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ABSTRACT: Computed tomography (CT) is used in several clinical dentistry applications even by axial slices and two and
three-dimensional reconstructed images (2D-CT and 3D-CT). The purpose of the current study is to assess the precisi-
on of linear measurements made in 3D-CT using craniometric patterns for individual identification in Forensic Den-
tistry. Five cadaver heads were submitted to a spiral computed tomography using axial slices, and 3D-CT reconstruc-
tions were obtained by volume rendering technique with computer graphics tools. Ten (10) craniometric
measurements were determined in 3D-CT images by two examiners independently, twice each, and the standard error
of intra- and inter-examiner measurements was assessed. The results demonstrated a low standard error of those me-
asurements, from 0.85% to 3.09%. In conclusion, the linear measurements obtained in osseous and soft tissue struc-
tures were considered to be precise in 3D-CT with high imaging quality and resolution.

DESCRIPTORS: Tomography, X-ray computed; Skull; Forensic anthropology.

RESUMO: A tomografia computadorizada (TC) tem sido utilizada em diversas areas clinicas da Odontologia; utilizam-se
tanto seus cortes originais quanto as reconstrugdes em duas e trés dimensoées (2D-TC e 3D-TC). O presente estudo
propde avaliar a precisao das medidas lineares realizadas na 3D-TC, utilizando a craniometria, para fins de identifica-
cao individual na Odontologia Forense. Cinco cabecas de cadaveres foram submetidas a tomografia computadorizada
em espiral por meio de cortes axiais e reconstrucoes em 3D-TC foram obtidas por meio da técnica de volume, utilizan-
do recursos da computacao grafica. Medidas craniométricas (n = 10) foram determinadas nas imagens em 3D-TC por
dois examinadores independentemente, duas vezes cada um, e uma analise de erro padrao percentual das medidas in-
tra- e inter-examinadores foi realizada. Os resultados demonstraram um erro padrao percentual baixo apresentado
por essas medidas, variando entre 0,85% e 3,09%. Em concluséo, as medidas lineares obtidas nas estruturas 6sseas e

tegumentares foram consideradas precisas em 3D-TC, com alta qualidade e resolucédo de imagem.
DESCRITORES: Tomografia computadorizada por raios X; Cranio; Antropologia forense.

INTRODUCTION

The study of anthropometric characteristics is
of fundamental importance to solve problems re-
lated to identification. Craniometric features are
included among these characteristics which are
closely connected to forensic dentistry, since they
can be used to aid in identifying an individual from
a skull, found detached from its skeleton?.

Craniometric analysis is performed by locating
the anthropometric points and determining the
anthropometric measurements, which have al-
ready been established in the literature and subdi-
vided into specific studies and can usually be ob-
tained by simple rulers, calipers and other specific
tools.>"'.

The main advantage of computed tomography
(CT) is that overlaying structures can be visuali-

zed, and less attenuating structures can be distin-
guished from more attenuating structures. Also
the axial and coronal images can be acquired, and
the original data can be reformatted based on diffe-
rent views>>*°,

Associated to the advances in computer grap-
hics, three-dimensional reconstructed images
from CT (3D-CT) have been used in several diffe-
rent clinical applications, as tumor measure-
ments, dental implants planning, evaluation of
craniofacial deformities, and for anthropometric
Studies1,2,3,4,5,8,10,13.

Thus, the purpose of this paper is to present an
innovative methodology for forensic individual iden-
tification, by determining anthropometric measure-
ments using 3D-CT computer graphics resources.

*Graduate student, Forensic Dentistry; **Professor, Department of Social Dentistry; ***Professor, Department of Radiology — School

of Dentistry, University of Sao Paulo.
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MATERIAL AND METHODS

The study population consisted of five cadaver
heads that were scanned in a spiral CT (Toshiba
X-Press) for research purposes, with 3 mm thick
axial slices with 2 mm of reconstruction interval per
second of time, 512 x 512 matrix, 120 kVp and
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FIGURE 1 - Independent workstation (Dell) using Vi-
trea® software.

TABLE 1 - Anthropometric points.

100 mA. The original CT data were stored in a
CD-ROM and transferred to an independent work-
station (Dell 420 Precision, with Windows NT) using
a Vitrea 2.3 version volumetric visualization soft-
ware (Vital Images Inc., Plymouth, MN, USA) (Fig-
ure 1). Multiplanar (coronal and sagittal) and 3D re-
construction of the bone and tegumentar protocols
were obtained simultaneously, based on the origi-
nal axial slices.

The anthropometric points (Table 1) were lo-
cated and the correspondent measurements (Ta-
ble 2) were determined electronically by two ob-
servers twice each, independently, using the
computer software tools (Figures 2, 3, 4 and 5). Vi-
sualization, manipulation and analysis were pos-
sible using preestablished criteria for bone proto-
col and soft tissue protocols. Several parameters
were used:

1. the side to locate lateral points (left);

2. the standardization of frontal and lateral positi-
ons using program functions;

3. the same head position to determine the mea-
surements in the two types of protocols (bone
and soft tissue); and

4. the question whether or not a transparency
should be used.

Afterwards, a standard error percentage analy-
sis was conducted for the bone and soft tissue
measurements — intra- and inter-observers — to
test the precision of these measurements.

N° Abreviations Name RESULTS
1 Al Maximum width of nasal Graph 1 shows the quantification of standard
opening error percentage for bone and soft tissue
> G Glabella, most ant_erior point
of the skull'in sagittal plane TABLE 2 - Anthropometric measurements.
Menton, most inferior and ante- —
3 M rior point of the mental region N° Abreviations Name
Nasion, medial point between 1 Al-Al Nasal breadth
4 N the nasofrontal suture and the 2 G-Op Skull length
nasd originin midsagitta plane - -
- - - 3 N-M Facial height
5 Ns Nasospinale, highest point on _
nasal spine 4 N-Ns Nasal height
Opisthocranion, most anterior 5 Po-Al Camper’s plane
6 Op part of skull in midsagittal .
plane 6 Po-G Distance between Po and G
Porion, highest point of supe- 7 Po-M Distance between Po and M
7 Po rior border of the internal 8 Po-N Distance between Po and N
auditory canal
- - 9 Po-Ns Distance between Po and Ns
8 7 Zygion, most lateral point of _
Y zygomatic arch 10 Zy-2y Facial breadth
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FIGURE 2 - 3D-CT frontal view of a bone measurement:
N-Ns (53.4 mm).

FIGURE 4 - 3D-CT frontal view of a soft tissue measure-
ment: N-Ns (60.0 mm).

anthropometric measurements, in order to analyze
the precision of each observer and to make an
interobserver comparison. The standard error per-
centage in all these evaluations was found to be
low, ranging between 0.85% and 3.09%. The re-

26

FIGURE 3 - 3D-CT lateral view of a bone measurement:
Po-N (100.3 mm).

FIGURE 5 - 3D-CT lateral view of a soft tissue measure-
ment: Po-N (125.5 mm).

sults show that the greatest rate of error was found
between different bone measurements performed
by examiner one, 3.09%, and the least rate of error
was that between different soft tissue measure-
ments performed by observer two, 0.85%. The
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GRAPH 1 - Assessment of standard error of intra- and
interobserver (n = 2) measurements of bone and soft tis-
sues anatomical points.

measurements of the two observers were com-
pared, and error factors of 1.95% and 1.61%, re-
spectively, were found in the bone and soft tissue
measurements.

DISCUSSION

Aiming at human identification through cranio-
facial analysis, and considering that craniometry
requires that points can be located with precision
and measurements can be determined with accu-
racy, we suggest that 3D-CT is the more reproduc-
ible method.

3D-CT imaging has been proven to be more ac-
curate in determining measurements than imag-
ing performed directly on CT slices and 2D-CT im-
age reconstruction®®. Hildelbolt, Vannier®, in
1990, performed measurements directly on con-
ventional CT slices and on 3D reconstruction,
comparing with those performed with a caliper,
and stated that 3D-CT measurements were more
accurate than those taken from CT slices. Later, in
1998, Cavalcanti, Vannier’ validated linear
craniofacial measurements in 2D-CT and 3D-CT
images using a spiral CT and comparing them with
the correspondent physical measurements. The
authors concluded that, in many cases, the linear
measurements were considered more accurate in
3D-CT 1images’. In our current research,
craniofacial analysis, using a newer computer
graphics methodology, offered advantageous fea-
tures that have shown to be fundamental:

a) Image segmentation. This is very important
when internal points must be evaluated®.

b) Quick manipulation of the image may be requi-
red, for example, when determining a measure-
ment by locating one point that is frontal and
another that is lateral. The programs used to
take up to a few seconds to make a simple rota-
tion”®.

c) Image quality. It offers excellent color scale and
transparency.

d) Evaluation of volume, area, and both linear and
angular measurements.

The 3D volume rendering technique was used
in our methodology because of its great advantage
of being able to assimilate all the information from
the original CT slices. Furthermore, it is able to
work with a different range of colors and transpar-
encies, and is considered a very refined method for
volume rendering of 3D imaging4. The 3D volume
technique used the most modern method available
for volume reconstruction and surpassed the 3D
surface technique used in earlier work’ .

In a study to evaluate volume measurements
regarding oral tumors using 3D-CT, Cavalcanti,
Vannier® stated that the same software allowed di-
rect volume reconstruction, offered better data
storage, making it easier to analyze threedimensio-
nally, and to obtain a 3D image of high quality. In
our study, we also observed that this program en-
abled us to locate anthropometric points, even
those which could be located only by observing su-
tures, which was made possible by using transpar-
ency scales. Additionally, it was possible to work
on the image quickly with rotation and translation
movements, to change the zoom view, or even to
segment points of interest.

According to the findings, the standard error
percentage was adequate for this type of analysis.
This is shown in Graph 1, where we observed that
the greatest rate of error was 3.09% for examiner
one, in bone measurements, and the least rate of
error was 0.85% for examiner two, in soft tissue
measurements.

We believe that the introduction of this method-
ology and technology represents a great innovation
in the field of Forensic Dentistry for human identi-
fication, primarily in major urban centers where
there is a great concentration of people and where
the speed and the objectivity of the method are fac-
tors of fundamental importance.

Nonetheless, a study with a greater number of
data and with comparisons to physical measure-
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ments will be needed to determine the validity (ac-
curacy and precision) of 3D-CT computer graphics
forensic individual identification.

CONCLUSIONS

1.

It was possible to establish a qualitative stan-
dard for quantitative analysis of 3D-CT images,
in bone and soft tissue protocol, with high ima-
ging resolution and processing.
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