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Abstract

Introduction: Methods for estimation of dental
age are highly reliable and their application plays
an important role in the forensic field. Neverthe-
less, controversies remain regarding the accuracy
and applicability of these protocols in specific
populations. Objective: Evaluate the accuracy and
applicability of the dental age estimation methods
recommended by Demirjian, Willems and AlIQha-
tani. Methodology: Two calibrated examiners
analyzed 330 panoramic radiographs of a Brazilian
population of both sexes, with ages ranging from
6 to 16 years (n = 30), according to each method.
The values of the estimated ages were compared
with the chronological age (Wilcoxon's test:
Demirjian and Willems; Pearson's Chi-square test:
AlQahtani; p<0.05). Results: For the Demirjian
method, the estimated age showed no difference
concerning the chronological age for the 9- and
15-years groups (p=0.758 and p=0.510, respective-
ly), with an overestimate rate up to 1.1 years and
an influence due to sex. The Willems method did
not show differences for the groups from 11- to
15-years (p=0.5302, p=0.3622, p=0.9224, p=0.9426
and p=0.1024, respectively), regardless of sex, with
an overestimate rate of 0.8 years at maximum. For
the AlQahtani method, the highest accuracy rates
were found for the 6- and 7-years groups (50% and
57%, respectively), with an overestimate rate up to
0.6 years, without any influence due to sex. Con-
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clusions: The dental age estimated by the Demir-
jian, Willems and AlQahtani methods in a sample
of Brazilian children and adolescents showed
excellent match with chronological age, with the
Willems method showing the greatest precision in
the sample as a whole.
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sic Dentistry; Radiography; Panoramic.

The age of an individual can be measured in forensic situations to identify both skeletal
remains and bodies in decomposition as well as in the civil field to assist in adoption pro-
cesses, identification of underage offenders, immigration, asylum procedures, and other
purposes.?2 Teeth have played a decisive role in cases of forensic investigation since they
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are naturally preserved even after the disintegration of tissues and bones.? In addition, they
have specific identifiable features, which means that each individual has teeth with unique
morphological characteristics.*

Some authors consider that radiographic methods of age estimation are one of the safest and
most reliable for attribution of chronological age since dental radiography is a non-destructive
technique and teeth are less susceptible to nutritional, hormonal and pathological changes.’
Among the various protocols used to measure estimated age, those based on the stages of den-
tal mineralization are more reliable when compared to those that rely on bone development
since they suffer less interference from factors such as sex, race, and systemic disease.®” Ac-
cording to several authors,®? the state of the art methods for estimating the dental age of chil-
dren and adolescents are those of Demirjian and colleagues'® and Willems and colleagues.!!

Both the Demirjian and colleagues!® and the Willems and colleagues!! methods are based on

the maturation stages of the seven left lower permanent teeth, although the Willems method is
designed to minimize the estimated divergences of the Demirjian method by adapting statistical
data. Despite being popular, the Demirjian method has usually presented age overestimations,
while the Willems method has been considered to be the most accurate for the estimation of
dental age of young individuals.®*1213 In addition, AlQahtani and colleagues!* developed the
“London Atlas of Human Tooth Development and Eruption” for age estimation, which uses both
dental development and alveolar eruption for individuals from 30 weeks of intrauterine life to 23
years old. The number of analyses made using the AlQahtani method remains low.

Discrepancies in tooth mineralization stages have already been found when comparing popu-
lations with different racial features.%!>-!® Cultural and ethnic differences among populations
may explain the discrepancies observed in the estimated dental age and this fact has led to the
introduction of new scores and classification criteria for specific populations.”?

Therefore, this study aimed to evaluate the accuracy and applicability of the Demirjian, Wil-
lems and AlQahtani methods for estimation of dental age in a population of children and
adolescents from the southeastern region of Brazil.

Methodology

Experimental design and sample characterization

This study received ethical approval from the Research Ethics Committee on Human Sub-

jects (CAAE 69505017.8.0000.0064, UNICID, Sao Paulo-SP, Brazil). It consisted of a cross-sec-
tional, blind observational study in which digital panoramic radiographs (“DVI Radiologia
Odontolégica” Radiology Clinic database, Ribeirao Preto-SP, Brazil) of children and adoles-
cents with chronological age of 6 to 16 years, of both sexes, residing in the southeastern region
of Brazil, were subjected to analysis.

Initially, a total of 352 radiographic images were selected, which comprised a sample number
of 176 images for each sex. This selection was based on the statistical data from the study of
Fritola and colleagues (2015), which used a sample size of 173 males (43%) and 225 females
(57%). After applying exclusion criteria, a total of 330 images were used in the present study,
with a sample number of 115 images for each sex, distributed into the 11 age analysis groups
(n=15 for each sex, in each age group).
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The images were selected according to the following inclusion criteria: digital panoramic
radiographs of 6- to 16-year old boys and girls, from southeastern Brazil, taken between 2014
and 2017. The exclusion criteria were: images with low clarity, poor quality and/or distortions,
without due record of chronological age or sex, with the presence of agenesis or dental ex-
tractions, facial trauma or any other type of anomaly or dental development syndromes (n=30;
11 groups).

Calibration of examiners and evaluation of radiographic images

The radiographic images were analyzed by two previously calibrated examiners, in a dark envi-
ronment, using a 14-inch monitor, through a specific Windows® image visualization program
(Microsoft Office 2010, Windows® 8). The inter- and intra-examiner calibration was calculated
by the Intraclass Correlation Coefficient (ICC), using IBM SPSS Statistics v22 x64 for Windows®
software, with a Cronbach alpha reliability model and a 95% confidence interval.

Calibration was performed for the three methods of age estimation by analysis of 11 panoram-
ic radiographs that were not included in the sample number. Each examiner evaluated the
same radiograph three times, with a 48-hour interval between each evaluation. For the in-
tra-examiner analysis, the estimated dental age in each of the three evaluations was compared,
while the estimates of dental age made by the two examiners were compared with each other
for inter-examiner analysis.

Application of dental age estimation methods

Three methods of dental age estimation were applied, which are based on the analysis
of mineralization and permanent teeth eruption: the Demirjian, Willems and AlQahtani
methods.

The Demirjian and colleagues[10] method considers the maturation stages of the seven left
lower permanent teeth, classified in categories from "A" to "H", which range from the beginning
of the coronal crypt mineralization to the fully closed root apex. Subsequently, a numerical
value is assigned to each tooth according to the maturation stage and differentiated by sex.
These values are summed, resulting in a total “Maturity Score” value, which in turn, is convert-
ed to an estimated dental age.

The Willems and colleagues!! method uses the same maturation stages "A" to "H". However, the
process of estimating age is simplified by new statistical calculations. In this case, the “Maturity
Score” table is no longer used. The values of the maturation stages for each tooth are summed
and this final result is already the estimated age.

AlQahtani and colleagues!* established “The London Atlas of Human Tooth Development and
Eruption” method for estimation of age, which is based only on the maturation of the right side
and involves the measurement of dental eruption in relation to the level of the alveolar ridge.
The atlas is used for a direct comparison between the panoramic image and its respective com-
patible image in the atlas.

Radiographic images were blinded, and the digital image files were identified by number and sex.
A maximum of 20 images per day were analyzed in order to avoid visual fatigue and a consequent
impairment of the analysis.
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Statistical analysis

For the Demirjian and Willems methods, agreement between the estimated ages and the chrono-
logical age was evaluated using the Wilcoxon non-parametric test (R Core Team 2017), consid-

ering the variable age without normal distribution (Kolmogorov-Smirnov). The comparison was

performed by age group and sex. For AlQahtani method, the values of the estimated age interval
were compared with the chronological age values for each group, and the accuracy rate of the
method was measured. In order to evaluate the influence of sex on age estimation, Pearson's

Chi-square (R Core Team 2017) was applied. The significance level was set at 5% in all the tests.

Results

The ICC values presented for intra-examiner 1 were 0.991, 0.991 and 1.000, for the Demirjian,
Willems and AlQahtani methods, respectively. For intra-examiner 2, the values were 0.978,

0.978 and 1.000, for the same methods, respectively. The ICC values presented for the inter-ex-
aminer calibration were 0.993,0.993 and 0.991, for the Demirjian, Willems and AlQahtani
methods, respectively.

For the Demirjian method, when the mean of the estimated ages was compared with the chrono-
logical age of the individuals, the only groups that did not present a statistically significant
difference for age correlation were 9- and 15-year groups (Wilcoxon test, p>0.05, Table 1).

Table 1. Mean (ts.d.) and median (*s.d.) values of the estimated age (in years), obtained by the Demirjian
method, compared with the chronological age for each age group (n=30, 15 male and 15 female).

pae roups | Evimatedage, | Crvonoeeal [ Esmaedase [ Chvonoogieal |5 e
6 years 7.6 (£0.5) 6.5 (0.3) 7.5 (0.5) 6.5 (+0.3) p=1.81 x 10-6
7 years 8.1 (x0.4) 7.4 (x0.3) 8.1 (20.4) 7.5 (x0.3) p=4.43 x 10-6
8 years 9.0 (+0.9) 8.4 (0.3) 8.6 (£0.9) 8.4 (+0.3) p=0.005
9 years 9.7 (+1.2) 9.4 (0.3) 9.2 (+1.2) 9.5 (+0.3) p=0.758*
10 years 10.9 (+1.1) 10.5 (£0.3) 10.9 (¢1.1) 10.4 (0.3) p=0.038
11 years 12.0 (+1.2) 11.5 (£0.3) 11.9 (+1.2) 11.6 (+0.3) p=0.037
12 years 13.7 (+1.4) 12.5 (+0.3) 13.5 (+1.4) 12.5 (+0.3) p=7.35x 10-5
13 years 14.1 (+1.3) 13.5 (£0.3) 14.4 (+1.3) 13.5 (£0.3) p=0.010
14 years 15.0 (+1.1) 14.5 (+0.3) 15.2 (+1.1) 14.5 (+0.3) p=0.026
15 years 15.5 (+0.8) 15.4 (0.3) 16.0 (0.8) 15.5 (+0.3) p=0.510*
16 years 15.7 (0.6) 16.4 (0.3) 16.0 (0.6) 16.4 (0.3) p=1.767 x 10-6

Legend: * Bold values with asterisks did not present significant statistical differences (Wilcoxon test, p>0.05).
Source: Comar LP (2023)

When data were analyzed in relation to the percentage of estimation of the method, an average
overestimation rate smaller of up to 1.1 years was observed. Furthermore, the estimated and

chronological age values were found to present significant differences for both male and female
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individuals (Wilcoxon test, p=5.82x10-10 and p=2.82x10-5, respectively) when the sexes were
evaluated separately.

The Willems method showed even greater precision than the Demirjian method (observational
data) and was statistically accurate in estimating the age of the population in the 11-, 12-, 13-,
14-, and 15-year groups, regardless of sex (Wilcoxon test, p>0.05, Table 2).

Table 2. Mean (¥s.d.) and median (* s.d.) values of the estimated age (in years), obtained by the Willems
method, compared with the chronological age for each age group (n=30, 15 male and 15 female).

Age groups Estin:::;: age, Cl;ronological Estima:lt?d age, Chronolo(;:;.ical p value
ge, mean median age, median

6 years 7.1 (x0.8) 6.5 (0.3) 7.0 (20.8) 6.5 (+0.3) p=0.0003
7 years 8.0 (£0.6) 7.4 (£0.3) 8.1 (x0.6) 7.5 (0.3) p=0.00015
8 years 9.3 (¢1.0) 8.4 (x0.3) 9.5 (¢1.0) 8.4 (x0.3) p=0.00017
9 years 9.8 (£0.9) 9.4 (+0.3) 9.7 (£0.9) 9.5 (+0.3) p=0.0368
10 years 10.9 (+0.8) 10.5 (x0.3) 10.8 (+0.8) 10.4 (x0.3) p=0.0060
11 years 11.5 (x0.8) 11.5 (x0.3) 11.7 (x0.8) 11.6 (£0.3) p=0.5302*
12 years 12.9 (+1.3) 12.5 (0.3) 12.3 (¥1.3) 12.5 (0.3) p=0.3622*
13 years 13.5 (+0.9) 13.5 (+0.3) 13.6 (+0.9) 13.5 (£0.3) p=0.9224*
14 years 14.4 (1.2) 14.5 (0.3) 14.1 (1.2) 14.5 (0.3) p=0.9426 *
15 years 15.1 (£1.1) 15.4 (£0.3) 15.8 (£1.1) 15.5 (+0.3) p=0.1024*
16 years 15.2 (x0.9) 16.4 (£0.3) 15.8 (+0.9) 16.4 (£0.3) p=1.804 x 10-6

Legend: * Bold values with asterisks did not present significant statistical differences (Wilcoxon test, p>0.05).
Source: Comar LP (2023)

In relation to the percentage of estimation of the method, an average overestimate rate of up to
0.8 years was observed, with a statistically significant influence for both sexes (Wilcoxon test,
p=0.0006 for males and p=0.5155 for females).

In the case of the AlQahtani method, comparisons were made between the mean interval of es-
timated age and the mean chronological age, with an accuracy rate that varied from 57% (7-year
group) to 27% (15-year group), with the highest accuracy rate found in the cases of individuals
aged 6 and 7 years (50% and 57%, respectively, Table 3).

In this method, an average overestimate rate of up to 0.4 years was observed, with no significant
difference in relation to sex in general, except for the 16-year group, which presented a 60%
accuracy for females, significantly differing from the 6.67% accuracy for males (Pearson's Chi-
square, p=0.0067).

ORIGINAL ARTICLE v.23, n.2, jul-dec/2024 32



Livia P. Comar e cols. * Age estimation by dental methods

EEE

BJ

Table 3. Accuracy rate (%) of the estimated age interval compared to chronological age (in years), mean
(+s.d.), by AlQahtani method, for each age group (n=30, 15 male and 15 female).

Age groups Minimum estimated | Maximum estimated | Chronological age, Accu_racy* %
age, mean age, mean mean (n=30)
6 years 6.4 (x0.8) 7.4 (x0.8) 6.5 (x0.3) 50.00%
7 years 7.2 (£0.8) 8.2 (0.8) 7.4 (0.3) 56.67%
8 years 8.5 (+1.0) 9.5 (+1.0) 8.4 (+0.3) 36.67%
9 years 9.3 (x1.0) 10.3 (£1.0) 9.4 (20.3) 33.33%
10 years 10.5 (¢1.0) 11.5 (+1.0) 10.5 (£0.3) 40.00%
11 years 11.0 (¢1.0) 12.0 (£1.0) 11.5 (+0.3) 40.00%
12 years 12.3 (¢1.1) 13.3 (¢1.1) 12.5 (£0.3) 36.67%
13 years 13.5 (20.9) 14.5 (x0.9) 13.5 (£0.3) 43.33%
14 years 14.4 (x1.1) 15.4 (¢1.1) 14.5 (£0.3) 33.33%
15 years 15.0 (¢1.2) 16.0 (¢1.2) 15.4 (+0.3) 26.67%
16 years 15.8 (x0.8) 16.8 (x0.8) 16.4 (x0.3) 33.33%

Legend: * Simple correlation descriptive data (% of accuracy).
Source: Comar LP (2023)

Discussion

In recent years, the evaluation of the chronological age of individuals has grown in importance
in the field Forensic Medicine, and tooth analysis has become a valuable diagnostic tool.3 In
Brazil, the age of 12 represents the legal transition between childhood and adolescence; the
age of 14 stands for sexual consent, while 16 is the age for relative incapacity, in which individ-
uals become capable of partially exercising their civil rights.121?

The tooth is the most resistant tissue of the human body and can also withstand high tem-
peratures; therefore, it can often be analyzed when all other tissues, including bones, have
been destroyed.®?° So, teeth are extremely useful for estimating chronological age and are
preferable to skeletal methods, because they are durable and resistant in archaeological con-
texts, and their development is less influenced by environmental factors than bone growth.®7?

Radiographic examination of the stages of development and mineralization of human den-
tition is one of the most common methods used for estimating age.2"-?2 Such methods are
non-destructive and provide accurate estimates for both living and dead individuals.??

The present study evaluated three methods of dental age estimation in which the stages of
teeth mineralization and eruption were considered. In the Demirjian and Willems methods,
the stages of mineralization of the seven left lower permanent teeth are evaluated, while the
AlQahtani method presents an Atlas of Human Tooth Development and Eruption based on the
development of teeth on the right side.
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The methods were independently analyzed for accuracy and applicability. The Demirjian
method was shown to be statistically accurate only for the 9- and 15-year groups, although
the overestimation rates observed can generally be considered acceptable. The highest rates
of age overestimation were observed in the 6-, 7-, 8- and 12-year groups, with a variation of
up to 1.2 years.

The Willems method proved to be more accurate than the Demirjian one since this method
shows no statistical differences in a larger population of individuals (11- to 15-year groups), as
well as lower rates of overestimation (up to 0.8 years).

The results of the present study align with published data. Urzel and Bruzek?? found consis-
tent age overestimation rates for the Demirjian method and greater accuracy and reliability for
the Willems method in a French population of children aged 4 to 15 years. Ye and colleagues*
compared the Demirjian and Willems methods in Chinese children aged 7 to 14 years, and
observed that the Demirjian method overestimated age by 1.68 years for boys and 1.28 for girls
and that the Willems method showed greater precision, with an overestimation of 0.35 years
for boys and underestimation of 0.02 years for girls.

Fritola and colleagues,® in a comparison of the Demirjian and Willems methods in a young
Brazilian population, observed that the Demirjian method overestimated the chronological
age by 0.65 years, whereas the Willems method did not present significant differences between
estimated and chronological ages, and was therefore more accurate. Similarly, the Willems
method also showed reliable results in a population in southern Brazil, confirming its efficacy
and proving its applicability in the context of Brazilian forensics.!?

In a study of German children aged 6 to 14, the Demirjian method showed overestimates for all
ages, especially for boys.?5 After a systematic review and meta-analysis, Sehrawat and Singh?2
concluded that the Willems method provides comparatively lower overestimations in compar-
ison with other methods for estimation of dental age and is accurate and reliable enough to be
used for forensic purposes.

More recently, Chandail and colleagues!® compared the Willems and Demirjian methods in an
Indian population aged 7 to 14 years and found that the former showed a lower mean percent-
age error when compared to the results obtained from the Demirjian method. The authors
concluded that the Willems method was an effective method of age estimation and was better
and more accurate than the Demirjian technique.

For the AlQahtani method, high accuracy rates were observed in individuals up to 13 years
old, with the highest accuracy percentages being observed in 6- and 7- year groups (50% and
57%, respectively) and an overestimate up to 0.6 years. Considering that 57% was the highest
accuracy rate found, one might assume that this method presented a low accuracy rate for this
specific population. However, few studies about AlQahtani method are available for compari-
son, especially in Brazilian populations, which may be due to the fact that it is relatively new
(2010) and also because methods based on image comparisons can be considered less accurate
in heterogeneous populations, such as those of Brazil.

AlQahtani and colleagues?é observed that Schour & Massler, Ubelaker and the London At-
las underestimated ages in a study with skeletal samples aged up to 23 years, but that the
London Atlas was the most accurate, with an underestimation of 0.10 years. These results
differed from the present study; however, a comparison between the present study and
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AlQahtani and colleagues?¢ may be impractical since the current work evaluated a Brazilian
population of children and adolescents. More recently, Willmann and colleagues?” evaluated
the accuracy of biological age determination in a multiethnic European sample using the
Nolla, Demirjian, and the London Atlas (AlQahtani) methods. The authors observed that the
most accurate methods were those of the London Atlas, which showed an average absolute
deviation 1.2 years.

All three methods evaluated in the present study were shown to be applicable and present-
ed estimated age results very close to the chronological age. The Demirjian and Willems
methods may be preferable when gender differentiation is required and the Willems method
demonstrated the greatest accuracy in this specific population. The present results agree with
a recent review study, in which the authors demonstrated that the Demirjian, Willems and
AlQahtani methods were found to be useful in an Indonesian population of children and ado-
lescents, presenting greater accuracy than other methods.2®

The search for precise methods to estimate the dental age of individuals in specific popula-
tions is also based on the importance of its applicability in the forensic context. Several fo-
rensic case reports have demonstrated the importance of applying an adequate and accurate
method to estimate the dental age of individuals.®28-32

All three protocols analyzed in the present study were considered easy to apply and no major
difficulties were found during their application. The Willems method was considered by

the examiners to be the simplest and the AlQahtani the most error-prone, despite the Atlas
method being easy to analyse. For this reason, interval values of estimated age were adopted
for this method.

One relevant limitation is the heterogeneity of the evaluated population since the individuals
were not classified by race and origin since these data were inaccessible to the researchers. One
should also bear in mind that the development of an individual can be influenced by several
factors, which result in differences in the stages of tooth mineralization among individuals of
different sex, biotypes and ethnicities.2?

Therefore, further research with samples from other Brazilian regions and ethnicities should
be conducted, with the aim of confirming the accuracy and applicability of the three methods
in specific Brazilian populations. Forensic experts should not restrict themselves to a sin-

gle method of analysis but should invest in the application of different available methods in
order to reproduce, as far as possible, the available data and thus estimate more precisely the
chronological age of individuals.

The estimates of dental age using the Demirjian, Willems and AlQahtani methods in a sample
of Brazilian children and adolescents showed an excellent match with chronological age, with
the Willems method showing the greatest precision in the sample as a whole.
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