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Abstract:
Purpose: To demonstrate the workflow used in the evaluation of Post Mortem MSCT as part of dental identification in single and possibly multiple fatalities. Material and method: The workflow in a couple of cases from the Section of
Forensic Pathology in Copenhagen, Denmark is used to illustrate how the use of OsiriX DICOM Viewer and its tools can be applied to overcome some of the problems contained in MSCT images compared to the usual
ortopantomograms used in forensic odontology for identification. Results, discussion and conclusion: The combined use of tomograms (slices), 2D Mean Intensity Projection and 3D MIP/VR (3D Maximum Intensity Projection/Volume
Rendering) was found to give a very useful first view for the forensic odontological evaluation, and the combined use overcomes many of the problems which are contained in the Post Mortem MSCT procedure compared to regular
X-ray examination technique. It is also possible to conveniently integrate the images as documentation in the forensic reports as a supplement for the forensic odontologist in the identification process.

Background:
Forensic identification process
Personal identification by dental methods is normally carried out by
comparing the ante mortem (AM) dental records and x-ray images
(bitewing etc.) of a missing person with the post mortem (PM) findings
from the deceased recorded by a forensic odontologist. In the PM
examination the odontologist uses x-ray examination of the teeth
combined with visual/clinical inspection. Both AM and PM findings are
recorded using Interpol's DVI forms. The comparison between AM and
PM data is carried out using the DVI computer program, and a
“match” has to fulfill a number of criteria.

Furthermore, it is possible to generate images resembling bitewing
images (image 4 and 5). This is obtained by using a combination of
the 3D Multi Planar Reconstruction (3D MPR) function, increased slice
thickness and Mean function.

Purpose:
In Copenhagen we routinely scan all received bodies in our MSCT
scanner before autopsy and thus also prior to the PM examination.
We wanted to examine if these CT images could be of use to the
forensic odontologist in obtaining the data needed for a PM recording.
Previously, we have seen others focusing on trying to transform the
CT tomograms into ortopantomograms in an effort to produce images
suited for comparison with AM X-ray images. However this often
results in “noise filled” CT images of unsatisfactory quality caused by
the way a CT scanner obtains the images. Instead we chose to focus
on the use of the tomograms in combination with 2D and 3D
reconstructions in order to improve the validity and amount of the PM
data from the CT scanning images. We also wanted to explore the
limitations and problems in this approach.
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Recording of PM dental data using CT scan:
Findings from the Post Mortem CT scans were recorded in the DVI
form (PM F2) using the FDI numbering system.

Reviewing the Post Mortem CT scans:
Reviewing and reconstructions were carried out using the OsiriX
DICOM Viewer.

Image 4 and 5: CT reconstructions of tomograms emulating bitewing images.
(3D MPR, slice thickness ≈ 10 mm, Mean function)

Step 4: Recording of dental restorations, cavities etc:
The present teeth are then evaluated systematically with respect to
restorations, cavities etc.
Fillings are recorded with respect to the material used and the
localization on the tooth surfaces (i.e. occlusal, distal, mesial etc.).
Amalgam fillings are easily identified and produce a large amount of
noise on the CT scan (image 6a). This can cause problems in
determining their extent on the tooth surface and makes it difficult to
detect adjacent fillings. By using the combination of the topogram and
tomogram, this can be determined in most cases. Radiopaque
composite fillings are easily identified and produce very little or no CT
noise (image 6b).

Image 6a: Amalgam filling in 26.
Noise is seen as streaks radiating
from the filling.

Image 6b: Composite fillings in
36. These fillings cause much
less noise compared to the
amalgam filling seen in image
6a.

Gold crowns are recognized by being more rounded in their
circumference on the tomogram (image 7) compared to large
amalgam fillings (image 8). In contrast, the metal part of metal
ceramic crowns (MCC) is separated from the adjacent teeth by the
ceramic part (image 9).

Image 7: Gold crown
(36).

Image 8: Large amalgam
filling.

Image 9: Two MCC
(25, 26)

Root fillings are very easily identified due to the radiopacity of the
gutta perka filling material (image 3 and 10). Metallic post/cores, like
amalgam fillings, cause more noise, distinguishing them from root
fillings. Such post/cores do not obscure the visualization of underlying
root fillings.

Image 1 (left), image 2 (right): Side-by-side view of
topogram and tomogram from the same person. The green
line on image 1 indicates the level of the tomogram (image 2).

Image 3: Tomogram at the cervical level of the
mandibular teeth. This is the best level for
evaluating the positions and number of teeth
present. Root fillings (arrows) can be seen in 36, 41
and 46 (FDI numbering).

Discussion
Advantages:
In each of the steps demonstrated above, the relevant images must
be stored for future documentation and can be used in reports both
digitally and printed. The OsiriX DICOM Viewer provides many easy to
use tools suitable for marking relevant structures/findings in the CT
images.

In a disaster situation with many victims, it would be an advantage to
make a preliminary sorting of the victims regarding age, prosthetics
amount of dental work - etc. This can be done quickly and does not
require special knowledge from a forensic odontologist. Having
access to the Post Mortem CT images would also allow the forensic
odontologist to perform part of the PM registration in parallel with the
autopsy and not needing physical access to the body.
In cases of terror attacks with nuclear-, bacterial- or chemical
weapons, it will be dangerous to open the body bags and make the
traditional dental clinical/visual inspection. Utilizing the Post Mortem
CT scan, it might be possible to make the PM-recordings from the CT
scan as outlined in this poster.

Problems:

Implants are also a finding with a high impact in the DVI scoring
system. Titanium implants produce very little noise but have a high
radiopacity and are seen as metallic structures anchored in the bone
(image 11).

Step 3: Present/absent teeth etc:
In order to perform the actual recordings for the DVI PM form, we use
the Multi Planar Reconstruction (MPR) function to align the upper and
lower jaw respectively using certain landmarks. This is especially
needed in cases where the head is misaligned due to rigor mortis,
trauma and not least lack of occlusion. The upper and lower jaw are
evaluated separately by browsing through the images in the
respective occlusal planes. The present/absent teeth along with root
fillings are recorded most easily by viewing images at the cervical
level of the teeth (image 3) and/or root level.

Step 6: Confirmation of CT PM findings:
This is done by taking the recorded findings in the PM F2 form and
performing the normal clinical examination of the body after the
autopsy.

In severely burned victims, the teeth are often brittle and can therefore
easily be lost/break during the autopsy or during the intra oral
examination. The Post Mortem CT scan images made prior to the
autopsy will show the dental status of the body at the time of arrival at
the forensic facility.

Step 1:
The lateral (LAT) topogram of the head is reviewed. This provides an
overview of the dentition, if prosthetics are present/absent, amount of
restorations (such as radiopaque fillings, crowns, root fillings) etc.
(image 1).
Step 2:
The tomograms (slices) and topogram are then viewed side-by-side.
We find that a WL/WW setting of approximately 1700/8000 is wellsuited for the tomograms. If the head of the deceased is properly
orientated (i.e. no side turning, no head tilt) then it is possible to easily
evaluate the number and position of teeth in both upper and lower jaw.
Other findings such as fillings, root fillings, post/cores, implants etc.
can easily be observed (image 2).

Image 12a and 12b: DICOM images of 3 dimensional reconstructions from Post
Mortem CT.
(3D MIP and VR, WL/WW 1870/2565)

Image 10: Root fillings
(17, 14, 13, 12 and 22)

Image 11: Implant at regio 45

Step 5: 3D MIP/VR:
After completion of the dental recording as outlined above, a 3D
reconstruction of the head CT can be beneficial for a final verification
of the recorded findings that have been filled in the DVI form. We
recommend using the OsiriX DICOM-Viewers 3D Maximum Intensity
Projection (MIP) and then applying the Volume Rendering (VR)
function and a WL/WW setting at approximately 1900/2500
Hounsfield. The 3D model has many advantages beyond simply
counting/viewing the teeth in a familiar view. It provides a good
visualization of impacted teeth, jaw bone, occlusion etc. (image 12a
and 12b).

The use and evaluation of Post Mortem CT images is a time
consuming process, especially in the beginning, and requires
experience / familiarization in order to be used in a routine context.
The forensic odontologist is used to inspecting the dentition from the
oral cavity i. e. the upper jaw from below and the lower jaw from
above. In the CT-scan, the images are orientated or presented as
viewed from below. We find that this is only a problem in the beginning
and is quickly overcome with increasing experience.
The normal dental X-rays are 2D images of a summarized 3D
structure. The slices in a CT-scan are a very different presentation of
the same structures and contain cross sectional information in every
imaginable plane. CT scanning images also make it possible to view
the structures in 3D. Utilizing these possibilities is essential in order to
work around some of the limitations that the CT technique inherently
has compared to regular X-ray. These possibilities pose a challenge
for the correct interpretation and require familiarity with the CT
evaluational tools.
In cases with many metallic restorations (i.e. amalgam fillings, metal
crowns etc.) in close relations, Post Mortem CT scan has a major
limitation compared to the traditional X-ray technique. In such cases,
the detection of adjacent composite material fillings and other details
needed for the DVI PM sheet is not possible by CT-scan.

Final thoughts:
Overall, in our opinion, Post Mortem CT scanning is a useful and
important tool for identification purposes. In all identification cases, it
is informative for the forensic odontologist to look through the scan
before the clinical examination. This can target and facilitate the
clinical and radiological examination. In some cases, we have been
able to make a complete PM DVI description by only using the Post
Mortem CT images. Naturally, this is confirmed by clinical and
radiographic examination.

