and the I3mR, but 0.10 for the
L. When applying the new mean of IzuL and IsmR cut-
off 0.09 to the test sample for this population, the sensitivity
was 77.63% and the specificity was 88.21% (Table 4). This
is exactly in accordance with the results previously reported
by Deitos et al. [37] for the Brazilian population with the
cut-off at 0.08. Furthermore, the results of Se and Sp for the
cut-off of 0.09 for the /smR and the cut-off of 0.10 for the
IivL show slightly better results for the right third molar
than for the left (Se 77.95%-Sp 87.14% and Se 77.95%-Sp
87.14%, respectively). This seems to confirm that there is no
significant variability between left and right predictors when
applying the I3m index for the adult age assessment within
the American population, whether the original of cut-off of
0.08 and the new cut-off values [44].

European region

Several population-specific criteria papers were published
for the /sm on European populations (Table 7). From a
medico-legal and forensic perspective, the better specificity
or proportion of accurately selected minors is even more



Table 4 Quantities and predictive values for classification of subjects based on IsmL, lsmR, and suL_IsmR measurements for validation of the new cutoff points for region of world

Sample Continent (IsmL) Real Se Sp PV+ PV- LR+ LR- Acc
———— 95%CI 95% CI 95% CI 95% CI 95% C1 95% C1 95% C1
Adult Minor
General Africa (n=543) Adult 220 41 86.95% (84.12—  85.86% (82.93—  84.29% (81.23—  88.29% (85.59—  6.14 (5.73-6.55) 0.15(0.11-0.18) 86.37% (83.48—
89.78) 88.79) 87.35) 90.99) 89.26)
Minor 33 249
America Adult 244 36 77.95% (74.61—  87.14% (84.45—  87.14% (84.45—  77.95% (74.61-  6.06 (5.67-6.45) 0.25(0.21-0.28) 82.29% (82.08—
(n=1593) 81.29) 89.83) 89.83) 81.29) 88.08)
Minor 69 244
Asia (n=1.302) Adult 562 72 72.05% (69.61—  86.20% (84.30—  88.64% (86.92—  67.36% (64.81— 522 (4.94-5.49) 0.32(0.29-0.34) 77.72% (75.46—
74.49) 88.07) 90.36) 69.91) 79.98)
Minor 218 450
Europe Adult 634 29 80.05% (77.84—  93.72% (92.38—  95.62% (94.49—  73.26% (70.81—  12.74 (12.54— 0.21 (0.18-0.23) 85.08% 83.11—
(n=1.254) 82.26) 95.06) 96.75) 75.71) 13.84) 87.05)
Minor 158 433
Female Africa (n=418) Adult 176 30 85.85% (82.51—  85.92% (82.59—  85.44% (82.06— 86.32% (83.03—  6.09 (5.62-6.56) 0.16 (0.12-0.20) 85.89% (82.55—
89.19) 89.25) 88.82) 89.61) 89.23)
Minor 29 183
America Adult 114 17 76.51% (72.45—  88.19% (84.49—  87.02% (83.17—  78.40% (73.69—  6.48 (5.93-7.03) 0.26 (0.21-0.31) 82.25% (77.87—
(n=293) 80.57) 91.89) 90.87) 83.11) 86.63)
Minor 35 127
Asia (n=744) Adult 303 35 67.63% (64.27—  88.18% (85.86—  89.64% (87.45—  64.29% (60.85—  5.71 (5.35-6.07) 0.36 (0.33-0.39) 75.81% (72.73—
70.99) 90.50) 91.83) 67.73) 78.89)
Minor 145 261
Europe (n=719) Adult 355 11 77.51% (74.46—  95.79% (94.32—  96.99% (95.74—  70.82% (67.50—  18.39 (18.15— 0.23 (0.20-0.26) 84.14% (81.47—
80.56) 97.26) 98.24) 74.14) 18.63) 86.81)
Minor 103 250
Male Africa (n=125) Adult 43 12 91.49% (86.60—  84.62% (78.30—  78.18% (70.94—  94.29% (90.22—  5.94 (5. 08-6.80) 0.10 (0.05-0.15) 87.20% (81.34—
96.38) 90.94) 85.42) 98.36) 93.06)
Minor 4 66
America Adult 125 21 76.22% (71.40—  84.56% (80.47—  85.62% (81.65—  74.68% (69.76—  4.93 (4.36-5.50) 0.28 (0.23-0.33) 80.00% (75.47—
(n=300) 81.04) 88.65) 89.59) 79.60) 84.53)
Minor 39 115
Asia (n=558) Adult 259 39 78.01% (74.57—  82.74% (79.60—  86.91% (84.11-  71.92% (68.19— 4.52 (4.11-4.93) 0.26 (0.22-0.30) 79.93% (76.61—
81.45) 85.88) 89.71) 75.65) 83.25)
Minor 73 187
Europe (n=535) Adult 277 18 82.93% (79.74—  91.04% (88.62—  93.90% (91.87—  76.25% (72.64—  9.26 (9.04-9.48) 0.18 (0.15-0.21) 85.98% (83.04—
86.12) 93.46) 95.93) 79.86) 88.92)
Minor 57 183

(uR)




Table 4 (continued)

Sample Continent (IsmL) Real Se Sp PV+ PV- LR+ LR—- Acc
— 95%CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
Adult Minor
General Africa (n=543) Adult 210 47 83.00% (79.84—  83.79% (80.69—  81.71% (78.46—  84.96% (81.95—- 5.12 (4.70-5.54) 0.20 (0.16-0.23) 83.42% (80.29—
86.16) 86.89) 84.96) 87.97) 86.55)
Minor 43 243
America Adult 252 27 80.51% (77.32— 90.35% (87.97— 90.32% (87.94—  80.57% (77.39—  8.34 (8.04-8.64) 0.21(0.17-0.24) 85.16% (82.17—
(n=593) 83.70) 92.73) 92.70) 83.75) 88.15)
Minor 61 253
Asia (n=1.302) Adult 578 86 74.10% (71.72—  83.52% (81.50—  87.04% (85.22—  68.33% (65.80—  4.49 (4.22-4.76) 0.31 (0.28-0.33) 77.88% (75.63—
76.48) 85.54) 88.86) 70.86) 80.13)
Minor 202 436
Europe Adult 647 35 81.70% (79.56—  92.42% (90.96—  94.86% (93.64—  74.65% (72.24—  10.77 (10.68— 0.19 (0.16-0.21) 85.64% (83.70—
(n=1.254) 83.84) 93.88) 96.08) 77.06) 10.86) 87.58)
Minor 145 427
Female Africa (n=418) Adult 167 35 81.46% (77.73—  83.57% (80.02—  82.67% (79.04—  82.41% (78.76— 4.95 (447-5.43) 0.22(0.18-0.26) 82.54% (78.90—
85.19) 87.12) 86.30) 86.06) 86.18)
Minor 38 178
America Adult 114 14 76.51% (71.66—  90.28% (86.89—  89.06% (85.49—  78.79% (74.11-  7.86 (7.39-8.33) 0.26 (0.21-0.31) 83.28% (79.01—
(n=293) 81.36) 93.67) 92.63) 83.47) 87.55)
Minor 35 130
Asia (n=744) Adult 312 44 69.64% (66.34—  85.14% (82.58—  87.64% (85.28—  64.95% (61.52—  4.68 (4.32-5.04) 0.35(0.32-0.38) 75.81% (72.73—
72.94) 87.70) 90.00) 68.38) 78.89)
Minor 136 252
Europe (n=719) Adult 357 17 77.95% (74.92—  93.49% (91.69—  95.45% (93.93—  70.72% (67.39— 11.96 (11.91- 0.23 (0.20-0.26) 83.59% (80.88—
80.98) 95.29) 96.97) 74.05) 12.01) 86.30)
Minor 101 244




Table 4 (continued)

Sample Continent (5mL) Real Se Sp PV+ PV— LR+ LR- Acc
. . Y% Ul Y537 ClL Y37 Ll Y37 Ll Y537 ClL Y37 Ll Y57 ClL
Adult Minor
Male Africa (n=125) Adult 42 13 89.36% (83.95—~  83.33% (76.80—  76.36% (68.91—  92.86% (88.35—  5.36 (4.49-6.23) 0.12 (0.06-0.18) 85.60% (79.45—
94.77) 89.86) 83.81) 97.37) 91.75)
Minor 5 65
America Adult 133 15 81.60% (77.22—  89.05% (85.52—  89.86% (86.44—  80.26% (75.76—  7.45(6.96-7.94) 0.20 (0.15-0.25) 85.00% (80.96—
(n=300) 85.98) 92.58) 93.28) 84.76) 89.04)
Minor 30 122
Asia (n=558) Adult 266 44 80.12% (76.89—  80.53% (77.33—  85.81%(82.99—  73.39% (69.82—  4.11 (3.70-4.52) 0.24 (0.20-0.28) 80.29% (77.07—
83.35) 83.73) 88.63) 76.96) 83.51)
Minor 66 182
Europe (n=535) Adult 288 18 86.23% (83.31—  91.04% (88.62—  94.12% (92.13—  79.91% (76.51-  9.62 (9.46-9.78) 0.15(0.12-0.18) 88.04% (85.29—
89.15) 93.46) 96.11) 83.31) 90.79)
Minor 46 183
(IimL_ImR)
General Africa (n=543) Adult 215 43 84.98% (81.97-  85.17%(82.18—  83.33% (80.20—  86.66% (83.80—  5.73 (5.31-6.15) 0.17 (0.13-0.20) 85.08% (82.08—
87.99) 88.16) 86.46) 89.52) 88.08)
Minor 38 247
America Adult 243 33 77.63% (74.28—  88.21% (85.61—  88.04% (85.43—  77.91% (77.57- 6.58 (5.20-6.96) 0.25(0.21-0.28) 82.63% (79.44—
(n=1593) 80.98) 90.81) 90.65) 81.25) 85.82)
Minor 70 247
Asia (n=1.302) Adult 542 64 69.48% (66.98—  87.73% (85.95—  89.43% (87.76—  65.80% (63.22—  5.66 (5.39-5.93) 0.34 (0.31-0.36) 76.80% (74.51—
71.98) 89.51) 91.10) 68.38) 79.09)
Minor 238 458
Europe Adult 640 31 80.80% (78.62—  93.29% (91.91—  95.38% (94.22—  73.92% (71.49— 12.04 (11.85— 0.20 (0.17-0.22) 85.40% (83.45—
(n=1.254) 82.98) 94.67) 96.54) 76.35) 12.23) 87.35)
Minor 152 431




Table 4 (continued)

Sample Continent (IsmL) Real Se Sp PV+ PV- LR+ LR—- Acc
— 95%CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
Adult Minor
Female Africa (n=418) Adult 172 32 83.90% (80.38—  84.98% (81.55—  84.31% (80.82—  84.58% (81.12—  5.58 (5.10-6.06) 0.18 (0.14-0.22) 84.45% (80.98—
87.42) 88.41) 87.80) 88.04) 87.92)
Minor 33 181
America Adult 112 17 75.17% (70.22—  88.11% (84.40—  86.82% (82.95—  77.30% (72.50—  6.32 (5.77-6.87) 0.28 (0.23-0.33) 81.51% (77.06—
(n=293) 80.12) 91.82) 90.69) 82.10) 85.96)
Minor 37 126
Asia (n=744) Adult 291 30 64.96% (61.53—  89.86% (87.69—  90.65% (88.56—  62.88% (59.41—  6.40 (6.06-6.74) 0.39 (0.35-0.43) 74.87% (71.75—
68.39) 92.03) 92.74) 66.35) 77.99)
Minor 157 266
Europe (n=719) Adult 358 15 78.17% (75.15—  94.25%(92.55—  95.98% (94.54—  71.10% (67.79—  13.60 (13.43— 0.23 (0.20-0.26) 84.01% (81.33—
81.19) 95.95) 97.42) 74.41) 13.77) 86.69)
Minor 100 246
Male Africa (n=125) Adult 42 12 89.36% (83.95—  84.62% (78.30—  77.78% (70.49—  92.96% (88.48—  5.80 (4.93-6.67) 0.12 (0.06-0.18) 86.40% (80.39—
94.77) 90.94) 85.07) 97.44) 92.41)
Minor 5 66
America Adult 126 17 77.30% (72.56—  87.59% (83.86—  88.11% (84.45— 76.43% (71.63—  6.22 (5.67-6.77) 0.25(0.20-0.30) 82.00% (77.65—
(n=300) 82.04) 91.32) 91.77) 81.23) 86.35)
Minor 37 120
Asia (n=558) Adult 251 36 75.60% (72.04—  84.07% (81.03—  87.46% (84.71-  70.11 (66.31— 4.74 (4.33-5.15)  0.29 (0.25-0.33) 79.03% (75.65—
79.16) 87.11) 90.21) 73.91) 82.41)
Minor 81 190
Europe (n=535) Adult 280 16 83.83% (80.71—  92.04% (89.75—  94.59% (92.67—  77.41% (73.87— 10.53 (10.34— 0.17 (0.14-0.20) 86.92% (84.06—
86.95) 94.33) 96.51) 80.95) 10.72) 89.78)
Minor 54 185

I3mL left third molar, I3mR right third molar, /3L _I53uR arithmetic mean of /smL and IsMR measurements, Se sensitivity, Sp specificity, PV +positive predictive value, PV —negative predictive

value, LR + positive likelihood, LR — negative likelihood




Table 5 Quantities and predictive values for classification of subjects based on l3uL, IsuR, and il IsvR measurements for cut-off of 0.08 for region of world

Sample Continent (IsmL) Real Se Sp PV+ PV- LR+ LR- Acc
m Y370 L1 Y37 L1 Y37 L1 Y370 L1 Y370 L1 Y37 L1 Y370 L1
General Africa (n=543)  Adult 206 37 81.74% (78.49—  87.28% (84.48—  84.77% (81.75-  84.66% (81.63—  6.42(6.02-6.82) 0.20 (0.17-0.23) 84.71% (81.68—
Minor 46 254 84.99) 90.08) 87.79) 87.69) 87.74)
America Adult 233 31 74.67% (T1.17—  88.96% (86.44—  88.25% (85.66—  75.98% (72.54—  6.76(6.38-7.14) 0.28 (0.24-0.32) 81.45% (78.32-
(n=593) Minor 79 250 78.17) 91.48) 90.84) 79.42) 84.58)
Asia (n=1.302) Adult 455 31 58.63% (55.95—  94.09% (92.81-  93.62%(92.29-  60.61% (57.96—  9.92 (9.87-9.97) 0.43 (0.40-0.46) 72.88% (70.47—
Minor 021 494 61.31) 95.37) 94.95) 63.26) 75.29)
Europe Adult 616 23 77.48% (5.17-  94.98%(93.77-  96.40% (95.37—  70.89% (68.38— 1543 (1527-  0.23(0.21-0.25) 83.89% (81.86—
(n=1.254) Minor 179 436 79.79) 96.19) 97.43) 73.40) 15.59) 85.92)
Female Africa (n=418) Adult 164 26 80.00% (76.17—  87.79% (85.44—  86.32% (83.03—  82.02%(78.34—  6.55(6.09-7.01) 0.22(0.18-0.26) 83.97% (80.45—
Minor 4187 83.83) 90.14) 89.61) 85.70) 87.49)
America Adult 110 14 73.83% (68.80—  90.28% (86.89—  88.71%(85.09-  76.92% (72.10~  7.59 (7.10-8.08) 0.28 (0.23-0.33) 81.91% (77.50-
(n=293) Minor 39 130 78.86) 93.67) 92.33) 81.74) 86.32)
Asia (n=744)  Adult 239 14 53.35% (47.64—  95.27%(93.72— 94.47% (92.83— 57.43%(53.88— 1127 (11.06-  0.48 (0.44-0.52) 70.03% (66.74—
Minor 209 282 59.06) 96.82) 96.11) 60.98) 11.48) 73.32)
Europe (n=719)  Adult 346 10 75.55% (7241—  96.17%(94.77-  97.19% (95.98—  69.15% (65.77— 19.71 (19.54—  0.25(0.22-0.28) 83.03% (80.29—
Minor 112 251 78.69) 97.57) 98.40) 72.53) 19.88) 85.77)
Male  Africa (n=125) Adult 42 11 89.36% (83.95-  85.90% (79.80—  79.25% (72.14—  93.06% (88.60—  6.33 (5.49-7.17) 0.12(0.06-0.18) 87.20% (81.34—
Minor 5 67 94.77) 92.00) 86.36) 97.52) 93.06)
America Adult 123 17 75.46% (70.59—  87.86% (84.16—  87.86% (84.16—  75.00% (70.10~  6.08 (5.53-6.63) 0.28 (0.23-0.33) 81.00% (76.56—
(n=300) Minor 40 120 80.33) 91.56) 91.56) 79.90) 85.44)
Asia (n=558)  Adult 218 18 65.66% (61.72—  92.04% (89.79—  92.37%(90.17—  64.60% (60.63—  8.24 (7.92-8.56) 0.37 (0.33-0.41) 76.34% (72.81-
Minor 114 208 69.60) 94.29) 94.57) 68.57) 79.87)
Europe (n=535) Adult 268 15 80.24% (76.87—  92.54%(90.31-  94.70% (92.80—  73.81% (70.08—  10.75 (10.61—  0.21(0.18-0.24) 84.86% (81.82—
Minor 66 186 83.61) 94.77) 96.60) 77.54) 10.89) 87.90)
(IuR)
General Africa (n=543)  Adult 189 40 75.00% (71.35—  86.25% (8335~  82.53%(79.33—  79.93% (76.56—  5.45(5.03-5.87) 0.28 (0.24-0.32) 81.03% (77.73—
Minor 63 251 78.65) 89.15) 85.73) 83.30) 84.33)
America Adult 238 28 76.28% (72.86—  90.03% (87.62—  89.47% (87.00—  77.37% (74.00~  5.54 (5.14-5.94) 0.26 (0.22-0.30) 83.00% (79.98—
(n=593) Minor 74 253 79.70) 92.44) 91.94) 80.74) 86.02)
Asia (n=1.302) Adult 453 28 58.30% (55.62—  94.66% (93.44—  94.17%(92.90—  60.53% (57.87— 10.91 (10.86—  0.44 (0.41-0.47) 72.96% (70.55—
Minor 324 497 60.98) 95.88) 95.44) 63.19) 10.96) 75.37)
Europe Adult 622 21 78.23% (75.95—  95.42%(94.26-  96.73%(95.75—  71.68% (69.19— 17.08 (16.86—  0.22(0.20-0.24) 84.53% (82.53—
(n=1.254) Minor 173 438 80.51) 96.58) 97.71) 74.17) 17.30) 86.53)




Table5 (continued)

Sample Continent (5smL) Real Se Sp PV+ PV- LR+ LR- Acc
———— 95%CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
Adult Minor
Female Africa (n=418) Adult 148 27 72.20% (67.91—  87.32% (84.13—  84.57% (81.11—  76.54% (72.48— 5.69 (5.22-6.16) 0.31 (0.27-0.35) 79.90% (76.06—
76.49) 90.51) 88.03) 80.60) ¥3.74)
Minor 57 186
America Adult 112 13 75.17% (70.22—  90.97% (87.69—  89.60% (86.10—  77.98% (73.24—  8.32 (7.96-8.68) 0.27 (0.22-0.32) 82.94% (78.63—
=293 80.12 94.25 93.10 82.72 87.25
(n=293) Minor 37 131 ) ) ) ) 725)
Asia (n=744) Adult 237 12 52.90% (49.31—  95.95% (94.53—  95.18% (93.64—  57.37% (53.82— 13.04 (12.84— 0.49 (0.45-0.53) 70.03% (66.74—
20.4Y) Y1.51) v0./2) ouU.vZ) 15.24) 13.02)
Minor 211 284
Europe (n=719) Adult 342 10 74.67% (71.49—  96.17% (94.77—  97.16% (95.95—  68.39% (64.99—  19.48 (19.25- 0.26 (0.23-0.29) 82.48% (79.70—
11.83) v1.31) v8.51) 11.19) 19./1) 83.40)
Minor 116 251
Male Africa (n=125) Adult 41 13 87.23% (81.38—  83.33% (76.80—  75.93% (68.44—  91.55% (86.67— 5.23 (4.35-6.11) 0.15(0.09-0.21) 84.80% (78.51—
Minor 6 65 93.08) 89.86) 83.42) 96.43) 91.09)
America Adult 126 15 77.30% (72.56—  89.05% (85.52—  89.36% (85.87—  76.73% (71.95—  7.06 (6.54-7.58) 0.25(0.20-0.30) 82.67% (78.39—
(n=300) Minor 37 122 82.04) 92.58) 92.85) 81.51) 86.95)
Asia (n=558) Adult 218 16 65.66% (61.72—  92.92% (90.79—  93.16% (91.07—  64.81% (60.85—  9.27 (9.05-9.49) 0.36 (0.32-0.40) 76.70% (73.19—
Minor 114 210 69.60) 95.05) 95.25) 68.77) 80.21)
Europe (n=535) Adult 278 13 83.23% (80.06—  93.53% (91.45—  95.53% (93.78—  77.05% (73.49— 12.86 12.75— 0.17 (0.14-0.20) 87.10% (84.26—
Minor 56 188 86.40) 95.61) 97.28) 80.61) 12.97) 89.94)
(IsmL_IzmR)
General Africa (n=543) Adult 206 34 80.46% (77.12—  88.15% (85.43—  85.83% (82.90—  83.49% (80.37- 6.78 (6.39-7.17) 0.22 (0.19-0.25) 84.53% (81.49—
Minor 50 253 83.80) 90.87) 88.76) 86.61) 87.57)
America Adult 235 30 75.32% (71.85—  89.32% (86.83—  88.67% (86.12—  76.52% (73.11-  7.05 (6.68-7.42) 0.27 (0.23-0.31) 81.95% (78.85—
(n=593) Minor 77 251 78.79) 91.81) 91.22) 79.93) 85.05)
Asia (n=1.302) Adult 454 29 58.35% (55.67—  94.46% (93.22—  93.99% (92.70—  60.43% (57.77—- 10.53 (10.41— 0.44 (0.41-0.47) 72.88% (70.47—
Minor 324 495 61.03) 95.70) 95.28) 63.09) 10.65) 75.29)
Europe Adult 620 21 77.98% (75.59—  95.42% (94.26—  96.72% (95.73—  71.45% (68.95— 17.02 (16.79— 0.23 (0.21-0.25) 84.37% (82.36—
(n=1.254) Minor 175 438 80.19) 96.58) 97.71) 73.95) 17.25) 86.38)
Female Africa (n=125) Adult 164 22 80.00% (72.99—  89.67% (84.33—  88.17% (82.51—  82.33% (75.64— 7.74 (7.01-8.47) 0.22 (0.15-0.29) 84.93% (78.66—
Minor 41 191 87.01) 95.01) 93.83) 89.02) 91.20)
America Adult 110 14 73.83% (68.80—  90.28% (86.89—  88.71% (85.09—  76.92% (72.10—  7.59 (7.10-8.08) 0.28 (0.23-0.33) 81.91% (77.50—
(n=293) Minor 39 130 78.86) 93.67) 92.33) 81.74) 86.32)
Asia (n=744) Adult 239 14 53.35% (49.77—  95.27% (93.74—  94.47% (92.83— 57.43%(53.88— 11.27 (11.06— 0.48 (0.44-0.52) 70.03% (66.74—
Minor 209 282 56.93) 96.80) 96.11) 60.98) 11.48) 73.32)
Europe (n=719) Adult 345 9 75.33% (72.18—  96.55% (95.22—  97.46% (96.31—  69.04% (65.66— 21.84 (21.70— 0.25(0.22-0.28) 83.03% (80.29-
Minor 113 252 78.48) 7.88) 98.61) 72.42) 21.98) 85.77)




Table5 (continued)

PV- LR+ LR- Acc

PV+

Real Se

(L3mL)

Sample Continent

95% CI 95% CI 95% CI 95% CI 95% CI 95% CI

95% CI

Adult Minor

5.80 (4.93-6.67) 0.12 (0.06-0.18) 86.40% (80.39—

84.62% (78.30—  77.78% (70.49—  92.96% (88.48—

89.36% (83.95—

12
66

Adult 42

Africa (n=125)

Male

92.41)

97.44)

85.07)

90.94)

94.77)

Minor

6.56 (6.02-7.10) 0.26 (0.21-0.31) 82.00% (77.65—

88.32% (84.69—  88.65% (85.06—  76.10% (71.27—

76.69% (71.91—

16
121

125
38

Adult

America

86.35)

80.93)

92.24)

91.95)

81.47)

Minor

=300)

(n

9.23 (9.01-9.45)  0.37 (0.33-0.41) 76.52% (73.00—

92.92% (90.79—  93.13% (91.03—  64.62% (60.65—

65.36% (61.41—

16

217
115

273

61

Adult

—558)

Asia (n

80.04)

95.05) 95.23) 68.59)

69.31)

210
14

Minor
535) Adult

0.19 (0.16-0.22) 85.98% (83.04—

93.03% (90.87—  95.12% (93.29—  75.40% (71.75—- 11.73 (11.58—

81.74% (78.47—

Europe (n

88.92)

11.88)

79.05)

96.95)

95.19)

85.01)

187

Minor

Lyl left third molar, iR right third molar, /3L IsuR arithmetic mean of 5uL and I31R measurements, Se sensitivity, Sp specificity; PV+positive predictive value, PV —negative predictive

value, LR + positive likelihood, LR — negative likelihood

Table 6 Cutoff for Asian countries

Country I3M L I3M R I3M L I3M R
Cutoft/Acc Cutoft/Acc Cutoff/Acc
India 0.09/91.50% 0.11/92.10% 0.09/92.2%
Indonesia 0.15/84.30% 0.17/84.40% 0.19/85.10%
Japan 0.10/89.80% 0.09/90.20% 0.09/90.10%
Lebanon 0.19/91.80% 0.24/92.20% 0.23/92.10%
Malaysia 0.21/51.40% 0.19/56.20% 0.16/53.10%
Sri Lanka 0.18/92.20% 0.14/88.70% 0.14/92.70%
Turkey 0.13/82.40% 0.11/82.70% 0.11/83.00%

Acc accuracy

critical for the protection of any individual without a birth
certificate when examining those who claim to be under
18 years of age. The new cut-off obtained from this study
(0.09 for all 3 predictors) showed an Sp greater than 90%
and a PPV — greater than 73% (Table 4). This confirms that
in terms of the European population, the /3u cut-off is a
reliable method to reduce the risk of misclassifying minor
subjects [13].

Asian region

On the other hand, the data from the Asian region could be
described as very interesting (Table 4). Previous analyses
on Asian population data (Table 7) have revealed identical
trends to other worldwide datasets. The two different, new
cut-off values for /3mL and 3mR in the Asian sample were
0.17 and 0.15, respectively, with the mean being 0.14. They
are in accordance with previous works that have indicated
a complex geographical history among Southeast Asians
and, to a lesser extent, among East/Northeast Asians [64].
All these works fully agreed that when certain dental char-
acteristics (such as morphological and morphometrical) are
analyzed, the impact of environmental factors should be con-
sidered as well as how such factors may influence phenotypic
features. This is particularly the case among Northeast Asians
when assessing if environmental influences on phenotypic
variation are able to erase the effects of genetic control [64].
When applying the new cut-off of /smL and 3mR [0.15 and
0.17] to the test sample for this population, the sensitivity was
72.05% and 74.10% and the specificity 86.20% and 83.52%,
respectively (Table 4) showing a better Se performance for
males than for females (with a discrepancy of 10% for IsmL Se
and of 10.48% for lsmR Se). In fact, only the Asian population
presented a lower negative predictive value than all the other
populations (Table 4) and this means that the correct clas-
sification power of minors using the new /3u cut-off is con-
sistently less accurate than in the other regions especially for
females but better than the original at 0.08 (/3mL Se=53.35%
in female and IsmL Se=58.63% in both sexes, Table 5).



Table 7 Summarize of sample references and previous research

Continent Author and year Country of subjects’ Sensitivity (Se) Specificity (Sp) Percentage of individu-
origin als correctly classified
accuracy
African region ~ Angelakopoulosetal.  Black South Africa Overall males and Overall males and Overall males and
(2018) [11] females females females 90%
80% 95%
Cavri¢ et al. (2016) Black Botswana Males 88% Males 94% Males 91%
[32] (95% CI 86-90%); (95% CI 91-96%); (95% CI 88-93%));
Females 0.88% Females 96% Females 92%
(95%CI 86-89%) (95% CI 94-98%) (95%CI 90-93%)
Dardourietal. (2016)  Libya Males, 90.9%; Males, 100%; Males 95.1%
[29] Females, 90.6% Females, 100% (95% CI1 91.5-98.7%);
Females 94.5%
(95%CI1 90.9-98.1%)
El-Bakary etal. (2019) Egypt Males 95% Males 100% Males 97%
[41] (95% CI 89-100%); Females 97% (95% CI 93-100%)
Females 73% (95% C192-100%) Females 82%
(95% CI 64-82%) (95% CI 76-88%)
American region Gomez Jiménezetal.  Dominican Republic ~ Males 94% Males 99% Males 96%
(2019) [16] (95% CI 88-97%) (95% CI 95-99%) (95% CI: 93-98%)
Females 99% Females 92% Females 96%
(95% CI 96-99%) (95% CI 86-95%) (95% CI: 93-97%)
Nobregaetal. (2019) Northeastern Brazil ~ Males 81.1% Males 84.0% Males 84.2%

(18]

Females 68.5%

Cameriere etal. (2018)  Chile Overall males and
[24] females 70.5%
Quispe Lizarbe et al. Peru Males 96%;
(2017) [28] Females 84%
De Lucaeta. (2016) Colombia Males 91.7%
[33] (95% CI 85.1-96.8%);
Females 95.1%
(95% CI1 87.1-95.0%)
Deitos etal. (2015) Brazil Overall 77.4%
[36] (95% C171.3-82.7%)
(males 87.6%;
females 86.5%)

Females 89.0%

Overall males and
females 88.4%

Males 96%;
Females 95%

Males 90.6%

(95% CI1 82.1-97.8%);
Females 93.8%

(95% CI1 87.1-98.8%)

Overall 86.2%

(95% CI1 80.9-90.4%)
(males 87.0%;
females 67.2%)

(95%CI: 78.1-90.3%)
Females 78.8%
(95%CI: 72.4-85.1%)

Overall males and
females 83%

Males 96%;

Females 90%

Males 91.2%;
Females 94.4%

Overall males 87.3%;
Overall females 76.1%

This result has partially contradicted the expectations of
the pre-existing literature [65], suggesting the existence of a
difference in the development of the third molar between the
Asian population and other geographical areas. By analyzing
the levels of accuracy obtained with the new cut-offs in each
population studied for the Asian sample (Table 6), it was
highlighted that the difference in the results derives from a
clear variability between the populations of the same Asian
area and not between different geographical areas. For exam-
ple, the Lebanese population showed a higher new cut-off
than when the original Cameriere’s method was used (0.19
for IsmL, 0.24 for MR, and 0.23 for IsmL and IzumR; Table 6).
This allows, with the same interval of confidence, an accu-
racy which almost surpasses the estimated post-test proba-
bilities reported in the specific literature [41]. In contrast, the
Malaysian sample has the greatest variability compared to
the cut-off of the original method (0.21 for I3mL, 0.19 I3uR,

and 0.16 for imL-IsmR) with the lowest accuracy levels at
the same 95% confidence interval, i.e., 51.40%, 56.20%,
and 53.10%, respectively (Table 6). This level of accuracy
would certainly not be acceptable from a legal point of view.
Furthermore, no previous studies have tested the /3m index
on a referenced Malaysian population. In particular, some
authors validated Cameriere’s method of estimating age but
only on growing subjects up to 15—16 years [66—68], obtain-
ing excellent results in terms of precision and accuracy but
not evaluating the maturation stages and the reliability of
the third molar for the age of majority. Other studies on the
Malaysian population showed a wide variability regarding
the development of the lower third molars in the popula-
tion of Malaysia [69, 70]. Johan et al. (2012) found that
71.1% of the variance in outcomes was explained by sex and
developmental stage of the right, as well as left, mandibular
third molar, which developed earlier in males than in females



Table 7 (continued)

Continent Author and year Country of subjects’ Sensitivity (Se) Specificity (Sp) Percentage of individu-
origin als correctly classified
accuracy
European region  Scandoni et al. (2020)  Russia Males 96% Males 98% Not available
Females 93% Females 98%
Albernaz Neves etal.  Portugal Males Males Males 94%
(94.9%; 95% CI (93.5%; 95% CI (95% C192.4-95.7%)

Tafrount et al. (2019)

Spinas etal. (2018)

Roézylo-Kalinowska
et al. (2018) [22]

Antunovic et al. (2018)

Kelmendi etal. (2018)

Boyacioglu Dogru

etal. (2018) [26]

Zelic et al. (2016) [34]

De Lucaetal. (2016)

Cameriere et al. (2014)

Gali¢ et al. (2015) [37]

Cameriere et al. (2014)

Southern France

Sardinia, Italy

Poland

Montenegro

Kosovo

Netherlands

Serbia

Italy

Italy

Croatia

Albania

93.3-96.4%)
Females
(87.5%; 95% CI

85.2-89.8%)

Males 87.1%

(95% CI1 80.4-83.4%)
Females 81.3%

(95% CI 75-84.5%)

Males 85%

(95% CI1 78— 91%)
Females 79%
(95% CI71-85%)

Males 86.2%

(95% CI 82.8-89.6%)
Females 82.6%

(95% CI1 78.4— 86.7%)

Males 92%

(95% CI 88-96%)
Females 82%
(95% CI179-84%)

Males 96.2%

(95% C192.5-97.8%)
Females 82.6%

(95% C178.7-83.4%)

Males 84%

(95% CI178.9-86.6%)
Females 72.7%
(95%CI, 67.6-75.0%)

Males 96%

(95% CI1 93-98%));
Females 86%
(95% CI1 83-87%)

Overall 86.6%
(95% CI 80.8-91.1%)

Overall 84.1%
(95% C176.7-89.9%)

Males 91.2%

(95% CI 88.7-93.1%);
Females 84.3%

(95% CI 80.6-87.5%)

Males 94.1%

(95% CI1 87.6-97.8%);
Females 75.4%
(95%CI 68.1-78.8%)

91.8-95.3%)
Females
(95.7%; 95% CI

94.3-97.1%)

Males 95.3%

(95% CI 89.8-98.3%)
Females 96.2%

(95% C191.3-97%)

Males 91%

(95% CI 82-96%)
Females 100%
(95% CI, 92-100%)

Males 91.2%

(95% CI 86.7% to
95.8%)

Females 93%

(95% CI, 88.3-97.7%)

Males 94%

(95% CI1 90-98%)
Females 96%
(95% C1 0.93-0.98)

Males 97.6% (95% CI
92.9-99.5%)

Females 99.1%

(95% CI 95.3— 100%)

Males 95.0%

(95% CI, 88.7-98.3%)
Females 96.3%
(95%CI, 90.0-99.0%)

Males 94%

(95% CI190-98%);
Females 98%
(95% C194-99)

Overall 95.7%
(95% C192.1-98.0- %)

Overall 92.5%
(95% CI 87.0-96.2- %)

Males 91.9%

(95% CI1 88.8-94.3-
%),

Females 95.4%

(95% C192.5-97.5%)

Males, 90.9%

(95% CI1 84.2-94.7%);
Females 96.6%

(95% C191.1-99.1%)

Females 91.2%
(95% CI 89.9-93.8%)

Males 91.6%

(95% CI 87.1-90.8%)
Females 89.7%
(95%CI 84.2-92.5%)

Males 87%

(95% CI 82-91%)
Females 84%

(95% CI, 0.78— 0.89%)

Males 87.6%

(95% CI 84.8-90.3%)
Females 85.3%
(95% CI 82-88.6%)

Males 93%

(95% CI190-96%)
Females 89%
(95% CI 85-91%)

Males 96.8

(95% C1 92.6-98.5%)
Females 90.9%

(95% CI1 87-91.7%)

Males 88.9%
(95% CI1 83.3-91.8%)
Females 83.3
(95% C177.7-85.8%)

Males 95%

(95% C192-98%));
Females 91%
(95%CI 87-92%)

Overall 91.4%

Overall 88.5%

Males 91.5%

(95% CI1 89.0-93.5%);
Females 88.8%
(95%CI 86.3-90.9%)

Males 92.5%

(95% CI1 85.9-96.2%);
Females 87.5%

(95% CI1 81.2-90.4%)




Table 7 (continued)

Continent Author and year Country of subjects’ Sensitivity (Se) Specificity (Sp) Percentage of individu-
origin als correctly classified
accuracy
Asian region Khare et al. (2020) [17] Eastern China Males 91.9% Males 91.9% Males 92%

Chu et al. (2018) [63]

Kumagaietal. (2019)
[19]

Balla et al. (2017) [27]

Gulsahi et al. (2016)
[31]

Moukarzel et al. (2020)
(40]

AlQahtanietal. (2017)
[13]

Northern Chinese

Japan

South India

Turkey

Lebanon

Saudi Arabia

(95%CI 87.1-96.7%)
Females 75.0% (67.5%
to 82.5%)

Males>18 years
87.1%

(95% CI1 82.9-91.4);

Females 77.2%

(95% C1 72-82.5%)

Males 89%

(95% CI: 83-95%));
Females 84%
(95% CI177-92%)

Males 90.2%
(95% CI181.2-99.3%);
Females 83.3%

(95%CI 73.4-93.3%)

Males 94.6%

(95% CI 88.1-99.8%);
Females 85.9%
(95%CI 77.1-92.8%)

Males 63%

(95% CI 56-70%);
Females 61%
(95% CI 53-69%)

Males 52.3%;
Females 51.3%

(95%CI 87.1-96.7%)
Females 100%

Males <18 years 95.6%
(95% C192.6-98.6%);
Females 98.4%

(95% C1 96.6-100%)

Males 96%
(95%CI: 90-100%);

Females 93%
(95% CI 85-100%)

Males 95.1%
(95% C1 89.7-100.0%);

Females 98.3%
(95%CI1 95.1-100.0%)

Males 100%;
Females 100%

Males 89%

(95% CI: 83-93%));
Females 97%
(95% CI: 93-98%)

Males 100%;
Females 97%

(95%CI 88.4-95.5%)
Females 85.8%
(95% CI1 81.3-90.4%)

Males 90.7%

(95% CI1 87.9%-93.5%);
Females 87.6%

(95% CI1 84.5-90.8)

Males 91%
(95% CI: 87-96%)

Females 87%
(95% CI 81-93%)

Males 93.1%
(95% CI 88.2-98.0%);
Females 91.2%

(95%CI 86.0-96.4%)

Males 97.6%;
Females 92.7%

Males 75%

(95% CI170-79%)
Females 79%
(95% C174-83%)

Males 75.6%;
Females 72.4%

[69]. An additional study [71] confirmed that the Malaysian
population also shows great variability in the manifestation
of agenesis of the third molar and that the root development
begins earlier in females up to 9 years old. However, the
molar development of male children above 9 years old accel-
erates more quickly in central adolescence than in females.

Sex differences

Previous studies have already widely demonstrated that the
rate of development varies according to sex, with a greater
delay in females than in males for both smL and 3umR [44,
72]. However, sex differences in third molar development have
been reported with contradictory results in studies of samples of
different origins [14, 20, 37, 39]. Comparing the original cut-off
in Table 5, the new cut-off estimates show and confirm a predic-
tion accuracy higher for males than for females in practically all
inferences. The difference in accuracy between genders ranged
from 0.49% (America; smL and _3mR) to 4.48% (Asia; IsmL)
and the accuracy was only higher for American females (2.25%
higher) for the /smL estimate (Table 4).

Different genetic studies have confirmed the hypothesis that
the majority of the variations exists within a population as a
group composed of different subgroups rather than between
large populations [73], including dental development varia-
tion [74]. For example, regarding the Demirjian method [49],
Dhamo et al. [8] revealed differences in the timing of dental
development within a multi-ethnic population. This seem to
suggest that differences in dental development should be evalu-
ated in samples of heterogeneous origin when using the origi-
nal patterns (i.e., Demirjian stage-based approach). In sum, the
results obtained in this research showed that although moder-
ate geographical differences in the application of the new cut-
off (0.08) were detected, the accuracy values increased only
slightly when compared with the studies performed on the Ism
values in each specific population (Tables 5, 6, and 7). This
confirms the usefulness of both the original and specific cut-off
for obtaining population-specific values by having a very high
classification capacity in both sexes.

According to the data, only population-specific studies
have been carried out so far to test the validity of the original
cut-off. However, the ethnic group considered in each different



study was based on a relatively small sample size (about 200
or 300 subjects). In addition, it was analyzed independently
from their original common geographic group (i.e., Africa in
case of Botswana [33] or Asia in case of Lebanon [41]).
By contrast, in this study, the sample was investigated as
a whole for each continent, considering the genetic ancestry
unceasingly based on African, European, American, or Asian
genetic content for each subject belonging to the general sample.
A similar study was performed in 2013 by Thevissen
et al. [65], in which no evidence was detected for impor-
tant differences in the degree of third molar development
when comparing 14 country-specific populations. The major
strength of this work is the inclusion of a huge number of
subjects from a multi-ethnic and geographic-based pro-
spective cohort design, with determined measurements of
dental development (/3m). In this case, the original and the
new cut-off estimates were applied in a heterogeneous sam-
ple of 10,701 OPT’s coming from 4 continents in order to
investigate whether differences in third molar development
between various geographic groups could be assessed.
Another strength of this research is the combined approach
of both left and right side (/smL and smR), showing that there
are no significant differences between smL and 3mR for most
countries in the different regions of the world. Even when a dis-
crepancy was detected, it was statistically insignificant (Table 2).
Finally, based on LR +, the results of this study presented
a moderate to high potential to increase the chances of clas-
sifying an adult individual as an adult. Furthermore, LR — pre-
sented a small to moderate potential to reduce the chances of
classifying a minor as a minor. Concerning the LR +, it is note-
worthy that within the European groups, all the values were
above 10, indicating for all the considered situations (i.e., use
of smR, IimL, or both indices, respectively), a large and often
conclusive increase in the likelihood of legal age (> 18 years).
Other data of interest is related to the PPV values that, for all
the groups, were very high, thus indicating a strong correlation
with the specificity values. PPV +is the probability that a sub-
ject with a positive (18 years old) test result is indeed 18 years
old or older. In accordance with the results, the more specific
the test, the less likely an individual with a positive test will be
minor and the greater the positive predictive value.

Limitations of this research

This research is not without limitations. The samples ana-
lyzed originated from urban areas in different countries,
which have very distinct socio-economic environments.
As such, this does not provide a fair representation of the
socio-economic status of the global population. In addition,
data from subjects presenting with systemic diseases and
endocrine anomalies were excluded. Finally, there was some
difficulty in collecting data from certain geographical areas:

the retrospective selection of data influences the amount of
data available and where they are obtained from.

No images were collected in some geographical areas such
as North Africa or North America, or Oceania. Another limi-
tation is the lack of some important population sample, such
as Chinese sample for Asian population. The inclusion of a
Chinese sample in this study would have provided the authors
with further insight about how, in such a vast region, made
up of a complex demographic history and migration routes,
the patterns and rates of third molar development differ from
those of other geographical groups. Furthermore, the lack
of specific studies that validated /3y index on the Malaysian
population prevents comparison of the results obtained in the
literature with the new cut-off. The lack of research on the
variability of the third molar in relation to its radicular mor-
phology rather than to its maturity stages according to Demir-
jian et al. [49] means that the interpretation of the results for
the Malaysian sample cannot yet be confirmed.

A natural progression of this work is to assess the influence
of geography as the main factor in shaping the variation of the
cut-off values’ diversity across the Asian area. For this pur-
pose, and in accordance with the hypothesis that the majority
of the variations exists within a population made of different
subgroups, a larger and more diverse sample of Asian subjects
should be analyzed in the same research study.

Conclusion

A long-debated question, whether the /3m cut-off used by
the forensic community to allow an accurate distinction of
someone being a major or minor, may also be used in a
global area such as a continent, and independently from the
specific origin (i.e., his/her country) of a subject belonging
to that area.

Since variations in the rate of dental development were
detected across populations [75], all previous studies were
limited to regional scales, analyzing mostly limited popula-
tion samples. A study seeking to investigate this topic with
a larger set of globally distributed population samples is still
pending.
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