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Evaluation of Cranial Gunshot Injuries with 3 Dimension
Computed Tomography
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Objective: Despite the widespread use of tomography in different forensic situations and gunshot injuries, the use of new radiological
methods in patients receiving care at hospitals has lagged, and there are limited publications on the use of 3D imaging in gunshot injuries.
This study aimed to investigate the findings obtained with 3D reconstruction in cranial gunshot injuries.

Material and Methods: Reconstructed 3D images produced by tomographic scanning of 12 sheep heads were used. Radiological images were
obtained using a Vimago GT30 CT (Epica Animal Health, USA). Images recorded as DICOM were exported to digital media, then reconstructed
and evaluated by two researchers using the HORUS apps.

Results: The location and size of the entry-exit wounds, the size and spread of bone fragments, the location and size of skull fractures, the
Integrity of the bones and joints forming the joints in the shooting region, and the damage in complex anatomical areas are shown using
3D reconstruction.

Conclusion: 3D reconstruction provides essential information to clinicians, surgeons, and radiology, and emergency professionals, including
damage to the skin,the number, course,and length of skull bone fractures,the number and distribution of bone fragments, joint Integrity,and
the relationship between bone fragmentation and joint Integrity, creating lifelike images without performing an autopsy. 3D reconstruction
provides early, non-destructive,and critical information to legal authorities for forensic investigations, in cases under post-injury healthcare
and a forensic autopsy is not possible. In cranial gunshot injuries, 3-dimension reconstruction should be part of the radiological evaluation.
Keywords: Computed tomography, 3D tomography, cranial gunshot injuries, firearm injury

ABSTRACT

Giris: Tomografi farkli adli olgularda ve atesli silah yaralanmalarinda yaygin olarak kullanilmasina ragmen, hastanelerde tedavi goren
hastalarda yeni radyolojik yontemlerin kullanimi geride kalmis olup, atesli silah yaralanmalarinda 3D goriuntiilemenin kullanimina iliskin
sinirll sayida yayin bulunmaktadir. Bu calismada, kraniyal atesli silah yaralanmalarinda 3D rekonstriiksiyon ile elde edilen bulgularin
incelenmesi amaglanmistir.

Gereg ve Yontemler: On iki adet koyun kafasinin tomografi goriintiilerine 3D rekonstriksiyon uygulandi. Radyolojik goriintiiler Vimago GT30
CT (Epica Animal Health, ABD) kullanilarak elde edildi. DICOM olarak kaydedilen gortintiler dijital ortama aktarildi, ardindan iki arastirmaci
tarafindan HORUS uygulamasi kullanilarak yeniden yapilandirildi ve degerlendirildi.

Bulgular: Giris-cikis yaralarinin yeri ve blytikligl, kemik parcalarinin boyutu ve yayilimi,kafatasi kiriklarinin yeri ve buyuklugu,atis bolgesindeki
eklemleri olusturan kemik ve eklemlerin butiinligu, kompleks anatomik bolgelerdeki hasarlar 3D rekonstriiksiyon ile gosterilmistir.

Sonug: 3D rekonstriksiyon, klinisyenlere, cerrahlara, radyoloji ve acil servis ¢alisanlarina deri hasari, kafatasi kemigi kiriklarinin sayisi,
seyri ve uzunlugu, kemik parcalarinin sayisi ve dagilimi, eklem bitlinlugli ve kemik parcalari ile eklem butlinlugli arasindaki iliski gibi
temel bilgiler saglayarak otopsi yapilmadan gercekgi gorlntiiler olusturur. 3D rekonstriksiyon, yaralanma sonrasi saglik bakimi altindaki,
adli otopsi yapilamayan olgularda adli makamlara adli sorusturmalar icin erken, tahribatsiz ve kritik bilgiler saglar. Kraniyal atesli silah
yaralanmalarinda 3D rekonstriiksiyon radyolojik degerlendirmenin bir parcasi olmalidir.
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INTRODUCTION

Penetrating cranial gunshot injuries (GSls) are forensic
incidents associated with high morbidity and mortality,
causing considerable damage to the scalp, skull, and brain
parenchyma.Accurate and rapid assessment of medical injury
severity and forensic clarification of the event necessitate the
immediate determination of the location and size of entry-exit
wounds, intracranial damage, and trajectory. Previous cases
have demonstrated that radiological imaging performed
promptly after initial intervention reduces morbidity and
mortality (1-5). Cranial tomography (CT) provides critical
findings about entry-exit wounds, Hounsfield unit values in
different tissues, brain damage, intracranial gas, cranial bone
fractures, distribution of bone fragments, bullet trajectory,
foreign bodies, and bullet core residues (6-9). Cranial CT is
an appropriate method for clinicians to guide medical or
surgical treatment in emergencies, monitoring and clinical
follow-up processes, and for forensic physicians in detecting
gunshot wounds, determining the type of weapon and injury
characteristics, investigation of death etiology, disaster victim
identification, crime scenes reconstruction, and shooting
reconstruction (10-14). Tomography has remarkable potential
for rapid isotropic documentation,generation of 2D reformats,
and 3-dimension reconstruction (3DR) (15-18).

3DR is a simulation software that enables comprehensive
examination of the entire body or any of its parts, which is
always accessible and repeatable. 3D imaging techniques
have been accepted by Thali et al. (15) as an important
part of the Virtopsy project. 3DR techniques have been
reported in different forensic situations, such as GSls, traffic
accidents, explosions via virtual animation of the body, facial
reconstruction, height estimation, gait analysis, crime scene
reconstruction, determination of weapon type, and shooting
reconstruction (19-23).

However,in cases with nonfatal injuries receiving medical care
at advanced intervention centers, the use of new radiological
methods has remained limited (24). Although CT is widely
used in GSls, there are limited publications regarding the
use and benefits of 3D images. In this study, the aim was to
investigate 3DR’s findings in cranial GSls.

MATERIALS and METHODS

Reconstructed 3D images produced through CT scanning of
12 sheep heads were used. CT images obtained from our
previous CT study. Since it is the most used weapon in civilian
injuries,a 9x19 mm caliber Canik Mete TP9 semi-auto handgun
with 9x19 mm M822 type (Full Metal Jacket) ammunition
was used. Shots were made to the frontal, temporal, and
occipital regions from distances of 50 cm, 1m, 5m, and 10m.
Radiological images were obtained using a Vimago GT30 CT
(Epica Animal Health, USA). Images recorded as DICOM were
exported to digital media, then reconstructed and evaluated

by two researchers using the HORUS apps. The final reports
were written by consensus of the two researchers.

Ethical approval for the previous CT study was received from
the Cukurova University Local Ethics Committee for Animal
Experiments on (decision number: 6, date: 30.04.2024). Since
no living organ, animal, or human tissue was used in this
study, ethics committee approval was not required.

Statistical Analysis

Statistical methods were not used during image review and
evaluation in this descriptive study.

RESULTS

As a result of the experiments performed with sheep skulls,
the location and size of the entry-exit wound, the size and
distribution of bone fragments, the location and size of skull
fractures, the integrity of the bones forming the joints in the
shooting area, and the damage occurring in anatomically
complex regions were demonstrated using 3DR.

Shot characteristics and 3DR findings of sheep:

Sheep 1: The shot was taken 50cm from the frontal region.
A well-defined, round, millimetric entry wound was detected
on the skin in the frontal region, to the right of the midline.
In the bone images, a bone defect measuring 90x88 mm
corresponding to the entry wound was observed in the frontal
bone, to the right of the midline, along with a 33x45 mm
displaced, fragmented bone piece at the margin of the defect.
In the posterior cervical region, to the right of the midline,an
irreqular-edged, large exit wound causing tissue loss in the
muscle tissue, occipital bone,and C1 vertebra was detected.

Sheep 2: The shot was taken 50cm from the temporal region.
A well-defined, round, millimetric entry wound was detected
on the skin in the right temporal region, between the eyeball
and the ear. In the bone images, an irregular-edged entry
wound was observed in the temporal bone, with the first
fracture line extending from the entry wound toward the
occipital bone and another toward the eyeball. In contrast,
the zygomatic bone and temporomandibular joint were
intact. A bone defect corresponding to the exit wound was
detected in the area close to the lateral wall of the orbit,
between the left temporomandibular joint and the eyeball,
and the temporomandibular joint was observed to be intact.
Sheep 3: The shot was taken 50 cm from the occipital region.
There is no skin present in the shot area. In the bone images,
an entry wound measuring 90x113 mm was detected in
the occipital bone, along with four separate fracture lines
originating from the entry wound. The millimetric nasal bone
and skin defect at the exit wound, detected on CT, was not
visualized in the 3DR images.

Sheep 4: The shot was taken 1m from the frontal region. On
the skin, a well-defined, round, millimetric entry wound was
detected in the frontal region, to the left of the midline. In
the bone images, an entry wound measuring 130x90 mm,
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involving the midline, was observed in the frontal bone, with
a single fracture line extending from the entry wound toward
the temporal bone. The Integrity of the occipital bone was
disrupted due to a large exit wound containing multiple bone
fragments around it, and a fracture line originating from the
exit wound was seen extending toward the frontal bone.
Sheep 5: The shot was taken 1m to the temporal region. On
the skin, a well-defined, round, millimetric entry wound was
detected in the right temporal region, between the eyeball
and the ear. In the bone images, a fracture in the mandible
and damage to the temporomandibular joint associated with
the entry wound were observed. Millimetric comminuted
fractures were detected in the left temporal bone and
zygomatic bone, and a skin defect corresponding to the exit
wound was observed in the left ear.

Sheep 6: The shot was taken 1m to the occipital region. On
the skin, a well-defined, round entry wound was detected in
the occipital region. In the bone images, a well-defined bone
defect measuring 1.8x1.4 cm was observed in the occipital
bone, with one fracture line extending from the bone defect
toward the left lateral side and two fracture lines extending
toward the right lateral side. In the right frontal bone, to
the right of the midline and adjacent to the nasal bone, an
exit wound measuring 1.8x1.0 cm was detected, along with
millimetric fragmented bone pieces around the exit wound.
Sheep 7:The shot was taken 5m from the frontal region.On the
skin,a laceration area extending from the right frontal region
toward the vertex and the occipital bone was observed. In the
bone images, a wide, irregular-edged bone defect originating
from the entry wound in the frontal bone was seen extending
up to the exit wound in the occipital bone. Multiple bone
fragments were scattered into and around the trajectory. In
the occipital bone, a large exit wound was detected, with
two separate fracture lines originating from the exit wound
extending toward the right and left lateral sides.

Sheep 8: The shot was taken 5m to the temporal region. On
the skin, a well-defined, round, millimetric entry wound was
detected in the right temporal region, between the eyeball
and the ear. In the bone images, the entry wound caused
damage to the temporal bone and the temporomandibular
joint, with a fracture line originating from the entry wound
extending toward the occipital bone. In the left temporal
bone,adjacent to the temporomandibular joint,an exit wound
was observed, along with two fracture lines originating from
the exit wound.

Sheep 9: The shot was taken 5m to the occipital region.
On the skin, a well-defined, round entry wound measuring
5x5 mm was detected in the occipital region. In the bone
images, a well-defined bone defect measuring 90x80 mm
was observed in the occipital bone, with a single fracture
line originating from the bone defect extending to the right
frontal bone. The nasal bone was intact, and a 3x5 mm exit
wound was observed on the skin between the nostrils.

Sheep 10: The shot was taken 10m from the frontal region.

On the skin, a well-defined skin defect measuring 4x3
mm was detected distal to the nasal bone, to the right of
the midline. In the bone images, an irregular-edged defect
measuring 1.1x1.0 cm was identified adjacent to the nasal
bone in the frontal bone. A large exit wound causing damage
to the lateral part of the occipital bone and the C1 vertebra,
to the right of the midline, was observed.

Sheep 11: The shot was taken 10m to the temporal region.
On the skin, a well-defined, round, millimetric entry wound
was detected in the right temporal region, behind the eyeball.
In the bone images, damage to the temporomandibular joint
and a mandibular fracture were observed. In the left temporal
region, behind the eyeball, a millimetric exit wound was
detected, along with damage to the temporomandibular joint
and a mandibular fracture.

Sheep 12: The shot was taken 10m to the occipital region. In
the bone images, a large entry wound causing a bone defect
in the corpus of the C1 vertebra, to the left of the midline,was
detected. In the nasal bone, to the right of the midline,a wide,
irregular-edged exit wound was observed, with fragmented
bone pieces spreading outward from the exit wound.

DISCUSSION

As first stated by Thali et al. (15) in 2003, radiological methods
have opened new horizons in the evaluation of forensic cases
(16,17). Over the past 20 years, technological advancements
in multi-slice CT scanners have enabled higher resolution
and the acquisition of truly isotropic data sets. These data
sets can be reconstructed in any desired plane, processed
volumetrically, and restructured using various algorithms
to obtain realistic 3D images. By integrating resolution
and color information into sectional radiological methods,
3DR enables non-destructive, permanent documentation
of findings in both living and deceased individuals, while
providing detailed information and records about the incident
and injury (22,25,26). Tomography is ideal for visualizing
radiopaque materials and bone structures, yet it is limited
in evaluating soft tissues and parenchymal organs. 3DR is
a highly effective approach for demonstrating the damage
caused by the bullet core on the skin in GSlIs, overcoming the
soft tissue limitations of CT and providing critical information
for wound reconstruction. With 3DR, it is possible to visualize,
preserve,and present the damage inflicted by the bullet core
on the skin,as well as provide visual evidence regarding entry
and exit wounds. In cases that reach advanced intervention
centers after injury, the examination of entry and exit
wounds is performed by the first physician evaluating the
patient and is recorded in the forensic report. Radiological
examination with 3DR reduces external examination errors
dependent on personal experience and measurements,
assists in distinguishing entry and exit wounds, enables
visual presentation of the anatomical localization, size,
and morphological characteristics of wounds, and ensures
accurate recording of findings (20,24,27).
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In patients receiving medical care, entry and exit wounds may
undergo temporal changes during wound healing or due to
medical treatments. However, thanks to the preservable and
archivable nature of findings obtained with 3DR, wounds can
be reassessed later and presented to legal authorities when
necessary. Entry and exit wounds caused by the 9x19 mm
pistol used during this study in various anatomical regions
are shown in Figure 1.

Figure 1: 1A: Entry wound (black arrow) observed on
the skin in the frontal region (Sheep 1). 1B: Entry wound
(black arrow) observed on the skin in the occipital region
(Sheep 6). 1C: Exit wound (black arrow) located in the
left ear (Sheep 5). 1D: Exit wound (black arrow) at the
distal part of the nose, between the nostrils (Sheep 9).

Images processed with 3DR provide improved visualization
of bullet damage through virtual rotation and color options
(Figure 2). It illustrates in detail the relationships among
bones, fracture fragments, and soft tissues, presenting health
professionals with near-realistic images and contributing to
decision-support systems. It offers surgeons the opportunity
to conduct virtual simulations, assessments, and material
selection before interventions. It also aids clinicians,surgeons,
radiologists, and forensic physicians in understanding the
interrelations of anatomical structures. In cases receiving
health care after injury, where wound-related findings may
change due to medical or surgical treatments, or when a
forensic autopsy cannot be performed, 3DR enables early
non-destructive acquisition of critical information essential
for forensic investigation (20,24).

3DR presents the extent of damage caused by the bullet core
as 3D images, non-destructively demonstrating the severity
of the injury (28,29). Measurements can be taken using 3D
models, such as in the stab wound case, the measurement
of fracture height in the bones of the lower extremities, and
the skull fracture lines (22). According to one study, skull
fracture scores derived from the total length of fracture
lines on 3D-CT VR images correlate with macroscopic
evaluation. This score can be used as an index to assess
fracture severity (30). In clinical and forensic radiology, initial
assessments are primarily based on 2D sections. However,
accurate interpretation of 2D images requires comprehensive
anatomical knowledge, awareness of postmortem changes,
understanding of treatment-related effects, spatial
imagination,and 3D reasoning skills. For individuals working
in non-medical fields, such as prosecutors, lawyers, judges,
and police officers, who often lack this specialized expertise,
understanding findings and incidents becomes challenging.
Such information is generally presented through visual
reports, including drawings, illustrations, and printouts. 3D
models accurately reproduce spatial relationships between
various elements, thereby visualizing the incident, the scene,
and the injury (22,31). Figure 3, using 3DR, demonstrates the
location and size of the entry and exit wounds, the course and
distribution of skull fractures, and the trajectory.

3DR enables zooming, focusing, and measurements on
images, allowing examination of suspicious areas in detail.
Thus, it allows assessment of the relationship between entry
and exit wounds, bullet trajectories,and joints in the shooting
area, as well as damage to the bones forming the joints and
joint Integrity. While preserving the integrity of the structures
within the shooting region, 3DR simultaneously facilitates
measurements and analyses. The visual data it provides offers
a simple and practical means of understanding, explaining,
and reporting the extent of damage. It ensures the acquisition
of objective, non-invasive, storable, portable,and presentable
scientific data independent of the observer (25,32-34). Figure
4 illustrates findings on joint and bone integrity by zooming
into the joint structures within the shooting area.
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Figure 2. (A) Entry wounds (black arrows) in the frontal bone observed under different contrast levels (Sheep 1) (B) Large exit
wound, occipital bone, and C1 vertebral damage (black arrows) observed under different contrast levels (Sheep 1) (C) Large
exit wound and fragmented bone pieces (black arrows) in the occipital bone observed from multiple perspectives (lateral,
posterior, and superior) (Sheep 4) (D) Large frontal bone defect (black arrows) between the entry and exit wounds observed
under different contrast levels and angles (Sheep 7) (E) Bone defect and skull fractures originating from the entry wound (black
arrows) in the temporal bone observed in different contrast levels (Sheep 8) (F) Entry wounds (black arrows) on the skin and in
the occipital bone observed under different contrast levels (Sheep 9) (Sheep 9)
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Figure 3. (A) In the upper image, a single skull fracture originating from the exit wound splits into two within the temporal
bone; one fracture continues within the temporal bone, while the other extends to the frontal bone. In the lower images, the
corresponding skull fractures are observed on CT images (Sheep 2) (B) In the first image, the entry wound (black arrow) is
observed in the occipital bone, measuring 90x113 mm in diameter. In the second image, four skull fractures (black arrows)
originating from the entry wound are observed (Sheep 3) (C) Exit wound (black arrow) and fragmented bone pieces (blue
arrows) projecting toward the skin are observed in the nasal bone from different perspectives (anterior, lateral) (Sheep 12)
(D) Multiple fractures of the frontal and occipital bones along the trajectory (black arrow), scattered bone fragments within
and around the trajectory,and an additional skull fracture in the right occipital bone (blue arrow) are observed. The measured
distance between entry and exit wounds is 72 mm (Sheep 7) (E) The skull bone fracture extending from the entry wound in the
occipital bone to the frontal bone is measured as 6 cm (Sheep 9)
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Figure 4. (A) In the first image, the entry wound (black arrow) is observed in the right temporal region. In the second image, a
closer evaluation of the injury demonstrates damage to the temporomandibular joint and mandibular fractures (black arrow)
(Sheep 5) (B) In the first image, the exit wound (black arrow) is observed in the left temporal region. In the second image, a
closer evaluation demonstrates temporal bone damage and fractures of the zygomatic bone (black arrow) (Sheep 5) (C) In
the first image, a millimetric entry wound (black arrow) is observed on the skin, posterior to the eyeball, in the right temporal
region. In the second image, damage to the joint,complete fracture,and separation of the mandible (black arrow) are observed
(Sheep 11) (D) In the first image, a millimetric exit wound (black arrow) is observed on the skin, posterior to the eyeball, in the
left temporal region. In the second image, damage to the joint,complete fracture,and separation of the mandible (black arrow)
are observed (Sheep 11)
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Penetrating firearm injuries of the head and neck region are
associated with high mortality, and the complex anatomical
structures in this area, combined with the intricate nature
of the injuries, require meticulous evaluation. Advanced 3D
techniques and sectional radiological imaging can be used to
detect injuries in soft tissues, parenchymal organs,and bones;
to localize bullet cores and fragments; and to identify wound
mechanisms and trajectories.CT and 3DR are fast and practical

tools for diagnosing fractures within the skeletal system (35-
37). In our study, 3DR showed damage to the occipital bone
and cervical vertebra. 3DR is a suitable method, especially
for detecting anatomically difficult-to-reach areas (Figure 5).
Our results indicate that 3DR is a fast, non-invasive,and non-
destructive method for clinicians, surgeons, radiologists, and
forensic medicine physicians in cranial firearm injury cases.

Figure 5. (A) In all images, the exit wound, occipital bone destruction, and C1 vertebral damage are observed under different
contrast levels and from multiple angles (Sheep 10) (B) In the first image, a large entry wound (black arrow) is observed to the
left of the midline in the C1 vertebra. In the second image, a large C1 vertebral defect (black arrow)

55



J Eur Med Sci 2025;6;(3):48-57
Arslan et al. 3D Tomography in Cranial Gunshot injuries

The 3DR findings obtained as a result of our study are listed
below:

e The location of entry-exit wounds is determined.

e The diameter of the entry-exit wounds is measured.

e Bone damage in entry-exit wounds is determined.

e Bullet core trajectories are shown.

e The distribution of bone fragments is detected.

e The number, location, and course of skull bone fractures
are detected.

e The length of skull fractures is measured.

e Bones forming the joint, and the Integrity of the joint are
determined.

e Allows detailed examination of suspicious areas via zoom.

» Lesions in soft tissues such as skin are detected.

e Tissues can be examined at different contrasts.

e Anatomical areas that are challenging to reach, such as the
skull, are evaluated.

e Objects can be rotated 360° on the X and Y axes. In this
way, damaged areas are examined from different angles.
Although 3DR is a beneficial method in cranial firearm
injuries, it has some disadvantages. CT is more effective than
3DR for showing parenchymal brain lesions. Equipment and
application are required for reconstruction. However,the most
significant issue is that accurate detection of pathological
findings requires experience. This study can lead to the
spread of using 3DR in cranial firearm injuries and lead to

experienced authors.

Study Limitation

The limitation of the study is that it was conducted with a
small number of decapitated sheep’s heads. However, the
results are not affected by its similarity to human anatomical
structure.

CONCLUSION

The application of imaging methods for non-invasive
documentation and analysis of findings in living persons
has lagged behind the tremendous technical advancement
in imaging methods. Whereas 3DR provides essential
information to clinicians, surgeons, and radiology and
emergency professionals, including damage to the skin, the
number, course,and length of skull bone fractures,the number
and distribution of bone fragments, joint integrity, and the
relationship between bone fragmentation and joint integrity,
creating lifelike images without performing an autopsy. In
addition, in cases receiving health care after injury, where
wound-related findings may change due to medical and
surgical treatments and/or when a forensic autopsy cannot
be performed, it enables the non-destructive acquisition
of information critical for forensic investigation at an early
stage. In cranial GSls, 3DRs generated from CT images should
be included in the radiological evaluation.

Ethics

Ethics Committee Approval: Ethical approval for the previous
CT study was received from the Cukurova University Local
Ethics Committee for Animal Experiments on (decision
number: 6, date: 30.04.2024).

Informed Consent: This study is an animal experiment.

Footnotes

Authorship Contributions

Surgical and Medical Practices: I.A., G.I.O., ASK., AY., CA.,
Concept: I.A., G.I.O., Design: I.A., G.I.O.,A.SK., Data Collection
or Processing: I.A., G.I.O.,A.Y,, C.A., Analysis or Interpretation:
A, GI0., ASK., AY, CA., Literature Search: i.A,, G.i.0.,
Writing: I.A., G.I.O.,ASK.,AY, CA.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. Cinar K, Secer M, Alagoz F, Ulutas M, Ugkun OM, Yildirim AE, et al.
Outcomes and demostration of cranial firearm injuries: a multicenter
retrospective study. Ulus Travma Acil Cerrahi Derg. 2015;21(4):291-6.
https://doi.org/10.5505/tjtes.2015.84883

2. Karaca MA, Kartal ND, Erbil B, Oztiirk E, Kunt MM, Sahin TT, et al.
Evaluation of gunshot wounds in the emergency department. Ulus
Travma Acil Cerrahi Derg.2015;21(4):248-55.https://doi.org/10.5505/
tjtes.2015.64495

3. Oktay K. Cranial gunshot injuries. Turk Norosir Derg. 2020;30(2):239-
44.DO0I:10.5137/1019-5149JTN.27550-19.2

4. Qi H,LiK.Civilian gunshot wounds to the head: a case report, clinical
management, and literature review. Chin Neurosurg J. 2021;7(1):12.
https://doi.org/10.1186/s41016-020-00227-9

5. Calame DJ,Riaz M. Pediatric craniocerebral firearm injuries: literature
review, best practices in medical and surgical management,and case
report. Childs Nerv Syst. 2023;39(8):2195-9. https://doi.org/10.1007/
s00381-023-05968-3

6. Makhlouf F, Scolan V, Ferretti G, Stahl C, Paysant F. Gunshot
fatalities: correlation between post-mortem multi-slice computed
tomography and autopsy findings: a 30-months retrospective
study. Leg Med (Tokyo). 2013;15(3):145-8. https://doi.org/10.1016/].
legalmed.2012.11.002

7. Oehmichen M, Meissner C,Konig HG, Gehl HB. Gunshot injuries to the
head and brain caused by low-velocity handguns and rifles. A review.
Forensic Sci Int. 2004;146(2-3):111-20. https://doi.org/10.1016/j.
forsciint.2004.06.023

8. Andenmatten MA, Thali MJ, Kneubuehl BP, Oesterhelweg L, Ross
S, Spendlove D, et al. Gunshot injuries detected by post-mortem
multislice computed tomography (MSCT): a feasibility study.
Leg Med (Tokyo). 2008;10(6):287-92. https://doi.org/10.1016/j.
legalmed.2008.03.005

9. Del Fante Z, De Matteis A, Fazio V, Di Fazio N, Quattrocchi A,Romano
S, et al. The importance of post mortem computed tomography

(PMCT) in the reconstruction of the bullet trajectory. Clin Ter.
2019;170(2):e129-33. https://doi.org/10.7417/CT.2019.2122

10. Gascho D, Thali MJ, Niemann T. Post-mortem computed tomography:
technical principles and recommended parameter settings for high-




J Eur Med Sci 2025;6;(3):48-57
Arslan et al. 3D Tomography in Cranial Gunshot injuries

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

resolution imaging. Med Sci Law. 2018;58(1):70-82. https://doi.
org/10.1177/0025802417747167

Sidler M, Jackowski C, Dirnhofer R, Vock P, Thali M. Use of multislice
computed tomography in disaster victim identification--advantages
and limitations. Forensic Sci Int. 2007;169(2-3):118-28. https://doi.
org/10.1016/j.forsciint.2006.08.004

Paulis LE,Kroll J,Heijnens L, Huijnen M, Gerretsen R, Backes WH, et al.
Is CT bulletproof? On the use of CT for characterization of bullets in
forensic radiology. Int J Legal Med. 2019;133(6):1869-77. https://doi.
0rg/10.1007/s00414-019-02033-0

Wickramasinghe CU, Edussuriya D, Perera S, Herath N. Usefulness of
virtualautopsyin diagnosing pathologies in the paediatric population:
a systematic review. SAGE Open Med. 2023;11:20503121231172002.
https://doi.org/10.1177/20503121231172002

Peschel O, Szeimies U, Vollmar C, Kirchhoff S. Postmortem 3-D
reconstruction of skull gunshot injuries. Forensic Sci Int. 2013;233(1-
3):45-50. https://doi.org/10.1016/j.forsciint.2013.08.012

Thali MJ, Yen K, Schweitzer W, Vock P, Boesch C, Ozdoba C, et al.
Virtopsy, a new imaging horizon in forensic pathology: virtual
autopsy by postmortem multislice computed tomography (MSCT) and
magnetic resonance imaging (MRI)--a feasibility study.]) Forensic Sci.
2003;48(2):386-403. https://pubmed.ncbi.nlm.nih.gov/12665000/

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 and magnetic
resonance imaging and subsequent correlation between radiology
and autopsy findings. Forensic Sci Int. 2003;138(1-3):8-16. https://
doi.org/10.1016/50379-0738(03)00225-1

Bolliger SA,Thali MJ,Ross S,Buck U, Naether S,Vock P.Virtual autopsy
using imaging: bridging radiologic and forensic sciences. A review
of the Virtopsy and similar projects. Eur Radiol. 2008;18(2):273-82.
https://doi.org/10.1007/s00330-007-0737-4

Kottner S, Schulz MM, Berger F, Thali MJ, Gascho D. Multispectral 3D
whole-body imaging of dressed and undressed bodies in combination
with post-mortem x-ray computed to- mography. In: 3DBODY.TECH
2021 - 12th International Conference and Exhibition on 3D Body
Scanning and Processing Technologies, Lugano, Switzerland, 19-20
October 2021. DOI: https://doi.org/10.15221/21.24

Maiese A, Gitto L, De Matteis A, Panebianco V, Bolino G. Post mortem
computed tomography: useful or unnecessary in gunshot wounds
deaths? Two case reports. Leg Med (Tokyo). 2014;16(6):357-63. DOI:
10.1016/j.legalmed.2014.07.006

Saritag M. Adli Tip Uygulamalrinda 3D (3 boyutlu) teknolojinin
kullanimi. Pamukkale Universitesi Tip Fakiiltesi Adli Tip Anabilim
Dali. Uzmanlik tezi. 2015.

Schultz CUB, Jacobsen C, Villa C. The influence of the body position
during PMCT: Implications for 3D reconstruction. Forensic Imaging.
2024;37:200589. https://doi.org/10.1016/j.fri.2024.200589

Villa C, Lynnerup N, Jacobsen C. A Virtual, 3D multimodal approach
to victim and crime scene reconstruction. Diagnostics (Basel).
2023;13(17):2764. https;//doi.org/10.3390/diagnostics13172764

Wozniak K, Rzepecka-Wozniak E, Moskata A, Pohl J, Latacz K, Dybata
B. Weapon identification using antemortem computed tomography
with virtual 3D and rapid prototype modeling--a report in a case
of blunt force head injury. Forensic Sci Int. 2012;222(1-3):e29-32.
https://doi.org/10.1016/j.forsciint.2012.06.012

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Puentes K, Taveira F, Madureira AJ, Santos A, Magalhaes T. Three-
dimensional reconstitution of bullet trajectory in gunshot wounds:
a case report. J Forensic Leg Med. 2009;16(7):407-10. https://doi.
org/10.1016/j.jflm.2009.04.003

Ebert LC, Franckenberg S, Sieberth T, Schweitzer W, Thali M, Ford J,
et al. A review of visualization techniques of post-mortem computed
tomography data for forensic death investigations. Int J Legal Med.
2021;135(5):1855-67. https://doi.org/10.1007/s00414-021-02581-4

Oehmichen M, Meissner C. Routine techniques in forensic
neuropathology as demonstrated by gunshot injury to the head.
Leg Med (Tokyo). 2009;11 Suppl 1:S50-3. https://doi.org/10.1016/j.
legalmed.2009.01.113

Yavuz MS, Zeybek V, Karabag G, Akin A, Erbas I. The importance of
radiological imaging in the medicolegal evaluation of gunshot
wounds: a case report. East J Med. 2023;28(2):365-8. https://doi.
org/10.5505/ejm.2023.90592

AlahmariA.Forensicradiologyand virtual autopsy:an overview.) Radio
Med Img.2022;5:37-43. https://doi.org/10.36811/0jrmi.2022.110048

Tartaglione T, Filograna L, Roiati S, Guglielmi G, Colosimo C, Bonomo
L. Importance of 3D-CT imaging in single-bullet cranioencephalic
gunshot wounds. Radiol Med. 2012;117(3):461-70. https://doi.
0rg/10.1007/s11547-011-0784-4

Hyodoh H, Takeuchi A, Matoba K, Murakami M, Matoba T, Saito A, et al.
Objective skull fracture evaluation by using the postmortem 3D-CT
skull fracture score in fatal falls. Leg Med (Tokyo). 2022;56:102048.
https://doi.org/10.1016/j.legalmed.2022.102048

Jakjovski Z, Stankov A, Pavlovski G. Misdiagnosed injuries of unusal
gunshot wounds in the clinical forensic practise. Int J Forens Sci.
2020; doi:10.23880/ijfsc-16000183.

Abdel Aal KM, Yossef H, Zidan M. Role of multidetector computed
tomography in medicolegal evaluation of non-fatal firearm injuries
the head in Assiut University Hospital. Ain Shams J Forensic Med Clin
Toxicol. 2015;25:31-47. https://doi.org/10.21608/ajfm.2015.18573

Delteil C, Gach P,Ben Nejma N, Capasso F, Perich P, Massiani P, et al.
Tangential cranial ballistic impact: an illustration of the limitations
of post-mortem CT scan? Leg Med (Tokyo). 2018;32:61-5. https://doi.
org/10.1016/j.legalmed.2018.03.004

Fleming-Farrell D, Michailidis K, Karantanas A, Roberts N, Kranioti
EF. Virtual assessment of perimortem and postmortem blunt force
cranial trauma. Forensic Sci Int. 2013;229(1-3):162.e1-6. https://doi.
org/10.1016/j.forsciint.2013.03.032

Vicentin-Junior CA, Vieira RB, Damascena NP, Silva MC, Santiago BM,
Cunha E, et al. Differences in ballistic findings between autopsy
and post-mortem computed tomography in the head and neck
region of gunshot victims: a comprehensive synthesis for forensic
decision-making. EXCLI J. 2023;22:600-3. https://doi.org/10.17179/
excli2023-6256

Legrand L, Delabarde T, Souillard-Scemama R, Sec |, Plu |, Laborie M,
et al. Comparison between postmortem computed tomography and
autopsy in the detection of traumatic head injuries. J Neuroradiol.
2020;47(1):5-12. https://doi.org/10.1016/j.neurad.2019.03.008

Cha JG, Kim DH, Kim DH, Paik SH, Park JS, Park SJ, et al. Utility of
postmortem autopsy via whole-body imaging: initial observations
comparing MDCT and 3.0 T MRI findings with autopsy findings.
Korean J Radiol. 2010;11(4):395-406. https://doi.org/10.3348/
kjr.2010.11.4.395

57



