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Abstract

The detection and assessment of cerebral lesions and traumatic brain injuries are of particular interest in forensic
investigations in order to differentiate between natural and traumatic deaths and to reconstruct the course of
events in case of traumatic deaths. For this purpose, computed tomography (CT) and magnetic resonance imaging
(MRI) are applied to supplement autopsy (traumatic death) or to supplant autopsy (natural deaths). This approach is
termed “virtual autopsy.” The value of this approach increases as more microlesions and traumatic brain injuries are
detected and assessed. Focusing on these findings, this article describes the examination of two decedents using
CT, 3-T, and 7-T MRI. The main question asked was whether there is a benefit in using 7-T over 3-T MRI. To answer
this question, the 3-T and 7-T images were graded regarding the detectability and the assessability of coup/
contrecoup injuries and microlesions using 3-point Likert scales. While CT missed these findings, they were
detectable on 3-T and 7-T MRI. However, the 3-T images appeared blurry in direct comparison with the 7-T images;
thus, the detectability and assessability of small findings were hampered on 3-T MRI. The potential benefit of 7-T
over 3-T MRI is discussed.
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Key points

� Brain virtual autopsy by computed tomography (CT)
or magnetic resonance imaging (MRI) is an
emerging approach in forensic medicine.

� In two decedents, CT missed brain coup/contrecoup
injuries and microlesions.

� These findings were detected using 3-T and 7-T
MRI but their detection and assessment are
hampered at 3 T.

� 7-T brain MRI could be able to determine the
absence of shearing brain injuries.

Background
The term “virtual autopsy” describes the use of
imaging technologies as a supplement or alternative
to traditional autopsy. For this approach, postmortem
magnetic resonance imaging (MRI) has been applied
for the radiologic assessment of cerebral tissue [1].
The detection and assessment of traumatic brain in-
juries and small cerebral lesions can be of particular
interest in forensic investigations for differentiating
between traumatic and nontraumatic origins of cere-
bral haemorrhages.
During a traumatic event, the application of different

forces to the head can result in characteristic alterations
such as shearing or coup and contrecoup injuries [2, 3].
Shearing injuries accrue via acceleration-deceleration or
rotational acceleration mechanisms of force, resulting in
axonal damage [4, 5]. Coup/contrecoup injuries describe
tissue damaged by bruising of the brain directly related
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to the trauma at the site of impact (coup injury) or at
the opposite side when the brain hits the skull (contre-
coup injury) [6]. The identification of coup/contrecoup
injuries can provide information about the direction of
the traumatic impact. Contrecoup injuries are usually
more pronounced than coup injuries and occur on the
opposite side of the impact [6]. In contrast, nontrau-
matic haemorrhages are usually caused by underlying
diseases, such as hypertension or amyloidosis, which are
frequently accompanied by microhaemorrhages (also
referred to as microbleeds) and small ischaemic lesions
(microinfarcts) [7, 8]. The detection of such microlesions
using MRI is highly dependent on the spatial resolution
of the images; consequently, the sensitivity for microle-
sions was first increased by switching from 1.5-T to 3-T
[9] and from 3-T to 7-T MRI [10]. However, a higher
magnetic field strength is unfortunately also accompan-
ied by increased inhomogeneities in the main magnetic
field (B0) as well as in the transmit and receive fields
(B1) [11]. These inhomogeneities can negatively affect
the image signal and contrast, especially at the periphery
of the measured object.
Considering the benefits and drawbacks of 7-T over

1.5-T and 3-T MRI, we deemed it relevant to assess the
application of postmortem 7-T MRI for the assessment
of traumatic and nontraumatic origins of cerebral
haemorrhages. To date, the use of noninvasive post-
mortem 7-T MRI has only been evaluated for fetal vir-
tual autopsy or radiologic wound ballistics in decedents
[12, 13]. In this article, we present two decedents with
cerebral haemorrhages due to a traumatic event or a
natural cause who underwent noninvasive postmortem
computed tomography (CT), 3-T, and 7-T MRI for fo-
rensic purposes. The focus of this article is the detect-
ability and assessability of coup/contrecoup injuries and
microlesions.

Methods
The responsible ethics committee waived ethical
approval, as all examinations were performed as part of
forensic judicial investigations.
The first case was a 92-year-old woman who was

found at the bottom of a staircase. The second case was
a 68-year-old man who was found in his bathroom lying
on the floor. The postmortem intervals were 14-16 h
(case 1) and 26-30 h (case 2) when postmortem imaging
was performed. Before MRI, the decedents underwent a
routine CT examination using a 128-slice scanner
(Somatom Definition Flash, Siemens Healtheeners,
Erlangen, Germany) [14]. The parameters of the post-
mortem head and neck scan were as follows: tube
voltage 120 kVp; tube current 1,000 mAs; slice thickness
0.6mm; kernels H60 and H31; and field of view ≤ 300mm,
adjusted to the head.
After the CT scan, the decedents were examined

using a 3-T MRI scanner (Achieva 3.0 T TX, Philips
Healthcare, Best, The Netherlands) and a 7-T MRI
scanner (Magnetom Terra, Siemens Healthneers, Er-
langen, Germany). For comparison with CT, a 7-T
three-dimensional gradient-echo sequence (repetition
time 4.2 ms, echo time 1.5 ms, voxel size 0.20 mm ×
0.20 mm × 0.50 mm, scan time 6:21 min:s) was per-
formed to visualise any osseous injuries. For the com-
parison of coup/contrecoup injuries and microlesions
detected at 3-T and 7-T MRI, T1-weighted, T2-
weighted, and susceptibility-weighted sequences were
obtained (Table 1). Imaging was performed while the
decedents were lying in the body bag.
The assessability (related to the image quality) and the

detectability of the coup/contrecoup injuries and micro-
lesions were graded using 3-point Likert scales. For
assessability, images were assigned score 1 (poor image
quality, blurred images), score 2 (moderate image

Table 1 3-T and 7-T protocols and radiologic assessment of coup/contrecoup injuries and microlesions

Sequence 3 T 7 T 3 T 7 T 3 T 7 T

T1-w. TFE T1-w. MP2RAGE T2-w. TSE SPAIR T2-w. SPACE VenBOLD SWI

Repetition time (ms) 9.4 4,500 1,500 4,000 18 21

Echo time (ms) 4.6 2 230 118 26 14

Voxel size* 1.00 × 1.00 × 2.00 0.65 × 0.65 × 0.63 0.80 × 0.80 × 1.60 0.71 × 0.71 × 0.67 0.80 × 0.80 × 1.60 0.12 × 0.12 × 1.50

Slice orientation Sagittal Sagittal Transversal Sagittal Transversal Transversal

Scan time (min:s) 08:50 10:45 06:00 05:39 06:21 10:40

Coup injury 1− 2+ 1+ 3++ 1+ 3++

Contercoup injury 1− 2+ 1+ 3++ 1+ 3++

Microinfarct 1− 2− 1+ 2++ 1- 3-

Microhaemorrhage 1− 2− 1+ 2++ 1+ 3+

MP2RAGE Magnetisation prepared 2 rapid gradient echoes, SPACE Sampling perfection with application-optimised contrasts by using different flip angle
evolutions, SPAIR Spectral attenuated inversion recovery, SWI Susceptibility-weighted imaging, TFE Turbo field echo, TSE Turbo spin echo, VenBOLD Venous blood
oxygen level dependent
*Frequency direction × phase direction × slice thickness
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quality), or score 3 (good image quality, sharp images).
For lesion detectability, images were scored “−” (lesions
not detected or inconclusive), “+” (lesions detected), or
“++” (lesions highlighted or more accurately depicted
than on comparative images). Grading was conducted by
a board-certified radiologist with 13 years of professional
experience.

Results
The grading of the coup/contrecoup injuries and micro-
lesions are summarised in Table 1.

Case 1 (traumatic injuries)
On CT and MRI, the skull showed a disruption of the
surface and subcutaneous haemorrhages and a segmen-
tal bone fracture of the left parietal bone, which was
identified as the site of the impact (Fig. 1). Furthermore,
subarachnoid, subdural, and brainstem haemorrhages
were visible on CT as well as on MRI.
Only MRI allowed the detection of discrete paren-

chymal defects in the left parietal and temporal
cortex, which were described as coup injuries. Corre-
sponding contrecoup injuries were detected on the
opposite side in the right parietal and temporal cortex
on MRI (Fig. 2). These subtle parenchymal defects
with intraparenchymal haemorrhages were < 2 mm in
size. The coup/contrecoup injuries were highlighted
on 7-T MRI using the T2-weighted sequence and the
susceptibility-weighted sequence. The clear delineation
of the subtle parenchymal defects on 7-T MRI

facilitated the identification of the contrecoup injuries
and enabled us to exclude the presence of shearing
injuries, as no shear strain or signs of physical disrup-
tions along the white and grey matter junction were
detected. On 3-T MRI, the subtle parenchymal defects
appeared blurrier than those on 7-T MRI (Fig. 2),
and shearing injuries could not be excluded.
The radiologic findings were confirmed by autopsy.

The cause of death was attributed to a brainstem
haemorrhage. The manner of death was determined to
be unnatural (accidental death) because of the parietal
bone fracture and coup and contrecoup injuries.

Case 2 (nontraumatic injuries)
An intracerebral haemorrhage in the left temporal lobe
was diagnosed at CT and MRI (Fig. 3a, b). The assess-
ment of the surrounding tissue was impeded on CT
scans by an accompanying brain edema. On MRI, the
haemorrhage was clearly delineated, although the 3-T
images appeared blurrier than the 7-T images. The 7-T
T2-weighted images, however, demonstrated visible
signal inhomogeneity on the lateral left side adjacent to
the haemorrhage (Fig. 3a).
Only MRI allowed the detection of a small T2-

hyperintense ischaemic microinfarct next to the head of
the caudate nucleus in the left hemisphere (Fig. 3c, d).
On 7-T T2-weighted images, this white matter lesion
was delineated with moderate image quality compared
with the blurriness of the 3-T images. The diameter of
the microinfarct differed between 3-T and 7-T T2-

Fig. 1 Case 1. Computed tomography (a) and 7-T magnetic resonance imaging (b: spoiled gradient-echo sequence, contrast inverted; c: spoiled
gradient-echo sequence) demonstrate a fracture (red circle) of the left parietal bone. The fracture was very well delineated thanks to the high
spatial resolution of the 7-T spoiled gradient-echo sequence
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Fig. 2 a-d Case 1. 7-T T2-weighted images demonstrate coup injuries (a, b) and contrecoup injuries (c, d). 3-T T2-weighted images appear blurred
for both coup injuries (e) and contrecoup injuries (f)

Fig. 3 a-h Case 2. An intraparenchymal haemorrhage was delineated on 7-T MRI (arrowhead in a: T2-weighted sequence (sampling perfection
with application-optimised contrasts by using different flip angle evolutions, SPACE) and in b: susceptibility-weighted imaging). The haemorrhage
presented with postmortem sedimentation. The SPACE image is limited by signal inhomogeneity visible on the anatomically left side adjacent to
the haemorrhage. In addition, MRI detected subtle lesions, better delineated at 7 T than at 3 T: microinfarcts (c: 7-T T2-weighted SPACE sequence;
d: 3-T T2-weighted turbo field echo sequence), and microhaemorrhages (e and g 7-T T2-weighted SPACE sequence and 7-T susceptibility-
weighted imaging; f and h, 3-T T2-weighted turbo field echo sequence and venous blood oxygen level-dependent imaging)
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weighted images: the maximum diameter was 8.2 mm at
3 T and 9.6 mm at 7 T. The same applied for multiple
microhaemorrhages (diameter < 1 mm) that were located
in the right parietal and temporal lobe areas, which were
visualised smaller on 3-T than on 7-T T2-weighted
images (Fig. 3e, f). These differences in size were not
observed on the susceptibility-weighted images. How-
ever, microhaemorrhages appeared darker on the sharp
7-T images than on the blurry 3-T images (Fig. 3g, h).
The detection of ischaemic microinfarcts and multiple

microhaemorrhages, together with the absence of bone
fractures, bone edema, shearing injuries, or coup/contre-
coup injuries, allowed the determination of the large
intracerebral haemorrhage as a naturally caused injury.
Accordingly, the manner of death was determined to be
natural; therefore, the state attorney waived the need for
an additional autopsy.

Discussion
The MRI examinations enabled the visualisation of coup
and contrecoup injuries (case 1) and microlesions (case
2) that were not identifiable on CT scans. Compared
with 3-T MRI, 7-T MRI improved the assessability of
the extent of the coup and contrecoup injuries and facil-
itated the detection of microlesions.
Overall, 3-T images appeared blurrier than the 7-T

images, as expected. In fact, spin polarisation is in-
creased for 7-T units, compared with that of the widely
used 1.5-T and 3-T units, which in turn leads to a stron-
ger signal and thus an increased signal-to-noise ratio
[15]. The increased signal-to-noise ratio directly im-
proves the image quality and can be used to improve
spatial resolution or to shorten the scan time for the
same spatial resolution [16]. Due to the roughly twofold
lower signal-to-noise ratio at 3-T than at 7-T, the scan
time would need to be at least four times longer to
achieve similar image quality on 3-T MRI with the same
spatial resolution. A drawback of 7-T MRI is the greater
signal inhomogeneity due to the transmit B1 inhomogen-
eity. This phenomenon was illustrated by case 2. To im-
prove the image quality in the presence of
inhomogeneous magnetic fields, various approaches have
been investigated regarding acquisition (e.g., the use of
multichannel transmit arrays [17, 18]) or postprocessing
(e.g., improved image reconstruction algorithms [19]).
The use of sharp thin-sliced 7-T images with high sen-

sitivity to metals is appreciated for the radiologic diagno-
sis of subtle lesions and iron accumulation in specific
brain diseases [20–24]. Especially for the early diagnosis
of multiple sclerosis, 7-T MRI can be of particular
importance, since 7-T MRI improves the ability to detect
smaller and earlier multiple sclerosis lesions and 7-T
MRI allows a more accurate characterisation of these

lesions for discriminating multiple sclerosis from other
brain diseases compared to 1.5-T and 3-T MRI [25].
According to our observations, 7-T MRI can facilitate

the classification of the origin of cerebral haemorrhages as
either traumatic or natural. In case 1, the detection of
coup/contrecoup injuries allowed the description of the
impact, leading to the diagnosis of an acceleration-
deceleration injury. The exclusion of shearing injuries was
facilitated on 7-T images, which can be considered an ad-
vantage over 3-T MRI and may be of special value in the
assessment of child abuse [26]. The use of a three-
dimensional gradient-echo sequence at 7 T provided a de-
tailed visualisation of the parietal bone fracture. As a con-
sequence, this approach may be appropriate for
delineating cranial fractures on MRI. For the same pur-
pose, dedicated sequences can be applied at 3 T [27, 28].
An accurate depiction of cranial fractures on MRI can aid
in the assessment of related soft tissue injuries.
In case 2, 7-T MRI showed a slight advantage over 3-T

MRI in the classification of discrete lesions, in accordance
with previous research [29]. The 7-T T2-weighted images
not only allowed a clear distinction of the microinfarct
from the surrounding tissue but also depicted the rather
precise extent of this microlesion, which is due to the
small isotropic voxels of the 7-T sequence. On T2-
weighted images, the microhaemorrhages were larger in
diameter at 7 T than at 3 T, in accordance with the litera-
ture [30, 31]. On susceptibility-weighted images, micro-
haemorrhages were highlighted at both 3 T and 7 T, due
to susceptibility effects of paramagnetic deoxygenated
blood [32]. A voxel size of 1.5 mm (7-T MRI) or 1.6 mm
(3-T MRI) in the slice direction still enabled the clear
visualisation of these subtle lesions on susceptibility-
weighted images. An increase in the diameter of the
microhaemorrhages at 7 T over 3 T, as observed on the
T2-weighted images, was not observed on the
susceptibility-weighted images. Likewise, only a small
increase in the diameter of the microhaemorrhages has
been reported between 1.5-T and 3-T MRI in the
literature [33].
In conclusion, all distinctive and subtle findings were

detectable on both 3-T and 7-T MRI, but the 7-T
images provided higher detectability and assessability of
traumatic brain injuries and microlesions. Certainly, the
relevance of this advantage should be weighed against
the practicability of 7-T MRI, which is dependent on
several factors, in particular the accessibility to a 7-T
scanner. Notwithstanding this limitation, further stud-
ies on 7-T MRI for various diagnostic purposes are
appreciated.
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