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ABSTRACT

Different methodologies of age estimation using different human physical parameters have been assisting
Forensic Science over the years. Limitations have also been acknowledged but there is a need to discuss
about the overall challenges currently faced by experts from different backgrounds. The aim of this
literature review was to gather scientific information of difficulties encountered in different parameters in
the skeleton for age estimation. The conclusion is that a multidisciplinary approach is recommended for
the legal age assessment due to the seriousness of the outcomes and finally, the experts should recognize
the reality that chronological age will not always follow the maturity parameters of human development.
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INTRODUCTION are, a practice caled age fraud®.

Methodologies of age estimation
are employed in living individuals for
immigration control, assessment of age of
criminal responsibility and employed in
skeletal remains in order to estimate the
age-at-death’. Age estimations in living can
also be requested for appropriate school
level placement, social benefits,
employment and marriagez. In sport, age
assessment may be necessary when

participants claim to be younger than they

Knowledge of chronological age is also
important  for  regulation of growth
achievement and nutritional wellbeing in
children whose data collection are
computed by community census”,

It is claimed that the complexity of
human development is attenuated when
different parameters of analysis are
combined. Variations in physiological age is
more well understood when the relationship

between dental, skeletal and chronological
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age in children is  established’.
Unfortunately, the difficulty of assessment
escalates at the same rate as the human
growth and development progress to the
maturity. Furthermore, the evaluation of
single variables does not yield sufficient
data for the accuracy required®.

More importantly, methods of age
estimation must be peer-reviewed and
presented to the scientific community with
clear information about accuracy. Also,
principles of medical ethics in cases of

living individuals should be acknowledged7.

AGE OF MAJORITY - THE BIOLOGICAL
THRESHOLD OF THE LEGAL AGES OF
16, 17, 18 AND 21.

In criminal prosecutions, the age
thresholds of relevance lies between 16
and 22 vyears in many countries®.
Regrettably, age assessment is particularly
difficult when the individuals are between
their late teenage years and young
adulthood®. An adolescent incorrectly
assessed as an adult may be exposed to
risk if placed within an adult environment™°
One of the most used indicators of child’s
health is the pattern of linear growth',
through the use of charts. A simple
interpretation of charts demonstrates that
whilst the child grows and develops, the
curve is ascendant and approximately
decelerates by the age of 16 and plateaus
till the age of 18, where the maturation
stage takes the main role. More precisely,
girls reach a plateau after the age of 16,
whereas boys have a linear trend from the
age of 17 to 18.* The age range of 16-
21yrs encompasses the phase which

ceases the growth and starts the

maturation, consequently, the analysis of

correlations is likely to be more difficult.

BIOLOGICAL METHODS IN USE FOR
EVIDENCE OF AGE OF MAJORITY.

All bones and body systems grow
in synchrony from birth to complete
development and their undergoing changes
can be used to assess maturity. Age
variation for every other developing and
growing bone and body system is poorly
documented®®. Some scientists allege that
different bones (or parts of) may grow
independently** to some extent under the
influence of localized agents®. It is
paramount to point out that the
documentation of data from different
studies should diverse in samples of ethnic
background, geographic location and be
always peer-reviewed and compared in
order to find possible patterns and
variations. A possible construction of
population-specific tables would increase
the accuracy of age assessments™.

The most widely used methods to
estimate age include skeletal growth
characteristics, epiphyseal fusion of bones
and dental development'’. Some study
groups detail that age estimation consists of
a physical examination which also records
anthropometric data, signs of sexual
maturation, an X-ray of the left hand and a
dental examination. It is important to
recognize that sexual maturity evaluation
should not be used solely because of the
large range of variation®.

Radiograph of the left hand is used
to analyze the form and size of bone
elements and the degree of epiphyseal

ossification. The atlas method according to
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Greulich—Pyle (1930) is the most commonly
used method'® where different images of
development stages of boys and girls (O -
18yrs) are consulted. Limitations of this
method are: (a) concerning about the
possible margin of error of which is 6
months™*: (b) subjects were Americans of
Northern European ancestry and its
application in other races is questioned;
(c) studies showed that method is more
variable in females®; and finally, (d)
changes in the carpals are not clear after
the age of 14-16 years®. A study found that
the mean age of attainment of a mature
hand-wrist X-ray is under 18 years and
most individuals are mature before the age
of 18%.

This age range limitation (14-16yrs)
could be compensate with a computerized
tomography (CT) or radiological
examination of the clavicles to establish
whether the person concerned has attained
the age of 21%. This assessment is
recommended for individuals who are
assumed to be at least 18 years old®® as
the sternal end of the clavicle continues to
grow into the 20s. However, this method
has also limitations because of: (a)
radiation of internal organs involved; (b)
great variation of complete closure between
individuals (14.7-30yrs?Q; 16.0-30yrsd)*;
(c) technical problems such as risk of over-
projection of bone (3 radiographs must be
taken) and (d) absence of a patient’s
position standard. In short, if the epiphysis
of the clavicle (= collarbone) is immature on
the radiographs, the age of majority has
been reached or there is a technical
deficiency; yet, finding the epiphysis is not

an automatic proof of minority either, as the
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individual's personal anatomic development
could be the reason®.

A research which combined the
analysis of the distal tibial epiphysis and the
calcaneum using magnetic resonance
imaging (MRI) showed good results for age
estimation in the threshold of 18 years old.
Individuals were correctly evaluated:
females aged 18 or more (97.7%) and
males aged 18 or more (91.7%).
Drawbacks of this research were (a) the
possibility of errors in females because the
epiphyses mature earlier than in males and
also (b) the lack of information concerning
the ethnicity of the subjects studied®.

Conforming to the same aim,
analysis of the ossification of the epiphyses
of the knee joint in antero-posterior
radiographs were performed”’. Good
advantages of this anatomical area are: the
low radiation doses, nonappearance of
interposed anatomical structures and the
assessment of 3 epiphyses at the same
time (distal femur, proximal tibia and
proximal fibula). Analysis of results showed
high sensitivity (93.33%) and specificity
(89.29%) for boys and high accuracy
(85.86%) for girls. Authors directed
attention to the limitations which involves
(a) observer experience in interpreting
radiographic films, (b) two-dimensional
nature of radiographs and (c) the need of
further studies with larger sample groups®,
but those issues are also found when

assessing other bone structures.

THE TRILOGY | SKELETAL, DENTAL
AND CHRONOLOGICAL AGE.
The comparison of skeleton, teeth

and chronological age is a complex subject
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to investigate because the rhythm of human
growth. It might not occur in accordance to
the change of the progressive age™ and the
variability in the rate of human development
is multifactorial. Skeletal development is
generally assessed by examining growth in
height, analysis of centers of ossification,
changes in bone anatomy and fusion of
epiphyses of various skeletal structures®.
On the one hand, conditions such as
chronic disease, malnutrition,
hypothyroidism, constitutional delay, and
growth hormone deficiency, delay the onset
of puberty. On the other hand, there are
conditions  that accelerate  skeletal
maturation, such as peripheral precocious
puberty obesity and Marfan syndrome®
which is an autosomal dominant heritable
disorder of connective tissue®*. Dental
development is assessed through
development and eruption of all teeth®* and
the third molar is the only parameter of
tooth maturation until a later age™®.

Some studies claim that dental
development shows less variability than

>3 and

other developmental features
proved to have a substantial biological
stability from extreme nutritional
conditions®. The close genetic control of
dental development could be a reason’.
Although data combining the use of bone
and dentition maturation are available,
there is yet a difficulty to gather a range of
studies investigating the different methods
that statistically are suitable as age

estimators®.

THE TRILOGY II: BIOLOGIC FACTORS
OF RACE, SEX AND GENETICS.

A study on American sample
reported no racial difference in various
stages of pubertal development between
black boys and white boys but black girls
were consistently more advanced than

white girls®**’

. As an example, differences
of 11 months were found between bone
and chronological age in African and Asian
adolescents® Bone age using the
standards of Greulich and Pyle must be
done with reservations particularly in black
and Hispanic girls and in Asian and
Hispanic boys in late childhood and
adolescence. Bone age may exceed
chronological age by 9 months to 11
months 15 days®. It can be argued that the
concept of race is controversial because
throughout the centuries, many regional
populations have been largely formed by
massive immigration from different parts of
the world. In  multi-ethnic regional
populations, races are simply ethnic groups
linked to stereotypical ideal phenotypes4°.

Over the past decade, international
scientists have been gathering efforts to
systematically “map” human variability
focusing mainly on genetic variation'.
Genetic predisposition is a major element of
linear  growth, however, favorable
environmental conditions are needed in
order to genetic potentials be fully
expressed®. Studies showed that genetic
transmissibility ranged from 41% to 71% in
the average difference in height between
monozygotic twins is only 2.8 cm,
contrasted to 12 cm for dizygotic twins of

the same sex’’.
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THE TRILOGY II:
ENVIRONMENTAL
PATHOLOGY.

Specific nutrient intake is other

NUTRITION,
FACTORS AND

determinant of growth and it has a
significant modulating effect on the timing of
sexual development®’. Malnutrition causes
growth impairment and it is observed in
developing  countries and  marginal
individuals from cities of developed
countries®. Obesity is a factor that
accelerates the human development as an
increase in body mass index (BMI)
percentile is considered to be linked with an
increase in both skeletal and dental
development™.

The country of residence should be
taken into consideration when discrepancy
in bone age is discussed due to factors
such as antenatal issues, general health,
nutrition, climate, or vitamin D and calcium
levels®. People from the same ethnic origin
can develop differently when living in
different countries. Environmental
influences, for instance, manifest in
patterns of socioeconomic variation within
populations and changes accompany
migration or ecological conditions such as
extreme temperatures, aridity and high
altitudes™.

Pathological factors capable of
altering the bone development include
nocturnal enuresis, GH (growth hormone)
deficit, and the practice of competitive
sports, skeletal malformations and even the

effects of physical agents, such as cold®.

CONCERN ABOUT
EXPOSURE

RADIATION

Overall challenges in age estimation

There is a general radiation safety
principle named ALARA, which is an
acronym for As Low As Reasonably
Achievable. This principle must be
employed in all reasonable methods for the
sake of minimum ionizing radiation (IR)
doses due to biological effects on living
tissues. For reasons of safety, it is claimed
that the use of radiography for age
assessment as opposed to medical
purposes is unethical and potentially
unlawful®®. Nevertheless, some attenuating
measures could be employed to reduce the
dose, for instance: the use of faster films, to
reduce the exposure time, electronically-
controlled timers, to produce an optimum
dose, and computers and digital imaging
technology46. It can also be argued that the
human body is affected by IR coming from
cosmogenic and terrestrial sources, on
daily basis*’ and the society should not be
so alarmed by the use of radiographs,
either for diagnostic or investigative
purposes. Understandably, the type and the
number of radiographs should be taken into

consideration.

DENTAL AGE ASSESSMENT IN LATE
ADOLESCENTS AND RELIANCE ON
THIRD MOLARS DEVELOPMENT.
Changes in dental development are
frequently studied in order to estimate age.
Research has shown that chronological age
is more highly correlated with dental age
than any of the other biological variables.
Dental development is less influenced by
environmental circumstances than other
maturation parameters®. Those
characteristics make teeth development a

reliable parameter for age prediction.
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The primary dentition begins to
develop before birth and starts to erupt into
the mouth of a baby at 6 months*® followed
by the permanent dentition. This is
completed with the eruption of the third
molar at the age of 17-21 years™. It is
assumed that the best accuracy for dental
age estimation is reached when individual
has many teeth under development, which
is chronologically up to the age of 14 years.
After that, the analysis is dependable solely
on molars, particularly, the third molars.

In late adolescence, the main
criteria applied for tooth age prediction are
the eruption and mineralization stages of
the second and third molars®. Some
research claim that a simple dental
examination would avoid the exposure of
young people to the radiation®, however,
very often an OPG is required for the
analysis of root development. In particular,
third molar maturation has been extensively
investigated in a wide range of population52
and a few concerns should be considered
such as: (a) it is the tooth with the highest
variability of timing of development® (b) is
morphologically most variable with a
variety of crown and root anatomy and also
(c) is the tooth with the highest level of
agenesis and the prevalence of agenesis
varies in the population studied®.

The eruption of the third molars is a
variable physiological phenomenon with a
high degree of variability, therefore, it is
more  appropriate to  evaluate its
development, which is more stable.”® There
are some negative aspects of the third
molars, for instance, they are congenitally
absent in up to 10% of population and the

methods of age assessment vary between

countries with present standard deviations
of at least 2 years. As an example, studies
on third molar development in different
ethnic groups showed that the third molar in
black South Africans mature on average 1-
2 years earlier than in Germans and 3- 4
years  earlier than in Japanese

populations®.

MORE FOOD FOR THOUGHT

Maturity indicators are not exactly
the same as the progress of chronological
age, because the temporal landmarks can
be variable and inconsistent during the
transit of the individual from an immature to
mature state>’. More importantly, maturity,
as an instrument to aid chronological age,
has a best precision of + 2 years. This
possible degree of 4 years of variation
should be taken into consideration when
estimating age with regard to immigration
status or criminal responsibility®*°. This is
particularly problematic to the threshold
between the legal ages of 16, 17, 18 and
21.

Regarding the age assessment of
asylum seekers, the professionals that
apply age estimation methodologies should
analyze: A) the background of asylum
seeker children. They are psychologically
vulnerable and they migrate under
unfortunate circumstances such as war or
poverty. Most asylum seekers come from
poor developing countries where patterns of
maturation might differ, as well as,
differences attributed to genetics and
nutritional status®. B) most study samples
in age estimation research are not from this
kind of population as, normally, the

researcher only has access to individuals of
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his/her own country. Without an
understanding of the population differences
or similarities and the effect of various
factors on growth of maturity indicators,
these reference data to estimate age
should be interpreted with caution. Often,
bone and dental age estimation literature is
disconnected from the statistical literature
which normally provides the basis for
rationale analysesss. It is also difficult to
prove that an individual under age
assessment is not an outlier. For instance,
analysis of third molar was shown to have
high specificity and positive predictive value
but low sensitivity, negative predictive value
and accuracy®’.

Finally, suggested requirements for
a valid age indicator are the following: 1)
the characteristic employed displays
progressive and unidirectional change with

age; 2) it should be possible to categorize

RESUMO
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and measure the morphological changes
and the results must have low observer
errors; 3) the morphological changes
should occur roughly at the same time in all
people with possible divisions for sex and
ancestry”'; 4) variability of maturation within
the individual must be considered; 5) there
is a clear sexual dimorphism within human
growth and maturation as females tend to

be advanced relative to males®”.

FINAL CONSIDERATIONS

A multidisciplinary approach is
recommended for the legal age assessment
due to the seriousness of the outcomes and
finally, the experts should recognize the
reality that chronological age will not always
follow the maturity parameters of human
development. Current requirements should
become mandatory and updated when

necessary.

Diferentes metodologias para a estimativa da idade que emprega diferentes parametros fisicos tém
auxiliado as Ciéncias Forenses ao longo dos anos. Limitagdes também foram reconhecidas, mas ha uma
necessidade de discutir sobre os desafios gerais atualmente encontrados por peritos de diferentes
formacdes. O objetivo desta reviséo de literatura foi reunir informacdes cientificas sobre as dificuldades
encontradas em diferentes parametros no esqueleto usados para a estimativa da idade. A concluséo é de
que a abordagem multidisciplinar é recomendada para a avaliacdo da idade com finalidade legal devido a
complexidade dos resultados e, finalmente, os peritos deveriam reconhecer a realidade de que a idade
cronoldgica nem sempre segue os parametros de maturacgao biolégica humana.

PALAVRAS-CHAVE

Odontologia legal; Antropologia forense; Dentes; Osso0s.

REFERENCES

1. Garvin HM PN, Uhl NM, Gipson DR,
Overbury RS and Cabo LL. Developments
in forensic anthropology: Age-at-death
estimation. In: DC D, editor. A companion
to forensic anthropology and archaeology:
Blackwell Publishing; 2012.

2. Willems G. A review of the most commonly
used dental age estimation techniques. J
Forensic Odontostomatol. 2001
Jun;19(1):9-17.

3. Braude SC, Henning, L.M. and Lambert,
M.l. . Accuracy of bone assessments for
verifying age in adolescents - application in

sport. South African Journal of Radiology.
2007; 11(2):4-7.

4. Smith T, Brownlees L. Age assessment
practices: a literature review & annotated
bibliography. United Nations Children’s
Fund (UNICEF), New York.; 2011.

5. Cardoso H. Differential Sensitivity in
Growth and Development of Dental and
Skeletal Tissue to Environmental Quality.
Arq Med. 2007; 21(1):19-23.

6. Olze A, Reisinger W, Geserick G,
Schmeling A. Age estimation of
unaccompanied minors: Part 1. Dental
aspects. Forensic Sci Int. 2006; 159

Rev Bras Odontol Leg RBOL. 2018; 5(2):59-68 65



Méanica S

10.

11.

12.

13.

14.

15.

16.

17.

Supplement(0):S65-S7.
http://dx.doi.org/10.1016/j.forsciint.2006.02.
018.

Ritz-Timme S, Cattaneo C, Collins MJ,
Waite ER, Schitz HW, Kaatsch HJ, et al.
Age estimation: The state of the art in
relation to the specific demands of forensic
practise. Int J Leg Medicine. 2000;
113(3):129-36.
http://dx.doi.org/10.1007/s004140050283.

Schmeling A RW, Geserick G, Olze A. Age
estimation of unaccompanied minors. Part
I. General considerations. Forensic Sci Int.
2006; 159 Suppl 1:S61-4.
http://dx.doi.org/10.1016/].forsciint.2006.02.
017.

Cole T. People smugglers, statistics and
bone age. Significance. 2012; 9(3):8-12.

Aynsley-Green A, Cole TJ, Crawley H,
Lessof N, Boag LR, Wallace RM. Medical,
statistical, ethical and human rights
considerations in the assessment of age in
children and young people subject to
immigration  control. Br Med Bull
2012;102:17-42.
http://dx.doi.org/10.1093/bmb/Ids014.

Foote JM. Optimizing Linear Growth
Measurement in Children. Journal of
Pediatric Health Care. 2014; 28(5):413-9.
http://dx.doi.org/10.1016/j.pedhc.2014.01.0
01.

Papaiakovou G, Giannakos A, Michailidis
C, Patikas D, Bassa E, Kalopisis V, et al.
The effect of chronological age and gender
on the development of sprint performance
during childhood and puberty. J Strength
Cond Res. 2009; 23(9):2568-73.
http://dx.doi.org/10.1519/JSC.0b013e3181
c0d8ec.

Scheuer L, Black S. Developmental
Juvenile Osteology. 2000; Academic Press

Smith RJ. Misuse of hand-wrist
radiographs. Am J Orthod. 1980; 77(1):75-
8.

Vioarsdottir US, O'Higgins P, Stringer C. A
geometric morphometric study of regional
differences in the ontogeny of the modern
human facial skeleton. Journal of anatomy.
2002; 201(3):211-29.

Jayaraman J, Wong HM, King NM, Roberts
GJ. The French-Canadian data set of
Demirjian for dental age estimation:
A systematic review and meta-analysis. J
Forensic Leg Med. 2013; 20(5):373-81.
http://dx.doi.org/10.1016/).jfim.2013.03.015.

Garvin HM, Passalacqua NV, Uhl NM,
Gipson DR, Overbury RS, Cabo LL.
Developments in Forensic Anthropology:
Age-at-Death Estimation, in A Companion
to Foresic Anthropology (ed D. C.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Rev Bras Odontol Leg RBOL

Dirkmaat), John Wiley & Sons, Ltd,
Chichester, UK. 2012.

Buken B, Safak AA, Yazici B, Buken E,
Mayda AS. Is the assessment of bone age
by the Greulich-Pyle method reliable at
forensic age estimation for Turkish
children? Forensic Sci Int. 2007 Dec
20;173(2-3):146-53.
http://dx.doi.org/10.1016/j.forsciint.2007.02.
023.

Buckler JM. Skeletal age changes in
puberty. Arch Dis Child. 1984; 59(2):115-9.

Cameriere R, Ferrante L, Mirtella D,
Cingolani M. Carpals and epiphyses of
radius and ulna as age indicators. Int J
Legal Med. 2006; 120(3):143-6.
http://dx.doi.org/10.1007/s00414-005-0040-
3.

Cole TJ. The evidential value of
developmental age imaging for assessing
age of majority. Ann Hum Biol
2015;42(4):379-88.
http://dx.doi.org/10.3109/03014460.2015.1
031826.

Schmeling A, Olze A, Reisinger W,
Geserick G. Forensic age diagnostics of
living people undergoing criminal
proceedings. Forensic Sci Int. 2004,
144(2-3):243-5.
http://dx.doi.org/10.1016/j.forsciint.2004.04.
059.

Schmeling A, Reisinger W, Geserick G,
Olze A. Age estimation of unaccompanied
minors. Part |. General considerations.
Forensic Sci Int. 2006;159 Suppl 1:S61-4.
http://dx.doi.org/10.1016/j.forsciint.2006.02.
017.

Hjern A, Brendler-Lindqvist M, Norredam
M. Age assessment of young asylum
seekers. Acta Paediatrica. 2012; 101(1):4-
7. http://dx.doi.org/10.1111/].1651-
2227.2011.02476.x.

Abbing HDCR. Age Determination of
Unaccompanied Asylum Seeking Minors in
the European Union: A Health Law
Perspective. Eur J Health Law. 2011;
18(1):11-25.
http://dx.doi.org/10.1163/157180911X5461
01.

Saint-Martin P, Rérolle C, Dedouit F,
Bouilleau L, Rousseau H, Rougé D, et al.
Age estimation by magnetic resonance
imaging of the distal tibial epiphysis and
the calcaneum. Int J Leg Med.
2013;127(5):1023-30.
http://dx.doi.org/10.1007/s00414-013-0844-
5.

Cameriere RDL, S. De Angelis, D. Merelli,
V. Giuliodori, A. Cingolani, M. Cattaneo, C.
Ferrante, L. Reliability of Schmeling's
stages of ossification of medial clavicular

. 2018; 5(2):59-68 66


http://dx.doi.org/10.1016/j.forsciint.2006.02.018
http://dx.doi.org/10.1016/j.forsciint.2006.02.018
http://dx.doi.org/10.1007/s004140050283
http://dx.doi.org/10.1016/j.forsciint.2006.02.017
http://dx.doi.org/10.1016/j.forsciint.2006.02.017
http://dx.doi.org/10.1093/bmb/lds014
http://dx.doi.org/10.1016/j.pedhc.2014.01.001
http://dx.doi.org/10.1016/j.pedhc.2014.01.001
http://dx.doi.org/10.1519/JSC.0b013e3181c0d8ec
http://dx.doi.org/10.1519/JSC.0b013e3181c0d8ec
http://dx.doi.org/10.1016/j.jflm.2013.03.015
http://dx.doi.org/10.1016/j.forsciint.2007.02.023
http://dx.doi.org/10.1016/j.forsciint.2007.02.023
http://dx.doi.org/10.1007/s00414-005-0040-3
http://dx.doi.org/10.1007/s00414-005-0040-3
http://dx.doi.org/10.3109/03014460.2015.1031826
http://dx.doi.org/10.3109/03014460.2015.1031826
http://dx.doi.org/10.1016/j.forsciint.2004.04.059
http://dx.doi.org/10.1016/j.forsciint.2004.04.059
http://dx.doi.org/10.1016/j.forsciint.2006.02.017
http://dx.doi.org/10.1016/j.forsciint.2006.02.017
http://dx.doi.org/10.1111/j.1651-2227.2011.02476.x
http://dx.doi.org/10.1111/j.1651-2227.2011.02476.x
http://dx.doi.org/10.1163/157180911X546101
http://dx.doi.org/10.1163/157180911X546101
http://dx.doi.org/10.1007/s00414-013-0844-5
http://dx.doi.org/10.1007/s00414-013-0844-5

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

epiphyses and its validity to assess 18
years of age in living subjects. Int J Legal
Med. 2012; 126(6):923-32.
http://dx.doi.org/10.1007/s00414-012-0769-
4.

Cameriere R CM, Giuliodori A, De Luca S,
Ferrante L. Radiographic analysis of
epiphyseal fusion at knee joint to assess
likelihood of having attained 18 years of
age. Int J Legal Med. 2012;126(6):889-99.
http://dx.doi.org/10.1007/s00414-012-0754-
y.

Flor-Cisneros A, Roemmich JN, Rogol AD,
Baron J. Bone age and onset of puberty in
normal boys. Molecular and Cellular
Endocrinology. 2006; 254-255(0):202-6.
http://dx.doi.org/10.1016/j.mce.2006.04.00
8.

Kate A, Gothi D, Joshi JM. Marfan
syndrome with multiseptate pneumothorax
and mandibular fibrous dysplasia. Lung
India. 2009;26(4):146-8.
http://dx.doi.org/10.4103/0970-2113.56353.

Grover S, Marya CM, Avinash J, Pruthi N.
Estimation of dental age and its
comparison  with  chronological age:
accuracy of two radiographic methods.
Med  Sci  Law.  2012;52(1):32-5.
http://dx.doi.org/10.1258/msl.2011.011021.

Cho SH, C.J. Skeletal maturation
evaluation using mandibular third molar
development in adolescents. Korean J
Orthod. 2009; 39(2):120-129.

Elamin F, Liversidge HM. Malnutrition Has
No Effect on the Timing of Human Tooth
Formation. PLoS ONE. 2013;8(8):e72274.
http://dx.doi.org/10.1371/journal.pone.0072
274.

Roberts GJ, Parekh S, Petrie A, Lucas VS.
Dental age assessment (DAA): a simple
method for children and emerging adults.
Br Dent J. 2008; 204(4):E7.
http://dx.doi.org/10.1038/bdj.2008.21.

Schmeling A, Olzea A, Reisingera W,
Gesericka G. Age estimation of living
people undergoing criminal proceedings.
Lancet. 2001;358(9276):89-90.
http://dx.doi.org/10.1016/S0140-

6736(01)05379-X.
Abbassi V. Growth and Normal Puberty.

Pediatrics. 1998;102(Supplement 3):507-
11.
Rogol AD, Roemmich JN, Clark PA.

Growth at puberty. Journal of Adolescent
Health. 2002;31(6, Supplement):192-200.
http://dx.doi.org/10.1016/S1054-

139X(02)00485-8.
Benson J WJ. Age determination in refugee

children. Aust Fam Physician. 2008;
37(10):821-5.

Rev Bras Odontol Leg RBOL.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Overall challenges in age estimation

Ontell FK IM, Ablin DS, Barlow TW. Bone
Age in Children of Diverse Ethnicity. AJR
Am J Roentgenol. 1996; 167(6):1395-8.

Cartmill M. The Status of the Race Concept
in  Physical Anthropology. American
Anthropologist. 1998;100(3):651-60.
http://dx.doi.org/10.1525/aa.1998.100.3.65
1.

Zeise L BF, Chiu WA, Hattis D, Rusyn I,
Guyton KZ. Addressing human variability in
next-generation  human  health  risk
assessments of environmental chemicals.
Environ Health Perspect. 2013;121(1):23-
31. http://dx.doi.org/10.1289/ehp.1205687.

Georgopoulos NA, Markou KB,
Theodoropoulou A, Vagenakis GA,
Mylonas P, Vagenakis AG. Growth,

pubertal development, skeletal maturation
and bone mass acquisition in athletes.
Hormones (Athens). 2004;3(4):233-43.

Cameron N. Human Growth and
Development. Academic Press. 2002.

Mack KB, Phillips C, Jain N, Koroluk LD.
Relationship between body mass index
percentile and skeletal maturation and
dental development in orthodontic patients.
Am J Orthod Dentofacial Orthop. 2013
143(2):228-34.
http://dx.doi.org/10.1016/j.ajodo.2012.09.0
15.

Garamendi PM, Landa MI, Ballesteros J,
Solano MA. Reliability of the methods
applied to assess age minority in living
subjects around 18 years old. A survey on
a Moroccan origin population. Forensic Sci
Int. 2005 10;154(1):3-12.
http://dx.doi.org/10.1016/j.forsciint.2004.08.
018.

Selvamuthukumar S, Nisa S, Parthasarathy
V, Sahabudeen M, Pamula R, Siddareddy
N. Estimation of the annual cumulative
radiation dose received by the dentist in
dental clinics in Chennai. Journal of Indian
Academy of Oral Medicine and Radiology.
2014  January 1, 2014;26(1):24-9.
http://dx.doi.org/10.4103/0972-
1363.141835.

Pace N, Ricci L, Negrini S. A comparison
approach to explain risks related to X-ray
imaging for scoliosis, 2012 SOSORT award
winner. Scoliosis. 2013;8:11.
http://dx.doi.org/10.1186/1748-7161-8-11.

Green L. The interrelationships among
height, weight and chronological, dental
and skeletal ages. Angle Orthodontist
1961; 31:189-93.

Brown WAB. Identification of Human Teeth:
University of London: Institute  of
Archaeology, Bulletin n® 21/22; 1985.

2018; 5(2):59-68 67


http://dx.doi.org/10.1007/s00414-012-0769-4
http://dx.doi.org/10.1007/s00414-012-0769-4
http://dx.doi.org/10.1007/s00414-012-0754-y
http://dx.doi.org/10.1007/s00414-012-0754-y
http://dx.doi.org/10.1016/j.mce.2006.04.008
http://dx.doi.org/10.1016/j.mce.2006.04.008
http://dx.doi.org/10.4103/0970-2113.56353
http://dx.doi.org/10.1258/msl.2011.011021
http://dx.doi.org/10.1371/journal.pone.0072274
http://dx.doi.org/10.1371/journal.pone.0072274
http://dx.doi.org/10.1038/bdj.2008.21
http://dx.doi.org/10.1016/S0140-6736(01)05379-X
http://dx.doi.org/10.1016/S0140-6736(01)05379-X
http://dx.doi.org/10.1016/S1054-139X(02)00485-8
http://dx.doi.org/10.1016/S1054-139X(02)00485-8
http://dx.doi.org/10.1525/aa.1998.100.3.651
http://dx.doi.org/10.1525/aa.1998.100.3.651
http://dx.doi.org/10.1289/ehp.1205687
http://dx.doi.org/10.1016/j.ajodo.2012.09.015
http://dx.doi.org/10.1016/j.ajodo.2012.09.015
http://dx.doi.org/10.1016/j.forsciint.2004.08.018
http://dx.doi.org/10.1016/j.forsciint.2004.08.018
http://dx.doi.org/10.4103/0972-1363.141835
http://dx.doi.org/10.4103/0972-1363.141835
http://dx.doi.org/10.1186/1748-7161-8-11

Méanica S

50.

51.

52.

53.

Panchbhai AS. Dental radiographic

indicators, a key to age estimation.
Dentomaxillofac Radiol. 2011;40(4):199-
212.

http://dx.doi.org/10.1259/dmfr/19478385.

Schmeling A, Olze A, Reisinger W, Koénig
M, Geserick G. Statistical analysis and
verification of forensic age estimation of
living persons in the Institute of Legal
Medicine of the Berlin University Hospital
Charité. Leg Med. 2003,
Supplement(0):S367-S71.
http://dx.doi.org/10.1016/S1344-

6223(02)00134-7.

Cho S, Hwang CJ. Skeletal maturation
evaluation using mandibular third molar
development in adolescents. Korean J
Orthod. 2009;39(2):120-129.

Celikoglu M, Bayram M, Nur M. Patterns of
third-molar agenesis and associated dental
anomalies in an orthodontic population. Am
J Orthod Dentofac. 2011;140(6):856-60.

54.

55.

56.

http://dx.doi.org/10.1016/j.ajodo.2011.05.0
21.

Cameron N. Can maturity indicators be
used to estimate chronological age in
children? Ann Human Biol. 2015;15:1-6.
http://dx.doi.org/10.3109/03014460.2015.1
032349.

Gelbrich B, Frerking C, Weiss S, Schwerdt
S, Stellzig-Eisenhauer A, Tausche E, et al.
Combining wrist age and third molars in
forensic age estimation: how to calculate
the joint age estimate and its error rate in
age diagnostics. Ann Human Biol. 2015;
16:1-8.

http://dx.doi.org/10.3109/03014460.2015.1
046487.

Konigsberg LW. Multivariate cumulative
probit for age estimation using ordinal
categorical data. Ann Human Biol. 2015;
20:1-11.
http://dx.doi.org/10.3109/03014460.2015.1
045430.

Rev Bras Odontol Leg RBOL. 2018; 5(2):59-68 68


http://dx.doi.org/10.1259/dmfr/19478385
http://dx.doi.org/10.1016/S1344-6223(02)00134-7
http://dx.doi.org/10.1016/S1344-6223(02)00134-7
http://dx.doi.org/10.1016/j.ajodo.2011.05.021
http://dx.doi.org/10.1016/j.ajodo.2011.05.021
http://dx.doi.org/10.3109/03014460.2015.1032349
http://dx.doi.org/10.3109/03014460.2015.1032349
http://dx.doi.org/10.3109/03014460.2015.1046487
http://dx.doi.org/10.3109/03014460.2015.1046487
http://dx.doi.org/10.3109/03014460.2015.1045430
http://dx.doi.org/10.3109/03014460.2015.1045430

