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Abstract

A steady increase in distribution of child pornographic ma-
terial has been observed in recent years. Correct age approxi-
mation from this material is crucial for answering the question
if person depicted on photography is under the age of legal pro-
secution and the time of sexual abuse of children. At the pre-
sent, forensic scientists still use Tanner method of secondary
sexual traits evaluation although the unreliability of this me-
thod was proven.

This study is inspired by previous projects which took part
in Italy, Germany and Lithuania. The main aim of present stu-
dy is to verify the method of facial indices for age evaluation
from photographs of the children faces.

In this study, 149 facial pictures of children from 5 age ca-
tegories (6-8 y., 9—11y., 12-14 y,, 15-17 y., 18-19 y.) under-
went a metric analysis. Individuals were from Slovak Republic
with no craniofacial trauma. Twenty-three indices (eighteen
from frontal view and five from lateral view) were calculated
from obtained measurements.

The age was correctly estimated in 16.23% in girls and
in 26.42% in boys. The most appropriate indices for age appro-
ximation based on photographs were indices of width measure-
ments (nasal and labial width, interpupillary distance, intercan-
thal width, biocular width) and indices of height measurements
(nasal height and physiognomic upper facial height).

Keywords: facial measurements, facial indices, facial growth,
child pornography, age approximation

Introduction

In recent years a great increase in the diffusion of child por-
nographic material has been observed. The progress of new
technologies as a criminal tool is a serious problem leading
to a profitable criminal business. Particularly, with regards to
the increasing issue of this type of child abuse (Cattaneo et al.,
2009; Cattaneo et al., 2012; Cummaudo et al., 2014; Europol,
2012; Ratnayake et al., 2013). For this reason, more and
more, the approximation of age of the victims on 2D materi-
al plays an essential role for the legal implications concerning
pornography.

The crime of child pornography is based on the specific
ages each country considers as relevant. From 2003, any person

under the age of 18 years in defines as being a child in this con-
text within the European Union. Therefore, the difficulty lies
in the assessment of child’s age on photography and verifying
whether the material is pedo-pornographic. The very important
is also a time of sexual abuse of a child (Cattaneo et al., 2009;
Ratnayake et al., 2013).

According to Cattaneo et al. (2012), until now, there is no
scientifically established method for age evaluation based enti-
rely on 2D images. The conventional methods such as evalua-
tion of secondary sexual traits (Tanner method) or a possibility
to evaluate dental eruption and development are highly limited
and unreliable due to the large inter- and intra- individual varia-
bility (Ratnayake et al., 2013; Cunha et al., 2009).

For this reason, recent research, inspired by previous
European projects already mentioned, is focused towards
the study of facial parameters as age indicators. Based on the re-
sults, metric assessment of facial proportions on images could
be used for forensic age approximation. In fact, there are age-
related changes in facial growth, which can be observed in li-
ving individuals, are as well reflected in photographs. And
secondly, the several indices taken from photographs correla-
te closely with age (Cattaneo et al., 2012; Cummaudo et al.,
2014).

Aim

The aim of this study was to verify the applicability of facial
indices in age approximation from photography of face and find
the most appropriate indices for age approximation. The other
aim of this study was to identify indices with the highest in-
crement between the age categories.

Methodology

An anthropometric analysis is based on the sample of in vivo
measurements of 291 girls and 249 boys aged between 6 and
19 years and of in photo facial measurements of 123 girls
and 26 boys aged between 6 and 21 years (Table 1). Children
have no facial pathologies or deformities and are from Slovak
Republic.

In vivo measurements were realized at schools in Slovak
Republic with previous written permission of parents. The
in vivo measurements were defined according to Kolar and
Salter (1996) and included: bifrontotemporal distance (ft-ft),
bizygomatic width (zy-zy), interpupillary distance (pu-pu),
intercanthal width (en-en), biocular width (ex-ex), nasal width
(al-al), labial width (ch-ch), physiognomic upper facial height
(se-sto), nasal height (se-sn), nasal bridge length (se-prn), nasal
depth (prn-sn), physiognomic ear length (sa-sba), physiogno-
mic ear width (pa-pra).

The statistical analysis of measured data was performed in
Microsoft Excel 2007 and SPSS software, version 17.0 (SPSS
Inc, 2008). Statistically significant differences in consequential
age groups of girls and boys were tested with non-parametric
Kolmogorov-Smirnov test. According to statistically signi-
ficant differences between particular ages the sample of girls
and boys was divided into 5 age categories: 6.00-8.99 years,
9.00-11.99 years, 12.00-14.99 years, 15.00-17.99 years and
18— 19.99 years (Table 1).

Next, 22 indices for each age category of girls and boys were
calculated: seventeen indices in frontal view (sesn/pupu, pupu/
sesto, enen/sesn, enen/sesto, sesn/exex, sesto/exex, alal/sesn,
alal/sesto, chch/pupu, chch/exex, enen/chch, alal/chch, chch/
ftft, sesn/ftft, sesto/ftft, sesn/zyzy, sesto/zyzy) and five indices
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Table 1. Distribution of children from in vivo and in photo measurements within different groups

according to decimal age

In vivo measurements

In photo measurements

Age category e b Age category s B
(years) n n (years) n n
6.00-8.99 55 49 6.00-8.99 13 8
9.00-11.99 63 63 9.00-11.99 12 3
12.00-14.99 88 62 12.00-14.99 22 2
15.00-17.99 54 51 15.00-17.99 29 5
18.00-19.99 31 24 18.00-21.99 47 8
Total 291 249 Total 123 26

Figure 1. The result of age approximation from in photo mea-
surements of girls” and boys’ faces
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in lateral view (prnsn/sesto, seprn/sesn, seprn/sesto, sesn/sesto,
prapa/sasba). These indices were chosen on the basis of previ-
ous study of Cummaudo et al. (2014) and Cattaneo et al. (2012).
Each index was defined as a ratio between two linear measu-
rements (for example: index sesn/pupu was defined as a ratio
between nasal height and interpupillary distance). For indices
in each age category of girls and boys was calculated Minimum
(Min), Maximum (Max), Mean (M.) and Standard deviation
(SD). Based on the obtained results, equations for each index
were calculated. They were used for the age approximation.
In vivo measurements were used as a norm.

The set of facial photographs of known age is based on in-
dividuals who provided their photographs voluntarily. This
sample is not standardized and there is no data set of in vivo
measurements for each subject on photograph. Into the study
were included photographs with faces oriented in frontal and
lateral view. Photographs with faces oriented in the other view
were excluded.

Next each facial photograph underwent metric analysis
in software Digimizer, version 4.5.2 (MedCalc Software, 2011).
First landmarks were placed on the photograph and then di-
stances between two landmarks were measured. Measurements
were the same as in the in vivo sample. Then, 22 in photo indi-
ces were calculated and were put into the equations to estimate
the age. The result was then compared to known age of person
depicted on photography.

Results

The result of age approximation by means of equations was
one of five age categories (6.00-8.99 years, 9.00-11.99 years,
12.00-14.99 years, 15.00-17.99 years and 18-19.99 years)
for each index. From the total number of approximations,
the age was correctly estimated in 16.23% of indices in girls
and in 26.42% of indices in boys (Figure 1). Correct approxi-
mation means that the estimated age category coincided with
real age of person depicted in photograph. Age was estimated
incorrectly in 28.24% in girls and in 21.41% in boys (the esti-
mated age category did not coincided with real age of person
depicted in photograph). In more than 50% the age was not es-
timated in girls and boys because of impossibility to calculate
some indices (for example index sesn/ftft: if it was not possible

to measure bifrontotemporal distance in the photograph, the va-
lue of index equated 0). Some distances was not possible to me-
asure because of hair in the forehead, hair along the face, etc.
After exclusion of those cases, the age was estimated correctly
in 39.90% of all cases.

Figure 2 presents indices with the highest percentage of su-
ccess in age approximation: sesn/pupu (28.86 %), enen/sesn
(30.20%), sesn/exex (34.23%), sesto/exex (25.50%), alal/sesn
(34.23%), chch/pupu (25.50%), chch/exex (27.52%). The su-
ccess of the other indices was lesser than 25%.

The other aim of this study was to identify the time of the bi-
ggest changes in facial proportions in the consequential age
groups of girls and boys. As seen in Table 2, the most stati-
stically significant differences between indices were found
between age categories 6.00-8.99 and 9.00-11.99 in girls and
12.00-14.99 and 15.00-17.99 in boys. The number of growth
changes between other consequential age categories of girls and
boys was lesser. Facial proportions in girls” faces start to change
earlier, from 6.00-8.99 t0 9.00 11.99 years, whereas boys” faces
start to change later, from 12.00-14.99 to 15.00-17.99 years.
Indices: sesn/pupu, chch/exex, chch/ftft, sesn/ftft, sesto/ftft
in girls and sesn/pupu, chch/exex, sesn/exex, chch/pupu, chch/
ftft, sesn/ftft, sesn/zyzy, sesto/zyzy in boys were increasing
with age. Indices decreasing with age were the following: enen/
sesn, enen/chch, alal/chch, prapa/sasba in girls and enen/sesn,
enen/chch, and enen/sesto in boys.

According to these results, nasal height, labial width, phys-
iognomic upper facial height and physiognomic ear length grow
faster than interpupillary distance, intercanthal width, biocular
width, bifrontotemporal distance, nasal width and physiogno-
mic ear width in girls. In boys, nasal height, labial width, phys-
iognomic upper facial height grow faster than interpupillary
distance, intercanthal width, biocular width, bifrontotemporal
distance and bizygomatic width.

Discussion

The issue of aging the people depicted in photographs and
videos has become very important especially in cases suspected
of child pornography. The correct age approximation is cru-
cial in forensic practice, where the question of the age plays
an essential role for the legal implications. Experts from foren-
sic anthropology, pathology, pediatrics and other fields are often
asked to estimate the age from photography or video. Current
conventional methods (Tanner method of secondary sexual
traits evaluation and method of dental status evaluation) are not
sufficient. Because of inaccuracy of these methods, researchers
have been trying to find the other way for age approximation.
Their attention is focusing on the face and facial indices as the
most suitable tool for age approximation (Cattaneo et al., 2012;
Cunbha et al., 2009; Schmeling & Black, 2010; Ratnayake et al.,
2013; Kleinberg, 2008; Gibelli et al., 2012).

The use of facial indices is essential because the age-rela-
ted changes in facial growth observed in living individuals are
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Table 2. The in vivo calculated indices with the highest increment in girls and boys from 6.00 to 17.99 years
Girls Boys
Indices 6.00-8.99 y. 9.00-1.99 y. Indices 12.00-14.99y. 15.00-17.99y.
(n =55) (n = 63) p-value (n=62) (n=51) p-value
sesn/pupu 0.884 0.909 0.026* sesn/pupu 0.910 0.952 0.015*
enen/sesn 0.660 0.618 0.034* enen/sesn 0.648 0.600 0.008**
chch/exex 0.503 0.530 0.034* enen/sesto 0.454 0.433 0.025*
enen/chch 0.692 0.635 0.003*%* sesn/exex 0.552 0.578 0.001%**
alal/chch 0.721 0.687 0.003%%* chch/pupu 0.892 0.931 0.012*
chch/ftft 0.417 0.450 0.000***  chch/exex 0.541 0.564 0.000%**
sesn/ftft 0.440 0.463 0.023* enen/chch 0.662 0.613 0.004**
sesto/ftft 0.623 0.651 0.020* chch/ftft 0.456 0.479 0.003%%*
prapa/sasba 0.590 0.553 0.011* sesn/ftft 0.466 0.490 0.003**
- - - - sesn/zyzy 0.404 0.437 0.001%*%*
- - - - sesto/zyzy 0.574 0.606 0.006**

Note: p — statistical significance, *—p < 0.05; **—p < 0,01; ***—p < 0,001

Figure 2. The success of indices in age approximation
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well reflected in photographs and several indices taken from
photographs closely correlate with age (Cattaneo et al., 2012;
Cummaudo et al., 2014).

According to our results, the age was correctly estimated
in 16.23% in girls and in 26.42% in boys. The incorrect appro-
ximations were in 28.24% in girls and in 21.41% in boys.
Remaining indices were not calculated because of impossibility
to measure some distances in photo because of hair in the fore-
head, hair along the face, etc.

Indices with the highest level of success in correct age
approximation were sesn/pupu (28.86%), enen/sesn (30.20%),
sesn/exex (34.23%), sesto/exex (25.50%), alal/sesn (34.23%),
chch/pupu (25.50%), chech/exex (27.52%) in girls and boys.

Our study documents that the most pronounced chan-
ges in facial proportions are observed between the following
age categories: 6.00-8.99 years to 9.00-11.99 years in girls;
12.00-14.99 years to 15.00-17.99 years in boys. These re-
sults were in coincidence with our previous study (Betova,
Benus, & Cvicelova, 2011). Facial structures that grow faster
are: height of the middle face and labial width and structures,
that grow slower are: eyes, bifrontotemporal and bizygomatic
width.

Conclusion

The study presents an innovative method for age approxi-
mation from photographs of children faces based on the facial
indices. With the use of equations, age was correctly estima-
ted in 16.23% in girls and 26.42% in boys. In more than 50%
the age was not evaluated at all. This number is caused by hair
in the forehead, hair along the face, glasses, etc.

The most appropriate indices for age approximation accor-
ding to our study were: sesn/pupu, enen/sesn, sesn/exex, sesto/
exex, alal/sesn, chch/pupu, chch/exex.
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Sihrn

Primarnym cielom Stadie bolo overit’ pouzitenost’ meto-
dy rovnic pri odhade veku z fotografie tvare jedincov. Vek bol
spravne odhadnuty v 16,23 % dievcat a v 26,42 % chlapcov.
V 28,24 % bol u dievcat odhadnuty vek nespravne a u chlapcov
v 21,41 %. Vo viac ako 50 % pripadov nebolo mozné vek od-
hadnut’ vobec, nakol'ko sa ndm nepodarilo na fotkdch zmerat’
vietky rozmery kvéli vlasom pozdiz tvare, ofine, atd’.

Indexy, ktoré sa javia ako najispes$nejSie a najvhodnejSie
pre odhad veku st: sesn/pupu, enen/sesn, sesn/exex, sesto/
exex, alal/sesn, chch/pupu, cheh/exex. Su to predovsetkym in-
dexy Sirkovych (8irka pier a nosa, vzdialenost’ vonkajsich a vn-
utornych o¢nych kutikov a medzizrenicova vzdialenost’) a vys-
kovych rozmerov (vyska nosa a fyziognomickéd vyska hornej
tvare) strednej Casti tvare.

Predlozena studia prezentuje vysledky tykajuce sa rozdielov
v raste diev€enskych a chlapcenskych tvari. Tvare dievcat rasti
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intenzivnejsie v rozmedzi od 6.00-8.99 rokov do 9.00-11.99
rokov, po tomto obdobi uZ rast nie je taky intenzivny. Struktiry
tvare, ktoré rasti u dievcat v tomto veku najviac, st vyskové
rozmery strednej Casti tvare a Sirka pier. U chlapcov nastupuje
Spurt v raste tvare neskor, v rozmedzi od 12.00-14.99 rokov
do 15.00-17.99 rokov, v obdobi, ked’ sa u diev¢at spomal’uje.
Struktury, ktoré rasta intenzivnejsie st podobne ako u dievéat
vyskové rozmery strednej Casti tvare. Pomaly rast bol v skupi-
ne dievéat a chlapcov zaznamenany v oblasti o¢i a Sirkovych
rozmeroch tvare.

KPucové slova: rozmery tvare, tvarové indexy, rast tvdre, det-
ska pornografia, odhad veku

References

Benova, J., Benus, R., & Cvicelova, M. (2011). Facial anthro-
pometry of school children from Slovakia. Ceska antropo-
logie, 61(2), 4-7.

Cattaneo, C., Ritz-Timme, S., Gabriel, P., Gibelli, D., Giudici,
E., Poppa, P, ... Grandi, M. (2009). The difficult issue of
age assessment on pedo-pornographic material. Forensic
Science International, 183(1-3), 21-24.

Cattaneo, C., Obertova, Z., Ratnayake, M., Marasciuolo, L.,
Tutkuviene, J., Poppa, P., ... Ritz-Timme, S. (2012). Can
facial proportions taken from images be of use for ageing
in cases of suspected child pornography? A pilot study.
International Journal of Legal Medicine, 126(1), 139-144.

Cummaudo, M., Guerzoni, M., Gibelli, D., Cigada, A.,
Obertova, Z., Ratnayake, M., ... Cattaneco, C. (2014).
Towards a method for determining age ranges from faces of
juveniles on photographs. Forensic Science International,
239(107), 1-7.

Cunha, E., Baccino, E., Martrille, L., Ramsthaler, F., Prieto, J.,
Schuliar, Y., . . . Cattaneo, C. (2009). The problem of aging
human remains and living individuals: A Review. Forensic
Science International, 193(1-3), 1-13.

Europol. (2012). Child Sexual Exploitation. Fact sheet 2012.
Retrieved 22.09.2015 from the World Wide Web: http://polis.
osce.org/library/t/4063/3775/EU-EU-RPT-4063-EN-3775.

Gibelli, D., Mapelli, A., Obertova, Z., Poppa, P., Gabriel, P.,
Ratnayake, M., ... Cattaneo., C. (2012). Age changes
of facial measurements in european young adult males:
Implications for the identification of the living. HOMO —
Journal of Comparative Human Biology, 63(6), 451-458.

Kleinberg, K. (2008). Facial anthropometry as an evidential
tool in forensic image comparison. PhD thesis. Glasgow:
Forensic Medicine and Science, Division of Cancer Sciences
and Molecular Pathology, University of Glasgow.

Kolar, J. C., & Salter, E. M. (1996). Craniofacial anthropome-
try. Practical measurement of the head and face for clini-
cal, surgical and research use. lllinois: Charles C. Thomas
Publisher Ltd.

MedCalc Software (2011). Digimizer, Version 4.5.2 [Computer
software]. Belgium: Ostend.

Ratnayake, M., Obertova, Z., Dose, M., Gabriel, P., Broker,
H. M., Brauckmann, M., ... Cattaneo, C. (2013). The ju-
venile face as a suitable age indicator in child pornography
cases: A pilot study on the reliability of automated and vi-
sual estimation approaches. International Journal of Legal
Medicine, 128(5), 803-808.

Schmeling, A., & Black, S. (2010). An introduction to the his-
tory of age estimation in the living. In Black, S., Aggrawal,
A., & Payne-James, J. (Eds.). Age estimation in the living.
The practitioners guide (pp. 1-18). Oxford and New Jersey:
Wiley-Blackwell.

SPSS Inc. (2008). SPSS Statistics for Windows, Version 17.0
[Computer software]. Illinois: Chicago.

Puvodni prace

Benova, J., Stankova, J., Benus, R., Zeman, T., & Masnicova,
S. (2016). Facial indices — method of age approximation from
photographic material. Ceskd antropologie, 66(1), 4-7.



