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Abstract
Introduction The foot bears the load of the entire body while walking and particularly the plantar part of it resists a tremendous weight-
bearing. A peculiarity of the skin cover of the supporting zones is that the elastic fibers of the soft tissues of the plantar foot fix the skin to 
the deep fascia and the bone skeleton, resulting in minimizing of the supportive tissue mobility and increasing pressure stability without 
circulation disorder in areas of increased weight-bearing. Therefore, the requirements to the plastic properties of the selected material for 
the reconstruction of the soft tissues of the foot increase. Purpose is to review the various methods and techniques of surgical treatment 
for extensive soft tissue defects of the foot using flaps with an axial type of circulation. Material and methods The search of materials 
was performed from 2015 through 2020 in the following sources of information: eLibrary.ru; bibliographic bases (Scopus,; Web of 
Science); electronic library of dissertations of the Russian State Library (http://diss.rsl.ru) and sites of Dissertation Boards. The review 
of 72 publications of national and foreign authors related to this topic is presented. The depth of source selection was 16 years, starting 
from 2004. In the last 5 years, 45 studies data have been published. The literature related to surgical treatment of extensive defects in the 
foot soft tissues using complex flaps with an axial type of circulation supply was analyzed. Results Basing on the analysis of publications 
from various sources, the disadvantages and advantages of various methods and techniques of reconstructive plastic surgery are presented 
and various approaches and criteria for choosing the techniques of surgical soft tissues reconstruction are described. Conclusion In the 
treatment of patients with extensive soft tissue defects of the foot at the current stage of the  reconstructive plastic surgery development, 
the doctrines based on microsurgical technologies of autografts of tissue complexes with an axial type of circulation became the most 
acceptable ways and techniques for lost skin restoration.
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INTRODUCTION

The rapid development of current medicine in 
providing qualified medical aid after injuries of the 
locomotor system requires the development of certain 
doctrines, mainly aimed at the accelerated recovery after 
injuries. The need to develop concepts and doctrines 
is caused by the large-scale type of these injuries and 
progressive development of reconstructive surgery. The 
introduction of these doctrines is provided by up-to-date 
surgical technologies. Inflated expectations dictate the 
need to systematize both the surgical reconstructive 
plastic technologies and social, day-to-day and 
professional rehabilitation, stimulating the development 
of new concepts and doctrines. Current clinical practice 
aggravates the problem of providing practical care 
to patients with extensive soft tissue wound defects, 
in particular, in functionally active areas (joint areas, 
support areas, etc.) [1–28].

Currently, the optimal doctrines for the reconstruction 
of soft tissues in these areas are not fully developed. 
Peculiarity of the skin cover in the supportive area is 
that the elastic fibers of the soft tissues of the plantar 
foot and the palmar hand fix the skin to the deep fascia 
and the bone skeleton, resulting in minimizing of the 

supportive tissue mobility and increasing pressure 
stability without circulation disorder in areas of increased 
weight-bearing and minimizing of the skin mobility 
results in the increased stability of the support without 
disturbing blood circulation. In this context, the soft 
tissue components are inadequate but functional, and 
their transformation does not occur. Tissue destruction 
resulting from the injuries of the locomotor system 
have the tendency to increase due to the aggravation of 
the accident and life injuries and the severity of man-
made accidents and catastrophes. This problem can be 
referred to the state problem and health care in general, 
in particular, due to the fact that the qualitative and 
quantitative injury increase directly affects the criteria 
for the health of population, especially of working age. 
We also observe the dynamics of combined and multiple 
injury growth causing rough and sometimes irreversible 
defects of the main skeleton segments changing the 
problem for the worse [1, 5, 10–18, 29, 30].

Purpose To review the various methods and 
techniques of surgical treatment for extensive soft tissue 
defects of the foot using flaps with an axial type of 
vascularization.
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MATERIALS AND METHODS

The search of materials was performed from 2015 
through 2020 in the following sources of information: 
eLibrary.ru; bibliographic bases (Scopus,; Web of 
Science); electronic library of dissertations of the Russian 
State Library (http://diss.rsl.ru) and sites of Dissertation 
Boards. The following terms were used in search: 
plastic surgery, reconstructive surgery, microsurgery, 
skin plasty, foot and soft tissues defect. The review of 
72 publications of national and foreign authors related 

to this topic is presented. The depth of source selection 
was 16 years, starting from 2004. For the last 5 years 
45 studies data have been published. The publications 
related to surgical treatment of extensive defects in the 
foot soft tissues using different ways and techniques of 
skin plasty with flaps of axial type of circulation were 
included in the analysis criteria. Exclusion criteria 
included articles related to the subject but without 
description of surgical aspects of the treatment.

RESULTS

Extensive traumatic wound surfaces of the skin 
cover in the distal limb, especially foot, refer to hard-
to-solve manifestations of soft tissues destruction in the 
limb segments. The difficulty of solving this problem is 
caused by a number of factors, i.e. the increase of the 
injury severity and incidence of locomotor system limbs 
segments; peculiarity of circulation of the various parts 
of the foot; peculiarity of the soft tissues structure of the 
supportive foot surface; specific architectonics of the 
foot skin being unable to move and soft tissues deficit; 
and the mutual arrangement of numerous anatomical 
structures having close functional relationship in a 
small space. All the above factors make it difficult to 
cover extensive soft tissue defects, especially in cases 
of combined injuries with exposure of bones, joints, 
blood vessels and nerves with the possible development 
of infection bone complications. Since the weight-
bearing of the entire body falls on the foot, there is a 
huge load like friction on its plantar part increasing in 
walking, therefore, the properties of the plastic material 
used need to have high potentials for mechanical 
strength. Considering the above peculiarities of the 
plastic material selection, currently the conventional 
methods and techniques of soft tissue reconstruction 
became unpopularity due to low functional efficiency. 
Therefore, to date, the techniques of covering extensive 
defects of investing tissues using tissue complexes 
with axial type of circulation have gained some 
popularity. [6, 10, 14, 15, 19–26, 30, 31, 32].

There are the following types of surgical approaches 
for the reconstruction of soft tissues of various limb 
segments, including foot. One of the simple techniques 
is the transfer of geometric flaps in various directions 
and combinations, aimed for approximation of the 
wound defect margins. Currently many authors 
began to widely use the method of dermotension with 
expanders in order to create a bulky skin, which is also 
aimed at making the wound margins closer together. 
This technique is not always effective in the foot due 
to the peculiarities of the latter contours. Split and full-
layer skin flaps are particularly essential for covering 

extensive wounds with thermal injuries of the limbs and 
trunk and are aimed for immediate coverage of the lost 
skin. It is well known that skin flaps without autonomous 
blood supply do not have sufficient elasticity due to the 
inevitable retraction in the late postoperative period and, 
therefore, cannot contribute to complete reconstruction 
of the foot soft tissues, especially on the plantar surface. 
Adipo-cutaneous flaps known for centuries and tailored 
using Italian and Indian techniques can be referred 
to the earliest methods for coverage of extensive soft 
tissues defects in the limbs. Frequent errors in planning 
the boundaries of such autografts are caused by the fact 
that the formation of the ratio of the width to the length 
of the flap is carried out without anatomical analysis of 
the projection of the axial vessels being nutrient for this 
area. The origin of the axial type of the skin autograft 
circulation can be seen in Filatov tubed flap, that can be 
referred to the ancestor of current tissue complexes with 
an axial type of circulation. This flap allows to form the 
required amount of plastic material. The next advantage 
of the flap is a sufficient degree of blood supply due 
to two vascularized pedicles, providing adequate blood 
filling of the autograft. Pedicle flaps (“Italian” plastic, 
“Filatov tubed flap”), in addition to long process of 
treatment, frequent necrosis and trophic disorders, 
cause inconvenience to the patients associated with long 
forced position of the body [24, 26–29, 33-36].

Over the last years, many authors have widely used 
flaps with regional type of circulation without crossing 
the vascular pedicle. The popularity of these flaps is 
caused by their undeniable advantage, including the 
possibility to apply large tissue complexes with one 
vascular pedicle. The next advantage refers to the 
simplicity of these flaps tailoring without the obligatory 
usage of microsurgical instrumentations. The history of 
these flaps begins with the proposal of S. Esser (1817) to 
tailor vascularized tissue complexes, taking into account 
the anatomical vascular structure of the architectonics 
of the skin and underlying tissues. This initiative was 
continued by S. Manchot, who in 1889 published the 
atlas of the anatomical structure of 36 areas in human 
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body with an axial and regional type of vascularization. 
The first reference of island flap application based on 
thoracodorsal vessels for the reconstruction of soft 
tissues in large chest defect after radical mastectomy 
belongs to Tanzini (1896). According to J.V. McCrow 
and D.G. Dibbell (1977), the basic principle of 
vascularized myocutaneous flaps application lies in 
considering this complex as a single organ in common 
vascularized bundle. The studies performed by many 
authors, in particular, J. Hoopers (1976), B. Myers and 
W. Donovan (1977) have proven that the survival of non-
free vascularized pedicle flaps is directly proportional 
to the caliber and blood flow velocity of the nutrient 
vessels, i.e. depends on the amount of blood flow. In 
this case, it is possible to ignore incorrect geometric 
ratio of the width and length of tailored flaps. The wide 
use of muscle and myocutaneous flaps with dominant 
vascular revascularization in non-free version in the 
reconstruction of soft tissues of various limb segments 
began after the publications of V.Y. Bakamjian (1969), 
B.S. Logosov and E.G. Kurbanova (1970) [1, 6, 8, 29, 
30, 37–45].

Radical change in the basic principles and 
doctrines of surgical techniques in the reconstruction 
of extensive soft tissue defects, especially those 
combined with severe injuries of the bone skeleton, 
occurred after the wide-scale application of tissue 
complexes based on the concept of the dominant role 
of the septal cutaneous arteries in vascularization. 
This concept made it possible to develop new 
technologies for soft tissue defects repair, even the 
large ones, allowing to outweigh the shortcomings 
of existing conventional methods and techniques of 
soft tissue reconstruction based on reconstructive 
plastic surgery. It was proved that any segment injury 
of the limb damages the regional circulation, in 
particular the foot. Vacsularized flaps, together with 
the coverage function in these conditions, improve 
the vascularization of the ischemic foot due to the 
autonomic circulation. Practically complete exclusion 
of dense scar formation between the autograft and the 
underlying anatomical formations makes essential the 
application of vascularized flaps as a plastic material 
in the reconstruction of the plantar soft tissues of the 
foot being under enormous mechanical stress and 
sustaining significant displacement when walking. 
There is also reinnervation possibility of the free 
vascularized flaps when autograft perineural suture 
with the sensory nerve of the affected segment area is 
applied [6, 10, 28, 29, 33, 41, 42, 44, 46–52].

In current reconstructive plastic microsurgery there 
are two ways to use autografts with an axial type of 
vascularity. The first way involves the flap transfer 
from the donor area in a free form, i.e. crossing 

vascularized pedicle followed by revascularization 
with microsurgical vascular anastomoses. The second 
variant of these flaps usage includes the reversion of 
the autograft on the nutrient vessels. The first method 
of flap revascularization requires microsurgical 
instrumentation, magnifying optics and trained surgical 
team [34, 37, 38, 40].

As a rule, traumatic foot injuries with extensive 
destruction of soft tissues are accompanied by fracture 
of the segment bone skeleton. In these combined 
injuries, we face the problem of the sequence of the 
bone base restoration and the foot soft tissue structures 
reconstruction. The sequence and timing of restorative 
and reconstructive operations using various techniques 
of skin grafting and bone fragments osteosynthesis 
is actively discussed in literature today. There is also 
a problem of soft tissue defect repair in application 
of conventional and skin plasty techniques after the 
“maturation” of wound defect or vascularized skin 
grafting, both free and non-free ones.

Some authors actively support the soft tissues 
reconstruction using free vascularized flaps with 
microvascular anastomoses, motivating their position 
by the fact that free transfer of vascularized flaps 
reduces the risk of infection complications of bone 
tissue and minimizes the possibility of malformations 
in bone fragment healing in comparison with non-free 
vascularized skin grafting.

Another group of authors does not find much 
difference between the types of revascularization 
of tissue complexes in terms of the frequency and 
prevalence of infection complications and the timing of 
bone fragments healing. [1, 3, 14, 35, 53–60].

The other group of authors takes the view that 
extensive destruction of soft tissues in high-energy 
injuries in the acute period is the contraindication for 
the tissue complexes application with an axial type 
of vascularization as a plastic material in any type of 
revascularization. At the same time, some authors 
follow more active tactic, giving priority to vascularized 
tissues to cover extensive soft tissue defects, including 
the same of the foot.

According to various publication data, in the practice 
of even the most experienced microsurgeons using up-
to-date microsurgical equipment, the obstruction of 
microvascular anastomoses like thrombosis, considering 
the location and damage severity, is observed in 5–18 % 
of cases. Therefore, many surgeons are looking for 
the safest ways to use vascularized tissue complexes, 
especially for covering extensive skin defects of the distal 
limb, in particular the feet, with preference to use island 
vascularized flaps. These autografts are more simple for 
surgical procedure, and their application is practically 
free of the risk of vascular thrombosis compared to free 
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flaps on microvascular anastomoses [1, 3, 6, 8, 15, 19, 
22, 25, 37, 43, 45].

In the available current literature, there are various 
publications, sometimes contradictory, on the timing 
of soft tissue reconstruction with extensive defects, 
in particular, the distal limbs. Some authors suggest 
early active surgical approach, when the others, on 
the contrary, offer more cautious, sometimes delayed 
approach. The latter refers to M.B. Kim, who basing on 
an analysis of the treatment of the patients with the leg 
soft tissue defects came to the conclusion that closing 
the wounds with skin sutures or various techniques 
of vacuum treatment, the proportion of reconstructive 
plastic surgeries using microsurgical techniques sharply 
decreases. The incidence of treatment complications 
including osteomyelitis, non-union of bone fragments 
and deep ischemia of the distal limb, according to 
the author, did not decrease. Recommendations for 
reducing the portion of the vascularized flaps application 
for covering the extensive soft tissue defects with 
combined injuries of the distal limb are given by V.B. 
Bondarev et al. in favor of primary shortening of the 
affected limb and autoplasty with a split skin autograft 
after the preparation of the wound defect using vacuum 
treatment. This statement excludes the lack of options 
for the repair of extensive soft tissue defects using 
microsurgical techniques [7, 10, 16, 21, 24, 36, 50].

Basing on the analysis of Russian literature today it can 
be concluded that in recent years there was a significant 
increase in the proportion of early reconstruction of the 
distal lower limb soft tissues, including feet, with skin 
grafting using microsurgical techniques. Therefore, L.A. 
Rodomanova and A.Yu. Kocis, analyzing the results 
of treatment of two groups comprising 594 patients, 
came to the conclusion that it is useful to perform early 
reconstruction of soft tissues by microsurgical technique 
before the development of the rough scar tissue. This 
tactic allows to minimize disability, length of treatment 
and the proportion of multi-stage surgical applications. 
A.A. Bogov et al. follow the tactics of primary radical 
surgical treatment of the area of traumatic destruction 

of the soft tissues, claiming that a wound defect of 
soft tissues, regardless the size, location and combined 
character, should be replaced immediately after injury. 
Comprehensive studies performed in the RNIIT named 
after R.R. Vreden, led to the conclusion that the period 
of up to six weeks from the moment of injury is optimal 
for plastic coverage of soft tissue defects. In this case, it 
is preferable to use only vascularized tissue complexes 
both in free and non-free version [2, 6, 10, 23, 36, 45, 
60–65].

To this date of reconstructive plastic surgery 
development, the method of choosing one or another 
type of skin plasty in repair of extensive wound defects 
in the limb soft tissues especially in functionally active 
zones, according to most authors, can include the 
surgical doctrines using tissue complexes with an axial 
type of circulation. The application of vascularized 
tissue complexes in early active surgical tactics in 
extensive destruction of the soft tissues of the limbs 
prevents infection complications, significantly optimizes 
reparative processes and protects the underlying 
anatomical formations from further involvement in 
the infection process. Acute restoration of all damaged 
anatomical structures in the area of injury, including 
deeper tissues (bone tissue, peripheral nerves and main 
arteries, tendons), allowing significantly reduce the 
recovery time of the injured limb functions, using early 
functional rehabilitation treatment can be referred to the 
next positive statement [1, 5, 6, 8, 15, 17, 41, 44, 53, 58].

There are also different opinions regarding the 
application of tissue complexes with an axial type of 
vascularized pedicle in an island version or in a free 
form on microvascular anastomoses.

Lipatov K.V. et al. are the supporters of broadening the 
indications for free flaps application with microvascular 
anastomoses at the early stages after injury and explain 
their beliefs by the fact that the use of island tissue 
complexes as a plastic material for covering extensive 
wound defects increases the incidence of infection 
complications and nonunion of bone fragments [2, 6, 
10, 31, 32, 36, 52, 66–69].

DISCUSSION

The analysis of the above problem resulted in the 
conclusion that it is preferable to cover extensive defects 
in the soft tissues of the foot using complex flaps with 
autonomic circulation. The decision to use these flaps 
in a free or non-free version is made depending on the 
interval after injury, the severity, area and combination 
of injuries, and the competence of the operating team in 
application of microsurgical technologies [1, 3, 6, 8, 10, 
12, 15, 17, 21, 29, 34, 44, 53, 58, 68].

During retrospective analysis of the studies, the 
efficiency of using various flaps with an axial type of 

circulation was evaluated. Fasciocutaneous flaps are 
more preferable for extensive defects without evident 
infection of the wound surface and involvement of deeper 
anatomical structures in the process. Myocutaneous flaps 
are recommended in exposure of bone tissue, joints, 
tendons, and neurovascular bundles. We believe that 
infection process in the area of large soft tissue defect 
is not a contraindication for application of vascularized 
myocutaneous flaps, but, on the contrary, an indication 
for surgery since the usage of this flap allows to arrest 
the infection process by connecting additional blood 
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