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PATHOLOGY OF GUNSHOT WOUNDS: CURRENT STATE OF THE
PROBLEM

Abstract. Gunshot wounds are one of the most serious problems of modern
medicine, as they are characterized by significant destructive tissue damage, high
mortality and complexity of treatment. In modern conditions of military conflicts,
terrorist threats and increasing crime rates, the number of such wounds is steadily
increasing, which requires improving methods of diagnosis, treatment and forensic
examination. Gunshot wounds have specific features that depend on the caliber,
design of the ammunition, the distance of the shot and the anatomical localization of
the wound channel. Not only the issue of surgical treatment of wounds is important,
but also the assessment of their consequences, which is important for both clinical
medicine and forensic practice. The aim of the study is to analyze the current state
of the problem of the pathology of gunshot wounds, including the features of their
morphology, mechanisms of tissue damage, complications and approaches to
treatment and forensic diagnostics. To achieve this goal, a search for scientific
sources was conducted in international and domestic databases that cover the
morphological and clinical aspects of gunshot wounds. An analysis of the current
literature covering the issues of ballistic trauma, pathophysiological changes in
damaged tissues, diagnostic criteria and treatment approaches was performed. The
results of the study showed that the morphological features of gunshot wounds
largely depend on the kinetic energy of the projectile, its shape and speed. The main
lesions include the primary shock wave, the formation of a temporary and permanent
cavity, as well as secondary damage due to hydrodynamic impact. It was found that
gunshot wounds have a high frequency of complications, including infectious
processes, tissue necrosis, impaired regeneration and the development of chronic
pain syndrome. Forensic medical examination of these injuries is based on the
analysis of macro- and microscopic changes in tissues, which allows to establish the
mechanism of injury, the distance of the shot and the type of ammunition. Thus,
gunshot wounds remain a complex medical and forensic problem that requires
improvement of diagnostic approaches. Modern imaging methods, in particular
computed tomography and magnetic resonance imaging, allow for a detailed
assessment of the direction of the wound canal, the degree of tissue damage, and the
presence of foreign bodies. The use of histological and immunohistochemical
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methods contributes to the accurate determination of the nature of the lesion, the
characteristics of reparative processes, and the presence of signs of infectious
complications. Further research aimed at improving instrumental diagnostic
methods will improve the detection of pathomorphological changes.

Keywords: gunshot wounds, pathology, forensic examination, wound
ballistics, treatment.
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MATOJIOI'ISI BOTHENAJIBHOI PAHU: CYUACHUM CTAH
HHPOBJIEMH

AHoTanisi. BoruenanbHi NMopaHeHHs CTAHOBJSATH OJIHY 3 HaWCepHO3HIIINX
npo0ieM Ccy4acHOi MEIWIIMHU, OCKITbKM BOHU XapaKTepU3YIOThCS 3HAYHUMHU
PYWHIBHUMH YIIKOJKEHHSIMUA TKAaHWH, BHCOKOIO JIETAIBHICTIO Ta CKJIAJIHICTIO
JIKyBaHHS. Y Cy4acHMX YMOBaX BIHCHKOBHX KOH(IIKTIB, TEPOPUCTUYHUX 3arpo3 1
3pOCTaHHSl pIBHS  3JIOYMHHOCTI  KUIBKICTh TaKUX IOpPaHEHb HEYXHWJIBHO
30UIBIITYETHCS, IO BUMArae BJOCKOHAJIEHHS METOJIIB JIarHOCTUKH, JIIKYBaHHS Ta
CYJIOBO-MEIMYHOT €KCIepTu3u. BorHenanabHl YIIKOJKEHHS MaloTh CrenuQivHi
0COOJMBOCTI, K1 3ajexaTh Bl KamOpy, KOHCTpPYKUii Ooempumnacy, AUCTaHIT
NOCTPUTY Ta aHATOMIYHOI JIOKali3alii paHOBOrO KaHaly. BaxxiuBuMm € He nuiie
MUTaHHS XipyprigHoi oOpoOKu paH, a i OIiHKa 1X HACHIJIKIB, [0 Ma€ 3HAYCHHS K
JUTSL KJIIHIYHOT MEIWIIMHHM, TaK 1 IS CYJAOBO-MEIWYHOI TPaKkTHKU. MeToro
JOCITIDKEHHST € aHajli3 Cy4acHOTO CTaHy NpOOJeMH TMaTOJIOTiI BOTHEHAIBHHUX
MOPaHEHb, BKIIFOYAOYH OCOOIMBOCTI iX MOp(]OJIOTii, MEXaHI3MIB ypaK€HHS TKaHUH,
YCKJIaJAHEHb Ta MIIXOJIB JO JIKYBaHHS 1 CYJOBO-MEIMYHOI JiarHOCTUKH. Jlis
JIOCSITHEHHSI 111€1 MeTU OyJIO MPOBEAEHO MOITYK HAYKOBUX JIKEPEN Y MI>KHAPOIHUX
Ta BITYM3HIHUX 0a3ax JaHUX, IO BUCBITIIOOTH MOPGOIOTIYHI Ta KI1HIUHI aCTIEKTH
BOTHEMAJIbHUX paH. BUKOHAaHO aHai3 Cy4acHOi JITEpaTypH, 110 OXOTUIIOE ITUTAHHS
OamicTUYHOT TpaBMHU, MATO(I310JOTIYHUX 3MIH Yy TOIIKOJUKEHUX TKAaHWHAX,
JIarHOCTUYHUX KPUTEPIiB Ta JIIKYBAIBHUX MIAXOMIB. Pe3ynbTaTu MOCHIIKEHHS
MoKa3ajau, 1o Mop@oJoriudai 0coOJMBOCTI BOTHENAJIBHUX ITOPAHCHH 3HAYHOIO
MIpOIO 3aJIe’KaTh BiJl KIHETUYHOI €Heprii cHapsga, Woro (GopMu Ta MIBHUIKOCTI.
OCHOBHI ypaX€HHS BKJIIOYAIOTh TIEPBUHHY VAapHY XBWIIO, (HOPMYBaHHS
TUMYaCOBOI Ta MOCTIHOT MOPOKHUHHU, a TAKOK BTOPUHHE MOILIKOHKEHHS BHACIIIOK
TApOJMHAMIYHOTO YJapy. BusiBieHo, 10 BOTHENaJIbHI pPaHM MalOTh BHUCOKY
4acTOTYy YCKJIaJHEHb, CEpe]l SIKUX 1H(EKI1HHI TPOLEeCH, HEKPO3 TKAHUH, TOPYLIECHHS
pereHepariii Ta pPO3BUTOK XPOHIYHOTO 00JH0BOTO cUHApoMY. CynoBO-mMeaudHa
EKCIIePTU3a IUX YIIKO/KEHb 0a3yEThCs Ha aHAJI131 MaKpO- Ta MIKPOCKOIIIYHUX 3M1H
y TKaHWHAaX, 1110 JI03BOJISIE BCTAHOBUTH MEXaHI3M TPaBMHU, TUCTAHIIIIO TTOCTPLTY Ta
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tun Ooenpunacy. TakuM YMHOM, BOTHENAJIbHI MOPAHEHHS 3aJTUIIAI0THCS CKIIATHOIO
MEIMYHOI0 Ta CYJOBO-MEIMYHOIO MPOOJIEMOIO, IO BHMAara€ BJIOCKOHAJICHHS
JlarHoCTUYHUX MiaxoaiB. CydacHl METOM Bi3yauli3allii, 30KpemMa KOMIT I0TepHa Ta
Mar"iTHO-pe30HaHCHa ToMoTpadis, TO3BOJSIOTH JE€TaIbHO OI[IHUTH HAMPSIMOK
PaHOBOT'O KaHajly, CTYIHb YIIKOJDKCHHS TKAaHWMH 1 HasSBHICTh CTOPOHHIX TIJI.
BukopucranHs TiCTOJOTTYHMX Ta IMYHOTICTOXIMIYHHMX METOJIIB CIPHUSE€ TOUHOMY
BU3HAUCHHIO XapaKTepy YpPakKeHHs, OCOOJUBOCTEW pernapaTWBHHUX IMPOLECIB i
HassBHOCTI O3HaK 1H(eKIiHOr0 yeKiIaaHeHHs. [Toganbpim JoCTiKeHHS Y HAIPSIMKY
BJIOCKOHAJICHHS 1HCTPYMEHTAIBHUX METOJIIB JIarHOCTUKHU JTO3BOJISATH IMOKPAITUTH
BUSBIICHHS TATOMOP()OIOTTYHUX 3MiH.

Kuo4oBi cjioBa: BorsemnasjgbHi MOpPAHEHHS, MATOJOTIS, CYJ0BO-MEIUYHA
eKCIepTU3a, paHoBa OaIICTUKA, JIIKYBaHHS.

Statement of the problem. Gunshot wounds are one of the most serious
problems of modern medicine, forensic medicine and pathological anatomy, as they
are characterized by a high mortality rate, significant pathomorphological changes
and severe consequences even with timely medical intervention. According to the
analysis of the German trauma registry, penetrating wounds account for
approximately 0.5% of all trauma cases admitted to hospitals, but they demonstrate
a high level of complications and mortality. The overall mortality rate among
patients with gunshot wounds in Germany reaches 20.4%, which significantly
exceeds the mortality rate for other types of injuries [1]. Of particular note are
gunshot wounds resulting from mass shootings in civilian environments. In the
United States, such incidents result in a high number of victims, and, according to
the analysis of mass shootings, 77% of deaths are caused by head and chest injuries,
while limb injuries are in most cases non-lethal. An important factor in such cases
is the type of weapon, since the use of automatic or semi-automatic small arms
significantly increases the lethality rate compared to the use of hand-held firearms [2].

The anatomical localization of a gunshot wound largely determines its
consequences and the complexity of treatment. Thus, lesions of the upper
extremities, in particular the hand, account for 5% to 10% of all gunshot wounds,
but such injuries are often accompanied by severe damage to bone tissue, tendons
and nerves, which complicates the restoration of hand function and requires a long
rehabilitation period. In 60% of cases of such injuries, patients experience significant
loss of function, leading to disability [3].

Injuries caused by shotguns have their own characteristics. According to a
large multi-year study in the USA, such injuries account for 15% of all gunshot
wounds, and their consequences depend on the distance of the shot and the diameter
of the shot. About 40% of patients with gunshot wounds require surgery, and the
mortality rate for such injuries is 9%, which is lower than for gunshot wounds but
significantly higher than for other types of mechanical trauma [4].
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An additional problem is the residual bullet fragments that can remain in the
body after the injury. Studies have noted that about 30% of patients with non-
penetrating gunshot wounds have retained bullet fragments in the tissues, which can
lead to chronic inflammation, the formation of fibrous capsules, and heavy metal
intoxication. In particular, 7% of cases have elevated blood lead levels, requiring
long-term observation and possible removal of fragments [5].

The overall incidence of hospitalizations due to gunshot wounds remains
consistently high. Between 2004 and 2013, approximately 30,000 hospitalizations
related to gunshot wounds were recorded annually in the United States. At the same
time, the mortality rate among hospitalized patients was 8.2%, and among patients
with penetrating wounds of the chest and abdomen - more than 20% [6].

A separate area of research is cases of self-injury, which constitute a
significant proportion of all gunshot injuries. In particular, in the USA, more than
4,000 cases of self-injury are registered annually, of which about 60% are suicidal.
The most common localizations of such injuries are the lower extremities, in
particular the foot, which is explained by accidental shots while cleaning or carrying
weapons [7].

The purpose of the article — to identify and organize current literature data
related to gunshot wound pathology.

Research objects and methods. A search for literary sources was performed
within the scientometric search databases Scopus, Web of Science and Google
Scholar. The search depth was 10 years. To search for the necessary publications,
the keywords "gunshot trauma", "pathology”, "morphology", "firearm", "wound
channel" were used separately and in combinations. The selection criteria were no
more than 10 years old, the presence of systematized new data on the features of the
pathology of gunshot trauma. Out of 72 publications, 15 were selected for review.
PRISMA was used for organization and the PRISMA flow diagram for visualization
of the process of selecting publications for review of literary sources in accordance
with international standards for writing review articles [8].
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Fig. 1. The PRISMA flow diagram of literary sources search results.

Presentation of the main material.

Research results and their discussion. The morphological features of
gunshot wounds are determined by the combination of ballistic characteristics of the
projectile, the anatomical structure of the affected tissues and associated factors,
such as the angle of entry of the bullet, its speed and the presence of obstacles in the
flight path. Research in this area covers a wide range of aspects - from forensic
diagnostics of the entrance and exit holes to determining the chemical composition
of residual metal fragments in the tissues.

The morphology of gunshot wounds is extremely variable and depends on a
number of factors. It has been found that high-velocity penetrating wounds are
characterized by significant destructive changes in the surrounding tissues due to the
formation of a cavitation cavity, which in some cases is 3040 times larger than the
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diameter of the bullet itself. At the same time, short-range wounds show significant
thermal damage, which can help determine the distance of the shot during forensic
examination [9].

Special attention should be paid to the study of the effect of gunshots on textile
materials, since this plays a significant role in establishing the distance of the shot
and the characteristics of the wound. Gunas et al. conducted a study of the effect of
a shot from a Fort-12RM pistol at close range on cotton fabric that imitated the
victim's clothing. It was found that characteristic traces of the thermal action of
powder gases remain on the fabric, which can be a reliable criterion for
differentiating wounds caused by a shot at close range or from a short distance [10].
Another important direction is the study of the chemical composition of metal
fragments remaining in tissues after injury. The study by Mikhailenko et al.
demonstrated that the use of spectrometric methods allows for high-precision
identification of the composition of metal fragments in biological tissues, which is
useful for establishing the type of ammunition used. It has been found that residual
particles can contain not only lead, but also significant impurities of copper, zinc
and antimony, which indicates the type and manufacturer of ammunition [11].

Ballistic aspects of gunshot wounds also play a key role in shaping their
morphology. Baum et al. in their review emphasize that at projectile speeds of more
than 600 m/s, a significant cavitation cavity is formed, which can exceed the caliber
of the bullet by 2040 times. This leads to ruptures of blood vessels and organs even
in tissues remote from the entry site, which complicates surgical treatment and
requires special attention in forensic examination [12].

Civilian cases of gunshot wounds have their own characteristics that differ
from combat wounds. In civilian settings, the vast majority of injuries are caused by
small-caliber weapons, particularly the 9x19 mm Parabellum, which have limited
penetration compared to military ammunition. However, even such injuries can
cause significant complications, especially if the bullet hits areas with high vascular
density or penetrates hollow organs [13].

A detailed analysis of the mechanism of injury from bullets of different
calibers was conducted in the study by Stefanopoulos et al. It was demonstrated that
small-caliber weapons (e.g., .22 LR) cause relatively small primary injuries, but in
some cases lead to significant internal damage due to uncontrolled ricochets of the
bullet inside the body. At the same time, large-caliber ammunition (e.g., .45 ACP)
cause significantly larger wound channels, although they rarely lead to secondary
injuries due to fragmentation [14].

An important issue in forensic examination is the distinction between entry
and exit holes, especially in cases of penetrating wounds. It has been established that
histological examination can help in this task. Entry holes demonstrate characteristic
signs of thermal coagulation, while exit holes have a more discontinuous nature of
damage with uneven edges. In 92% of cases, such analysis allows to accurately
differentiate the type of hole, which is critically important for forensic examinations [15].
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Thus, the analysis of modern studies demonstrates that the morphology of
gunshot wounds is largely determined by the ballistic characteristics of the
projectile, as well as the characteristics of the affected tissues. The use of modern
research methods, in particular spectrometry and histopathology, significantly
expands the capabilities of forensic examination, allowing to establish with high
accuracy the characteristics of the wounds, the type of weapon and the distance of
the shot.

Conclusions. Gunshot wounds have a complex pathomorphological nature,
which is determined by the kinetic energy of the projectile, its shape, speed and angle
of penetration. The main morphological manifestations are the formation of a
primary zone of necrosis, temporary and permanent cavities, tissue ruptures due to
hydrodynamic impact, as well as microscopic changes in the form of localized
hemorrhages, vacuolization and destruction of cellular structures. The ballistic
features of wounds determine not only the degree of tissue destruction, but also the
nature of secondary damage caused by bone fragments or foreign bodies. Analysis
of pathomorphological changes in combination with forensic ballistics data allows
us to determine the mechanism of wound formation, the distance and direction of
the shot, and also to assess the likelihood of complications.
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