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CASE REPORT
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Virtopsy—Fatal Motor Vehicle Accident
with Head Injury∗

ABSTRACT: A man wearing no protective helmet was struck by a motor vehicle while riding a bicycle. He was loaded on his left side, and the
impact point of his head was his occiput on the car roof girder. He was immediately transported to the general hospital, where he passed away.
Postmortem examination using multi-slice computed tomography (MSCT) revealed an extensively comminuted fracture of the posterior part and
the base of the skull. Observed were deep direct and contrecoup brain bruises, with the independent fractures of the roof of the both orbits. Massive
subdural and subarachnoidal hemorrhage with cerebral edema and shifting of the mid-line towards left side were also detected. MSCT and autopsy
results were compared and the body injuries were correlated to vehicle damages. In conclusion, postmortem imaging is a good forensic visualization
tool with great potential for documentation and examination of body injuries and pathology.
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Skull fractures are reported to occur in 50% (1) of fatal road
accidents and in 70 to 72% (1,2) of fatal cases of blunt head trauma
due to multiple causes. Most (80 to 92%) (3,4) of the skull fractures
seen in this context involve the base of the skull. The condition
and direction of most skull fractures correlate well with the site of
impact (3,5–7) and are thus of medicolegal significance in cases
where the impact site is to some extent in question.

The classical X-ray examinations often fail to show fractures of
the base of the skull, especially where routine projections are uti-
lized (8). Multi-slice computer tomography (MSCT) and magnetic
resonance imaging (MRI), which have seen major developments in
the last years (9,10), provide a significant help in the diagnosis of
bone and soft tissue injuries in vivo.

The enormous possibilities of true sections, of 2D/3D image re-
construction and of presentation using MSCT and MRI data are
clearly superior to conventional, purely descriptive methods. The
first systematic experience in postmortem visualization by MSCT,
MRI and their combination was already reported by the Institutes of
Forensic Medicine and Radiology of the University of Bern (11–14).
Until the month of October 2003, we have used MSCT and MRI as
auxiliary radiological examination methods for postmortem evalu-
ation and diagnosis in 85 cases.

Here we report the first case of fatal blunt head trauma with
reconstructive correlation of body injuries to vehicle damages doc-
umented by postmortem CT and autopsy.
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Material and Methods

Case

A 72-year-old white male without a protective helmet was struck
by a motor vehicle from his left and posterior side. He was loaded
on his left side and the impact point of his head was posteriorly.
His occiput was struck on the car roof girder and the skull was
compressed in posterior-anterior direction. The car roof girder was
displaced backwards by 20 cm (Fig. 1c). After the accident, he
was immediately transported to a local hospital. The skull was
trepanated, and a ventricular probe was inserted. The man died
21 h after the accident, due to high intracranial pressure and
brain edema. Multi-slice computed tomography (MSCT) was per-
formed 6 h postmortem, and an autopsy was carried out 24 h after
death.

Radiological and Autopsy Examinations

For radiological examination, the body was wrapped in two
radiologically artefact-free body bags (Rudolf Egli G, Bern,
Switzerland). MSCT scanning was carried out on a GE Lightspeed
QX/I unit (General Electric, Milwaukee, WI). Axial MSCT was
performed using a collimation of 4 × 1.25 mm; 950 axial cross sec-
tions were calculated from the volume data. The duration of MSCT
scanning was 10 min. On a workstation (Advantage Windows 4.1,
General Electric Medical Systems, Milwaukee, WI), sagittal and
coronal reformations and three-dimensional reconstruction in
Shaded Surface Display (SSD), Volume Rendering (VR) (Fig. 2a, b)
and Transparent Bones (TB) (Fig. 5) protocols were obtained.

The autopsy was performed by board-certified forensic patholo-
gists. MSCT and autopsy results were compared. The body injuries
were correlated to vehicle damage.
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FIG. 1—Car damages: a) impact point of the left hip region (thick arrow); b) impact point of the left trunk (dotted arrow); c) car roof girder was
dislocated 20 cm backwards (double arrow); and d) scrub marks on the right front door of the car caused by bicycle (two thin arrows).

FIG. 2—a) 3D bone reconstruction using the Shaded Surface Display protocol. The gaps of the fractures are insufficiently demonstrated; b) 3D bone
reconstruction using the Volume Rendering protocol with adapted parameters. The more correct presentation of the gaps of the fracture system is obvious;
and c) photograph of the macerated parieto-occipital skull with extensive fractures.

Results

Radiological Findings by MSCT Examination

Head Injury—Computer tomography of the soft tissues of the
head showed subcutaneous occipital hematoma (Fig. 3), with mas-
sive subdural and subarachnoidal hemorrhage over both cerebral
hemispheres (Fig. 4a) and minor hemorrhage over the cerebel-
lum. Deep occipital and fronto-basal brain bruises were diagnosed
(Fig. 4a). Furthermore two circular, approximately 5 mm large hem-
orrhages of caudate nuclei were detected, symmetrically located
adjacent to the ventricular probe (Fig. 4a). Shifting of the mid-line
structures towards the left side, as a sign of elevated intracranial
pressure and cerebral swelling, was also present. MSCT, by its ge-
ometric resolution, was able to depict clearly the bent fracture of
the occiput and the ring fracture of the base of the skull, which both
corresponded to one impact point in the occiput (Figs. 2, 5). Inde-
pendent fractures of the roof of both orbits were diagnosed (Fig. 3).
From the MSCT dataset, the head was visualized in 2D and 3D. On
the workstation, soft tissues were electronically eliminated, based
on the difference in tissue densities. The result was a 3D SSD and
VR presentation of the bony skull (Fig. 2a, b).

Other Lesions—Radiological examination of the thoracic, ab-
dominal, pelvic regions and extremities were also undertaken.

The virtual autopsy examination of the soft tissues of the back
revealed large hemorrhages in the subcutaneous fat tissue and in the
muscles of the left and right shoulder, left and right lateral hip region
and on the left lateral trunk side (Fig. 6c). Minor hemorrhages of
the subcutaneous fat tissue of right shoulder and right hip region
were also detected.

Forensic Findings at Autopsy

Autopsy confirmed the above-mentioned radiological findings.
The ring fracture of the base of the skull as well as the bent fracture
of the occiput with the subcutaneous hemorrhage were diagnosed.
The massive subdural and subarachnoidal hemorrhage over both
cerebral hemispheres and minor hemorrhage over the cerebellum
were seen. The nearly symmetrical located hemorrhages of both
caudate nuclei were also detected (Fig. 4b). Furthermore, indepen-
dent fractures of the roof of both orbits as well as brain bruises in
occipital and frontal lobes were diagnosed. Generalized swelling of
whole brain, within the severe craniocerebral injury, with the shift-
ing of the mid-line towards the left side was present. In addition to
the MSCT findings, brain stem hemorrhage between the pons and
the medulla oblongata was discovered.

Soft tissue section revealed large hemorrhages of the subcuta-
neous fat tissue and muscles of the left and right shoulder, left and
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FIG. 3—Right paramedian sagittal 2D reformation shows the extracere-
bral subdural and subarachnoidal hematoma (dotted arrow), the fracture
of the roof of the orbit (thin arrow) and the occipito-basal subcutaneous
hemorrhage (thick arrow).

right lateral hip region and on the left lateral trunk side (Fig. 6a, b)
as well as minor hemorrhages on the right shoulder and right hip
region.

The histological examination for fat embolism of the lung was
positive.

Discussion

Head Injuries

Although the mechanism of formation of ring fractures of the
base of the skull is well known from the publications of Messerer,
Patscheider, Gurdjian and Vondra, it was difficult to analyze and

FIG. 4—Massive subdural hematoma (thick arrow), symmetrically located hemorrhages within the caudate nuclei (thin arrows) and tiny pressure probe
inside the ventricle (dotted arrow). Correlation of brain injuries: a) in CT and b) in autopsy.

classify this combined fracture (6,7,15,16). We divided the mech-
anism of formation of this fracture into two components occurring
in parallel.

The first component was the direct impact of the car roof girder
on the occiput, which caused a mosaic or spider’s web fracture of
the occiput (17). Subcutaneous occipital hematoma accompanied
it. Also, the car roof girder was displaced backwards by 20 cm
(Fig. 1c). This impact point caused the direct and contrecoup brain
injuries (7). The various hemorrhages in the frontal lobe, fronto-
basal brain bruises and the fractures of the roof of both orbits were
judged to be the contrecoup brain injuries. The deep occipito-basal
brain bruises and the brain tissue pinched in the gap of the temporal
fracture were thought to represent the direct injury. Two symmetri-
cal hemorrhages of the caudate nuclei, located directly by ventric-
ular probe were the result of the direct trauma by the manipulation
with the pressure probe during the urgent treatment.

The second component was the compression along the vertebral
column through the loading of the body on the car hood. At this
moment, the head was accelerated backwards and downwards, and
the base of the skull fractured in ring form (16). The second com-
ponent is most typical in the formation of ring fractures caused by
compression of the skull and vertebral column in the cranio-caudal
direction (6,7,16,18,19). Both of these components were ongoing
as one combined movement. In this case, the hemorrhage of the
brain stem, between pons and medulla oblongata was secondary to
the head injury, and occurred after increased intracranial pressure
and the following skull trepanation (20,21).

Correlation of Body Injuries to the Car Damages

There were no macroscopic biological tissue traces on the car.
MSCT of the soft tissues of the back showed intensive hemorrhage
of the fat tissue and muscles over the left shoulder, trunk and hip
region. There were also minor hemorrhages on the right shoulder
and right hip region. All these findings were diagnosed on the soft
tissue sections of the back and they evidenced that the body was
loaded at first with the left side on the hood of the car. It was the
impact of major energy. The damage to the bicycle, especially the
saddle and the handlebar, which were turned to the left side, also
verify the point of impact being the left side of the bicycle. There
were also two scrub marks on the right front door of the car, at the
level of the doorknob, which were caused by the bicycle (Fig. 1d).
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FIG. 5—Ring fracture (arrows): a) cranio-caudal left oblique perspective and b) cranio-caudal right oblique perspective.

FIG. 6—Correlation of subcutaneous fat tissue injury, muscle bruise and hemorrhage of the left shoulder, left trunk and left hip regions (arrows). The
injured regions were pointed out with radiologically visible skin markers: a) photograph with markers before forensic analysis; b) left posterior oblique
view during autopsy; and c) coronal reformation from MSCT data.

After the loading on the hood, the man struck his head on the
roof girder of the car, as evidenced by the backward dislocation
of 20 cm of the car roof girder (Fig. 1c). After the loading on
the roof, the man fell to the ground on the right, back side of the
car.

In summary, the hemorrhages of the soft tissues of shoulder, trunk
and hip regions of the left side and the fracture of the occiput with
subcutaneous fat tissue hemorrhage were the impact injuries, and
the minor hemorrhages of the soft tissues of the right shoulder and
right hip regions were the secondary injuries caused by falling of
the body to the ground.

Virtual Autopsy Using MSCT

Only the recent radiological development of cross-sectional
imaging has allowed volumetric data sampling, and this became
a basis to implement the modern radiological examination meth-
ods in forensic medicine. It is known from clinical experience, that
classical radiography alone often fails to demonstrate fractures of
the base of the skull, especially where routine projections are uti-
lized (8). The introduction of the spiral CT technique by Vock and
Kalender (1990) and the currently four-fold expansion of detector
arrays (MSCT since 1998) allow for rapid accurate localization,
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isotropic documentation and for demonstration of the pattern of
injury (9,10,22–24). This is an absolute and important advan-
tage of MSCT over classical X-rays examination. The possi-
bility of non-destructive postmortem 2D and 3D reconstruction
of bone, soft tissue and whole organ injuries and pathologies
enhances the potential of volume scanning (11–14,25,26). 3D re-
constructions using the VR (Fig. 2b) and TB (Fig. 5) protocols
showed the skull fractures more precisely than the SSD protocol
(Fig. 2a). The explanation for the difference in these 3D protocols
is that the diverse algorithms of the SSD protocol responsible for
polishing and smoothing the 3D surface, result in a loss of reso-
lution of bone fissures and nondislocated fractures (Fig. 4a). SSD
just presents the surfaces of different tissues based on a density
threshold whereas VR keeps the entire set of 3D data.

Except for the petechial hemorrhages in the basal part of the
frontal lobe and the hemorrhage in the brain stem, in our case all tis-
sue injuries revealed by autopsy were also demonstrated by MSCT.
As it is well known from clinical experience, magnetic resonance
imaging (MRI) has a more detailed and exact soft tissue resolution
and is especially useful for the assessment of brain injuries (21,27).
Unfortunately, this examination was not performed in our case for
logistic reasons. Firsching (2002) already reported that computed
tomography (CT) failed to show brain stem lesions, and neuropatho-
logical data were only available from autopsies. In his study with
100 patients, brain stem affection was seen in 52% of MRI exami-
nations (21). Our experience with postmortem imaging with CT and
MRI also shows the superiority of MR imaging in brain injuries.

In conclusion, postmortem imaging is an excellent forensic visu-
alization tool with a great potential for the detection and documen-
tation of injuries. MSCT is the preferred method for bone pathology
and is good to fair for soft tissue pathology where MRI, despite it’s
more complicated and expensive technology and longer acquisition
times, is often superior.
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