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Abstract Radiologic forensic identification is usually
performed by comparing antemortem and postmortem ra-
diographs. While computed tomography (CT) has be-
come a valuable addition to radiologic identification,
magnetic resonance (MR) imaging has only rarely been
used for this purpose. In our case, identification was
accomplished using fused MR- and CT images in a sur-
vivor of a gunshot injury to the head. This case supports
and highlights the possibility to perform intermodality
radiologic identification comparing preexisting MR im-
aging to subsequently aquired CT data in living (or de-
ceased) humans as long as manual modifications of
windowing, color and contrast enable differentiation of
the two modalities in the fused image.
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Introduction

In the forensic sciences, identification (ID) of human remains is
fundamental [1]. Conventional means of forensic identification
include dactyloscopy, DNA analysis, and comparison of dental
radiography [1], the latter being the earliest established radio-
logic identification modality [2]. Radiologic identification usu-
ally involves comparison of antemortem (AM) with postmor-
tem (PM) medical imaging [3, 4]. Increasing use of computed-
tomography (CT) and magnetic resonance (MR) [5, 6], pro-
vides contemporary forensic sciences the opportunity to apply
these data sets for radiologic identification purposes. Since ra-
diologic identification frequently relies on the visual compari-
son of high-density structures, such as dental or bone tissue, CT
has become a valuable addition to forensic identification
[7-10]. Moreover, CT allows for comparisons with radiographs
[11]. MR imaging of osseous tissues has less resolution and
edge detail than radiographs or CT [12] and has thus only rarely
been deemed an appropriate tool for radiologic identification
[13, 14]. Documentation of radiologic identification for person-
al ID of living individuals is rare in the literature [15], as ID for
living individuals typically relies on ID-documents and finger-
prints (https://www.fedpol.admin.ch/fedpol/de/home/
sicherheit/personenidentifikation.html). In this case, we
present a radiologic identification of a survivor of a gunshot
injury to the head by comparison and fusion of MR- and CT
imaging of the frontal sinuses.

Materials and methods
Case history

A 34-year-old man was taken to the hospital with extensive
and disfiguring facial injury and loss of consciousness
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secondary to blunt force injury and a gunshot wound of the
head. Due to the severity of disfigurement, the patient’s iden-
tity could not be safely established by visual means (visual
comparison of his face to the ID-card found in his wallet).
After admission to the trauma room, head CT was performed
to assess the extent of facial and cerebral injury. The radiology
department record review revealed a single prior exam of a
patient who was presumed to be the same person as the
disfigured patient — an MR of the brain which had been ac-
quired more than 10 years earlier. In view of these circum-
stances, our institution was tasked with confirming or exclud-
ing the presumed identity of the victim based on a comparison
of the head CT and the earlier brain MR.

CT imaging

CT of the skull was performed on a 128-slice scanner (Philips
ICT SP, Philips Healthcare, Best, Netherlands). Further pa-
rameters were 100 kV, tube current 380 mAs; 2 mm slice
thickness and 0.6 mm increment. Reconstructions for image
comparison were made in a bone tissue window with a hard
kernel.

MR imaging

MR imaging was performed on a 1,5 T scanner (Philips
Gyroscan Intera, Philips Healthcare, Best, Netherlands). The
MR imaging protocol involved T2 weighted turbo spin echo
(TSE), fluid attenuation inversion recovery (FLAIR), T1
weighted fast field echo (FFE), diffusion weighted imaging
(DWI) and susceptibility weighted imaging (SWI) sequences.
For image comparison, a T1 weighted FFE sequence with a
slice thickness of 3.2 mm was used.

Image analysis including visual comparison and image
fusion was performed on a dedicated workstation using
commercially available software (syngo.Via, Siemens
Healthineers, Erlangen, Germany). In order to highlight the fron-
tal sinuses, the greyscale was inverted for image (d) (Figs. 1 and
2). A color preset (Dual Energy — Liver VNC 2) was applied to
the CT data set (e). Windowing as well as contrast settings were

manually adjusted for both modalities in images (e) and (d). To
increase the visibility of the anatomy, CT and MR were fused in
images (c) and (f) using the multiplanar reformation tool of

syngo.via.

Findings

Direct visual comparison of images (a) and (b) (Figs. 1 and 2)
does not allow secure identification due to the poor visualiza-
tion of the septation of the frontal sinuses in image (a). The
fusion image (c) shows rough alignment of the frontal sinuses
but the contribution of each modality to the final image cannot
be differentiated. In image (d), greyscale inversion and adjust-
ment of windowing and contrast increase visibility of the
septations and shape of the sinuses. Color modification of
the CT data in image (e) ensures that both modalities can be
differentiated when fused. The resulting fusion image (f) suf-
ficiently allows secure identification revealing identical
septation and shape of the frontal sinuses on CT and MR.

Discussion

This case supports and highlights the possibility of performing
intermodality radiologic identification comparing preexisting
MR imaging to subsequently aquired CT-data in living (or
deceased) humans. Direct visual comparison of CT and MR
of the paranasal sinuses is challenging when relying on stan-
dard windowing and contrast settings, as the visualization of
the frontal sinuses’ shape and septation on MR is easily
masked by the CT images of the same structures when fused.
However, manual modification of windowing, color, and con-
trast enables differentiation of the two imaging modalities in
the fused image, allowing for secure identification.

Typically, ID is performed to confirm or exclude the ID of
an unidentified decedent both in individual and multiple fatal-
ity incidents. Here, the presumed ID of a living victim of a
violent assault had to be confirmed from comparative imaging
due to extensive facial injury. CT imaging or radiographs are

Fig. 1 First row: axial cross-section MR imaging a, axial cross section
CT imaging b and fusion of both images ¢ at supraorbital height; Second
row: inverted axial cross section MR imaging d, colored axial cross
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section CT imaging e and fusion of both images f using windowing and
color to highlight the frontal sinuses at supraorbital height
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Fig. 2 First row: axial cross section MR imaging a, axial cross section
CT imaging b and fusion of both images ¢ at orbital height; Second row:
inverted axial cross section MR imaging d, colored axial cross section CT

rarely used for ID in the living as most identifications are
made using visual facial comparison or dactyloscopy, in addi-
tion to ethical concerns about radiation exposure [16] from
imaging without a medical indication. However, this case
demonstrates that if imaging is aquired for clinical purposes
and is made available to forensic practicioners, the data may
be used for radiologic identification.

In addition, the case also highlights the potential of radio-
logic identification by comparison of different imaging mo-
dalities. There are several reports in the literature where
postmortem-CT has been compared to antemortem-
radiographs and vice versa [10, 11, 17]. In addition to
odontological examinations, the frontal sinuses are established
anatomic landmarks for identification [17-20] and a standard-
ized approach for (intramodal) CT image comparison has been
proposed [21]. The International Society of Forensic
Radiology and Imaging (ISFRI) has published positional
statements regarding the use of conventional radiographs
and PMCT for forensic identification [22, 23]. However, the
potential of MR for comparative identification remains under-
investigated and literature on this topic is scarce [10, 13, 14].
Overall, the comparison between MR and CT (regardless of
whether it is antemortem or postmortem) is more challenging
than intramodal comparison (MR to MR or CT to CT) due to
the inherent differences between CT, which provides high
resolution and edge detail of bone, and MR, which provides
high contrast for soft tissue [12].

The syngo.via image fusion tool proved to be very helpful in
addressing the fundamental challenge of intermodality compari-
son. Overlaying the two datasets allowed for more appropriate
selection of image contrast to highlight the consistency regarding
shape and size of the frontal sinuses. The fusion tool uses ana-
tomical landmarks of the skull to register the two data sets and
automatically overlay, adjust, and combine the two different
datasets of the head. In this case, the fusion highlighted identical
anatomy between a CT and MR of the frontal sinuses.

In conclusion, intermodality fusion of MR- and CT imag-
ing may allow for secure radiologic identification when ante-
mortem CT data is not available. Given the increasing amount
of MR imaging worldwide, this modalilty offers a wide range

imaging e and fusion of both images using windowing and color to
highlight the frontal sinuses at orbital height

of identification possibilities when adjusted properly for
intermodality comparison.

Key points

1. Increasing use of computed-tomography (CT) and mag-
netic resonance (MR) provides data sets for radiologic
identification purposes.

2. Antemortem MR imaging is a valuable source for identifi-
cation purposes despite of having less resolution and edge
detail for osseous tissues compared to radiographs or CT.

3. Intermodality radiologic identification by comparison of
CT and MR imaging is feasible when images are fused
and differentiation is enabled by manual adaptation of
windowing, color, and contrast.

4. Antemortem radiologic identification may become nec-
essary when typical antemortem identification modali-
ties fail.
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