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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 

[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-, IL-1) [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 VEGF, 
bFGF, TGF-, 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 

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 cm2 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/II 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, 
HGF, TGF-, 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.

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 (VEGF, 
NGF, BDNF, 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 (TcPO2) [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 
I – II 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].

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 III – 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 

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 opportunity»
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 
106 to 107 cells/cm2 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-, VEGF, 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;

 · 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 (і 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.

DECLARATION OF INTERESTS

The author declares no conflicts of interest.

Funding. This study was conducted as part of the research 
plan of the Department of General Surgery No2 at  
Bogomolets National Medical University for the 2026 – 2028 
academic years (State registration number 0125U003845): 
«Assessment of the effectiveness of the latest transplantation 

technologies in the treatment of organ and tissue diseases, 
the introduction of minimally invasive technologies in 
abdominal surgery, and the prevention and treatment of 
surgical antibiotic-resistant infections».

The author did not receive any additional financial support.

REFERENCES
1. Aghayan HR, Hosseini MS, Gholami M, Mohamadi-Jahani F, 

Tayanloo-Beik A, Alavi-Moghadam S, Payab M, Goodarzi P, 
Abdollahi M, Larijani B, Arjmand B. Mesenchymal stem cells’ 
seeded amniotic membrane as a tissue-engineered dressing for 
wound healing. Drug Deliv Transl Res. 2022 Mar;12(3):538-549. 
doi: 10.1007/s13346-021-00952-3.

2. Alvarez-Viejo M, Romero-Rosal L, Perez-Basterrechea M, García-
Gala JM, Hernando-Rodriguez P, Marana-Gonzalez J, Rubiera-
Valdes M, Vivanco-Allende B, Fernandez-Rodriguez A, Martinez-
Revuelta E, Perez-Lopez S. Plasma-Based Scaffold Containing 
Bone-Marrow Mononuclear Cells Promotes Wound Healing 
in a Mouse Model of Pressure Injury. Cell Transplant. 2024 Jan-
Dec;33:9636897241251619. doi: 10.1177/09636897241251619.

3. Amato B, Compagna R, Amato M, Butrico L, Fugetto F, Chibire-
va MD, Barbetta A, Cannistrà M, de Franciscis S, Serra R. The role 
of adult tissue-derived stem cells in chronic leg ulcers: a system-
atic review focused on tissue regeneration medicine. Int Wound J. 
2016 Dec;13(6):1289-1298. doi: 10.1111/iwj.12499.

4. Anderson S, Prateeksha P, Das H. Dental Pulp-Derived Stem Cells 
Reduce Inflammation, Accelerate Wound Healing and Medi-
ate M2 Polarization of Myeloid Cells. Biomedicines. 2022 Aug 
17;10(8):1999. doi: 10.3390/biomedicines10081999.

5. Armstrong DG, Boulton AJM, Bus SA. Diabetic Foot Ulcers and 
Their Recurrence. N Engl J Med. 2017 Jun 15;376(24):2367-2375. 
doi: 10.1056/NEJMra1615439.

6. Arno AI, Amini-Nik S, Blit PH, Al-Shehab M, Belo C, Herer E, 
Tien CH, Jeschke MG. Human Wharton’s jelly mesenchymal stem 
cells promote skin wound healing through paracrine signaling. 
Stem Cell Res Ther. 2014 Feb 24;5(1):28. doi: 10.1186/scrt417.

7. Askø Andersen J, Rasmussen A, Frimodt-Møller M, Engberg S, 
Steeneveld E, Kirketerp-Møller K, O’Brien T, Rossing P. Novel 
topical allogeneic bone-marrow-derived mesenchymal stem cell 
treatment of hard-to-heal diabetic foot ulcers: a proof of concept 
study. Stem Cell Res Ther. 2022 Jun 28;13(1):280. doi: 10.1186/
s13287-022-02951-8.

8. Badiavas EV, Falanga V. Treatment of chronic wounds with bone 
marrow-derived cells. Arch Dermatol. 2003;139(4):510-516. 
doi: 10.1001/archderm.139.4.510.

9. Bowers S, Franco E. Chronic Wounds: Evaluation and Manage-
ment. Am Fam Physician. 2020 Feb 1;101(3):159-166.

10. Boyce ST, Lalley AL. Tissue engineering of skin and regenera-
tive medicine for wound care. Burns Trauma. 2018 Jan 24;6:4. 
doi: 10.1186/s41038-017-0103-y.

11. Brembilla NC, Vuagnat H, Boehncke WH, Krause KH, Preynat-
Seauve O. Adipose-Derived Stromal Cells for Chronic Wounds: 
Scientific Evidence and Roadmap Toward Clinical Practice. Stem 
Cells Transl Med. 2023 Jan 30;12(1):17-25. doi: 10.1093/stcltm/
szac081.

12. Carstens MH, Quintana FJ, Calderwood ST, Sevilla JP, Ríos AB, 
Rivera CM, Calero DW, Zelaya ML, Garcia N, Bertram KA, Rig-
don J, Dos-Anjos S, Correa D. Treatment of chronic diabetic foot 
ulcers with adipose-derived stromal vascular fraction cell injec-
tions: Safety and evidence of efficacy at 1 year. Stem Cells Transl 
Med. 2021 Aug;10(8):1138-1147. doi: 10.1002/sctm.20-0497.

13. Castellanos G, Bernabé-García Á, Moraleda JM, Nicolás FJ. Amni-
otic membrane application for the healing of chronic wounds 
and ulcers. Placenta. 2017 Nov;59:146-153. doi: 10.1016/j.pla-
centa.2017.04.005. Epub 2017 Apr 10. PMID: 28413063. 

14. Chiang KJ, Chiu LC, Kang YN, Chen C. Autologous Stem 
Cell Therapy for Chronic Lower Extremity Wounds: A Meta-
Analysis of Randomized Controlled Trials. Cells. 2021 Nov 
25;10(12):3307. doi: 10.3390/cells10123307.

15. Coalson E, Bishop E, Liu W, Feng Y, Spezia M, Liu B, Shen Y, Wu D, 
Du S, Li AJ, Ye Z, Zhao L, Cao D, Li A, Hagag O, Deng A, Liu W, Li M, 
Haydon RC, Shi L, Athiviraham A, Lee MJ, Wolf JM, Ameer GA, 
He TC, Reid RR. Stem cell therapy for chronic skin wounds in the 
era of personalized medicine: From bench to bedside. Genes Dis. 
2019 Sep 17;6(4):342-358. doi: 10.1016/j.gendis.2019.09.008.

16. d’Aquino R, De Rosa A, Laino G, Caruso F, Guida L, Rullo R, Chec-
chi V, Laino L, Tirino V, Papaccio G. Human dental pulp stem 
cells: from biology to clinical applications. J Exp Zool B Mol Dev 
E Vol. 2009 Jul 15;312B(5):408-15. doi: 10.1002/jez.b.21263.



63General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

O. Avtomieienko

17. Dash NR, Dash SN, Routray P, Mohapatra S, Mohapatra PC. Tar-
geting nonhealing ulcers of lower extremity in human through 
autologous bone marrow-derived mesenchymal stem cells. Reju-
venation Res. 2009;12(5):359-366. doi: 10.1089/rej.2009.0872.

18. Deng C, Yao Y, Liu Z, Li H, Yang Z, Wang D, Wei Z. Chronic 
wound treatment with high-density nanofat grafting combined 
with negative pressure wound therapy. Int J Clin Exp Med. 
2019;12(2):1402-1411.

19. Deng Z, Iwasaki K, Peng Y, Honda Y. Mesenchymal Stem Cell 
Extract Promotes Skin Wound Healing. Int J Mol Sci. 2024 Dec 
23;25(24):13745. doi: 10.3390/ijms252413745. PMID: 39769505; 
PMCID: PMC11679360.

20. Deptuła M, Brzezicka A, Skoniecka A, Zieliński J, Pikuła M. 
Adipose-derived stromal cells for nonhealing wounds: Emerging 
opportunities and challenges. Med Res Rev. 2021 Jul;41(4):2130-
2171. doi: 10.1002/med.21789.

21. Díaz-Herrera MÁ, Martínez-Riera JR, Verdú-Soriano J, Capillas-
Pérez RM, Pont-García C, Tenllado-Pérez S, Cunillera-Puértolas 
O, Berenguer-Pérez M, Gea-Caballero V. Multicentre Study of 
Chronic Wounds Point Prevalence in Primary Health Care in the 
Southern Metropolitan Area of Barcelona. J Clin Med. 2021 Feb 
16;10(4):797. doi: 10.3390/jcm10040797.

22. Didangelos T, Koliakos G, Kouzi K, Arsos G, Kotzampassi K, 
Tziomalos K, Karamanos D, Hatzitolios AI. Accelerated heal-
ing of a diabetic foot ulcer using autologous stromal vascular 
fraction suspended in platelet-rich plasma. Regen Med. 2018 
Apr;13(3):277-281. doi: 10.2217/rme-2017-0069.

23. Ding P, Lu E, Li G, Sun Y, Yang W, Zhao Z. Research Progress on 
Preparation, Mechanism, and Clinical Application of Nanofat. 
J Burn Care Res. 2022 Sep 1;43(5):1140-1144. doi: 10.1093/jbcr/
irab250.

24. Falanga V, Isseroff RR, Soulika AM, Romanelli M, Margolis D, 
Kapp S, Granick M, Harding K. Chronic wounds. Nat Rev Dis 
Primers. 2022 Jul 21;8(1):50. doi: 10.1038/s41572-022-00377-3.

25. Falanga V. Wound healing and its impairment in the diabetic 
foot. Lancet. 2005 Nov 12;366(9498):1736-43. doi: 10.1016/
S0140-6736(05)67700-8.

26. Frykberg RG, Banks J. Challenges in the Treatment of Chronic 
Wounds. Adv Wound Care (New Rochelle). 2015 Sep 1;4(9):560-
582. doi: 10.1089/wound.2015.0635.

27. Gentile P, De Angelis B, Pasin M, Cervelli G, Curcio CB, Floris M, 
Di Pasquali C, Bocchini I, Balzani A, Nicoli F, Insalaco C, Tati E, 
Lucarini L, Palla L, Pascali M, De Logu P, Di Segni C, Bottini DJ, 
Cervelli V. Adipose-derived stromal vascular fraction cells and 
platelet-rich plasma: basic and clinical evaluation for cell-based 
therapies in patients with scars on the face. J Craniofac Surg. 
2014 Jan;25(1):267-72. doi: 10.1097/01.scs.0000436746.21031.
ba. PMID: 24406591.

28. Ghosh K, Patel RA, Hanson SE. Cell-supplemented autologous 
fat grafting: a review from bench to bedside. Plast Aesthet Res. 
2024;11:70. doi: 10.20517/2347-9264.2024.70.

29. Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal 
human dental pulp stem cells (DPSCs) in vitro and in vivo. Proc 
Natl Acad Sci U S A. 2000 Dec 5;97(25):13625-30. doi: 10.1073/
pnas.240309797.

30. Han Y, Li X, Zhang Y, Han Y, Chang F, Ding J. Mesenchymal Stem 
Cells for Regenerative Medicine. Cells. 2019 Aug 13;8(8):886. 
doi: 10.3390/cells8080886.

31. Heras KL, Igartua M, Santos-Vizcaino E, Hernandez RM. Cell-
based dressings: A journey through chronic wound manage-
ment. Biomater Adv. 2022 Apr;135:212738. doi: 10.1016/j.bio-
adv.2022.212738.

32. Holm JS, Toyserkani NM, Sørensen JA. Adipose-derived stem cells 
for treatment of chronic ulcers: current status. Stem Cell Res Ther. 
2018;9(1):142. doi: 10.1186/s13287-018-0887-0.

33. Hu Y, Rao SS, Wang ZX, Cao J, Tan YJ, Luo J, Li HM, Zhang WS, 
Chen CY, Xie H. Exosomes from human umbilical cord blood 
accelerate cutaneous wound healing through miR-21-3p-medi-
ated promotion of angiogenesis and fibroblast function. Ther-
anostics. 2018 Jan 1;8(1):169-184. doi: 10.7150/thno.21234.

34. Huang YZ, Zhou C, Zhao Z, et al. Mesenchymal Stem Cells for 
Chronic Wound Healing. Tissue Eng Part B Rev. 2020;26(5):447-
460. doi: 10.1089/ten.TEB.2019.0351.

35. Huynh PD, Tran QX, Nguyen ST, Nguyen VQ, Vu NB. Mesenchy-
mal stem cell therapy for wound healing: An update to 2022. 
Biomed Res Ther. 2022;9(12):5437-5449. doi: 10.15419/bmrat.
v9i12.782.

36. Isakson M, de Blacam C, Whelan D, McArdle A, Clover AJ. Mes-
enchymal Stem Cells and Cutaneous Wound Healing: Current 
Evidence and Future Potential. Stem Cells Int. 2015;2015:831095. 
doi: 10.1155/2015/831095.

37. Jiang X, Zhang H, Teng M. Effectiveness of Autologous Stem Cell 
Therapy for the Treatment of Lower Extremity Ulcers: A Sys-
tematic Review and Meta-Analysis. Medicine (Baltimore). 2016 
Mar;95(11):e2716. doi: 10.1097/MD.0000000000002716.

38. Kakabadze Z, Chakhunashvili D, Gogilashvili K, Ediberidze K, 
Chakhunashvili K, Kalandarishvili K, Karalashvili L. Bone Marrow 
Stem Cell and Decellularized Human Amniotic Membrane for the 
Treatment of Nonhealing Wound After Radiation Therapy. Exp 
Clin Transplant. 2019 Jan;17(Suppl 1):92-98. doi: 10.6002/ect.
MESOT2018.O29.

39. Kemaloğlu CA. Nanofat grafting under a split-thickness skin graft 
for problematic wound management. Springerplus. 2016;5:138. 
doi: 10.1186/s40064-016-1808-2.

40. Klinger M, Klinger F, Caviggioli F, Maione L, Catania B, Vero-
nesi A, Giannasi S, Bandi V, Giaccone M, Siliprandi M, Barbera F, 
Battistini A, Lisa A, Vinci V. Fat Grafting for Treatment of Facial 
Scars. Clin Plast Surg. 2020 Jan;47(1):131-138. doi: 10.1016/j.
cps.2019.09.002.

41. Leaper DJ, Schultz G, Carville K, Fletcher J, Swanson T, Drake R. 
Extending the TIME concept: what have we learned in the 
past 10 years? Int Wound J. 2012 Dec;9 Suppl 2(Suppl 2):1-19. 
doi: 10.1111/j.1742-481X.2012.01097.x.

42. Li A, Mano JF, David L, Tay A. Military regenerative medicine. 
Biomater Sci. 2025 Nov 18;13(23):6562-6571. doi: 10.1039/
d5bm01098e.

43. Li F, Gao C, Song G, Zhang K, Huang G, Liu H. Human Placenta-
Derived Mesenchymal Stem Cells Combined With Artificial 
Dermal Scaffold Enhance Wound Healing in a Tendon-
Exposed Wound of a Rabbit Model. Cell Transplant. 2024 Jan-
Dec;33:9636897241228922. doi: 10.1177/09636897241228922.

44. Li J, Zhou Z, Wen J, Jiang F, Xia Y. Human amniotic mesen-
chymal stem cells promote bone and soft tissue regeneration: 
potential clinical applications. Front Endocrinol (Lausanne). 
2020;11:543623. doi: 10.3389/fendo.2020.543623.

45. Liu J, Li Y, Zhang Y, Zhao Z, Liu B. Engineered stromal vas-
cular fraction for tissue regeneration. Front Pharmacol. 
2025;16:1510508. doi: 10.3389/fphar.2025.1510508.

46. Loots MA, Lamme EN, Zeegelaar J, Mekkes JR, Bos JD, Middel-
koop E. Differences in cellular infiltrate and extracellular matrix 
of chronic diabetic and venous ulcers versus acute wounds. 
J Invest Dermatol. 1998 Nov;111(5):850-7. doi: 10.1046/j.1523-
1747.1998.00381.x.

47. Lopes B, Sousa P, Alvites R, Branquinho M, Sousa A, Mendonça C, 
Atayde LM, Maurício AC. The Application of Mesenchymal Stem 
Cells on Wound Repair and Regeneration. Applied Sciences. 
2021;11(7):3000. https://doi.org/10.3390/app11073000.

48. Luo Y, Xu X, Ye Z, Xu Q, Li J, Liu N, Du Y. 3D bioprinted mesen-
chymal stromal cells in skin wound repair. Front Surg. 2022 Oct 
14;9:988843. doi: 10.3389/fsurg.2022.988843.

49. Marino L, Castaldi MA, Rosamilio R, Ragni E, Vitolo R, Fulgione C, 
Castaldi SG, Serio B, Bianco R, Guida M, Selleri C. Mesenchymal 
Stem Cells from the Wharton’s Jelly of the Human Umbilical 
Cord: Biological Properties and Therapeutic Potential. Int J Stem 
Cells. 2019 Jul 31;12(2):218-226. doi: 10.15283/ijsc18034.

50. Martinengo L, Olsson M, Bajpai R, Soljak M, Upton Z, Schmidtch-
en A, Car J, Järbrink K. Prevalence of chronic wounds in the gen-
eral population: systematic review and meta-analysis of observa-
tional studies. Ann Epidemiol. 2019 Jan;29:8-15. doi: 10.1016/j.
annepidem.2018.10.005.

51. Mbiine R, Wayengera M, Ocan M, Kiwanuka N, Muna-
bi I, Muwonge H, Lekuya HM, Kawooya I, Nakanwagi C, 
Kinengyere AA, Joloba M, Galukande M. Adipose-derived stromal 
vascular fraction (SVF) in scar treatment: a systematic review 
protocol. Am J Stem Cells. 2022 Aug 20;11(4):56-63. https://pmc.
ncbi.nlm.nih.gov/articles/PMC9520234.

52. Negenborn VL, Groen JW, Smit JM, Niessen FB, Mullender MG. 
The use of autologous fat grafting for treatment of scar tissue and 
scar-related conditions: a systematic review. Plast Reconstr Surg. 
2016;137:31e–43e. doi: 10.1097/PRS.0000000000001850.

53. Otero-Viñas M, Falanga V. Mesenchymal Stem Cells in Chronic 
Wounds: The Spectrum from Basic to Advanced Therapy. 
Adv Wound Care (New Rochelle). 2016 Apr 1;5(4):149-163. 
doi: 10.1089/wound.2015.0627.

54. Peterson AM, Rapoport NA, Sprow HN, Kallogjeri D, Rich JT. Risk 
Factors for Wound Complications of Local Flap Reconstruction 
of the Scalp. Otolaryngol Head Neck Surg. 2025 Oct;173(4):867-
874. doi: 10.1002/ohn.1327.

55. Raghuram AC, Yu RP, Lo AY, Sung CJ, Bircan M, Thompson HJ, 
Wong AK. Role of stem cell therapies in treating chronic wounds: 
A systematic review. World J Stem Cells. 2020 Jul 26;12(7):659-
675. doi: 10.4252/wjsc.v12.i7.659.



64 General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

O. Avtomieienko

56. Rani S, Ritter T. The Exosome – A Naturally Secreted Nanopar-
ticle and its Application to Wound Healing. Adv Mater. 2016 
Jul;28(27):5542-52. doi: 10.1002/adma.201504009.

57. Raposio E, Bertozzi N, Bonomini S, Bernuzzi G, Formentini A, 
Grignaffini E, Pio Grieco M. Adipose-derived Stem Cells Added 
to Platelet-rich Plasma for Chronic Skin Ulcer Therapy. Wounds. 
2016 Apr;28(4):126-31. PMID: 27071140.

58. Regulski MJ, Danilkovitch A, Saunders MC. Management of 
a chronic radiation necrosis wound with lyopreserved placental 
membrane containing viable cells: a case report. Clin Case Rep. 
2019;7(3):456-460. doi: 10.1002/ccr3.2011.

59. Rigotti G, Marchi A, Galiè M, Baroni G, Benati D, Krampera M, 
Pasini A, Sbarbati A. Clinical treatment of radiotherapy tissue 
damage by lipoaspirate transplant: a healing process mediated by 
adipose-derived adult stem cells. Plast Reconstr Surg. 2007 Apr 
15;119(5):1409-1422. doi: 10.1097/01.prs.0000256047.47909.71. 
PMID: 17415234.

60. Riyat H, Touil LL, Briggs M, Shokrollahi K. Autologous fat grafting 
for scars, healing and pain: a review. Scars Burn Heal. 2017 Sep 
18;3:2059513117728200. doi: 10.1177/2059513117728200. 
PMID: 29799544; PMCID: PMC5965331.

61. Sarasúa JG, López SP, Viejo MA, Basterrechea MP, Rodríguez AF, 
Gutiérrez AF, Gala JG, Menéndez YM, Augusto DE, Arias AP, 
Hernández JO. Treatment of pressure ulcers with autologous 
bone marrow nuclear cells in patients with spinal cord injury. 
J Spinal Cord Med. 2011;34(3):301-7. doi: 10.1179/2045772311Y
.0000000010.

62. Sbitan L, Qandah A, Alzraikat N, Camargo CP. Adipose tissue 
and fat-derived products in wound, ulcer, and scar manage-
ment: a systematic review. Front Surg. 2025 Oct 9;12:1666776. 
doi: 10.3389/fsurg.2025.1666776.

63. Schneider I, Calcagni M, Buschmann J. Adipose-derived stem 
cells applied in skin diseases, wound healing and skin defects: 
a review. Cytotherapy. 2023 Feb;25(2):105-119. doi: 10.1016/j.
jcyt.2022.08.005.

64. Segreto F, Marangi GF, Nobile C, Alessandri-Bonetti M, Gregorj C, 
Cerbone V, Gratteri M, Caldaria E, Tirindelli MC, Persichetti P. Use 
of platelet-rich plasma and modified nanofat grafting in infected 
ulcers: Technical refinements to improve regenerative and anti-
microbial potential. Arch Plast Surg. 2020 May;47(3):217-222. 
doi: 10.5999/aps.2019.01571.

65. Sen CK, Gordillo GM, Roy S, et al. Human skin wounds: a major 
and snowballing threat to public health and the economy. 
Wound Repair Regen. 2009;17(6):763-771. doi: 10.1111/j.1524-
475X.2009.00543.x. PubMed.

66. Sharma R, Hruska J, Peter L, Randlova K, Kuca K. Trends 
in the Treatment of Chronic Wounds. Curr Med Chem. 
2025;32(26):5370-5396. doi: 10.2174/010929867331264924082
9103906. PMID: 39279699.

67. Sood R, Roggy D, Zieger M, Balledux J, Chaudhari S, Kouma-
nis DJ, Mir HS, Cohen A, Knipe C, Gabehart K, Coleman JJ. Cul-
tured epithelial autografts for coverage of large burn wounds 
in eighty-eight patients: the Indiana University experience. 
J Burn Care Res. 2010 Jul-Aug;31(4):559-68. doi: 10.1097/
BCR.0b013e3181e4ca29.

68. Stachura A, Paskal W, Pawlik W, Mazurek MJ, Jaworowski J. 
The Use of Adipose-Derived Stem Cells (ADSCs) and Stromal 
Vascular Fraction (SVF) in Skin Scar Treatment-A Systematic 
Review of Clinical Studies. J Clin Med. 2021 Aug 17;10(16):3637. 
doi: 10.3390/jcm10163637.

69. Sun Y, Zhao J, Zhang L, Li Z, Lei S. Effectiveness and safety of 
stem cell therapy for diabetic foot: a meta-analysis update. Stem 
Cell Res Ther. 2022 Aug 13;13(1):416. doi: 10.1186/s13287-022-
03110-9. PMID: 35964145; PMCID: PMC9375292.

70. Tan SS, Ng ZY, Zhan W, Rozen W. Role of Adipose-derived 
Stem Cells in Fat Grafting and Reconstructive Surgery. J Cutan 
Aesthet Surg. 2016 Jul-Sep;9(3):152-156. doi: 10.4103/0974-
2077.191672.

71. Tonnard P, Verpaele A, Peeters G, Hamdi M, Cornelissen M, 
Declercq H. Nanofat grafting: basic research and clinical appli-
cations. Plast Reconstr Surg. 2013 Oct;132(4):1017-1026. 
doi: 10.1097/PRS.0b013e31829fe1b0.

72. Troyer DL, Weiss ML. Wharton’s jelly-derived cells are a primi-
tive stromal cell population. Stem Cells. 2008 Mar;26(3):591-9. 
doi: 10.1634/stemcells.2007-0439.

73. Ude CC, Miskon A, Idrus RBH, Abu Bakar MB. Application of 
stem cells in tissue engineering for defense medicine. Mil Med 
Res. 2018 Feb 26;5(1):7. doi: 10.1186/s40779-018-0154-9. 
PMID: 29502528; PMCID: PMC6389246.

74. Uzun E, Güney A, Gönen ZB, Özkul Y, Kafadar İH, Günay M, 
Mutlu M. Intralesional allogeneic adipose-derived stem cells 
application in chronic diabetic foot ulcer: Phase I/2 safety 
study. Foot Ankle Surg. 2021 Aug;27(6):636-642. doi: 10.1016/j.
fas.2020.08.002.

75. Vaidya A, Hariharan S, Saini S, Rameshbabu AP. Enhancing 
wound healing through secretome-loaded 3D-printed bioma-
terials. J Mater Chem B. 2021;9(48):10014-10036. doi: 10.1039/
D1TB01917G.

76. Wang B, Zhao G, Zhang J, Chen W, Yang S, Sun Y. Advances in 
Stem Cell Therapy for Diabetic Foot Ulcers. Diabetes Metab Syndr 
Obes. 2025 Oct 29;18:4021-4034. doi: 10.2147/DMSO.S564011. 
PMID: 41185855; PMCID: PMC12579874.

77. Xia Y, Wu P, Chen H, Chen Z. Advances in stem cell therapy for 
diabetic foot. Front Genet. 2024 Sep 3;15:1427205. doi: 10.3389/
fgene.2024.1427205. Erratum in: Front Genet. 2024 Dec 
12;15:1520519. doi: 10.3389/fgene.2024.1520519.

78. Xiao J, Zhang Q, Wu B, Wang M, Zhu Y, Zhao D, Zhao F, 
Xie Y. Effect of placental mesenchymal stem cells on pro-
moting the healing of chronic burn wounds. Heliyon. 2024 
Aug 22;10(17):e36584. doi: 10.1016/j.heliyon.2024.e36584. 
PMID: 39281490; PMCID: PMC11401119.

79. Xie B, Luo H, Zhang Y, Wang Q, Zhou C, Xu D. Autologous 
Stem Cell Therapy in Critical Limb Ischemia: A Meta-Analysis 
of Randomized Controlled Trials. Stem Cells Int. 2018 May 
24;2018:7528464. doi: 10.1155/2018/7528464.

80. Yang Z, Ma L, Du C, Wang J, Zhang C, Hu L, Wang S. Dental pulp 
stem cells accelerate wound healing through CCL2-induced M2 
macrophages polarization. iScience. 2023 Sep 24;26(10):108043. 
doi: 10.1016/j.isci.2023.108043.

81. Yin S, Yang X, Bi H, Zhao Z. Combined Use of Autologous 
Stromal Vascular Fraction Cells and Platelet-Rich Plasma for 
Chronic Ulceration of the Diabetic Lower Limb Improves Wound 
Healing. Int J Low Extrem Wounds. 2021 Jun;20(2):135-142. 
doi: 10.1177/1534734620907978.

82. Zeiderman MR, Pu LLQ. Contemporary approach to soft-tissue 
reconstruction of the lower extremity after trauma. Burns 
Trauma. 2021 Jul 30;9:tkab024. doi: 10.1093/burnst/tkab024. 
PMID: 34345630; PMCID: PMC8324213.



65General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

O. Avtomieienko

Клінічні особливості застосування стовбурових клітин 
при хірургічному лікуванні посттравматичних і трофічних 
дефектів шкірних покривів. Огляд літератури
О. Автомєєнко

Національний медичний університет імені О.О. Богомольця, Київ

Хронічні посттравматичні й трофічні дефекти шкіри залишаються складною клінічною проблемою, 
особливо в умовах ішемії, інфекції, діабетичної ангіопатії та нейропатії чи наслідків високотравма-
тичних ушкоджень. Традиційні методи (дебридмент, шкірні трансплантати, місцеві й вільні клапті) не 
завжди забезпечують стійке загоєння, що стимулює інтерес до регенеративних технологій. Мезенхі-
мальні стовбурові клітини (MSC), насамперед кістково-мозкові й адипозо-деривовані (ADSC), чинять 
виразний паракринний, ангіогенний та імуномодулювальний вплив, поліпшуючи мікрооточення рани 
та підвищуючи ефективність стандартних хірургічних втручань. Клінічні дослідження й метааналізи 
демонструють, що автологічна терапія MSC сприяє швидшому загоєнню діабетичних, венозних, арте-
ріальних і змішаних виразок, знижує ризик ампутацій та поліпшує перфузію тканин. У реконструктив-
ній хірургії посттравматичних дефектів найбільш затребуваними є ADSC/SVF-асистований ліпофілінг 
і nanofat-технології, які забезпечують ремоделювання рубцевої тканини, підвищення її еластичності, 
зменшення контрактур і поліпшення умов для подальших клаптевих реконструкцій. Клітинні або 
клітинно-матриксні конструкції (MSC + scaffold) продемонстрували потенціал у лікуванні складних 
дефектів м’яких тканин з оголенням кістки, зменшуючи потребу в об’ємних реконструкціях. Незважа-
ючи на обнадійливі результати, докази мають обмеження: невеликі вибірки, гетерогенність методик, 
відсутність стандартизованих доз і недостатня кількість великих багатоцентрових рандомізованих 
контрольованих досліджень. Питання щодо тривалої онкологічної безпечності потребує подальшого 
спостереження, хоча значущих ризиків у наявних серіях не виявлено. Перспективними є безклітинні 
підходи (екзосоми, секретом MSC), інтеграція клітинних технологій із 3D-друкованими та біоінже-
нерними матрицями, розробка чітких хірургічних алгоритмів, де MSC є інструментом для підсилення 
ефективності стандартних реконструктивних методів.

Ключові слова: хронічні рани, трофічні виразки, посттравматичні дефекти, реконструктивна хірур-
гія, мезенхімальні стовбурові клітини, адипозо-деривовані стовбурові клітини, стромально-васкулярна 
фракція, регенерація шкіри.
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