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Abstract

Introduction Evaluation of the eruption of mandibular third molars in orthopantomograms (OPGs) is a method of forensic
age assessment. The objective of our study was to provide valid reference data for this trait within a population of black
South Africans. The study was guided by the criteria for reference studies in age assessment.

Materials and methods A study population from Pretoria, South Africa comprising 670 OPGs obtained from 338 black
females and 332 black males aged between 15.00 and 25.97 years was analysed. All OPGs were performed for medical
indication during the period from 2011 to 2022 and were retrospectively evaluated. From the 670 OPGs, a total of 1021
mandibular third molars were evaluated. The assessment of mandibular third molars was conducted using the staging scale
presented by Olze et al. in 2012. Two experienced dentists evaluated the OPGs independently of each other. If the two exam-
iners diverged in their assessments, a consensus stage was assigned.

Results As expected, the mean, median and minimal age increased with higher stages for both teeth and both sexes. The
minimum age recorded for stage D, indicating complete tooth eruption, was 15.79 years in females and 16.62 years in males.
Conclusion As it is the case for previous reference studies in other countries, placing exclusive reliance on the evaluation
of mandibular third molar eruption is inadequate for ascertaining the age of majority among Black South Africans. Future
studies need to examine if our results are transferable to other countries in Sub-Saharan Africa.

Keywords Age estimation - Dental age - Wisdom tooth - Dental panoramic radiograph - Chronological age

Introduction

Scientific forensic age assessment in the living is typically
used whenever a person’s age is unknown or if there are
reasonable doubts about it [1]. It is thought to support legal
processes in various areas of law [ 1], for example, protecting
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the status of unaccompanied refugee minors [2—5]. This
legal issue is increasingly important due to the recent sharp
rise in cross-border migration movements [6].

The field of forensic age assessment in the living cur-
rently accounts for a considerable proportion of research
activities in forensic science [7—17]. The focus of scientific
efforts in the field today is the establishment of new meth-
ods or the further development of established evidence-
based methods.

As there are no recent conclusive guidelines on imple-
menting age assessment procedures for living individu-
als, the international and interdisciplinary Study Group
of Forensic Age Diagnostics (AGFAD) recommendations
from 2008 are still considered the gold standard [18].
These recommendations specify the scope of examinations
that every forensic age assessment should include. Thus, a
physical examination with determination of anthropometric

@ Springer


http://orcid.org/0000-0002-7717-3378
http://orcid.org/0009-0005-2068-5830
http://orcid.org/0000-0001-9921-2369
http://orcid.org/0000-0003-3014-8543
http://orcid.org/0000-0003-4047-6356
http://orcid.org/0000-0002-0549-7824
http://orcid.org/0000-0003-1361-1225
http://orcid.org/0000-0002-0135-1617
http://crossmark.crossref.org/dialog/?doi=10.1007/s00414-024-03251-x&domain=pdf&date_stamp=2024-5-9

International Journal of Legal Medicine

measures, inspection of signs of sexual maturation, and
identification of any age-relevant developmental disorders
is required. If the skeletal development of the hand is com-
pleted, an additional radiographic examination of the clavi-
cles should be carried out [18].

The recommendations also call for a dental examina-
tion, including a radiographic examination of the dentition
[18]. Dental panoramic radiography or orthopantomogra-
phy (orthopantomogram - OPG) has become the preferred
radiographic examination technique [1]. The advantages of
OPGs lie in its ability to assess the entire jaw and denti-
tion, ease of availability, low costs, and the ratio of radiation
exposure to information value [19]. Since a large number
of cases of forensic age assessment is concerned explicitly
with the question of age majority (herewith referred to as
the completion of the 18th year of life) of the person being
examined, tooth development characteristics that typically
have not been completed at this age must be examined
accordingly. The third molars are usually the teeth that
develop last [20], completing mineralization at around the
age of 18 years or a few years beyond [20]. For this reason,
the assessment of eruption and mineralization of the third
molars has become established in forensic age assessment
practice [1].

There is currently a lack of comparable, systematic stud-
ies of third molar eruption as a feature of forensic age assess-
ment in different ethnic groups. The current study aimed to
provide reference data on the eruption of mandibular third
molars using OPGs from a study population of black South
Africans.

Materials and methods

The study received positive ethics votes from both the Uni-
versity of Pretoria (No. 587/2021), the origin of the data,
and the University of Miinster (No. 2020-038-f-S), the
venue of the study.

The orthopantomograms (OPGs) utilized in this inves-
tigation were sourced from the University of Pretoria Oral
Health Centre, Pretoria, Gauteng, South Africa. All OPGs
employed were initially obtained for medico-dental diag-
nostic purposes. In this study, OPGs were randomly selected
from all available OPGs for retrospective, blinded assess-
ment, with stratification based on each year of age within
the 15-25-year range, aligning with established practices
in comparable literature [21]. Individuals were categorized
according to their current year of age, e.g., ages between
15.00 and 15.99 years were grouped as “15 years”. Partici-
pants were only included in the study if their age at the time
of radiographic examination was unequivocally known.
Upon admission to the dental clinic, patients under the age
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of 16 must present a state birth certificate. Persons older
than 16 years of age receive an identification card in South
Africa, which is then required for admission to the dental
clinic.

The study was carried out on self- classified black indi-
viduals. The socioeconomic status of South Africa as a
whole is described as an upper-middle-income region
[22]. However, this classification, which is based on gross
national income (GNI), is a distorted reflection of the reality
of life for a large number of South Africans. This is charac-
terized by poverty in large parts of the population. In par-
ticular, the socioeconomic background of black people in
South Africa is still worse than that of the average popula-
tion [23]. In addition, the public healthcare institutions in
South Africa tend to be utilized by people of lower socio-
economic status [24]. Therefore, the overall socioeconomic
status of the study population is below the average for South
Africa and certainly cannot be regarded as an upper-middle-
income population.

The initial phase of this study involved the collection of
OPG images, guided by criteria encompassing suitable age,
sex, and the radiographic visibility of at least one mandibu-
lar third molar. Subsequently, exclusion criteria specific to
individual images were applied during evaluations.

The first step was to check that the image quality was
sufficient. The exclusion criteria here comprised issues
related to artifacts or misalignments during image acquisi-
tion, resulting in distortions. In the second step, images with
pathologies were sorted. For example, bone fractures, cysts,
carious lesions on the third molars, dental restorations on the
third molars, or orthodontic appliances on the third molars
were considered excluded. In addition, third molars with
an angulation of more than 30 degrees in the mesio-distal
direction were excluded, as a physiological eruption cannot
be assumed in these instances [25, 26]. Only one OPG from
the same individual was considered for inclusion.

The evaluations were performed according to the clas-
sification by Olze et al. (2012) [27]:

A coverage of the occlusal surface with alveolar bone.

B alveolar emerge, complete resorption of the alveolar bone
over the occlusal surface.

C at least half the crown length of the second molar has been
reached, the occlusal plane has not been reached.

D complete emerge in the occlusal plane.

Radiographs were scrutinized employing Synedra Per-
sonal View software version 22.0.0 (Synedra Information
Technologies GmbH, Innsbruck, Austria) on designated
workstations. The configuration and environmental con-
ditions remained stable for both examiners. The soft-
ware’s magnification and grey-level adjustment tools were
deployed throughout the assessments. The examiners, two
board-certified dentists, possessed extensive familiarity
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Table 1 Age and sex distribution of the study population with the methodology gleaned from previous studies [28].
Age Males (n) Females (1) Total (n) Both examiners conducted Independent evaluations of

15 26 24 30 the radiographs. In cases where discrepant determinations
13 iz ii :g arose, a consensus was reached through subsequent delib-
18 29 35 64 eration between the.: two examiners. . N
19 30 30 60 The mean, median, upper and lower quartile, and mini-
20 30 37 67 mum and maximum age were determined for each stage,
21 26 33 59 stratified by sex and tooth. Data management and statisti-
22 31 30 61 cal analyses were executed using Stata, version 13.0 (Stata
23 32 35 67 Corp LP, College Station, Texas, USA).
24 33 31 64
25 43 34 77
Total (n) 332 338 670 Results
Table 2 Number of teeth evaluated by age and sex The study included a total of 670 orthopantomograms
Age Tooth [FDI]  Males (n)  Females (n)  Total (n) (OPGs), comprising 338 females and 332 males, spanning
15 38 25 23 48 ages from 15.00 (female) to 25.97 (female) years. Image
48 2 23 48 acquisition occurred between December 2011 and Decem-
16 i: ?; ii :g ber 2022. Table 1 provides an overview of the study popula-
17 18 2 ” 44 tion stratified by age and biological sex.
48 23 18 41 Considering the total collected radiographs, an analysis
18 38 1 27 48 of 1340 teeth was potentially feasible. However, due to the
48 15 24 39 absence of some mandibular third molars and the stringent
19 38 21 22 43 application of exclusion criteria, a total of 1021 teeth (males:
43 21 24 45 491, females: 530) met the inclusion criteria (Table 2). These
20 38 21 31 52 1021 teeth constitute the foundation for the reference data.
48 23 28 51 The number of examined teeth, which form the actual basis
21 38 22 27 49 of the reference data, varied from =19 (tooth 48 [FDI sys-
48 23 28 st tem], age group 16 years, males) to n=31 (tooth 38 [FDI
22 38 25 23 48 system], age group 20 years, females) (Table 2).
48 20 22 42 . ..
’ 18 5 51 46 As expe(?ted, the megn, median, and minimum ages at
43 2 23 46 each stage increased with stages for both sexes and both
24 13 21 2% 47 teeth (Tables 3, 4, 5 and 6). The minimum age at stage D
48 24 73 47 for females for tooth 38 was found to be 15.79 years. For
25 38 29 2 51 tooth 48, this value was 16.87 years. The minimum age at
48 22 26 48 stage D was 16.62 years for males in both examined teeth.
Total (n) 491 530 1021 Hence, the recorded minimum ages associated with stage

Table 3 Descriptive measures for each stage for tooth 38 [FDI] in females. Age in years, rounded to second decimal place. SD: standard deviation.
LQ: lower quartile. UQ: upper quartile

Stage N Mean SD Median LQ UuQ Min Max
A 43 16.73 1.91 16.14 15.48 17.31 15.00 25.24
B 23 18.23 2.34 17.72 16.31 20.48 15.16 22.48
C 45 20.27 2.85 19.66 18.29 22.95 15.20 25.88
D 156 21.89 2.38 21.97 20.17 24.03 15.79 25.92

Table 4 Descriptive measures for each stage for tooth 48 [FDI] in females. Age in years, rounded to second decimal place. SD: standard deviation.
LQ: lower quartile. UQ: upper quartile

Stage N Mean SD Median LQ UuQ Min Max
A 41 16.75 1.90 16.13 15.36 17.31 15.00 23.23
B 24 18.42 2.75 18.23 16.23 19.70 15.04 25.88
C 43 20.56 2.83 19.91 18.38 23.17 15.79 25.66
D 155 21.97 2.46 21.98 20.11 24.16 16.87 25.97
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Table 5 Descriptive measures for each stage for tooth 38 [FDI] in males. Age in years, rounded to second decimal place. SD: standard deviation.

LQ: lower quartile. UQ: upper quartile

Stage N Mean SD Median LQ UQ Min Max
A 37 17.65 3.00 16.11 15.58 19.46 15.03 25.20
B 47 18.37 2.72 17.53 16.13 19.38 15.12 25.34
C 36 21.01 3.07 21.42 18.27 23.38 15.39 25.93
D 133 22.11 2.50 22.52 20.31 24.22 16.62 25.93

Table 6 Descriptive measures for each stage for tooth 48 [FDI] in males. Age in years, rounded to second decimal place. SD: standard deviation.

LQ: lower quartile. UQ: upper quartile

Stage N Mean SD Median LQ UQ Min Max
A 41 17.73 3.00 16.28 15.58 18.46 15.03 2522
B 40 18.43 2.65 17.51 16.42 19.39 15.12 24.82
C 31 21.06 3.12 21.40 19.01 23.90 15.14 25.68
D 126 21.97 2.49 22.12 20.31 24.15 16.62 25.93

D, indicative of full eruption, were considerably below the
threshold of 18 years for both teeth and both sexes.

The medians from stage C onwards were above 18 years
for both sexes and both teeth. Only for tooth 48 in females
was the median already above this age threshold in stage B.
The values for the lower quartile for stage C were above 18
years for both sexes and both teeth.

Stage D covered almost the entire age range of the study
population for both teeth and both sexes. This was most
evident for tooth 38 in females, where the minimum age
for stage D was 15.79 years. For all other teeth and sexes
examined, the minimum age for stage D was over 16 years.

The prevalences of the different stages varied, ranging
from 23 cases (stage B, tooth 38, females) to 156 cases
(stage D, tooth 38, females), with stage D being the most
frequently observed stage across both teeth and both sexes
(Tables 3, 4, 5 and 6).

Discussion

In this study, we examined the age-specific third molar
eruption patterns of Black South Africans using a standard-
ized assessment based on the most recent recommendations
for age assessment studies. This ethnicity-specific approach
was chosen because the question of the dependence of the
temporal patterns of third molar eruption on ethnicity had
recently been raised in the literature [29]. Specifically, the
assumption was made that Africans pass through the stages
of third molar eruption faster than Asians or Europeans [29,
30]. It should be pointed out that the presentation of the ref-
erence data for the population in focus means that a direct
comparison between different populations is only possible
to a very limited extent. Reliable reference data from differ-
ent ethnic groups are essential in order to be able to investi-
gate this question scientifically in the future.

@ Springer

The temporal patterns of tooth eruption in African popu-
lations have been widely studied. In a 2021 review, Cum-
maudo et al. were able to compile 25 studies on this topic
alone [31]. However, the methodology and definition of
ethnicity were inconsistent. Additionally, forensic age esti-
mation was usually not the focus of these studies, which
was why the eruption of third molars, in particular, was not
assessed in a standardized way [31].

Few studies are available examining the temporal pat-
terns of mandibular third molar eruption in Black Africans
for forensic age estimation. Kutesa et al. and Olze et al. con-
ducted studies on Black Africans using the staging scale by
Olze et al. from 2007 [29, 32, 33]. These two studies are
directly compared to the current study in Table 7.

The different age intervals of the studies become appar-
ent, whereby the age ranges of the study by Olze et al. and
the current study are most comparable. The study by Kutesa
et al. provides data with a considerably younger age distri-
bution, which may have influenced the final results.

For studies on forensic age assessment, an equal distribu-
tion of individuals within the age groups is recommended
[18]. An uneven distribution can lead to bias in the results.
In particular, the mean age in the stages is prone to bias
when uneven age distributions are used [34]. The effect of
uneven age distribution can be described qualitatively by
stating that disproportionate proportions of younger individ-
uals lead to lower estimated ages, and disproportionate pro-
portions of older individuals lead to higher estimated ages
[34]. However, in studies that examine tooth traits, possibly
on several teeth, it is not necessarily fair to infer the number
of teeth examined from the number of individuals included.
This is crucial, as the teeth examined ultimately form the
basis for the reference values obtained. Therefore, we have
also presented the number of teeth examined in our study in
Table 2 to reveal the actual basis of our reference data.

In addition to an equal distribution of examined traits,
the selection of age intervals in studies is also crucial [34,
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35]. If different studies are to be compared, it is decisive to
account for the age intervals in the individual studies. The
effect of different age intervals is qualitatively similar to
the unequal distribution of age groups [34]. For example,
including younger age groups will reduce the estimated
ages. The same applies to the absence of older age groups.
Olze et al. included relatively few young males aged 12—-16
years and generally very few females in their study [32]. For
example, the 16-year-old female age group only included
2 individuals, and the 12-year-old female age group only
included 3 individuals. In the 13- and 14-year-old female
age groups, only 4 individuals were studied in each case.
The study by Kutesa et al. also did not have an exact equal
distribution, with 66 test subjects in the 10-year-old female
age group and only 29 individuals in the 20-year-old female
age group. Overall, young females aged 10-13 years are
overrepresented in Kutesa et al., while the age groups 17-20
years are overrepresented among males [33]. For our study,
the included teeth can be seen directly in Table 2. There is
also no exact equal distribution, although a clear trend can-
not be determined. Due to the age range studied, our study
cannot contribute to any statement about the behavior of the
feature in people under the age of 15.

When the reference values of the three studies in Table 7
are compared, the different minimum ages in stage D, i.e.,
the minimum age for a fully completed eruption of the man-
dibular third molars, are particularly evident. Kutesa et al.
mostly present values rounded to whole years, finding a
minimum age of 13 years for the completed eruption [33].
These values are at least 3 years below the values found
in our study. For Kutesa et al., the completed eruption at
13 years is not an isolated case; rather, they found this in
5 cases for tooth 38 and 4 cases for tooth 48 [33]. These
values are remarkable, as Olze et al. found a minimum age
for stage D of 16.1 years, although they included individu-
als aged 12 years and older in their study [32]. However, it
should be noted that age groups 12, 13, and 14 years were
relatively underrepresented in the study by Olze et al., and
they could, therefore, have missed stage D cases. However,
when analyzing the data from Kutesa et al., details of the
age information control of their study participants must be
considered [33]. They state that at the time of the study, only
people over the age of 16 had a national identity card in
Uganda, which is similar to the procedure in South Africa.
However, the difference in the study by Kutesa et al. con-
cerns people under the age of 16, as various less reliable
documents such as baptismal certificates, birth certificates
(unclear exactly what kind), or vaccination certificates were
consulted [33]. The reliability of these documents must be
called into question and thus reflects the entire problem
of forensic age assessment. Age information from certain
regions is not always reliable for various reasons [36],
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making forensic age assessment necessary [37]. Therefore,
the data from the study by Kutesa et al. should be assessed
with these limitations in mind.

Obviously, it must be taken into account that even official
documents may not be 100% reliable.

This aspect must also be taken with regard to the present
study, although South Africa was deliberately chosen as the
study location, as official government documents can gener-
ally be considered reliable here.

A relevant difference between our results and those of
Olze et al. is that the current study detected a stage D below
the age of 16 in females in tooth 38 [32]. However, it should
also be noted here that the female age group of 15 years
in the study by Olze et al. consisted of only 5 individuals,
probably resulting in missed stage D cases.

The existing literature on age assessment often uses
inconsistent methods or staging scales for the same trait
[16, 28, 38, 39]. The choice of staging scale often falls on
the most recent or widely used system [40]. For our study,
we chose a different approach. Our study was preceded by
a preliminary study in which we investigated the question
of the most suitable staging scale for assessing mandibular
third molars on OPGs [28]. We compared different staging
scales and clarified the question of the best correlation with
age and the best reliability. This preliminary study showed
that the staging scale by Olze et al. from 2012 is particularly
appropriate and should be used in further studies [28]. For
this reason, we used this staging scale in the current study.
The staging scale by Olze et al. from 2012 is a further devel-
opment of an older version from 2007. The two versions of
the staging scale differ only in the definition of stage C [27,
39, 41]. Nevertheless, the comparability of the study results
in Table 7 is somewhat limited.

Another distinctive feature of the current study concerns
the consensual observer agreement. In studies on forensic
age assessment, it is often common practice to determine
the observer agreement between the different examiners and
to indicate it utilizing kappa coefficients [42—44]. However,
if this principle is applied in reference studies, there is a
risk that “incorrect” assessments by the main examiner will
be included in the reference data. Therefore, we chose the
consensual evaluation of the two examiners for our study to
reduce the proportion of “incorrect” values in the reference
data. We applied this procedure because, in our preliminary
study, we also examined the observer agreements for the
staging scale by Olze et al. from 2012 [28]. We found that
this method achieved the highest point estimates [28]. We
recommend the implementation of a consensual determina-
tion of several examiners for further reference studies on
forensic age assessment.
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Conclusion

Contrary to older literature, in this study on a Black South
African population, the eruption of mandibular third molars
was completed before the age of 16 in females. Overall,
the trait of eruption of the mandibular third molars in this
population is unsuitable for detecting the completion of the
18th year of life. Future studies should examine the extent
to which our results represent different populations in Sub-
Saharan Africa.
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