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ABSTRACT

The aim of this study was to collect soft tissue thickness (STT)
values of an Italian population from 12 bone landmarks, to
improve the facial approximation process for identification
purposes. 100 Italian adults (50 males and 50 females), who had
undergone head CT for clinical purposes, were analysed in order
to expand the database of the Italian population. Average values,
standard deviation and range were collected according to gender
and age and the obtained values were statistically analysed in
order to evaluate any possible significant difference. Only one
landmark was statistically significant associated with sex, females
showed significantly higher values for para-zygomaxillary. Two
landmarks were statistically significant associated with age,
upper incisor and pogonion. The obtained results were
compared with the existing literature. Such information can be
useful in the forensic craniofacial reconstruction process and can
facilitate choosing the most suitable STT values according to
osteological analysis of the human remains.

INTRODUCTION

Facial approximation is a method that reproduces the facial
soft tissue of an individual, considering tissue depth landmarks
on the bone surface of the skull. In recent research, this is a
useful tool in the forensic investigation of human identification
4, The reproduction of the facial features is conditioned by
the soft tissue thickness and the underlying bone surface s5-8
that is sufficiently distinctive and provides a unique facial
appearance even by the application of average facial soft tissue
thickness 9. For this purpose, measurements of soft tissue
thickness are taken at predefined bone landmarks. In the first
studies aimed at establishing facial soft tissue thickness, these
values were taken using the needle puncture technique on
cadavers -6, Through the development of medical imaging
techniques, subsequent studies were conducted on living
individuals in order to minimise the error due to the post
mortem changes 7 8. These studies used different imaging
methods for the soft tissue thickness measurements like
cephalometric X-ray 8-22, ultrasound 2-27, magnetic resonance
28, 29 and computed tomography/cone beam computed
tomography 9 30-36,

In forensic facial approximation, as landmarks should be
located with precision on the bone surface, it is convenient to
utilise CT scans 3° 37. In the literature, many studies are
conducted using this technique with sample size ranging from 1
to 500 individuals but generally these samples tend to include
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less than 40 individuals on average 2.
Furthermore, many population groups have been
investigated but few studies have been conducted
on Caucasian populations 9 15 32 37-41 and only two
studies '8 33 on Italian population groups.

The aim of this study was to obtain STT
measurements for a large Italian population
group according to gender and age, and to
compare the results with the existing literature to
assess whether there are significance differences
in tissue thicknesses that are useful during facial
reconstruction procedures.

MATERIAL AND METHODS

Facial soft tissue thicknesses were measured on
the head CT scans of 100 Italian adults: §0 males
and 50 females, aged between 18 and 98 years. All
of them underwent CT scans for clinical reasons
not related to this study, so the individuals were
not exposed to radiation only for the purpose of
this research. As a retrospective study, patient
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details such as height and weight could not be
obtained since not required at the time of the
radiological investigation, thus both thin and
obese subjects were included in the sample.
Our hospital ethics committee was not
involved because CT scans were anonymous
and only data on age and sex was available; in
addition, we did not introduce a new type of
intervention on patients. Furthermore, patients
with trauma, fractures, malformations or any
other congenital or acquired abnormality that
could influence the shape of the face or the
measurements of the tissue thickness were
excluded from the sample.

For this study, 12 osteological landmarks (listed
and described in Table 1) were considered and
the tissue thickness of each one was measured.
These landmarks were selected because of the
ease of their localisation on the CT scans and
their representativeness of the inter-individual
variation and of the facial physiognomy 3.

Table 1. Description of landmarks. *Landmarks defined by Rhine and Campbell {11} fLandmarks
defined by Aulsebrook et al. {8]. {Landmarks defined by Cavanagh et al. {37}. {Landmarks defined by De
Donno et al. {33}

LANDMARK

DEFINITION

Sub-orbital *

Below the orbit, on the lowermost margin of the orbit.

Nasion * Midpoint of the suture between the frontal and the two nasal bones.
Rhinion * Anterior tip of the nasal bones, on the internasal suture.
Zygion t Point on the maximum lateral outer curvature of the zygoma.
Zygomaxillary T Lowest point on the suture between the zygomatic and maxillary bones.

Para-zygomacxillary §

Point between the horizontal and the oblique/vertical part of the zygomatic bone.

Para-midphiltrum §

The most internal point of the curvature of the maxillary bone in the midline.

Upper incisor

The most anterior point of the maxillary crest in the midline.

Lower incisor

The most anterior point of the mandibular crest in the midline.

Gonion * The most lateral point on the mandibular angle.
Pogonion b The most anterior projecting point in the midline on the chin.
Menton d The lowest point on the mandible.
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Because the head CT scans were focused on the
craniofacial region, it was not possible to consider
on each CT scan all the landmarks taken into
consideration.

Measurements of facial soft tissue thickness were
obtained using a Multi Detector row Computed
Tomography (MDCT) available at Interdisciplinary
Department of Medicine (DIM), Diagnostic
Imaging Section, University of Bari, Italy. CT
examinations were performed by a 128-row system
(Somatom Definition AS; Siemens Healthcare,
Forchheim, Germany), using the following
acquisition parameters: collimation 160 x 0.5 mm,
increment o.ymm, rotation time 1 s; 120/200-280
kVp/mAs. Automatic dose modulation system was
used in all cases (effective dose: <2 mSv).

The obtained data were transferred and analysed
on a workstation (HP XW 8600) equipped with
image reconstruction software (Vitrea FX 2.1,

Figure 1. Coronal, sagittahorizontal sli
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Vital Images, Minneapolis, MN, USA). In order
to take accurate measurements, this tool allows
the visualisation of three planes of study: axial,
coronal, and sagittal at the same time.

The measurements were taken using an optimal
soft tissue window (window width: 350—400
Hounsfield Unit (HU) and window level: 20—-60
HU), as follows: first, the landmarks were
precisely localised on the skull according to the
three planes, then the measurements were taken
perpendicular to each landmark, the length of the
line projecting from the skeletal to the facial
landmark was considered the thickness of the
facial soft tissue (Figure 1 and 2). To assess
measurement reliability, these steps were
repeated by two independent blinded radiologists
with 23 and 2 years of experience in CT; any
disagreement was resolved by open discussion
and consensus.

ces: example of STT measurements.
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Data were reported in an Excel database and a
statistical analysis was performed using StatarsMP
software (StataCorp LLC, College Station, Texas).
First, basic descriptive statistics including mean,
range (between minimum and maximum), standard
deviation, and interquartile range were calculated for
each landmark and, in future, these values could be
used for facial reconstruction purposes.

The differences between the sexes and the
association with age was assessed using Student’s t-
test and linear regression. All independent variables
with a p-value < 0.25 were considered eligible for
inclusion into the multivariate analysis. Then,
multivariate logistic and linear regression models
were used to investigate independent characteristics
associated with sex (Model 1) and age (Model 2).

The following independent variables were included
in both Models: sub-orbital, nasion, rhinion, zygion,
zygomaxillary, para-zygomaxillary, para-midphiltrum,
upper incisor, lower incisor, gonion, pogonion, and
menton. A stepwise procedure was applied to obtain
the final models and the results of the multivariate
analysis were expressed in odds ratios (ORs) and 95%
confidence intervals (ClIs), with a statistically
significant level of p-value 0.05.

RESULTS
Table 2 shows the descriptive statistics for the facial
soft tissue thickness and the comparisons between
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males and females. 12 biometric measurements
were taken into consideration on 100 head CT
scans of Italians adults (50 males and 50 females)
aged between 18 and 98 years. The mean age was
58.5 for females and 60.3 for males. Every
measurement in this study could not be recorded
for each CT scan because some scans included
only the upper half of the face. Therefore,
measurements had different sample size (N): the
sample was complete for sub-orbital, nasion,
zygion, and zygomaxillary; for the other landmarks
the sample are smaller (rthinion=94; para-
zygomaxillary=99; para-midphiltrum=52; upper
incisor=48; lower incisor/pogonion/menton=21, and
gonion=20). The smallest values were obtained
from three landmarks of the upper area of the
skull: rhinion, nasion, and zygion; the largest, from
para-midphiltrum, upper incisor, and lower incisor
that are landmarks of the lower area. The standard
deviation (SD) was calculated for each landmark.
Lower incisor, upper incisor, and nasion had the
lowest values of SD; gonion, sub-orbital, and
rhinion the highest; the other landmarks had an
intermediate value of SD. So, measurements are
strictly similar among them if a low value of SD is
obtained. In this study, SD values (minimum value
of 1.2, maximum value of 4.1) are satisfactory:
considering that all measurements are expressed in
millimeters, there is a minimal variability.

Table 2. Comparison of the facial soft tissue thicknesses [mml between Italian males and Italian females.

Landmarks Males Females
N | Mean | SD |[Min| Max | IQrange| N | Mean | SD | Min | Max | IQrange

Sub-orbital 50| 8.6 2.8 | 37 17.7 6.8-10 50 7.4 3.0 | 3.6 | 14.6 | 4.9-10.3
Nasion 50 8.3 2.0 4 13.14 7.279.3 50 7.3 17 | 3.5 | 12.8 6.1-8.2
Rhinion 47 | 4.9 2.9 | 2.8 19.5 3.7-4.8 47 4.2 1.9 | 2.4 I1 3.2°4.4
Zygion 50 | 7.6 21 | 4.1 12.5 5.979.7 50 8.2 2.6 | 37 | 16.2 6.4710
Zygomaxillary so0| 89 2.4 4 12.6 6.8-11 50 9.5 35 | 4.8 | 19.8 | 6.5-11.4
Para-zygomaxillary | 49 | 8.4 1.4 | 4.9 I1.7 7.579.3 50 9.5 2.3 | 4.6 | 14.8 7.5711.2
Para-midphiltrum | 29 | 13.4 | 21 | 7.6 | 17.9 | 1237144 | 23 12.3 1.6 | 9.1 | 15.4 | I1.2713.2
Upper incisor 27 | 109 | 1.9 | 73 14.9 9.7-11.7 21 10.3 1.9 | 7.8 | 143 | 9.1-11.8
Lower incisor 12 | 104 | 1.2 | 92 | 12.4 9.4711.6 9 10.§ 1.3 | 88 | 129 | 94112
Gonion I1 9.7 37 | 6.4 17.1 7-10.9 9 10.4 | 48 | 6.3 | 171 7.1-16.3
Pogonion 13 | 103 1.6 | 7.8 14.1 9.4-10.8 8 9.9 2.5 | 71 14 8.4 117
Menton 13 9.6 2.8 | 53 15.6 8.7-11.5 8 9.4 1.3 | 77 | 121 8.8-9.7

N: number of measurements; SD= standard deviation; Min: minimum value; Max: maximum value; IQ range = interquartile range
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Sexual differences

All the median values of facial soft tissue
thicknesses were larger in males when compared
to females except for zygion, zygomaxillary, para-
zygomaxillary, lower incisor, and gonion (Table 2).
The results of the bivariate analyses were
reported in Table 3. The results obtained from
the multivariate logistic regression model showed
that only one landmark was statistically
significant associated with the sex. Females
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showed significantly higher value of para-
zygomaxillary; the other measurements did not

present significantly differences between females
and males (Table 4).

Age differences

The comparison of the facial STT with the age
analyzed by multiple linear regression analysis
revealed that STT differed significantly for upper
incisor and pogonion (Table 5).

Table 3. Basic descriptive statistics of facial soft tissue thicknesses {mml].

Landmarks N Mean SD | Min Max Sex Age
Sub-orbital 100 8 3 3.6 17.7 0.0573* 0.007*
Nasion 100 7.8 1.9 3.5 13.1 0.0122% 0.037*
Rhinion 94 4.6 2.4 2.4 19.5 0.1548* 0.411
Zygion 100 7.9 2.3 3.7 16.2 0.2150" 0.136*
Zygomaxilla 100 9.1 3 4 19.8 0.3260 0.427
Para-zygomaxillary 99 8.9 2 4.6 14.8 0.0094* 0.720
Para-midphiltrum 52 12.9 2 7.6 17.9 0.0603* 0.574
Upper incisor 48 10.6 1.9 7.3 14.9 0.2686 0.157*
Lower incisor 21 10.§ I.2 8.8 12.9 0.8284 0.342
Gonion 20 10 4.1 6.3 17.1 0.7056 0.456
Pogonion 21 10.2 2 7.1 14.1 0.6438 0.018*
Menton 21 9.5 2.3 5.3 15.6 0.8835 0.212*
*Student’s-t test (p < 0.25) for statistical differences related to genders and age.
N: number of measurements; SD= standard deviation; Min: minimum value; Max: maximum value.
Table 4. Multivariate analysis results for sex.
Landmark Odds Ratio | Standard Error | P value 95% Confident interval
Suborbital 1.412714 .2551653 0.056 .991539 - 2.012792
Nasion 1.776511 .5514621 0.004 .966805T - 3.26435
Rhinion 1.262562 1799544 0.102 9548388 - 1.669458
Zygion .6661141 1733119 o.118 .4000185 - 1.109219
Parazygomaxillary | .5408493 1668579 0.046 2954414 ~ .990105
Para-midphiltrum 1.306336 2636784 0.186 .8795158 - 1.940289
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Table 5. Multivariate analysis results for age.

Landmark Standard Error P value 95% Confident interval
Suborbital 1,843026 0,184 -6.494208 — 1.362426
Nasion 3.495582 0.233 -3.107105 — 1179421
Zygion 3.05681 0.318 -3.355256 — 9.675616
Upper incisor 1.850748 0.01 -8.855647 —-.9277276
Pogonion 2.52005 0.00 -12.9089 —-2.163626
DISCUSSION

Facial approximation is a technique used in
forensic anthropology to create a facial
appearance based on the skull morphology of an
unidentified body. The usefulness of this
technique is related to the human ability to
identify a known face even if it is not identical
with the given one.4> For this reason, population
studies on soft tissue thickness are important to
verify the association between facial
approximation and biological data (such as race,
sex, and age).’8 In this study, data on facial soft
tissue thickness measured on 100 CT scans of
Italian males and females were collected. The
landmarks taken into consideration were the
easiest to identify due to correspondence to well-
defined anatomical structures.33s The reduced
sample size for some landmarks resulted from the
scanning technique used for head CT, in which
the primary concern is the lowest possible level
of radiation to patients. Nevertheless, this sample
represent the largest data set reported in the
literature on ST'Ts for an Italian adult population.
Because of the lack of information on patients’
BMI, along with STTs’ mean values, values are
reported in common with other studies.’9 In this
way it is possible to fit the resulting facial
approximation to body constitution. For this
reason, in Table 1 the ranges of values are
reported along with the means and standard
deviations, separately for gender groups. This
could be an important element in forensic
approximation as it is known in the literature
that even if the STTs’ changing had minimal
effect on the facial form, this affected the
subjective recognition significantly.

Sexual differences
In this study, all the landmarks were larger in
males than in females except for zygion,

zygomaxillary, para-zygomaxillary, lower incisor,
and gonion. Nevertheless, only para-
zygomaxillary was statistically significant
associated with the sex. The higher values of
males were reported by other authors in different
studies 9: 13 14 22, 23, 28, 41-43 even if some differences
were found.

For example, comparing our data with a
population of a different ancestry 22, like an Asian
population, the mean values of the present study
were higher for the nasal and mental area and
lower for the oral area. In addition, they reported
lower values in males than in females only for the
pogonion landmark.

Comparing our data with other Caucasian
populations 9 4 the mean values of the present
study were overall higher for the landmark
related to the nasal and orbital area and lower for
the oral and zygomatic area. In the Slovak study
they reported all the values higher in males than
in females, on the contrary, in the present study
and in the Czech study some landmarks are
higher in females than in males. Furthermore,
both Slovak and Czech studies described a
gender statistical difference in most of the
landmarks in contrast to the present results.

Age differences

Considering different ages, in this study the
statistical analysis showed a statistical relevance
of STTs for only two landmarks: upper incisor
and pogonion. This evidence should be further
investigated in future studies with a broader
sample in order to assess age differences.

In this case, the comparisons with other
Caucasian populations are variable in different
studies. The statistical analysis in the Slovak
population 4 is completely different compared
with the present results: a significant difference
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was found for other landmarks such as
midphiltrum and orbital landmarks. In a Turkish
population 39 the differences were found
especially for landmarks of the nasal area and
even of the oral area, according to the present
study and to Wilkinson s and De Greef 44 studies.

Therefore, the present results revealed that even
in the same racial group, the STTs differ from
one population to another. For this reason, in the
facial approximation process population
differences should be taken into consideration
and different population data sets of STTs should
be considered even for gender and age
differences.

CONCLUSIONS

This study aimed to bring a valuable contribution
to the European values of STTs for facial
approximation, since there were only a few
previous data sets on the average soft tissue
values for the Italian population. Facial
approximation is a valuable tool in the
identification process, especially in the early
stages and in cases where very little information
is available on the identity of the deceased. So,
even in the absence of evidence useful for
personal identification of skeletal remains, a
possible face should be generated taking into
account only sex and population data, facial
approximation could be successful in the
identification process.9

Statistical analysis was performed in order to

REFERENCES

1. Donato L, Cecchi R, Goldoni M, Ubelaker DH.
Photogrammetry vs CT Scan: Evaluation of Accuracy of
a Low-Cost Three-Dimensional Acquisition Method for
Forensic Facial Approximation. J Forensic Sci.
2020;65(4):1260-1265. doi:10.1111/1556-4029.14319

2. Wilkinson C. Facial reconstruction — anatomical art or
artistic anatomy? J Anat. 2010;216(2):235-250. doi:10.1111/
j-1469-7580.2009.01182.x

3. Stephan CN, Simpson EK. Facial soft tissue depths in
craniofacial identification (part I): An analytical review
of the published adult data. 7 Foremnsic Sci.
2008;53(6):1257-1272. doi:to.rr11/
j-1556-4029.2008.00852.x

4. Stephan CN. Do resemblance ratings measure the
accuracy of facial approximations? J Forensic Sci.
2002;47(2):239-243.

5. Wilkinson C. Forensic Facial Reconstruction,. Cambridge
University Press; 2004.

6. Starbuck JM, Ward RE. The affect of tissue depth

Vol 40 n. 1 - Apr - 2022

assess the differences considering sex and age of
the individuals. Considering sex and age
differences, this study provides preliminary data
about the impact of sex and ageing on the
evaluation of STTs for facial approximation. The
statistical results obtained in this study have an
ancillary statistical role in the STTs’ evaluation,
however, more data should be collected in
further studies with larger samples. Likewise,
there are also population differences comparing
the results of the present study with other
studies also carried out on a Caucasian
population.

The STTs’ measurements obtained in this study
can be collected with other data sets 3 33 in a
single database for craniofacial reconstruction
of an Italian population in forensic cases or in
future research studies. We believe that further
studies are needed in order to enlarge the
population sample, to provide additional
information on the variability of STTs according
to different variables. This will be useful to
calculate a mathematical formula that would
quickly calculate mean values for the facial
reconstruction process. This could increase the
reliability of facial approximation according to
specific geographical context and anthropological
data.

ACKNOWLEDGEMENTS
The authors thank Flavio Mele for his revision
and support.

variation on craniofacial reconstructions,. Forensic Sci Int.
2007;172(2-3):130-136. doi:10.1016/j.forsciint.2007.01.006

7. Gerasimov MM. The Face Finder. J.B. Lippincot; 1971.

8. Aulsebrook WA, Becker PJ, Iscan YM. Facial soft tissue
thickness in the adult male Zulu. Forensic Sci Int.
1996;79:83-102. doi:10.1016/0379-0738(96)01893-2

9. Panenkovd P, Benu$ R, Masnicova S, Obertova Z, Grunt
J. Facial soft tissue thicknesses of the mid-face for
Slovak  population.  Forensic  Sci  Int.
2012;220(1-3):293.€1-293.€6. doi:10.1016/
j-forsciint.2012.02.015

10. Suzuki K. On the thickness of the soft tissue parts of the
Japanese face. JAnthropol Soc Nippon. 1948;60:7-11.

11. Rhine JS, Campbell HR. Thickness of facial tissues in
American blacks. J Forensic Sci. 1980;25:847-858.

12. Rhine JS, Moore CE, Weston JT. Facial Reproduction
Tubles of Facial Tissue Thicknesses of American Caucasoids in
Forensic Anthropology, Maxwell Museum Technical Series No.
1. University of New Mexico, Alburquerque; 1982.

40



JFOS - Journal of Forensic Odonto-Stomatology

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Simpson E, Hennenberg M. Variation in soft tissue
thickness on the human face and their relation to
craniometric dimensions. Am_J Phys Anthr. 2002;118:121—
133. doi:10.1002/ajpa.10073

Domaracki M, Stephan CN. Facial soft tissue thickness
in Australian adult cadavers. J Forensic Sci. 2006;51(D):5-
10. doi:10.1111/}.1556-4029.2005.00009.X

Codinha S. Facial soft tissue thicknesses for the
Portuguese adult population. Forensic Sci Int.
2009;184(1-3):80.e1-80.¢7. doi:10.1016/
j-forsciint.2008.11.011

Tedeschi-Oliveira SV, Haltenhoff Melani RF, de Almeida
NH, de Paiva LA. Facial soft tissue thickness of
Brazilian adults. Forensic Sci Int. 2009;193:127.€1-127.€7.
doi:10.1016/j.forsciint.2009.09.002

Huete MI, Ibdnez O, Wilkinson C, Kahana T. Past,
present, and future of craniofacial superimposition:
Literature and international surveys. Leg Med.
2015;17(4):267-278. doi:10.1016/j.legalmed.2015.02.001
Gibelli D, Collini F, Porta D, et al. Variations of midfacial
soft-tissue thickness in subjects aged between 6 and
18 years for the reconstruction of the profile: A study
on an Italian sample. Leg Med. 2016;22:68-74. doi:10.1016/
jlegalmed.2016.08.005

Smith SL, Buschang PH. Midsagittal facial tissue
thicknesses of children and adolescent from Montreal
growth study.  Forensic Sci. 2001;46(6):1294-1302.
Utsuno H, Kageyama T, Deguchi T, Yoshino M,
Miyazawa H, Inoue K. Facial soft tissue thickness in
Japanese female children. Forensic Sci Int. 2005;152:101~
107. doi:10.1016/j.forsciint.2004.07.010

Utsuno H, Kageyama T, Uchida K, et al. Pilot study of
facial soft tissue thickness differences among three
skeletal classes in Japanese females. Forensic Sci Int.
2010;195:165.e1-165.€5. doi:10.1016/j.forsciint.2009.10.013
Wang J, Zhao X, Mi C, Raza I. The study on facial soft
tissue thickness using Han population in Xinjiang.
Forensic Sci Int. 2016;266:585.e1-585.€5. doi:10.1016/
j-forsciint.2016.04.032

Manhein MH, Listi GA, Barsly RE, Musselman R,
Barrow NE, Ubelaker DH. In vivo facial tissue depth
measurements for children and adults. 7 Forensic Sci.
2000;45:48—60.

El-Mehallawi IH, Soliman EM. Ultrasonic assessment of
facial soft tissue thicknesses in adult Egyptians. Forensic
Sci Int. 2001;117:99-107. doi:10.1016/
$0379-0738(00)00453-9

Wilkinson CM. In vivo facial tissue depth measurements
for white British children. ¥ Forensic Sci. 2002;47(3):459—465.
Smith SL, Throckmorton GS. A new technique for
three-dimensional ultrasound scanning of facial tissues. ¥
Forensic Sci. 2004;49(3):1-7.

De Greef S, Claes P, Vandermeulen D, Mollemans W,
Suetens P, Willems G. Large-scale in vivo facial soft
tissue thickness database for craniofacial reconstruction.
Forensic Sci Int. 2006;1565:126-146. doi:10.1016/
j-forsciint.2006.02.034

Sahni D, Sanjeey, Singh G, Jit I, Singh P. Facial soft tissue
thickness in northwest Indian adults. Forensic Sci Int.
2008;176(2-3):137-146. doi:10.1016/j.forsciint.2007.07.012
Vander Pluym J, Shan WW, Taher Z, et al. Use of magnetic
resonance imaging to measure facial soft tissue depth. Cleft
Palate Craniofac J. 2007;44:52—57. doi:10.1597/04-191

30.

3I.

32.

33

34.

35.

36.

37-

38.

39-

40.

41.

42.

43.

44.

Vol 40 n. 1 - Apr - 2022

Phillips VM, Smuts NA. Facial reconstruction:
utilization of computerized tomography to measure
facial tissue thickness in a mixed racial. Forensic Sci Int.
1996;83:51-59. doi:10.1016/0379-0738(96)02010-5

Lee WJ, Wilkinson CM, Hwang HS. An accuracy
assessment of forensic computed tomography from live
employing cone-beam computed tomography from live
subjects. J Forensic Sci. 2012;57:318—327. doi:ro.1111/
j-1556-4029.2011.01971.X

Guyomarc’h P, Santos F, Dutailly B, Coqueugniot H.
Facial soft tissue depths in French adults: Variability,
specificity and estimation. Forensic Sci Int.
2013;231(1-3):411.€1-411.€10. doi:to.1016/
j-forsciint.2013.04.007

De Donno A, Sablone S, Lauretti C, et al. Facial
approximation: Soft tissue thickness values for
Caucasian males using cone beam computer tomography.
Leg Med. 2019;37:49-53. doi:10.1016/
jlegalmed.2019.01.002

Hwang HS, Park MK, Lee WJ, Cho JH, Kim BK,
Wilkinson CM. Facial soft tissue thickness database for
craniofacial reconstruction in Korean adults. 7 Forensic
Sci. 2012;57(6):1442-1447. doi:to.1111/
j-1556-4029.2012.02192.X

Masoume J, Farzad E, Mohaddeseh M. Facial Soft Tissue
Thickness in North-West of Iran. Adv Biosci Clin Med.
201553:29734.

Perlaza Ruiz NA. Facial soft tissue thickness of
Colombian adults. Forensic Sci Int. 2013;229(1-3):160.€1-
160.e1609. doi:10.1016/j.forsciint.2013.03.017

Cavanagh D, Steyn M. Facial reconstruction: Soft
tissue thickness values for South African black
females. Forensic Sci Int. 2011;206(1-3):215.€1-215.€7.
doi:ro.1016/j.forsciint.2011.01.009

Somos CP, Rea PM, Shankland S, Kranioti EF.
Medical Imaging and Facial Soft Tissue Thickness
Studies for Forensic Craniofacial Approximation: A
Pilot Study on Modern Cretans. Adv Exp Med Biol.
2019;1138:71-86. d0i:10.1007/978-3-030-14227-8_6
Bulut O, Sipahioglu S, Hekimoglu B. Facial soft
tissue thickness database for craniofacial
reconstruction in the Turkish adult population.
Forensic Sci Int. 2014;242:44-61. doi:10.1016/
j.forsciint.2014.06.012

Thiemann N, Keil V, Roy U. In vivo facial soft tissue
depths of a modern adult population from Germany. Int
F Legal Med. 2017;131(5):1455-1488. doi:10.1007/
S00414-017-1581-y

Drgacova A, Dupej J, Veleminskd J. Facial soft tissue
thicknesses in the present Czech Population. Forensic Sci
Int. 2016;260:106.e1-106.e¢7. doi:10.1016/
j-forsciint.2016.01.011

Prag J, Neave R. Making Faces: Using Forensic and
Archaeological Evidence. British Museum Press, London;
1997.

Stephan CN, Norris RM, Henneberg M. Does sexual
dimorphism in facial soft tissue depths justify sex
distinction in craniofacial identification? J Forensic Sci.
2005;50(3):513-518.

De Greef S, Vandermeulen D, Claes P, Suetens P,
Willems G. The influence of sex, age and body mass
index on facial soft tissue depths. Forensic Sci Med Pathol.
2009;5(2):60-65. doi:10.1007/512024-009-9085-9

41



