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ABSTRACT

Swift and accurate disaster victim identification (DVI) is
essential for medicolegal closure and repatriation of remains.
Dental comparison is one of three primary identification
methods recognized by The International Criminal Police
Organization (INTERPOL), and is conducted by forensic
odontologists, often by matching antemortem and postmortem
intraoral radiographs. However, obtaining postmortem
intraoral images can sometimes be challenging (e.g., from burn
victims) and in those cases extraoral methods, especially
computed tomography (CT), could be an alternative. This
study uses conventional panoramic radiographs (PRs) to
simulate CT-reconstructed PRs which are increasingly used in
forensic scenarios, where traditional intraoral postmortem
imaging is challenging. The aim is to assess the accuracy in
comparative dental identification by different professionals
when comparing antemortem intraoral radiographs to
postmortem PRs.

In this retrospective study, intraoral radiographs and PRs from
30 patients were used to simulate a closed disaster event with
25 deceased and 30 possible missing persons. Twenty-five
observers from four professional groups—eight oral radiology
specialists (ORs), three forensic odontologists (FOs), six
dentists trained in the basics of DVI (DVI-D), and eight dental
students (DS) - matched PRs, serving as simulated postmortem
radiographs, to antemortem intraoral radiographs using a
comparative method. Statistical analysis was performed using
chi-square and Kruskal-Wallis tests.

FOs and ORs achieved 100% accuracy, while DS and DVI-D
had accuracy rates of 98.5% and 94.7%, respectively. Fillings
were the most commonly used radiographic feature for
matching. Confidence levels, ranging from “no match” to
“established”, differed, with 96% of ORs and 92% of FOs
selecting established matches compared with 67% of DS and
51% of DVI-D.

Conventional PRs can be used for accurate matching in dental
identification, particularly when interpreted by experienced
observers. FOs and ORs had significantly higher matching
accuracy and confidence, emphasizing the critical importance
of observer experience; these findings support that ORs may
be an asset in DVI operations.

47


https://doi.org/10.5281/zenodo.19689454

JFOS - Journal of Forensic Odonto-Stomatology

INTRODUCTION

Death may occur due to natural causes or
unexpected events such as accidents, mass
disasters or crimes, which often result in
extensive and unpredictable injuries. In all such
cases, establishing the identity of the deceased is
essential before issuing death certificates. The
International Criminal Police Organization
(INTERPOL) recognizes three primary
identifiers: dental comparison, DNA analysis, and
friction ridge analysis such as fingerprints.:
Compared with the other two, dental structures
are both tough and well protected, resisting both
decomposition and extreme temperatures.2™#
This, combined with the uniqueness of each
person's teeth, makes them valuable for
postmortem (PM) identification.2s

When there are multiple fatalities and when the
police deem it necessary, a disaster victim
identification (DV]) operation is initiated, and a
DVI team, which follows INTERPOL’s
guidelines, is activated.” In many cases, these
identifications must be performed hastily to aid
criminal investigations and/or provide crucial
answers for relatives. 67

The DVI team includes forensic odontologists
(FOs).r In Sweden, the Swedish National Board of
Forensic Medicine (Rittsmedicinalverket) is the
sole employer of FOs and currently has three
tenured FOs.8 These FOs acquire their expertise
through national and international postgraduate
education, continuing professional development
courses, and practical training. More than 250
dental identifications are conducted yearly by
FOs in Sweden. When a DVI incident occur, the
FOs can be supported by an additional nine
intermittently employed dentists trained in the
basics of DVI (DVI-D). The DVI-D consists of
general dental practitioners or dental specialists
who have undergone basic DVTI training focusing
on PM examination methodology and AM data
transcription. Together, FOs and DVI-D
constitute the core dental personnel for dental
identification in Swedish DVI operations.

Oral radiology specialists (ORs), whose specialty
requires proficiency in human identification and
age assessment 9, represent another group with
relevant competence; however, they do not
perform identifications or participate in DVI
operations. Although forensic odontology is not
formally recognized as a dental specialty in
Sweden, it is taught to dental students (DS) at all
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four dental schools, providing general dental
practitioners with a very basic understanding of
the field.

Regardless of professional background, all those
involved in dental identification rely on the same
fundamental methods. Intraoral radiography is
considered the gold standard for radiological
examination because it captures detailed images
of tooth and bone morphology (including
anatomical outlines e.g., maxillary sinuses) and
dental restorations.o'r When performed
correctly, intraoral radiographs provide high-
resolution images that are essential for
identification.”>'4 Furthermore, the images can
also be captured under challenging conditions at
disaster sites, using portable equipment.’s¢ FOs
compare PM dental status, including
radiographic images, with AM data such as dental
records, radiographic images and other dental
information linked to the missing person. Using a
comparative method analyzing structures and
patterns unique to the individual in the AM and
PM material, the FOs assess whether the findings
correspond to the same person.s'7

More advanced imaging techniques, including
computed tomography (CT), cone-beam computed
tomography (CBCT), and panoramic radiography
have become more common both in clinical
practice and for identification.$21 CT/CBCT
provides 3D images for detailed assessments,
while panoramic radiographs (PRs) offer an
overview of the teeth and jaws. CT/CBCT
images can also be transformed into PR
reconstructions for easier interpretation and
comparison with intraoral images. All these
techniques can depict the teeth and other
unique anatomical structures.22 PM intraoral
radiographs can sometimes be challenging or
impossible to obtain (e.g., from burn victims).4
Extraoral methods can then be preferred,
particularly CT/CBCT images reformatted to
PRs for easier interpretation.’=’s2123 The use of
conventional PRs is often not practical due to
the need for precise positioning and specialized
equipment.’9:24 However, reformatted CT/CBCT
images can in some cases be comparable and
even provide benefits compared to conventional
PRs, such as wisdom teeth staging, and have
shown promising results for identification. 19.21.24
On the other hand, reformatted CT/CBCT
images also provide their own challenges,
particularly with metal artefacts.
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In Sweden, CT/CBCT interpretation is part of
the required competence for ORs 9, but falls
outside the scope for general practitioners and
other odontological specialties.

Given the complexity of these advanced imaging
modalities, the ability to accurately interpret them
may vary between professionals. 2 Previous studies
have shown that FOs and ORs achieve greater
matching accuracy than general practitioners and
other odontological specialists, especially in
complex cases e.g., edentulous individuals or those
with unrestored dentition.4.25-27

The difference in identification accuracy may be
more pronounced when using more advanced
modalities such as PRs.2s Previous findings
indicate a high degree of variation in
identification accuracy between professions when
advanced modalities are used.2r This means that
FOs, DVI-D, and other dental professionals who
may be recruited for identification work will
likely require additional training to utilize these
imaging modalities.>!

Against this background, the aim of this study
was to assess the accuracy of comparative human
dental identification using conventional PRs
serving as PM and intraoral dental radiographs as
AM in a simulated medium-scale closed-disaster
event (i.e., an incident where the victim pool is
limited and presumptive identities are known,
such as an aircraft crash with a passenger list).
Additionally, we aimed to analyze the extent to
which the experience of the observer affects the
ability to perform accurate identification, which
radiographically detectable identifiers were used
to determine identity, and the degree of certainty.

MATERIALS AND METHODS

Ethical considerations

Ethical approval was obtained (Dnr
2023-08010-01), and the Swedish Ethical Review
Authority has raised no objections to the
research project. Furthermore, a review by the
Visterbotten Region was conducted and
approved on March 11, 2024.

All radiographs were retrospectively collected
from patient records and fully anonymized. No
identifiable personal information was accessible
to the observers. The data were handled in
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accordance with the General Data Protection
Regulation (GDPR, EU 2016/679) and
institutional data protection guidelines. Given
the retrospective and anonymized nature of the
study, informed consent was waived by the
Swedish Ethical Review Authority:.

The study complies with the principles outlined
in the Declaration of Helsinki?8 and relevant
Swedish regulations for research involving human
data.

Study design

This study simulated a medium-scale closed-
disaster scenario to assess identification accuracy
when comparing PM PRs with AM intraoral
radiographs across four different professions;
FOs, ORs, DVI-D, and DS.

Conventional PRs were used as surrogates for
CT-reconstructed PRs, as they provide
comparable anatomical overviews and present
similar interpretative challenges 2329, however
conventional PRs are more readily available and
easier to organize for reading sessions.

Retrospective Collection of Intraoral and Panoramic
Radiographs

This study is part of a larger project in which
intraoral radiographs and conventional PRs from
100 adult patients were collected from the Oral
Diagnostic Radiology Department, Visterbotten
Region, during 2023-2024. The examinations
were full mouth examinations performed on
odontological indications and were included
sequentially as they appeared in the image
archive. Examinations were excluded if they
depicted highly distinguishing features, such as
fixation plates or large pathologies, or if no prior
examinations were available. All available
examinations, including both bite-wings and
apical radiographs, from the preceding 10 years
were downloaded and anonymized by an oral
radiologist (NG). The date of each examination
was recorded, and the date of birth and sex were
extracted from the social security number.

Once the radiographs were collected, the 1oo
cases were assessed for inclusion in the present
study by two dental students (T'T and IL). Thirty-
seven patients met the inclusion criteria of
having both a PR examination and at least one
prior intraoral radiographic examination.
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Figure 1. shows representations of antemortem intraoral radiographs (A, B) and a corresponding
postmortem panoramic radiograph (C), with superimposed comparison (D) highlighting matching
features in teeth 27, 36, and 37, according to FDI World Dental Federation or ISO 3950 notation. In
these images the fillings align almost perfectly between images.

-l -

Simulated Disaster Scenario

A medium-scale disaster scenario was then
simulated by the same dental students, who
randomly selected 30 patients from the pool of 37
eligible cases and organized these into
presentations (Microsoft PowerPoint). To
prevent observers from using the process of
elimination, 25 simulated deceased individuals
were presented for identification against 30
potential matches in randomized order. The
observers were tasked with matching PRs,
representing PM material, with intraoral images,
representing AM material (Figure 1).

For the 2§ simulated deceased individuals, the
mean interval between the PR and the most
recent intraoral examination was 1.8 years (range:
0.3-6.4 years). The antemortem material
consisted of examinations conducted between
2017 and 2024. The average age was 54 years
(range: 15-83 years), with 16 males and 14 females.
The prevalence of radiographically detectable
identifiers visible on both AM and PM
radiographs was 24/25 (96%) for dental fillings,
1/25 (4%) for dental implants, 18/25 (72%) for
prosthodontic restorations, and 12/25 (48%) for
root canal fillings. In all cases, tooth and bone
anatomy were depicted, with no edentulous
individuals included. Additionally, 8/25 (32%)

exhibited distinctive bone features beyond
trabecular anatomy, such as socket sclerosis,
extraction socket remnants, or idiopathic
sclerosis. Visible tooth anatomy included root
morphology, crown morphology, and pulp
chamber dimensions, among others.

Observers and Matching

The study included 25 observers: eight ORs,
three FOs, six DVI-D, and eight DS. They were
also grouped according to experience: eleven with
a high degree of experience interpreting complex
image data (ORs and FOs) and fourteen with less
experience (DVI-D and DS).

The DS were in their final semester and had
completed their radiology and forensic
odontology training. The DVI-D had 15-30 years
of experience as dentists. Further, some have
participated in real DVI incidents involving PM
examinations and AM data transcription, but
none had performed matching during the
reconciliation phase. The ORs had practiced
solely in radiology for 5—30+ years, and two had
experience performing dental identifications. The
FOs had 5—2o0+ years of experience and regularly
perform dental identifications.

Observers accessed the material at the
Department of Odontology, Umed University, or
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at the Swedish National Board of Forensic
Medicine. Conditions varied slightly across
groups; most used a single screen, while ORs and
one FO used multiple screens. DVI-D and two
FOs performed their assessments in parallel
under identical conditions. All matching was
performed individually without discussion. A
maximum of 2.5 hours was allotted, which DS and
DVI-D nearly fully utilized, whereas ORs and
FOs used approximately half of that time. To
minimize recall bias, the oral radiologist (NG)
performed the matching assessment more than
one year after the collection of radiographs, and
the dental students who constructed the exercise
(TT and IL) were excluded from participation.
Observers were informed that each of the 2§ PM
cases had a corresponding match among the 30
AM cases, and were permitted to zoom and
adjust contrast and brightness. During the
assessment, they specified which identifiers
supported their match, including dental fillings,
tooth morphology, prosthodontics, and bone
anatomy. For features such as root fillings or
amalgam fragments, the category "other" was
used.

Based on the findings, the observers then
classified identification outcome according to the
INTERPOL DVT scaletso: identity excluded (no
match), when PM radiographs were clearly
inconsistent with all AM records; possible
identification, when there were similarities and no
excluding features but the available data were
limited; probable identification, when specific
corresponding features were observed despite
limited AM or PM material; and established
identification, when there was absolute certainty
that the PM and AM radiographs belonged to the
same individual. 30

No formal calibration session was conducted.
The observers relied on training inherent to their
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professions and all received detailed written
instructions outlining the assessment procedures.

Statistical Analysis

Power calculations prior to inclusion indicated that
with 25 cases at least 3 participants per group were
required to detect differences similar to those
reported by Fridell and Ahlqvist 26, with 80% power
at a significance level of o = o.05, including
adjustment for Bonferroni correction.

The data were not normally distributed according
to the Shapiro-Wilk and Kolmogorov-Smirnov
tests; therefore, group differences were analyzed
using cross-tabulations, the chi-square test, and the
Kruskal-Wallis test for pairwise comparisons.
Bonferroni correction was applied for multiple
comparisons, and all reported p-values were
adjusted accordingly.

Statistical analyses were performed and charts
created using Jamovi project (version 2.6; https://
www;jamovi.org), which is based on the R statistical
environment (version 4.4).

A p-value of less than o0.05 was considered
significant.

RESULTS

Accuracy of matching

Overall, 25 observers from the four different
professional groups completed the matching of 25
cases each, resulting in 625 assessments in total.
Across all groups 98.2% (614/625) of cases were
correctly matched. There were differences between
the groups: ORs and FOs were correct in 100% of
cases, while DS were correct in 98.5% and DVI-D
were correct in 94.7% (p = 0.013; Table 1).

When the participants were grouped by level of
experience, highly experienced observers (ORs and
FOs) demonstrated 100% accuracy, while the less
experienced observers (DVI-trained dentists and
DS) achieved 96.8% accuracy (p = 0.012; Table 2).

Table 1. The count and percentages of correct, no match, and incorrect assessments by oral radiology
specialists (ORs), forensic odontologists (FOs), dentists trained in the basics of disaster victim
identification (DVI-D), and dental students (DS).

Match FOs (N=3) ORs (N=8)

Correct (%) 75 (100%) 200 (100%)
Not found (%) o (0%) o (0%)
Incorrect (%) o (0%) o (0%)

N = number of observers

DVI-D(N-6) DS(N-8)  p-value
142 (94.7%) 197 (98.5%)
2 (1.3%) 1 (0.5%) 0.013
6 (4.0%) 2 (1%)
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Table 2. The count and percentages of correct, no match, and incorrect assessments for the highly
experienced (oral radiology specialists and forensic odontologists) and less experienced (dentists trained
in the basics of disaster victim identification and dental students) observers.

Match Highly experienced (N=11)
Correct (%) 275 (100%)
Not found (%) o (0%)
Incorrect (%) o (0%)

N = number of observers

Less experienced (N=14) p-value
339 (96.8%)
3 (0.9%) 0.012

8 (2.3%)

Figure 2. Bar chart visualization showing the percentage distribution of correct matches, incorrect
matches, and no matches, with each column representing an individual observer identified by
professional group. The three forensic odontologists are labeled FO1-FO3, the eight oral radiology
specialists are labeled OR1-ORS, the six dentists trained in the basics of disaster victim identification
labeled DVI1-DV16 and the eight dental students are labeled DS1-DS8.

Proportion of Responses per ID

Response Type

100%

75%

50%

Percentage

25%

0% .

Incorrect

Correct [l No match

N DX D A D D DO X O O N D X B O A DN D
2 PTPRPE IV PP LLSLSLESSLS S

OO O 9

The incorrect and not found matches were
distributed as follows: among the DVI-D, four
out of six (66%) had either errors or cases
without matches; among the DS two of eight
(25%) had errors or cases without matches. Out
of the eight incorrect matches, six (75%) were
classified as probable and the remaining two
(25%) as possible. None of the ORs and FOs
(0%) committed any errors (Figure 2).

To explore whether case characteristics
influenced matching accuracy among the less
experienced groups, cases correctly matched by

S O
ID

DVI-D and DS were compared with those
resulting in errors. No significant differences
were found regarding simulated victims age,
interval between examinations, visible
radiographically detectable identifiers nor sex.

Radiographically detectable identifiers used for
matching

Fillings were the primary radiographically
detectable identifier used for matching across all
groups, with slight but significant differences
between them (p < o0.001). The highest use was
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seen among ORs (94.0%), followed by FOs
(90.7%), DVI-trained dentists (79.3%), and DS
(73.5%).

Prosthodontics were used more frequently by
ORs (61.5%) than by DVI-D (51.3%), FOs
(49.3%), and DS (40.5%) (p = 0.004).

Tooth anatomy was used significantly more often
by DS (58.5%), ORs (52.5%), and FOs (42.7%)
than by DVI-D (8.7%) (p < o0.001). A similar
trend was noted for the “Other” category, where
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ORs and DS reported use in 69.0% and 48.0% of
cases, respectively, compared with 21.3% for FOs
and 15.4% for DVI-D (p < 0.001).

The most pronounced difference between groups
was observed for bone anatomy: ORs used this
characteristic in 75.5% of cases, compared with
only 10.7% for FOs, 2.7% for DVI-D, and 1.0%
for DS (p < o.001). A complete breakdown of
matching characteristics by group is presented in
Table 3.

Table 3. The count and percentage of each radiographically detectable identifiers used for matching by
the oral radiology specialists (ORs), forensic odontologists (FOs), dentists trained in the basics of
disaster victim identification (DVI-D), and dental students (DS).

Match using FOs (N=3) ORs (N=8)
Bone anatomy 8 (10.7%) 151 (75.5%)
Fillings 68 (90.7%) 188 (94.0%)
Tooth anatomy 32 (42.7%) 105 (52.5%)
Prosthodontics 37 (49.3%) 123 (61.5%)
Other 16 (21.3%) 138 (69.0%)

N = number of observers

Matching confidence

The matching confidence varied greatly between
the groups, with the ORs selecting "established"
in 95.5% of cases, compared with 92.0% for the
forensic odontologists, 50.7% for the DVI-D, and
66.8% for the DS (p < 0.001). Pairwise comparisons
revealed significant differences between ORs vs
DVI-D (p < o0.001, ORs vs DS (p <0.001), FOs vs
DVI-trained dentists (p < 0.001), and FOs vs DS (p
< o0.001). The difference between DVI-D and

DVI-D (N=6) DS (N=8) p-value
4 2.7%) 2 (1.0%) < .o0I1
119 (79.3%) 147 (73.5%) < .00I
28 (18.7%) 117 (58.5%) < .001
77 (51.3%) 81 (40.5%) 0.004
23 (15.3%) 96 (48.0%) < .00I

DS was also significant (p = 0.005), while there
were no significant differences between ORs
and FOs (p = 0.63). For detailed distribution
see Table 4.

There was also great individual variation among
DS and DVI-D, with some almost matching
the confidence of the ORs (Figure 3). Overall,
the ORs and FOs demonstrated significantly
higher confidence than the DVI-D and DS.

Table 4. The count and percentage of confidence classifications for oral radiology specialists (ORs),
forensic odontologists (FOs), dentists trained in the basics of disaster victim identification (DVI-D), and

dental students (DS).
Confidence FOs (N=3) ORs (N=8) DVI-D (N=6) DS (N=8) p-value
No match 0 (0.0%) 0 (0.0%) 2 (1.5%) 3 (1.5%)
Possible 3 (4.0%) 1 (0.5%) 15 (11.2%) 4 (2.0%)
Probable 3 (4.0%) 8 (4.0%) 49 (36.6%) 59 (20.6%) <o
Established 69 (92.0%) 191 (95.5%) 68 (50.7%) 133 (66.8%)

N = number of observers
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Figure 3. Bar chart visualization showing the percentage distribution of match confidence levels, with
each column representing an individual observer identified by professional group. The three forensic
odontologists are labeled FO1-FO3, the eight oral radiology specialists are labeled OR1-ORS, the six

dentists trained in the basics of disaster victim identification labeled DVIi-DV1I6 and the eight dental

students are labeled DS1-DSS.
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DISCUSSION high proportion of established matches in this
The present study demonstrates that the four study reflects that most cases contained multiple
professional groups differed significantly in both distinctive identifiers, making established
accuracy and confidence when performing matches achievable. However, real-life scenarios,
matching between PM PRs and AM intraoral with fewer distinguishing radiographically
radiographs. FOs and ORs correctly matched all detectable identifiers, may warrant greater
cases—the only acceptable outcome in real caution in confidence to reduce the risk of false
disaster scenarios—compared with 94.7-98.5% identifications. 1,25:26,31,32

among the less experienced groups. Confidence The groups also differed in their use of

levels had a similar pattern, with FOs and ORs radiographically detectable identifiers. As
classifying 92—96% of matches as established, expected, fillings (74-94%) and prosthodontics

compared with 51-67% for the less experienced (41-62%) were the most commonly used
groups. radiographically detectable identifier for
The significantly higher matching confidence matching, consistent with previous
among ORs and FOs compared with the less findings.2273233  Fillings are relatively easy to
experienced groups was expected and can be compare between PR and intraoral radiographs
attributed to their specialized expertise, as they and tend to vary in terms of placement, material,
routinely analyze and interpret a wide variety of outline, and condition between individuals.
radiological images, consistent with previous Similarly, prosthodontics can be highly distinctive
findings.+>727 That ORs, despite not performing in appearance, placement, and materials. 527 As
dental identifications, achieved identical restorations become less prevalent, features such
matching accuracy as FOs suggests that their as tooth morphology, rotation and placement, as
expertise may be an asset in DVI scenarios. The well as jawbone structure, pathologies, and any
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injuries or alterations become more valuable for
identification. 522263134

The largest discrepancy was regarding the use of
bone anatomy, with ORs using bone identifiers to
a very high degree (75.5%), compared with 10.7%
for FOs, 2.7% for DVI-D, and 1.0% for DS,
despite only 32% of cases having distinguishing
bone identifiers. This pattern was specific to ORs
rather than a general trend among experienced
observers, which likely reflects that they are
trained in comprehensive radiographic
assessment and apply that methodology to
matching, while FOs are trained to focus on the
most relevant identifiers to establish an
identification. 9213132 While both approaches
produced accurate results, the extensive use of
bone anatomy among ORs in this study was not
warranted and could represent a less efficient
allocation of attention and time. The results also
suggest that each group could benefit from
complementary training in the other's area of
expertise. Training in assessing bone anatomy
(e.g. sinus outlining and trabecular bone patterns)
could be particularly important for preparing for
future scenarios where dental restorations may be
tewer or less distinctive. 52735

Another notable finding was that the DVI-D had
the lowest accuracy (94.7%) and confidence
(50.7% established matches) compared to all the
other groups, including DS. Although DVI-D
receive annual training, often provided by FOs,
this training primarily focuses on PM
examination and AM transcription rather than
the radiographic comparison. This combination
of infrequent practical application and long time
between training sessions affects knowledge and
skill retention and might explain this finding. 3¢
However, in a real DVI operation the DVI
protocols specify that quality control should be
performed which would improve matching and
identification accuracy®37 These results suggest
that matching in the reconciliation phase should
be performed by experienced FOs or possibly
ORs. Further, this suggests that DVI training
programs should incorporate more radiographic
comparison and matching exercises to ensure
that DVI-D are well-prepared to carry out all
stages of dental identification in future DVI
incidents 212572732, while being efficient and
accurate.3

In both single-case identifications and DVI
incidents, time and accuracy are of the essence.
3839 In this study, less experienced dentists (DS
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and DVI-D) generally required more time to
perform matching yet produced more errors and
expressed lower confidence in their matches,
making them less suited for matching tasks.
Furthermore, long working hours and intense
external pressure during DVI operations 39, can
increase the risk of errors, which suggests that
the most experienced personnel should assume
primary responsibility for matching and quality
assurance.

Although less experienced personnel performed
inferiorly in matching tasks, they may contribute
valuable support in other aspects of DVI
operations. Real-life incidents involve more than
just matching: PM examinations, AM data
transcription, and report writing also need to be
performed, e.g. a general dental extensive clinical
experience can be particularly beneficial for
conducting PM examinations. 4° These
considerations highlight the importance of
maintaining a network of highly trained and
experienced personnel who can lead and support
their less experienced colleagues, while
simultaneously handling the most challenging
tasks in DVI incidents such as performing
matching, especially with complex images such as
PRs and CT/CBCT. 2t

Conventional PRs present challenges due to
positioning requirements, distortions, and
overlapping anatomical structures. 2333 While
CT/CBCT-reconstructed PRs can be more easily
obtained postmortem and configured to better
match AM images, they are more susceptible to
artifacts from metal restorations and often have
lower spatial resolution. 23 Nevertheless,
conventional and reconstructed PRs are generally
considered comparable in clinical and forensic
contexts "213, and our findings may therefore be
applicable to CT/CBCT-based identification,
though this warrants further evaluation.

A limitation of the study is that conditions were
not fully standardized across the participant
groups, especially regarding the use of multiple
screens. The study design also imposed a time
limit on the observers which may have been a
source of stress, potentially leading to errors. 38
However, if time pressure were a significant
factor, one would expect it to affect all groups.
The fact that FOs and ORs achieved the highest
matching accuracy while using the least amount
of time suggests that experience, rather than time
constraints, determined performance. Less
experienced observers performed inferiorly
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despite utilizing all available time, and while
additional time might have improved their results
38, real-world disaster scenarios rarely afford such
flexibility.

The use of more AM cases (30) than PM cases
(25) is a strength of this study, as it prevented
observers from using a process of elimination to
match the final cases, which would have
artificially inflated accuracy rates. By including
five AM cases without a PM match, observers
were required to actively identify matches based
on radiographically detectable identifiers rather
than simply pairing remaining cases by exclusion.
The study design could have been strengthened
by including PM cases without an AM match.
Building on this, future studies could also
evaluate all phases of the DVI process across
professions, including transcription of AM and
PM examinations using INTERPOL dental
codes.

Overall, our results emphasize the importance of
experience in detecting subtle details and
indicate that additional training is required for
less experienced personnel to improve both

REFERENCES

1. INTERPOL. Disaster Victim Identification (DVI)
[Internetl. 2023 [cited 2025 May 2]. Available from:
https://www.interpol.int/How-we-work/Forensics/
Disaster-Victim-Identification-DVI

2. Kirishan K, Kanchan T, Garg AK. Dental Evidence in Forensic
Identification - An Overview, Methodology and Present Status.
Open Dent J. 2015;9:250-6. doi: 10.2174/1874210601509010250.
PMID: 26312096; PMCID: PMCy4541412.

3. Delattre VF. Burned beyond recognition: systematic
approach to the dental identification of charred human
remains. J Forensic Sci. 2000;45(3):589-96. PMID: 10855963.

4. Reesu GV, Augustine J, Urs AB. Forensic considerations
when dealing with incinerated human dental remains. J
Forensic Leg Med. 2015;29:13-7. doi: 10.1016/
jjflm.2014.10.006. PMID: 25572078.

5. Angelakopoulos N, Franco A, Willems G, Fieuws S,
Thevissen P. Clinically Detectable Dental Identifiers
Observed in Intra-oral Photographs and Extra-oral
Radiographs, Validated for Human Identification
Purposes. J Forensic Sci. 2017;62(4):900-906. doi:
10.1111/1556-4029.13310. PMID: 27874188.

6. Petju M, Suteerayongprasert A, Thongpud R, Hassiri K.
Importance of dental records for victim identification
following the Indian Ocean tsunami disaster in Thailand.
Public Health. 2007;121(4):251-7. doi: 10.1016/
j-.puhe.2006.12.003. PMID: 17276465.

7. McKenna CJ. Radiography in forensic dental
identification - a review. J Forensic Odontostomatol.
1999;17(2):47-53. PMID: 10709564.

8. Rittsmedicinalverket. Tdnderna avslojar den dodes
identitet for rittsodontologen {Internetl. 2023 [cited
202§ May 2}. Available from: https://wwwrmv.se/om-oss/

Vol 44 n. 1 - Apr- 2026

accuracy and efficiency. Beyond reducing errors,
such experience may also mitigate the post-
traumatic stress and risk of burn-out commonly
associated with DVT incidents. 4142

CONCLUSION

Conventional PRs could be used for
identification with high accuracy, particularly
when interpreted by experienced observers. FOs
and ORs had significantly higher matching
accuracy and confidence than the less
experienced groups, emphasizing the critical
importance of observer experience. The findings
support that ORs may be an asset in DVI
operations. Fillings were the most commonly
used identifier, while ORs notably utilized bone
anatomy extensively. PRs reconstructed from
PM CT could be valuable for initial screening
and for narrowing potential matches in
comparative dental identification, but this
requires further investigation.

ACKNOWLEDGEMENT
The study was supported by Umea university.

jobba-hos-oss/vara-medarbetare/tanderna-avslojar-den-
dodes-identitet-for-rattsodontologen/

9. Socialstyrelsen. Socialstyrelsens foéreskrifter och
allminna rdd om tandlikarnas specialiseringstjinstgoring
[Internet]l. Sweden; 2017 {cited 2026 Jan 8]. Available
from: https://wwwsocialstyrelsen.se/publikationer

10. Andersen L, Wenzel A. Individual identification by
means of conventional bitewing film and subtraction
radiography. Forensic Sci Int. 1995;72(1):55-64. doi:
10.1016/0379-0738(94)01676-v. PMID: 7705736.

1. Maley S, Higgins D. Validity of postmortem computed
tomography for use in forensic odontology identification
casework. Forensic Sci Med Pathol. 2024;20(1):43-50. doi: 10.1007/
§12024-023-00591-9. PMID: 36929482; PMCID: PMC10944419.

12. 12. Borrman H, Gréndahl HG. Accuracy in establishing
identity by means of intraoral radiographs. J Forensic
Odontostomatol. 1990;8(2):31-6. PMID: 2130048.

13. Korkchi M, Lekholm U, Dahlbom U, Borrman H.
Accuracy in identification of implant treated patients by
use of intraoral radiographs. J Forensic Odontostomatol.
1995;13(D:4-8. PMID: 9227067.

14. Johansson J, Bladh M, Sj6strém M, Ahlqvist J. The use of
intraoral radiographs for identification of edentulous
patients rehabilitated with implants. J Forensic
Odontostomatol. 2016;34(1):1-9. PMID: 27350697;
PMCID: PMC5734824.

15. Viner MD, Robson J. Post-mortem forensic dental
radiography - a review of current techniques and future
developments. J Forensic Radiol Imaging. 2017;8:22-37.

16. Pittayapat P, Jacobs R, De Valck E, Vandermeulen D,
Willems G. Forensic odontology in the disaster victim
identification process. J Forensic Odontostomatol.
2012;30(1):1-12. PMID: 23000806; PMCID: PMCs5734849.

56



JFOS - Journal of Forensic Odonto-Stomatology

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pretty IA, Sweet D. A look at forensic dentistry—Part 1:
The role of teeth in the determination of human
identity. Br Dent J. 2001;190(7):359-66. doi: 10.1038/
sj.bdj.4800972. PMID: 11338039.

Issrani R, Prabhu N, Sghaireen MG, Ganji KK,
Alqahtani AMA, Jamaan TS, et al. Cone-Beam
Computed Tomography: A New Tool on the Horizon for
Forensic Dentistry. Int J Environ Res Public Health.
2022;19(9):5352. doi: 10.3390/ijerph19095352. PMID:
35564747; PMCID: PMCog1o4190.

Oktay AB. Human identification with dental panoramic
radiographic images. IET Biom. 2018;7:349-355. doi:
10.1049/iet-bmt.2017.0078.

Kirchhoff S, Fischer F, Lindemaier G, Herzog P,
Kirchhoff C, Becker C, et al. Is postmortem CT of the
dentition adequate for correct forensic identification?:
comparison of dental computed tomograpy and visual
dental record. Int J Legal Med. 2008;122(6):471-9. doi:
10.1007/$00414-008-0274-y. PMID: 18679703.

Ruder TD, Thali YA, Rashid SNA, Mund MT, Thali MJ,
Hatch GM, et al. Validation of post mortem dental CT
for disaster victim identification. J Forensic Radiol
Imaging. 2016;5:25-30. doi: 10.1016/j.jofri.2016.01.006.
Malina-Altzinger J, Damerau G, Gritz KW, Stadlinger
PD. Evaluation of the maxillary sinus in panoramic
radiography-a comparative study. Int J Implant Dent.
2015;1(D):17. doi: 10.1186/s40729-015-0015-1. PMID:
27747639; PMCID: PMC5005697.

Kwon T, Choi DI, Hwang J, Lee T, Lee I, Cho S. Panoramic
dental tomosynthesis imaging by use of CBCT projection
data. Sci Rep. 2023;13(D):8817. doi: 10.1038/541598-023-35805-1.
PMID: 37258603; PMCID: PMCro0232452.

Dhillon M, Raju SM, Verma S, Tomar D, Mohan RS,
Lakhanpal M, et al. Positioning errors and quality
assessment in panoramic radiography. Imaging Sci Dent.
2012;42(4):207-12. doi: 10.5624/isd.2012.42.4.207. PMID:
23301205; PMCID: PMC3534173.

Lundberg E, Mihajlovic NS, Sjéstrém M, Ahlqvist J. The
use of panoramic images for identification of edentulous
persons. J Forensic Odontostomatol. 2019 Sep
30;37(2):18-24. PMID: 31589592; PMCID: PMC6981351.
Fridell S, Ahlqvist J. The use of dental radiographs for
identification of children with unrestored dentitions. J
Forensic Odontostomatol. 2006;24(2):42-6. PMID: 17175835.
Pinchi V, Norelli GA, Caputi F, Fassina G, Pradella F,
Vincenti C. Dental identification by comparison of
antemortem and postmortem dental radiographs:
influence of operator qualifications and cognitive bias.
Forensic Sci Int. 2012;222(1-3):252-5. doi: 10.1016/
j-forsciint.2012.06.015. PMID: 22770720.

World Medical Association. World Medical Association
Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA. 2013;310(20):2191-4. doi:
10.1001/jama.2013.281053. PMID: 24141714.

Tucunduva RMA, Rubira CMEF, Honério HM, Cardoso CL,
Rubira-Bullen IRE Validation of CBCT panoramic reformatting
compared to conventional panoramic radiography for age
determination using the Demirjian method. Braz Dent Sci.
2025;28:€4668. doi: 10.4322/bds.2025.€4668.

Chiam SL, Louise J, Higgins D. "Identified", "probable",
"possible" or "exclude": The influence of task-irrelevant
information on forensic odontology identification

31

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

Vol 44 n. 1 - Apr- 2026

opinion. Sci Justice. 2022 Jul;62(4):461-470. doi: 10.1016/
j-scijus.2022.06.002. Epub 2022 Jul 2. PMID: 35931452.
Gorza L, Manica S. Accuracy of dental identification of
individuals with unrestored permanent teeth by visual
comparison with radiographs of mixed dentition. Forensic
Sci Int. 2018 Aug;289:337-343. doi: 10.1016/
j-forsciint.2018.06.004. Epub 2018 Jun 21. PMID: 29936 401.
Soomer H, Lincoln MJ, Ranta H, Penttilid A, Leibur E.
Dentists' qualifications affect the accuracy of
radiographic identification. J Forensic Sci. 2003
Sep;48(5):1121-6. PMID: 14535679.

Franco A, Orestes SGF, Coimbra EF, Thevissen P, Fernandes
A. Comparing dental identifier charting in cone beam
computed tomography scans and panoramic radiographs
using INTERPOL coding for human identification. Forensic
Sci Int. 2019 Sep;302:109860. doi: 10.1016/
j-forsciint.2019.06.018. Epub 2019 Jun 21. PMID: 31310942.
Page M, Lain R, Kemp R, Taylor J. Validation studies in
forensic odontology - Part 1: Accuracy of radiographic
matching. Sci Justice. 2018 May;58(3):185-190. doi: 10.1016/
jscijus.2017.11.001. Epub 2017 Nov 7. PMID: 29685300.
Forrest A. Forensic odontology in DVTI: current practice
and recent advances. Forensic Sci Res. 2019 Nov
6;4(4):316-330. doi: 10.1080/20961790.2019.1678710.
PMID: 32002490; PMCID: PMC6968523.

Nilsson TA, Hedman LR, Ahlgvist JB. Dental student
skill retention eight months after simulator-supported
training in oral radiology. J Dent Educ. 2011
May;75(5):679-84. PMID: 21546602.

Stoll CRT, Izadi S, Fowler S, Green P, Suls J, Colditz GA.
The value of a second reviewer for study selection in
systematic reviews. Res Synth Methods. 2019
Dec;10(4):539-545. doi: 10.1002/jrsm.1369. Epub 2019 Jul
18. PMID: 31272125; PMCID: PMC6989049.

Carney PA, Bogart TA, Geller BM, Haneuse S,
Kerlikowske K, Buist DS, Smith R, Rosenberg R,
Yankaskas BC, Onega T, Miglioretti DL.
Association between time spent interpreting, level
of confidence, and accuracy of screening
mammography. AJR Am J Roentgenol. 2012
Apr;198(4):970-8. doi: 10.2214/AJR.11.6988. PMID:
22451568; PMCID: PMC3654687.

Angelakopoulos N, Boedi RM, Polukhin N, Zolotenkova
G, Kumagai A, Balla SB. Exploring global demographics
of professionals in forensic odontology: a pilot study.
Forensic Sci Med Pathol. 2025 Dec;21(4):1730-1742. doi:
10.1007/s12024-025-00983-z. Epub 2025 May 2. PMID:
40314907; PMCID: PMC12799691.

Sand LP, Rasmusson LG, Borrman H. Accuracy of dental
registrations in forensic odontology among dentists and
dental students. J Forensic Odontostomatol. 1994
Jun;12(0):12-4. PMID: 9227084.

McCarroll JE, Fullerton CS, Ursano RJ, Hermsen JM.
Posttraumatic stress symptoms following forensic dental
identification: Mt. Carmel, Waco, Texas. Am J
Psychiatry. 1996;153:778-782. doi: 10.1176/ajp.153.6.778.
Angelakopoulos N, Putri AW, Al-Qahtani SJ, Merdietio
Boedi R, Langan Martin J. Evaluating risk of burnout
and psychological challenges among forensic
odontologists: A pilot study. Forensic Sci Med Pathol.
2026 Feb 10. doi: 10.1007/s12024-025-01169-3. Epub
ahead of print. PMID: 41665802.

57



