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A B S T R A C T

Human identiﬁcation requires comparison of individual traits of a person, depending on the availability
and reproduction of antemortem (AM) records. If there is no presumed identity or AM exams are not
available for comparison, the production of postmortem (PM) records is impaired. The purpose of this
research is to describe and test standards to enable the comparison of antemortem periapical
radiographs to images extracted from the manipulation of postmortem CBCT exams in multiple
identiﬁcation simulations in a randomized blind study. In a simulation, 20 CBCT images from dry skulls
were used as PM records and 3 periapical radiographs (total of 60) that were randomized and blinded
from the ﬁrst examiner. In each case, an intentional incidence error of 10 was added in four different
directions. Three points were selected in the AM radiograph, and the angle, linear measurements and
proportion between these distances were collected. The AM data were used to mathematically ﬁnd
similar image geometry on a CBCT maximum intensity projection. Possible identiﬁcation by
superimposition was achieved in all cases, and statistical analysis proved the success in the reproduction
of angular and length proportion using CBCT incidence manipulation. Signiﬁcant reproducibility was also
observed on intra- and inter-observer tests. In conclusion, the images extracted from CBCT could be
compared to any periapical radiographs by superimposition, providing acceptable evidence to establish
human identiﬁcation. The application of this protocol is suitable for forensic practices with the high level
of reproducibility and could be used as PM record when no AM records are available at the time of the
exam.
© 2017 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Human identiﬁcation requires procedures to individualize a
person, which is an important task for legal, social, and personal
matters [1]. In this context, dentistry can contribute with reliable
and specialized techniques. Comparison of dental records aims to
collate the particular anatomical and dental details from antemortem information, which is frequently presented by relatives, to
postmortem records and images produced during the forensic
examination [2]. This method is well accepted in court and has
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extensive scientiﬁc data available to support its usage [3,4]. Due to
its ability to return fast, precise and low-cost results, the
International Criminal Police Organization (INTERPOL) consider
it a primary method as well as DNA and ﬁngerprint comparison
methods [4].
The use of oral radiography has been considered good clinical
practice in the past decades and is broadly used in dentistry due to
its importance in diagnosis [5]. Therefore, dentistry is well known
for reliable production and maintenance of patient’s records
[1,3,6]. Digital exams are gaining ground because of image quality
and the possibility of enhancements and adjustments by proper
software [7,8].
The premise of forensic radiographic identiﬁcation is to repeat
the antemortem (AM) record in a postmortem (PM) exam.
Concerning radiographs, the resulting images suffer great changes
due to positioning and angle of incidence [9]. Therefore, in the PM
exam, it is important to capture the same anatomical region and
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approximate the angle of the X-ray beam in relation to the
structures to obtain similar images suitable for superimposition
and comparison [3,9–11].
Despite the applicability of forensic radiographic identiﬁcation,
it is only possible to achieve an outcome if AM records are in fact
available [2,3]. Dental charts and especially radiographs can offer
important information of dental history and individual anatomical
traits [3] that are usually stored for long periods of time [6].
Therefore, although the role of the forensic dentistry team’s
knowledge and experience is substantial, the analysis also relies on
the general clinicians good practice to keep those records
organized and available [2].
If presumed identities are not established during an identiﬁcation exam, only secondary methods, such as facial reconstruction,
can be applied [12]. Otherwise, it is common for the remains to be
buried as unidentiﬁed. There is a signiﬁcant number of missing
people reported every day in major cities throughout the world. If
an eventual suspect is found, exhumation process may be
necessary to allow further investigations [13], which requires
additional time and cost and is subjected to human error from
body description to the location of a body. Disaster victim
identiﬁcation (DVI) situations are particularly exposed to such
difﬁculties, which also includes ﬁnding the AM in time to avoid
natural decay of the bodies and potential contamination risks [14].
The advance of computer sciences in the 1980s allowed reﬁned
forensic comparison with the aid of software and image editors
[15]. Recent studies [16] have tested the efﬁcacy of the use of Cone
Beam Computed Tomography (CBCT) for forensic purposes.
Indirect volume rendering, such as maximum intensity projection
(MIP), can return images similar to regular radiographs through
the creation of a 2D view of a region of interest (ROI) based on
calculation of the highest-density voxel in a linear path that can be
adjusted as an imaginary X-ray beam [17].
Among the different kinds of computed tomography, CBCT is
suitable for the analysis of bone, tooth and dental material that is
important to forensic exams [16]. In dry skulls it is possible to
obtain good-quality CBCT exposures with adequate support and
positioning [18].
The purpose of this research is to describe and test standards to
enable the comparison of antemortem periapical radiographs to
images extracted from the manipulation of postmortem CBCT
exams in multiple identiﬁcation simulations in a randomized blind
study.

2. Methods
To achieve a level of similarity between the AM regular
radiograph and the resulting view of in a cone-beam computed
tomography (CBCT) exam, we propose a series of steps:
(1) CBCT acquisition and postmortem record,
(2) Analysis of the AM image and quantitative references,
(3) CBCT selection and adjustment of the point of view, based on
AM references and
(4) Superimposition.

2.1. Ethics
Twenty adult human dry skulls from a Brazilian sample were
selected from an existing collection of the anthropology and forensic
dentistry laboratory (OFLAB) of the University of São Paulo. The
project was approved by the university’s ethics in research
committee under protocol number 43751115.6.0000.0075, and all
authorizations were granted and stored. A CBCT unity was also made
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available in periods that could not jeopardize the service of the
general public.
2.2. CBCT and postmortem records
The voxel size is relevant, as the best deﬁnition is achieved with
smaller ﬁeld of view (FOV) and voxel values [19,20]. In this test,
better results were correlated to smaller voxels.
The postmortem CBCT exams in this report were made with a
R100 unit (J. Morita Corp. Tokyo, Japan) with a FOV of 80  80 mm.
To examine the dry skulls, a preset of 75 kV and 5 mA was selected
with a voxel size of 0.125 mm and a 9.6-s exposure time. The
images were reconstructed in iDiexel software (J. Morita Corp.
Tokyo, Japan) with an isometric voxel size of 0.125 mm. The images
acquired were exported in digital imaging and communications in
medicine (DICOM) ﬁles to a CD or hard drive. The lowest kV and mA
presets were chosen, as there was no need for soft-tissue barriers.
A head-positioning device [18] was used to keep the skulls in
position.
It was important to keep the mandibular teeth a few
millimeters away from the maxillary teeth. If exposed in normal
occlusion, future comparisons may be impossible due to the
superimposition of the upper and lower teeth and possible image
artifacts.
2.3. Analysis of the AM image and quantitative references
The AM periapical radiographs can be viewed with Adobe
Photoshop (Version: 2015.1.2 20160113.r.355), and a sharpen mask
ﬁlter was applied.
Three visible anatomical structures should be identiﬁed and
marked with a reference point made with the brush tool in a new
layer.
The image must be re-scaled using the 4-cm width of the ﬁlm as
a reference in the analysis tool. With the scale in millimeters, the
ruler tool can be used to measure the two actual distances and the
angle formed between the three selected points (Fig. 1A and B).
The proportions between the longer (L1) and shorter (L2)
distances can be calculated with a “rule-of-three” equation. The
preference for a percentage value was idealized due to distortions,
which are common on radiographs.
2.4. CBCT selection and manipulation of the point of view based on AM
references
DICOM ﬁles are imported to the OsiriX1 viewer. A curved multiplanar reconstruction (curved MPR) provided a panoramic view,
which is helpful to assess the level of similarity and locate the
region of interests (ROI) in the volume to be analyzed. If it
resembles the radiograph region and anatomy, one should try to
repeat the incidence of the AM image by manipulating the point of
view in linear 3D MPR sagittal views.
With the principle of the well-known Clark’s technique [21], the
structures of different depths in a volume will change their
relationships with each other if the incidence angle is changed.
Therefore, to repeat a radiograph image, this dynamic can be
applied to search for the same geometry between structures in the
resulting image, as analyzed in the AM image. For better results,
the landmarks chosen in the AM ﬁlms should be root apices, cusps
and other identiﬁable prominences of different volume depths.
In the DICOM viewer’s 3D MPR, it is possible to place ROI
markers in the structure’s actual position in the volume. To
perform this step, one must locate the correct tooth, adjusting the
position of reference planes to coincide with the long axis of the
tooth or root. By scrolling through the axial slices, it is possible to
ﬁnd the summit of the selected structure and place a marker.

70

J.P. Curi et al. / Forensic Science International 271 (2017) 68–74

Fig. 1. Original AM image (A); angle and length 1 and 2 measurements in the radiograph (B); Similar angle and proportional linear measurement in the CBCT image (C);
scaling of the CT exported image with the 4 cm length of the ﬁlm (D); selection of a mask from a tooth in the CT superimposing the radiograph (E) and anatomical and
restorative features, highlighting the coincidence and geometry of the images (F).

Once the markers are in position, the sagittal reference plane is
placed over the alveolar bone in the axial window, and a minimum
MIP thickness is activated to show the entire volume of bone and
teeth, usually between 10–20 mm. It will simulate an image very
close to a periapical radiograph.
When the sagittal reference line is moved in the coronal and
axial windows, the incidence angle changes. The observer will see
the resulting image in the sagittal window being altered in real
time (Fig. 2). As a result, the reference markers move accordingly
and should have the same geometry observed in the original AM
image.
As CBCT is always precise, images will not appear to be
elongated or shortened as is expected in traditional radiography.
Therefore, the analysis should start with a reference at the most
approximate angle and then a similar ratio of the distances
between reference points with the aid of measuring tools (Fig. 1B).
2.5. Superimposition
The superimposition of teeth and other anatomical structures
begins when images are exported from the DICOM viewer and
imported to Photoshop as a new layer. To enable initial scaling, the
image exported from OsiriX should have a 4-cm measure line when
this image is captured (Fig. 1D).
Once the images from the CBCT are in Photoshop, with
transparency adjustment, it is possible to determine the quality

of the superimposition (Fig. 3D). The line in the imported PM
screenshot will allow it to ﬁt in relation to the 4 cm of the AM
digital periapical width while maintaining the image proportions
(Fig. 1D). To simulate radiograph distortions, image adjustment can
be performed as proposed in previous studies [22].
The magnetic selection tool can separate tooth and other anatomic
features from its surroundings. By duplicating the selection to a new
layer, one can now superimpose part of the structures selected over
the AM radiographs. This enhances the visual results, which are the
baseline of human identiﬁcation through the comparison of dental
records, providing a more objective interpretation.
2.6. Method validation
To create and test this method, two forensic dentistry experts
analyzed a sample of 20 skulls to simulate human identiﬁcation in
multiple cases. The ﬁrst examiner, a post-graduation student in
forensic dentistry, was responsible for postmortem record
followed by CBCT exposures. To simulate antemortem exams, a
second observer with a master’s and doctoral degree in forensic
dentistry randomized the subject’s order and produced a series of
periapical images.
The ﬁrst examiner’s main objective was to analyze the
simulated AM exams, ﬁnding the corresponding PM records in a
multiple-case situation and producing images for superimposition
outcomes, as in a human-identiﬁcation process.
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Fig. 2. At the sagittal window, evidence of different ROI markers’ relationships with a normal incidence (a); moving the axial plane up and down in the coronal window (b and
c); and the coronal plane anteriorly and posteriorly at the axial window (d and e).

The numbered PM list was randomized into alphabetical order
using the random.org website tool, and from each specimen, three
regions were selected and periapical radiographs were obtained
with the aid of a clinical ﬁlm holder with the parallelism technique
to serve as AM records in this simulation. Digital scanners were
used with a Yoshida Kaycor, model X-70S, 70 kVp—15 mA, set for an
exposure of 0.25 s.
From the three radiographs, there was one with an intentional
incidence alteration obtained by changing the X-ray tube position
10 in the upper, lower, mesial and distal angulation in relation to
the ﬁlm holder. This step, also randomized, was used to assure the
use of CBCT images to offer satisfactory results when compared to
periapical exams at a standard incidence angle or with technical
errors, which are common in forensic situations.
The software WinID (ABFO-Copyright© 2013 James McGivney,
DMD. Available for download at http://www.abfo.org/winid/) was
used to store the AM and PM information. The clinical information
obtained from the radiographs was collected in the dental charts as
AM records and the skull records as PM information. Once the AM
and PM databases were registered, the data comparison tool was
used to return probable matches. The WinID software correctly
matched 75% of the cases as the top three suspects. The use of the

database cross reference and narrowed searches, saving time in
this multiple-case, blinded and randomized simulation. Once the
correspondent CBCT was found, the method was followed to
produce superimposition comparison of all 60 radiographs.
To assure reproducibility, the ﬁrst and second examiners
repeated the process and comparisons of 10 radiographs (16.6%
of the sample), ﬁve of which had intentional altered incidence.
To test the difference in measurement between the radiographs
and the tomography, the variation coefﬁcient, Student T test and
the difference of averages were calculated. In addition, the Pearson
P test and the correlation coefﬁcient veriﬁed the reproducibility.
Sixty simulations of identiﬁcation by superimposition were
made, and all (100%) showed sufﬁcient evidence for positive
identiﬁcation results, based on the number of individual traits of
the human oral anatomy. The positive results achieved are directly
correlated to the pursuit of similar relationships between ROI
markers on CBCT based on the pre-measurements made in the AM
radiographs. All cases were performed and recorded properly, Fig. 3
shows examples of radiographic superimpositions. Fig. 4 depicts the
inter- and intra-observer results.
Most of the superimposition results were qualitative, but the
reference measures are numerical guidelines to achieve the
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Fig. 3. Radiograph (AM), image from CBCT (PM) and superimpositions of 3 cases.

Fig. 4. Comparison of 3 inter and intra observer repetition.
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Table 1
Correlation between measures on radiographs and CBCT.

Correlation coefﬁcient

Variable

CC

Pearson P

p

L1R/L1T
L2R/L2T
AR/AT
PR/PT

0.97
0.98
0.99
0.99

0.99
0.99
0.99
0.99

0.001
0.001
0.001
0.001

Table 2
Variance coefﬁcient (VC), average difference (DIFF), concordance coefﬁcient, and p
value (P) between intra-observer (intra) and inter-observer (inter) ﬁrst and second
measurements.

Intra

Inter

superimposition. A descriptive statistical analysis was conducted to
all quantitative variables (L1, L2, Angle and Proportions) between the
radiographs and tomography and also between the main results and
inter and intra-observer repeatability test.
A normal distribution was observed and the higher variation
coefﬁcient was observed in L1 (6.58) and the smaller for angle
variation (1.06). The proportions between L1 and L2 had the
second-lowest variation (3.41). This result support the use of this
ratio as a substitute for the direct linear measures, which were
expected to present alterations in regular radiographic techniques
contrasting with the dimensional precision of CBCT [23,24].
Tables 1 and 2 show the reliability of the measures on
radiographs and CBCT, as well as the results of the reproducibility
tests.
Fig. 5 presents the greater variation on linear measures when
radiograph (R) and tomography (T) are compared. Lengths, in
centimeters, had greater values in the radiographic images than in
the maximum intensity projection of the compared regions on
CBCT, while more stable and horizontal lines can be observed on
angular measurements and proportions.
The references from pre-measurements in the AM radiographs
were advantageous to perform a difﬁcult and time-consuming
task, if working in regular radiographs. The statistical analysis not
only showed success achieving the desired similarities but also
demonstrated good replication of the exam in a second analysis
and by other observer.
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Variable

CV

L1M1/L1M2
L2M1/L2M2
AM1/AM2
PM1/PM2
L1EX1/L1EX2
L2EX1/L2EX2
AEX1/AEX2
PEX1/PEX2

2.34
3.83
0.81
3.79
2.60
2.50
0.91
4.10

DIFF
0.01
0.01
0.68
0.58
0.01
0.01
0.78
0.67

p

CCC

p

0.948
0.961
0.900
0.61
0.958
0.931
0.930
0.62

0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

2.7. Practical application
In forensic dentistry and radiology, it is intended to repeat the
AM records with special attention to the region, incidence angle
and adjusted exposure of the original radiograph [2,9,11]. Image
quality is relevant to enabling a rapid and reliable comparison
[3,15,25,26].
On the other hand, if no presumed identity is presented for
investigation and no AM records are available, the comparative
methods and analysis are useless. Furthermore, depending on the
legislation of the country, if a radiograph is found for comparison
after burial, an exhumation would be necessary to access the
human remains for examination. A CT exam could substitute this
act [13] in order to assure the identity before physical access to the
corpse. Therefore, CBCT could be used to repeat any AM record that
is presented for comparison at any time.
Nowadays it is possible to exchange a large amount of data in a
fast and secure way through the internet [16]. Therefore, CBCT of
the unknown body prior to inhumation or in case of a DVI situation
could offer valuable information to forensic services [27,28].
The quantitative guidelines presented, working with angle,
lengths and proportions, are the unique aspects of this technical

Fig. 5. Graphs with the difference of the average of the four variables on radiographs (R) and tomography (T).
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note. When moving the CBCT’s planes, real-time changes of ROI
position allow the operator to search similar image geometry
based on mathematical references.
Previous investigation [16] also concluded that intra-oral like
images could be produced from FBCT, but this was the ﬁrst study to
test real superimposition results, offer quantitative guidance for
incidence angle and include non-gold-standard AM images with
high levels of success.
Even though perfect superimposition is not mandatory to
establish positive identiﬁcation, the interpretation is correlated to
the level of experience of the examiner [5]. Therefore, we believe
that the results, provided by the superimposition of images are
more objective, as it is the visual expression of the expert’s
conclusion. This provides a rich material for a forensic report to be
used in court or analyzed by professionals outside of the medical
ﬁeld.
3. Conclusion
The proposed method enabled the use of CBCT for reproduction
of incidence and image geometry observed on any conventional
radiographs, including situations with technical errors. The images
extracted from CT could be compared to the periapical radiographs
by superimposition, providing acceptable evidence to establish
human identiﬁcation. The application of this protocol is suitable
for forensic practices due to the high level of reproducibility and is
advisable when no AM records are available at the time of the
exam.
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