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Alternative method of treating prolonged wound defects of trunk

and extremities

E. V. Ponomarenko, I. S. Kovalenko

Zaporizhzhia State Medical University, Ukraine

The aim of the study is to improve the treatment results in patients with prolonged wound defects on the trunk and extremities
by using alternative methods.

Materials and methods of research: 75 patients with neurotrophic disorders aged 19-76 years were treated. Of the total
number 25 (33.3 %) of patients were treated according to the methodology having been developed in the clinic.

Results and discussion: In 25 (33.3 %) cases of a neurotrophic ulcerative defect, skin regeneration course was prescribed
for 2 to 6 weeks. We have had positive results (complete defects healing) in all the cases. The clinical experience of using
hyaluronic acid preparation has been scientifically substantiated by the complex pathomorphological studies of skin biopsy
material (histological, histochemical, immunohistochemical techniques ones using monoclonal antibodies Rb a-Hu Collagen |,
Clone RAHC11 and Rb a-Hu Collagen Ill, Clone RAHC33 (Imtek, Russian Federation) to collagen | and Il types).

Conclusions: The choice of corrective intervention method and the closure of the defect depended on the size, depth of
the wound and the functional characteristics of the site of the injury. The new method of treatment of neurotrophic ulcers expands
the prospects for treatment of patients with defects in the integumentary tissues. At the pathomorphological examination,
the signs of healing with hyperproliferative processes were revealed in the epidermis, hyperkeratosis, parakeratosis, and
excessive accumulation of collagen type | that characterized pathological healing and was often determined in the epidermis
in chronic ulcers. Differential approach to selecting the method of closing wound surfaces makes it possible to achieve positive
results in 98.1 % of cases.

AnbTepHaTMBHUK cNOCi6 AiKyBaHHA TPUBaAAO iCHYIOUMX paHOBUX AedeKTIB TyAyba Ta KiHLiBOK

0. B. lNoHomapeHKo, I. C. KoBaneHKo

MeTa po6oT1 — noninLumMTh pesynbsraTu NikyBaHHsS XBOPYX i3 TPUBANO iCHYKYMMK paHOBUMM AedekTamu Tyrnyba Ta KiHLiBOk
LUMSAXOM 3aCTOCYBaHHS ansTepHaTUBHUX METOAIB.

Marepianu Ta metogum. Y KniHiLi nponikoBaHo 75 XBopwX i3 HeMpoTpodiuH1MK posnagamu Bikom Big 19 oo 76 pokis. 25 (33,3 %)
navuieHTiB Bif 3aranbHOi KiflbKOCTi NPOMikoBaHO 3a METOAMKO, KOTpa po3pobneHa B KMiHii.

Pesyniratu. Y 25 (33,3 %) Bunagkax HepoTpoivHOro B1PaskoBoro AedekTy NpusHadeHnii Kype peaepmaniaalii npotsrom 2—6
TWKHIB i3 NO3WNTVBHIM pe3ynsTaTtoM (MOBHE 3axuBneHHs AedekTy) B ycix Bunaakax. KniHiuHuin JoCBia 3acTocyBaHHS npenapary
rianypoHOBOI KMCMOTK HayKOBO OBrPYHTOBAHMIA KOMMMEKCHUM MaToMOPONoriyHM JOCTIMKEHHAM BionciliHoro matepiany
LUKipy (riCTONOTYHUMM, FICTOXIMIYHUMU, IMYHOTICTOXIMIYHMIY METOAMKAMM 3 BUKOPUCTAHHSM MOHOKMOHANbHUX aHTUTIN Rb a-Hu
Collagen I, Clone RAHC11 1a Rb a-Hu Collagen Ill, Clone RAHC33 («ImTek», Pociicbka PenepaLis) go konareny | ta lll Tunis).

BucHoBku. Bubip MeTogy Koperyto4oro BTpyYaHHs Ta 3akpuTTs AedekTy 3anexas Big po3mipiB, MUOUHW paHn Ta yHKLio-
HarnbHWUX 0COBNMBOCTEN AiNSAHKW NOLLKOMKEHHS. HOBIUI cnocib NikyBaHHS HEMPOTPOMIYHNX BUPA30K PO3LLMPIOE NEPCNEKTUBM
nikyBaHHS NALJEHTIB i3 AeheKTamm NOKPUBHWX TkaHWH. i Yac naToMopdonoriYHOro AOCHIMKEHHS BUSBMSAMNCH O3HAKV 3arOEHHS!
3 rinepnponicepaTMBHUMM NpoLecamu B enigepMici, rinepkepato3oM, napakeparo3om i HaAMIPHUM HAKOMUYEHHSIM KonareHy |
TUMY, LLIO XapaKTepK3ye NaTonoriyHe 3aroeHHs Ta YacTo BU3HAYAETLCA B eNifepMICi NPy XPOHiYHKX BUpaskax. AudepeHuinHni
nigxin 4o BUbopy MeToay 3aKpuTTS paHOBMX MOBEPXOHb AA€ MOXIMBICTb JOCATHYTU NO3UTUBHIX pesynbTaTis y 98,1 % Bunagkis.

AI\bTepHaTVIBHbIﬁ cnocob AeueHUs AAMTEABHO CyLLECTBYIOLLUX paHeBbIX AePeKTOB
TyAOBULLA U KOHEYHoCTeN

E. B. MoHomapeHko, U. C. KoBareHKo

Llenb pa6oTbl — yny4wnTb pesynsrathbl neveHnst GonbHbIX C ANUTENbHO CYLLECTBYIOLLMMW PaHEBLIMU AedeKTamm TyrnoBuLLa
1 KOHEYHOCTEW NyTeM NPUMEHEHIS! anbTepHaTUBHBIX METOAOB.

Marepuanbi u metoAbl. B knuHuKe nponeyeHo 75 BonbHbIX C HEMPOTPOdUYECKUMI TPOUYeCKUMU AedekTamm B Bo3pacTe
ot 19 go 76 ner. 25 (33,3 %) naumeHTOB OT 0BLLEro KonnyecTea NPoSIEYeHo No MeToauke, pa3paboTaHHON B KITMHUKE.

Pesynkrartbl. B 25 (33,3 %) cnyyasx HempoTpodnieckmx I3BeHHbIX 4edeKTOB Bbin Ha3Ha4YeH Kypc pefepManii3aLim B Te4eHe
2-6 Hefienb C NONOXMTENbHBIM Pe3yrnkTaToM (MONHOEe 3aXVBIEHUE fedekTa) BO BCex crnyyasix. KIMHNYECKIiA OMbIT NPUMEHEHNS
npenaparta r1anypoHOBOW KUCTOTbI Gl Hay4HO 060CHOBAH KOMMIEKCHBIM NaToMOPONor1yeckM 1ccnenoBaHem broncuit-
HOro MaTepuana Koxu (rMCTonornyeckuMm, TrMCTOXMMUYECKAMI, UMMYHOTUCTOXMMUYECKMI METOANKAMM (C UCMONb30BaHNEM
MOHOKIOHarnbHbIX aHTuTen Rb a-Hu Collagen I, Clone RAHC 11 v Rb a-Hu Collagen lll, Clone RAHC33 («/mTek», Poccuiickas
®epnepauns) k konnareny | u lll Tunos).
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BbiBoabl. BriGop MeTofa KOPPEKTUPYIOLLErO BMELATENLCTBA W 3aKpbITUs AedhekTa 3aBucer OT pasMepoB, My6uHbI paHbl
1 QYHKLMOHaNbHbIX 0COBEHHOCTEN yyacTka noBpexaeHns. HoBbli cnocob nedeHns HepoTpOUUECKUX SI3B paclumMpsieT
NepCneKTUBbI NIeYeHNs NaLMeHTOB ¢ AedhekTaMu NOKPOBHBIX TKaHeN. [Mpy naToMoponornieckom nccnesoBaHnm obHapyxu-
BanMCb MPU3HaKN 3aXMBEHUS C runepnponudgepaTBHLIMA NpoLeccamMmn B aNMAepMIUCe, MMnepkepaTosoM, napakepaTo3om
1 Ype3MepHbIM HakonneHueM konnareHa | Tmna, Y4To xapakTepu3ayeT NaTonormYeckoe 3aXMBNEHNE U YacTo onpeaenseTcs B
anuaepMumce Npu XpoHUYecknx s3eax. JuddepeHumpoBaHHbI NOAX0A K BbIOOPY MeToAa 3aKpbITUSt paHEBbIX MOBEPXHOCTEN
NO3BONSAET AOCTUYb MONOXMTENbHBIX pe3yneTaTtos B 98,1 % cnyyaes.

Patients with prolonged wound defects are, first of all,
the category of patients with disability for an indefinite
period, possible disability and a significant decrease in
the quality of life. As a rule, the patients receive long-term
courses of treatment in several medical institutions, as
outpatients too. The presence of wound surfaces leads
to the limitation of physical activity, the need for regular
painful dressings, permanent sense of malaise, the onset
of drugs’ side effects, emotional disorder.

Most often, the causes of prolonged wounds formation
are vascular diseases (trophic ulcers in chronic venous
insufficiency, ischemic ulcers in obliterating diseases of
arteries), complicated forms of diabetes mellitus (neu-
ropathic form of diabetic foot), cancer (radiation ulcers),
and so on. Neurotrophic ulcer defects, as consequences
of spinal cord injury and peripheral nerves, are difficult to
conservative therapy and surgical correction. In the United
States, every year more than 8-10 thousand new cases of
complicated vertebral and spinal trauma are recorded, in
Ukraine this figure is 2-3 thousand per year [3].

Despite the introduction of high-tech non-invasive
neurosurgical techniques, the vast majority of patients
with the consequences of traumatic injury to the spinal
cord are disabled [1,4].

The aim of the study is to improve the treatment results
of patients with long-standing wound defects of trunk and
extremities by using alternative methods.

Materials and methods of research

75 patients with neurotrophic disorders aged 19 to 76 years
old, with an average age of 47.5 years, were treated from
2011 to 2017 at the clinical basis of the Department of
Disaster Medicine, Military Medicine, Anesthesiology and
Intensive Care of Zaporizhzhia State Medical University.
Women — 27 (36 %), men — 48 (64 %). There were 25
(33.3 %) patients of the total number treated according to
the new methodology using hyaluronic acid preparation,
which has been developed in the clinic [2].

The patients were performed the following diagnostic
measures: general clinical examination, angiological,
neurological examination, clinical and laboratory diag-
nostics, microbiological monitoring of the wound contents,
CT, electroneuromyography, Doppler ultrasonography,
photodocumentation.

The complex pathomorphological study of the skin
biopsy material was performed by histological (staining
with hematoxylin and eosin), histochemical (Van Gieson’s
stain), immunohistochemical (according to the standar-
dized protocols [6]. Using monoclonal antibodies Rb a-Hu
Collagen |, Clone RAHC11 and Rb a-Hu Collagen ll, Clone
RAHC33 (Imtec, Russian Federation) to collagen types |
and Ill). For the morphometric study, the skin preparations
were photographed in 5 visual fields by the digital camera
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“Canon EOS 1000D” (Japan) in the microscope Axioplan
2 (Carl Zeiss, Germany) with the magnification x200 and
analyzed using the software Imaged [11]. For the mor-
phometric measurement of the relative area occupied by
immunopositive structures, a standard “threshold of sensi-
tivity” (the Threshold tool) was set up in the filtered image
DAB channel for automatic segmentation of the digital
image into two main types of pixel points (black and white),
followed by the calculation of the ratio of the number Black
pixel points (immunopositive zones) to the total number of
pixels in the image, expressed in %. The statistical proces-
sing of the results was performed on a personal computer
using the analysis package in the program Excel Microsoft
Office 2013 and Statistica® for Windows 6.0 (StatSoft Inc.,
License number AXXR712D833214FAN5). Median (Me),
lower and upper quartiles (Q1, Q3) were calculated.

Results and discussion

With neurotrophic ulcers (6 (8 %) of patients) with damage
to peripheral nerve trunks, it was mandatory to conduct
electroneuromyographic examinations with a neurosur-
geon'’s inspection and the appointment of a special treat-
ment. In 5 cases of trophic ulcers on the lower extremities,
autografting was performed by a split skin graft, in one
case of a wound defect on the forearm, they performed
plasty with a rotation skin adipose flap on the axial blood
supply.

In the 44 (58.7 %) patients, the decubital trophic de-
fects lll-IV degree in the spine (27 cases) area and the site
of greater trochanter of femoral bones (21 cases) were
diagnosed. The choice of the type of surgical intervention
depends on the size of the defect.

In 12 patients there were 2 localizations simultaneous-
ly, in 4 patients — 3 localizations. In case of vertebral locali-
zation of neurotrophic ulcers, in 7 cases, plasty was used
with one or two V-like skin and muscle rotation flaps; in 16
cases plasty was with skin adipose dicotyledonous pedicle
flap; in 9 cases of neurotrophic ulcers in the site of greater
trochanter plasty with rotation skin adipose dicotyledonous
pedicle flap was performed. In other cases wound defects
plasty was performed by the split autografting.

To prevent the development of seromas and hema-
tomas in the early postoperative period, active drainages
were installed for up to 5-7 days. Mandatory preoperative
preparation included rational antibacterial therapy, taking
into account the sensitivity of the sown flora, restoring
electrolyte, water and protein balance. In all the patients,
the primary healing of wound defects has been noted.
Cases of rejection, marginal necrosis of flaps haven't
been marked. In 3 cases subflapular seroma (up to 5 cm
in diameter), which was successfully eliminated, occurred.
In the remote period recurrences of neurotrophic ulcers
have not been noted.

Maronoris. Tom 14, Ne 2(40), TpaBeHb—cepneHb 2017 p.



In 25 (33.3 %) cases of neurotrophic ulcer defect on
the heels and residual defects in the area of the sacrum,
buttocks a redermalization course was prescribed for 2 to
6 weeks with a positive result (complete defect healing)
in all the cases.

Clinical manifestations of neuropathy were absence
of pain, immutability of skin integuments temperature and
their normal color, intact pulsation in the dorsal arteries
of the foot, the presence of hyperkeratosis on the sole,
specific deformity of the fingers, feet and joints. Trophic
ulcers were localized in the places of excessive pressure
on the sole — the area of the heel, the heads of metatarsal
bones, the lateral part of the foot. The electroneuromyo-
graphy confirmed the diagnosis in all the cases, namely,
the lack of electrical conductivity along the peripheral nerve
endings of the leg.

The basis of the new method for the treatment of
trophic ulcers in the lower extremities is using a combined
preparation of hyaluronic acid with sodium salt of succinic
acid [2].

We have used the preparation of hyaluronic acid with
sodium salt of succinic acid by injecting 1.0 ml of 1.5 %
solution intracutaneously around the ulcer defect once
per week for 5-7 weeks. During the treatment, dynamic
measurements of the trophic ulcer defect were performed.

All the patients were treated according to this method
and they were discharged with a positive result, namely,
the complete healing of the trophic ulcer defect.

The introduction of hyaluronic acid preparations into
the extracellular matrix provides the site of the surgery
with the additional amount of hyaluronic acid to optimize
the performance of its biological functions in the skin,
such as: the tissues’ turgor and flexibility increases and
the processes of elastogenesis, collagenogenesis and an-
giogenesis are stimulated. Sodium succinate (sodium salt
of succinic acid) operates at the level of mitochondria — to
activate the processes of cellular respiration, ATP synthesis
and the structural proteins of the skin.

This treatment technique can be used not only at
the conditions of in-patient department but at the out-pa-
tient setting too which significantly reduces the terms of
treatment and patient’s stay in the hospital.

Despite the fact that redermalization is the technique
that requires special training, its further use does not
require specific instruments, anesthetic support, or ope-
rating room.

Conducting weekly measurements of ulcer defect
makes it possible to evaluate the results of treatment in
the dynamics and be able to correct treatment, which does
not require special tools either, except for centimeter tape
or tracing paper.

Thus, the combination of the afore-mentioned positive
influences has contributed to increase the efficiency of
treatment, to accelerate the recovery of patients, reduce
the number of complications and reduce the number of
bed days.

In addition to the fact that the use of this method does
not require special means and the attracting of the other
profile specialists, it can be used in the outpatient mode
for the treatment of prolonged existing trophic ulcers with
vascular etiology in the complex with surgical methods of
intervention.
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Example. Patient L., 1982, the history of the disease
No. 1199 was admitted to the Department of Thermal
Injury and Reconstructive Surgery with the diagnosis:
Consequences of severe spinal trauma. Vertebral fracture
L1. Spinal cord contusion. Neurotrophic ulcer defects of
the lumbar, sacrum, buttocks, both heels. Lower Para-
plegia. Dysfunction of the pelvic organs in the form of
retention.

Date of hospitalization: 25.01.2012.

Date of discharge: 07.03.2012.

On admission to the hospital the patient complained
of the presence of wounds on the sacrum, buttocks, heels.

Anamnesis of iliness: the patient considers himself
to have been ill for six months, when he was injured fal-
ling from the height at the construction site. He has had
the course of complex treatment in the neurosurgical de-
partment. In the postoperative period there were bedsores
in the area of sacrum, heels. The patient was hospitalized
to the department of thermal trauma for further treatment.
Local examination of the sacrum area showed wound de-
fect 10x10 cm with straight edges and active granulations,
in the area of both heels there is necrosis.

The patient received the course of antibacterial, infu-
sion therapy, exercise therapy, massage, debridement of
wound defects.

21.06.12 — operative intervention was performed —
closure of the neurotrophic wound defect of the sacral area
with a rotation two-lobe fasciocutaneous flap. Sutures were
removed on the 14" day.

02.11.11 — necrectomy of the marginal necrosis of
the flap, secondary suturing, autoplasty.

18.11.11 — autoplasty of wound defects of heels.

13.12.11 — epicystostoma surgery.

19.01.12 — autoplasty of residual wound defects.

The patient is again hospitalized with residual wound
defects in the area of the sacrum and heels and new
neurotrophic defects in the buttocks.

After the course of antibacterial therapy, defects
debridement

15.02.12 — autoplasty of wound defects was per-
formed.

From 08.02.12 the course of injection 1.5 % solution
of hyaluronic acid started. In the dressing room, the pa-
tient’s wound defect area was debrided with an antiseptic
solution. The size of the defect was measured with
the centimeter tape before the beginning of the therapy.
Completely ready-to-use glass Luer-lock syringe filled
beforehand and an additional needle with a solution of
non-structured hyaluronic acid with succinate (concen-
tration of hyaluronic acid 15 mg/ml) was used. Indenting
from the edge of the ulcer for 0.5 cm, 0.1-0.2 ml solution
is injected intracutaneously once by the tunnel method.
Spacing between the injections is 0.5 cm.

A sterile gauze bandage was applied on the wound
defect. The procedure was repeated 2 times a week with
the obligatory measurement of the wound defect and its
photographing. The course of treatment was 2 weeks.
After the treatment course, the complete epithelization of
wound defects in the area of both heels and the buttocks
was noted.

The clinical experience of using hyaluronic acid prepa-
ration has been scientifically substantiated by the studies

ISSN 2306-8027  http://pat.zsmu.edu.ua

199



200

OpwuriHaAbHI AOCAIAXKEHHS

performed in accordance with the program of joint scientific
research of the Department of Medicine of Catastrophes,
Military Medicine, Anesthesiology and Intensive Care,
and the Institute of Clinical Pathology, ZSMU, dated Nov
20, 2015 on the base of the Institute of Clinical Pathology,
ZSMU.

During the complex pathomorphologic examination
of the skin biopsy material from the para-wound zone
in 25 (33.3 %) patients with neurotrophic defects of
the integumentary tissues, who had been treated by
the method of using hyaluronic acid 1.5 % with sodium
succinate, it was found that the epidermis in these areas
had a different morphology from the epidermis of healthy
skin, which was represented by a stratified epithelium
and consisted of several layers of keratinocytes. During
maturation, these cells move from the proliferative state in
the basal layer to the differentiated state, acquire stratified
structure, lose their nuclei and form enucleated corneal
layer.

In pathohistological examination of the skin biopsy
material stained with hematoxylin and eosin, in this group
of patients after the injections of hyaluronic acid prepara-
tion, the signs of healing wounds were revealed. In most
cases, they were characterized by the formation of a thick,
hyperproliferative epidermis containing mitotic active cells
not only in the basal but also in the supra-basal layers,
which according to some literature data is the result of
activation and excessive expression of c-myc [9]. Further-
more, the other differences were found — the presence
of hyperkeratosis (thick corneal layer) and parakeratosis
(the presence of nuclei in the corneal layer), which can give
evidence of the incomplete differentiation of keratinocytes
and often characterizes the epidermis of chronic ulcers
[7]. Itis known that induction of c-myc and suppression of
K6/K16 can lead to inhibition of keratinocytes migration in
human skin, which contributes to the incomplete activation
of keratinocytes and possibly the development of chronic
wounds [8,9]. In some cases, the restricted areas of gra-
nulation tissue formation were identified and the areas of
pseudoepytheliomatous hyperplasia, that is often revealed
in chronic defects’ edges and caused by chronic injury of
the damaged areas.

At the histochemical studies of the skin fragments in
this group of patients, stained according to Van Gieson’s
method, the areas of sclerosed dermis with intensely
developed collagen framework were revealed as unsy-
stematically arranged thin and thick bundles of collagen
fibers and inflammatory cell infiltration between them. In
some cases, the normal structure of the dermis with a
neat and orderly network of collagen was detected, which
was covered with a thin layer of epidermis. It is known
that the initial phase of wound healing is characterized by
the release of IL-1 and TNFa by keratinocytes that acting
autocrinely, increase the migration and proliferation of
keratinocytes, activate adjacent fibroblasts and increase
the secretion of FGF (fibroblast growth factor), whichin turn
promotes the migration of fibroblasts and the accumulation
of ECM components, primarily collagens [12]. The other
important signaling molecule produced by both keratino-
cytes and fibroblasts is TGF-B. Its expression induces
the formation of granulation tissue, reepithelization and
tissue reconstruction [5].
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In the parallel immunohistochemical examination of
these skin fragments, using monoclonal antibodies to col-
lagen types | and Il in most cases its marked expression
was revealed with considerable accumulation in the form
of wavy pale and intensely colored single and collected in
fascicles, sometimes interwoven with each other fibrillary
structures in all the layers of the dermis. During photodigital
skin fragments morphometry in patients with neurotrophic
ulcers it was determined that the relative area of collagen
type | deposition is 28.15 (24.35; 35.24) % and collagen
type Ill — 23.01 (20.94; 25.95) %.

Thus, it was determined that in the dermal structures
of most patients in this group there was a denser accu-
mulation of collagen type | than collagen type lll, that
according to the findings of other studies may be the result
of an imbalance between the processes of synthesis and
degradation of proteins of extracellular matrix and leads
to the pathological scarring [10,14]. According to some
studies, it has been established that chronic inflammatory
infiltration in the zones of skin damage is accompanied
by activation of leukocytes, cytokines and matrix metal-
loproteinases, which support the inflammatory reaction,
stimulate pathologic production of collagen by fibroblasts,
their proliferation and pathological fibrosis, as well as
lipodermatosclerosis [10].

In the complex microscopic examination of skin tissue
sections stained with hematoxylin and eosin and according
to Van Gieson’s method in the control group of patients
(20 ones with wound defects of the integumentary tissues
of the trunk and extremities without damage to the ner-
vous structures) the areas with intensive development of
the dermal collagen framework covered with a thin layer of
the epidermis, that contained mitotic active keratinocytes
in the supra-basal layers, often with flattening of the der-
mally-epidermal junction. Fibroblast clusters and a focal
lymphocytic infiltration were revealed among collagen
bundles. In the analysis of digital images of skin samples
with immune positive zones in this group of patients it
was also observed an intense accumulation of collagens
types | and Ill as pale and dark brown fibrous structures of
thin single and organized into bundles fibrils in all dermal
layers. In this case, the relative area of accumulation of
collagen type | was lower than in the previous group and
amounted to 19.01 (14.80; 22.73) % and collagen type
Il - 26.67 (25.11; 33.01) %. This way it was found that in
the dermis of the most patients in this group a significant
accumulation of collagen type Il was observed, which
usually occurs at the early stages of regeneration than
collagen type | that according to the data of the other
studies is revealed in immature connective tissue [13] and
is explained by the early stages of surgical interventions
and the intake of skin biopsy material after tissue damage
in this group of patients.

Conclusions:

1. The choice of the method of corrective interven-
tion and the closure of the defect depended on the size,
depth of the wound and the functional characteristics of
the damaged site.

2. The new method of treatment of neurotrophic ulcers
of the lower extremities using hyaluronic acid preparation

Maronoris. Tom 14, Ne 2(40), TpaBeHb—cepneHb 2017 p.



with sodium succinate enhances the prospects for treat-
ment of patients with integumentary tissues defects.

3. Pathomorphological examination of skin fragments
in patients with neurotrophic ulcers revealed signs of
healing with hyperproliferative processes in the epidermis,
hyperkeratosis, parakeratosis, and the excessive accumu-
lation of collagen type | which characterizes pathological
scarring and is often determined in the epidermis in chronic
ulcers.

4. Differential approach to the selection of the me-
thod of closing wound surfaces associated with damage
to the central and peripheral nervous systems makes it
possible to achieve positive results in 98.1 % of cases.
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