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Rationale for Classifications of Craniocerebral Combat Upazies.

Wounds Inflicted by Modern Weapons

Vladimir P. Orlov, Saidmirze D. Mirzametov

Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: During the Great Patriotic War, craniocerebral combat wounds were classified. Currently, gunshot wounds
demonstrate a greater variety, severity, and extent of tissue injury in craniocerebral regions on the periphery of the wound
canal compared to wounds from past wars. Furthermore, advanced diagnostic techniques that can identify previously unde-
scribed cerebral wound canals, which were generally considered fatal, are now available. Thus, new classification systems for
craniocerebral gunshot wounds are required.

AIM: The work aimed to broaden the fundamental classification of craniocerebral gunshot wounds by including the current
clinical and anatomical findings, facilitating a more comprehensive clinical diagnosis.

METHODS: The assessment findings and treatment outcomes of two groups of wounded patients were analyzed. Group 1 in-
cluded 127 patients with craniocerebral gunshot wounds who had been treated in a military hospital during the Soviet-Afghan
War. Group 2 comprised 67 wounded participants of modern armed conflicts who were treated at the Neurosurgery Clinic of
the Kirov Military Medical Academy.

RESULTS: A contemporary clinical and anatomical classification of craniocerebral gunshot wounds was developed. This clas-
sification includes posterior cranial fossa (the cerebellum and brainstem) wounds. The proposed classification offers a frame-
work for more accurate triaging based on injury severity. This facilitates decision-making for surgical prioritization, including
in scenarios involving mass admissions. Primary attention should be given to patients with wound canal passing through the
cortex and white matter of the brain. Generally, the more convex trajectory of the wound canal is associated with less severe
brain injury. Surgical procedures are performed after stabilization of vital signs in patients with wound canals passing through
the first-level (e.g., subcortical structures, ventricles, and brainstem) and second-level (e.g., cortex and cerebellar hemi-
spheres) brain structures. The prognosis of these wounded patients largely depends on the severity and extent of damage to
vital brain structures.

CONCLUSION: The developed clinical and anatomical classification is beneficial for elucidating the nature of craniocerebral
gunshot wounds, facilitating a targeted triage of admitted wounded patients, ensuring surgical prioritization, and predicting
the prognosis and outcome of craniocerebral wounds.

Keywords: clinical and anatomical classification; craniocerebral gunshot wounds; craniocerebral mine blast injuries;
penetrating head injuries; wound canal; combined wounds; triage.
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06ocHoBaHWe NOAXOA0B K MNOCTPOEHMIO KnaccUUKaLuu
60eBbIX paHeHUIA Yepena U rojloBHOro MO3ra,
HaHEeCEHHbIX COBPEMEHHbIM OpYXXUEM

B.. Opnos, C.[. Mup3ameToB

BoeHHo-MeamnumMHcKan akagemus uM. C.M. Kuposa, CankT-lletepbypr, Poccus

AHHOTALMA

06ocHoBaHue. Knaccuduraums orHecTpenbHbIX paHeHWI Yepena M ronoBHOTO Mo3ra Obina paspaboTaHa B nepvof Benm-
Ko OTeyecTBeHHOW BOWHBI. OrHeCTpesibHble paHeHMs HACTOALLEr0 BPEMEHM OT/IMHAKOTCA OT PaHEHMI MPOLLAbLIX BOMH eLue
BonbLUMM KX pasHoobpasneM, TAXKECTbHO, 0BLLMPHOCTLIO 30HBI MOPaXeHUs TKaHeN Yepena v rofloBHOr0 Mo3ra o nepudepum
OT paHeBoro KaHana. Kpome Toro, paspaboTaHbl HOBble METOAMKW AWMArHOCTUKM, NO3BOMISIOLLME BbISBUTL paHee He 0mucaH-
Hble X0[ibl PaHeBbIX KaHaNoB rofloBHOM0 MO3ra, CYMTABLUMMUCS, KaK npaBuno, datanbHbiMU. Mo3ToMy Haspena Heobxopm-
MOCTb B C0O3/}aHUM COBPEMEHHOM KnaccuduKaLmMm OrHECTPESIbHLIX paHEHUI Yepena 1 rofIoBHOM0 Mo3ra.

Lenb — ycoBepLueHCTBOBaTb 6a3nCcHY0 KnaccuMKaumMio OrHeCTpebHbIX PaHeHUd Yepena M rofoBHOMO MO3ra MU BHECTM
B HEe COBPEMEHHbIE KITMHUKO-aHaToOMUYeckue 0cobeHHOCTV A MOCTPOEHMS Pa3BePHYTON0 KIMHUYECKOr0 AUarHosa.
MeTogp!. [poaHanu3upoBaHbl AaHHbIE 06Cef0BaHUS W NeYeHns ABYX rpynn paHeHbix. Mepsyto rpynny coctaBumm 127 pa-
HEHbIX C OFHECTPESbHbIMU YepenHO-MO3roBbIMU PaHEHWUAMU, JIEUMBLUMXCS B YCIIOBUAX apMEWCKOro CreLmanmavMpoBaHHOro
rocnuTans (AdraHckas BoiiHa). Bo BTopyto rpynny Bowu 67 paHeHbIX (Y4aCTHUKU COBPEMEHHOIO BOOPYMEHHOI0 KOH(MNKTA),
MOAYYMBLUMX JIEYEHWE B KNIMHUKE Hedpoxmpyprum BoeHHo-MeamumHcKoit akagemumn uM. C.M. Kuposa.

Pe3ynbratbl. Pa3paboTaHa coBpeMeHHas KIIMHWUKO-aHAaTOMUYECKas KNacCUdUKaLMs OTHECTPeNbHBLIX paHeHuid yepena v ro-
JIOBHOTO MO3ra, B COCTaB KOTOPOW BKJIOYEHbI PaHEHUS! 3a[Hei YepenHoi AMKKM (MO3XeuKa U CTBOJIA FOIOBHOM0 MO3ra).
Ha ocHoBaHuW npensfioxeHHoOW KiiaccubuKaumn nosBASETCA BO3MOXHOCTb NpoBefeHus 6onee TOYHOW MO TAXKECTW paHe-
HWA MeJMUMHCKON COPTUPOBKYW PaHEHbIX M ONPeAeNieHUs 04ePeSHOCTM OKa3aHUsl UM XMPYPrUYeCcKon NOMOLLM, B TOM YUCTe
NP1 MaccoBOM NOCTYNEHUN. YCTaHOB/EHO, YTO B NEPBY0 04EPefb B XMpYpruyeckoi 0bpaboTke HyXAaKTCA paHeEHbIe, Y KO-
TOPbIX paHeBOl KaHan MPOXOAMT Yepe3 Kopy W Denoe BeLLecTBO rofioBHOro Mosra. [pu 3ToM YeM Gonee KOHBEKCUTANBHO
MPOXOAUT paHEBOMN KaHaJl, TEM MeHbLLE MOBPEXKAEHME rON0BHOr0 Mo3ra. locne cTabmnusaumum XM3HEHHO BayKHBIX QYHKLMIA
onepauuu BbIMOSHSAIOT TEM PaHEHbIM, Y KOTOPLIX PaHEBOW KaHan npoxogut yepe3 1-io (MogKopkoBble obpa3oBaHus, Ke-
NYA04KM M CTBON FOJIOBHOMO M03ra) U 2-10 (Kopa rosIoBHOTO M03ra W MofyLlapus MO3XeyKa) 30Hbl Mo3ra. [IporHo3 y aToik
KaTeropuu paHeHbix byaeT 3aBUCETb OT TAXKECTU U 00bEMA NOBPEXAEHUS HU3HEHHO BaXHBIX CTPYKTYp FOJIOBHOO Mo3ra.
3aksitoueHmne. PaspaboTaHHas KIIMHUKO-aHaTOMUYeCKas KiaccuduKaLms no3BosisieT YTOUHUTL XapaKTep OrHeCTPesbHbIX Ye-
PEnHO-MO3r0BbIX PaHeHWH, LieNieHanpaBieHHO NPOBOAUTL MEAMLMHCKYID COPTUPOBKY MOCTYNAIOWMX pPaHeHbIX, OnpeensTh
0YepeiHOCTb OKa3aHMsl UM XMPYPriyecKoit MOMOLLM, a TaKKe onpefensTb NPOrHo3 U UCXOL YepernHO-MO3r0BbIX PaHEHUH.

KnioueBble cioBa: KIMHUKO-aHaTOMUYECKas KnaccMbUKaLms; OrHeCTpesbHble PaHEHWUs! Yepena W rofI0BHOM0 MO3ra; MUHHO-
B3pbIBHbIE YEPENHO-MO3r0BbIE PAHEHMS; MPOHUKAKOLLME PaHEHWs Yepena; paHeBOW KaHasl; COYeTaHHble PaHEHMS; MeaULMH-
CKasl COpTMPOBKa.
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BACKGROUND

The classification of craniocerebral gunshot wounds
was established based on the experience gained during
the Great Patriotic War. Over the past 10-15 years,
new types of firearms have been developed, resulting
in a substantial increase in their destructive potential.
Moreover, projectiles have become more diverse regarding
ballistic characteristics, flight velocity, and the materials
from which they are manufactured [1, 2]. Consequently,
contemporary gunshot wounds differ from those of
previous wars by greater variability, severity, and extent
of tissue damage surrounding the wound canal [3, 4].
The course of the wound process in gunshot injuries is
determined by multiple factors, with the most critical being
the nature and volume of devitalized tissue, which largely
determine the outcome [5]. In addition, several studies have
demonstrated the toxicity and carcinogenicity of modern
metallic fragments [6-8].

In addition to the kinetic energy of the projectile,
the characteristics of the wound canal play a critical role
in the course of the injury in penetrating craniocerebral
wounds. Critical factors include the depth and extent
of destruction of brain parenchyma and the proximity of
the wound canal to vital structures (e.g., subcortical nuclei
and brainstem) [9].

Injuries to the subcortical structures involve particular
severity of brain damage. The subcortical nuclei are
multifunctional and participate in the coordination of
complex motor acts, in processes such as autoregulation
within the body (metabolism, immune and endocrine
systems, biorhythmic processes, etc.) and in subconscious
and unconscious processes of mental activity [10-12].
Simultaneous injuries to the subcortical structures and
cerebral cortex represent the most severe lesions, often
leading to unfavorable outcomes.

During the Great Patriotic War, bullet wounds in
the posterior cranial fossa were generally fatal, and
wounded soldiers died on the battlefield. Consequently,
such injuries were not included in the penetrating
craniocerebral wound classification [13]. However,
in modern local high-technology combat operations,
mine—explosive wounds (MEW) prevail. MEW are of
multi-regional combined and polyetiologic combined
character, with metallic fragments (shrapnel) being one of
the injurious factors. Among the wounded with fragment-
induced gunshot injuries of the posterior cranial fossa,
there are patients who reach the stage of specialized
medical care with damage involving the cerebellum and
brainstem. Despite the severity of these injuries, there are
numerous cases wherein patients survive after undergoing
primary surgical debridement.
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The introduction of modern radiological equipment and
spiral computed tomography into specialized medical care
has enabled to more accurately diagnose cranial injuries,
visualize the trajectory of the wound canal with bone
fragments and metallic foreign bodies, and verify traumatic
alterations in the brain, including all types of hematomas and
skull fractures.

For a comprehensive understanding regarding diagnostics,
establishing an accurate diagnosis, triage, and determining
the sequence of surgical care, a modern classification of
craniocerebral gunshot wounds is required.

This study aimed to improve the basic classification
of craniocerebral gunshot wounds based on clinical
and anatomical characteristics to develop an extended
clinical diagnosis that would reflect the severity, nature of
the injury, and treatment outcomes and serve as a guide
for triage of the wounded at the stage of specialized
medical care and for determining the sequence of surgical
interventions.

METHODS

This retrospective cohort study included 194 patients
with craniocerebral wounds sustained during the war in
Afghanistan and during high-technology combat operations
in @ modern armed conflict, forming two groups. Data
on examination and treatment for all the patients who
were managed at the stage of specialized medical care
were analyzed to determine the severity and nature of
craniocerebral wounds. Furthermore, to confirm the need for
improving the basic classification of craniocerebral gunshot
wounds, it was crucial to demonstrate the fundamental
differences between the groups, attributable to the nature
of combat operations in a 20th-century war versus those of
a modern high-technology 21st-century war.

Group 1 consisted of 127 patients in the acute period of
craniocerebral gunshot wounds treated in an army specialized
hospital (during the Afghan war). Among the patients in this
group, 120 were 18-20 years old, six were 21-30 years old,
and one was 37 years old. Table 1 presents the diagnostic
algorithm for group 1 patients.

Group 2 included 67 patients (participants in a modern
armed conflict). The sample was sequentially formed as
patients were admitted to the Department of Neurosurgery
of the S.M. Kirov Military Medical Academy from the stage
of specialized medical care (level 4) after receiving required
medical and surgical treatment. In this group, 30 patients
were 41-65 years old, 16 were 31-40 years old, and 11 were
21-29 years old. Almost all patients, with the exception of
one, sustained combined and multiple mine—explosive
injuries. They were admitted to the neurosurgery department
on days 4-8 after injury, most after primary surgical
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debridement. Table 2 presents the diagnostic algorithm for
group 2 patients.

Patients with craniospinal injuries did not reach the stage
of specialized medical care.

The study was approved by the local Ethics Committee of
the S.M. Kirov Military Medical Academy (Minutes No. 305,
dated July 22, 2025).

Statistical analysis of data was performed using Microsoft
Excel 2010 (Microsoft Corporation, USA).
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RESULTS AND DISCUSSION

Notably, by the nature of the injuring projectile, fragment
wounds occurred in 62.8% of group 1 cases, whereas bullet
wounds occurred in 37.2%. The mildest injuries were soft
tissue wounds, diagnosed in 43 patients (33.9%) with gunshot
wounds: 31 fragment injuries and 12 bullet wounds. Although
skull soft tissue injuries are classified as minor, 13 of these
cases were accompanied by clinical manifestations of

Table 1. Algorithm for the examination of group 1 patients

Method and procedures of examination

Purpose of examination

General condition assessment

Evaluate vital functions and overall status (satisfactory, moderate, severe, critical,
and terminal)

Neurological examination

Determine level of consciousness using the Glasgow Coma Scale; assess
pupil size and light reaction and eye movement. Evaluate general cerebral and
focal symptoms (paresis, paralysis, etc.) and pelvic organ function and identify
meningeal signs

Surgical examination

Detect presence/absence of ongoing external bleeding and cerebrospinal fluid
leakage. Identify isolated or combined (single or multiple) cranial and brain wounds
and the nature of the predominant combined wound (head, chest, abdomen, or
extremities)

Craniography, echoencephalography, electrocardiography,
lumbar puncture, laboratory tests (complete blood count,
cerebrospinal fluid and urine analysis, and Rh factor
determination)

Clarify the nature of the injury and assess displacement of midline brain structures
in cases of cerebral contusion and intracranial hematomas

Consultation with related specialists (otorhinolaryngologist,
ophthalmologist, surgeon, traumatologist, etc.)

Engage additional specialists as needed during surgical examination and in the
postoperative period

Table 2. Algorithm for the examination of group 2 patients

Method and procedures of examination

Purpose of examination

General condition assessment

Evaluate vital functions and overall status (satisfactory, moderate, severe, critical,
or terminal)

Neurological examination

Determine level of consciousness using the Glasgow Coma Scale; assess pupil
size and light reaction and eye movements. Evaluate general cerebral and
focal symptoms (paresis, paralysis, etc.) and pelvic organ function and identify
meningeal signs

Surgical examination

|dentify isolated or combined (single or multiple) cranial and brain wounds and
nature of the predominant combined injury (head, neck, chest, abdomen, pelvis,
spine, or extremities)

Spiral computed tomography, CT angiography,
electrocardiography, lumbar puncture, laboratory tests (complete
blood count, cerebrospinal fluid and urine analysis, and Rh factor
determination)

Clarify the nature and localization of the wound tract (contusion foci, hematomas,
bone fragments, metallic foreign bodies, and displacement of midline brain
structures)

Selective cerebral angiography

Diagnose traumatic cerebral arterial aneurysms following penetrating gunshot
wounds of the skull and brain

Consultation with related specialists (otorhinolaryngologist,
ophthalmologist, maxillofacial surgeon, surgeon, traumatologist,
and internist)

Engage additional specialists as needed during surgical examination
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traumatic brain injury. Concussion of the brain was observed
in nine patients, and cerebral contusion with subarachnoid
hemorrhage in four. On admission, most patients with soft
tissue injuries of the cranial vault were conscious (Glasgow
Coma Scale [GCS] score: 15), whereas three patients
presented with sopor (GCS score: 8).

In group 1, nonpenetrating cranial wounds were diagnosed
in 19 patients (14.9%), of which 11 were fragment wounds and
8 were bullet wounds. On admission, most of these patients
were conscious and in satisfactory condition; however,
7 exhibited varying degrees of impaired consciousness,
ranging from moderate stupor to sopor (GCS score: 13 to 8).
All patients presented with generalized neurological symptoms
on admission. As generalized disturbances gradually regressed,
focal neurological symptoms became apparent.

Among 65 patients (51.2%) with penetrating craniocerebral
wounds, isolated injuries were observed in 42, including
3 with multiple wounds. Regarding the nature of the injuring
projectile, fragment wounds were found in 27 patients (41.5%)
and bullet wounds in 38 (58.4%). Based on wound canal
characteristics, blind penetrating injuries were identified in
21 patients: 8 had simple blind penetrating craniocerebral
wounds, 4 had radial wounds, 5 had segmental wounds,
and 4 had diametrical wounds. In cases of blind radial and
diametrical craniocerebral wounds with ventricular wall
involvement, external cerebrospinal fluid leakage was
observed.

Tangential penetrating wounds were identified in
10 cases, through-and-through wounds in 18, and ricochet
wounds in 6. The general condition of patients with blind
simple penetrating craniocerebral wounds and tangential
penetrating wounds was satisfactory or moderately severe.
In patients with radial and diametrical blind wounds of
the skull and brain, the general condition was severe,
with loss of consciousness ranging from deep obtundation
to terminal coma (GCS score: 11 to 3). Among all cases
of penetrating injuries, the 18 patients with through-and-
through penetrating cranial wounds were the most severely
affected.

Notably, 44.5% of group 1 patients with penetrating
craniocerebral wounds were admitted to the stage of
specialized medical care over 6 h after injury; 33.6% within
the first 24 h; 18.1% on days 2-3; and 3.8% on day 4.
During this period, diffuse cerebral neurological symptoms
predominated over focal signs. Among 65 patients with
penetrating craniocerebral wounds admitted to the field
hospital, 55 exhibited varying degrees of impaired
consciousness.

The most severe degree of impaired consciousness, that
is, coma, ranging from moderate to terminal, was observed
in 31 patients; sopor in 11; and moderate obtundation in 13.
Ten patients were conscious on admission. Thirteen patients
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were admitted in shock due to massive blood loss and
associated injuries to other organs; six of these patients
showed brainstem symptoms.

The most severe injuries among through-and-through
and blind penetrating cranial wounds were segmental,
radial, and diametrical bullet wounds, which resulted in fatal
outcomes within 2-5 days of injury in most cases, as they
were accompanied by extensive brain parenchymal damage
often incompatible with life.

As a result of MEW, four patients in group 2 sustained
combined fragment wounds to the soft tissues, and
three sustained multiple fragment wounds. In addition,
in all patients admitted to the neurosurgical clinic, spiral
computed tomography of the brain revealed type | or |l
contusion foci and a laminar subdural hematoma in one case.
All patients admitted to the neurosurgical clinic were in clear
consciousness (GCS score: 15) and in satisfactory condition.

In six patients with nonpenetrating wounds resulting from
MEW, the injuries were combined and multiple. In all group 2
patients, spiral brain computed tomography demonstrated
type IV contusion foci; in four patients, these contusion foci
were accompanied by intracerebral hematomas associated
with brain vessel injury. On admission, four patients were
in a state of moderate obtundation (GCS score: 13), and
two were fully conscious; their condition was assessed
as satisfactory.

The most severe cases were 57 patients with penetrating
craniocerebral wounds, of whom 39 were admitted in
a conscious state (clear consciousness or moderate
obtundation; GCS score:13-15 points). Furthermore,
18 patients were admitted in comatose state (coma
grades I-Il; GCS score: 6-5), including 4 who were on
mechanical ventilation.

Among the admitted patients with penetrating
craniocerebral wounds, 29.8% required extended repeat
surgical debridement for retained bone fragments, deeply
embedded metallic projectiles, anterior parabasal injuries
involving the frontal sinuses and orbits, and posterior cranial
fossa and brainstem injuries. In 10.4% of cases, repeat
operations were performed for patients who developed early
infectious complications.

Table 3 shows data on the characteristics of craniocerebral
wounds in group 2 patients.

Comparison of diagnostic and treatment findings between
the two groups demonstrated differences in the frequency and
nature of craniocerebral wounds. In group 1, the difference
between fragment and bullet wounds was 25.6%. In group 2,
all injuries, with the exception of a single tangential bullet
wound, were fragment-related, multi-regional combined,
and polyetiologic combined and combined (with burns) in two
cases. Furthermore, no through-and-through craniocerebral
wounds were observed in group 2. No significant differences
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were found in injury severity and wound canal characteristics Based on the severity of craniocerebral gunshot wounds,

between the groups (Table 4).

all zone 2 injuries could also be conditionally subdivided

Based on the data presented in Table 4, brain structures  into wound canals passing closer to the convexital surface
(according to magnetic resonance imaging) were conditionally ~ of the brain, regarded as less severe, and wound canals

divided into two anatomical zones (Fig. 1).

passing closer to zone 1, considered more severe. The latter

Table 3. Characteristics of craniocerebral wounds in group 2 patients, absolute numbers

Type of wound Mine—explosive Bullet Fragment

Soft tissue 4 - 4
Nonpenetrating (up to the dura mater) b - 6
Penetrating: 56 1 56
—tangential 9 1 9
—ricochet 2 - 2
Blind wounds: 30 - 30
—simple 13 - 13
-segmental 5 - 5
—radial 6 - 6
—diametrical 6 - 6
Through-and-through wounds: 0 0 0
—segmental 0 0 0
—diametrical 0 0 0
Diagonal 2 - 2
Parabasal: 15 - 15
—anterior (fronto-orbital) 7 - 7
—middle (temporomastoid) 2 - 2

6 - 6

—posterior (posterior cranial fossa and craniocerebral—spinal)

Table 4. Severity of condition in wounded patients of both groups according to the type of craniocerebral wound type

Type of wound General condition Level of consciousness Vital functions

Soft tissue Satisfactory Clear consciousness, Preserved
Nonpenetrating Moderate severity moderate or deep
Penetrating: obtundation, stupor (Glasgow

—tangential Coma Scale score: 15-8)

—simple blind

—segmental (within one cerebral lobe)

—ricochet

—anterior parabasal

Penetrating gunshot wounds: Severe, extremely Stupor, coma I-Il, Impaired (mechanical
—diagonal severe, or terminal terminal coma ventilation,
—segmental bihemispheric (blind, through-and-through) (Glasgow Coma Scale tracheostomy,
—radial uni- and bihemispheric score: 8-3) and hemodynamic
—diametrical (through-and-through, blind) instability)

Parabasal:

—temporomastoid
—posterior cranial fossa (cerebellum and brainstem)
2
2 1
1
2
a b

Fig. 1. Schematic division of the brain into zones: g, sagittal section; b, axial section. 7, subcortical structures, ventricles, and brainstem; 2, cerebral

cortex and cerebellar hemispheres.
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included gunshot soft tissue injuries accompanied by
type | and Il contusion foci and intracerebral hemorrhages
and nonpenetrating wounds with type Ill and IV contusion
foci, intracranial hematomas, and external ventricular
cerebrospinal fluid leakage. Among penetrating craniocerebral
wounds, these comprised tangential penetrating wounds,
simple blind wounds, segmental wounds confined to a single
lobe, ricochet wounds, and anterior parabasal wounds
associated with frontal sinus and orbital wall damage. These
patients survived after primary surgical debridement and
were transferred for further rehabilitation with varying focal
neurological deficits.

All gunshot wounds (bullet and fragment) wherein
the wound canal crossed both anatomical zones were
the most severe. These included penetrating gunshot wounds
classified as diagonal, segmental bihemispheric (blind
or through-and-through), radial uni- and bihemispheric,
diametrical, parabasal involving the temporomastoid region,
and posterior cranial fossa wounds. In this subgroup, fatal
outcomes were frequently observed after primary surgical
debridement, and most survivors were in vegetative state.

Spiral computed tomography of the brain at the stage
of specialized medical care allows for the diagnosis to
be established not by the entry wound on the skull, but
according to the affected lobes and brain structures. Extended
diagnostic formulations include 1) mine—explosive wound
(combined, multiple); 2) gunshot fragment penetrating simple
blind wound of the left frontal lobe of the brain with type IV
contusion focus; 3) perforating fracture of the left frontal
bone; 4) multi-regional combined injury (e.g., involving
the neck, spine, chest, abdomen, pelvis, and extremities);
5) polyetiologic combined injury (e.g., burns, frostbite,
radiation exposure); 6) surgical interventions performed (with
date); and 7) comorbid diseases.

Fig. 2 shows the vascular involvement zones of the brain
in penetrating craniocerebral gunshot wounds.

Figs. 3—7 present wound canals in penetrating cranial
fragment wounds, along with examples of diagnostic
formulations.

Data obtained from the examination and treatment of
patients in group 2 demonstrated that conducting modern
high-technology combat operations predominantly results in
multiple, multi-regional combined and polyetiologic combined
mine—explosive injuries involving the head, chest, abdomen,
and extremities. The clinical and anatomical classification
proposed below enables more accurate medical triage
according to the severity of injuries and allows for determining
the priority of surgical care, including under conditions of
mass casualty admissions. For this purpose, the diagnostic
algorithm applied in group 2 was used (Table 2).

It was established that the most promising patients based
on survival and recovery—those primarily requiring surgical
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Fig. 2. Magnetic resonance angiography of the brain with vascular
distribution zones: 7, vessels of the subcortical structures, ventricles, and
brainstem; 2, vessels of the cerebral cortex.

Fig. 3. Gunshot penetrating blind simple and radial wounds of the
skull and brain. Diagnoses examples: 7, mine—explosive wound (MEW).
Gunshot fragment blind penetrating simple wound of the right frontal lobe
of the brain; 2, MEW. Gunshot fragment blind penetrating radial wound
of the right frontal lobe of the brain; 3, MEW. Gunshot fragment blind
penetrating radial bihemispheric wound of the left parietal lobe of the brain

Fig. 4. Gunshot penetrating segmental wounds of the skull and brain.
Diagnoses examples: 7, mine—explosive wound (MEW). Gunshot fragment
blind (through-and-through) penetrating bihemispheric segmental
wound of the frontal lobes of the brain; 2, MEW. Gunshot fragment blind
(through-and-through) penetrating segmental wound of the right frontal
lobe of the brain; 3, MEW. Gunshot fragment blind (through-and-through)
penetrating segmental wound of the left frontal and parietal lobes of the
brain; 4, MEW. Gunshot fragment blind (through-and-through) penetrating
bihemispheric segmental wound of the parietal lobes of the brain; 5, MEW.
Gunshot fragment blind (through-and-through) penetrating segmental
bihemispheric ricochet wound of the left parietal and right occipital lobes
of the brain.
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Fig. 5. Gunshot penetrating diametrical wounds of the skull and brain.
Diagnoses examples: 7, mine—explosive wound (MEW). Gunshot fragment
blind (through-and-through) penetrating diametrical wound of the frontal
lobes of the brain; 2, MEW. Gunshot fragment blind (through-and-through)
penetrating diametrical wound of the left frontal and right parietal lobes
of the brain; 3, MEW. Gunshot fragment blind (through-and-through)
penetrating diametrical wound of the left parietal and right frontal lobes
of the brain; 4, MEW. Gunshot fragment blind (through-and-through)
penetrating diametrical paramedian wound of the right frontal, parietal,
and occipital lobes of the brain; 5, MEW. Gunshot fragment through-and-
through penetrating incomplete diametrical wound of the right parietal and
left frontal lobes of the brain.

debridement—are those whose wound canal is located in
zone 2, i.e., passing through the cerebral cortex and white
matter. The more convexital the course of the wound canal,
the less extensive the brain damage and, consequently,
the more favorable the expected outcome following primary
surgical debridement.

After vital function stabilization, surgery is performed
in those patients whose wound canal traverses both zones.
The prognosis in this category depends on the severity and
extent of vital brain structure damage, which ultimately
determines treatment outcomes and survival. In cases of
infectious complications, the prognosis for survival becomes
less favorable.

Fig. 7. Gunshot penetrating tangential, incomplete, and ricochet wounds of
the skull and brain. Diagnoses examples: 1, mine—explosive wound (MEW).
Gunshot fragment (bullet) penetrating ricochet wound of the right frontal
lobe of the brain; 2, Gunshot bullet penetrating incomplete wound of the
left frontal lobe of the brain; 3, MEW. Gunshot fragment (bullet) penetrating
tangential wound of the left frontal lobe of the brain.
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Fig. 6. Gunshot penetrating diagonal and parabasal wounds of the skull
and brain. Diagnoses examples: 7, mine—explosive wound (MEW). Gunshot
fragment blind (through-and-through) penetrating anterior parabasal
wound of the frontal lobe of the brain; 2, MEW. Gunshot fragment blind
(through-and-through) penetrating diagonal wound of the frontal lobe of the
brain; 3, MEW. Gunshat fragment blind (through-and-through) penetrating
diagonal wound of the occipital lobe and cerebellar hemisphere; 4, MEW.
Gunshot fragment blind (through-and-through) penetrating wound of the
occipital lobe, cerebellar hemisphere, and brainstem; 5, MEW. Gunshot
fragment blind (through-and-through) penetrating parabasal wound of the
brainstem

Thus, based on the fundamental intergroup differences
associated with the conduct of hostilities in 20th-century
warfare and in 21st-century high-technology combat,
a modern clinical-anatomical classification of combat
craniocerebral injuries caused by contemporary weapons
was developed.

Clinical-Anatomical Classification of Combat
Craniocerebral Wounds Caused by Contemporary
Weapons

Mine—explosive wounds: combinations: head, neck, spine,
chest, abdomen, pelvis, and extremities/

Laterality of injury: single, multiple, or polyetiologic
combined (burns, frostbite, and radiation exposure).

Anatomical brain structures: cerebral cortex and white
matter:

- zone 2 (injuries closer to the cortex are less severe;
injuries closer to zone 1 are more severe);

- zone 1: subcortical nuclei, brainstem.

Type of projectile: bullet, fragment, and other types.
Nature of injury: soft tissue, nonpenetrating, or penetrating.
Penetrating injuries (by wound canal type):

- blind wounds: simple; segmental (within one or two lobes,
bihemispheric, bihemispheric with internal ricochet)—
zone 2; ricochet—zone 2; diagonal—zones 2-1; radial
(uni-/bihemispheric)—zones 2-1; and diametrical
(bihemispheric)—zones 2-1-2;

- through-and-through wounds: tangential—zone 2;
segmental (within one or two lobes, bihemispheric)—
zone 2; or diametrical (bihemispheric)}—zones 2-1-2.
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Localization by brain lobe: frontal, parietal, temporal, or
occipital.

Parabasal wounds: fronto-orbital, temporomastoid—
zone 2; craniocerebral—spinal (cerebellar hemispheres)—
zone 2; or brainstem (blind, through-and-through)—zone 1.

Types of skull fracture: incomplete (outer table), linear,
depressed, comminuted, perforating, or fragmented.

Intracranial injuries:

- zone 2: concussion, cerebral contusion, subarachnoid
hemorrhage, contusion foci (types I-IV), cerebral
compression, epidural/subdural hematomas, depressed
fractures, injury to the vein of Galen and confluence of
dural venous sinuses, post-traumatic cerebral aneurysm
formation, bone fragments, and metallic foreign bodies in
the wound canal;

- zone 1: contusion foci (types I-I1V), parenchymal
hematomas with intraventricular hemorrhage and possible
tamponade, subcortical nuclei and brainstem injury, and
external ventricular cerebrospinal fluid leakage.

CONCLUSION

The proposed clinical-anatomical classification allows for
a more precise characterization of craniocerebral injuries.
At the stage of specialized medical care (level 4), it enables
more accurate medical triage of incoming patients by
determining the leading injury and priority of surgical
intervention, establishing the prognosis for further evacuation,
and predicting the outcome of craniocerebral wounds.
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A0NOSIHATENIbHAS! UHOOPMALIUA

Brknap aBTopoB. B.I1. OpnoB — pa3spaboTka 00LLeN KOHLENUWK, aHanm3
AaHHbIX, HanucaHue ctatby; C.Jl. Mup3ameToB — [AM3aiiH UCCef0BaHwA,
aHanu3 AaHHbIX. ABTOpbI 0406pKNM BEpCU0 Ans NybNKaLwmuy, a TakKe Co-
rNacNCb HECTM OTBETCTBEHHOCTb 3a BCE acMeKTbl paboTkl, rapaHTUpys
HafNiexalliee pacCMOTPEHVE M PELLIEHME BOMPOCOB, CBA3aHHBIX C TOYHOCTbIO
1 [,0BPOCOBECTHOCTLIO N0BOM ee YacTy.

JITnyeckas aKkcnepTusa. VccnenoBaHre 0A06pEHO NOKabHBIM STUMECKMM
KomuTeToM BoeHHo-MeanumHeKo akagemum uM. CM. Kvposa (npoTokon
N2 305 ot 22.07.2025). ABTOpaMM MONYYEHO NMMCbMEHHOE pa3peLLeHme na-
LiMeHTa Ha UCMofb30BaHWe AaHHoro MPT-u3obpaxeHus.

Cornacue Ha ny6nukaumio. ABTOpbI NOYYMIM NUCBMEHHOE MHDOPMMPO-
BaHHOe A06POBOSILHOE COrNacue NaLMEHTOB Ha NyBMKaLMI0 NepCOHasbHbIX
[aHHbIX B HAYYHOM KypHarie, BKJTYas ero 3M1eKTPOHHYI0 BEPCUIO.
WcTouHuk dpuHaHcMpoBaHmua. ABTOpbI 3asBNAKOT 06 OTCYTCTBUM BHELLHEMO
(MHaHCMPOBaHWs NPY NPOBEAEHUN UCCTIEA0BaAHA.

PackpbiTie nHTepecoB. ABTOPbI 3asIBNAKOT 06 OTCYTCTBUM OTHOLLIEHMI, Aes-
TENBHOCTU W MHTEPECOB 3a NoCeaHWe TPW roAa, CBA3aHHBIX C TPETbUMM
JMLAMM (KOMMEPYECKUMM U HEKOMMEPYECKMMM), MHTEPECH! KOTOPLIX MOryT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHoCTb. [py CO3aHNM HacTosILLEN paboTbl aBTOPbI HE UCMOMb-
30Ba/nu paHee onybiMKOBaHHbIE CBEAEHMs (TEKCT, UMIIOCTPaLMY, AaHHbIE).
JocTyn K paHHbIM. Bce laHHbIe, NonyyeHHbIe B HACTOALLEM UCCejoBaHMM,
BOCTYMHbI B CTaTbE.

[eHepaTUBHDBIA UCKYCCTBEHHbIN UHTENNEKT. [Ipn Co3aaHMM HacTosLLen
CTaTbW TEXHOJIOMMM TeHEPATUBHOMO MCKYCCTBEHHOTO WHTEN/IEKTa HE WC-
nosb30Bany.

PaccMoTpeHne M peueHsupoBaHue. Hactoswas pabota nofaHa
B XKyPHaN B MHWLMATMBHOM MOPAJKE M pacCMOTPeHa Mo 0bbl4HOM mpo-
Leaype. B pelieH3npoBaHUM y4acTBOBanM [Ba PeLEH3eHTa: BHYTPEHHUI

N BHELLHWN.
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