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Problems of healing chronic wounds
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Aim. The work aimed to analyze and highlight the problems of chronic wound healing and modern methods of
stimulation of reparative processes according to literature sources.

An analysis of the scientific literature was carried out, in which views on the problems of wound healing are presented,
taking into account the factors affecting the formation and healing of chronic wounds, and modern methods that
stimulate reparation processes. |dentifying the problems of wound healing will allow a comprehensive approach to
the assessment of the wound process, taking into account the factors affecting the healing of injuries.

Modern scientists are actively discussing the problems of wound healing, researching factors influencing the re-
parative process, including the high prevalence of chronic wounds, diagnosis and treatment of wound infections,
age of patients, and state of immunity. In the case of systemic diseases, such as diabetes, cardiovascular patho-
logy, etc., there is a violation of microcirculation, and as a result, there are violations of the phasing of reparative
processes at the cellular level. As a result, the alteration process does not end and the process becomes chronic.

In case of a mechanical injury, when adaptation reserves are reduced, primarily of the neurohumoral system, a key
role is played by the disruption of regulatory mechanisms at the cellular level. Wound treatment requires surgical
treatment, stimulation of angiogenesis, and other reparative processes at the systemic and local levels.

In recent years, various methods of stimulating reparative processes have been used in clinical practice to treat
wounds: local administration of recombinant growth factors, use of platelet-rich plasma, biotechnological wound
dressings, and artificial skin substitutes. One of the most promising areas of wound treatment is the development
of methods for targeted activation of stem cells. However, there are still insufficient data for the practical application
of this method. Clinically effective and safe methods are still being developed. Physical methods are promising for
improving the healing of chronic wounds. However, the selection of optimal parameters for physical action continues
to be an urgent task. Despite the positive results obtained using the methods described above, there is a need for
additional experimental studies and randomized controlled trials.

Conclusions. Chronic wounds develop as a result of severe systemic diseases, and major mechanical injuries
against the background of a decrease in physiological reserves due to emotional and psychological stress, obesity,
etc. Choosing the right method of influencing the reparative process, taking into account the leading mechanism
of damage repair, becomes very important to ensure the best chance for optimal wound healing.
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MpobAeMu 3aro€HHA XPOHIYHUX paH
H. M. BabeHko, O. b. AitBiHOBa, C. b. lMaBnroB, M. B. Kymeuko, B. B. Komapuyk

MeTa po60oTu — 32 faHUMK (haxoBoi NiTepaTypy NpoaHaniyBaTy Ta BUCBITIIUTY NPOGIEMM 3arOEHHS XPOHIYHIX
paH i cyqacHi MeToan CTUMYNALT penapaTuBHIX NPOLECiB.

3pificHunu aHanis HaykoBOi NiTepaTypu, B AKil BUKNaAeHo Nornsaay Ha Npobrnemm 3aroeHHs paH, BpaxoBykoum
thakTopw, LLO BNIMBaOTL Ha (POPMYBAHHS Ta 3arOeHHs! XPOHIYHMX PaH, @ TaKOX Cy4acHi MeToau, WO CTUMYITHO-
loTb Npouecy penapauii. BusHayeHHs npobnem nopyLueHHs Npouecy 3aroeHHs paH AacTb 3MOry 3AINCHUTH
KOMMMEKCHe OLjiHIOBaHHS PAHOBOTO MPOLIECY, 3BaXa04N HA YUHHIKM, LLO BNMNBAIOTb HA 3aTOEHHS NOLLKOIKEH.

HwHi akTBHO 06roBOpIOKOTH NPOBIEMM 3aroeHHS paH, AOCTIAXYOTb (hakTOPKW BAMBY Ha penapaTuBHMIA NPOLIEC,
30KpemMa BICOKY MOLUMPEHICTb XPOHIYHUX PaH, AiarHOCTUKY Ta NiKyBaHHS paHOBMX iHEKLI, BiK NauieHTiB, CTaH
iMyHiTETY. Y pasi cUCTEMHWX 3aXBOPIOBaHb (fiabeT, cepLeBo-CyaMHHA NaTonoris TOLLO) BU3HAYAKTb NOPYLLEHHS
MIKPOLIMPKYNALYT, 8 OTXe NOpyLIYETbCS eTanHiCTb penapaTuBHIUX NPOLECIB Ha KIITWHHOMY PiBHI. B pesynbrari
He BinbYyBaETLCS 3aBEpPLLEHHS MPOLECy ansTepaii, NPOLEC CTae XPOHIYHUM.

Y pasi MexaHi4HOi TpaBMu NPy 3HKEHHI pe3epBiB aaanTallii, Hacamnepes HePBOBO-TYMOPAnNbHOI CUCTEMM, KITHO4O-
BY POIb BifirpatoTb NOPYLLEHHS MEXaHi3MiB Perynsii Ha KIiTMHHOMY piBHi. [ins nikyBaHHs paH noTpibHa xipypriyHa
06pobka, CTUMYNIOBaHHS aHrioreHesy  iHLWNX penapaTUBHUX NPOLIECIB HA CUCTEMHOMY Ta JTOKarnbHOMY PIBHSIX.
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B ocTaHHi poku Ans nikyBaHHS paH y KNiHIYHI NpakTuLL 3aCTOCOBYIOTb Pi3Hi METOAM CTUMYNSALii penapaTMBHUX
NpoLeciB: MicLieBE BBEAEHHS pEKOMOIHAHTHUX (haKTOPIB POCTY, 3aCTOCYBaHHS TPOMBOLMTAPHOI Nnasmu, Giotex-
HOMOTIYHNX PAHOBWX MOKPUTTIB i LUTYYHWX 3aMiHHWKIB LUKipW. OAMH i3 HaMNEePCNEKTUBHILLIMX HANPAMIB NiKyBaHHS
paH — po3pobneHHs METOAIB CNPSIMOBAHOI akTuBaLii CTOBOYPOBMX KNiTUH. BTiM, Anst NnpakTUYHOTO 3aCTOCYBaHHS!
L4bOr0 METOZY MOKU LLIO HEAOCTaTHBO AaHuX. KniHiYHO edhekTUBHI Ta Be3neyHi METoauKy e Ha eTani po3pobku.
lMepcnekTMBHUMW AN NOKPALLEHHS 3arOEHHS XPOHIYHUX pPaH € (i3nyHi METOAM, ane BU3HAYEHHS OnTUMarb-
HWUX NapameTpiB (i3nyHOI Aii 3anuwaeTbCs akTyanbHUM 3aBOaHHAM. He3Baxarouu Ha NosWTUBHI pesynsTaTh,
L0 ofepanu 3a [OMOMOrol0 Ha3BaHWX MeTopiB, HeobXiaHi 4oAaTKOBI ekcrnepyMeHTarnbHi Ta paHaoMi30BaHi
KOHTPOMbOBaHi AOCMIMKEHHS.

BucHOBKM. XpOHiYHi paHu BUHWKAOTb BHACTIILOK TSKKMX CUCTEMHMNX 3aXBOPIOBAHb, BEMUKIX MEXaHIYHWX YLLKO-
[DKEHb Ha TNi 3HWKEHHS (Di3ioNoriYHnX pe3epsiB BHACMIAOK EMOLIHO-NCUXOONYHNX CTPECIB, OXUPIHHS TOLLLO.
Bw3HaueHHs npaBuIbHOrO METoy BNAMBY Ha penapaTBHUIA NPOLIEC, BPAXOBYOUW NPOBIAHWIA MexaHi3M penapadlii
MOLLKODKEHb, CTaE yKe BXIMBUM Ans 3abe3neyeHHs HalkpaLLux LAHCIB 415 ONTUMAsbHOTO 3aro€HHs PaHMm.

CyuacHi MeauuHi TexHoorii. 2023. Ne 3(58). C. 66-70

Wounds include any violation or damage to the anatomical
structure and function due to severe damage to organs, such as
the skin. Environmental factors significantly impact the body’s
ability to respond to injury. And even though the skin has innate
reparative abilities, as in any biological process, sufficient per-
turbation of the system leads to aberrations, which in the case of
wounds are manifested by excessive scarring on the one hand
or incomplete healing on the other [1].

The prevalence of chronic wounds due to various causes is
approximately 2.2 per 1000 population [2]. The 5-year mortality
rate for diabetic foot ulcers is 30.5 %, which is comparable to
cancer-related mortality (31 %) [3]. Wounds are also an economic
burden for healthcare systems worldwide [4].

Aim

The aim is to analyze and highlight the problems of chronic
wound healing and modern methods of stimulation of reparative
processes according to literature sources.

Areview and analysis of scientific literature were conducted
based on publications included in Scopus, Web of Science, and
PubMed databases. For the analysis, it was decided to include
mainly articles published in English. An analysis of the scientific
literature was carried out, presenting views on the problems of
wound healing, taking into account the factors affecting healing
and modern methods that stimulate the reparation process.

Modern ideas about the problems of healing chronic
wounds. Wound healing requires a complex interaction between
the immune, circulatory, nervous, and other systems. When the
skin is injured, complex interactions occur involving various types
of skin cells, peripheral nerve cells, and immune and vascular
cells.

The main cells involved in the wound healing process are
platelets, neutrophils, monocytes, macrophages, fibroblasts, ke-
ratinocytes, endothelial cells, epithelial cells, and myofibroblasts.
Rare subsets of stem cells in the skin have also been found that
are unipotent in the intact state but become multipotent after skin
injury [5]. The epidermis contains various stem cells such as bulge
stem cells, interfollicular stem cells, and sebaceous stem cells.
On the other hand, the dermis contains two types of stem cell
populations, namely, hair follicle stem cells in the dermal papilla
and perivascular stem cells [6].

Skin regeneration cannot be achieved without the influence of
aneurogenic factor [7]. Thus, in the skin, there is a dense network
of sensory nerve afferents and modulators of nervous origin,
which interact with epidermal keratinocytes and dermal fibroblasts
in two directions to ensure normal wound healing after injury [8].

Wound healing is regulated by numerous cytokines and
growth factors. Growth factors such as platelet-derived growth
factor (PDGF), transforming growth factor beta and alpha (TGF-B,
TGF-a), fibroblast growth factor (FGF), vascular endothelial
growth factor (VEGF), and others are of great importance for the
regulation inflammatory reaction, stimulation of angiogenesis,
formation of granulation tissue and tissue repair [9,10]. Disruption
of healing occurs in case of violation of the complex mechanism
of interaction between molecules and cells [11]. Understanding
the causes of altered expression of molecular factors leading to
altered cellular function will provide insight into potential targets
for intervention.

So, the proper functioning of the skin, as a neuro-immune-en-
docrine organ, depends on its ability to repair damage. The
immune system plays a central role in wound healing. The state
of cellular and humoral immunity can significantly affect overall
health [12]. Dysregulation of the immune response during wound
healing leads to severe tissue injury.

Elevated levels of pro-inflammatory cytokines, proteases,
reactive oxygen species (ROS), or infections caused by various
pathogens are observed, leading to aberrations in immune cell
recruitment, changes in proteolytic balance, and increased
oxidative stress [13]. Chronic inflammation may be associated
with low immune activity, for example, as a result of incomplete
phagocytosis, or with the characteristics of the pathogen.

The occurrence of biofilm colonization, which is one of the
main problems during the treatment of chronic wound infections,
can lead to delayed wound healing [14]. Bacterial biofilms inter-
act with the host immune system by activating neutrophils and
pro-inflammatory macrophages, resulting in the accumulation
of inflammatory cytokines. On the other hand, the unregulated
immune environment of chronic wounds encourages bacteria to
proliferate, leading to a vicious cycle of biofilm growth and ongoing
inflammation [15]. The lack of objective clinical diagnostic criteria
for wound infection often leads to the inappropriate use of anti-
biotics, which puts patients at risk of developing polyresistance
of the microbiome to antibiotics [16].
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But in most cases, ongoing chronic inflammation, which
causes chronicity of the process, is associated with the impos-
sibility of removing the altering factor [17]. Severe pathologies
and concomitant diseases, including cardiovascular diseases,
diabetes, and diseases of the lungs, kidneys, and peripheral
vessels, can significantly alter or inhibit normal wound healing
[3,18]. Treatment of trophic ulcers, for example, is associated
primarily with the treatment of the underlying systemic disease.
So, diabetes is characterized by hyperglycemia, which is a signi-
ficant cause of the development of inflammation [19]. Circulatory
dysfunction at the micro- and macrovascular level is also a lead-
ing factor that slows down or prevents wound healing [19]. It has
been demonstrated that the correction of arterial hypertension
accompanying contributes to healing injuries [20]. However, the
treatment of trophic wounds is not always successful due to the
formation of pathological feedback.

Old age is another major factor influencing wound healing.
In the United States, for example, 3 % of the population over 65
have open wounds [21]. In the cohort of gerontological patients,
there is usually a slow metabolism, a violation of hormonal
reactions, and a deficiency of nutrients [22]. As people age, the
immune system naturally weakens. It is for this reason older
people are more susceptible to infections. Some medications
work synergistically with age to increase the incidence of chronic
wounds. Treating patients receiving chemotherapy, radiation,
steroids, methotrexate, and a variety of other drugs can slow
down wound healing [23].

Obesity has a detrimental effect on wound healing [24]. In
conditions of excessive body weight, blood flow is disturbed. Poor
vascularization leads to poor oxygenation, which can further delay
normal wound healing. Another factor contributing to poor wound
healing in obesity is an immune imbalance. Chronic diseases
caused by obesity can create a vicious cycle of inflammation
and damage [25]. Separate factors in the deterioration of the
treatment results of a chronic wound are a sedentary lifestyle
[26], smoking status [27], and experiencing psychological stress
[28], nutrient deficiency [29].

Modern methods of stimulation of reparative processes.
Diagnosis and treatment of chronic wounds is difficult due to the
complexity of wound healing mechanisms and the duration of
treatment. Therefore, the development and improvement of inno-
vative methods of skin wound healing are relevant for medicine
all over the world.

Factors contributing to the delayed healing of chronic wounds
are key components of a comprehensive approach to wound
care. Limiting or eliminating aggravating factors will also promote
better wound healing. For better wound healing, the treatment of
comorbidities is necessary: targeted glycemic control is necessary
to accelerate wound healing in diabetes; treatment of venous
ulcers requires lifelong compression therapy. Adequate perfusion,
or improved perfusion, is key to the potential for wound healing
in the treatment of patients with arterial ulcers.

Given that the immune system is the leading one involved in
the processes of chronic wound healing, the use of immunomo-
dulation to accelerate the healing of chronic wounds is justified.
At the same time, stimulating the immune system when it cannot
effectively eliminate the infection can worsen chronic inflamma-

tion [30]. Immune system deficiency can be caused by genetics,
chemotherapy, radiation, malnutrition, and the like.

Conventional wound care includes various surgical proce-
dures, non-surgical therapies, and skin wound treatment regimens
based on pharmacological agents [31]. Surgical processing
remains the gold standard for wound care. Non-surgical wound
care includes various types of wound dressings and topical for-
mulations. To improve skin regeneration, biotechnological wound
coverings, artificial skin substitutes, and 3D printed acellular scaf-
folds or bioprinted cellular scaffolds are used [32]. But there is the
problem of choosing the appropriate treatment for practitioners, for
example, the huge market for wound dressings is diverse, but there
are no publicly available quantitative data to support the claims
of manufacturers [33]. Also, to accelerate the healing of wounds
with various types of wounds, preparations of xenogenic origin
[34] and biological preparations of placental origin [35] are used.

A promising direction of wound healing stimulation is the
local administration of recombinant growth factors such as EGF,
FGF, VEGF, GM-CSF, and others that stimulate migration, proli-
feration, and differentiation of cells in vivo, which allows external
modulation of the healing process [36]. Autologous platelet-rich
plasma is also effective for wound healing. Its use enhances
re-epithelialization, induces angiogenesis, and promotes wound
reduction and collagen deposition. However, there are insufficient
data on its use in patients with acute and chronic wounds [37].

The latest developments in the field of advanced wound care
technologies include nanotherapy and stem cell therapy [6]. For
example, stem cell-derived exosomes have been proposed as
a desirable source for regenerative medicine due to their role in
promoting anti-inflammatory cell phenotypes, cell migration, and
angiogenesis [38]. However, currently, available treatments face
many limitations, such as short exposure time, low efficacy, high
toxicity, high cost, and high risk of infection [39].

To stimulate reparative processes, physical methods are wide-
ly used, such as electrical stimulation [40], photobiomodulation
therapy [41], hyperbaric oxygen therapy [42], negative pressure
wound therapy [43], the use of magnetic fields [44] and magnetic
tools [45], the use of ultrasound [46] and others. However, despite
the positive results, the problem is the lack of optimal parameters
as a standard treatment. Any long-term complications should
also be monitored. Differences in wound characteristics, patient
demographics, and technique parameters require additional
experimental research and randomized controlled trials.

Identifying the problems of wound healing will allow a compre-
hensive approach to the evaluation of the wound process, taking
into account the factors that affect the healing of injuries, which
will reduce the risks of complications and improve the treatment
of patients with chronic wounds.

Conclusions

1. Chronic wounds develop as a result of severe systemic
diseases, and extensive mechanical damage against the back-
ground of a decrease in physiological reserves due to emotional
and psychological stress, obesity, etc.

2. Inthe case of severe systemic diseases, such as diabetes,
cardiovascular pathology, etc., as a rule, microcirculation disor-

68 Modern medical technology. No. 3, July - September 2023

ISSN 2072-9367



Oranap aitepatypu / Reviews of literature

ders are observed, and as a result, violations of the phasing of
reparative processes at the cellular level are occurred. This leads
to the fact that the completion of the alteration process does not
occur, the pathological positive feedback closes and the process
becomes self-sustaining with the formation of a non-healing
trophic ulcer.

3. Inthe case of extensive mechanical injury, with a decrease
in adaptation reserves, primarily of the neurohumoral system, the
key role is played by violations of regulatory mechanisms at the
cellular level, both systemic and local.

4. Treatment of wounds requires surgical debridement, stimu-
lation of angiogenesis, and other reparative processes at the
systemic and mainly local levels.

5. Platelet-rich plasma, recombinant growth factors, biotech-
nological wound dressings, etc. are used to stimulate reparative
processes. However, despite a large number of studies, clinically
effective and safe techniques are still being developed.

6. Physical methods of influencing the wound, such as va-
cuum dressings, photobiomodulation therapy, etc., have shown
high efficiency and safety. However, the selection of optimal
parameters of physical impact continues to be an urgent task.

7. One of the most promising areas of wound treatment is
the development of methods for targeted activation of stem cells.
Their role in the course of reparative processes is being studied.
However, there are not enough data for the practical application
of such methods.

Prospects for further research. In the future, it is planned
to study the mechanisms of reparative processes of injuries,
which will allow a scientifically based approach to the choice of
methods and ways of treating chronic wounds. It is advisable to
conduct a meta-analysis to quantify the importance of each factor
affecting wound healing.
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