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Age estimation according to the degree of den-
tal mineralization: Demirjian method
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Abstract

Legal Dentistry is a specialty of real importance, either in the process of human identification as

well as in questions raised by civil, criminal or labor law. Age estimation is a helpful factor, by pro-
viding information that orientates these actions. The aim of this study was to evaluate the appli-
cability of Demirjian et al (1973) radiographic method of age estimation, in a Uruguayan sample.
1013 digital panoramic radiographs were studied, obtained from a private institution, in Montevi-
deo, Uruguay. 620 radiographs belonged to female patients and 393 to male, aged between 5 and
25 years old. The Demirjian algorithm applied to the sample studied proved to be ineffective. The
data obtained for third molars, suggest that this method could help in the process of identification

of the Uruguayan population, although adaptations are required for better results.
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Resumen

La Odontologia Legal constituye una especia-
lidad de real importancia, tanto en el proceso
de identificacién humana, como en cuestiones
relacionadas con el derecho civil, penal o labo-
ral. En este escenario, la estimacion de la edad
es un factor coadyuvante, al aportar informa-
ciones que orientan dichas acciones. Esta in-
vestigacion tuvo como objetivo evaluar la po-
sibilidad de aplicar el método radiografico de
estimacion de edad de Demirjian et al. (1973),
en una muestra uruguaya. Se estudiaron 1013
ortopantomografias digitales, obtenidas del
archivo de una instituciéon de asistencia co-
lectivizada, de Montevideo, Uruguay, de las
cuales 620 pertenecen a pacientes del sexo fe-
menino y 393 al masculino, con edades com-
prendidas entre los 5 y 25 afos. El algoritmo
de Demirjian demostro6 ser poco efectivo, para
la muestra estudiada. Los datos obtenidos
para los terceros molares sugieren que este
método podria aplicarse para la poblacion
uruguaya, aunque se requieran adaptaciones
que permitan alcanzar mejores resultados.

Resumo

A Odontologia Legal é uma especialidade de
real importancia, tanto no processo de iden-
tificagdo humana, quanto em questoes rela-
cionadas ao direito civil, penal ou do trabal-
ho. Nesse cendrio, a estimativa de idade é um
fator adjuvante, fornecendo informagdes que
norteiam tais acdes. O objetivo desta pesqui-
sa foi avaliar a probabilidade de aplicacdo do
método radiografico de estimativa da idade
de Demirjian et al. (1973), em uma amos-
tra populacional uruguaia. Foram estudadas
1013 radiografias panoramicas digitais obti-
das do arquivo de uma instituicdo de assis-
téncia coletivizada, em Montevidéu, Uruguai.
620 radiografias pertenciam ao sexo femini-
no e 393 ao sexo masculino, com idades entre
5 e 25 anos. O algoritmo Demirjian aplicado
a amostra estudada mostrou-se ineficaz. Os
dados obtidos para os terceiros molares su-
gerem que esse método poderia auxiliar no
processo de identificagdo da populacao uru-
guaia, embora sejam necessarias adaptagdes
para obter melhores resultados.

Palabras clave: Odontologia Forense. Orto-
pantomografias. Identificacion.

Palavras-chave: Odontologia Forense. Radio-
grafias panoramicas. Identifica¢do.

Introduction

Identification is one of the main tasks of foren-
sic experts, as they seek to determine someone’s
identity or individualize human remains.!) In
this context, forensic dentistry is essential in the
analysis, expertise, and evaluation of procedures
on the head and neck. Identification is required
for an official declaration of death and is the en-
dpoint of criminal investigations and mass disas-
ters.®

Teeth are considered the hardest structures in
the human body, resisting most post-mortem
events that destroy or modify other body tissues.
Dental age is a reliable indicator for estimating
chronological age in child adoption proceedings
and determining the age of offenders, victims
and/or undocumented immigrants.®* The most

reliable current methods are based on the stages
of tooth mineralization rather than on eruption.
Tooth gingival emergence can be influenced by
various systemic factors such as gender, ances-
try, hormonal and nutritional factors, and syste-
mic diseases. ® Local factors include early or late
extraction of deciduous teeth, ankylosis, impac-
tion, or crowding of permanent teeth.®

As most teeth are still developing during child-
hood, the younger the person, the closer the es-
timated age is to the actual chronological age.
() Conversely, this accuracy decreases as apical
closure is completed.””’ The third molars are the
only teeth that continue developing beyond age
14 or 15. Therefore, radiographic evaluation of
the third molar is an essential method in forensic
science.®
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Some of the methods for assessing dental ma-
turity with radiographs are those developed by
Carmen Nolla (1960), Demirjian etal. (1973),®
and Nicodemo et al. (1974)19. Nolla’s method is
based on 11 stages, ranging from 0 (absence of
crypt) to 11 (apical closure). Any quadrant or
the entire arch of the maxilla or mandible can be
used, including or excluding the third molar. Each
stage is assigned a score, then analyzed and rela-
ted to reference tables for each sex. This allows
practitioners to estimate the person’s dental age.
©) Demirjian et al.(1973) studied tooth age using
the seven permanent teeth of the left sector of
the mandible. They established eight calcifica-
tion stages for each tooth, between the letters A
and H, where state 0 means no calcification. They
draw up pre-established tables by sex, with sco-
res that help estimate dental age.®® Nicodemo et
al. (1974) examined a sample of Brazilians and
developed a chronological table of permanent
teeth mineralization, which has proven to be
applicable. This method is also based on stage
estimation, ranging from 1 (some point of cuspid
mineralization) to 8 (apical closure).(!9)

Several studies have attempted to assess whe-
ther these methods can be applied to other po-
pulation groups. Differences were found in many
countries when comparing data obtained from
the study population to standardized tables.?'
Many of these studies found that despite being
functional, these methods must be adapted to
better suit other populations.?3>1%11) Therefore,
a different table should be developed to assess
population groups with different ethnic charac-
teristics.

In view of the above, this paper aims to verify
whether the method developed by Demirjian et
al. (1973) can be applied to assess the data from
a study conducted in Uruguay.

Methods

We selected 1013 digital panoramic radiographs
or orthopantomographs (OPTs) of 2100 patients
taken with the CS 8100R unit. The images were
obtained under the institutional protocol for or-
thodontic treatment of patients aged 5-25 seen
at ANDA’s (Asociacién Nacional de Afiliados) Or-
thodontic Clinic. All radiographs whose image
was unclear were excluded, leaving a sample of
620 female and 393 male patients.

Each OPT was assigned a number for identifica-
tion purposes and to ensure patient anonymity.
Since 20 patients had been X-rayed more than
once at different times, their OPTs were conside-
red to belong to different individuals.

The initial reliability analysis was conducted by
visually training and calibrating the 3 operators
using 50 OPTs selected at random. Each tooth
stage was analyzed following the criteria des-
cribed by Demirjian et al. (1973)® in each OPT
and on three different occasions, with an interval
of no less than two weeks between the analyses.
The total sample was analyzed by the operator
with the highest reliability index (Kappa 0.89).
The patient’s actual age and sex remained unk-
nown at all times.

This scientific study was conducted following the
recommendations of the Research Ethics Com-
mittee of the School of Dentistry, Universidad de
la Republica, and approved on 5 August 2019, as
stated in file n2 0919000021219.

The data were collected in a spreadsheet inclu-
ding the following fields: OPT number, sex, date
of birth, date of OPT, age at the time of OPT, iden-
tification of each tooth studied, according to the
FDI nomenclature, and stages established by De-
mirjian et al. (1973),® as shown in Figure 1.
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Figure 1: Developmental stages of permanent dentition
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The variables studied were sex (obtained from
the OPT database), age (time elapsed from the
patient’s birth to the OPT, expressed in years and
months, establishing the arithmetic difference
between the OPT date and the date of birth), and
Demirjian stage (8 stages of dental mineraliza-
tion, from A to H, for the 7 lower left teeth, 31
to 37, and the upper right third molars, 18, and
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lower left third molars, 38).

R Core Team (2020) statistical software (https://
www.R-project.org/) was used to analyze the
consistency of the data. The author’s algorithms
were used to estimate the age of the seven left
mandibular teeth (Table 1), and the agreement
between actual and predicted age was evaluated.
The stages proposed by Demirjian et al. (1973)©

Table 1: : Weights for dental stages used by Demirjian et al. (1973)® in boys and girls for the seven

left mandibular teeth.
Boys Girls
Stages Stages
Tooth | 0 A B @ D E E G H Thooth | 0 A B © D E E G H
M2 00 |17 |31 |54(|86 |11.4 |124 | 128 | 13.6 M2 001831 |54]90]|11.7]128 |13.2| 138
M1 00|53 |75 10.3 | 139 | 16.8 M1 00|35|56 |84 125 | 154
PM2 0.0 |15 (27 |52]80 |10.8 |12.0 | 12.5|13.2 PM2 0.0 (17|29 |54|86 111|123 |128| 13.3
PM1 0.0 |40 | 6394 |13.2 |149 | 155 | 16.1 PM1 0031 |52|88]12.6 143 | 149 | 155
€ 00140 |78 10.1 | 11.4 | 12.0 € 003773 |10.0 |11.8| 125
LI 00|28 |54 |77 10.5 | 13.2 LI 002853 |81 11.2 | 138
Cl 00143 |63 8.2 11.2 | 15.1 Cl 00|44 |63 |85 12.0 | 15.8
Odontoestomatologia. 2022, 24 4



Results

The initial sample included 1013 OPTs which
were selected according to the method to be

used, as shown in Figure 2. The flowchart re-
flects the fact that not every individual (1013)
may have third molars (18 and 38).

Figure 2: Data flowchart at the different stages

Initial sample n= 1013 (620 F 393 M)

.| Excluded - age

v (n=578) \
Demirjian’s sample Sample-
(n=435) third molars
/ \\\ /-\\
¥ R & ™\
Females | Males | Tooth 18 Tooth 38
{n=270) (n=165) (n=785) (n=817)
F M F M
(n=477) (n=308) | | (n=559) || (n=358)

The sample assessed with the criteria of Demir-
jian etal. (1973) above included 270 females and

165 males aged 5-16, as shown in Table 2.

Tabla 2: Distribucion de la muestra por edad y sexo

Age Girls
50a6,0 3
6,0a7,0 0
7,0a8,0 4
8,0a9,0 11
9,0a10,0 14

10,0a11,0 13
11,0a12,0 25
12,0a 13,0 40
13,0a14,0 59
14,02 15,0 42
15,0a 16,0 56
16,00 3
270

Boys Total
1 4
0 0
6 10
4 15
16 30
9 22
19 44
17 57
31 90
33 75
26 82
3 6
165 435

We used the values of the algorithm of Demir-
jian et al. (1973)©® from Table 1 to analyze the
seven left mandibular teeth. We estimated the
ages and observed that 95.56 % of the girls (258)
fall within the confidence band (in this case, the
upper and lower dotted line in each graph re-
sulting from calculating a confidence interval
for the mean difference at 95 %). A systematic
bias is observed between the ages of 13 and 16,
where the difference decreases linearly. This de-
monstrates there is no correspondence between
the actual and estimated ages. Of the girls, 3.7%

(10 girls) had their age underestimated below
the confidence band whose ages were between
10 and 12; 0.74% (2 girls) between 12 and 14
were above the band, so the estimated age was
higher than the actual age. The boys showed a si-
milar behavior: 96.4% were within the tolerance
limit, 1.21% were overestimated (2 individuals),
and 2.42% were underestimated (4 individuals).
This can be seen in the Bland-Altman plot:(16)
in both sexes, it seems to work better at younger
ages (Figure 1).
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Chart 1: Bland-Altman plot for girls (top) and boys (bottom)
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Table 3: Discrepancy between estimated and actual age

Girls Boys

Error in year fractions Indiv Error in year fractions Indiv
de-0,1a-6,5 14 de-0,1a-6,9 31
0 6 0 5
de0,1a1l 48 de0,1a1l 88
del,1a2 49 del,1a2 77
de2,1a3 32 de2,1a3 52
de3,1a4 12 de3,1a4 13
mas de 4 4 mas de 4 4

Total 165 270

Table 3 shows that the Demirjian method is not
a good predictor. The estimated and real ages do
not follow a monotonic pattern, and the method
yields distant values. The ages are underestima-
ted in 45 individuals (14 boys and 31 girls) and
overestimated in 379 individuals (145 and 234
boys and girls). Therefore the Demirjian algo-
rithm does not adequately estimate age in the

sample under study.

As an alternative to The Demirjian method
(1973), we estimated two regression models
considering the stages determined for third mo-
lars, for males and females aged 5 to 25, with a
total of 985 individuals, 605 females, and 377
males. (Table 4)
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Table 4: Distribution of the sample by age and sex.

Age Women Men Total
50a6,0 3 2 5
6,0a7,0 0 0 0
7,0a8,0 4 6 10
8,0a9,0 11 4 15
9,0a10,0 14 16 30

10,0a11,0 13 9 22
11,0a12,0 25 19 44
12,0a 13,0 40 17 57
13,0a14,0 59 31 90
14,0 a 15,0 42 33 75
15,0a 16,0 56 26 82
16,01a17,0 62 33 98
17,0 a 18,0 57 37 94
18,0a19,0 68 44 112
19,02 20,0 59 32 91
20,0a21,0 38 30 68
21,0a22,0 18 11 29
22,0a23,0 11 11 22
23,0 a24,0 14 8 22
24,0 a 25,0 6 4 10
25 5 4 9
Total 605 377 985

Applying the method for the upper right and ching 11.00 and 11.5 (Table 5). For the female
lower left third molars (18 and 38) for the male  population, the values were 13.36 and 10.76,
population yielded intercept values (30) rea- respectively (Table 6).

Table 5: Estimated age calculation for 18 and 38 in males.

Molar 18 Molar 38

Coefficient Estim. Std. Error | t-value Pr(>|t]) Coefficient Estim. Std Error | t-value Pr(>|t|)

Intercept 11.00 0.49 22.05 | <2e-16*** Intercept 11.50 0.69 16.69 < 2e-16 ***
A -1.35 0.84 -1.61 0.1082 A -1.75 0.85 -2.06 0.840272*
B -0.84 0.71 -1.19 0.2325 B A2 0.88 =127 0.203665
€ 1.89 0.66 -2.86 0.0045** @ 1.37 0.93 1.47 0.143897
D 3.49 0.58 6.06 | 4.06e-09*** D 2.58 0.74 3.50 0.800523***
E 4.85 0.59 8.16 | 9.52e-15%** E 493 0.73 6.74 6.71e-11%**
I 6.19 0.69 9.00 <2e-16 *** F 5.86 0.86 6.82 4.88e-11***
G 7.75 0.77 10.05 | <2e-16*** G 6.77 0.79 8.51 5.26e-16***
H 8.89 0.54 16.45 < 2e-16 *** H 8.66 0.72 11.98 < 2e-16 ***

R20.71 (18) y R? 0.69 (38)

Odontoestomatologia. 2022, 24 7



Tabla 6: Calculo de la edad estimada para 18 y 38 en mujeres.

Molar 18 Molar 38
Coefficient Estim. Std. Error | t-value Pr(>|t]) Coefficient Estim. Std. Error | t-value Pr(>|t])
Intercept 13.36 0.48 27.79 < 2e-16 *** Intercepto 10.76 0.55 19.51 < 2e-16 ***
-2.78 0.69 -4.04 6.27e-05%*** -0.78 0.75 -1.03 0.3044
B 1862 0.74 =218 0.02970* B -0.27 0.73 -0.37 0.7127
© -1.52 0.59 -2.59 0.00999** © 1.54 0.65 2.38 0.0175*
D 1.03 0.52 1.97 0.04979* D 3.63 0.58 6.26 7.96e-10%**
E 2.60 0.55 4.76 2.52e-06%** E 595 0.57 | 10.34 <2e-16 ***
F 422 0.62 6.79 3.30e-11%** F 7.48 0.64 | 11.64 <2e-16 ***
G 4.82 0.64 7.57 2.04e-13*** G 7.94 0.62 | 12.83 <2e-16 ***
H 7.09 0.52 13.54 < 2e-16*** H 9.96 0.59 16.89 < 2e-16 ***

R? 0.71 (18) and R? 0.69 (38)

This application yields a more accurate predic-
ted age. These linear models show a growing
monotonic relationship aligned with the dental
maturation rate. The average of the males with
molar 18 in stage A had their estimated age at
9.65 (estimated age = intercept + coefficient,
11-1.35=9.65), and the females with a molar 38
were in stage H.

Discussion

The differences found between the sample un-
der consideration and the standard population
on which the Demirjian algorithm is based may
be due to several reasons. These include the qua-
lity of the sample and the biological and genetic
variants that underlie the differences in develop-
ment between different populations or even wi-
thin the same population.

Based on work conducted in Argentina, Polet-
to and Giménez (2012)"Y stated that Nolla and
Demirjian’s methods were developed based on a
very limited population set (50 individuals were
examined) and are therefore not fully represen-
tative of their population. The results show that
Nolla’s method underestimated age by 4 to 6
months, while Demirjian’s overestimated age by
3 to 5 months.

In Berlin, Germany, Olze et al. (2004)®? conduc-
ted a comparative study of third molar minera-
lization in samples of German, Japanese, and
South African descent using the Demirjian me-
thod. The authors found statistically significant

differences, proving tooth development diversity
among different ethnic groups. Even when com-
paring the South African and Japanese popula-
tions, they found that South Africans were 1 to
4 years younger than the Japanese for the same
stage. These results suggest that this could be
due to each ethnic group’s inherent characteris-
tics.

Studies conducted in various countries concer-
ning third molar development showed apparent
differences. In Turkey, the crypt was found to be-
come visible in the mandibular arch at age 8"
in Yangsan, Korea, between the ages of 6 and 7
(earlier in males),*® and in Egypt,(*¥ it also occu-
rred at younger ages in males. No female patient
under 18 showed complete third molar develo-
pment, although 33.3% of the male patients had
completed apical closure.¥

The sample used in this study did not have an
adequate age and sex distribution, as there were
more females than males and more individuals
aged 12 to 15 years. We even had age groups
with very few individuals and some with no re-
presentation.

When applying the Demirjian algorithm to the
sample under study, the results show that the
method is not a good predictor since the estima-
ted age and the actual age do not follow a mo-
notonic behavior. They do not grow at the same
time, and there is an underestimation and most-
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ly overestimation of age, both for girls and boys.
Regarding the estimates, a more significant ove-
restimation was observed at younger ages. Even
so, the margin of error decreases at older ages.
Therefore, in our study population, the method
could be more applicable to older individuals,
both in males and females.

The results are similar to the research conducted
in Argentina (2012),*V as both studies overesti-
mate age using the Demirjian method. This indi-
cates that this method applied to both neighbo-
ring populations results in age estimation errors.
A study conducted in Colombia concluded that
The Demirjian method is not applicable due to
ethnic differences.!® A variation can thus be ob-
served between these populations from similar
geographical settings and the sample of children
of French-Canadian origin studied by Demirjian
et al.® Considering the age and sex distribution
of the sample of this study, it is not easy to assess
the actual magnitude of the estimation bias for
each age (in case of under or overestimation).
This occurs because the correct way to compare
the estimated models with the Demirjian tables
is to use the age distribution used by the authors.
A study conducted in a Spanish and Portuguese
sample concluded that The Demirjian method
tends to overestimate chronological age. It also
determined that the predictive capacity of both
methods was significantly higher for boys and
girls up to the age of 10, decreasing progressi-
vely up to the age of 18 and ceasing to be statis-
tically significant beyond that age, as explained
above.!”

Maber et al. Conducted a study in London in
2006™ and found that this method overestima-
ted age. Therefore, we verified that errors in age

estimation are not limited to a specific geogra-
phical area.

A larger sample of individuals was obtained to
study the third molars. Applying the method to
study third molars resulted in more accurate age
estimations.

Regarding the results of the study conducted
on third molars, there are similarities with re-
search carried out in the same region, such as
that of Gundim et al. (Brazil, 2014).®) This study
inferred that the ages of the individuals in both
genders and dental development stages were
aligned. The same is observed in studies from
other regions, e.g,, Sisman et al. (Turkey, 2007),
()Simosson et al. (Sweden, 2017),® and Jun-Hoa
Jung et al. (Korea, 2014),13 These studies accept
the application of this method for age estimation
in both males and females.

Conclusions

Using The Demirjian method (1973) in our study
proved not to be an adequate method. There is
no standard that allows us to estimate the pa-
tient’s actual age with a certain degree of reliabi-
lity. Using an algorithm through a linear regres-
sion model for third molars presented higher
credibility.

These results point to the need to adapt this me-
thod to the Uruguayan population and all popu-
lations to be studied in the future. Practitioners
must consider individual variables such as biolo-
gical, genetic, and racial characteristics, as well
as those to which the population is exposed and
which collectively influence people, such as envi-

ronmental or socioeconomic characteristics.

Odontoestomatologia. 2022, 24
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