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ABSTRACT
Background: Previous research proposed the use of the
mandibular midline neurovascular canal structures as a forensic
finger print. In their observer study, an average correct
identification of 95% was reached which triggered this study.
Aim: To present a semi-automatic computer recognition
approach to replace the observers and to validate the accuracy
of this newly proposed method.
Materials and methods: Imaging data from Computer
Tomography (CT) and Cone Beam Computer Tomography
(CBCT) of mandibles scanned at two diﬀerent moments were
collected to simulate an AM and PM situation where the first
scan presented AM and the second scan was used to simulate
PM. Ten cases with 20 scans were used to build a classifier
which relies on voxel based matching and results with
classification into one of two groups: “Unmatched” and
“Matched”. This protocol was then tested using five other scans
out of the database. Unpaired t-testing was applied and
accuracy of the computerized approach was determined.
Results: A significant diﬀerence was found between the
“Unmatched” and “Matched” classes with means of 0.41 and
0.86 respectively. Furthermore, the testing phase showed an
accuracy of 100%.
Conclusion: The validation of this method pushes this
protocol further to a fully automatic identification procedure
for victim identification based on the mandibular midline
canals structures only in cases with available AM and PM
CBCT/CT data.
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Teeth have been widely used for forensic victim
identification. Since the mandible is the strongest bone of
the skeleton of the face, it is often preserved after death1
which raises the interest in the potential value of
mandibular bony fragments as identification
methodology. The mandible contains many accessory
foramina and canals, mainly on the lingual side, with
anatomical variation among individuals.2,3 The mandibular
midline foramina are diﬀerent in number, morphology,
size and intraosseous canal structures.4,5 These significant
distinctions make these midline structures unique for a
particular individual.6
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Recent developments in dentomaxillofacial
radiology such as Computer Tomography (CT)
and Cone Beam Computer Tomography (CBCT)
with high quality images and low dose aided in
the extensive use of these technologies in the
fields of dentistry and maxillofacial surgery.
Moreover, some countries participating in war let
the oﬃcers take a CBCT prior to departure to be
used as an identification tool in case of death.7
Combining these factors, previous research7 was
triggered in which the mandibular midline
neurovascular canal structures was investigated as
a forensic fingerprint. In their research, observers
evaluated CBCT data of ante-mortem (AM) and
post-mortem (PM) showing an average score of
95% correct identification.
The aim of this study was to present a semiautomatic computer recognition protocol to
identify PM cases by comparing their mandibular
midline canal structures to AM cases and to
validate the accuracy of this approach.
MATERIALS AND METHODS
Ethical approval
Ethical approval was obtained from the Ethical
Review Board of the University Hospitals Leuven
(S57587). No informed consent was required for
this retrospective study as no patients’
identifiable data was disclosed.
Patient selection
CBCT/CT scans of 13 human mandibles were
selected retrospectively from patients referred to
the Dentomaxillofacial Radiology Centre
(University Hospitals Leuven, Leuven, Belgium)
with 10 cases having 2 scans with adequate image
quality (no patient movement, no poor quality,
etc.), no fracture in the lower jaw and no
pathological lesions in the interforaminal region
of the mandible. The mean diﬀerence between
the 2 scans was 1.5 years. These 20 scans served as
training data. Two of the 10 cases had a third scan
at least one year later to the second scan and the
last 3 cases had only 1 scan. These 5 scans were
used as testing subjects to the protocol. The
imaging modalities for these 25 scans were 4
CBCTs and one CT: 1. Accuitomo 170 (Morita,
Kyoto, Japan), 2. Scanora 3D (Soredex, Tuusula,
Finland), 3. ProMax (Planmeca OY, Helsinki,
Finland), 4. NewTom VGi evo (QR s.r.l, Italy) and
5. S p i r a l C T s c a n n e r ( S i e m e n s S o m a to m
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Definition Flash; Siemens AG, Erlangen,
Germany)
Matching protocol of AM and PM data
The general procedure to identify a PM to its
corresponding AM is based on the assumption of
having a database of AM mandibles then apply
the protocol of the PM in question to all AM in
the database until a correct classification is
reached. The 2 available classes are: “Matched”
and “Unmatched”. The “Matched” class is when a
correct identification is reached, while the
“ Un m a t c h e d ” c l a s s i s w h e n n o c o r r e c t
identification is reached. The general procedure
of the matching protocol is explained as follows:
1. Region of interest (ROI) identification:
which is the extraction of the mandibular
midline canal region in three dimension (3D)
as a volume.
2. Voxel based registration: apply a rigid voxel
based registration procedure between the
AM and PM to calculate a metric value.
3. Classification: measure the difference
between the obtained metric value and the
mean of each class (Matched vs Unmatched).
The closer (lower) the diﬀerence value is to a
class then it means that the AM belongs to
that class.
Building the classifier
The 10 cases with 2 scans were used to build the
classifier. The first scan of each case was
considered the AM situation while the second
scan was used to simulate the PM. Each PM was
compared to each AM resulting into 100
comparisons. The target was to be able to group
the correct matched scans (n=10) into a group
totally separated from the rest of the cases that
should not match (n=90).
The DICOM images of each scan were then
imported into the Amira software (FEI, USA)
where all the steps were implemented as follows:
1. Each ROI was identified by selecting the
Pogonion point (Pog), i.e. the most anterior
point on the mandibular. A window of width
9 mm with the Pog as the middle point and
height starting from of the Menton (Me)
which is the lowest point on the lower border
of the mandibular symphysis, up to the
Infradentale point (Id) which is the most
superior anterior point on the mandibular
alveolar process between the central incisors.
Fi g u r e 1 s h o w s a n e x a m p l e o f RO I
identification process.
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2. Each ROI was then resampled to have
isotropic voxel size equivalent to the highest
resolution. For example, if the voxel size of
the ca se wa s 0.2x0.2x1mm, it is then
resampled to 0.2x0.2x0.2mm.
3. Each PM was registered to each AM via rigid
v ox e l b a s e d r e g i s t r a t i o n w i t h m u t u a l
information and a corresponding metric value
was then recorded.8–10 The idea behind the
volumetric matching algorithm is trying to
align 2 objects based on information theory
and similarities between these 2 objects. This
metric has no unit of measurement and is
closer to zero when the objects are not
similar while higher values are found (closer
to 1) when these objects are more similar to
each other.
4. Each correct AM and corresponding PM
metric values were grouped under “Matched”
class (n=10) while all other pairs were grouped
under “Unmatched” class (n=90).
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5.

The mean value of each class was calculated
and used for the classification step to
identify the PM belongs to which class.
Figure 2 shows an example of a correctly
“Matched” case and another correctly
“Unmatched” case.

Testing and validation
After the classifier was built, the testing phase
started. Two cases from the 10 subjects had a
later scan of CBCT at least one year after the
second scan. These were used to identify
matched cases while the other 3 cases with single
scan were used to identify unmatched cases. The
matching protocol was applied to these 5 scans
that served as testing subjects.
Statistical analysis
Data was analysed using the statistical software
package MedCalc (Version 16.4.2, MedCalc
Software, Ostend, Belgium). In a first step, the

Figure 1: Example of ROI identification.
(A)The whole mandible with the ROI surrounding.
(B) Frontal view of the ROI after extraction.
(C) Lateral view of the ROI after extraction.
(D) Midsagittal cut slice of the ROI showing the midline lingual structures.
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Figure 2: Example of classification (step 3 of matching protocol) with every ROI the midsagittal cut
slice is shown.
(A) ROI of AM case shown in Figure 1.
(B) ROI of corresponding PM case.
(C) PM (B) to AM (A) registration showing perfect matching (metric value = 1).
(D) ROI of another PM that does not match. (E) PM (D) to AM (A) registration showing no matching
(metric value = 0.4)

Shapiro-Wilk test was performed to validate the
normality assumption. For the “Matched” and
“Unmatched” groups, the means, standard
deviations, the 95% confidence interval of the
mean and standard error of the means were
calculated as the means were used for
classification purposes. The unpaired t-test was
applied to compare between the two classes.
Statistical significance was set at a P-value ≤ 0.05.
For the testing procedure, the accuracy,
specificity and sensitivity were calculated.

Classification results
The Shapiro-Walk testing proved normality
distribution of the measurements. Table 1 shows
the descriptive results of the “Unmatched” and
“Matched” groups and Figure 3 shows the bar plot
of these groups. Statistical significant diﬀerence
(P<0.0001) was found between the two classes
with mean of metric values of 0.41 and 0.86
corresponding to “Unmatched” and “Matched”
respectively.

Table 1: Descriptive results of the classes: “Unmatched” and “Matched”
Sample Mean
size (n)

Standard
Deviation

95% CI for the
mean

Standard
error of
the mean

Unmatched

90

0,41

0,11

0,3903 to 0,4373

0,01

Matched

10

0,86

0,15

0,7540 to 0,9700

0,05

Unmatched
vs Matched

P < 0,0001
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Fig.3: Bar plot of the two classes: “Unmatched” and “Matched”

Table 2: Classification results of the 5 testing cases versus the 10 AM cases in the database.

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

PTest1

1

0

0

0

0

0

0

0

0

0

PTest2

0

1

0

0

0

0

0

0

0

0

PTest3

0

0

0

0

0

0

0

0

0

0

PTest4

0

0

0

0

0

0

0

0

0

0

PTest5

0

0

0

0

0

0

0

0

0

0

Testing results
Table 2 presents the classification results of the 5
testing cases when compared to the 10 AM cases
in the database. It has to be noted that PTest1
was the third scan of P1 and the PTest2 was the
third scan of P2. Therefore, based on this
classification, the accuracy was found to be
100%, sensitivity and specificity were also 100%.

DISCUSSION
In this paper we presented a semi-automatic
protocol to identify PM cases by comparing their
mandibular midline canal structures to AM cases.
The first aim was to build a classifier which was
done based on 10 subjects. The results showed
that the classes “Unmatched” and “Matched”
were significantly diﬀerent. The means, standard
39
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deviations and 95% confidence intervals of the
mean revealed no overlap between the two
classes (Table 1, Figure 3). However, as with any
classifier, outliers could be found where 3 out of
the 100 matches were misclassified indicating an
accuracy of 97%.
The second aim was to validate and test the
accuracy of the classifier which was done using 5
scans. The testing phase revealed an accuracy of
100%. An example of a matching procedure was
shown in Figure 2 with correct matching into the
“Matched” class (Figure 2C) with metric value of 1
while the correct classification in Figure 2E into
the “Unmatched” class was with metric value of
0.4.
Based on these results, the proposition that the
mandibular midline canal structures are indeed
unique and can be used in identification of
victims when AM and PM CBCT/CT data are
made available. Diﬀerent factors would aﬀect the
accuracy of this proposed protocol such as
imaging, ROI selection and sample size. As
mentioned previously, 4 diﬀerent CBCT systems
and one CT were used for the building and
testing phases. The use of diﬀerent systems didn’t
aﬀect the results and this could be explained by
the use of voxel based registration with mutual
information as the method relies on similarities
between volumetric information. This method
overcomes the errors that could rise if
segmentation and surface/point based
registration were used due to the diﬃculties of
accurate segmentation from CBCT images11 and
the lower accuracy of surface or point based
registration.12 Another factor in imaging would be
the voxel size, the smaller the voxel size, the
better the resolution and thus more accurate
results. In this study, most voxels were not
isotropic and this would aﬀect the registration,
therefore, the resampling step was added to have
isotropic voxel sizes. The largest voxel size in the
z direction (slice thickness) was 1mm. Larger
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