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Chronic post-traumatic and trophic skin defects present a significant clinical challenge, particularly in the context
of ischemia, infection, diabetic angiopathy and neuropathy, or severe traumatic injuries. Conventional treatments
such as debridement, skin grafts, and local or free flaps often fail to achieve durable healing, thereby increasing
interest in regenerative technologies. Mesenchymal stem cells (MSCs), particularly those derived from bone mar-
row and adipose tissue (ADSCs), exert significant paracrine, angiogenic, and immunomodulatory effects. These
properties enhance the wound microenvironment and augment the efficacy of standard surgical interventions.
Clinical studies and meta-analyses indicate that autologous MSC therapy accelerates healing of diabetic, venous,
arterial, and mixed ulcers, decreases the risk of amputation, and improves tissue perfusion. In reconstructive
surgery for post-traumatic defects, ADSC/SVF-assisted lipofilling and nanofat technologies are widely utilized.
These approaches promote scar tissue remodeling, improve tissue elasticity, reduce contractures, and optimize
conditions for subsequent flap reconstruction. Furthermore, cellular or cell-matrix constructs (MSCs combined
with scaffolds) have the potential to manage complex soft-tissue defects with bone exposure, thereby reducing
the need for extensive reconstructive procedures. Despite these promising outcomes, current evidence is limited
by small sample sizes, methodological heterogeneity, the absence of standardized dosing protocols, and a lack of
large multicenter randomized controlled trials. Furthermore, although no significant risks have been reported in
existing studies, the issue of long-term oncological safety warrants continued monitoring. Emerging strategies
include cell-free approaches such as exosomes and MSC secretions. Additionally, the integration of cellular tech-
nologies with 3D-printed and bioengineered matrices, as well as the development of standardized surgical algo-
rithms that leverage MSCs to enhance the efficacy of conventional reconstructive techniques, are being explored.
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Chronic post-traumatic and trophic skin defects, in-
cluding venous, arterial, and mixed ulcers, diabetic
foot, pressure ulcers, radiation injuries, and postop-
erative wounds, represent a significant medical and
social challenge. In the United States alone, chronic
wounds affect approximately 6.5 million patients
and require more than $25 billion annually for treat-
ment; this burden continues to rise due to an aging
population and the increasing prevalence of diabetes
and obesity [65]. The prevalence of chronic wounds
in developed countries is estimated at 1-2 % of the
population, and the high frequency of complications
such as infection, osteomyelitis, amputation, and
disability makes them a major cause of disability
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[21, 24, 50]. Standard interventions, including sur-
gical debridement, necrectomy, split-thickness skin
grafts, local and regional flaps, negative pressure
therapy, compression therapy, and revascularization,
often fail to achieve stable epithelialization, particu-
larly in cases of severe ischemia, diabetic angiopathy
and neuropathy, systemic connective tissue diseases,
radiation injury, or military trauma [65, 66]. The fre-
quent recurrence of ulcers, prolonged disease course,
and substantial costs have driven the search for re-
generative strategies, with stem and progenitor cells
emerging as key therapeutic options [ 15, 53, 55].
This review aims to synthesize current evidence
on the clinical application of stem cells in the
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surgical management of post-traumatic and trophic
skin defects, with particular emphasis on integrat-
ing cellular technologies into surgical protocols, in-
cluding debridement, skin grafting, flap reconstruc-
tion, lipofilling, and combined techniques.

Pathophysiological prerequisites

and limitations of traditional surgery
Chronic wounds are characterized by a delayed inflam-
matory phase, manifested by prolonged neutrophil and
macrophage activity and persistent secretion of proin-
flammatory cytokines (TNF-a, IL-1B) [36, 53]. They
also have impaired angiogenesis [26], a deficiency of lo-
cal precursor cells (fibroblasts, endothelial progenitor
cells) [25], an imbalance of metalloproteinases (MMP)
and their inhibitors (TIMP) in favour of proteolysis
[26, 53], as well as damage and destruction of the ex-
tracellular matrix (ECM) [46, 53].

In diabetic foot and ischemic ulcers, additional
factors such as micro- and macroangiopathy, neu-
ropathy, and increased susceptibility to infection
are present. In contrast, post-traumatic defects are
characterized by cicatricial changes, the presence
of foreign bodies, and trophic disorders after multi-
stage reconstructions [5, 82].

Even when debridement and split-thickness skin
graft (STSG) are performed optimally, the presence
of poor perfusion or a significantly altered wound
bed is associated with a high incidence of partial or
complete graft necrosis [39]. Flap reconstruction
in patients with severe comorbid conditions is also
associated with an increased risk of complications
[54]. This creates a niche where adjuvant regen-
erative approaches can accelerate wound healing,
improve the quality of the wound bed tissues, and
increase the chances of skin graft engraftment.

Biological foundations of stem cell
applications in skin regeneration

Mesenchymal stem cells (MSCs) derived from bone
marrow, adipose tissue, umbilical cord, dental pulp,
placenta, and other adult stem cells have a number
of properties essential for wound healing. These in-
clude the capacity to differentiate into fibroblasts,
endothelial cells, pericytes, and keratinocytes; ro-
bust secretion of growth factors such as VEGE,
bFGF, TGF-B, and HGF; production of cytokines
and chemokines; and immunomodulatory effects,
including reduced proinflammatory cytokine pro-
duction and polarization of macrophages toward
the M2 phenotype [35, 36, 53, 55].

Recent reviews indicate that the clinical efficacy
of MSCs in chronic wound treatment is primarily
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mediated by paracrine signaling and modification
of the wound microenvironment, rather than by ex-
tensive direct differentiation into skin cells [15, 19,
34, 53]. This distinction carries significant clinical
implications:

Therapeutic effects may be achieved with rela-
tively small numbers of cells.

Cell-free technologies, such as conditioned
media and exosomes, represent promising, safer, and
more standardized alternatives.

The interaction of cells with the surgically pre-
pared wound bed is more critical than their physical
integration into the tissue.

Sources and types of stem cells
used in the clinical practice

Bone marrow-derived mesenchymal stem cells

Bone marrow mesenchymal stem cells (BM-MSCs)
are among the earliest sources used for the treatment
of chronic wounds. In the early 2000s, E.V. Badia-
vas and V. Falanga demonstrated that local appli-
cation of autologous bone marrow cells, which may
not be highly purified MSCs, promotes healing of
refractory chronic skin ulcers in humans [8].

A prospective study by N. R. Dash et al. involved
24 patients with chronic lower extremity ulcers
who received local injections of BM-MSCs (ap-
proximately 106 cells per 1 ¢cm? of wound area) at
the periphery and base of the defect following sur-
gical debridement. The study reported a significant
reduction in ulcer area and a higher rate of complete
healing compared to historical controls, with an ac-
ceptable safety profile [17].

Contemporary approaches emphasize the topical
application of allogeneic BM-MSCs as components
of ready-to-use products for the treatment of chronic
ulcers. Phase I/11 studies have confirmed good tol-
erability, a tendency to accelerate epithelialization,
and improvements in pain and quality of life [7].

Adipose-derived stem cells and

stromal vascular fraction

Adipose tissue represents the most accessible source
of MSCs. Adipose-derived stem cells (ADSCs) and
the stromal vascular fraction (SVF) can be isolat-
ed via liposuction with minimal donor morbidity,
a factor of particular significance in surgical pa-
tients [31, 32, 62, 63].

A systematic review by J. S. Holm et al. demon-
strated that, in most studies, ADSCs and adipose
tissue derivatives used for treating chronic ulcers
(venous, diabetic, ischemic) result in accelerated
healing, reduced pain, and an acceptable safety
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profile. However, the included trials often exhibit
heterogeneous designs and small sample sizes [32].
ADSCs may be administered through several ap-

proaches:

local injection into the wound bed and edges
as a cell suspension [20, 30];

as a component of SVF, a minimally manipu-
lated concentrate containing MSCs, pericytes, endo-
thelial cells, fibroblasts, and immune cells [18, 27, 45];

as part of nanofat, which is mechanically emul-
sified fat with a high concentration of progenitor
cells [18, 71];

in combination with platelet-rich plasma
(PRP), hydrogels, or collagen matrices [45, 64].

Other sources: umbilical cord, placenta,
Wharton’s jelly, and epidermal stem cells

Perinatal sources of MSCs, such as the umbilical
cord, placenta, and Wharton’s jelly, are of increasing
interest due to their high secretory potential, low im-
munogenicity, and the feasibility of standardized al-
logeneic production in accordance with good manu-
facturing practice (GMP). Wharton’s jelly-derived
MSCs are found in the mucopolysaccharide connec-
tive tissue of the umbilical cord, situated between the
amniotic epithelium and the umbilical cord vessels.
These cells exhibit a potent paracrine profile (VEGF,
HGE TGF-B, IL-10), high proliferative capacity, and
the ability to differentiate into both mesenchymal
and angiogenic lineages [6, 49, 75].

Experimental data and initial preclinical or small
clinical studies indicate that placenta-derived
MSCs (PMSCs) or their exosomes may enhance
skin wound healing, stimulate angiogenesis, and
modulate inflammation. However, large-scale ran-
domized studies are still lacking [43, 72, 78].

Epidermal and dermal stem cells, delivered as
cell coverings, keratinocyte sheet grafts, or com-
posite skin substitutes (including cultured epider-
mal autografts), have been used in burn centers for
many years to treat extensive post-burn and post-
traumatic defects. Clinical evidence demonstrates
that these grafts can achieve sufficient re-epitheli-
alization, restore barrier function, and enable defect
closure when donor sites are limited [10, 67]. How-
ever, outcomes are highly dependent on the wound
bed conditions, and complications such as contrac-
tures or partial loss of coverage are common. Com-
plete regeneration of all skin structures, including
dermis, appendages, nerves, and vessels, remains
unachievable [10]. Consequently, these technolo-
gies are less frequently incorporated into treatment
protocols for chronic trophic ulcers, where isch-
emia, infection, and trophic disturbances hinder the
successful integration of cell sheet grafts.
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Dental pulp stem cells (DPSCs), which originate
from the neurectoderm, exhibit high proliferative ca-
pacity, the ability to differentiate into mesenchymal
(osteogenic, chondrogenic, adipogenic) and neuro-
nal lineages, and a robust secretory profile (VEGE
NGE, BDNE, HGF) that supports angiogenesis,
inflammation modulation, and tissue regeneration.
Unlike many adult MSC sources, DPSCs are read-
ily accessible, free from ethical concerns, and con-
sistently express early stem cell markers (STRO-1,
CD146) [4, 80]. Experimental studies indicate that
DPSCs can accelerate skin wound healing by pro-
moting fibroblast proliferation, enhancing vascular-
ization, and reducing local inflammatory responses,
although clinical application for skin defects remains
limited to preclinical models [16, 29].

Clinical application of stem cells in
the management of trophic defects

Diabetic foot

Diabetic foot ulcer represents one of the most exten-
sively studied indications for autologous cell therapy
of the lower extremities, often in conjunction with
surgical debridement and reconstructive procedures.

A meta-analysis by X. Jiang et al., which in-
cluded 10 clinical studies involving BM-MSCs,
ADSCs, and bone marrow mononuclear cells, dem-
onstrated that in patients with lower extremity
ulcers—primarily diabetic foot and ischemic ulcers
associated with occlusive disease—autologous stem
cell therapy increases the frequency of ulcer heal-
ing and reduces the risk of lower extremity amputa-
tions compared to conservative or standard surgical
approaches [37]. Specifically, autologous stem cell
therapy was linked to improved healing of lower
extremity ulcers (12 comparisons, 290 patients,
partial healing relative risk (RR)=3.07, 95 % con-
fidence interval [CI] 1.14—-8.24; p=0.03; complete
healing RR=2.26; 95% CI 1.48-3.16; p<0.001)
with minimal heterogeneity (I=0 %). Additionally,
autologous stem cell therapy resulted in a greater
reduction in mean ulcer size (SMD =-0.63; 95 %
CI from —1.03 to —0.22; p=0.002).

A more recent meta-analysis by Y. Sun et al., which
included 14 studies with 683 participants and focused
specifically on diabetic foot, demonstrated that stem
cell therapy (primarily BM-MSCs and ADSCs) was
more effective than conventional therapy. Improve-
ments were observed in ulcer or wound healing rate
[odd ratio (OR)=8.20 (5.33; 12.62)], lower limb
ischemia (neovascularization) [OR=16.48 (2.88;
94.18)], ankle-brachial index (ABI) [mean differenc-
es (MD)=0.13 (0.04; 0.08) ], transcutaneous oxygen
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pressure (TcPO,) [MD =4.23 (1.82; 6.65)], pain-free
walking distance [MD=220.79 (82.10; 359.48)],
and resting pain score [MD=-1.94 (-2.50; —1.39)].
The amputation rate was also significantly reduced
[OR=0.19 (0.10; 0.36)] [69].

Current clinical experience with autologous adi-
pose-derived mesenchymal cells in chronic diabetic
lower limb ulcers is primarily based on small phase
[-1I studies and non-randomized clinical trials. In
a phase I study by M. H. Carstens et al., local injec-
tions of ADSCs following surgical debridement of
diabetic ulcers were found to be safe and to accel-
erate epithelialization [12]. Comparable outcomes
have been reported in other clinical studies utiliz-
ing SVF containing ADSCs. Several prospective
and open-label studies have shown that administra-
tion of autologous SVF in combination with stan-
dard therapy leads to a reduction in diabetic ulcer
area, improved tissue perfusion, enhanced granula-
tion, more rapid wound area reduction, decreased
need for amputation, and a higher rate of complete
healing compared to standard treatment [11, 22, 74,
81]. While these findings support the therapeutic
potential of adipose tissue-derived cells in diabetic
foot ulcers, large-scale randomized trials of ADSCs
in this context remain limited.

Notably, most clinical studies do not consider
stem cells as a stand-alone therapy, but rather as an
adjunct to standard surgical interventions, including
radical wound debridement, infection control, cor-
rection of ischemia through endovascular or open re-
constructive procedures, and optimization of glyce-
mic and metabolic status. This integrative approach
aligns with current understanding of stem cells as
modifiers of the wound microenvironment, capable
of reducing inflammation, stimulating angiogenesis,
improving wound bed quality prior to skin grafting,
and enhancing the likelihood of secondary epitheli-
alization. The most significant clinical outcomes are
observed when cell therapy is combined with active
surgical and vascular interventions.

Venous, arterial, and mixed lower leg ulcers

A systematic review by B. Amato et al. evaluated
clinical trials investigating adult tissue stem cells
for the treatment of chronic lower leg ulcers of vari-
ous etiologies, including venous, arterial, and post-
traumatic. Most studies reported improved healing
rates and reduced pain; however, the overall qual-
ity of evidence is moderate, primarily due to small
sample sizes and heterogeneity in study design [3].
X. Jiang et al. further demonstrated that autologous
stem cell therapy is associated with a higher rate of
complete ulcer closure and a greater reduction in
defect area compared to controls [37].
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Meta-analyses and systematic reviews indicate
that autologous stem cell therapy (BM-MSC/
ADSC/SVF), may improve perfusion, promote ul-
cer healing, and reduce the risk of amputation in
cases of critical lower limb ischemia. This approach
is considered a potential solution when standard
vascular or plastic surgical methods have been ex-
hausted or proven ineffective [76, 77, 79]. However,
current evidence is primarily derived from small
case studies rather than large randomized con-
trolled trials, so MSC therapy should be regarded as
experimental or adjuvant rather than standard care.

Pressure ulcers, radiation,
and postoperative defects

Although data on pressure ulcers and radiation inju-
ries are limited, available clinical studies suggest the
potential of MSC therapy. In case studies involving
patients with pressure ulcers resulting from spinal
cord injury, the application of autologous bone mar-
row cells (BM-MNC or BM-MSC), including de-
livery within plasma or fibrin matrices, has resulted
in healing of deep defects that previously necessi-
tated extensive flap reconstruction [2, 61].

For patients with chronic radiation ulcers, the use
of bone marrow-derived or perinatal (placental, am-
niotic) MSCs in combination with biomatrices, such
as decellularized amniotic membrane, lyophilized
placental membrane, or other placental coatings, has
demonstrated healing of defects that are resistant to
standard treatment methods [13, 38, 58].

The role of stem cells in plastic

and reconstructive surgery

for post-traumatic defects

In plastic and reconstructive surgery, post-trau-
matic defects resulting from high-energy trauma,
burns, blast injuries, or onco-orthopedic resections
are characterized by loss of soft tissue volume, fi-
brosis, contractures, impaired microcirculation, and
chronic inflammation. Even technically successful
flap reconstructions or skin grafts frequently result
in hard, painful, adhesive scars that limit function.
In this context, cell-based technologies, particu-
larly those utilizing ADSC or SVF, are regarded as
adjuncts to conventional reconstructive methods
rather than as replacements [27, 68, 70].

Clinically, the predominant strategy involves
the use of autologous fat enriched with the SVF or
progenitor cell-rich nanofat to address post-trau-
matic and post-burn scars, soft-tissue deformities,
and contour defects [23, 40]. Systematic reviews of
clinical studies indicate that ADSC/SVF-assisted
lipofilling in scarred areas results in scar softening,
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increased elasticity, reduced pain and itching, im-
proved pigmentation and skin thickness, and high
patient satisfaction, with an acceptable safety pro-
file [68, 70]. However, the supporting evidence is
primarily level TII-IV, consisting of case studies,
prospective uncontrolled trials, and small cohort
observations [51, 52, 60, 68].

Seminal studies by G. Rigotti et al. demonstrated
that transplantation of purified lipoaspirate, rich
in adult adipose tissue stem cells, significantly im-
proves soft tissue condition in areas affected by ra-
diation damage, including reductions in pain, fibro-
sis, and scar retraction, as well as enhanced skin tro-
phism and the feasibility of further reconstructive
procedures [59]. Subsequent research by M. Klinger
et al. found that repeated lipofilling sessions in pa-
tients with severe post-burn complications result
in clinically meaningful scar remodeling, includ-
ing improved elasticity, reduced contractures, and
superior aesthetic outcomes, which correlate with
morphological evidence of neovascularization and
partial normalization of the dermis [40]. These find-
ings are particularly relevant for surgeons managing
complex post-traumatic defects with concurrent
burn or radiation fibrosis.

Review summaries indicate that ADSC/SVF-
assisted lipofilling is applied in reconstructive prac-
tice primarily in two scenarios: first, as a form of bio-
logical preprocessing to optimize the recipient bed
prior to complex skin-flap reconstruction or future
endoprosthesis placement (such as after oncological
resection or severe soft tissue trauma); and second,
as repeated staged interventions to address residual
scar deformities, contractures, and volume deficits
following primary reconstruction [19, 28, 39, 52].
The primary objectives in the first scenario are to
enhance vascularization, decrease fibrosis, and cre-
ate a more receptive environment for grafts or flaps.
In the second, the focus is on long-term scar tissue
remodeling and improved functional outcomes, in-
cluding increased joint range of motion, prosthesis
compatibility, and reduced pain on exertion.

Some clinical studies have described the use of
BM-MSCs, perinatal MSCs (from amniotic or pla-
cental membranes), and combined constructs, such
as «MSCs + biomatrix», in managing complex post-
traumatic soft tissue defects. In these approaches,
cell-rich matrices are employed to cover exposed
bone or fill defects, either prior to or in conjunction
with flap reconstruction. Observational reports
highlight the formation of high-quality granulation
tissue, a reduced need for extensive reconstructive
procedures, and a lower incidence of wound-edge
dehiscence compared with standard techniques
[1, 44, 47]. Nevertheless, the patient cohorts are
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typically heterogeneous, encompassing mixed tro-
phic, oncological, and post-traumatic wounds, and
the study designs preclude definitive conclusions
regarding the superiority of any specific MSC type.

Overall, clinical evidence indicates that, in plas-
tic and reconstructive surgery for post-traumatic
defects, stem cells—primarily ADSC/SVF-should
be regarded as adjuncts to enhance the tissue mi-
croenvironment, including scar quality, vascular-
ization, and elasticity. These approaches comple-
ment but do not replace established methods such
as skin grafts, local and free flaps, and microsurgical
techniques. Current data support their use in com-
plex cases resistant to standard treatments, provid-
ed that rigorous patient selection and adherence
to oncological safety protocols are maintained.
However, there remains a clear need for large-scale
randomized studies to assess efficacy and long-term
outcomes.

Clinical features of the use of stem cells
in the surgical treatment of skin defects

Current evidence allows for the identification of sev-
eral key clinical aspects relevant to surgical practice.

Patient selection

Patients most likely to benefit from stem cell thera-
py include the following groups:

with chronic (> 3—-6 months) trophic ulcers
that do not heal despite optimal standard treatment
[3, 37, 69];

those with combined pathologies, such as dia-
betic foot with critical ischemia or post-traumatic
defects in the context of obesity or systemic diseases;

individuals at high risk of amputation for
whom standard reconstructive options have been
exhausted or present excessive risk [14, 37, 55, 69].

However, stem cell therapy does not replace the

fundamental principles of wound management, such
as the «TIME» framework (tissue, infection/inflam-
mation, moisture, edge), or modern vascular interven-
tions. Instead, it enhances their effectiveness [9, 41].

Wound preparation and the surgical

«window of opportunitys>

Almost all studies emphasize the need for radical
surgical debridement, infection control, and optimi-
zation of systemic factors before stem cell adminis-
tration [3, 32, 53, 55].

This sequence establishes a critical period for in-
tervention, commonly referred to as a «<window of
opportunity»:

stage 1 — radical debridement, correction of
ischemia, and stabilization of the general condition;
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stage 2 — cell therapy (injectable, topical, or
within a matrix or adipose tissue) for the prepared
wound bed;
stage 3 — if necessary, skin grafting or flap re-
construction of the prepared wound bed (often af-
ter 1-3 weeks).
For example, combined techniques such as nanofat
with STSG or high-density nanofat with NPWT have
been used to manage chronic lower leg defects [ 18, 39].

Routes of administration and doses

Clinical studies have employed various routes of
stem cell administration:

local injections into the wound bed and edges,
using BM-MSC, ADSC, or SVF, represent the most
common approach;

intramuscular administration in the vicinity
of the ischemic zone, particularly in cases of critical
limb ischemia;

topical application incorporated into gels, fibrin
sprays, or three-dimensional matrices [7, 8, 53, 57].

Typical doses for local administration range from

105 to 107 cells/cm? of defect area, or 107 to 108 cells
for the entire wound. When using SVF or nanofat,
the administered volume of lipoaspirate (in millili-
ters) is more commonly reported than the absolute
cell count [32, 57, 62]. The absence of standardized
dosing regimens remains a significant barrier to
widespread clinical adoption.

Combination with other regenerative technologies

Stem cell therapies are increasingly integrated with
the following adjunctive modalities:

platelet-rich plasma (PRP), which contains
high concentrations of growth factors such as
PDGF, TGF-B, VEGE, and EGF, and may potenti-
ate the paracrine effects of MSCs [57];

negative pressure therapy (NPWT) — high-
density nanofat + NPWT in chronic wounds [18];

biomatrices, including collagen, acellular der-
mal matrices, and placental matrices [31, 55].

In practical terms, this approach represents

a shift from single-stage procedures to stepwise
combination therapies, in which cellular compo-
nents are integrated alongside flaps, grafts, and
physiotherapeutic interventions.

Safety and potential risks

Serious adverse events directly attributable to stem
cell therapy are infrequent in most clinical trials
[14, 32, 37, 55, 69]. The most frequently reported
events include:

local pain at the injection site, hematoma, or
transiently increased exudation;
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infectious complications, which are typically
associated with the underlying wound condition
rather than the cellular product.

Concerns about the potential stimulation of tu-
mour growth have not been substantiated in clinical
trials with limited follow-up. Nevertheless, reviews
emphasize the necessity for ongoing oncological
vigilance, especially when allogeneic cells are used
or in patients with a history of cancer [15, 55].

Regulatory requirements, including GMP stan-
dards, classification as Advanced Therapy Me-
dicinal Products (ATMP), and logistical complex-
ity, continue to present significant barriers to the
widespread adoption of stem cell therapy outside
research centers.

Unresolved issues

and prospects

Although recent findings are promising, current re-
views consistently identify several critical gaps in
the literature:

Study heterogeneity: Variability in cell sources,
collection and cultivation protocols, dosing regi-
mens, administration routes, and efficacy criteria
complicates the development of unified recommen-
dations [3, 14, 15, 55].

Insufficient large-scale multicenter RCTs with
long-term follow-up (i 2—3 years), particularly for
specific surgical indications such as post-traumatic
defects and complex reconstructions.

Lack of standardized study endpoints: There
is a need for unified outcome measures, including
time to complete epithelialization, sustained heal-
ing over 6—12 months, recurrence rates, and both
functional and cosmetic results.

Comparative evaluation of different cell sources
(BM-MSC vs. ADSC vs. placental MSCs) within
standardized surgical treatment protocols.

Promising avenues

Promising avenues for future research include the
following:

cell-free strategies, such as the use of exo-
somes and MSC conditioned media, which may of-
fer more standardized and potentially safer alterna-
tives [33, 56];

integration of stem cells with 3D-printed and
bioengineered matrices to enable individualized re-
construction of tissue defects [48, 75];

systematic incorporation of cell-based tech-
nologies into military and trauma surgery protocols,
including early application of MSCs for extensive
soft tissue injuries [42, 73, 75].
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Conclusions

Chronic post-traumatic and trophic skin defects
represent a persistent clinical and economic chal-
lenge. Traditional surgical interventions, such as
debridement, skin grafting, and flap procedures, of-
ten fail to achieve stable healing in certain patient
populations.

Stem cells, particularly BM-MSCs and ADSCs,
have demonstrated efficacy in enhancing chronic
wound healing through paracrine, angiogenic, and
immunomodulatory mechanisms. These therapies
are regarded as adjuncts to standard surgical ap-
proaches rather than replacements.

Clinical trials and meta-analyses indicate that
autologous stem cell therapy for lower limb ulcers,
including diabetic foot, venous, and ischemic ul-
cers, increases the rate of complete healing, acceler-
ates epithelialization, and reduces amputation risk,
while maintaining an acceptable safety profile.

In surgical practice, combined approaches in-
volving stem cell therapies are of particular interest.
These include:

- local injections of MSC/ADSC/SVF into the
prepared wound bed;

- application of nanofat and SVF beneath split-
thickness skin grafts for challenging post-traumat-
ic defects;

- stem cell-enriched lipofilling for the correction
of post-traumatic scars and contractures.

The safety profile of stem cell therapy for skin
defects is generally favourable; however, extended
long-term follow-up is necessary, particularly con-
cerning potential oncogenic risks and the applica-
tion of allogeneic cells.

Major barriers to widespread adoption include
the absence of standardized protocols, heterogene-
ity among clinical trials, regulatory constraints, and
high associated costs.

A promising direction involves developing ex-
plicit surgical algorithms that integrate stem cells,
their secretions, or exosomes into sequential treat-
ment regimens for post-traumatic and trophic de-
fects. This approach may include debridement, fol-
lowed by cell or exosome therapy and subsequent
skin graft or flap reconstruction, with further vali-
dation required through well-designed multicenter
randomized trials.
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Ki1iHigHi OCOOIMBOCTI 3aCTOCYBAHHS CTOBOYPOBHUX KJIiTHH
IIPU XipyprivHOMY JiKyBaHHi HOCTTPABMATHYHUX i TPOPIiYHUX
nedexTiB MKipHUX NOKPUBiB. O JiTeparypu

0. ABTOMEEHKO
Hamionanpuuit meguunmii ynisepcureT iMeti O.0. Boromousbirs, Kuis

XPOHiYHI ITOCTTPABMATHYHI I TPODidHi AEPEKTU MIKIPH 3ATUIIAIOTHCS CKIAJHOIO KIiHIYHOIO IPOOIEMOIO,
OCOONIMBO B YMOBAX imemil, iHdekii, AiabeTHyHO1 aHrionarii Ta HeMponartii Yu HACIAKIB BUCOKOTPABMA-
TUYHUX YIIKOPKEHD. Tpaauiiriai MmeToau (IE€6pUAMEHT, IKiPHI TPAHCIUIAHTATH, MIiCLIEBi 1 BUIbHI KIanTi) HE
3ABXK/IU 340€3I1€UYYIOTh CTiMKE 3aIOE€HHS, IO CTUMYIIOE IHTEPEC 10 PEIr€HEPATUBHUX TEXHOJIOTIN. Me3eHxi-
MaIbHi CTOBOYpPOBi KiiTinHU (MSC), HacaMmIiepe/l KiCTKOBO-MO3KOBi 11 aJUII030-A¢puBOBaHi (ADSC), YuHATh
BUPA3HUH ITAPAKPUHHUIM, AHTIOTE€HHUI Ta iIMyHOMO/Y/TIOBAJIbHUH BIUIMB, HOJIMIIITYIOYHM MiKPOOTOYEHHS PAHU
Ta MiABUIIYIOUN €(PEKTUBHICTh CTAHJAPTHUX XipYyPriyHUX BTPy4daHb. KiliHiuHI JOCTDKEHHSA 1 MeTaaHali3u
JIEMOHCTPYIOTb, IO ABTOJIOTYHA Tepanis MSC CIIpysi€ MBUAIIOMY 3aIO€HHIO [1iaOCTUYHHX, BEHO3HUX, apTe-
pianpHUX i 3MIMTAHUX BUPA30K, 3HWKYE PU3HK AMITYTALlil T4 NOJIIIYye nepdysito TKAHUH. Y PEKOHCTPYKTHB-
Hil Xipyprii HOCTTpaBMATUYHUX Je(eKTiB HaroOunb 3aTpedyBannmu € ADSC/SVF-acucroBaHui ginodiuiiHr
i nanofat-TexHonorii, AKi 320€3MeYyIOTh PEMO/ICIIOBAHHS PyOLIEBOI TKAHWHY, MiIBUIIIEHHS 11 €J1ACTUYHOCTI,
3MEHIIEHHS KOHTPAKTYP i HOJIMIIEHHS YMOB I HOAANBIINX KIANITEBUX PEKOHCTPYKUiN. KinitnHHI a60
KIITUHHO-MATPUKCHI KOHCTPYKLil (MSC + scaffold) npogeMOHCTPpYBAIM OTEHIIAI Y JIKYBAHHI CKIAIHUX
Je(PEeKTiB M IKUX TKAHHH 3 OI'OJIEHHAM KiCTKH, 3MCHIIYIOUH ITIOTPEOY B OO’€MHUX PEKOHCTPYKLisAX. He3Baxka-
I0YU HA OOHAMIMINBI PE3yIBTATH, JOKA3HU MAIOTh OOMEXKEHHS: HEBEJIMKI BUOIPKH, I'€TEPOICHHICTh METO/IUK,
Bi/ICYTHICTb CTAHZAPTU30BAHUX [JO3 i HEJIOCTATHS KiJIbKICTh BEIMKUX OAraTOLCHTPOBUX PaHAOMI3Z0BAHUX
KOHTPOJIBOBAHUX JOCI/PKEHD. [TUTAHHSA OO TPHUBAIOI OHKOJIOTTYHOI 6€31I€YHOCTI NOTPESYE ITOAAIBIIOIO
CIIOCTEPEKEHHS, X044 3HAUYIINUX PU3HKIB y HASIBHUX CEPIisAX HE BUABICHO. [IEPCIEKTUBHUMHU € OE3KIITUHHI
nigxoau (exk3zocomy, cekperoM MSC), iHTerpanis KITHHHUX TEXHOJIOrIN i3 3D-ApyKOBaHMMU T4 GioiHXe-
HEPHUMHU MATPULIIMH, PO3POOKA YiTKUX XipyPridHUX anropuTMis, e MSC € iHCTpyMEHTOM /IS TiJJICUIEHHS
€(PEKTUBHOCT] CTAHAPTHUX PEKOHCTPYKTUBHUX METO/IB.

KIr0490Bi c10Ba: XpPOHIYHI paHH, TPO(iuHi BUPA3KY, NOCTTPABMATUYHI A€(DEKTH, PEKOHCTPYKTUBHA Xipyp-
Iis, Me3eHXiManbHi CTOBOYPOBI KIITHHY, aJUII030-ACPUBOBAHI CTOBOYPOBi KIITUHH, CTPOMAJIBHO-BACKY/IIPHA
dpakiis, pereHepartis mKipu.
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