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Aim: Postmortem Computed Tomography (PMCT) is gradually introduced at forensic institutes. Image recon-
struction software can increase diagnostic potential in CT by increasing distinction between structures and
reduction of artifacts. The aim of this study was to develop and evaluate novel image reconstruction parameters
for postmortem conditions, to increase image quality and diagnostic potential of CT scans.

Method: Twenty PMCT scans of deceased hereof two in severe decay were subjected to four reconstruction
techniques: a standard reconstruction algorithm, the detail reconstruction algorithm and two novel algorithms
based on the standard algorithm, but with different Hounsfield settings. Image quality was evaluated by visual
grading analysis (VGA) by four forensic radiologist observers.

Results: The VGA did not prove that any of the reconstruction techniques were superior to the others. For
standard and detail, the two pre-defined reconstruction algorithms, VGA scores were indiscernible and were
superior to the equally indiscernible Hounsfield reconstructions on parameters translated into Sharpness and Low
Contrast Resolution. The two alternative Hounsfield settings were superior with respect to Noise and Artifacts/
Beam Hardening.

Conclusion: The study elucidates the possiblity for multiple reconstructions specialized for PMCT conditions, to
accommodate the special conditions when working with the deceased. Despite the lack of clear improvements in
the tested reconstructions, this study provides an insight into some of the possibilities of improving PMCT quality
using reconstruction techniques.

1. Introduction

Computed Tomography (CT) was developed as a tool to aid the
diagnostic process of living patients [1]. As such, foci for development
has been on diagnostic quality and reduction of radiation exposure and
movement artifacts [2-4]. Throughout the last few decades, Postmortem
Computed Tomography (PMCT) scans have become a tool used to sup-
plement or in some cases to replace the autopsy [5-8]. Previous studies
have found that postmortem CT is superior to Magnetic Resonance
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imaging (MRi) for imaging of bone and embedded metal. Both CT and
MR are superior to autopsy for identification of bone injuries and trap-
ped air [9,10].

Using CT for postmortem examinations is challenging [11]. Condi-
tions of the body may change after death, including hydration level, and
decay leading to gas production as well as degradation of structures and
organs. Rigor mortis, separation, mumification, freezing and burning
may complicate positioning of the body in the scanner. Contrasting this,
radiation dose and motion artifacts are irrelevant in PMCT [7].
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Over the last decade, several papers have been dedicated to PMCT
technique, following the development of CT in general [12-15]. Often,
PMCT is performed with standard settings given that the conditions of
the deceased vary so much that design and choice of acquisition pa-
rameters for CT scan is cumbersome, and repetition of scans is seldom
possible. In CT, visceral organs are identified based on differences in
tissue density, e.g. absorption of photons, and the distinct borders be-
tween organs [16]. However, as decay increases, these distinctions
become less defined, which may contribute to PMCTs inferiority to au-
topsy regarding identification of soft tissue lesions [9-11]. It is thus
necessary to increase distinction between soft tissue organs in PMCT.
Reconstruction algorithms are in silico tools routinely used in radiology
for any data processing to modify parameters of CT images to identify
organs of different mass and density [17,18].

By focusing on reconstruction algorithms instead of the acquisition
parameters, reconstructions can be developed for specific aims and
conditions. PMCT is still an area in development, and the multifunc-
tional tool of reconstruction parameters including multiplanar reformat,
volume rendering and different mathematical evaluations has not been
fully explored. Of PMCT publications, only Gascho et al., 2018 [12]
included reconstruction methods, and there are no official recommen-
dations for PMCT reconstruction parameters.

Improved visualization of raw data in the abdominal organs is of
specific interest due to rapid decay, and abdominal reconstruction
protocols has previously been developed for the living [12,19].

Radio density or the ability of x-rays to penetrate a material is
quantified as Hounsfield units (HU) where water is the equivalent of
0 HU, air is —1000 HU, and dense materials like bone and metal are
+1000 HU [12,20]. HU levels, can be defined to focus on areas of
different densities, typically depending on the anatomical area of in-
terest [12]. A narrow range, or window, is typically chosen for distinc-
tion between soft tissues, whereas a large window is used for sharp shifts
in radio density, for example the transition from soft tissue to air in the
lungs. The HU scale can be extended to increase visualization of high
density objects [12,21,22], but will at the same time increase visibility
and decrease contrast in soft tissue. The range of the window is defined
as Window Width (WW), and the central point is defined as Window
Level (WL). Pre-defined built-in reconstructions in scanners are defined
for living patients and do not necessarily corroborate postmortem
visualization [19].

The purpose of this study was to increase distinction and identifi-
cation of visceral structures in PMCT by development and exploration of
a novel set of reconstruction parameters designed to postmortem con-
ditions, to improve image quality in postmortem diagnostics. To our
knowledge this is the first study to explore image quality for recon-
struction parameters designed for PMCT.

2. Material and methods
2.1. Study population

For this study, we planned to include up to twenty PMCT scans
performed over an eight-week period, as twenty was the maximum
feasible number for grading in a visual grading analysis (VGA) due to the
time that the radiologists had available. Only deceased exposed to whole

Table 1
CT scan acquisition parameters for all included scans. kV:
kiloVolt, mm: Millimeter, s: Seconds.

acquisition parameters

Tube voltage 120 kv
MA RANGE 150-700
Slice thickness 1.25 mm
pitch 0.516
Rotation time 0.60 s

Noise Index 21
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body adult PMCT with fixed acquisition parameters (Table 1) could be
included, thereby excluding persons below 15 years of age. Bodies in
various stages of decomposition were included, and stage of decompo-
sition was evaluated based on amount of gas formation in the soft tissues
and the organ parenchyma by two independent observers. Non-
decomposed were characterized by minor or no gas formation. Based
on these criteria, only two bodies scanned during the acquisition period
and included in the study was identified to be in severe decay by forensic
pathologists.

According to Danish law, studies of pseudonymised pre-collected
data do not require ethical approval. The study was registered at the
University of Southern Denmark, journal no 2019-03.01-4.

2.2. CT acquisition

All scans were performed on a Lightspeed VCT 64 slice scanner (GE
Healthcare, Milwaukee, USA) at preset scan acquisition parameters
(Table 1).

2.3. Reconstruction parameters

We compared four reconstruction parameters. One, the standard
algorithm that is routinely used in PMCT is was compared with the detail
algorithm provided by GE, and a novel set of two reconstruction pa-
rameters designed with the aim of increasing visibility of soft tissue
structures. The standard algorithm is a blend between a soft and hard
kernel, which means that the result is a combination between spatial
resolution and contrast resolution. In contrast, the detail algorithm is
normally used for hybrid tissue and where bone edges are important to
visualize, which require a better spatial resolution and the noise is
increased. This was included as it was of interest to increase enhance-
ment of abdominal boarders [12,21-24] without adding large quantities
of noise [17,25] and was therefore chosen to be tested for abdominal
PMCT. The two novel reconstructions were developed based on the
standard algorithm, but extending WW as suggested by Gascho et al.,
2018 [12], . The novel algorithms were selected by a forensic patholo-
gist not involved in executing the VGA and had WL of 80, and WW of
3000 and 4000, respectively, hereby bearing strong resemblances with
bone window (Table 2).

Fifty percent Adaptive Statistical [terative Reconstruction (ASiR) was
used on all reconstructions as well as a Scan Field of View of 50 cm with
the maximal possible display field of view (50 cm). As the area of in-
terest was the abdomen, the reconstruction started at the superior
abdominal organ and ended at the pubic symphysis.

2.4. Visual image quality assessment

All postmortem scans were analyzed with the three reconstructions
novel for PMCT as well as the standard algorithm (Table 2), and
resulting images were subjected to Visual Grading Analysis (VGA) by
forensically trained radiologists. VGA is a scientific tool to systemati-
cally evaluated detailed perceived image quality based on anatomical
structures in the images including measurements for intra- and inter-
observer agreement to validate the results. The 83 image sets (twenty
scans with four different parameters, and three duplicated for intra-
observer agreement) were assessed for six predefined image quality
criteria (Table 3). As images were evaluated without a reference image,

Table 2
Parameters of the chosen reconstructions used for the VGA.
Reconstruction Algorithm HU WW HU WL
1 DETAIL 350 40
2 STND 3000 80
3 STND 4000 80
4 STND 350 40
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Table 3
VGA questions designed specifically for addressing increase in contrast and
tissue distinction in deceased as well as presence of artifacts.

Image Question/Subject of evaluation Image quality Scoring

Criteria parameter

1 Homogeneity in the hepatic Noise 1-5
parenchyma

2 Sharpness of the abdominal aortic wall ~ Sharpness 1-5

3 Visualization of intestinal limits/ Low Contrast 1-5
borders Resolution

4 Visible difference in density between Contrast 1-5

the compact and spongy bone
structures in lumbar spine

5 Streaking in pelvic region Artifacts/Beam 1-5
Hardening
6 Is the CT scan considered useful for Usefullness No/Yes

diagnostic purpose?

it was performed as an absolute VGA [26,27]. Images were randomly
mixed, blinded for scan data and including duplicates.

As there are no official internationally recognized image criteria for
PMCT, five Image Criteria were created (Table 3) to correlate with the
European CT image quality guidelines for abdominal CT [28]. Each
image was scored on a Likert scale from one to five (Table 4), with
grading criteria described in Table 4. Abdominal areas representing the
five image quality criteria with the four different reconstruction pa-
rameters is depicted in Fig. 1.

Four observers, all experienced in PMCT image analysis and board-
certified radiologists from Odense University Hospital, evaluated the
images. The radiologists had all been responsible for assessing PMCT
scans for the Department of Forensic Medicine University of Southern
Denmark for approximately two years.

In addition to the first five image criteria the observers were pre-
sented with a sixth question, to evaluate whether the PMCT was useful
for diagnostic purpose (Image criteria 6, Table 3).

The image sets were presented to the observers in the program
Viewer for Digital Evaluation of X-ray images (ViewDex) [29]. In
ViewDEX, the chosen scoring marks were displayed on the monitor and
the option to return to previous scans was activated if needed. The im-
ages were in random order and blinded. The observers used a radio-
logical workstation including a three-megapixel screen, with lighting
calibrated at 410 cd/m2 (EIZO RX850, Hakusan, Japan). The screens
were set after the Danish Health Authority’s recommendations [30]. The
radiologists were introduced to the image evaluation criteria and trained
in ViewDex prior to the evaluation. A guide was handed out in paper
form. Unlimited time was allowed for the evaluation, in an undisturbed
room without the possibility to change WW/WL.

2.5. Statistical analysis

The analyses were performed using Stata 15 (StataCorp. 2017. Stata
Statistical Software: Release 15. College Station, TX: StataCorp LLC).
The VGA results of the observers were compared on each image criteria
for every reconstruction using Wilcoxon matched-pairs signed-rank test.
Visual Grading Analysis Score (VGAS) is the median value of all ratings
of the deceased, when the numerical representations of the scale steps
are used. It was performed as previously described. Mean VGAS was

Table 4
VGA scores for evaluation of the image quality.

Scoring marks Explanations

Inadequate, no diagnosis possible

Poor, diagnostic confidence substantially reduced
Moderate, sufficient for clinical use

Good, minimal limitations for clinical use
Excellent, no limitations for clinical use

[ N A
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calculated as the mean value of VGAS of image criteria 1-5, with 95 %
confidence interval (CI) and depicted as boxplot [31,32].

Inter-observer agreement was evaluated with Fleiss’ kappa accord-
ing to Nelson et al. [33], and intra-observer agreement was assessed
using Gwet’s agreement coefficient 2, chosen due to the improved
chance correction compared with Cohen’s kappa [34]. The
intra-observer agreement was calculated based on the three duplicated
reconstructions, with 1.00 being total agreement.

3. Results

A total of twenty PMCT scans were included in this study. The male/
female distribution of the bodies was 14/6, age range 15-84 years (IQR
41-65). Of the twenty, two were categorized as decomposed.

Answers regarding usefulness of the scans is presented overall and
detailed for decomposed and non-decomposed bodies. When all scans
were included, there was an overall lower positive score of image quality
(89.3-95.2 %, Table 5) versus when excluding the decomposed
(93.4-100 %). The reconstruction WW4000 WL80, had the lowest score,
with a positive score of 89.3 % and Reconstructionl, DETAIL, was the
most favorable with a positive score of 95.2 %. When excluding the
decomposed bodies, DETAIL Kernel reconstruction had a 100 % and the
WW4000 reconstruction WL80 had a 93.4 % acceptance rate.

Image quality was evaluated by use of the VGAS. The mean VGAS
[31] for each reconstruction type were comparable, with overlapping
confidence intervals (Table 6). When dividing results according to
decomposition status, we found that the mean VGAS were higher for the
non-decomposed bodies than for the decomposed bodies, with
non-overlapping 95 % confidence intervals.

Box plot (Fig. 2) was created for all four reconstruction parameters,
representing the distribution of VGA results of the five evaluation
criteria noise, sharpness, low contrast resolution, contrast and artifacts/
beam hardening (Table 3). The WW3000 WL80 and WW4000 WL80
reconstructions scored high, in criteria for noise, contrast, and artifacts/
beam hardening, whereas DETAIL kernel and Standard scored high for
the two remaining criteria, sharpness, low contrast resolution. The box
plot depicts a strong pairwise comparability between the DETAIL kernel
and the STND reconstruction, and between the WW3000 WL80 and the
WW4000 WL8O reconstructions. When performing Wilcoxon matched-
pairs signed-rank test of the image criteria, statistical disparity was
found when comparing image criteria from DETAIL kernel with
WW3000 WL8O0 (p < 0.0001), STND with WW3000 WL80 (p < 0.0001),
DETAIL kernel with WW4000 WL80 (p < 0.0001), STND with WW4000
WL8O0 (p < 0.0001), but not when comparing DETAIL kernel with STND
(p < 1.0), and WW3000 WL80 with the WW4000 WL80 (p < 1.0).

The inter-observer agreement analysis shows a slight to moderate
agreement using the interpretation of k values proposed by Landis and
Koch [35]. The highest agreement was found at image criteria six; if the
image was useful for diagnostic purpose (Table 7).

Intra-observer agreement for each of the observers was comparably
high for DETAIL kernel and WW3000 WL8O0, but generally lower for the
WW4000 WL8O0 reconstruction (Table 8).

4. Discussion

The aim was to improve image quality using reconstruction algo-
rithms for PMCT scans. Four reconstructions were evaluated for diag-
nostic usefulness (Crit. 6) in PMCT of twenty bodies, of which two were
in a state of decomposition. Scans of bodies in severe decay were eval-
uated less useful for diagnostic purpose than the remaining bodies,
indicating that the state of the bodies severely affected image quality,
and that the reconstructions could not sufficiently compensate for this.
When excluding the decomposed bodies, the DETAIL reconstruction
kernel scored the highest when evaluation diagnostic usefulness,
whereas WW4000 WL80 scored the lowest. Interestingly, the standard
reconstruction was the second best, suggesting a good diagnostic value,



P.L. Hansen et al.

Image Reconstruction 1
criteria -
Area of

interest

Detail

Noise -
Hepatic
parenchyma

Spatial
Resolution -
Abdominal
aortic wall

Low
Contrast
Resolution -
Intestinal
limits/
borders

Contrast -
Bone
structures
in lumbar
spine

Artifacts/
Beam
Hardening
Pelvic
region

Reconstruction 2

WW3000 WL80

Forensic Science International: Synergy 8 (2024) 100478

Reconstruction 4

STND

Reconstruction 3

WW4000 WL80

Fig. 1. Depiction of the four reconstructions and the area of interest for the different image criteria.

Table 5
Score in percent of each reconstruction type deemed useful for diagnostic pur-
pose by the observers.

Scans DETAIL WW3000 WW4000 STND WW
kernel WL80 WL80 350 WL 40

A. Decomposed 50 % 62.5 % 50 % 50 %
bodies

B. Non- 100 % 94.7 % 93.4 % 97.4 %
decomposed
bodies

C. All combined 95.2 % 91.7 % 89.3 % 91.7 %

although inferior to the DETAIL kernel.

Focusing on the VGAS the decomposed bodies scored lower than the
non-decomposed across reconstruction types, indicating an overall
lower satisfaction with the images of the decomposed bodies. Within the
group of non-decomposed, no difference could be found across recon-
struction types, with highly overlapping confidence intervals.

Further, we focused on the five image criteria (noise, sharpness, low
contrast resolution, contrast, and artifacts/beam hardening) used to

Table 6
Mean VGAS for each reconstruction with 95 % confidence interval (CI).
Scans DETAIL WW3000 WW4000 STND WW
kernel [95 WL80 [95 % WL80 [95 % 350 WL
% CI] CI] CI] 40 [95 %
CI]
All 3.10 [2.99; 3.15 [3.03; 3.10 [2.99; 3.10
3.20] 3.26] 3.22] [3.00;
3.21]
Decomposed 2.23 [1.88; 2.35 [1.96; 2.18 [1.82; 2.13
bodies 2.57] 2.74] 2.53] [1.77;
2.48]
Excluding 3.19 [3.09; 3.23 [3.12; 3.21 [3.09; 3.21
decomposed 3.30] 3.35] 3.32] [3.11;
bodies 3.31]

evaluate the reconstruction parameters. The WW3000 WL80 and
WW4000 WL8O0 reconstructions displayed comparable distribution of
results, deviating only in respect to artifacts/beam hardening, where
WW3000 WL80 was superior. Similarly, a comparable pattern was
observed for the DETAIL kernel and Standard reconstructions, where the
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Fig. 2. Box plot of VGA results divided by reconstruction parameters.

Table 7

Inter-observer agreement in kappa for each of the IC.
Image criteria (IC) K
1 - Noise 0.17*
2 — Spatial resolution 0.18*
3 — Low contrast resolution 0.04*
4 - Contrast 0.11*
5 — Artifacts/Beam hardening 0.14*

6 - Considered useful for diagnostic purpose 0.43%*

* Marks slight agreement and ** marks moderate agreement between ob-
servers [35].

Table 8

Intra-observer agreement calculated for three image criteria based on duplicates
of reconstructions using Gwet’s agreement coefficient 2 with a 95 % confidence
interval (CI). Values close to 1 indicates very high or complete agreement.

DETAIL kernel, WW3000 WL8O0, WW4000 WL8O0,
[95 % CI] [95 % CI] [95 % CI]
Noise 0.96 [0.81;1.00]  0.93 [0.69; 1.00] 0.79 [0.70; 0.87]
Sharpness 1.00 [1.00; 1.00]  0.96 [0.81; 1.00] 0.58 [0.18; 0.97]
Low Contrast 1.00 [1.00; 1.00] 0.95 [0.78; 1.00] 0.82 [0.47; 1.00]
Resolution
Contrast 1.00 [1.00; 1.00]  0.96 [0.81; 1.00] 0.89 [0.67; 1.00]
Artifacts/Beam 1.00 [1.00; 1.00]  0.96 [0.81; 1.00] 0.86 [0.62; 1.00]
Hardening

primary difference was that DETAIL kernel was superior with respect to
noise. The difference displayed in Fig. 2 between the DETAIL kernel and
WW3000 WL80/WW4000 WL80 as well as between Standard and
WW3000 WL80/WW4000 WL80 was corroborated with Wilcoxon rank
test yielding a very low probability of equality. This indicates two
clearly distinct groups of pairwise internally highly comparable recon-
struction WW3000 WL80/WW4000 WL80 versus DETAIL kernel/Stan-
dard, with larger differences between the two groups.

For WW3000 WL80 and WW4000 WL80, the results for image
criteria four—contrast—implied a good contrast between tissues with
different HU levels, with the question focusing on bone structures. This
was expected, as the extended HU scale enables a wider grayscale. These
results were not compared with actual standard bone window settings,
specifically designed to interpret bones in CT scans, and it is therefore
not possible to infer whether they are different from the standard bone
window setting.

WW3000 WL80 and WW4000 WL80 also scored high for the VGA
criteria noise, indicating that the extended greyscale increased the vis-
ibility of hepatic structures, and for artifacts/beam hardening, which
evaluates presence of artifacts in the pelvic area. The extended HU levels
thus presumably changed the appearance of artifacts, as expected from
earlier studies [12,19,36]. Visual representation of the WW3000 WL80
and WW4000 WL80 reconstructions displayed higher visibility of
abdominal structures compared with DETAIL kernel or Standard
(Fig. 1). However, this difference is not reflected in the VGA, and no firm
conclusions can be made.

DETAIL kernel and Standard was superior compared to the WW3000
WL80 and WW4000 WL80 reconstructions regarding sharpness of the
abdominal aortic wall and low contrast resolution seen as visualization
of intestinal limits/borders. For these purposes, the narrow HU window
contributed to visualize, and thereby identify the desired structures. The
DETAIL kernel was not superior to the STND kernel with regards to
noise, as was otherwise suggested [17,25].

Inter-observer agreement was found to be ranging from “slight
agreement” to “moderate agreement”, equivalent to what was found in
previous studies [31]. For the intra-observer agreement, we found high
correlation, indicating that the observers were consistent in their
answers.

This study was the first of its kind to our knowledge, using PMCT
data to evaluate a range of reconstruction setting for postmortem con-
ditions. Although earlier publications have suggested the use of PMCT
specific reconstructions [12], or applied reconstructions for analysis of
PMCT scans [37,38], this is the first study systematically analyzing the
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usefulness of reconstructions designed for PMCT purposes.

4.1. Limitations

Preferably, the sample size of twenty would preferably have been
larger, especially with regards to decomposed bodies. However, addi-
tional samples would increase time to grade the images in the VGA,
beyond what was manageable by the forensic radiologists. The two
decomposed bodies included, were the only ones to arrive at the insti-
tute within the timeframe of the project. The internal putrefactive state
could optimal have been determined using the radiological alteration
index (RAI) by a radiologist with expertise in forensic radiology, which
was unfortunately not possible in this study. It would also have been of
interest to further examine extension of the HU scale to increase visi-
bility of soft tissue, also in severely decomposed bodies. However, we
were not able to demonstrate this in our data. For further studies, it
could be advantageous to explore further parameters in shape of
different HU levels to construct window settings for different causes of
death and hydration level, such as such as cases of charred bodies or
bodies found in water, as well as different stages of decay. Moreover,
where this study focused on the postprocessing process, a study of a
combination of scan techniques with software modifications would in-
crease the potential to improve image quality.

5. Conclusions

The study elucidates the possibility for using multiple re-
constructions specialized for PMCT conditions, to accommodate the
special conditions when working with deceased, which distinguishes
from living patients, where the reconstructions levels are well known for
different pathologies. Despite the lack of clear improvements in the
tested reconstructions, this study provides an insight into some of the
possibilities of improving PMCT quality using reconstruction
techniques.
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