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Abstract

- Michael J. Thali' - Rosa M. Martinez' - Stephan A. Bolliger'

The computed tomography (CT) scan of a 19-year-old man who died from an occipito-frontal gunshot wound presented an
impressive radiating fracture line where the entire sagittal suture burst due to the high intracranial pressure that arose from
a near-contact shot from a 9 mm bullet fired from a Glock 17 pistol. Photorealistic depictions of the radiating fracture lines
along the cranial bones were created using three-dimensional reconstruction methods, such as the novel cinematic render-
ing technique that simulates the propagation and interaction of light when it passes through volumetric data. Since the brain
had collapsed, depiction of soft tissue was insufficient on CT images. An additional magnetic resonance imaging (MRI)
examination was performed, which enabled the diagnostic assessment of cerebral injuries.
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Case report

The prosecutor commissioned postmortem imaging of a
19-year-old decedent with gunshot injuries to the head.
The estimated time between death and evaluation was 13 to
17 h. The decedent presented a slightly star-shaped gunshot
wound on the forehead and a gunshot wound at the back of
the head underneath his hair, which was approximately twice
as large as that on the forehead. The star-shaped wound that
was visible on the forehead was indicative of a potential
entrance wound; therefore, the wound at the back of the head
was considered a potential exit wound. However, a fronto-
occipital trajectory did not match the scene where the body
was found and where a Glock 17 pistol, a 9 mm bullet, and
a cartridge that matched the bullet were collected.

The decedent underwent a whole body computed tomog-
raphy (CT) examination using a standard clinical CT scan-
ner (SOMATOM® Definition Flash, Siemens Healthineers,
Erlangen, Germany). The scan parameters of the head and
neck region were a tube voltage of 120 kVp, a tube current
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of 600 mAs, and a pitch of 0.35. The reconstruction param-
eters were a slice thickness of 0.6 mm and a field of view
of 250 mm X 250 mm with a soft kernel (H31) and a hard
kernel (H60) [1]. Three-dimensional reconstructions were
performed using the novel cinematic rendering technique
[1-3]. Cinematic rendering of the head presented an impres-
sive fracture line from an occipital bone defect up to a fron-
tal bone defect, where the entire sagittal suture burst (Fig. 1).
Multiplanar reconstructions allowed the identification of an
occipito-frontal bullet trajectory (Fig. 2a). The occipital
bone defect was inwardly beveled; bone fragments in the
cerebral tissue were close to this bone defect, though the
frontal bone defect was outwardly beveled. The brain had
collapsed; thus, CT allowed hardly any anatomical identifi-
cation of the cerebral structures, and only air bubbles sug-
gested a potential bullet path, as it was assumed that they
were distributed along the bullet path (Fig. 2b).

A magnetic resonance imaging (MRI) examination
of the head was performed using a standard 3 Tesla MRI
unit (Achieva 3.0 TX, Philips Medical System, Best, The
Netherlands) and an 8-channel head coil. The MRI protocol
included a 4-mm T1-weighted inversion recovery turbo spin
echo sequence (repetition time (TR): 2000 ms, echo time
(TE): 20 ms), a 4-mm T2-weighted turbo spin echo sequence
(TR: 3000 ms, TE: 80 ms), an isotropic T2-weighted turbo
spin echo sequence (TR: 2500 ms, TE: 239 ms), and a
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Fig. 1 Three-dimensional reconstructions of the skull using cinematic
rendering. The occipital bone defect (a: arrowhead) presented four
radiating fracture lines; of these, the most pronounced line ascended
to the external occipital protuberance, where it entered the sagittal
suture (b). The entire sagittal suture burst (¢) up to the coronal suture,

blood oxygen level dependent (BOLD) sequence (TR: 18.5 ms,
TE: 26.2 ms) [4]. MRI delineated the anatomical structures
of the cerebral tissue, the bullet path through the cerebral
tissue, and some peripheral injuries that were attributed to
temporary cavitation (Fig. 2c).

Shaving the back of the head finally revealed a pro-
nounced star-shaped skin defect (size: 3 cm X2 cm) with-
out visible gunshot residues; the wound margins could not
be adapted from this defect. This injury was determined
to be the entrance wound of a near-contact shot (Fig. 2d).
The slightly star-shaped skin defect with adaptable wound
margins on the forehead (size: 0.7 cm X 1.3 cm) was deter-
mined to be the exit wound corresponding to the CT findings
(Fig. 2e).

Discussion

Using cinematic rendering, the sagittal suture that burst
entirely due to an occipito-frontal gunshot wound was pre-
sented in a photorealistic fashion.

where a short section of approximately 2 cm of the right-sided coro-
nal suture also burst (d). A large fracture line along the frontal bone
formed a connecting line between the burst coronal suture and the
frontal bone defect (e: arrowhead)

Radiating or radial burst fractures of the skull in gunshot
wounds were described to be caused by hydraulic pressure
that built up in the brain as a result of temporary cavity
formation; notably, as the brain is enclosed by a closed and
rigid structure, the skull, and high pressure can only be
relieved when the skull bursts [5, 6]. With regard to low-
energy bullets fired from handguns, long fracture lines that
propagate around the entire head are observed in contact
and near-contact gunshots, as it is well known that a contact
gunshot or near-contact gunshot can cause propellant gas to
accompany the bullet into the entrance wound, leading to
more severe wounding capacity than intermediate or distant
gunshots [6]. In the present case, a near-contact gunshot
was determined according to star-shaped wound formation,
although gunshot residues were not detected. However, the
absence of gunshot residues could be explained by the hair
that covered the back of the head. It is conceivable that
bursting of the suture was facilitated by the radiating frac-
ture line that directly entered the sagittal suture. Despite the
high intracranial pressure in contact or near-contact gun-
shots and the propagating fracture lines, bursting of a cranial
suture due to the high pressure arising from the formation
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Fig.2 Multiplanar reconstructions of the CT data with a hard kernel
(a: sagittal view), of the CT data with a soft kernel (b: transversal
view), of the T2-weighted MRI data (c: transversal view), and pho-
tographs of the entrance wound, after shaving the hair, (d) and of the
exit wound (e). The bullet entered the occipital bone according to the
inwardly shaped bone defect and the bone fragments and exited the

of temporary cavitation seems rare in gunshot victims.
Although this finding was already presented on CT images
a quarter century ago (in understandably much lower CT
image quality) [7], there have not been any more descrip-
tions of this finding in the literature since that time, despite
the increasing application of postmortem CT in gunshot vic-
tims, aside from a brief mention in a case report [8].

External forces may cause springing (diastasis) of a
cranial suture. In infants, it is well known that springing
of the sagittal suture can occur after a fall, although there
was no additional skull fracture present; in adults, spring-
ing of the sagittal suture occurs after falling from a height
[9]. Torimitsu et al. [9] applied three-point flexural tests
on human bone samples to investigate the biomechanical
properties of the sagittal suture in comparison to the pari-
etal bone. The length (L) of the support span was 4-107
m and the width (w) of the bone sample was 1-102 m. The
thickness (d) of the samples was measured on CT data.
Assuming a rectangular cross section, the flexural strength
(o) in pascal (Pa), the stress at failure in bending, can be
estimated using the following equation:
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head at the frontal bone, resulting in an occipito-frontal trajectory (a-
c: arrow). On CT images, the bullet path through the cerebral tissue
was not depicted and only assumable by air bubbles (b), while MRI
data clearly delineated soft tissue injuries and the wound channel (c:
dotted lines)

3.F-L
c= ——
2-w-d?

where F is the force in newton (N) that was required until a
fracture occurred, which was measured by Torimitsu et al.
[9]. By applying the equation on the measured values of
Torimitsu et al. [9] it can be seen that at the middle part of
the sagittal suture, o was less than two times smaller (male
samples: 30.3 MPa and 32.6 MPa; female samples: 22.7
MPa and 22.1 MPa) than o of the left- and right-sided pari-
etal bones (male samples: 65.4 MPa and 71.6 MPa; female
samples: 65.0 MPa and 63.9 MPa). At the frontal and occipi-
tal parts, the differences in o decreased between the sagittal
suture (male samples frontal: 49.9 MPa, occipital: 41.7 MPa;
female samples frontal: 44.5 MPa, occipital: 34.3 MPa) and
the parietal bones (male samples frontal: 78.5 MPa and 76.4
MPa, occipital: 68.1 MPa and 69.2 MPa; female samples
frontal: 80.8 MPa and 82.5 MPa, occipital: 61.1 MPa and
62.6 MPa).

In addition to hydraulic pressure in gunshot wounds and
external force in falls from a height or blunt trauma, diastasis
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of cranial sutures was also observed postmortem due to
freezing [10]; furthermore, burst sutures were described in
charred bodies, where thermal pressure can cause cranial
sutures to burst [11].

The high pressure that occurred within the skull in the
present case is indicated by severe bone defects, broad frac-
ture lines, and collapsed brain tissue. While CT images
provide a detailed overview of osseous injuries, they lack
information concerning soft tissue injuries. This diagnostic
gap was filled by performing an additional MRI examina-
tion. MRI allowed for sufficient image quality despite the
presence of air in the cerebral tissue. The diagnostic and
scientific advantage of MRI over CT for the detection of soft
tissue injuries in gunshot victims has been demonstrated in
the literature [4, 11-15].

Acknowledgements The authors express their gratitude to Emma
Louise Kessler for her donation to the Zurich Institute of Forensic
Medicine, University of Zurich, Switzerland.

Authors’ contributions DG developed the concept of the article, inter-
preted the results, performed the biomechanical calculations, wrote the
article, and created the images. MIT provided the technical equipment.
RM was the medico-legal case manager and agreed to the radiologic
examinations and the publication of the case. SAB reviewed the med-
ico-legal findings.

Funding Open Access funding provided by Universitit Ziirich. This
scientific study received no external funding.

Declarations

Ethics approval Ethical approval was waived by the responsible eth-
ics committee of the Canton of Zurich (waiver number: 2015-0686).

Consent for publication The internal review board permitted the pub-
lication.

Conflicts of interest None of the authors has a real or perceived conflict
of interest in any of the material that is presented in this manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gascho D, Thali MJ, Niemann T. Post-mortem computed tomog-
raphy: technical principles and recommended parameter settings
for high-resolution imaging. Med Sci Law. 2018;58:70-82.

2. Ebert LC, Schweitzer W, Gascho D, Ruder TD, Flach PM,
Thali MJ, et al. Forensic 3D visualization of ct data using cin-
ematic volume rendering: a preliminary study. Am J Roentgenol.
2016;208:233-40.

3. Eid M, De Cecco CN, Nance JW, Caruso D, Albrecht MH, Spandorfer
AJ, et al. Cinematic rendering in CT: a novel, lifelike 3D visualization
technique. Am J Roentgenol. 2017;209:370-9.

4. Gascho D, Tappero C, Zoelch N, Deininger-Czermak E, Richter
H, Thali MJ, et al. Synergy of CT and MRI in detecting trajecto-
ries of lodged bullets in decedents and potential hazards concern-
ing the heating and movement of bullets during MRI. Forensic Sci
Med Pathol. 2020;16:20-31.

5. DiMaio VIMD. Gunshot wounds: practical aspects of firearms,
ballistics, and forensic techniques. Boca Raton: CRC-Press; 1999.

6. Kneubuehl B, editor. Wound ballistics: basics and applications.
Berlin Heidelberg: Springer-Verlag; 2011.

7. Stone JA, Slone HW, Yu JS, Irsik RD, Spigos DG. Gunshot
wounds of the brain: influence of ballistics and predictors of out-
come by computed tomography. Emerg Radiol. 1997;4:140-9.

8. Viero A, Giraudo C, Cecchetto G, Muscovich C, Favretto D,
Puglisi M, et al. An unusual case of “dyadic-death” with a single
gunshot. Forensic Sci Int. 2014;244:e1-5.

9. Torimitsu S, Nishida Y, Takano T, Koizumi Y, Hayakawa M,
Yajima D, et al. Statistical analysis of biomechanical properties
of the adult sagittal suture using a bending method in a Japanese
forensic sample. Forensic Sci Int. 2015;249:101-6.

10. Knight B, Saukko P. Knight’s Forensic Pathology. 3rd ed. London:
Arnold; 2004.

11. Gascho D, Zoelch N, Tappero C, Kottner S, Bruellmann E, Thali
MlJ, et al. Fracture MRI: optimized 3D multi-echo in-phase
sequence for bone damage assessment in craniocerebral gunshot
injuries. Diagnost Intervent Imag. 2020;101:611-5.

12. Gascho D, Deininger-Czermak E, Zoelch N, Tappero C, Sommer
S, Hinterholzer N, et al. Noninvasive 7 tesla MRI of fatal crani-
ocerebral gunshots — a glance into the future of radiologic wound
ballistics. Forensic Sci Med Pathol. 2020;16:595-604.

13. Peschel O, Szeimies U, Vollmar C, Kirchhoff S. Postmortem
3-D reconstruction of skull gunshot injuries. Forensic Sci Int.
2013;233:45-50.

14. Thali MJ, Yen K, Vock P, Ozdoba C, Kneubuehl BP, Sonnenschein
M, et al. Image-guided virtual autopsy findings of gunshot victims
performed with multi-slice computed tomography (MSCT) and mag-
netic resonance imaging (MRI) and subsequent correlation between
radiology and autopsy findings. Forensic Sci Int. 2003;138:8-16.

15. Oehmichen M, Gehl H-B, Meissner C, Petersen D, Hoche W,
Gerling I, et al. Forensic pathological aspects of postmortem
imaging of gunshot injury to the head: documentation and bio-
metric data. Acta Neuropathol. 2003;105:570-80.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/

	Cinematic rendering of a burst sagittal suture caused by an occipito-frontal gunshot wound
	Abstract
	Case report
	Discussion
	Acknowledgements 
	References


