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Abstract

Aims The evaluation of the cutoff value of I3\ =0.08 for discriminating black South African minors from adults, and its
relationship with chronological age.

Material and methods A sample of 833 panoramic radiographs of healthy black South African subjects (500 females and 333
males), in the age range of 14 to 24 years (mean age 17.67 years in females and 17.42 years in males), was retrospectively evaluated.
Results ICC values were 99.10% (95% CI 97.70 to 99.70%) and 99.20% (95% CI 98.00 to 99.60%), for the intra- and inter-
observer reliability, respectively. I3y decreased as the real age gradually increased in both sexes. According to the logistic
regression model, the variable sex was not significant when the probability that an individual is 18 years or older was calculated.
The I3y = 0.08 was valuable in discriminating between adults and minors. The overall accuracy (ACC = fraction of accurately
classified subjects) is 0.90 (95% CI 0.87-0.91); the proportion of correctly classified subjects (Se = sensitivity) is 0.80 (95% CI
0.76-0.84), and specificity (Sp) is 0.95 (95% C1 0.93-0.97). The PPV (predictive positive value) is 0.96 (95% CI1 0.95-0.97), and
the negative predictive value is 0.76 (95% CI 0.72—0.80).

Conclusion The results show that I3y, is a valuable method to distinguish subjects who are around legal adult age in South Africa.

Keywords Legal medicine - Dental age estimation - Age of majority - Third molar maturity index - South Africa

Introduction

Adult or minor? It is a crucial question that requires an answer
especially in a country like South Africa with a high rate of
criminal actions, and legal and illegal immigration [1-4].
Since the current age estimation methods used across the
world for estimating age of majority in some countries have
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been shown to be outdated and mostly inaccurate [5], there is
also a clear need for a standardized age estimation to distin-
guish minors from adults in the South African population and
migrants traveling to this region.

It is well known that all teeth, except for third molars, finish
their development between 12 and 14 years of age and that, in
the age span of 15.7-23.3 years, the third molars represent the
only teeth still growing. Therefore, the assessment of legal age
can only be carried out by observing and measuring the third
molar maturation process [6—8]. In fact, the degree of devel-
opment of this tooth may be recorded as a measure of ob-
served tooth length [9, 10] or as a ratio of perceived tooth
dimensions [10, 11], or classified in various stages according
to scores assigned to its maturation and eruption [12].
According to the Study Group on Forensic Age Diagnostics
of the German Society of Legal Medicine (AGFAD) and
Forensic Anthropology Society of Europe (FASE), there is a
general agreement about the suitable methods available for
age estimation [13, 14]. The radiographic odontological ex-
amination seems to be more reliable compared to radiographic
evaluation of their skeletal system as teeth development is less
influenced by systemic factors [15].
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In 2008, Cameriere et al. proposed a new dental method for
assessing adult age. This method is based on the relationship
between age and the normalized measures of the open apices
of the third molar, known as the third molar maturity index
(I3p)- This technique records continuous data and is based on
ratios between measurements of apical pulp widths and tooth
lengths. A cutoff value of I3, = 0.08 was determined to assign
an individual to juvenile or adult age [16].

Cameriere et al.’s method showed that the I3, better dis-
criminates adults and minors as being 18 years and older or
younger than 18 years [16]. This study aimed to evaluate the
cutoff value of I3 =0.08, previously recommended by
Cameriere et al. [16] for discriminating black South Africans
between adults and minors.

Materials and methods

The studied sample consisted of 833 healthy subjects (females
500, males 333) with black African ethnicity from whom a
panoramic radiograph was collected. All the X-rays were col-
lected retrospectively from the database of a private dental
clinic in Pretoria, South Africa (Table 1).

The inclusion criteria were as follows: age between 14 and
24 years at the time the panoramic radiographs were obtained,
good-quality radiographs, and healthy subjects with known
precise age and free of systemic disorders. The exclusion
criteria were as follows: unclear radiographs or with radio-
graphic distortion, gross pathology or history of orthodontic
treatment, subjects of unknown age or without full dental re-
cords, and those with no third molars or third molars with
developmental anomalies. Socioeconomic status or specific
ethnic groups were not evaluated among the participants.
Patient data was recorded in an excel file, recording patients’
identification number, sex, date of birth, and date of the X-
rays. The CA (chronological age) for each subject was

Table 1 Black South

African sample Age (years) F M Total

distribution according to

sex and age [14,15) 81 63 144
[15, 16) 87 53 141
[16, 17) 69 49 118
[17,18) 72 36 108
[18,19) 36 44 79
[19, 20) 55 35 90
[20, 21) 36 23 59
[21,22) 29 14 41
[22,23) 13 9 22
[23,24) 21 7 28
Sum 500 333 833
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calculated by subtracting the date of the X-rays from the date
of birth, and converted into decimal ages. The study was car-
ried out in accordance with the ethical standards laid down by
the Declaration of Helsinki (Finland) [17].

Measurements

As already proposed by Cameriere et al. [16], the dental
maturity index (Isy) of the left lower third molar was
evaluated. In order to manipulate the differences in mag-
nification during X-ray imaging and processing, a ratio
(Ispm) between the sum of the inner side’s width of the
open apices in third molar and the tooth’s length was
calculated. If third molars were found with entirely closed
roots, then I5,;=0.00 was recorded. The cutoff value of
I3 =0.08 was tested to discriminate adults (>18 years)
and minors (<18 years). X-ray images were processed
by an open-source image computer-aided drafting pro-
gram used to process and analyze digital images (ImageJ
1.49).

Statistical analysis

The names and surnames of all subjects and their sex, date
of birth, and date of X-rays were recorded on the panoram-
ic radiograph. However, during the estimation process, the
observers were categorically blinded from the chronologi-
cal age of each subject leaving only the sex to be known.
Three observers, two forensic odontologists and a doctor-
ate student in immuno-metabolic pathologies and with
varying levels of experience, performed the observer error
analysis, and intra-class correlation coefficient (ICC) was
applied to calculate intra- and inter-observer variability. If
the outcome variable is continuous, Lin stated that the ap-
propriate index for measuring agreement between two ob-
servers is the concordance correlation coefficient (CCC)
[18-20]. Nonetheless, the ICC is almost identical to Lin’s
concordance correlation coefficient [18—20] and it may be
calculated to measure reproducibility and repeatability. As
suggested by Ferrante and Cameriere [21], the ICC based
on the random-effects model for one-way analysis of var-
iance (ANOVA) has been applied.

Repeated observations from the first author were used
to assess intra-observer agreement, while inter-observer
analysis was based on comparisons with those of two
other observers. For this purpose, 50 radiographic pano-
ramic images were randomly selected 4 weeks following
the initial scoring to calculate percentage of agreement,
for both intra- and inter-observer analyses. Scatter plot
and box plot graphs and tables were used to show rela-
tionships between chronological age and different I3y,
values for both sexes.
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Setting 7t as the probability that an individual was at least
18 years old, the dependence of this probability on I3y, and sex
with a linear logistic equation was modeled:

logit(Tt) =bg + by iy + by sex

in which logit(7r) is the natural logarithm of the ratio7t/(1—7r),
by is the intercept of the linear model, and b, and b, are coef-
ficients of the predictor variables I3y, (third molar maturity
index) and sex (sex = 0 for females and 1 for males). In order
to examine the effect of including one of the two variables in
or excluding it from the model, the difference in deviance
among different models, with or without sex and I3y, was
considered.

In order to test the performance of the specific cutoff
value of I3, the results were also shown in a 2 X 2 contin-
gency table that summarized the number of subjects who
have I3, <0.08 and are 18 years or older (true positive
values), then subjects with I3,y who are younger than
18 years (false-positive values), followed by those with
Ispm >0.08 who are 18 years or older (false-negative
values), and finally those with I3y; > 0.08 who are younger
than 18 years (true negative values). The 95% confidence
interval (95% CI) was applied to describe the uncertainty
associated with the statistical tests.

The accuracy of the test (ACC) and the sensitivity p; (i.e.,
the proportion of subjects older than or equal to 18 years of
age with I3y < 0.08), together with its specificity p, (i.e., the
proportion of individuals younger than 18 with I3y >0.08),
were evaluated. Positive predictive values (PPVs) and nega-
tive predictive values (NPVs) were also calculated to determi-
nate the probability that an individual with a positive screen-
ing result (I;yy < 0.08) truly has the correct age (subjects older
than or equal to 18 years of age). I3y may help to discriminate
between individuals who are or not aged 18 years, or more, by
the post-test probability of being 18 years of age or more (i.e.,
the proportion of individuals with I3y <0.08 who are older
than or equal to 18 years). According to Bayes’ theorem [22,
23], post-test probability may be described as in the following
formula:

p= P1Po
P1po + (1=p2) (1-py)

In the post-test probability p, po is the probability that a
black South African individual is 18 years or older. This prob-
ability, po, was evaluated with the data obtained from the
Statistical Office of South Africa [STATS SA Mid-year pop-
ulation estimates 2017. Statistical release P0302, www.statssa.
gov.za]. The threshold of significance was set at 5%.
Statistical analysis was performed using R statistical
software URL: https://www.R-project.org/ [24].

Results

I3 values gradually decreased as age increased in both fe-
males and males (Figs. 1 and 2).

Concerning intra- and inter-observer agreement, the obtain-
ed results showed that no significant bias has been detected
among the observers involved in the radiographic measure-
ments. In detail, ICC values were 99.10% (95% CI 97.70 to
99.70%) and 99.20% (95% CI1 98.00 to 99.60%), for the intra-
and inter-observer reliability, respectively.

As reported in Table 2, the change in deviance on adding
the variable sex to a model that includes a constant term alone
(null model) was not significant. Instead, when I3y, was added
to the null model, the deviance was reduced by a highly sig-
nificant amount (p < 0.001).

Therefore, the probability that an individual is 18 years or
older depends on the degree of development of the third molar
I, but it does not significantly depend on sex. Hence, the
cutoff of I3 can be considered for discriminating black South
African minors from adults pooling together males and
females.

Classification of the sample

Table 3 displays the close association between adult age and
positivity of the test (i.e., I;p; <0.08) in both females and
males. The overall accuracy (ACC = fraction of accurately
classified subjects) is 0.90 (95% CI 0.87-0.91); the proportion
of correctly classified subjects (Se = sensitivity) is 0.80 (95%
CI 0.76-0.84), and specificity (Sp = specificity) is 0.95 (95%

I3y for females by age

© Females data

I3m

age (y)

Fig. 1 Scatter plot of the relationship between chronological age and I3y
in black South African females. The horizontal line is at I3y, =0.08, and
the vertical line is at 18 years old
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I for males by age Table 3  Contingency table of the cutoff value’s performance for both
sexes
15 & Males data Cutoff Age Total
<18 >18

T=0 (Is>0.08) 489 62 551

T=1 (I3»<0.08) 21 261 282

Total 510 323 833

I3m

age (y)

Fig. 2 Scatter plot of the relationship between chronological age and I3\
in black South African males. The horizontal line is at Isy; = 0.08, and the
vertical line is at 18 years old

CI 0.93-0.97). The PPV of the test, where the individuals
whose I3y <0.08 are 18 years old or older, is 0.96 (95% CI
0.95-0.97), and the NPV, where the individuals whose I5p; >
0.08 are younger than 18 years, is 0.76 (95% CI 0.72-0.80).

Discussion

The need and the interest in dental age estimation globally is
rising [6]. Age estimation is especially difficult when it comes
to the assessment of young persons (aged 15 years to early
20s) in which physical maturity does not necessarily equate to
being an adult [25]. In addition, this is often complicated by
various factors such as non-availability of collateral informa-
tion, language barriers, and fear of providing any information
because of risk of deportation, and a lack of population-
specific charts to use to compare anthropometric measure-
ments [26]. Third molars are the only permanent teeth still in
development after the age of 15 so they are an important tool
in the discrimination between adults and minors [7, 8, 27-29].
In the past, multiple studies have focused on analysis of the
third molar mineralization using X-rays, where a continuous
process of their development was divided into a finite number

Table 2 Deviance on fitting linear models to data

df Deviance Residual df  Residual deviance  p value
Null - - 832 1112.44 -
Iim 1 371.12 831 741.32 <0.001
Sex 1 0.16 830 741.16 0.6883
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of stages [30-34]. Some reports were based on datasets of all
permanent teeth either including or excluding third molars or
on third molars only [35, 36]. Yet, the third molar has been
often considered unreliable due to several factors such as vary-
ing presence, malposition, time of initial formation, and wide
age range of mineralization, or that it could also be removed
following a routine dental treatment [27, 37].

Previous studies, in specific racial groups (Zulu and Xhosa)
of South African children, demonstrated that Demirjian’s age
estimation method [34, 38, 39] overestimated the age of the
examined subjects but they were not considered as reliable
due to the small number of subjects in each age group [38,
39]. Although the stages of the dental maturity scoring system
may be universal in application, it is well known that the
original Demirjian study on a French Canadian population
[34] led to an age overestimation in “all” other groups by
about 6 months. An early development on the third molars
of black South African children was also illustrated when they
were compared to Japanese and German children [40].
Advanced growth in the black South African population can
be related to the short formation times for enamel and dentine
in this group [41]. The enamel formation time of Southern
Africans seems to be shorter when compared with Northern
Europeans; this could explain the overestimation of dental age
in a black South African population [42].

The importance of third molar mineralization in black pop-
ulations, and its use to discriminate minors from adults, has
been described in previously published studies [35, 43—46].
Conversely, few investigations have been carried out on third
molar development in black populations in Africa. One of the
most critical problems is that several African countries operate
with obsolete civil registration systems that do not ensure
proper, if any, documentation of persons at birth and at death.
As a result, it is common and considered ethically normal to
perform age-cheating, falsification of documents, multiple
identification, and impersonation of other individuals [47].

When considering the forensic and clinical literature, this is
the first radiographic dental study of the usefulness of L5, for
discriminating between adults and minors in a black South
African sample of children and young adults. This would be
beneficial in a series of cases in which the age of majority is in
doubt such as weddings [48—54] and sexual offense acts [55].
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With the reformation of the Children’s Act in 2007, the age of
legal majority in South Africa was reduced from 21 to 18 years
old [56].

As for the digital panoramic radiography, two advantages
should be highlighted: (1) It is not an invasive technique and
only requires exposure to small radiation doses (0.001-
0.005 mSv) to acquire a suitable panoramic radiograph [57];
(2) it provides a large archive of developing teeth in otherwise
healthy children, adolescents, and emerging adults. Despite the
convincing evidence, this technique is not yet supported by all
medical organizations [58]. In the last 10 years, due to the rapid
increase in the demand for forensic age estimates of unaccom-
panied minors, it has been demonstrated that a simple pano-
ramic radiograph may provide the forensic personnel with valu-
able information about an individual’s developmental status. In
Germany, for example, the Administrative Court (VG) of
Hamburg (Az. 3 E 1152/09) stated, “In accordance with the
principle of proportionality, X-rays irradiation is a health hazard
within the normal range, and not a health disadvantage in the
meaning of the provision, for the person examined” [59].

In relation to the influence of sexual dimorphism in third
molar development, some studies that used the method ap-
plied here showed that differences between females and males
did not significantly influence age estimation formula [60].
However, some authors pointed out that sex differences
should be considered because the third molar development is
faster in females than in males [60, 61]. In this study, sex
differences were not significant when considering the proba-
bility that an individual is 18 years or older. This showed that
the probability depended more on the degree of development
of the third molar (I3y;) than on the sexual dimorphism.

As for the obtained results of sensitivity and specificity,
PPV and NPV, they were almost similar to other findings from
the previous studies on I3y in different populations from
Africa and abroad. Taking into account two African studies
performed on the population of Botswana and Libya, similar
results were reported [62, 63]: in Botswana, Cavri¢ et al. [62]
obtained values of specificity of 0.94 and 0.96 in males and
females with a sensitivity of 0.88 in both the genders. In a
Libyan sample, Dardouri et al. [63] obtained the following
results: the sensitivity was 0.90 in both males and females,
and the specificity was 1. A slight tendency exists in higher
specificity over sensitivity values showing that I3y is more
accurate in discriminating individuals younger than 18 years
than the subjects older than that age.

As already demonstrated in some previous studies [64, 65],
a chosen medical or screening test must be sensitive enough to
detect if an individual is 18 years old or older. At the same
time, it should possess a relatively high degree of specificity,
which represents the probability that the test will create a true
negative result (i.e., all individuals younger than 18 years
should be correctly classified). False-negative results must
also be considered as in those cases serious ethical

consequences could be faced. Indeed, minors being errone-
ously assessed as over 18 years can be considered more im-
proper than individuals over 18 years being erroneously
assessed as minors [66]. Usually, this results in additional
mental and physical strain and on attacks of their human
rights. The Convention on the Rights of the Child (CRC)
has set out several rights that may be breached when a child
is assessed to be an adult by inappropriate age assessment
methods (e.g., mistreatment of the individual, family separa-
tion, and deprivation of liberty) [67, 68].

Concerning the PPV and NPV, they are 0.96 (95% C10.95—
0.97) and 0.76 (95% C10.72-0.80), respectively. These values
describe an individual’s probability of being 18 years old, or
older, once the results of his/her tests are already known. To
many, the PPV or NPV are the key characteristics of a screen-
ing test because they accurately measure its strength [69]. A
PPV 0f0.96 means that 96% of the subjects with a positive test
actually were 18 years old or older; an NPV of 0.76 means that
76% of the subjects were minors. The results from the present
study showed that PPV and NPV are similar to those achieved
from the Botswana sample in which the PPVs were 0.94 and
0.97 for males and females, respectively, whereas the NPVs
were 0.88 and 0.87 for males and females, respectively.
Unfortunately, Dardouri et al. [63] did not calculate the PPV
and NPV for their Libyan sample. Finally, concerning the
intra- and inter-observer agreement values, they are high and
comparable to those studies using the staging system [34] and
those in which I3y has already been applied. Among the
African studies, the obtained results are almost similar: ac-
cording to Cavri¢ et al. [62], ICC values were 0.99 (95% CI
0.98 t0 0.99) and 0.98 (95% CI1 0.97 to 0.99) for the intra- and
the inter-observer agreement, respectively. In Dardouri et al.
[63], the reliability of the data collection was evaluated calcu-
lating the concordance correlation coefficient (CCC) and no
statistically significant difference between paired sets of mea-
surements was detected: CCC = 1. The ICC has good intuitive
interpretation because it includes components of both preci-
sion (degree of variation) and accuracy (degree of location or
scale shift) [21, 70].

Due to this, such a coefficient has been often used to mea-
sure intra- and inter-observer agreement in several studies per-
formed by Cameriere et al. showing high rates of agreement
(between 0.75 and 1) [62, 63, 71-78]. This is the most impor-
tant achievement of this quantitative technique, which de-
pends strictly on the accurate measuring of specific projection
points of third molars on a digital panoramic radiograph [62];
in fact, although each published article tries to instruct a par-
ticular observer when her/his practice varies from that of col-
leagues, it cannot specify how to adjust the measuring line
segments of the tooth.

In this specific research, the higher inter-observer reliability
is not per se a condition enough to validate completely the
method. However, the fact that these values are recurring in
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previous studies, other than the present one, using the same
method, represents a valuable contribution to its scientific
validation.

Conclusion

The results obtained in this research show that I3, is a valu-
able method to distinguish subjects who are around legal adult
age in South Africa. Regarding specificity, higher values have
been also achieved for this sample confirming the general
tendency of I3y to better discriminate those subjects who are
younger than 18 years of age.
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