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ince the foot is a specialized anatomical 
structure that bears the weight of the 
and is essential for human 

restoration of gunshot defects of this anatomical 
structure remains an actual problem 
battlefield medicine involving a multidisciplinary team 
of surgeons. Specific injuries – gunshot
associated with defects of cover tissues can be repaired 
with the help of various methods of 
plastic surgery: split skin flaps, regional 
flaps, propeller flaps and free flaps.  
 Considering the principle of "similar 
similar" replacement of neighboring soft tissues, soft 
and flexible rotation of the flap with the use of 
surrounding or adjacent soft tissues provides a good 
option of reconstruction. Thus, a reverse 
fascial flap taking into account its nutrition and 
characteristics is considered as a good option 
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reconstruction of gunshot defects in the 
IVth compartment of the foot. 
 As alternative methods of repair
possible to consider an extensor digitorum brevis
muscle flap, a little finger muscle
1st metatarsal artery, a dorsal
or lateral sole flap. Most of the above are muscular 
flaps with their own number of complications 
donor site.  
 Therefore, in the course of reconstruction of 
gunshot defects of the foot with the use of reverse 
sural flap in our opinion is a one
which has a number of peculiarities: Short time of 
operative intervention, esthetic component and ra
restoration of function of the foot.
however, reconstruction with the use of reverse 
flap requires a trained and skilled surgeon
mastered techniques of "lifting" and rotation, features 
of observation and analysis of 

Background: Repair of gunshot soft tissue defects of the lower extremity 
remains a complex and multifaceted task of reconstructive plastic surgery 
part of surgical care to injured warriors of the Armed Forces of Ukraine.
Given the proposed repair principle of "similar for
best donor site for the reconstruction of gunshot defects of the 
the lower extremities should be considered the anatomical 
damaged segment. At present, the reconstructive plastic surgery 
types of island-, propeller flaps with retrograde perfusion
shin wounds, but the region of anatomical "transition"
joint, the heel area, needs a special approach. We propose to consider 
reverse sural flap as a bright alternative method of
defects of the lower third of the shin, ankle joint and the 
foot (heel area).  
In our clinical observation we demonstrate the convenience and 
multimodal concept and its practical implementation in the course of 
reconstruction of the penetrating gunshot defect of the 
heel area of the right lower extremity (with the defect of soft tissues of the 
sole and foot, tangential gunshot fracture of the heel bone 
The defect was closed by means of a reverse sural 
tactics of differential diagnosis in the pre-operative period, intra
operative period allowed the choice of the donor zone with good perfusion at 
the expense of which the well-repaired anatomical structure of
compartment was restored. This, in turn, provided an opportunity to restore 
the esthetic part of the defect well, to maintain a greater percentage of the 
loading (axial) function of the lower extremity and demonstrated positive 
dynamics during the restoration of the amplitude of ac
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ruction of the lower extremity. 

defects in the ankle joint and 
of the foot.  

methods of repair it is 
extensor digitorum brevis 

finger muscle flap, a dorsal flap on 
dorsal foot artery flap, a medial 

Most of the above are muscular 
s with their own number of complications at the 

Therefore, in the course of reconstruction of 
defects of the foot with the use of reverse 

in our opinion is a one-stage procedure, 
which has a number of peculiarities: Short time of 
operative intervention, esthetic component and rapid 
restoration of function of the foot. On the other hand, 

reconstruction with the use of reverse sural 
trained and skilled surgeon, who has 

of "lifting" and rotation, features 
of observation and analysis of retrograde blood supply.  

defects of the lower extremity 
reconstructive plastic surgery as a 

of the Armed Forces of Ukraine.  
for similar" replacement, the 
defects of the soft tissues of 

should be considered the anatomical area within the 
At present, the reconstructive plastic surgery offers several 

retrograde perfusion for repairs of the 
anatomical "transition", including the ankle 

We propose to consider a 
method of reconstruction of gunshot 

joint and the posterior part of the 

In our clinical observation we demonstrate the convenience and utility of the 
concept and its practical implementation in the course of 

defect of the foot IVth compartment: 
of the right lower extremity (with the defect of soft tissues of the 

fracture of the heel bone –11,0*10*8,0 cm. 
The defect was closed by means of a reverse sural flap. The multi-modal 

operative period, intra- and post-
of the donor zone with good perfusion at 

repaired anatomical structure of the foot IVth 

This, in turn, provided an opportunity to restore 
the esthetic part of the defect well, to maintain a greater percentage of the 

and demonstrated positive 
of the amplitude of active movements.  

, multi-modal concept  
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Figure 1. Penetrating soft-tissue defect of the heel area of the
foot, day 5 after the injury. 
 

Methods 
 
 A clinical example of treatment of a 
wounded warrior of the Armed Forces of Ukraine in 
April 2022 of a gunshot penetrating shrapnel 
the right foot with a defect of soft tissues of the right 
foot ( IVth compartment), tangential gunshot
the heel bone is a bright example of implementation
a multi-modal concept of reconstruction 
reverse flap. The defect of soft tissues reminded the 
sand clock: the cavity sized 11,0*10*8,0 cm, the most 
part of the hollow is located on the outer surface of the 
foot and the smaller part on the inner surface of the 
foot.  
 Circumstances of the injury: The injury was 
received as a result of artillery gunshot
enemy on the East of Ukraine in April 2022.
second level of medical aid, foot wound
was provided, apparatus external fixation
installed.  After 4 days from the date of the
wounded was admitted to the MMCC of the 
Region (Figure 1). 
 The basis of the preparatory 
the reconstruction was the principle of 
which included the following actions:  

Figure 2. Dynamic digital thermography of the 
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heel area of the right 

A clinical example of treatment of a 
of the Armed Forces of Ukraine in 

shrapnel wound of 
the right foot with a defect of soft tissues of the right 

gunshot fracture of 
implementation of 

modal concept of reconstruction with a sural 
The defect of soft tissues reminded the 

11,0*10*8,0 cm, the most 
is located on the outer surface of the 

on the inner surface of the 

ircumstances of the injury: The injury was 
gunshot from the 

of Ukraine in April 2022. On the 
foot wound debridement 
external fixation was 

After 4 days from the date of the injury, the 
MMCC of the Southern 

The basis of the preparatory work prior to 
of limb salvage, 
 

 
Dynamic digital thermography of the wound surface 

Figure 3. Installation of the system of controlled negative pressure

 
 Delicate debridement

part of the damaged 
preserved) the basis for preservation was 
temperature 30.1С
identification with confirmation of 
satisfactory blood 
audio-doppler (Figure 2

 As the second 
physiological solution of 0,9% sodium 
chloride in volume 3,0 l 
allowed to remove small fragments of 
necrotic tissues and to reduce quantitative 
bacterial load of the wound surface; 

 the final "preparatory" component was 
installation of a controlled 
system in pulsed 
mmHg. (Figure 3) 
 

 This surgical tactic
preserve the larger volume of the wound defect, but 
also to achieve active growth of granulation tissue at 
the expense of mechanical transd
cavity by 40% compared with 
admission. 
 

Surgical tactics  

The basis of the reconstructive and restorative 
tactics was a multi-modal approach with the 
DDT, which allowed to remotely identify the location 
of the penetration branch on the back of the upper
third of the right shin. The 
preoperatively confirmed the location of the artery, 
and the DG of the expert class provided an opportunity 
to assess the volume and velocity of blood flow.
crucial factor in making the final decision on the 
reverse sural flap was the CT angiography of the right 
lower extremity, which allowed to estimate the 
vascular status of the shin and foot, taking into account 
the secondary changes after the injury and additionally 
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of the system of controlled negative pressure. 

debridement (after which the most 
part of the damaged soft tissues was 

) the basis for preservation was 
С on the wound surface and 

identification with confirmation of 
blood flow with the help of an 

Figure 2);  
the second step the pulse lavage 

physiological solution of 0,9% sodium 
chloride in volume 3,0 l was used, which 
allowed to remove small fragments of 
necrotic tissues and to reduce quantitative 
bacterial load of the wound surface;  
the final "preparatory" component was the 

controlled negative pressure 
 regime adjusted to -145 

)  

surgical tactics allowed not only to 
preserve the larger volume of the wound defect, but 
also to achieve active growth of granulation tissue at 
the expense of mechanical transduction - to reduce the 
cavity by 40% compared with its dimensions on 

The basis of the reconstructive and restorative 
modal approach with the use of the 

, which allowed to remotely identify the location 
branch on the back of the upper-

The audio doppler, which 
confirmed the location of the artery, 

class provided an opportunity 
to assess the volume and velocity of blood flow. The 

the final decision on the 
was the CT angiography of the right 

lower extremity, which allowed to estimate the 
and foot, taking into account 

the secondary changes after the injury and additionally  
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determine the anatomical characteristics: Diameter and 
length of the branch of the sural artery. 
 The size of the flap was taken into account 
only in relation to the donor zone of the external 
surface of the foot, because at the 
preparation for closure, its internal surface was closed 
with secondary seams. In order to estimate
area, the defect was preliminarily measured 
template from sterile rubber handlebars was 
Additionally, the length and width of the 
increased by 10% in view of the future 
the flap. The cut for "lifting" was made on the 
side of the upper third of the right 
artery/nerve short saphenous vein, which 
basis for the flap nutrition, were identified
"lifting" of the flap, its surface was monitored by the 
DDT and the audio doppler to determine pulsation and 
assess blood flow. The final stage of the operation was 
rotation of the flap by 180 (Figure 4
outer surface of the right foot in the IV
and its fixation. The reverse flow control was carried 
out by DDT (which identified the "warm" surface of 
31.1С), and the audio doppler confirmed pulsation in 
the rotated vascular structure. 
 
Results 
 

 In general, the gunshot defect of the right foot 
was "closed" within 4 weeks. As a result, the closure 
was achieved by 97%, because in the post
period there was marginal lysis of the distal part of the 
flap. This complication was cured with
dressings. The donor site was closed by 
suturing and healed by primary intention

Figure 4. A.Rotation of the reverse sural flap by
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determine the anatomical characteristics: Diameter and 
artery.  

was taken into account 
the donor zone of the external 

surface of the foot, because at the step the wound 
internal surface was closed 

estimate the flap 
measured and a 

template from sterile rubber handlebars was made. 
length and width of the flap was 

the future contracting of 
The cut for "lifting" was made on the rear 

 shin. The sural 
short saphenous vein, which constitute a 

for the flap nutrition, were identified. During the 
surface was monitored by the 

oppler to determine pulsation and 
The final stage of the operation was 

Figure 4), towards the 
IVth compartment 

The reverse flow control was carried 
(which identified the "warm" surface of 

oppler confirmed pulsation in 

defect of the right foot 
As a result, the closure 

was achieved by 97%, because in the post-operative 
lysis of the distal part of the 

with chemotrypsin 
The donor site was closed by counter-

intention. After the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
wound was healed by primary intention 
was referred to a rehabilitation clinic in France
the state program.  
 
Discussion 
 

Reconstruction of the 
part of the of the IVth foot
difficult task for reconstructive plastic surgeons, 
because it is important that the tissue that has been 
used for replacement is not too 
patient was able to wear shoes and resist the forces of 
tension and pressure. In addition, the reconstruction 
soft tissues should soften the soleplate, allowing to 
carry weight. Secondary intention 
this area significantly prolongs the recovery 
and leads to chronic persisting

Figure 5. A. The medial surface of the foot, 
the foot with the condition of reverse 

 

by 180 degrees. B. Thermographic control (after the wound 
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by primary intention the patient 
to a rehabilitation clinic in France under 

Reconstruction of the gunshot defects of the rear 
foot compartment remains a 

for reconstructive plastic surgeons, 
because it is important that the tissue that has been 

is not too voluminous so that the 
to wear shoes and resist the forces of 

In addition, the reconstruction of 
soft tissues should soften the soleplate, allowing to 

intention wound healing in 
prolongs the recovery period 

persisting wounds.  

 
surface of the foot, B. Lateral surface of 

of reverse sural flap. 

hermographic control (after the wound closure). 
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It is not possible to solve all problems caused by
the gunshot etiology by a simple RSF
sural flap is an option in cases where there is need to
obtain a large volume of tissue (Figure 5
 Additional requirement: patients 
immobilized in an unnatural position. 
be used with the advantage of good 
and no restrictions on their use, regardless of distance 
from the place of defect. However, in the case of 
complications of the donor site, it requires a 
prolonged operative time.  

Considering the principle of replacement of 
adjacent soft tissues "similar for similar", the ideal
method of reconstruction can be reverse, skin
shin flap (sural flap).  

Internal or distal positioned skin
have been developed, but these methods also have 
limitations when defects exceeding 3 cm
covered. This led to the evolution of the RS
was initially presented by Ishikawa and other authors.
Basically, there are 3 types of RS
reconstruction of the foot. As to the most important 
factor, the flap survival in these operations, the exact 
anatomy and blood circulation pattern 
be identified before the operation at any time, and this 
is done by the multi-modal concept (DPT with audio 
doppler).  

 
Conclusion 

 
This clinical example was based on the 

experience gained while providing surgical care 
wounded warriors of the Armed Forces of Ukraine
the stage of medical evacuation, surgeon, which 
introduces bias in the study design. The multim
scheme of monitoring of gunshot defects of the 
extremity has demonstrated its efficiency and qualit
as an addition to the existing methods of 
of reconstructive restoration operations. 
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