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Abstract. Introduction. Injuries of the heel region associated with combined bone and soft-tissue defects represent a
significant challenge in reconstructive surgery due to the high risk of infectious complications and loss of the limb’s
weight-bearing function.

Aim. We present a clinical case of staged treatment of a military patient with a gunshot injury to the left foot, a
comminuted calcaneal fracture, and a massive bone and soft-tissue defect.

Materials and Methods. During the first stage, surgical debridement of the wound, eradication of the infectious focus,
and implantation of a gentamicin-loaded polymethylmethacrylate (PMMA) spacer were performed to achieve local
infection control and preserve the volume of the bone defect. Following stabilization of the local wound condition,
soft-tissue reconstruction was carried out using a reverse sural flap, with subsequent closure of the donor site using
a split-thickness skin graft.

Results. The treatment resulted in complete coverage of the defect, preservation of flap viability, and creation of
favorable conditions for subsequent bone reconstruction.

Conclusions. This case demonstrates the effectiveness of a staged reconstructive approach combining a PMMA
spacer and a reverse sural flap for the management of complex traumatic heel defects and preparation of the patient
for the next stage of bone defect reconstruction.

Keywords: gunshot wound, bone and soft tissue defect, calcaneal fracture, sural flap, gentamicin-loaded PMMA

e 7 b

spacer.

Introduction

Injuries of the distal parts of the lower limb,
particularly the calcaneal region, represent a
significant challenge in modern reconstructive
surgery, as they most commonly result from high-
energy trauma such as blast and gunshot injuries and
are accompanied by combined defects of soft tissues
and bony structures, which are associated with a high
risk of infectious complications, prolonged treatment,
and loss of the limbs weight-bearing function.
The complexity of such injuries, especially in the
calcaneal region, is caused by limited availability
of well-vascularized local tissues, high mechanical
load, and wound contamination, which complicate
healing and predispose to osteomyelitis [1]. In the
presented case, a particular challenge was the massive
bone and soft tissue defect with bone exposure and
purulent process, which required a staged approach
with an antibiotic-loaded spacer for infection control
prior to reconstruction [2]. Equally important is the
selection of an optimal reconstructive method, as the
limited local tissue availability and the need to restore

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 2 (163)/2026

adequate blood supply necessitate the use of reliable
plastic techniques—the reverse sural fasciocutaneous
flap is an effective option for coverage of complex
defects [3]; however, its application in combined bone
and soft tissue injuries using a cement spacer remains
insufficiently described. This clinical case demonstrates
the effectiveness of staged surgical treatment using a
sural flap to cover a massive calcaneal defect following
implantation of an antibiotic-loaded cement spacer,
highlighting the significance of this technique for
subsequent restoration of the anatomical integrity
and function of the lower limb [4,5].

Aim

To demonstrate the feasibility of soft tissue defect
coverage of the calcaneal region and the creation of
favorable conditions for subsequent reconstruction of
anatomical integrity and weight-bearing function of
the lower limb in a patient with post-traumatic bone
and soft tissue injury through the use of a reverse sural
fasciocutaneous flap, with evaluation of the clinical
feasibility and effectiveness of this reconstructive
method.
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Materials and Methods

Description of a clinical case of a patient with
a gunshot injury to the heel region. Clinical,
radiographic, bacteriological, ultrasonographic, and
thermographic methods were used in the study.
Staged surgical treatment was performed, including
placement of a gentamicin-loaded PMMA spacer
and reconstruction of the defect using a reverse sural
flap. The study was conducted in accordance with
bioethical principles.

Clinical Case Description

Patient P, 42-year-old military serviceman.
Admitted on 06.01.2026 to the Municipal Non-
Commercial ~ Enterprise  “Sviato-Mykhailivska
Clinical Hospital, Kyiv” by medical evacuation train
with the diagnosis: “Combat trauma (05.01.2026).
Gunshot wound of the left foot with a comminuted
calcaneal fracture and a massive bone and soft-tissue
defect” The injury was sustained after stepping on
a PMF-1 “Lepestok” mine. The patient reported a
massive soft-tissue and bone defect in the calcaneal
region, pain at the injury site, and general weakness.

Local status (Fig. 1): On the left foot, in the region
of the calcaneal tuberosity, a massive, irregularly
shaped soft-tissue defect is observed, extending to
the posteroinferior aspect of the calcaneal region.
The wound is contaminated, with uneven, lacerated,
and partially necrotic edges. The surrounding skin is
hyperemic and edematous, with signs of traumatic
and inflammatory involvement, and a local increase
in temperature of the surrounding tissues is noted.
The wound bed consists of damaged soft tissues
with fibrinonecrotic deposits and multiple bone

Fig. 1. Primary wound (05.01.2026)
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fragments of the calcaneus; in some areas, exposed
bone structures are visible. On palpation, moderate
bleeding of the tissues is present, indicating partial
preservation of vascularisation. Purulent yellowish-
green exudate with a characteristic odour is
discharged from the wound, suggesting an infectious-
inflammatory process. The weight-bearing function of
the left lower limb is severely impaired; independent
loading of the calcaneal region is impossible due to
pronounced pain and structural insufficiency of the
hindfoot. The overall local status is consistent with
a severe traumatic bone and soft-tissue defect of
the calcaneal region, with signs of tissue necrosis,
infection, and disruption of the structural and
functional integrity of the foot.

For the purpose of assessing the nature and
extent of traumatic injury to the bony structures, on
06.01.2026 (day 1 after injury), the patient underwent
radiographic examination of the left foot in the sagittal
projection. According to the radiographic findings, in
the projection of the calcaneus, pronounced signs of
traumatic injury were observed, manifested by the
presence of a defect in the calcaneal bone tissue with
disruption of its anatomical integrity and structure.
Multiple bone fragments of irregular shape and
varying sizes are identified within the defect zone,
with signs of fragmentation and displacement,
corresponding to a comminuted calcaneal fracture.
The detected changes are consistent with severe
traumatic injury of the calcaneus with formation of a
bone defect and the presence of free bone fragments
(Fig. 2). Considering the anatomical role of the
calcaneus as the primary weight-bearing structure of

Fig. 2. Targeted radiograph: calcaneal bone defect
with the presence of bone fragments (06.01.2026)
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the hindfoot, the presence of abone defect necessitates
further staged reconstructive treatment.

Considering the presence of necrotic tissues, bone
fragments, and signs of infection, during the first
stage of treatment on 07.01.2026 (day 2 after injury), a
bacterial culture was obtained, and secondary surgical
wound debridement was performed in accordance
with the principles of damage control surgery, which
included meticulous removal of nonviable soft tissues,
removal of bone fragments, and irrigation of the wound
(Fig. 3).According to the results of the bacteriological
examination of the wound exudate, Klebsiella
pneumoniae sensitive to meropenem and colistin was
identified. The infectious process was predominantly
localized and manifested by purulent wound
discharge, necrotic tissue changes, and local signs of
inflammation. No clinical signs of systemic infection or
sepsis were observed at the time antimicrobial therapy
was initiated. Based on the antibiotic susceptibility
testing results, the patient was prescribed systemic
antimicrobial therapy with meropenem at a dose of
1 g intravenously every 12 hours in combination with
colistin administered at a therapeutic dose adjusted
according to body weight, renal function, and current
clinical guidelines. The duration of antimicrobial
therapy was 10 days. Clinical monitoring of the wound
condition and laboratory inflammatory markers was
performed throughout the treatment course, and
antimicrobial therapy was adjusted when necessary
according to the progression of the wound process and
microbiological monitoring results.

During the second stage of treatment on January 12,
2026, following partial wound debridement and

with the aim of achieving local infection control,
preserving the volume of the bone defect, and
preparing for subsequent bone reconstruction,
three metal Kirschner wires were inserted into
the remaining calcaneus, and a gentamicin-
loaded polymethylmethacrylate (PMMA) cement
spacer was fixed onto them (Figure 3). This stage
was considered the first phase of reconstruction
according to the principles of the Masquelet induced
membrane technique, as placement of the PMMA
spacer provides not only local antibacterial activity
and temporary preservation of the defect volume but
also creates favorable conditions for the formation of
an induced membrane around the spacer. Following
stabilization of the soft-tissue coverage and successful
control of the infectious process, the second stage of
reconstruction is planned. This will involve removal
of the spacer while preserving the induced membrane,
followed by reconstruction of the bone defect using
either a structural bone graft or a bone scaffold.
After successful control of the infectious process
and stabilization of the local wound condition, a
reconstructive procedure was performed on Janua-
ry 15, 2026 (10 days after injury). The procedure
consisted of transfer of a reverse sural fasciocutaneous
flap to provide soft-tissue coverage of the calcaneal
defect and the previously implanted PMMA spacer.
The soft-tissue defect measured 8 x 6 cm. To achieve
adequate coverage, a flap measuring 12 x 7 cm was
designed and elevated on a vascular pedicle appro-
ximately 20 cm in length (Figure 4). Preoperative
planning included duplex ultrasonography to identify
the peroneal artery perforator and determine the pivot

1

2

3

Fig. 3. Secondary surgical wound debridement (1), closure of the left calcaneal defect with a gentamicin-
loaded PMMA spacer (2), application of negative pressure wound therapy (3) (operation 07.01.2026)
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Fig. 4. Transfer of the sural fasciocutaneous flap
(operation 15.01.2026)

point of the flap, which was located at the junction
of the middle and distal thirds of the leg. During
flap elevation, the vascular pedicle and surrounding
soft tissues were carefully preserved to maintain
adequate arterial inflow and venous drainage. The
flap was transferred using an open technique without
subcutaneous tunneling, thereby minimizing the risk
of pedicle compression. Following mobilization, the
flap was reversed into the defect without excessive
torsion or tissue tension and secured with interrupted
sutures.

The donor site was temporarily covered with an
artificial skin substitute. Subsequently, on January 23,
2026 (18 days after injury), eight days after flap
harvest, once a healthy granulation tissue bed had
developed, the donor site was reconstructed with a
split-thickness skin graft.

In the postoperative period, dynamic clinical
monitoring of flap viability was performed using
thermographic control (Fig. 5), which included
assessment of color, temperature, tissue turgor,
capillary refill, and the absence of signs of venous
congestion or ischemia. Monitoring of the
wound healing process, prevention of infectious
complications, and ensuring optimal conditions for
wound healing were also carried out. As a result of the
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Fig. 5. Thermographic image: viable flap
(23.01.2026)

treatment, complete coverage of the soft-tissue defect
and restoration of skin integrity were achieved. To
confirm this, follow-up targeted radiography of the
lower limb was performed (Fig. 6). The prognosis in
this case is relatively favorable, provided that further
staged reconstructive treatment is continued. The
PMMA spacer is planned to remain in the defect area
for approximately 2-3 months, which is necessary
for complete control of the infectious process,
stabilization of the soft-tissue coverage, and formation
of an induced membrane around the spacer. The next
stage involves its removal followed by replacement of
the calcaneal bone defect with a structural bone graft
or bone scaffold (vascularised or non-vascularised) in
order to restore the anatomical shape of the calcaneal
tuberosity. After stabilization of the graft, restoration
of the Achilles tendon insertion is planned by its

Fig. 6. Targeted radiograph in the sagittal projection:
calcaneal bone defect covered (23.01.2026)
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refixation to the reconstructed calcaneus to restore the
function of the hindfoot. Further rehabilitation will
include a period of immobilisation and unloading of
the limb for 6-8 weeks, followed by gradual increase
in axial loading and restoration of gait. The overall
duration of functional recovery in such cases is
typically 6-9 months, depending on graft integration
and individual characteristics of tissue regeneration.
The presented approach corresponds to modern
principles of staged reconstructive treatment of
complex bone and soft-tissue defects of the lower limb
and is aimed at limb salvage and maximal restoration
of its weight-bearing function [2].

Discussion

The problem of reconstructing extensive bone
and soft tissue defects of the calcaneal region
remains a significant challenge in reconstructive
surgery, especially in the context of combat trauma.
According to current studies, foot injuries account
for up to 8-10% of all combat-related limb injuries,
while injuries of the hindfoot, particularly the
calcaneus, are associated with significant bone loss
and soft tissue defects [4]. In such cases, restoration
of the anatomical structure of the calcaneal region
is essential for re-establishing anatomical integrity,
biomechanical properties, and the weight-bearing
function of the lower limb. After achieving control of
the infectious process, the next step is coverage of the
cement spacer and closure of the soft tissue defect.
In this case, a reverse sural fasciocutaneous flap
was used. However, the literature also describes the
use of other regional soft tissue flaps, as well as free
microvascular grafts. In particular, in cases of small
defects, local muscle flaps of the foot, such as those
based on the flexor digitorum brevis or the abductor
digiti minimi, which have a reliable blood supply, may
be used [6]. Due to the large size of the defect in this
patient, this option was not feasible. In cases of more
extensive defects of the hindfoot, free microvascular
flaps, including the anterolateral thigh flap or muscle
flaps transferred with vascular anastomoses, may be
used [7]. Such techniques allow effective coverage
of large bone and soft tissue defects; however, they
require advanced microsurgical skills. Moreover,
there is always a considerable risk of thrombosis and
flap necrosis; therefore, this option was not chosen in
the present case [7-9].

After wound healing, the cement spacer should
be removed, usually after 3-6 months, and replaced
using one of the available reconstructive methods,
depending on the clinical situation, the extent of
the defect, the condition of the soft tissues, their
degree of vascularization, and the patient’s functional
requirements.

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 2 (163)/2026

One of the possible reconstructive methods is the
use of an allogeneic bone scaffold, which provides
mechanical support in the defect area and creates
a framework for subsequent osteoconduction and
gradual replacement of the graft with the recipient’s
own bone tissue. Allogeneic material allows effective
reconstruction of large-volume defects without the
need for an additional donor site, thereby reducing
surgical trauma to the patient. According to
S. Mauftrey et al. [4], the use of allogeneic bone grafts
in the treatment of post-traumatic limb bone defects
achieves consolidation in approximately 75-85%
of cases. Postoperatively, limited immobilization or
partial weight-bearing is usually recommended for
6-8 weeks depending on the size of the defect and
the condition of the soft tissues. Full weight-bearing
is possible after 3-4 months upon radiological
confirmation of consolidation, while complete
bone remodeling may take from 6 months to 1 year
[4]. At the same time, the graft integration largely
depends on the condition of the surrounding
tissues, their degree of vascularization, and the
absence of an active infectious process [10]. In the
study by P. V. Giannoudis et al. [5], it is noted that
the main factors influencing successful integration
of allogeneic grafts are adequate vascularization of
the surrounding tissues and the absence of an active
infection.

A biologically more favorable method is the use of a
vascularized bone scaffold, which is characterized by
its own blood supply and is transferred to the defect
area together with a vascular pedicle, followed by
microvascular anastomosis [11]. The presence of an
autonomous blood supply ensures high graft viability,
enhances osteogenesis, promotes faster integration
and remodeling of bone tissue, and significantly
reduces the risk of graft resorption and infectious
complications. The most commonly used option for
such bone reconstruction is a free fibular graft, as the
fibula has sufficient length, high cortical strength,
and reliable blood supply via the peroneal artery
and accompanying veins, allowing for microvascular
anastomoses with recipient vessels [12]. In the
calcaneal region, the posterior tibial artery or anterior
tibial artery is most commonly used as the recipient
vessel, to which the vascular pedicle of the graft is
anastomosed [13].

An alternative source of a vascularized bone graft
may be the iliac crest, which is transferred on the
vascular pedicle of the deep circumflex iliac artery
along with accompanying veins [13]. Such a graft has
a substantial volume of cancellous bone and is well
suited for reconstruction of defects with complex
geometry. Less commonly, vascularized grafts from
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the radius or rib are used, which may be appropriate
for smaller defects. According to J. B. Friedrich et al.
[11], the use of vascularized grafts achieves successful
integration in 85-95% of cases. Similar results are
reported by M. T. Houdek et al. [14], who describe
successful reconstruction of segmental bone defects
of the lower limb in 91% of patients following the
use of vascularized bone grafts. Load-bearing on the
affected area is recommended to be restricted for
2-4 weeks; partial weight-bearing may be initiated at
4-6 weeks after placement of the definitive graft, and
full weight-bearing at 8—12 weeks after consolidation.
Complete remodeling and restoration of foot function
following vascularized bone grafting typically take
from 3 to 6 months, and in some cases up to 1 year
in complex situations involving extensive defects or
uncontrolled infection. The use of a vascularized
bone graft is critically important in conditions of bone
loss and impaired local vascularization, as it provides
favorable biological and mechanical conditions for
full graft integration, restoration of the anatomical
integrity of the calcaneus, and subsequent recovery
of the weight-bearing function of the lower limb
[15,16].

Another possible reconstructive option is the
use of an avascular structural bone graft, which
can be harvested from the patient’s donor sites
(fibula, radius, iliac crest, or rib). Such a graft
provides primary mechanical stability and allows
restoration of the anatomical shape of the calcaneus,
which is essential for subsequent recovery of foot
biomechanics. Integration of an avascular graft
occurs through gradual revascularization from
the surrounding tissues, which is a longer process
compared to vascularized grafts. Load-bearing
on the foot is recommended to be restricted for
6-10 weeks, sometimes up to 20 weeks depending
on the condition of the soft tissues and the stability
of fixation. Full weight-bearing of the limb is usually
possible after approximately 6 months, while

complete bone remodeling takes from 8 months
to 1 year, with a risk of partial resorption of up to
20-30%, especially in the presence of impaired local
blood supply [17-20].

The present study has certain limitations associated
with the analysis of a single clinical case and the lack
of long-term follow-up of functional outcomes after
completion of all stages of reconstructive treatment,
including replacement of the bone defect and
restoration of full weight-bearing of the limb. Future
research prospects include the study of long-term
outcomes of the use of a reverse sural fasciocutaneous
flap in combination with various methods of bone
defect reconstruction, as well as the determination of
optimal reconstructive strategies to achieve maximal
functional recovery of the lower limb.

Conclusions

In the presented clinical case, the study objective
was achieved, namely effective coverage of the soft
tissue defect of the calcaneal region through the use of
areverse sural fasciocutaneous flap, thereby preparing
the patient for subsequent bone reconstruction.

The obtained results demonstrate that the reverse
sural fasciocutaneous flap is a reliable option for
reconstruction of complex soft tissue defects of
the calcaneal region, providing adequate tissue
vascularization, coverage of deep anatomical
structures, and support for local infection control.

The practical significance of this case lies in
confirming the feasibility of using a reverse sural
flap for soft tissue reconstruction in patients with
extensive traumatic defects of the heel associated
with bone loss. This approach enabled successful
soft tissue coverage, preservation of flap viability,
and creation of favorable conditions for the
subsequent stage of osteoreconstruction. However,
definitive reconstruction of the calcaneal bone
defect, restoration of Achilles tendon insertion, and
assessment of long-term functional outcomes remain
subjects of further treatment and follow-up.
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KniHiyHW BUNapoK NikyBaHHSA Nali€HTa 3 BOrHenajabHUM
\ NopaHeHHAM Ta MaCMBHUM KICTKOBO-M AIKOTKaHUHHUM AedeKTOM
k n'ATKOBOI QINAHKU

BikTopisi Moropina, Masno buk

Kadepnpa xipyprii 3 kypcoM renatobiniapHol Ta cyguHHoOT Xipypril
HauioHanbHoro MmeguyHoro yHisepcuteTy iMeHi 0.0.Boromonbug, M. Kuis, YkpaiHa

AHoTauis. Bemyn. YIIKOIKeHHA ITATKOBOI JIAHKM 3 MOENHAaHMMU KiCTKOBO-M AKOTKaHUHHMMU JieeKTaMu €
CKJIJTHOIO MPOO/IEMOI0 PEKOHCTPYKTUBHOIL Xipypril depe3 BUCOKMII pU3MK iH(EKIiTHUX yCKIaJHeHb Ta BTpaTu
onopHoI GYHKII KiHIIBKY.

Mema. IlpefcTaBneHo KIiHIYHMI BUNIAJOK ITOETAIIHOTO JIIKYBaHHA BiJICbKOBOTO IAIliEHTA 3 BOTHENAIbHMM IIOpa-
HEeHHSM JIiBOI CTOIMN, 6araToynaMKOBMM [IePeIOMOM ITITKOBOI KiCTKM Ta MaCMBHUM KiCTKOBO-M SIKOTKaHUHHUM
nedexToM.

Mamepianu ma memoou. Ha nepuiomy etani BUKOHaHO BTOPMHHY XipypriuHy o6poOKy paHM, caHallilo BOTHUIIA
iHdekuii Ta BcraHOBIeHHss PMMA-creiicepa 3 reHTaMillTHOM [I/Is1 IOKaJIbHOTO KOHTPO/IIO iH(EKIiiiHOTOo mporje-
cy 11 36epexxeHHA 00’eMy KicTkoBoro medexty. Ilicns crabinmisarii 10kanpHOTO CTaHY IPOBENEHO PEKOHCTPYKIIii0
M’SIKOTKaHVHHOTO JedeKTy 3a JOIIOMOTOI0 POTOBAHOTO CYPaIbHOTO KIAITS 3 IIOAA/bIINM 3aKPUTTAM JOHOPCHKOI
Ti/IAHKY ay TOlEPMOTPaHCIIZIAHTATOM.

Peszynvmamu. Y pe3ynbTaTi TKyBaHHS JOCATHYTO IIOBHOTO YKPUTTA AedeKTy, 30epeskeHHs XUTTE3LATHOCTI KIIam-
TA Ta CTBOPEHHA CHPUATAMBUX YMOB I IIOAAJIBLIOI OCTEOPEKOHCTPYKILii.

Bucnosku. IlpencTaBlneHMiI BUIANOK J[eMOHCTPYE e(eKTMBHICTb IIOETAIIHOTO IiJXORY i3 3acTOCYBaHHAM
PMMA-cnieticepa Ta cypa/IbHOTO KJIAITA /1A TIKYBaHHSA CKIaJHUX TPaBMaTUYHMX JedeKTiB I ATKOBOI [iI/IAHKM Ta
HiATOTOBKY IallieHTa B0 HACTYIHOTO eTaly PeKOHCTPYKIIil KICTKOBOTO e(eKTy.

KntouyoBi cnoBa: BorHemanpbHe IIOpaHEHH, KiCTKOBO-M IKOTKaHMHHMIT leeKT, IIepenoM I’ ATKOBOI KiCTKI, pOTO-
BaHMII CypajbHUI KnanoTb, PMMA-creicep 3 reHTaMil[HOM.
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