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Anatomical features of the leg create prerequisites for the occur-
rence of severe damage to bone-soft structures with the further
development of infection-necrotic complications and osteoielitus.
A difficult problem is the development of infected soft tissue defects.
Objective. To study the effectiveness of the use of plastic surgical
technologies using skin-fascial and muscular patches based on an-
giosomal concept by Taylor & Palmer. Methods. Treatment results
analysis of 3 patients with necrotic defects of the leg soft tissues.
All patients initially received high-energy different sites fractures
of the leg bones and they were given metaloostheosynthesis us-
ing plates. In all cases, treatment was complicated by the occur-
rence of trophic disorders with infected full-layer defects of soft
tissues that did not heal. Results. According to the angiosomal Tay-
lor’s & Palmer’s theory, the human body is divided into 40 three-
dimensional zones that combine skin with subordinate fiber and
muscles, and have clear limits of blood supply to one nourishing
artery. Full-haired soft-blooded patches, taking into account areas
of angiosomes, are supplied throughout the plane and to the full
depth, which guarantees much better results at the transplant site.
The use of traditional plastics technologies in study group patients,
on previous treatment did not lead to positive results, and the use
of combined plastics based on the angiosomes concept allowed
to obtain 100 % positive results, with complete healing of the foci
of infection and the absence of relapses. Conclusions. A new stage
in the development of plastic surgery, based on the angiosomes
theory of human body structure by the blood supply to Taylor &
Palmer, is promising for use in traumatology orthopaedics. The ex-
perience of using angiosomal patches for plastics of infected defects
of the leg soft tissues has proved the high efficiency of this tech-
nology, which confirms the expediency of continuing research into
the angiosomal theory in the treatment of such pathology another
sites. Retrospective analysis of the etiology and pathogenesis for
the leg tissues post-traumatic infected defects can be used to cor-
rect fracture treatment tactics in order to avoid the development
of such complications. Key words. Leg, fractures, complications,
infected necrotic tissue defects, angiosomes, plastic surgery.

Anamomiuni 0co6IUB0CMI 20MIIKU CIMBOPIOIONb NEPEOYMOBU OISt
BUHUKHEHHST MAACKUX YULIKOOICEHb KICIKOBO-M IKOMKAHUHHUX
CMPYKMYp i3 NOOANbUWUM PO3GUMKOM [HHEKYIuHO-HeKpOo-
MUYHUX YCKIAOHeHb ma ocmeomicaimy. Baowckoio npobremoro
€ po36umox ingikosanux degexmie m’saxux mranun. Mema.
Busuumu egpexmuenicmos UKOPUCMAHHA NAACMUYHUX XIPYD-
2IUHUX MEXHONO02I 3i 3ACMOCY8AHHAM WKIPHO-PaAcyiaibHUX
i M’a3068ux wmamkie Ha ocHoei kouyenyii ameiocom Taylor
i Palmer. Memoou. Ilpoananizosano pesyivmamu 1iKy8aH-
HA 3 nayienmie i3 HEKPOMUUHUMUY 0eheKmamu M IKUX MKAHUH
20MInKU. Yci Xeopi nepeuHHO OMPUMANU BUCOKOCHEP2eMUYHI
neperomu Kicmok 2oMIAKu pizHol nokanizayii ma im 6yno npo-
6e0eH0 HaKicmKosull Memaioocmeocunmes. Y 6cix eunaokax
JUKYBAHHS YCKAAOHUIOCH GUHUKHEHHAM MPO@Iiunux po3nadie
3 [HIKOGAHUMU NOBHOWAPOSUMU OepeKmamu M AKUX MKa-
HUH 20MINKU, AKI He 3aeotoeanucs. Pesynomamu. 32iono 3 meo-
pieto anziocom Taylor i Palmer, mino noounu po3noodineno Ha
40 mpusumipnux 30H, AKi NOEOHYIOMb Y cobi WKIpy 3 nioiee-
JI010 HCUPOBOIO KITMKOBUHOK Md M A3AMU, MAIOMb YIMKi Mexici
KpogonocmayauHs 00HI€0 cusnadoro apmepicto. [losrnowaposi
MAKOMKAHUHHI WMAMKU 3 YPAXYBAHHAM OILIAHOK AH2IOCOM
KpOB8OROCMAauarmsCca Ha GCill NAOWUHI MA HA 6CHO 2AuOU-
HY, WO eapanmye Kpawje npudiCUsiIeHHs HA Micyi nepecaoxu.
3acmocysannn mpaouyitinux mexnonoeitl NAACMUKU 8 NAyicH-
mié Ha nonepeoHix emanax NiKky8anus ne npu3eeio 00 NO3uUmue-
HUX pe3yIbmamis, a 6UKOPUCMAHHA KOMOIHO8AHOT NIACMUKU HA
ocHo8i Konyenyii anziocom 0ozeonunro ompumamu 100 % no-
BUMUGHUX PE3YTbMAMIG i3 NOGHUM 3A20EHHAM GOCHUWY IHPeKYil
ma eiocymuicmro peyuougis. Bucnosxu. Hosuii eman pozeum-
Ky naacmuunoi xipypeii, akuil 0a3yemvca Ha aH2I0COMANbHIl
meopii 0ydosu mina n0ounu 3 60Ky Kposonocmavanusa Taylor
i Palmer, € nepcnexmusHum 015 3acmocy8anus ¢ opmoneoii ma
mpasmamonozii. BuxopucmanHns aneiocoOMaibHUx wmMamkie
0151 NAACMUKU THOIKOBAHUX OeqheKmie M 'aKUX MKAHUH 2OMLJ-
Ku € eghekmugnoo mexnonoeiero. JoyinbHo npodosxicumu 0o-
Ci0JHCeHHsT meopil an2iocom y NIKY8AHHI 3a3HAYeHOl namonoaii
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Introduction

The shin is the most typical localization of in-
fected wounds and trophic ulcers that do not heal
for a long time. At the same time, this localization
is the most difficult for choosing a method of plas-
tic replacement of defects of both soft tissues and
bones [1]. Anatomical and functional features of this
segment of the musculoskeletal system create the pre-
conditions for frequent and severe injuries, and
the deceptive simplicity of surgical access to the tibia
may form in surgeons a superficial idea of the pos-
sibility of arbitrary choice of methods for fixing bone
fragments and provoke unreasonable decisions about
treatment. The combination of tactical and techno-
logical errors results in disabling complications in
the form of adhesions, osteomyelitis, which is often
accompanied by infected wounds, soft tissue defects,
trophic ulcers, which do not heal even after the resto-
ration of the supporting function of the leg. Chronic
infected necrotic wounds are a significant obstacle to
the recovery of patients and their long-term course
causes exacerbation of osteomyelitis, local infectious-
allergic skin inflammation, etc.

The traditional practice of treating post-traumatic
or postoperative defects of the soft tissues of the low-
er leg is reduced to open management of wounds with
their gradual secondary healing. But this tactic does
not cover up for the impossibility of complete closure
of the wound, the frequent formation of gross scar-
ring of the skin and the further progression of chronic
wound infection [2]. These facts necessitate the re-
placement of the existing defect with an adequate
piece in size and composition [3, 4]. The main prob-
lem is the choice of the donor site for the collection
of plastic material and forecasting the prospects for
its further viability [5]. An empirical approach to de-
ciding on the method of choosing plastic surgery is
the cause of failure.

The viability of full-layer skin-fascial-muscle
pieces is the key to a successful plastic surgery. And
it is the relevance and importance of vascular nutri-
tion of different parts of the torso and extremities led
to an in-depth study of vascular anatomy, including
perforating skin arteries and their accompanying
veins, as a basis for island «perforating pieces», re-
gardless of local or remote transposition [6].

The study of this problem describes a large num-
ber of scientific papers. But anatomical studies, enab-
ling to create the concept of angiosomes, has become
a new stage in the development of plastic surgery
technologies [7, 8]. According to this theory, the hu-
man body is divided into 40 three-dimensional areas

of skin with subordinate fat and muscle, which are
clearly delineated by separate areas of blood supply
and have clear boundaries of nutrition by one artery
(Fig. 1). The area of each angiosome is determined
by the perimeter of the anastomotic vessels that con-
nect them in all directions (vessels of reduced cali-
ber, «choke vessels» [9], or real anastomoses without
reducing the caliber of blood vessels). On average,
there are 376 such vessels with a diameter of 0.5 mm
or more [10]. The value of the research performed
for plastic reconstructive surgery is that the full-layer
soft tissue pieces, prepared taking into account the are-
as of angiosomes, are fully supplied with blood over
the entire plane and to the full depth, which guaran-
tees better engraftment at the transplant site.

Many years of world experimental and clinical
practice have shown the unconditional expediency
of using angiosomal theory in plastic surgery. It has
been repeatedly proven that soft tissue pieces that
are planned, prepared and moved with strict regard
to the anatomy of angiosomes, fully maintain a full
blood supply and are well ingrained at the transplant
site [10].

Some publications on this topic have also been
found in the domestic professional literature [11].
In this article, we consider it appropriate to share
the experience of clinical use of angiosomal techno-
logy in the treatment of complicated infected injuries
of the lower leg, as one of the most problematic areas
of the human body from the standpoint of eliminating
infected soft tissue defects.

The aim of the study: to assess the effectiveness
of the use of plastic surgical technologies using non-

Fig. 1. Angiosomes of the human body [7]
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free skin-fascial and muscle pieces based on the con-
cept of angiosomes.

Materials and methods

The materials of the article were considered
at the meeting of the Committee on Bioethics at
the Sytenko Institute of Spine and Joint Pathology
National Academy of Medical Sciences of Ukraine
and received a positive decision (Minutes No. 216
of 26.04.2021).

The Department of Emergency Traumatology
and Reconstructive Surgery of the Sytenko Insti-
tute of Spine and Joint Pathology National Academy
of Medical Sciences of Ukraine and the Department
of Bone and Purulent Infection of the municipal non-
profit institution City General Hospital No. 18 as
of today have accumulated considerable experience
in the practical use of the theory of angiosomes for
plastic replacement of combined skin and soft tissue
defects of different localization secondary to infec-
tious complications . Dozens of surgeries have been
performed on the upper and lower extremities for pu-
rulent-necrotic defects of the skin and muscles of vari-
ous origin, e. g. post-traumatic, neuroendocrine or
onco-orthopedic. In this study, we decided to show
the high effectiveness of plastic angiosomal pieces on
the leg in case of injuries and post-traumatic compli-
cations of fractures. The clinical material is based on
the analysis of the results of treatment of 3 patients
with long-term infectious-necrotic defects of the soft
tissues of the leg. In due time, all patients received
high-energy fractures of the tibia of different localiza-
tion and with different classification features. Within
one day to three months after injury, the patients
were operated on using bone metal osteosynthesis.
In all cases, treatment was complicated by trophic
disorders, resulting in the development of infected
full-layer defects of the soft tissues of the lower leg,
which did not heal for a long time (from 7 weeks to
3 years). Two patients developed chronic osteomye-

litis. In the previous stages of treatment, two patients
were treated with traditional treatment technologies
and soft tissue restoration in case of long-term tro-
phic disorders and osteomyelitis (loosening dissec-
tion, «ltalian» restoration, etc.) without achieving
positive results. The presence of infected wounds in
patients significantly hindered the final recovery and
constantly provoked an exacerbation of osteomyelitis.

Substantive examination for the presence of con-
comitant vascular abnormalities using ultrasound was
the obligatory rule of examination and preoperative
preparation of patients, and at the stage of planning
plastic surgery and directly during the operation, we
used a portable Doppler device. The use of anticoagu-
lants, vascular and VAC therapy (as indicated), early
mobilization of patients were also mandatory compo-
nents of the treatment process.

Results and their discussion

Clinical example No. 1

A 63-year-old patient A., as a result of a fall re-
ceived a multifracture fracture of the proximal
epimetaphysis of the left tibia type 41 C2 according to
the AO/ASIF classification (Fig. 2, a). On the 10" day
after injury, open reposition and bone metal osteo-
synthesis of the tibia were performed (Fig. 2, b).

The postoperative period was complicated by
trophic disorders in the area of surgical access from
the medial surface, in the form of full-layer ne-
crosis of soft tissues with exposure of the bone in
the area of fracture and metal structures (Fig. 3, a).
In 1.5 months after the initial intervention, necrec-
tomy was performed, followed by VAC therapy to
prepare the wound for plastic replacement. Subse-
quently, the metal structure was removed, careful
planning of plastic surgery was performed, involuntary
plasticity of the defect was performed with a rotational
skin-fascial piece on the perforators of the lower medial
knee artery on a proximal basis (Fig. 3, b). Engraftment
of the moved piece proceeded without complications.

Fig. 2. Radiological images of a 63-year-old
patient A. after injury (a), after surgery (b)
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Fig. 3. Appearance of an area of the left knee joint of a 63-year-
old patient A. after osteosynthesis (a), after plastic surgery
of the defect with a rotational skin-fascial piece (b)

Fig. 4. Appearance of an area of the left knee joint of a 63-year-old
patient A., a year after surgery

Fig. 5. Radiological images of an 18-year-old patient S., after
injury (a), after primary surgery (b)

Fig. 6. Radiological images of the extremity of a patient S.: a) X-ray
of fistula; b) surgery planning

Fig. 7. Appearance of the extremity of an 18-year-old patient S.
after surgery: a) resection of scars and necrotic tissues; b) sural
rotational skin-fascial piece on the distal base; c) free split skin
piece (posterior surface of the tibia)

Fig. 8. Appearance of the extremity (a) and radiological
images of an 18-year-old patient S. in 6 months after plastic
surgery (b)

Fig. 9. Appearance of the extremities of an 18-year-old patient S.
in 2.5 years after plastic surgery

Fig. 4 illustrates the final result of treatment one year
after plastic surgery. The total follow-up period was
3 years after the last operation.

Clinical example No. 2

An 18-year-old patient S. received an open frac-
ture of the upper middle third of the right tibia as
a result of an accident, type 42 B3 according to
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AO/ ASIF (type II B according to the Kaplan-Markov
classification of open injuries) (Fig. 5, a). Urgently, at
the place of the accident, the patient underwent surgi-
cal treatment of the wound and extrafocal osteosyn-
thesis with a rod external fixator (Fig. 5, b). The post-
operative period was complicated by the development
of soft tissue infection and, subsequently, osteomye-

Fig. 10. Radiological images of a 39-year-old patient B.
in 2 months after injury (a), after open reposition and metal
osteosynthesis (b)

Fig. 11. Radiological images of a 39-year-old patient B. in
8 months after osteosynthesis, chronic osteomyelitis of the tibia,
fistula

Fig. 12. A 39-year-old patient B., stages of plastic surgery using
the medial head of the soleus muscle on the distal base and split
free skin graft

litis of the tibia. Within 1.5 years from the moment
of injury, the patient still underwent external fixa-
tion in the device and a series of fistula sequestrec-
tomies, but it did not eliminate the infectious process
and did not consolidate bone fragments (Fig. 6, a).
An area of hypotrophic scar degeneration of integu-
mentary tissues with numerous fistulas was formed
on the anterior medial surface of the tibia (Fig. 6, b).
At this stage of treatment, the external fixation de-
vice was dismantled, scars and necrotic tissues were
resected (Fig. 7, a), plastic surgery was performed
with a distal rotational skin-fascial piece on the dis-
tal base (Fig. 7, b), the donor wound was closed with
a free split skin piece, 7, ¢). In the postoperative pe-
riod, the limb was fixed with a functional bandage
«Scotch-cast» with «windows» for the rehabilitation
of the wound surface, which allowed axial loading
(Fig. 8, a). In 6 months after the described surgical
intervention, femoral fusion was achieved (Fig. 8, b),
in the complete absence of signs of infectious pro-
cess, reorganization of skin pieces and wound healing.
The total observation period after plastic surgery
was 2.5 years, the appearance of the limb is shown
in Fig. 9.

Clinical example No. 3

A 39-year-old patient B. received a frac-
ture of the pilon of the right leg in the classic ver-
sion of type 43 C3 according to the classification
of AO/ASIF. Primary treatment was performed on
an outpatient basis, at the place of residence, in rural
areas with the help of a posterior plaster cast. The pa-
tient was able to go to a specialized medical institu-
tion for social reasons only in 2 months after injury
(Fig. 10, a). Open reposition of fragments of the distal
metaepiphysis of the right tibia and bone metal os-
teosynthesis of the lower third of the right tibia was
performed (Fig. 10, b). The postoperative period was
complicated by a purulent-necrotic process in the area
of the postoperative wound, and then by osteomyelitis
of the tibia. However, in 8 months after osteosynthesis,

Fig. 13. A 39-yer-old patient B.,
general view of the extremity in
2 years after plastic surgery
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the metal structure was removed, the fractures were
consolidated, and the resistance function of the limb
was restored in the presence of the fistulous form
of osteomyelitis (Fig. 11).

That is, secondary to a consolidated fracture there
was a defect of integumentary tissues with periodic
exacerbations of the inflammatory process, which
significantly worsened the quality of life of the pa-
tient. The patient was repeatedly subjected to necrec-
tomy, attempts to close the infected soft tissue defect
in the distal third of the leg with the help of loosening
skin incisions, «ltalian» plastic surgery, etc. Due to
the presence of a combined deep soft tissue and bone
defect, it was considered appropriate to perform plas-
tic surgery using the medial head of the soleus muscle
on a distal base and a split free skin graft (Fig. 12).
One month after the operation, complete control was
achieved over the infectious inflammatory process
of both bone and integumentary tissues, the wounds
healed initially. The total observation period after
plastic surgery was 2 years, no recurrence of the in-
fectious process was noted; complete restructuring
of the skin and muscle pieces, restoration of limb po-
rosity was recorded. The appearance of the surgical
area is shown in Fig. 13.

Conclusions

The treatment of combined damage to the bone
and soft tissue structures of the lower leg is a multi-
component problem, leading to chronic infected
wound defects, and the use of traditional methods
of free and non-free skin grafting is generally in-
effective. That is why a new stage in the develop-
ment of plastic surgery, which is based on the an-
giosomal theory of the structure of the human body
by the blood supply, developed by G. 1. Taylor and
J. H. Palmer, is quite promising for use in orthopedics
and traumatology.

Our own clinical experience with the use of an-
giosomal pieces for plastics of infected soft tissue de-
fects of the upper and lower extremities has proven
the high efficiency of this technology.

It is advisable to continue clinical trials to develop
options for plastic surgery for the treatment of infec-
ted post-traumatic soft tissue defects of the extremi-
ties using angiosomal theory.

Further studies of the possibilities of angio-
somal plasticity of trophic lesions of the distal parts
of the lower extremities in vascular and endocrine ab-
normalities depending on its etiology and the degree

of circulatory disorders are promising.
Conflict of interest. The authors declare no conflict
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