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Combat-related upper extremity trauma is one of the most frequent and severe categories of injuries in contem-
porary armed conflicts. Such injuries often cause extensive bone and soft tissue damage, impaired blood supply,
infectious complications, and reduced limb mobility. In many cases, these problems require amputation, signifi-
cantly diminishing patients’ quality of life.

This report presents the clinical management of a 35-year-old patient who sustained a mine-blast injury. The
injury resulted in combined chest and right upper limb trauma, including a humeral defect and extensive soft
tissue damage. Treatment progressed in stages, following principles of damage-control surgery. Interventions
included pleural cavity drainage, repeated surgical wound management, vacuum-assisted closure (VAC), and
stabilization of bone structures. After the patient was stabilized, we performed a reconstructive procedure using
a latissimus dorsi musculocutaneous flap on a vascular pedicle to close the soft tissue defect. Subsequently, the
bone defect was reconstructed using a non-vascularized fibular autograft. This approach was chosen because of
extensive cicatricial changes at the injury site. The comprehensive treatment facilitated limb salvage and enabled
partial restoration of mobility by preserving the elbow joint and distal segment mobility.

This clinical case shows that, even in severe mine-blast upper extremity injuries with extensive tissue damage,

reconstructive interventions can be an effective alternative to amputation. Success depends on individualized
treatment planning, thorough infection control, and preservation of function in the distal segments of the limb.
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Limb injuries constitute a major category of com-
bat-related trauma in contemporary armed con-
flicts. Data from the wars in Iraq and Afghanistan
indicate that more than 70 % of all combat injuries
involve the limbs [1].

Gunshot and mine-blast injuries are often asso-
ciated with open wounds and heavy wound con-
tamination, which increase the risk of infectious
complications [3, 12]. Additionally, limb fractures
commonly occur with these injuries and further
complicate treatment [1, 3].

Upper extremity injuries account for a substan-
tial share of all extremity trauma and are often
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linked to soft tissue defects, bone injuries, and joint
damage [1, 9]. Moreover, combined injuries to the
shoulder joint and extensive tissue damage often
cause severe functional impairment, requiring com-
plex reconstructive procedures [3, 4, 9].

Vascular and nerve damage is critical in combat-re-
lated upper extremity trauma. Specifically, vascular in-
juries occur in 10—25 % of cases [4, 18], while peripher-
al nerve injuries are reported in 10—-30 % of cases [13].
Together, these types of injuries strongly affect treat-
ment and the potential for limb mobility restoration.

Amputations remain a major concern in combat-
related trauma. Recent studies show an amputation

General Surgery 3azanvnaxipypein * 2026 « Ne2 (17)



rate of about 6-7% among wounded individuals
[16]. Notably, severe mine-blast injuries are a pri-
mary cause of limb loss.

In the ongoing war in Ukraine, a similar trend is
seen. Mine-blast injuries are rising and causing ex-
tensive tissue defects that require complex, staged
treatments [3]. Reconstructive surgery has there-
fore become more important. It enables limb salvage
and helps restore mobility [14, 17, 19].

The following clinical case exemplifies both the
high prevalence of these injuries and the complexity
associated with their management.

Clinical case

Patient: A 35-year-old male.

Diagnosis: Blast trauma (11.07.2025). The patient
sustained a penetrating through-and-through gun-
shot wound to the right chest with lung injury (S2,
S6). A gunshot fracture of the right 4th rib. Right-
sided hemopneumothorax. Pneumomediastinum.
Lung contusion. A multi-fragment fracture of the
right scapula with bone defect (articular surface
and body) and fragment displacement. A defect
of the lateral 1/3 of the right clavicle. A through-
and-through gunshot shrapnel wound of the right
upper limb with fracture of the humerus, and bone
(involving the head and diaphysis extending to the
border of the middle and lower thirds) and soft tis-
sue defects (Fig. 1).

Anamnesis: The injury was sustained on
11.07.2025 as a result of an explosive event. During
medical evacuation, interventions included drain-
age of the right pleural cavity using the Biilau tech-
nique, primary surgical management and sealing of
chest wounds, primary surgical management of the
right upper limb wound, and application of external
fixation to the right upper limb.

Upon hospitalization, the patient’s condition
was critical. Reduced consciousness (Glasgow
Coma Scale 14—15), further pharmacological seda-
tion. Diminished right-sided breath sounds, pleural
drainage, SpO, 93-99 % while using supplemental
oxygen. Pleural drainage — up to 200 ml of hemor-
rhagic pleural fluid. Unstable hemodynamics (blood
pressure 90/70 mmHg, heart rate 74—92/min).
Laboratory findings: anemia, elevated creatinine,
and increased lactate levels.

To further characterize the injuries, a computed
tomography scan was performed (12.07.2025):
aright-sided pneumothorax, a right lung contusion,
pneumomediastinum, multifragmentary fractures
of the right scapula and humerus with a diaphyseal
defect, multiple metallic foreign bodies, and subcu-
taneous emphysema.
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Radiological assessment revealed a substantial
defect involving the humerus, scapula, and the ac-
romial end of the clavicle (Fig. 2).

The patient was in the intensive care unit from
12.07.2025 to 04.08.2025.

Given the severity of the injuries and elevated
risk of infectious complications, a staged treatment
approach was implemented: serial surgical wound
management (12.07, 13.07, 14.07, 15.07, 21.07), ap-
plication of an external fixation device to the right

Figure 1. Clinical presentation of the defect
on admission

Figure 2. Clinical presentation of the bone and soft
tissue defect on admission
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upper limb using the shoulder—forearm—pelvis con-
figuration (14.07), VAC-therapy and wound revi-
sion with ligation of a branch of the right brachial
artery (24.07).

Once the patient’s general condition stabilized,
a reconstructive intervention was planned (Fig. 3).

On 28.07.2025, the reconstructive stage of
treatment was conducted, representing a pivotal

Figure 3. Frontal (A) and posterior (B) view of the
defect before the final reconstructive procedure

intervention in this case. Due to the extensive soft
tissue and humeral bone defects, a cement spacer
was implanted. Subsequently, bridge-like fixation of
the distal third of the right humerus was achieved
using a titanium plate (Fig. 4).

Closure of the soft tissue defect was achieved us-
ing a musculocutaneous flap incorporating the latis-
simus dorsi muscle (m. latissimus dorsi) on its vas-
cular pedicle (a. et v. thoracodorsalis), a technique
commonly employed for large shoulder defects. This
approach ensured reliable vascularization of the flap
and complete wound closure, thereby further facili-
tating subsequent healing.

This stage was critical, as it not only addressed
the tissue defect but also salvaged the limb and es-
tablished the foundation for functional restoration
(Fig. 5).

On 27.08.2025, autodermoplasty of the residual
wound surfaces of the right shoulder area was per-
formed.

During treatment, the wound’s microbial spectrum
shifted from primary contaminants (Enterobacter
spp., Escherichia coli, Enterococcus faecalis) to noso-
comial organisms (Acinetobacter baumannii, Pseudo-
monas aeruginosa). In response to these microbio-
logical findings, antibacterial therapy was modified
to include imipenem/cilastatin (04.08—14.08.2025),
metronidazole (12.08—16.08.2025), followed by esca-
lation to colistin (16.08—01.09.2025).

Pharmacological management included infusion-
transfusion support (erythrocytes, fresh frozen

Figure 4. Bridge-like fixation of the humerus
with a titanium plate with the placement
of a cement spacer
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Figure 5. Our patient at 3 months after spacer
installation and reconstruction with
a musculocutaneous flap
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Figure 6. Free fibular autograft

Figure 7. Clinical presentation after reconstruction
with a fibular autograft and metal osteosynthesis

Figure 8. Our patient on the 3rd day
after bone grafting
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plasma), analgesia (morphine), anticoagulant ther-
apy (enoxaparin), and symptomatic treatment.

Due to the severity of the injuries, infectious com-
plications, and compromised blood supply, amputa-
tion of the right upper limb was initially considered,
consistent with standard management of severe
extremity trauma [11, 16]. However, the chosen
staged surgical approach utilizing reconstructive
techniques enabled limb salvage and established
conditions for subsequent functional recovery.

The patient was transferred to the next stage of
treatment and rehabilitation on 15.09.2025 in a sta-
ble condition.

The patient was referred for reconstructive surgery
to address the humeral defect. Initially, a custom ti-
tanium implant was planned, but three manufactur-
ers declined to produce it due to the complexity of
the case. As a result, bone grafting with an autograft
was selected. On 08.04.2026, surgery involved the re-
moval of the cement spacer and reconstruction of the
humeral defect with a free fibular autograft (Fig. 6).

Reconstructive surgery was performed using a non-
vascularized fibular autograft because of extensive
cicatricial changes at the injury site and the absence of
vessels suitable for microvascular anastomosis.

During metal osteosynthesis, the proximal fibula
was fixed with a titanium plate at a 95° angle, and
the distal fibula was fused to the residual humerus
in a functionally optimal position, considering the
existing elbow joint contracture (Fig. 7).

Initially, closure of the wound in the clavicular
region above the titanium plate was not feasible;
therefore, a reconstructive procedure was per-
formed using a latissimus dorsi musculocutaneous
flap (Fig. 8).

Discussion

Recent studies indicate that combat-related upper
extremity injuries are among the most challenging to
manage, especially when both bone and soft tissue de-
fects are present [1, 8]. These injuries are frequently
associated with a high risk of infectious complications
and often require limb amputation [11, 12].

Contemporary treatment strategies employ staged
surgical management guided by damage-control prin-
ciples. This approach stabilizes the patient’s condition
and facilitates subsequent interventions [12, 14]. The
reconstructive stage is critical for restoring anatomi-
cal integrity and limb mobility [14, 17, 19].

In cases of severe limb injury, the decision be-
tween amputation and limb salvage remains a sub-
ject of active debate in surgical practice. Amputa-
tion may expedite stabilization and reduce the du-
ration of treatment and associated complications.
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Conversely, reconstructive approaches may salvage
the limb and yield superior functional outcomes in
comparable cases [7, 15, 17].

The presented case involved multiple compli-
cating factors, including a substantial bone defect,
extensive soft tissue damage, infectious complica-
tions, and a risk of impaired blood supply. In simi-
lar scenarios, amputation is frequently discussed in
the literature as a viable treatment option [11, 16].
Nevertheless, in this case, the potential to preserve
function in the distal segments of the limb was the
decisive factor in selecting the treatment strategy.
As a result, a reconstructive surgery was preferred.

Application of a latissimus dorsi musculocutane-
ous flap, combined with stabilization of the bone
defect, provided effective wound closure and estab-
lished conditions for further functional restoration.
This approach aligns with current principles of re-
constructive surgery [14, 17].

A subsequent reconstructive stage to replace
the bone defect was necessary. A custom implant
was considered but not used due to manufacturing
constraints, so fibular autoplasty was chosen. Cica-
tricial changes prevented the use of a vascularized
graft and complicated the reconstruction, high-
lighting the complexity of such cases.

Conclusions

This clinical case illustrates that, even in severe
mine-blast upper extremity injuries with extensive
bone and soft tissue damage, a staged reconstructive
approach can be an effective alternative to ampu-
tation. This approach facilitates limb salvage with
partial functional restoration. The use of modern
reconstructive techniques—especially vascularized
musculocutaneous flaps and bone grafting—enables
adequate defect closure and tissue stabilization.
These methods also help establish conditions for
further functional recovery. Key factors for suc-
cessful outcomes include individualized treatment
planning, staged surgical interventions, prompt in-
fection management, and preservation of function
in the distal segments of the limb.
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KiniHiYHUI BUITAJOK JIIKYBAHHS NAI[IEHTA

3 MACUBHHM JI€PEKTOM M’IKHUX i KiCTKOBUX TKAHUH
I1iC/I1 MiHHO-BHOYXOBO1 TPAaBMU

A. O. Kepnos, /1. M. Cuzopenko, I. I Iinisg, 1. O. Bopooeii, A. O. Illenecrt

KHII «KuiBcbka Micbka KTiHIYHA JiKApHS NIBUIKOI MEMYHOI OTTOMOTHY>

VY Cy4aCHUX YMOBaX 30pOMHUX KOH(PJIIKTIB O0OMOBA TPaBM4 BEPXHIX KiHIIIBOK 3AIMIIAETHCS OJIHIEIO 3 HANYACTi-
INUX i BOGHOYAC HANCKIAHIIINX KATErOPil YIIKO/BPKEHD, TaKi HOPAHEHHS HEPIAKO CYIIPOBOLKYIOTHCSI 3HAYHU-
MM JIe(PEKTAMU KiCTKOBOI Ta M’SIKUX TKAHUH, IIOPYLICHHAM KPOBOIIOCTAYaHHS, iH(PEKLIIFHUMH YCKIAJHEHHIMU
U CYTTEBUM 3HIDKCHHAM (DYHKIiT KiHIIiBKU. Y 6araThOX BUMNAJKAX 1€ IIPHU3BOJUTH 10 HEOOXiJHOCTI BUKOHAHHS
aMITyTallil, IITO MA€ 3HAYHUN BIUIUB HA AKiCTb XKUTTA MALiEHTIB.

ITpencraBaeHo KIHIYHUN BUNIAJOK JIIKYBAHHS IIAL[iEHTA BIKOM 35 POKIB i3 MiHHO-BUOYXOBOIO TPABMOIO — IIOE]-
HAHE YIIKO/DKEHHS OPIdHiB I'PYJHOI KITKH T4 IIPABOI BEPXHBOI KiHIIBKU 3 (POPMYBAHHAM JAE€(MEKTY IUIEIOBOL
KiCTKH 1 MACHUBHOI'O Je(PEKTy M’AKUX TKAHUH. JIIKyBAHHA IIPOBOAWIM ITOETAMHO i3 3ACTOCYBAHHAM IIPUHIIMITIB
Xipyprii KOHTPOJIIO IOUIKO/DKEHDb. BOHO nependadaio JPEHYBAHHSA IUIEBPAIBbHOI ITIOPOXKHUHH, 0AaraTopaso-
Bi Xipypriuni OOpOOKK paH, TEPAIIO PAH HETATUBHUM TUCKOM Ta CTAOUI3AII0 KiCTKOBUX CTPYKTYp. ITicia
JOCATHEHHA CTA0UTI3Allil CTaHy MAI[i€EHTd BUKOHAHO PEKOHCTPYKTHUBHE BTPYYaHHA 3 BUKOPUCTAHHAM IIKiPHO-
M’SI30BOI'O KJIAIITS HAMIIMPIIOrO M’S13a CIIMHM HA CYJAMHHIN HDKIY, IO JaJI0 3MOIY 3aKPHUTHU JEePEKT MSIKUX
TKaHUH. HaCTyITHUM €TaroM IIPOBEAEHO PEKOHCTPYKIIIO KiCTKOBOIO JE(EKTY i3 3aCTOCYBAHHAM 4ABTOTPAH-
CIUIAHTATA MAJIOTOMUIKOBOI KiCTKH 6€3 CYZIMHHOI HIKKH, IO 6y/10 3yMOBJIEHO BUPDA3HUMHU PYOLIEBMMU 3MiHAMHA
B 30Hi YIIKO/KEHHS. [IpOoBeieHE KOMIVIEKCHE JIIKYBAHHA AJIO 3MOTY 30€PEITU KiHIIIBKY 1 JOCAI'TH YACTKOBOI'O
BiZITHOBJIEHHS 1i (DYHKILi 32 PAXYHOK 36€PEKEHH PYXiB Y JIIKTbOBOMY CYITIO0i Ta JUCTAILHUX BiJIiax.
[TpeAcTaBneHni KIiHIYHUN BHIIAZOK JEMOHCTPYE, IO HABITh MPU TSHKKHUX MiHHO-BUOYXOBHUX YIHIKOKEHHAX
BEPXHbBOI KiHIIiBKH 3i 3HAYHUMU Je(PEKTAMU TKAHUH PEKOHCTPYKTUBHI BTPYYaHHs MOKHA PO3IVIALATH AK e(PEeK-
TUBHY AJIBT€PHATUBY AMITyTALlil 32 yMOBH iHAWBIyaJIbHOI'O IiIXOY, PETELHOIO KOHTPOJIIO iH(PEKIIHOIO IPO-
LeCy Ta 36€pEKEHHA (DYHKILIT JUCTAIBHUX BiIUIB KiHIiBKH.

KiIro4uoBi c;1oBa: 6010Ba TpaBMa, BEPXH KiHIIiBKA, MiIHHO-BUOYXOBA TPABMA, AE(PEKT TUIEYOBOI KiCTKH, PEKOH-
CTPYKTUBHA Xipyprif, MKiPHO-M'SA30BUI KIAIOTh, KIANIOTh HANIIHUPIIOIO M’A34 CIIHMHU, KiCTKOBA IUIACTUKA,
30€PEKEHHS KiHI[iBKY, AMITyTallisl.
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