JEUDMEDS J Eur Med Sci 2025;6;(1):6-12

Original Article DOI: 10.4274/jeurmed.galenos.2025.83997

6

Radiological Findings in Pediatric Firearm Extremity Injuries
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Objective: To evaluate the damage to soft tissue and bone, the presence of foreign bodies within the tissue, and associated injuries in
firearm-related extremity injuries in children with different weapons, based on radiological findings.

Material and Methods: Patients who were admitted to the pediatric emergency department of University of Health Sciences Turkiye, Adana
City Training and Research Hospital between January 1,2018,and December 31,2021, with firearm-related extremity injuries were included.
Data on age, gender, weapon type, radiological examinations, hospitalization, intervention status, and clinical outcomes were collected.
Radiological images were evaluated to determine soft tissue and bone damage, the presence of foreign bodies, and associated injuries.
Results: Among the 72 cases, 80% were male, with a median age of 164.6 months. Injuries were caused by shotguns in 51% and by handguns
in 36%.Among those injured by handguns, 18 cases had isolated soft tissue injuries, 1 had vascular injury,and 7 had bone fractures. In six of
the cases with isolated soft tissue injuries, the bullet core was surgically removed under local anesthesia. Five patients with bone fractures
and one with vascular injury were hospitalized and underwent surgical treatment. Among those injured by shotguns, 33 cases had isolated
soft tissue injuries, 2 sustained bone fractures, 1 sustained both a bone fracture and vascular injury,and 1 sustained nerve damage.All cases,
except those with isolated soft tissue injuries, were hospitalized and received surgical treatment.

Conclusion: When a bullet core impacts bone, it tends to cause more severe damage compared to when it only passes through soft tissue.
Bullet cores and shotgun pellets, that hit soft tissue can cause vascular injuries,and computed tomography angiography should be considered
when vascular damage is suspected. Soft tissue injuries caused by bullet cores or buckshots can lead to nerve damage, making it essential
to perform a thorough neurological examination of the injured extremity.
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ABSTRACT

Amac: Cocuklarda atesli silahlar ile gergeklesen ekstremite yaralanmalarinda silah tlrtne gore farklilik gosteren yumusak doku ve kemikte
meydana gelen hasari,dokuda yabanci cisim varligini, eslik eden yaralanmalari radyolojik bulgular esliginde incelemektir.

Gereg ve Yontemler: Tiirkiye Saglik Bilimleri Universitesi, Adana Sehir Egitim ve Arastirma Hastanesi cocuk acil servisine 01.01.2018-
31.12.2021 tarihleri arasinda getirilmis olan ve atesli silahlar ile ekstremite yaralanmasi gerceklesen olgular dahil edilmistir. Olgularin
yas, cinsiyet, silah cesidi, radyolojik tetkikleri, hastaneye yatis, miidahale durumu ve klinik sonuglari kayit edilmistir. Radyolojik gértntiler
yumusak doku, kemik hasari, dokuda yabanci cisim varligi ve eslik eden damar yaralanmasi agisindan degerlendirilmistir.

Bulgular: Calismaya dahil edilen 72 olgunun %80Q’i erkek, yas median 164,6 (127-189) aydi. Yaralanma %51 tufek, %36 tabanca araciligi
ile gerceklesmisti. Tabanca ile yaralanan 18 olguda izole yumusak doku yaralanmasi, 1 olguda damar yaralanmasi, 7 olguda kemikte kirik
saptanmistir. izole yumusak doku yaralanmasi olan 6 olguda mermi cekirdegi lokal anestezi esliginde cerrahi olarak cikartilmistir. Kemik
kirigi saptanan 5 olgu ve damar yaralanmasi saptanan 1 olgu cerrahi olarak tedavi edilmistir. Av tiifegi ile yaralanan 33 olguda izole yumusak
doku yaralanmasi, 2 olguda kemikte kirik, 1 olguda kemikte kirik ve damar yaralanmasi, 1 olguda sinir hasari saptanmistir. izole yumusak
doku yaralanmasi disindaki tim olgular hastaneye yatirilarak cerrahi olarak tedavi edilmistir.

Sonug: Tim olgulara uygun yontemle X-ray grafi ¢ekilmesi gerektigi, mermi ¢ekirde@inin kemige isabet etmesi durumunda sadece yumusak
dokudan gecen mermi cekirdegine gore daha siddetli hasar yaratacagl, yumusak dokuya isabet eden mermi cekirdegi ve sacma tanelerinin
damar yaralanmasina yol agabilecegdi,damar yaralanmasi distinilen olgularda bilgisayarli tomografi-anjiografi istenmesinin gerekli oldugu,
ayni sekilde yumusak dokuya isabet eden mermi cekirdegi ve sagma tanelerinin sinir hasarina neden olabilecegi, yaralanan ekstemitenin
ayrntili norolojik muayenesinin yapilmasi gerektigi distnilmektedir.

Anahtar Kelimeler: Cocuk, atesli silah yaralanmasi, ekstremite, vaskiler yaralanma, sinir hasari
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INTRODUCTION

Every day, an increasing number of children are injured or
killed by firearms, due to factors such as the ease of obtaining
weapons, inadequate security measures during possession,
negligence, and lack of education. While the extremities are
the most frequently affected areas in firearm injuries (Fl), the
mortality rate in these cases is lower than in injuries to the
head, neck, chest, and other critical regions (1-3).

Essentially, injury results from energy transfer, which depends
on the ability of the bullet core or buckshot to transfer energy
to the tissue. Deformation develops in the bullet core when
a 9 x 19 mm handgun, a low energy weapon commonly used,
strikes bone tissue. Deformation refers to the change in
shape and contours of the bullet core upon impacting a hard
surface. In such instances, the increased energy of the bullet
core is transferred more rapidly to the surrounding tissue
via the friction surface. When a bullet core hits thick bones
such as the pelvis, vertebrae, femur, or humerus, the resulting
fragmentation of the bullet core is referred to as primary
fragmentation, while the fracturing and fragmentation of
the bone itself is termed secondary fragmentation. The
significance of fragmentation lies in the fact that each
fragment behaves like a bullet core, increasing the extent
of damage by transferring energy to the surrounding tissues,
thereby further exacerbating tissue damage (4-8). Injuries
caused by shotgun buckshots exhibit different characteristics
from those caused by handgun bullet cores. Buckshots, fired
in a cluster from a shotgun, disperse based on the shooting
distance, transfer kinetic energy to the tissue, and cause
tissue damage (9-11).

Based on radiological findings, the aim of this study was to
evaluate the damage to soft tissue and bone, the presence of
foreign bodies within the tissue, and associated injuries in
firearm-related extremity injuries in children.

MATERIALS and METHODS

This cross-sectional study was conducted on patients who
were admitted to the pediatric emergency department of
the tertiary Adana Training and Research Hospital between
January 1, 2018, and December 31, 2021, with firearm-
related extremity injuries. Data on age, gender, weapon type,
radiological examinations [(X-ray and/or tomography and
computed tomography (CT) angiography)], hospitalization,
intervention status (medical or surgery), and clinical
outcomes (death or discharged) were collected. Radiological
images from the hospital information management system

were independently evaluated by two researchers, who
were blinded to each other’s assessments, to determine soft
tissue and bone damage, the presence of foreign bodies, and
associated injuries.

Ethical approval for the study was obtained from the Clinical
Research Ethics Committee of University of Health Sciences
Turkiye, Adana City Training and Research Hospital on March
14,2024 (decision no: 3223).

Statistical Analysis

The Statistical Package for Social Sciences (SPSS 21.0;
Chicago, IL) was used for data analysis. Continuous variables
were expressed as the median (interquartile range: 25-75),
while categorical variables were expressed as the number and
percentages. A cross-tabulation was generated to examine
the distribution of two different categorical variables.

RESULTS

Among the 72 cases included in the study, 80% (58/72) were
male, and the median age was 164.6 (127-189) months. The
injury location was the lower extremity in 67% (48/72), the
upper extremity in 22% (16/72), and both upper and lower
extremities in 11% (8/72). The most frequent consultations
were requested from the orthopedics and cardiovascular
surgery departments. Injuries were caused by shotguns in
51% (37/72) and by handguns in 36% (26/72). No information
about the weapon type could be obtained for 9 cases; these
patients were treated as outpatients,and no foreign body was
detected in their radiographs (Table 1).

Of the 26 cases injured by handguns, 18 had isolated soft
tissue injuries, 1 had vascular injury,and 7 had bone fractures.
In 6 of the cases with isolated soft tissue injuries, the bullet
core was surgically removed under local anesthesia. Five
cases with bone fractures and 1 with vascular injury were
hospitalized and underwent surgical treatment. Of the 37
cases injured by shotguns, 33 had isolated soft tissue injuries,
2 had bone fractures, 1 had both bone fracture and vascular
injury,and 1 had nerve damage. All cases, except those with
isolated soft tissue injuries, were hospitalized and received
surgical treatment. There were no fatalities among the cases
included in this study.

Bullet cores, and their related soft tissue deformation, bone
fractures and vascular damage resulting from handgun
injuries are shown in Figures 1-3. Buckshots and their related
soft tissue deformation and bone fractures resulting from
shotgun injuries are shown in Figures 4-6.
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Table 1. Patients’ demographic and injury findings according to weap

Total Shotgun Handgun Unknown

(n:72) (n: 37) (n: 26) (n: 9)
Age 164.6 (127-189) 180 (157-192) 191 (158-204) 122 (69-174)
Gender
Female 14 (19.6%) 7 (9.8%) 4 (5.6%) 3 (4.2%)
Male 58 (80.4%) 30 (41.5%) 22 (30.5%) 6 (8.4%)
Injury location
Upper extremity 48 (66.4%) 18 (25%) 23 (31.6%) 7 (9.8%)
Lower extremity 16 (22.4%) 11 (15.4%) 3 (4.2%) 2 (2.8%)
Upper + lower extremity 8 (11.2%) 8 (11.2%) - -
Injured tissue
Isolated soft tissue injury 60 (83.2%) 33 (45.6%) 18 (25%) 9 (12.6%)
Bone fracture 9 (12.6%) 2 (2.8%) 7 (9.8%) -
Vascular injury 1(1.4%) - 1(1.4%) -
Nerve injury 1 (1.4%) 1 (1.4%) - -
Bone fracture + vascular injury 1(1.4%) 1(1.4%) - -
Treatment
Medical 56 (77.8%) 33 (45.8%) 14 (19.4%) 9 (12.6%)
Surgery 16 (22.2%) 4 (4.2%) 12 (18%) =

In shotgun injuries, buckshot enter the body in clusters

DISCUSSION gun J

In our study, similar to findings in the literature, 80% of the
cases were male and the median age was 164.6 months.
Although the weapon type is influenced by factors such as
geographical region and social and cultural differences,
research in Turkiye, has shown that firearm related injuries
and fatalities are more common than those caused by
handguns. For instance, the weapon distribution was reported
as 66% shotgun and 34% handgun in Konya; 65.8% shotgun
and 34.2% handgun in izmir; 59.4% shotgun and 40.6%
handgun in Mugla; 65.8% shotgun and 34.2% handgun in
Manisa,and 51% shotgun and 36% handgun in our study. The
higher frequency of firearm-related injuries and deaths is
attributed to their easy availability and widespread presence
in homes, often stored unsafely,especially in rural areas where
agriculture and animal husbandry are common (12-18).

In cases involving handguns, isolated soft tissue injuries
were observed in 18 cases,vascular injury in 1 case,and bone
fractures in 7 cases. In 6 cases with isolated soft tissue injuries,
the bullet core was surgically removed using local anesthesia.
Five cases with bone fractures and one with vascular injury
required hospitalization and surgical treatment. According to
our findings, cases with isolated soft tissue injuries caused
by low energy weapons that do not involve vascular, nerve,
or bone damage can be managed on an outpatient basis.
However, when the bullet core impacts bone and causes
fragmentation due to deformation, surgical treatment may be
necessary. Cases with vascular injuries must be hospitalized
and treated surgically.

and disperses depending on the shooting distance, causing
damage by transferring energy to the affected tissues. At
close range, shotgun injuries can cause more severe damage
than handgun injuries (7,11). In our study, 33 cases had
isolated soft tissue injuries, 2 cases had bone fractures, 1
case had both a bone fracture and vascular damage, and 1
case had nerve damage. All cases, except those with isolated
soft tissue injuries, were hospitalized and treated surgically.
In one case, where an injury to the left arm was sustained,
the buckshot caused significant tissue loss and ulnar nerve
damage. Our findings indicate that shotguns are associated
with fewer bone fractures but more vascular and nerve
damage compared to handguns. Therefore, except for cases
with isolated soft tissue injuries, surgical treatment, and
hospitalization should be considered.

Although the severity of FI depends on the type of weapon
and the area hit, extremity injuries can affect peripheral
vessels, nerves, and the spinal cord, in addition to bones and
soft tissues. It is important to remember that even small entry
wounds may be accompanied by serious internal bleeding, a
risk of compartment syndrome, and damage to major vessels
as the bullet travels through the body. It is recommended
that X-rays be taken after initial treatment and stabilization,
ensuring that images are bidirectional and include both the
proximal and distal parts of the injury site. X-rays should be
evaluated for bullet core residue, fragmented bullet cores,
bone fractures, displaced bone fragments, and soft tissue
injuries. Air densities in areas outside the injury zone could
indicate cavitation (19,20).
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Figure 1. Isolated soft tissue injury with handgun (A) Bullet core lodged in soft tissue of right arm. (B) Bullet core and entry
wound in soft tissue of right thigh (blue arrow) (C) Bullet core in soft tissue of left leg (D) Bullet core and cavitation in the soft
tissue behind the left knee (blue arrow) (E) Bullet core in the soft tissue of the left distal thigh (F) Bullet core in soft tissue of

left forearm

Figure 2. Handgun injury, bullet core (blue arrow) and
vascular injury (yellow arrow) in soft tissue

In children, Fl is one of the most common causes of vascular
damage. Even if a blood vessel supplying an organ is not
directly hit, it may be injured if it is within the temporary
cavity created by the bullet. While the media and adventitia
layers of the vessel are composed of strong elastic fibers and
can withstand sudden stretching and compression,the single-
layer epithelial structure of the intima may tear, leading to
coagulation and subsequent clot formation, which can result
in necrosis in the affected organ. Signs of vascular injury
include abnormal pulse in the injured extremity, expanding
hematomas, pulsatile bleeding, entry and exit wounds near
vascular regions,and abnormal vascular Doppler examination
findings. Mortality is higher in cases of suspected vascular
damage in firearm-related extremity injuries,making it crucial
to perform CT angiography promptly and plan appropriate
surgical intervention (21-23). In our study, CT angiography
was performed on 20 cases, with vascular damage detected
in 4 of them.These cases were admitted to the cardiovascular
surgery department and underwent surgical intervention.
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C

Figure 3. Handgun injury (A) Left distal femur fracture and soft tissue deformation (B) Left tibial shaft fracture and bullet core
in the bone (C) Right distal tibia fracture and bullet core in soft tissue

A

C

Figure 4. Shotgun injury (A) Soft tissue buckshots in bilateral lower extremities (B) Soft tissue injury and buckshots in the distal

right leg (C) Buckshots in soft tissue of left arm and shoulder

Neurological damage is more common in the upper extremity
and its associated with morbidity,chronic pain and disfunction
(24,25) In one case involving a shotgun injury, extensive
tissue damage and ulnar nerve injury were identified,and the
patient was hospitalized under the care of the orthopedics
department, where surgical intervention was performed.

Study Limitation

A limitation of this study is its retrospective design, which
resulted in incomplete information regarding the type of
weapon used, the circumstances of the incident, and the
shooting distance. However, since the primary objective of the
study was to assess injury through radiological findings, we
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Figure 5. Shotgun injury (A) Fracture and buckshot in the proximal left femur (B) Fractures and buckshots in the right foot

Figure 6. Shotgun injury, soft tissue injury to left arm
and buckshots

believe that these historical gaps do not significantly impact
the study’s results.

CONCLUSION

Although FI encountered in civilian settings typically
involves lower energy weapons than those seen in military
environments, they can still cause significant trauma and
damage. Understanding the structural differences between

bullet cores and shotgun pellets,as well as the kinetic energy
at the moment of impact, is essential to guiding treatment
approaches. Knowledge of weapon mechanisms and their
wounding potential is crucial.

According to our study, when a bullet core impacts bone, it
tends to cause more severe damage compared with when it
only passes through soft tissue. Additionally, bullet cores and
shotgun pellets that hit soft tissue can cause vascular injuries,
and CT angiography should be considered when vascular
damage is suspected. Similarly, soft tissue injuries caused by
bullet cores or buckshots can lead to nerve damage, making
it essential to perform a thorough neurological examination
of the injured extremity.
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was obtained from the Clinical Research Ethics Committee
of University of Health Sciences Tiirkiye, Adana City Training
and Research Hospital on March 14,2024 (decision no: 3223).
Informed Consent: This cross-sectional study was conducted
on patients who were admitted to the pediatric emergency
department of the tertiary Adana Training and Research
Hospital between January 1, 2018, and December 31, 2021,
with firearm-related extremity injuries.

Footnotes

Authorship Contributions

Surgical and Medical Practices: A.SK., I.A., Concept: ASK.,
I.A., Design: AY., ASK., I.A., Data Collection or Processing:
AY.,ASK., A, Analysis or Interpretation: A.Y,, I.A., Literature
Search: I.A.,Writing: A.Y.,S.B.,ASK,, I.A.

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

11



12

J Eur Med Sci 2025;6;(1):6-12
Yontem et al. Pediatric Firearm Extremity Injuries

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

REFERENCES

1.

10.

11

12.

13.

Cinar T, Alkan N, Blyilik Y. Gunshot cases evaluated by the first
specialization committee and the department of ballistics of the
Institute of Forensic Medicine, Ministry of Justice. Tip Fak Mecmuasi.
2002;65(1):47-52.

Aydin F,Yavuz MS. Childhood deaths due to firearm injuries in izmir
and Nearby Cities. The Bulletin of Legal Medicine. 2020;25(1):36-43.

Can M, Cakar A, Gozen A, Turkozu T. Gunshot injuries in children
treated in the department of orthopedics. Balikesir Health Sciences
Journal. 2012;1(3):97-102.

Ogiinc Gi, Kaymak S, Uzar Al. Atesli silah yaralanmalarinin 6zellikleri
ve balistik bilimi. Turkiye Klinikleri. 2020;1:1-7.

Uzar Al, Giileg B, Kayahan C, Ozer MT, Oner K, Alpaslan F. Wound
ballistics- 1 effects of permanent and temporary wound cavities.
Ulusal Travma Derg. 1998;4(4):225-9.

Arslan I. Atesli Silah yaralanmalarinda hemodinamik ve histolojik
bulgular. Cukurova Universitesi bagimlilik ve Adli Bilimler Enstitis,
Adli Bilimler Anabilimdali. Doktora Tezi. 2014.

Uzar Al, Ogiinc Gi, Ozer MT. Wound ballistics in penetrating gunshot
injuries. Glvenlik Bilimleri Dergisi. 2019;6zel say1:53-77.

Ozer MT.Wound ballistic of gunshot injuries with high kinetic energy
and reflections to the surgical treatment. Okmeydani Tip Derg.
2017;33(1):40-7.

Uzar Al, Dakak M, Oner K, Atesalp AS, Yigit T, Ozer T, et al. Comparison
of soft tissue and bone injuries caused by handgun or rifle bullets:
an experimental study.Acta Orthop Traumatol Turc. 2003;37(3):261-7.

Celikel A, Balci Y, Uner B, Bal C. The effect of barrel lenght an pallet
dispersion and its importance in determeination of fire.J For Med.
2012;26(2):115-23.doi: 10.5505/adlitip.2012.84803.

Kog S, Sam B, Yilmaz R. Av tiifedi yaralanmalarinin adli tibbi boyutu.
Acta Turcica Cevrimigi Tematik Turkoloji Dergisi. 2009;1(1):213-27.
Demirci S, Dogan KH, Deniz I, Biiken B, Erkol Z. The deaths related
to firearm injuries during the age of childhood in Konya. Adli Tip
Bilteni. 2009;14(1):22-9.

Aydin F,Yavuz MS. Childhood deaths due to firearm injuries in 1zmir
and nearby cities. Adli Tip Biilteni, 2020;25:36-43.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Aydn F. Atesli silah yaralanmasina bagli 18 yas alti 6limler. Manisa
Celal Bayar Universitesi Tip Fakiiltesi Adli Tip Anabilim Dali. Uzmanlik
Tezi. 2019.

Ekinci E, Balcr Y, Callak F, Anolay N. Demographic characteristics and
autopsy findings by origin of deaths due to firearm injury-analytical
research. Adli Tip Biilteni. 2023;28(1):15-22.

Turgut K, Gur A, Glven T, Oguztirk H. Evaluation of factors related
to mortality caused by firearm injury: a retrospective analysis from
Malatya, Turkey. Arch Iran Med. 2019;22(2):80-4.

Kodik MS, Akdéner OB, Ozek ZC. An evaluation of firearm injuries in
the emergency department. Cureus.2021;13(12):20555.doi: 10.7759/
cureus.20555.

Caylak H, Geng O. Toraks! ilgilendiren atesli silah yaralanmalari.
Toraks Cerrahisi Bulteni, 2010;1:29-32.

Kim PE, Go JL, Zee CS. Radiographic assessment of cranial gunshot
wounds. Neuroimaging Clin n Am. 2002;12(2):229-48. doi: 10.1016/
s1052-5149(02)00007-2.

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. doi: 10.5505/
tjtes.2015.64495.

Jigarkumar AP, White JM, White PW, Rich NM, Rasmussen TE. A
contemporary, 7 year analysis of vascular injury from the war
in Afghanistan. J Vasc Surg. 2018;68(6);1872-9. doi: 10.1016/j.
jvs.2018.04.038.

Gakdal MS, Sartip KA. CT angiography signs of lower extremity
vascular trauma. AJR. 2009;193:49-57. doi: 10.2214/AJR.08.2011.

Gopireddy DR, Kee-Sampson JW, Vulasala SSR, Stein R, Kumar S,
Virarkar M. Imaging of penetrating vascular trauma of the body and
extremities secondary to ballistic and stab wounds.J Clin Imaging Sci.
2023;13:1.doi: 10.25259/JCIS_99 2022.

Shields LBE, lyer VG, Zhang YP, Shields CB. Gunshot-related nerve
injuries of the upper extremities: clinical, electromyographic, and
ultrasound features in 22 patients. Front. Neurol. 2024;14:1333763.
doi: 10.3389/fneur.2023.1333763.

Chi D, Tandon D, Evans AG, Brown DJ, Payne RM, Van Handel AC, et
al. Brachial gunshot wounds: injury patterns and considerations for

managing the abnormal neurological examination. Hand(NY). 2025;
19:15589447231221170.doi: 10.1177/15589447231221170.



