Int. J. Morphol.,
40(3)650-656, 2022.

About the Recent Chilean Immigration Phenomenon:
A Scoping Review on Radiographic Methods for Dental
Age Estimation in Children
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SUMMARY: The objective of this review was to identify original studies describing radiographic methods for dental age estimation
applied in Chilean children, considering that it is a country with a long history of natural disasters and it has shownettentgxt increase
in the number of migrants in recent years, with significant percentages of individuals under 18 years of age. A scopivasreaiei@d out
following the methodology for the Joanna Briggs Institute scoping reviews and PRISMA guidelines. A specific search stiatppmessed
in PubMed/Medline database, with complementary use of the Google Scholar website searching for full articles in Englisistarfeiipa
documents responded to the search objective, of which only 3 were published in refereed journals. Two documents fotudgdhibie s
maturation of upper and lower third molars, one on the maturation of the second and lower third molars, and two docueneais catitn
of the seven mandibular teeth according to classical methodologies. The scarce existing literature, the almost absexteé ofetbbds
for the Chilean population, as well as the reported mass immigration phenomenon make a new and profound scientific nexedrch app
necessary for the application of updated methods.
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INTRODUCTION

Age estimation in forensic contexts is one of thébuman suffering and protect the dignity of all victims”
procedures of greater attention in recent years due to {i®mnithaet al,, 2019). Forensic dentistry has proven to play
needs to identify victims of disasters, the increase mfundamental role by offering information not only for the
migratory phenomena, the intensity of crimes involvingomparison of ante- and post-mortem data, but also for
human trafficking or smuggling, or more specifically inconfirming the age, sex, stature, pathological conditions or
children, the possibility that they are victims of crimes ofiabits based on well-studied dental morphological characters
sexual abuse (Frankliet al, 2015; Sironiet al, 2021). as traits for the reconstructive identification of the indivi-
“Humanitarian forensic action”, term proposed by thelual (Senguptat al, 2020). Specifically, in children and
International Committee of the Red Cross, is defined as “theolescents, dental age estimation involves the application
application of forensic science to humanitarian activitiesgf different methodologies where the radiographic evaluation
which involves “a range of activities of that seek to alleviatef dental maturation is the basis of many techniques
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recommended for their reliability for both living andMATERIAL AND METHOD
deceased individuals (Franklet al, 2015; Smithaet al,
2019).
A scoping review of the literature was carried out
It has been conveniently reported that there is a nefallowing the methodology for the Joanna Briggs Institute
for population-specific data if reliability is sought in thescoping reviews (Peteesal, 2015) and PRISMA guidelines
application of a method for age estimation (Fran&tial, (Moheret al, 2009). Scoping reviews have been referred as
2015). Many standards in current use are based on analyasesppropriate methodology when seeking to answer broad
of other populations, sometimes formulated severatsearch questions and to obtain an appreciation of the nature
generations ago or even on archaeological, military of the available evidence. Although scoping reviews do not
cadaveric samples (Frankinhal, 2015). It has been assertedassess the quality of the included studies (unlike systematic
that forensic dentists and oral health professionals can he§views), they can identify areas not yet covered in
prevent human rights violations through the application &nowledge, define the scope of systematic reviews, or guide
best practice in human identification, and that humathe development of focused research questions (Armstrong
identification without complete post-mortem assessment cahal, 2011). A specific search strategy "age estimation” AND
lead to delayed identifications thereby representing (&child" OR "infant”) AND ("dental" OR "teeth") AND
violation of human rights and international humanitarian la@/Chile” OR "Chilean™) was implemented in PubMed/
(Smithaet al, 2019). Considering that Chile, a SouthMedline database, with complementary use of the Google
American country with a long history of natural disasterScholar website searching for full articles in English and
(Rojas-Torreset al, 2019), has shown an unprecedente8panish, which were independently analyzed by two
increase in the number of migrants in recent years witesearchers between December 02, 2020 and December 15,
significant percentages of individuals under 18 years of ag820. Only original studies as primary sources were included,
(Servicio Jesuita a Migrantes, 2019), the objective of thigith no time limit, describing radiographic methods for
scoping review is to identify original studies describingestimating dental age whose samples partially or totally
radiographic methods for estimation dental age applied include Chilean living children and minors, that is,
Chilean children. The need to apply specific standards fordividuals up to 18 years of age residing in Chile. Studies
this population as well as to update this information baseth samples of individuals with pathological or nutritional
on current populations to validate these methodologies afeficient conditions or of historical or archaeological
discussed. populations were excluded. The search identified 5
documents (Fig. 1), and the relevant data was extracted and
analyzed according to specific categories:

Records identified through database ) . ) s
s searching: information from the publication,
E, PubMed/Medine (n<6), characteristics of the sample, type of
(= dditional dsidentified I I I
5 Sorige Sechcla e} Englsh o ecordsiderties. radiographic study performed and its
documents (n=4) outcomes.
~—
)
Y A
‘é" Records after duplicat es removed (n=358) RESULTS
Table | provides an overview of the
Records screened (n=358) Records excluded (n=336) data In the reV|eWed dOCUmentS. AtOtaI Of_ 5
documents responded to the search objective,
z of which only 3 were published in refereed
= journals. The documents were published
& Full documents assessed for Full documents excluded, with between 2007 and 2018 TWO dOCUmentS
ligibility (n= = . .
bl i Frasns it focused their study on the maturation of upper
and lower third molars, one on the maturation
v of the second and lower third molars, and two
T Documents induded (n=5)
3
2
Fig. 1. PRISMA Flow Diagram for the scoping review process performed.
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Table |. Documents identified in the review, discriminated variables and outcomes.

About the recent Chilean immigration phenomenon: A scoping review on radiographic

methods for dental age estimation in childiet.J. Morphol., 40(3550-656, 2022.

# Reference pEb);}i’cZggn Sample Type of radiographic study Outcomes
1 Cameriere etal. Article OPGs from 822 Evaluation of dental The study verified the reliability of the lower
(2018) individuals aged 11 maturity of the lower third third molars in discriminating between min ors
to 22 and second mo lars and adults. The combination of these teeth
according to Cameriere et with the lower second molars is evaluated to
al. methods (2006, 2008) find cut-offs for fourteen and sixteen years.
2 Pinares Toledo Master Thesis OPGs from 1,236 Evaluation of dental The study verified the reliability of the third
(2015) individuals aged 13 maturity of upper and molars for age estimation only inindividuals
to 26 lower third molars between the end of the second and the
according to Demirjian et beginning of the third decade of life. There is a
al. method (1973) tendency towards early maturation.
3 Cadenas et al. Article OPGs from 363 Evaluation of dental The study showed that the method tends to
(2014) individuals aged 5 maturity according to overestimate age.
to 15 Demirjian et al. method
(1973)
4 Pérez Flores et Article OPGs from 159 Evaluation of dental .
S . - The range between chronological and dental
al. (2010) individuals aged 3- maturity according to Lo .
14 Demirjian e7 al. method age is similar, and t‘he degree of correlation
(1973) between both ages is nearly perfect.
5 Valdés Godoy Undergraduate OPGs from 216 Evaluation of dental L
(2007) Thesis individuals aged 14  maturity of upper and Variability of 120 years for women and 0.92

to 22

lower third molars
according to Demirjian et

years for men is demonstrated. There are
significant differences in the development of
the upper and lower molars.

al. method modified by
Solari & Abramovitch
(2002)

documents on the maturation of the seven mandibular te@ggounts for a necessary forensic research approach to this
according to the classical methodology of Demirgaral  topic. It has already been reported that the Chilean population
(1973). In all cases, the radiographs used wefas a different ethnic characterization compared to the native
orthopantomographs (OPGs), and the sample sizes wegpulation of other regions of the world, and a higher
between 159 and 1,236 individuals, not coinciding in arfjequency of Amerindians, which reaches 80 % of the
case in the age ranges included. Only one document, a niz@pulation (Rodriguez-Niklitschegt al, 2015). This

ter thesis, exceeded a sample of 1,000 individuals (Pinat#¥lerlines the need to validate standards in this population
Toledo, 2015). The outcomes were reported in a vefy obtain population-specific dental maturation data that can
heterogeneous way, making their contrasts difficult. be contrasted with those reported worldwide.

Chile is a country prone to natural disasters (Rojas-
Torreset al, 2019); Moreno-Pascual (2010), regarding the
earthquake and tsunami that devastated the Chilean coasts
in February 2010, reported 5 cases in which individuals

By August 2019, age estimation was by far the mo§etween 2 and 17 years old had to be identified through
cited topic in forensic dentistry, also proportionallyestimates of their ages and radiographic analysis. In two of
composing the most cited source of original researdhose cases, the ranges of the estimates spanned more than 3
(Senguptaet al, 2020). An updated informal search of theears (Moreno-Pascual, 2010). Likewise, Chilean criminal
term "dental age estimation” in the last 5 years reveals 1/egislation has become more complex for individuals in these
results in PubMed, while in Google Scholar more than 1,8@@e ranges: the implementation of the Law of Adolescent's
results, which highlights the interest of the scientifi€riminal Responsibility, which establishes a system of
community on this topic. Thus, the almost null presence tgsponsibility for adolescents between 14 and 18 years of
properly validated standards for estimating the dental agg€ who violate criminal law, distinguishing two segments:
of Chileans under 18 years of age is surprising, taking inld to 16 and 16 to 18 years for penalties (Ministerio de Jus-
account the specific conditions of this country. Only %icia de Chile, 2011); the Chilean Penal Code sanctions the
documents, 2 of them thesis (one undergraduate), onlydifferent types of sexual crimes against minors, establishing
article validating a current recommendation methothe range of 14 to 18 years of age for the figure of statutory
(Cameriereet al, 2018) but hardly focused on a specifidape to be configured (Fonseeaal, 2018); marriage is
age range to discriminate between minors and adul@fanted at age 16 with the consent of a legal guardian; work
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is not allowed before the age of 18 but from the age of 15dtofessionals, students and volunteer migrants for labor
can be accepted depending on the type of work (Cameriéssues), totals almost 1.5 million people, approximately 7.8
et al, 2018). % of the total population of the country (Servicio Jesuita a
Migrantes, 2022). Since the 1990s with the return of
Although these circumstances have already be@&emocracy and one of the largest regional economic growths,
mentioned above, probably the most critical point is the vetlie migrant population increase has namely been from
recent and unprecedented Chilean immigration phenomenaeighboring countries, (Peru, Argentina and Bolivia), to then
By the end of 2019, 79.5 million people around the worldiversify as of 2010 with the arrival of Colombians and
have been forcibly displaced from their homes as a result@dminicans the early years; and Haitians and Venezuelans
war, persecution, internal conflict or natural disasters (Unitesince 2014 (Servicio Jesuita a Migrantes, 2019). An
Nations High Commissioner for Refugees, 2021a)inprecedented increase has been reported in Chile both in
Configuring the largest exodus in the region, by the end tife number of migrants and in the percentage they represent
2019, about 4.5 million Venezuelans left their countryin relation to the total population (Fig. 2), and approximately
traveling mostly to other countries in Latin America and th&5 % of these migrants are individuals under the age of 19
Caribbean. Only 53 % have remained in neighborin@ig. 3) (Servicio Jesuita a Migrantes, 2019).
countries; the rest have moved to other countries in the
region, including Ecuador, Peru, Argentina, Panama and, of = The development of human dentition follows a
course, Chile (United Nations High Commissioner foreliable and predictable sequence, which helps in both
Refugees, 2021a). According to the UNHCR, by mid-202@Jinical and forensic settings. In children, the application of
Chile has received more than 450,000 migrants due to foraadliographic methodologies has proven to be very useful
displacement, almost half of them in the last 2 years aloaed reliable for estimating age, being considered more
(United Nations High Commissioner for Refugees, 2021hjlefinitive and useful than other indicators (Fonsetcal,
Almost half of these people are children below 18 years 2015). However, the effect of applying “foreign standards”
age, which places them at special risk of abuse, neglett estimate biological attributes has been suggested to revisit
violence, exploitation, and harmful practices (Frankdin given the decrease in expected accuracy, according to
al., 2015). Franklinet al (2015), proportionally related to the increasing
biological distance between the originally sampled
However, the migratory phenomenon towards Chilpopulation and the one to be evaluated. The authors assert
does only include the forcibly displaced population: Byhat appropriate population-specific standards should be used
December 2020, the total migrant population (includingn statistical bases, which will emerge from research carried

Estimated population 2019 1,492,522 KA
Estimated population 2018 FEEEEEEEEET————————————— 1,250,365
Census population2017 I 746,465
Estimated population 2014 S 410,998
Estimated population 2010 =mEEE 305,212
Estimated population 2005 == 212,935
Census population 2002 === 195,320
Census population1992 == 105,170
Census population 1982 == 83,805
Census population1970 == 90,441
Census population 1940 === 107,273
Census population 1920 === 114,117
Census population 1907 === 132,312
Census population 1885 == 87,077

) 500,000 1,000,000 1,500,000 2,000,000

Fig. 2. Number of immigrants in Chile and percentage of immigrants with respect to the total number of residents in Chile
between 1885 and 2019 (Adapted from Servicio Jesuita a Migrantes, 2019).
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80 years or older
75 to 79 years
70 to 74 years
65 to 69 years
60 to 64 years
55 to 59 years
50 to 54 years
45 to 49 years
35 to 39 years
30to 34 years
25 to 29 years
20 to 24 years

15 to 19 years*
10 to 14 years™
5to 9 years*
0to 4 years*

20.0% 15.0% 10.0% 5.0% 0% 50% 10.0%

Fig. 3. Population pyramid of the immigrant population compared to the total resident population in Chile according to the
2019 approximation based on the 2017 Census (Adapted from Servicio Jesuita a Migrantes, 2019)

m Total population

B Immigrants

out by duly qualified entities, with an established baclenvironment. For the authors, the best methodological
ground, and appropriate human and technological resouredernative to apply will be the one that arises from
(Franklinet al, 2015). Even though Latin Americans arecomparative, cross-sectional and ethno-dependent studies
usually considered as the same group, they do not constittiitat include the greatest number of variables (Fonseca
a homogeneous ethnic group as they present a great genetic,2015). Clearly the classic models are insufficient and
cultural, social, environmental, economic, educational artecontextualized, and subject to large margins of
demographic diversity, with bases that unquestionably resolterestimation or underestimation of dental age. Beyond
in biological variations of great clinical, health and legalvhat is reasonably acceptable as a range of estimation in a
significance (Fonseaat al, 2015). controlled scientific research environment, authorities and
the courts may request these procedures in real cases and,
Population specific standards are few for Latidike other expert reports, they must guarantee a well-
Americans (Fonsecet al, 2015; Iscan & Olivera, 2000), functioning legal state, including clear statements on the age
and more specifically in Chile in the field of age estimatiorgstimation reliability to allow the decision-maker to consider
what little has been done has been focused on the studyany doubt in a way that leads to a legal result that is as favo-
historical or sub-actual populations or in archaeologicahble as possible for the affected people (Schmetirad,
contexts (Ericksen, 1997; Herrera & Retamal, 20172016).
Gonzélez-Ramireet al, 2019). The situation of dental age
estimation is not different, for which methodologies have Age estimation is one of the forensic evaluations that
been applied out of context or with small sample sizes (Cean involve opinions of different experts, with different
denaset al, 2014; Fonsecat al, 2015). Recent Chilean scientific backgrounds and different methods to answer the
history has revalued the role of forensic sciences for tlsame question; according to Lidén & Dror (2021), this
identification of victims of human rights violations thatheterogenicity can have consequences that may affect
occurred during the military dictatorship (1973-1990fommunication between experts, so the reliability of their
(Quinn, 2014), for which the age estimation has seen theports is both complex and multifaceted. The decision of
most current validations of different methodologies, buhe judicial or administrative authorities that a person be
focused on individuals over the age of 18 (Retamal &ied as an adult depends largely on the legal framework and
Ubelaker, 2011; Aguilera-Muficzt al, 2019, 2020). This a reliable expert report, for which the use and consideration
review agrees with what was previously reported by Fonseaba normative approach that offers an appropriate structure
et al (2015) regarding the fact that there is a striking scarcitf reasoning to support the decision-making process in
of dental age estimation studies in current Chilean and Laforensic age estimation. Siroat al (2021) affirms that,
American children, even more so considering the complethough it does not protect against unfavorable results, this
processes of genetic miscegenation, secular changes aiathework allows the decision-maker to make a coherent
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decision, according to a structured and explicit thouglbjetivo de bdsqueda, de los cuales solo 3 fueron publicados en
process. Legal decision-makers, even though they may fetistas arbitradas. Dos documentos centraron su estudio en la
have the necessary experience to make sound decisions rgsiuracion de los terceros molares superiores e inferiores, uno en
identify and address scientifically complex issues, on Whi(%? maduracion de los segundos y terceros molares inferiores y dos

S umentos en la maduracion de los siete dientes mandibulares
even scientific experts have not reached a consensus. e . L . . _
segun metodologias clasicas. La escasa literatura existente, la casi

proposz:;ll t(_) 6_1pp0|nt more than one expe_rt, _nqt only from ﬂ&%sencia de métodos validados para la poblacion chilena, asi como
same discipline but also from different disciplines to answef fenomeno de inmigracién masiva reportado, hacen necesario un
the same question, will incorporate a healthy “uncertaintyiuevo y profundo enfoque de investigacion cientifica para la apli-
in the case, which will give the decision-maker a moreacion de métodos actualizados.

feasible approach "to be aware of the possibility of expert

disagreement and exercise the sort of damage control”: to ~ PALABRAS CLAVE: Nifios; Chile; Estimacion de la

the extent that the disagreement can be reduced, the leved%td dental; Odontologia forense; Inmigracion.

objectivity of the domain can be reflected (Lidén & Dror,

2021). Professional organizations and scientific societies

have been encouraged to provide guidance to their membBfSFERENCES

on medical, legal and ethical issues inherent in age estimation

to help educate other stakeholders -for example, immigration B . _ . .

judges- on common diffcultes t0 use images to estimafd"LeNLE?, £ Sory Barienos A Moreno azeane, L

age, as well as the most appropriate methodologies for it, in mandibular canines: study in a Chilean sample by Camerierer’s
their scope and limitations (Mishori, 2019). method.Int. J. Morphol., 38(2B22-7, 2020.
Aguilera-Mufioz, F.; Lopez-Lazaro, S.; De Luca, S.; Navarro-Caceres, P.
& Fonseca, G. M. Dental age estimation in adults by pulp/tooth ratio in
lower premolars and canines by orthopantomographs, in a Chilean
CONCLUSIONS samplelnt. J. Morphol., 37(3p59-64, 2019.
Armstrong, R.; Hall, B. J.; Doyle, J. & Waters, E. Cochrane Update. 'Scoping
the scope' of a cochrane revidwPublic Health (Oxf.), 33(1347-50,
This review exposes the insufficient response of 2011

researchers to estimate dental age in children, the limitggenas. I Celis, C. & Hidalgo, A. Método de Demirjian para estimacion
! de edad dentaria en base a estadios de mineralizAnidrSoc. Radiol.

availabi.lity of validated methodolqgies on current Chilean o1 maxilo Facial Chile, 1317-23, 2020.

populations and the consequent insufficient knowledge ahdenas, R. I.; Celis, C. C.; Hidalgo, R. A.; Schilling, Q. A. & San Pedro,
the courts in this regard. The evident and unprecedentedV- J. Dental age estimation using the Demirjian's method in children 5
increases in migratory phenomena in a country prone to to 15 years of age in Curicé, Chilat. J. Odontostomat., 8(3)53-9,

natural diSQSters such as Chile, as Well as the po_ten%lneriere, R.; Ferrante, L. & Cingolani, M. Age estimation in children by
challenges in all areas of children's rights, emphasize anmeasurement of open apices in tebth.J. Legal Med., 120(19-52,

imminent need for support from all participants system to 2006. _ _ _
resolve this situation. Cameriere, R.; Ferrante, L.; De Angelis, D.; Scarpino, F. & Galli, F. The
comparison between measurement of open apices of third molars and
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