
Introduction
The assault has been acknowledged as the eighth leading 
global public health problem worldwide. In developing 
countries, there is a massive loss of economy and people 
in the increasing firearm injury cases owing to community 
and ethnic fighting, political violence, armed robberies, 
social media, entertainment business (e.g., over-the-top), 
and suicide cases. These are more common in low- and 
middle-income societies because low-income sources 
increase the crime rate for income sources. Most guns are 
illegal and unlicensed, and these guns are made with poor 
quality that may blast into the hands, causing injuries. As 
of 2006 data, India had approximately 40 million civilian 
firearms, and out of approximately 650 million civilians 
having firearms, only 15% (approximately 6.3 million) 
had a license (1). Approximately 300 000 illegal firearms 
are owned only in India’s capital, which is surprising. 
These rough data underline the firearm trauma problems 
commonly found in the Indian population, which is a 

significant cause of injury/death. There are several cases of 
firearm injuries in which survival rates are high because of 
the bad quality of the firearm or distance or the patient’s 
condition (2). These rates are higher if a radiological 
imaging investigation is performed to assess the position 
of the bullet and damaged organ or bone. If the bullet 
is left in the body, then it may associate with adverse 
medical conditions such as infection, lead intoxication, 
and pain. (3) For ruling out the metal objects, an X-ray 
or computed tomography (CT) scan is always the first 
choice of imaging investigation. Magnetic resonance 
imaging (MRI) is not commonly used in firearm injuries 
because of a metal object; however, MRI is employed 
to identify abnormalities in vascular abnormalities, 
including arteriovenous fistula or aneurysm caused by 
firearm injury (4,5).

To better understand gunshot injuries, it is necessary 
to understand the nature of firearms and their projectiles. 
Ballistics is known as the ordered scientific study of 
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about the essentials of firearm injuries.
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projectile motion that is divided into three major internal, 
external, and terminal categories (6). Internal ballistics is 
the projectile within the firearm, while external ballistics 
is in the air. It is essential that physicians understand the 
most crucial terminal ballistics; it other words, when the 
projectile hits its target (7). To assess the wound and its 
depth, it is mandatory to know about the ballistics and 
their role. The severity and nature of injuries depend 
on the type of weapon, projectile, local tissue (hit by 
ballistics), and the most critical distance between the 
victim (local tissue) and firearm (weapon) (8).

It is also essential to know the tissue response 
(behaviour) before and after firearm injuries. These 
injuries are severe in crumbly solid organs (e.g., in the liver 
and brain), where damage is more than the actual bullet 
track due to the formation of temporary cavitation in the 
organs, while bone and subcutaneous fat tissue are more 
rigidly reduced or change the bullet course and slow them 
down. For clinical assessment and forensic evaluation of 
the incident that happened with a firearm, a radiograph 
can be helpful in evaluating bone/soft tissue injury and 
distribution of bullet fragments and tract (direction 
of travel of the bullet). A CT scan can better reveal the 
beveling of the bone with the bullet’s track, which is of 
utmost help in medico-legal cases (9, 10). In abdominal 
wounds, only ruling out any fracture or muscle injuries 
is insufficient; it is indispensable to assess the bullet tract, 
peritoneal breach, and gastrointestinal injuries. Hence, 
a contrast-enhanced CT scan of the whole abdomen is 
essential to grade the severity of the injury and surgical 
planning. Peritoneal lavage is also helpful, but it should 
be after the CT scan because the CT scan is more accurate 
before the lavage. A laparotomy indicates if peritoneal 
penetration is suspected (11), and an abdominal CT scan 
is mandatory in the suspected retroperitoneal path of 
the bullet. In firearm injury and trauma, oral contrast is 
contraindicated, thus one must have a high suspicion of 
the intestinal tract injury; otherwise, it may be missed.

The radiograph is the first imaging investigation of 
choice in firearm injuries. Two perpendicular views 
are essential on a radiograph to localize the bullet or 
the projectile. Few bullet fragments have characteristic 
patterns, but in some cases, the pattern of bone 
fragments and bullet fragments may confuse, especially 
in the deformation of significant lead shotgun pellets 
after contact with the bone (12). It is always necessary 
to confirm that the tract from the entrance wound is 
compatible with the bullet’s current position (location), as 
a bullet always does not follow a straight path in the body; 
in some cases, the bullet may ricochet off the bone and be 
found elsewhere in the body where we have not expected. 
In a few cases, the bullet follows fascial or tissue planes. 
In literature, the bullet or shotgun pellet movement has 
been described with an arterial and venous embolization 
within the spinal canal and subarachnoid space. In 

the brain, bullets can shift in position because of the 
development of an abscess or move retrograde along the 
entry tract (13). The contributions of radiologists include 
the evaluation of the bullet path (primary and secondary), 
the extent of the wound, and identification of the sites 
of emboli and body (organ) damage as a response after 
the injury (e.g., collection, bone fragments, and free air/
fluid). Nowadays, interventional radiology techniques 
effectively remove a bullet (intravascular and intrarenal). 
Sometimes, bullets can also be removed from joints with 
arthroscopy, especially from the knee joint.

Materials and Methods
Study Design
This retrospective hospital-based study aimed to describe 
the characteristics and outcomes of patients with gunshot 
injuries.

Study Population
The study population consisted of eight patients who 
were admitted to a hospital with gunshot injuries between 
January 2021 and December 31, 2021. The study was 
conducted in the hospital’s medical records department.

Data Collection
The medical records of the eight patients were reviewed 
to collect demographic and clinical data, including age, 
gender, type of gunshot injury, anatomical location, 
time of admission, and outcome (discharge, death, or 
transfer to another hospital). After the initial analysis, 
the X-rays and CT scans were reviewed for the bullet’s 
path, position, number of bullet or bullet fragments, and 
extension of injury.

Data Analysis
The collected data were analyzed using descriptive 
statistics to determine the frequency, mean, median, 
standard deviation, and range of the variables. 

Statistical Analysis
Statistical software was used to analyze the collected data 
and generate descriptive statistics. The data were plotted 
in tabular format, and statistical analysis was performed 
using SPSS 2022 software.

Results
As mentioned earlier, eight patients with gunshot injuries 
were included in this retrospective descriptive study. The 
findings revealed that patients with gunshot injuries 
often had multiple fractures (Figures 1-5), hemorrhages 
(Figures 1 and 4), soft tissue injuries (Figures 2, 3, 5-7) 
and bullet fragments (Figures 1 and 2). CT scans were 
crucial in the evaluation and surgical planning of these 
patients. The results also demonstrated that patients had 
varying outcomes, with some surviving the injury and 
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Figure 1. A 27-year-old male was bought to the hospital by relatives after one 
hour of attempted suicide with a country-made pistol, and for further surgical 
planning, the patient underwent a CT scan. Axial CT scan (A) bone window 
reveals a hyperdense structure with metallic artifacts (bullet fragments) 
[black arrow] in the left temporal region. (B)There is a comminuted fracture 
of the left temporal bone [black arrow] due to high kinetic energy injury. A 
fracture segment is seen indenting over the brain surface and causing surface 
contusions, and (C) subdural window demonstrates hyperdensity along the 
sulci in the left temporal lobe and basal cisterns [black arrow] suggestive of 
subarachnoid haemorrhage. (D)A thin layer of subdural haemorrhage [black 
arrow] is also seen at a higher level

Figure 2. A-39-year old male came to the hospital with complaints of firearm 
injury in the neck during a communal fight. The patient underwent a CT 
scan to evaluate the injuries and plan the treatment. (A) Lateral radiograph 
of the neck showing single bullet [white arrow] at the posterior aspect of 
the neck. Axial non-contrast CT scan (B) bone window image in axial plane 
demonstrate a metallic structure [black arrow] adjacent to the right postero-
lateral muscular paraspinal space at the level of dens producing metallic 
artifacts. (C) There is a fracture of the C3 vertebral body [black arrow], 
possibly due to the direct collision of the bullet with the vertebral body. Air 
foci are seen in the intermuscular plane as well as the subcutaneous plane 
on the right side of the neck. Entry wound [white arrow] at the skin can be 
appreciated on the right side, and (D) soft tissue window demonstrates small 
metallic fragments [black arrow] adjacent to the right transverse process of 
the C2 vertebra. The above case signifies a stopping, fragmentation and 
retention of the high-velocity bullet by body tissue

Figure 3. A 35-year-old male was bought to the hospital after a firearm 
injury to the anterior neck during a police encounter. Plain X-ray of neck 
and mastoid in anteroposterior view (A) and lateral view (B) shows a single 
large bullet in the left postero-lateral aspect of the neck. (C) Axial CT 
image in the bone window shows comminuted fractures of left ramus of 
the mandible with a single bullet [white arrow] in left posterior paraspinal 
space, which defines the path of the bullet from anterior to posterior. (D) 
Axial CT image in soft tissue window demonstrates extensive soft tissue 
injuries in the left side of neck, the floor of the mouth, submandibular 
space, para pharyngeal space, masticator space and parotid space with 
few air foci

Figure 4. A 34-year-old male was brought to the hospital in the emergency 
department, followed by a gunshot injury during a personal dispute. (A) 
Lateral radiograph of the skull shows a single bullet overlying the temporal 
region. (B) Axial image from unenhanced computed tomography in brain 
window demonstrates entry point of the bullet causing comminuted fracture 
of the right temporal bone with linear hemorrhagic tract extending from the 
right temporal lobe towards the left side. Multiple fragments of the bullets 
are also seen in the right temporal lobe (C). (D) Bone window image of the 
same patient demonstrates the bullet’s entry [white arrow] and exit [black 
arrow] sites, causing fracture of the bilateral temporal bones. However, the 
bullet has stopped and is retained in the subcutaneous region. This is an 
example of high-velocity bullet injury-causing penetrating skull injuries
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others succumbing to it. The type of firearm injury and the 
location of the bullet in the body played a significant role 
in the outcome of the patients. The findings emphasized 
the importance of prompt medical attention and surgical 
intervention in patients with gunshot injuries. The 
descriptive analysis was conducted using frequencies and 
percentages of occurrences in the patient population.

We have discussed eight patients with firearm injuries. 
The firearm type, mechanism, velocities, and shooting 
subjects help choose an imaging investigation modality 
and accurate management of the damaged tissue. Male 
patients are known to sustain a higher number of firearm 
injuries; seven male patients (87%) and one female case 
(13%) were included in this study. It was found that most 
involving head and neck injuries were more common 
(62%) than thorax and abdomen (38%) in single bullet 
injuries. In contrast, shotgun injuries were common 
in the thorax and abdomen (Figures 8 and 9). In India, 
single-bullet guns are most commonly used because they 
are easy to handle and procure illegally.

Discussion
Ballistic injuries result from a projectile (i.e., bullet) 
penetrating or entering the body, which may cause 
characteristic serious wounds that may be life-threatening 
due to severe blood loss, contamination of the wound, 
and respiratory distress. Firearms mainly cause two 
types of injuries, along the tunnel of attrition and in the 
peripheral zone. The tunnel of attrition is defined as the 
direct tissue damage by the projectile’s passage, while the 
surrounding tissues destroyed by the transmission of the 
energy dissipated by the projectile are included in the 
peripheral zone (13).

Bullet injury is a correlation between the penetrating 
subjects, the type of bullet, and the pathway obtained 
by the bullet in the body. The subject’s velocity, shape, 
size, and mass establish the maximum tissue damage and 
mortality. Firearm injuries require special care, which 
depends on the area or mass of the projectile, the clinical 
picture of the wound, and the suspected secondary 
complications (14). The role of imaging investigation 
has recently received more attention in firearm injury 
care, especially in hemodynamically stable patients 
who cooperate with imaging investigations. X-ray is a 
standard and first-line imaging investigation for firearm 
injury in the extremity (15). The multislice CT scan has 
improved the care of the firearm-injured patient as it 
provides meticulous details about the bullet localization, 
fractures, injured viscera, pleural effusion, organ damage, 
the severity of the wound, and surgical planning of the 
wound. Post-contrast imaging after the intravenous 
administration of a non-ionic contrast agent provides 
additional details on the penetrating nature of wounds, 
vascular injury, and trauma grading of the damaged 
organ (16). Sometimes CT angiography is also needed for 

Figure 5. A 29-year-old male was brought to the hospital with a 
gunshot injury in the neck during criminal activity. (A) Plane radiograph 
(anteroposterior view) shows a single bullet in the right upper chest. (B) 
Axial non-enhanced CT scan reveals a single bullet [black arrow] within 
the right trapezius muscle at the level of the D5 vertebra in a vertical 
orientation. The bullet travelled obliquely, collided with the scapular 
body, causing its fractures [black arrow] (C), and stopped in the paraspinal 
muscles. (D) Axial CT scan of the thorax in lung window demonstrates 
subcutaneous emphysema, moderate haemo-pneumothorax, lung 
contusions, and alveolar haemorrhage on the right side due to direct as 
well as indirect injuries

Figure 6. A 55-year-old female sustained a bullet injury during a wedding 
celebration (also known as ceremonial firing, which is very popular in 
certain areas and communities in India). She was standing far from the 
site of the aerial shooting when a bullet hit her in the pelvis. Neither the 
patient nor anyone in the gathering could find a bullet at the injury site. 
The patient was suspected to be hit by a ricochet bullet, and there were 
immense social and political pressures to rule out the bullet inside the 
body. (A) Antero-posterior lateral radiograph of the neck demonstrates a 
single bullet in the anterior neck at the C6 and C7 levels. (C) Axial CT 
scan of the neck in the bone window shows a single bullet [black arrow] 
in the right anterior neck space lateral of the level thyroid cartilage. Axial 
non-enhanced CT scan demonstrates few air foci along the bullet path 
[black arrow]
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a suspected vascular injury (17). For accurate mapping 
of the lesion, a maximum intensity projection and three-
dimensional reconstruction images are beneficial as they 
help in the bullet path reconstruction and localization. 
Ultrasonography can also be used in an emergency to look 
for foreign body and liquid or gas effusions; however, it 

remains a subjective assessment modality, limiting its 
uses in such medico-legal cases where the evidence may 
be required in the court of law even after many years.

Conclusion
The radiologist plays an essential role in firearm injury 

Figure 7. Unenhanced computed tomography image in the axial plane at the pelvis level demonstrating effects of low-velocity gunshot causing superficial 
injuries in the form of abrasions and shallow wounds. (A) Soft tissue window and (B) bone window demonstrate a single superficial wound with internal air 
foci in the subcutaneous plane of the right gluteal region [white arrow]. A small calcified right internal iliac group of the lymph node [black arrow] is also 
seen. No evident metallic/ foreign body was noted in the patient’s body. CT scan also rules out internal visceral injury

Figure 8. A 21-year-old male presented to the hospital with a far range 
shotgun injury during a robbery. The patient had injured multiple 
abrasions on his abdomen but was hemodynamically stable. For 
localization of shotgun pellets and to diagnose any visceral injury. 
Images demonstrating the effect of far range shotgun injury. (A & 
B) Plain radiograph of abdomen and thorax in anteroposterior view 
and lateral projections demonstrating dispersion of shotgun pellets. 
Dense well-defined round radio-opacities (pellets) of the shotgun are 
seen scattered over the various body regions. The anteroposterior 
image should be correlated with lateral projections to ascertain 
penetration depth. Radiograph also helps to rule out pneumothorax/ 
pneumoperitoneum

Figure 9. A 31-year-old male came to the hospital with complaints of a 
firearm injury. The patient got shot in the anterior chest when he tried 
to escape from the prison on a bike. Unenhanced computed tomography 
was done to ascertain and rule out visceral injury. (A) Lung window of 
CT scan of the thorax in axial plane reveals small shotgun pellet [black 
arrow] in the right chest wall in the intercostal aspect. The lung window 
also excludes the development of the pneumothorax. (B) The mediastinal 
window of CT scan of the thorax in axial plane reveals a single pellet 
[black arrow] of shoot gun incompletely penetrating the chest wall without 
any hematoma formation in the chest wall. (C) An unenhanced CT scan of 
the abdomen just below both kidneys reveals a low-velocity single pellet 
[black arrow] stopped in the subcutaneous tissue. (D) Unenhanced CT 
scan of lower abdomen at the level of the neck of the femur showing single 
intramuscular pellet [black arrow] adjacent to left femur. (E) CT scan in the 
bone window at the hip joint level reveals a single shotgun pellet [black 
arrow] at subcutaneous tissue
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cases for forensic help and accurate management. 
The plain radiograph is the first choice of imaging 
investigation in firearm injury, affecting the extremity 
where it may demonstrate the location of a bullet with 
tissue disruption and any fracture present or not. CT scan 
is more helpful in deeper penetrating and visceral injuries 
and is precise in analyzing the bullet path and surgical 
planning.
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