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Abstract. The rapid advancement of methods for obtaining multipotent progenitor cells, known as mesenchymal stromal/
stem cells, from various human tissues and organs has driven progress in cellular therapy and regenerative medicine. This 
study aimed to review current scientific data on the use of mesenchymal stromal cells in the treatment of traumatic and 
orthopaedic disorders, providing clinicians with insights into the challenges and prospects of their clinical application. 
The sources of mesenchymal stromal cells, their characteristics, and their therapeutic effects on musculoskeletal 
disorders were analysed. These cells have been found to be applicable in both autologous and allogeneic forms due to 
their ability to differentiate into osteoblasts, chondrocytes, tenocytes, adipocytes, and other cell types, thereby promoting 
the regeneration of damaged tissues. Furthermore, mesenchymal stromal cells have been confirmed to exhibit paracrine 
activity by producing cytokines and growth factors, which contribute to their regenerative and regulatory effects both 
in vitro and in vivo. At the same time, it has been noted that despite their significant therapeutic potential, the clinical 
application of mesenchymal stromal cells is associated with several challenges, including immunocompatibility, stability, 
heterogeneity, and limited differentiation and migration capacities. The prospects for overcoming these limitations 
through cellfree approaches have been considered, particularly the use of exosomes secreted by mesenchymal stromal cells, 
which contain biologically active molecules such as mRNA, microRNA, proteins, and bioactive lipids. These components 
have been shown to promote cell proliferation, migration, regeneration, immunomodulation, and angiogenesis, making 
them a promising avenue in regenerative medicine. The findings of this study may contribute to the further development 
of effective therapeutic strategies in regenerative medicine, particularly in orthopaedics and traumatology. The practical 
significance of this research lies in the refinement of cellular therapy approaches aimed at restoring damaged tissues, 
which may serve as a foundation for future clinical trials and subsequent implementation in medical practice
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promotes faster restoration of joint functional activi-
ty. Analogous results were obtained by J.  Chen  et al.  [10] 
demonstrated that MSCs significantly improve tendon and 
ligament healing in professional athletes, reducing the risk 
of recurrence. Scientists O. Grabovyi et al. [11] established 
that the natural activation of MSCs in response to injuries 
contributes to their differentiation into fibroblasts, which 
form a connective scar tissue.

Particular attention is drawn to the potential of MSCs 
in cartilage tissue regeneration. Y.  Jiang & R.S. Tuan [12] 
note that MSCs and their extracellular matrices are capa-
ble of activating chondrogenesis, promoting the repair of 
damaged cartilage in osteoarthritis and other degenerative 
joint diseases. The research by T. Frazier et al. [13], which 
focuses on the clinical application of MSCs in osteoarthri-
tis treatment, is also of significant interest. The authors 
analysed the effectiveness of MSC transplantation in pa-
tients with knee joint pathology and found that cell ther-
apy contributes to pain reduction, improved mobility, and 
slowed degenerative changes.

Thus, current research confirms the significant po-
tential of mesenchymal stromal cells in the treatment of 
injuries and degenerative diseases of the musculoskel-
etal system. However, despite numerous studies, the use 
of MSCs in the therapy of orthopaedic diseases remains 
controversial. Achieving positive results requires consid-
eration of several factors, including potential side effects. 
Therefore, it is important to systematise data on the pos-
itive and negative aspects of MSCs’ impact on the treat-
ment of musculoskeletal pathologies, predict develop-
ment trends, and systematise literary information of the 
scientific base for further research in this field. This study 
aimed to analyse current scientific data on the use of MSCs 
in the treatment of orthopaedic and traumatological dis-
eases in terms of their ability to differentiate and produce 
regulatory factors, as well as to highlight the challenges 
and prospects of their clinical use.

To achieve the stated aim, a systematic review of liter-
ature available in the MEDLINE/PubMed, Google Scholar, 
Scopus, and Web of Science databases, covering the period 
2001-2024, was conducted; trends in publications for 2015-
2024 were analysed separately. Review articles and de-
scribed clinical cases related to the application of MSCs in 
traumatology and orthopaedics were considered. The study 
employed review-analytical and bibliosemantic methods 
to determine the current state of research on the problem. 
The literature search utilised various combinations of key 
terms, including “mesenchymal stem cells”, “mesenchymal 
stromal cells”, “in vitro”, “in vivo”, “differentiation”, “regen-
erative medicine”, “sports medicine”, “clinical application”, 
“treatment”, “bone defect”, “osteonecrosis”, “fracture 
healing”, “nonunion”, “osteochondral defect”, “cartilage 
repair”, “cartilage defect”, “osteoarthritis”, “osteogenic 
differentiation”, “knee”, and “meniscus”. All data were ob-
tained from open sources; therefore, ethical approval or 
informed consent was not required.

e INFORMATION SOURCES
AND SEARCH STRATEGY
As shown in Figure 1, the database search in PubMed, 
Google Scholar, Web of Science, and Scopus yielded 1,057 

e INTRODUCTION
Mesenchymal stromal cells (MSCs) represent a promising 
avenue in regenerative medicine due to their unique bio-
logical properties. Current research highlights their pivotal 
role in regenerative processes, particularly in orthopaedics 
and traumatology. Damage to bone, cartilage, tendons, and 
ligaments is a common issue, especially among patients 
with degenerative musculoskeletal conditions and sports 
injuries. Existing treatment methods, including surgical 
interventions and pharmacological therapy, do not always 
provide full functional recovery of damaged tissues, driving 
a growing interest in cell-based technologies as an effec-
tive alternative.

Scientists are actively exploring the potential of MSCs 
as a source of regenerative therapy. A bibliometric analysis 
by Z. Deng et al. [1] demonstrated a significant increase in 
publications regarding their application in orthopaedics, 
specifically in the areas of osteogenic differentiation, car-
tilage regeneration, osteoarthritis treatment, and the use 
of biomaterials in combination with MSCs. MSCs can be 
obtained from various sources, including bone marrow, 
adipose tissue, synovial membrane, umbilical cord blood, 
dental pulp, and others. V.V. Maldonado et al. [2] note that 
each source has its own characteristics, which influence the 
cells’ ability to differentiate and proliferate. For example, 
MSCs from adipose tissue are characterised by high availa-
bility and osteogenic potential.

MSCs are distinguished by their capacity for self-rep-
lication, self-division, and multipotent differentiation, 
forming various cell types: adipocytes, osteoblasts, chon-
drocytes, and myocytes. Scientists M.  Sandonà  et al.  [3] 
have established that their migratory activity and interac-
tion with the extracellular matrix contribute to tissue re-
generation. According to reports by Y. Wang et al. [4], their 
proliferation and differentiation in in vitro conditions re-
quire biological signals formed through interactions with 
the extracellular matrix, cytokines, and growth factors.

J.  Tang  et al.  [5] researched the role of exosomes se-
creted by MSCs in bone tissue regeneration processes. It 
was discovered that these extracellular vesicles contain 
growth factors and microRNAs, which stimulate osteogen-
esis and reduce inflammation in the affected area, opening 
up prospects for cell-free therapy. Despite their significant 
potential, the biological properties of MSCs depend on cul-
tivation conditions, which can affect their clinical effec-
tiveness. L.A. Costa et al. [6] emphasised the importance of 
the microenvironment for the functional activity of trans-
planted cells, highlighting the need to optimise methods 
for cultivating and administering MSCs.

MSCs are widely applied in the therapy of various 
diseases, including orthopaedic pathologies. Scientists 
Y. Zhang et al.  [7] demonstrated that the use of MSCs ac-
celerates the fusion of complex long bone fractures, stim-
ulates osteogenesis, and improves the strength of newly 
formed bone tissue. Similar results were obtained by R. Os-
sendorff et al. [8], who proved that MSC injections signifi-
cantly reduce bone tissue regeneration times, especially in 
cases of complicated healing.

In addition to fracture treatment, an important 
area of MSC application is the therapy of sports injuries.  
K.-I.  Kim  et al.  [9] showed the effectiveness of their ad-
ministration in meniscus and ligament ruptures, which 
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literary sources in Ukrainian and English, which included 
studies utilising MSCs. After excluding duplicate articles 
based on titles and abstracts, 295 publications were select-
ed, covering the use of MSCs in reconstructive and regener-
ative medicine. Following a review of the research results, 
examination of their full content with additional manual 

searching of references, and exclusion of articles unrelated 
to musculoskeletal disorders, 76 publications were selected 
that met the aim and criteria of the query. Approximately 
65% of the studies focused on the treatment of knee joint 
diseases, predominantly osteoarthritis; about 30% con-
cerned adipose tissue MSCs.

Figure 1. Flowchart of publication selection for the systematic review
Source: compiled by the authors

Figure 3. Cluster analysis of keywords
Source: compiled by the authors

Figure 2. Dynamics of annual publication count and trends  
in MSC use for musculoskeletal regenerative medicine, 2015-2024

Source: compiled by the authors
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Scientific publications in this field are predominant-
ly focused on fundamental research and clinical trials. As 
depicted in Figure 2, the analysis of the annual distribu-
tion of publications demonstrates a gradual increase in 
scientific activity within the field of orthopaedics from 
2015 to 2024, except for a decrease in the number of stud-
ies in 2020. The authors of this article suggest that this re-
duction is likely related to the COVID-19 pandemic, dur-
ing which an overall decline in scientific productivity was 
observed. The maximum number of publications (131) 

was recorded in 2019, while the minimum (77) occurred 
in 2015. The annual publication of over 80 articles con-
firms a sustained interest among researchers in the use of 
MSCs for treating orthopaedic diseases, fostering a robust 
research environment in this area. From the analysis of 
keyword cooccurrence across different topics in scientif-
ic publications (Fig. 3), it is evident that the primary re-
search directions in traumatology include sources of stem 
cells, their differentiation into bone and cartilage tissue, 
exosomes, and regenerative medicine.
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Thus, the conducted literature analysis demonstrates 
a sustained interest within the scientific community in the 
application of MSCs in orthopaedic practice, particularly 
in the treatment of osteoarthritis and cartilage tissue re-
generation. The identified trends confirm the increasing 
number of studies in this field, indicating the promising 
nature of MSC use in reconstructive medicine. Optimis-
ing MSC transplantation methods, studying their biologi-
cal mechanisms, and conducting long-term evaluations of 
their clinical efficacy will contribute to the advancement of 
approaches for regenerating damaged tissues and the im-
plementation of new therapeutic strategies.

e SOURCES AND THERAPEUTIC POTENTIAL 
OF MSCS
The latest advancements in regenerative medicine have 
created new opportunities for the development of ortho-
paedics and traumatology, potentially transforming clin-
ical practice approaches. Conditions that, as of 2025, are 
predominantly treated with surgical methods may in the 
future be effectively managed with less invasive approach-
es, such as MSC therapy. Research by C. Brown et al.  [14] 
and L.  da Silva Meirelles  et al.  [15] confirms that MSCs 
are capable of differentiating into cells of bone, cartilage, 
tendon, ligament, muscle, and other tissues. According to 
the classification by the International Society for Cellular 
Therapy, terms such as “mesenchymal stromal cells” are 
used for cells in the body (in vivo), and “multipotent stro-
mal cells” are used for cells in culture (in vitro). The In-
ternational Society for Cellular Therapy has defined basic 
criteria for MSC identification [16], including adherence to 
plastic under standard culture conditions; the presence of 
specific surface antigens CD73, CD90, CD105, and the ab-
sence of CD34, CD45, CD14/11b, CD79α/19, HLA-DR; and 
the ability to differentiate into osteoblasts, chondroblasts, 
and adipocytes in vitro.

The differentiation process is a crucial step in the 
transformation of MSCs into osteocytes and chondro-
cytes. This process is regulated by numerous signalling 
pathways, including BMP/Smad, Wnt/β-catenin, PI3K/
AKT, MAPK, TGF-β, Notch, NF-kB, and others, which play a 
key role in regulating this process. For example, Q. Zhou et 
al. [17] demonstrated that the activation of BMP7/Smad5 
promotes the selective differentiation of MSCs into chon-
drocytes. Furthermore, H.D. Fu et al. [18] established that 
BMP-7 can also accelerate the differentiation of MSCs into 
cartilage cells through the activation of the Wnt/β-catenin 
pathway. The PI3K/Akt pathway also plays an important 
role in bone regeneration: A. Yang et al. [19] showed that 
its activation involving IL-8 contributes to enhancing the 
therapeutic effect of MSCs in bone tissue repair. Research 
by U. Kozlowska et al.  [20] indicated that MSCs obtained 
from different tissues share common characteristics, but 
their biological activity and markers vary depending on 
the source. It was found that prolonged cultivation affects 
the biological activity of MSCs; in particular, it can reduce 
their proliferative potential and alter the expression of 
certain markers. It has also been proven that bone mar-
row MSCs have the best capacity for multilineage differ-
entiation. At the same time, adipose MSCs can serve as an 
alternative source due to their similar properties to bone 
marrow stromal cells.

Different sources of origin and differentiation ability 
allow MSCs to be classified into unipotent, multipotent, 
totipotent, and pluripotent cells, depending on their dif-
ferentiation potential. Research by A. Vaish et al.  [21] has 
shown that induced pluripotent MSCs, obtained by repro-
gramming somatic cells, retain the ability for multilineage 
differentiation, similar to embryonic stem cells, but have 
lower immunogenicity, which reduces the risk of rejection 
during transplantation. In another study by A.  Vaish & 
R. Vaishya [22], the authors examined the molecular mech-
anisms that ensure MSC pluripotency. It was demonstrated 
that the transcription factors Sox2, Oct4, and Nanog play a 
key role in maintaining stem cell status and regulating the 
expression of genes associated with cell proliferation and 
self-renewal. The analysis also showed that the surround-
ing microenvironment (e.g., signals from growth factors 
and the extracellular matrix) can modulate the differenti-
ation potential of MSCs, directing them towards a specific 
cellular phenotype.

Until 2008, bone marrow was the primary source of 
MSCs. However, as noted by S. Konovalov et al. [23, 24] and 
M. Tronko et al.  [25], in recent years, cells obtained from 
perinatal and adipose tissues have been increasingly used. 
They demonstrate a high safety and haemocompatibility 
profile, allowing for their use in systemic infusion. Similar 
conclusions were drawn by G. Moll et al. [26, 27], who em-
phasise the need to improve the minimum safety criteria 
for MSCs. They analysed the intravascular application of 
MSCs and highlighted the importance of assessing tissue 
factors and haemocompatibility to enhance clinical ef-
ficacy. Adipose tissue-derived MSCs provide a higher cell 
yield and greater longevity compared to bone marrow stem 
cells, although they are less capable of differentiating into 
bone and cartilage tissue. Despite this, their effectiveness 
in treating osteoarthritis has been confirmed by long-term 
clinical results. As noted by U. Kozlowska et al. [20], in addi-
tion to multipotent differentiation, the paracrine effect of 
MSCs – the secretion of growth factors (BMP, TGF-β, VEGF, 
etc.) that promote angiogenesis, proliferation, and cell re-
generation – plays a key role in tissue regeneration. Similar 
data are provided by H.H. Maniar et al. [28], highlighting the 
significant potential of stem cells in orthopaedic practice.

As of 2025, genetically modified MSCs, capable of re-
leasing growth factors over extended periods, are being 
actively developed. In particular, research by G.E.  Sala-
zar-Noratto et al. [29] explores approaches to enhance the 
survival of transplanted MSCs in tissue engineering and 
regenerative medicine. However, the majority of trans-
planted stromal cells accumulate in internal organs (liver, 
spleen, lungs), which limits their effectiveness and indi-
cates the need for the development of cell-free therapeutic 
approaches. As an alternative, the use of secretomes – bi-
oactive substances produced by MSCs, including exosomes 
and microvesicles – is proposed. This approach has been 
actively researched by scientists M.D. Hade et al. [30] and 
M. Maqsood et al. [31]. They note that secretomes contain 
a wide range of growth factors, cytokines, and exosomes, 
which promote tissue regeneration and may serve as a 
promising therapeutic agent in regenerative medicine.

Exosomes are nanoscale vesicles (30-100  nm) with a 
lipid bilayer membrane, typically produced by MSCs and 
present in various biological fluids. M.H. Gerami et al. [32] 
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examine the role of MSCs and their exosomes in the treat-
ment of musculoskeletal disorders, particularly bone and 
joint pathologies, and emphasise their significant potential 
for orthopaedic applications. Recent studies have shown 
that exosomes contain various biologically active mole-
cules, such as mRNA, microRNA, proteins, and bioactive 
lipids  [33, 34]. C.  Porcu  et al.  [34] analysed their involve-
ment in skeletal muscle regeneration, opening new per-
spectives for the therapy of musculoskeletal pathologies. 
It is known that exosomes are involved in the regulation 
of many key biological processes, including cell prolifera-
tion, migration, enhancement of regenerative properties, 
inhibition of apoptosis, immunomodulation, and stimula-
tion of angiogenesis. D.H.  Hoang  et al.  [33] confirm their 
effectiveness in improving tissue healing and repair pro-
cesses. Current research focuses on studying the molecular 
mechanisms that influence stem cell differentiation, para-
crine signalling, immunomodulatory properties, and tissue 
remodelling processes in the orthopaedic microenviron-
ment. L.L. Bagno et al. [35] analysed the impact of exosome 
delivery methods on their biological activity and therapy 
effectiveness. In 2025, clinical trials are ongoing to assess 
the safety and efficacy of stem cell use in the treatment of 
orthopaedic diseases.

e THE ROLE OF MSCS 
IN BONE DEFECT REGENERATION
Nonunion of long tubular bones remains a complex chal-
lenge in achieving effective bone osteogenesis  [36]. MSC 
therapy may represent an innovative approach to treating 
such lesions. Z. Zhou et al. [37] focus on improving meth-
ods for utilising stem cells, growth factors, and integrating 
MSCs with biomaterials, which contribute to accelerating 
bone tissue regeneration. Y.  Jiang & R.S.  Tuan  [12] were 
among the first to investigate the impact of MSCs in the 
field of orthopaedics. They established that cells isolated 
from adult human bone fragments are capable of differen-
tiating into various cell types of mesenchymal origin in vit-
ro. Similar results were obtained by R. Berebichez-Fridman 
& P.R.  Montero-Olvera  [38], noting that MSCs obtained 
from damaged muscle tissues have similar phenotypes to 
bone marrow MSCs and exhibit the ability to transform 
into osteoblasts, chondrocytes, and adipocytes. Further-
more, researchers R.  BerebichezFridman  et al.  [39] found 
that bone morphogenetic protein (BMP-2) stimulates DNA 
synthesis, activates replication, and promotes the directed 
differentiation of MSCs into osteoblasts.

Most existing clinical studies focused on bone tissue 
regeneration involving stem cells are cohort studies. Ac-
cording to reports by A.M. Theodosaki et al. [40], the use of 
autologous, genetically unmodified MSCs in vivo for bone 
tissue regeneration demonstrates the safety and therapeu-
tic potential of this treatment. E. Lucarelli et al. [41] were 
among the first to investigate the possibility of using autol-
ogous bone marrow stromal cells, cultured ex vivo, for the 
reconstruction of large bone defects. The authors demon-
strated that the application of such cells in combination 
with biomaterials promotes the formation of new bone tis-
sue and successful defect repair, which is confirmed by ra-
diological and clinical observations. In a study by Y. Liu et 
al. [42], it was established that the transplantation of MSCs 
along with their secreted extracellular matrix ensures  

robust bone tissue formation both in vitro and in vivo. This 
occurs through endochondral ossification under the influ-
ence of chondrogenic and osteogenic signals.

Combining MSCs with scaffolds or growth factors 
significantly enhances the healing of traumatic bone de-
fects and nonunion fractures. The study by D. Dufrane [43] 
demonstrated the effectiveness of using 3D-printed grafts 
made from autologous adipose tissue stem cells to repair 
significant long bone defects. In a systematic review con-
ducted by A.M.  Theodosaki  et al.  [40], out of 10,091 re-
trieved clinical studies, 14 of which met the inclusion crite-
ria, 138 patients underwent treatment with MSCs cultured 
on scaffolds. In all cases, bone tissue regeneration was ob-
served, with better results than standard treatments. For 
the treatment of avascular necrosis of the femoral head, 
stem cell-enriched bone marrow aspirate concentrate is 
widely used. Its effectiveness is confirmed in the research 
by N. Pawar et al. [44].

The studies described above confirm the safety of using 
autologous MSCs for bone tissue repair in segmental long 
bone defects. None of the studies reviewed in this section 
reported complications such as inflammatory processes or 
excessive tissue growth. However, according to G.-I. Im [45] 
and B. Lukomska et al. [46], extensive cultivation of stromal 
tissues (4-5 months) can lead to genomic instability, which 
poses a risk of malignant transformation. On the other hand, 
a shorter period of in vitro expansion (up to 8 weeks) may ex-
plain the absence of reports of malignancy in the conducted 
clinical studies. Despite the promising results of successful 
bone tissue regeneration, G.-I. Im [36] and B. Lukomska et 
al.  [46] emphasise that it is premature to draw definitive 
conclusions about the efficacy and safety of MSC-based 
methods. This is due to the limited number of controlled 
studies and the need for further randomised clinical trials.

e CARTILAGE REGENERATION USING MSCS
Articular cartilage, unlike bone tissue, has limited regen-
erative capabilities. Its damage often leads to the develop-
ment of degenerative joint diseases, such as osteoarthritis, 
and loss of mobility  [12, 45]. Research by H. Le et al.  [47] 
notes that due to the absence of blood vessels in articular 
cartilage tissue, mature chondrocytes exhibit a low capacity 
for proliferation and extracellular matrix synthesis to repair 
defects. Current research focuses on the use of MSCs, par-
ticularly those derived from adipose tissue, as they demon-
strate the ability to divide and differentiate into chondro-
cytes [13, 47, 48]. However, even MSC differentiation does 
not always ensure successful tissue regeneration [20]. The 
stages of chondrogenesis include cell condensation, matrix 
synthesis, and maintenance of tissue homeostasis. Each 
stage requires specific growth factors [12]. In cartilage tis-
sue lesions, meniscus injuries, cruciate ligament ruptures, 
and other knee joint pathologies, stromal cells are consid-
ered one of the most promising components of regenera-
tive medicine [48]. Significant research has been conducted 
to study cartilage regeneration processes. For example, S. 
Rodeo [49] made substantial contributions to the study of 
the fundamental principles and clinical use of MSCs in or-
thopaedic sports medicine, particularly in the repair of me-
nisci and cartilage in knee joints, shoulder joint tendons, 
and more. Additionally, research by Y.-M.  Pers  et al.  [50] 
focuses on the use of mesenchymal stem cells to control 
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inflammation in osteoarthritis, opening new perspectives 
for regenerative therapy.

In a clinical study by K.-Y.  Saw  et al.  [51], patients 
with cartilage defects in the knee joint were administered 
MSCs or hyaluronic acid weekly for five weeks. The results 
showed that patients receiving MSC injections experienced 
hyaline cartilage regeneration, which was not observed in 
the hyaluronic acid group. Experimental studies by V. Fish-
chenko et al. [52] confirmed the positive impact of adipose 
tissue-derived MSCs on the restoration of articular carti-
lage structure and function in rats after traumatic injuries. 
The researchers demonstrated the effect of MSCs on accel-
erating reparative chondrogenesis, as well as the forma-
tion of orderly osteogenesis without premature excessive 
matrix ossification or dystrophic changes in chondrocytes 
and chondroblasts. V. Fishchenko & L. Mammadov [53] also 
conducted clinical studies that demonstrated the high ef-
fectiveness of MSCs administered intra-articularly for the 
treatment of distal femoral fractures (19 patients) and de-
forming osteoarthritis of the knee joint (15 patients), re-
gardless of the type of injury and the stage of gonarthrosis, 
confirming the promising nature of this approach.

Other studies have also demonstrated the safety and 
improvement in clinical and radiological parameters fol-
lowing MSC injections in patients with osteoarthritis  [9, 
54, 55]. F. Davatchi et al. [54] observed three patients with 
knee osteoarthritis for five years after intraarticular MSC 
administration, noting long-term pain reduction and im-
proved joint function. In a larger study, D. Screpis et al. [55] 
developed a minimally invasive approach for treating knee 
osteoarthritis. The trial involved 202 patients aged 18 to 
70 years who received intra-articular injections of MSCs 
derived from micro-fragmented adipose tissue at various 
stages of the disease. After 24 months of follow-up, the 
positive impact of the injections on joint functional sta-
tus was confirmed. In the research by K.-I.  Kim  et al.  [9], 
it was demonstrated that intra-articular administration of 
autologous MSCs, derived from adipose tissue and stro-
mal vascular fractions, without additional therapy, results 
in high clinical efficacy, treatment safety and stimulates 
cartilage repair in patients with knee osteoarthritis. When 
comparing allogeneic and autologous MSCs, both sources 
showed effectiveness in reducing pain after six months of 
follow-up, but after a year, autologous MSCs demonstrated 
superiority, particularly in improving functional outcomes. 
At the same time, their regenerative potential depends on 
the patient’s comorbidities, such as cardiovascular pathol-
ogies, which is an important factor for elderly patients with 
osteoarthritis.

Y. Jiang & R.S. Tuan [12] analysed the bioactivity, spe-
cifically the chondrogenic properties, of multipotent stem 
cells and progenitor cells derived from autologous adipose 
tissue, autologous bone marrow, and autologous articular 
cartilage. They established that different cell types exhib-
it distinct effectiveness in cartilage repair in vivo: articular 
cartilage stem cells best form cartilage-like tissue; bone 
marrow cells create a favourable environment for chondro-
genesis, promoting the deposition of aggrecan and matrix 
proteins; conversely, adipose tissue cells more rapidly form 
fibrous tissue filling, which is less similar to cartilage tis-
sue. The authors attribute these differences to the fact that 
adipose tissue cells synthesise 20-60% more proteins than 

other cell types and form an extracellular matrix with high 
levels of fibronectin and type I collagen. Meanwhile, artic-
ular cartilage stem cells produce more type III collagen and 
deposit less fibronectin and type I collagen. These results 
underscore the importance of selecting the stem cell source 
for stimulating cartilage regeneration, as the activation of 
chondrogenic differentiation and matrix formation de-
pends on several key growth factors specific to each cell type.

Studies by K. Čamernik et al.  [56] have demonstrated 
that MSCs derived from skeletal muscles, when compared 
to MSCs derived from the bones of 21 osteoarthritis pa-
tients, exhibited higher clonogenicity, faster growth rates, 
and shorter cell doubling times, as well as showing good 
osteogenic and myogenic properties. Furthermore, a pos-
itive correlation was observed between CD271 expression 
and adipogenesis. In preclinical studies by A.  Vadhan  et 
al.  [57], it was proven that exosomes secreted by stromal 
cells are effective in osteoarthritis due to their chondro-
protective and anti-inflammatory properties. The scien-
tists found that these vesicles are capable of reducing the 
synthesis of pro-inflammatory cytokines while stimulating 
the production of anti-inflammatory factors and also in-
hibiting the activity of matrix metalloproteinases, which 
degrade the cartilage extracellular matrix. Exosomes can 
enhance cartilage tissue regeneration by promoting the 
differentiation of chondrogenic cells into chondrocytes, as 
well as stimulating the synthesis of collagen and proteo-
glycans [32]. In clinical studies conducted by K. Kawata et 
al. [58], it was shown that intra-articular administration of 
MSC-derived extracellular vesicles promotes the repair of 
meniscus defects and also stimulates the growth and mi-
gration of chondrocytes and synovial stem cells. Transcrip-
tome/RNA analysis by comprehensive sequencing con-
firmed that MSC-derived extracellular vesicles upregulate 
CXCL5 and CXCL6 in chondrocytes, activating their growth 
and migration through the CXCR2 axis. The effectiveness 
of MSC-derived exosomes in repairing damaged interver-
tebral discs was also demonstrated in a study by A. Hajies-
mailpoor et al. [59].

Tissue engineering, based on the use of stem cells in 
combination with scaffolds such as tricalcium phosphate, 
hydroxyapatite, and bioactive glass, has demonstrated its 
effectiveness in repairing bone and cartilage tissue defects. 
A systematic review by N. Montemurro et al. [60] describes 
the latest biomaterials (Compact-bio BoneR) and growth 
factors used in neurosurgery, dentistry, and orthopaedics 
for bone tissue regeneration. The authors highlight the 
promising application of bioactive materials in combina-
tion with MSCs to enhance osteogenesis and chondrogen-
esis. Research by S. Nedunchezian et al. [61] is dedicated to 
the creation of bioprinted hydrogel scaffolds based on hy-
aluronic acid-containing adipose tissue stem cells. The use 
of a dual crosslinking method allowed for the production 
of a biomaterial with improved mechanical characteristics, 
which promoted effective chondrogenic differentiation of 
MSCs. In turn, Y. Zhang et al.  [62] demonstrated that the 
combination of MSCs derived from the human umbilical 
cord and cell-free cartilage matrix significantly improves 
cartilage tissue regeneration in a goat model compared to 
the microfracture method. After a period of observation, 
animals that received the transplants showed the forma-
tion of hyaline-like cartilage with appropriate structural 
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organisation. In a study by G.  Wang  et al.  [63], a bilayer 
bionic cartilage matrix (membrane) was created, mimick-
ing the structure, chemical, and mechanical characteris-
tics of mature articular cartilage. The upper layer of the 
membrane consisted of a combination of collagen, sodium 
hyaluronate, and chitosan, while the transition layer in-
cluded collagen, silk fibroin, and chitosan. The membrane 
was implanted into a cartilage defect in the knee joint of 
rabbits with osteoarthritis. Studies showed that this bionic 
membrane promotes MSC proliferation and differentia-
tion, providing effective articular cartilage repair. In turn, 
Z. Wang et al. [64] used coral scaffolds with differentiated 
osteoblasts from rabbit adipose tissue stem cells and trans-
planted them into bone defects in mice. After 8 weeks, a 
significant acceleration in new bone tissue formation was 
recorded. MSCs are a promising tool for treating cartilage 
tissue pathologies. The selection of stem cell sources and 
usage protocols remains an important factor that requires 
further research to optimise treatment strategies.

e THE ROLE OF MSCS IN TENDON 
AND LIGAMENT REPAIR: CHALLENGES AND 
PROSPECTS FOR CLINICAL APPLICATION
Tendons are tissues with limited blood supply and low 
cellular density, which complicates their ability to self-re-
pair. According to a review by L. Jiang et al.  [65], the ten-
don healing process involves three phases: inflammatory, 
proliferative, and remodelling, during which scar tissue 
often forms. The authors note that MSCs play a significant 
role in tendon and ligament repair due to their multidirec-
tional differentiation potential. In tendon injuries, MSCs 
contribute to their repair through four main mechanisms: 
reducing inflammation, neovascularisation, cell prolifera-
tion, and differentiation into target cells. Stromal cells are 
capable of differentiating into tendon cells under specif-
ic in vivo or in vitro induction conditions, which promotes 
the stimulation of regeneration. Due to their pronounced 
paracrine effect, they secrete cytokines, growth factors, 
and chemokines, stimulating angiogenesis and cell prolif-
eration in damaged tissue. Y. Wang et al. [66] in their study 
on a rat model of Achilles tendinopathy showed that the 
administration of exosomes derived from tendon stem 
cells (TSCs) significantly reduces the expression of matrix 
metalloproteinases (MMP)3, increases the expression of 
tissue inhibitor of metalloproteinases-3 (TIMP-3) and Co-
l1a1, which improves tendon biomechanical properties and 
promotes their regeneration. The obtained results confirm 
that TSC-derived exosomes may be a promising therapeu-
tic strategy in repairing damaged tendons by balancing ex-
tracellular matrix remodelling and stimulating tenogene-
sis. Concurrently, according to L. Jiang et al. [65], MSCs also 
contribute to the reorganisation of the extracellular matrix 
by activating collagen synthesis and stimulating the trans-
formation of type III collagen into type I collagen, which is a 
crucial aspect of tendon structural remodelling after injury.

MSCs can differentiate into fibroblasts, which com-
prise the main structural component of tendons and lig-
aments, thereby promoting their regeneration. Since the 
anterior cruciate ligament has low regenerative potential, 
its reconstruction is typically performed using autologous 
tendons. However, research on resident stem cells in tis-
sues opens new possibilities for the repair of this structure. 

In a study by Y.  Ogata  et al.  [67], it was established that 
MSCs isolated from the anterior cruciate ligament express 
CD90 and CD73 markers and have a high capacity for dif-
ferentiation into fibroblasts.

A pilot study conducted by M. Khoury et al. [68] demon-
strated significant clinical improvement and structural 
repair of tendons after the administration of autologous 
adipose tissue MSCs in 18 patients with chronic lateral ep-
icondylitis of the elbow, resistant to conservative therapy. 
J.L. Ellera Gomes et al.  [69] used mononuclear stem cells, 
isolated from iliac crest bone marrow aspirate, to treat 14 
patients with rotator cuff tears. After 12 months of fol-
low-up, clinical examinations and magnetic resonance im-
aging confirmed the complete healing of all 14 tears. Some 
MSC-based drugs have already undergone clinical trials. 
For example, the drug CARTISTEM, created from human 
umbilical cord blood MSCs, received approval from the Ko-
rean FDA in 2012 [70]. In December 2024, the FDA approved 
the drug Ryoncil (remestemcel-L-rknd), developed from al-
logeneic bone marrow mesenchymal stromal cells and in-
tended for the treatment of steroidresistant acute graft-ver-
sus-host disease. These achievements indicate the growing 
interest and progress in the clinical application of mesen-
chymal stem cell-based drugs in various therapeutic areas.

Despite the significant potential of MSCs in the ther-
apy of musculoskeletal disorders, their clinical application 
faces several challenges. For example, J. Xue & Y. Liu [70] 
note that, despite the pronounced immunomodulatory 
potential of MSCs, which affects innate and adaptive im-
munity through the production of immunosuppressive 
and immunomodulatory substances, their survival after 
infusion is quite low. This is due to the immediate inflam-
matory response that develops right after cell adminis-
tration. U.  Kozlowska  et al.  [20] emphasise that the rapid 
destruction of MSCs after administration is caused by the 
activation of the local immune response. Optimising trans-
plantation conditions, including the use of anti-inflamma-
tory agents or special carriers, can significantly improve 
treatment outcomes. V. Alonso-Goulart et al. [71] explored 
the possibility of using bioactive materials to increase MSC 
survival after implantation outside the bloodstream. The 
combination of MSCs with biomaterials allows for the cre-
ation of a favourable microenvironment, which reduces the 
risk of their destruction and improves integration into the 
recipient’s tissues. Scientists J. Xue & Y. Liu [70] also draw 
attention to the effectiveness of biomaterial-carrier com-
binations based on bioceramics, hydrogels, and cell sheets, 
which improve cell survival after implantation and pro-
mote their effective functioning.

C.  Tran & M.S.  Damaser  [72] found that MSCs are 
capable of synthesising a wide range of bioactive mole-
cules, including cytokines, chemokines, angiogenesis and 
growth factors, which act in an autocrine and paracrine 
manner, regulating several physiological processes: re-
cruitment of progenitor cells to damaged tissues, inhibi-
tion of apoptosis, scar formation, and tissue remodelling. 
J. He et al. [73] examined the features of using MSC sphe-
roids in combination with hydrogels and confirmed their 
effectiveness in reducing the inflammatory response and 
improving cell survival. I.  Mastrolia  et al.  [74] confirmed 
the ability of MSCs to actively migrate to injury sites, 
which promotes regeneration processes. The scientists 
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Анотація. Швидкий розвиток методів отримання мультипотентних клітин-попередників, відомих як 
мезенхімальні стромальні/стовбурові клітини, з різноманітних тканин та органів людини сприяв прогресу у 
сфері клітинної терапії та регенеративної медицини. Метою цього дослідження став огляд сучасних наукових 
даних щодо використання мезенхімальних стромальних клітин у лікуванні травматичних і ортопедичних 
захворювань, а також ознайомлення клініцистів із викликами та перспективами їх клінічного застосування. У ході 
дослідження було проаналізовано джерела отримання мезенхімальних стромальних клітин, їхні характеристики 
та терапевтичний вплив при захворюваннях опорно-рухового апарату. Було встановлено, що ці клітини можуть 
використовуватися як в аутологічній, так і в алогенній формах завдяки їх здатності до диференціювання в 
остеобласти, хондроцити, теноцити, адипоцити та інші типи клітин, що сприяє регенерації ушкоджених тканин. 
Було підтверджено, що мезенхімальні стромальні клітини володіють паракринною активністю, продукуючи 
цитокіни та фактори росту, що забезпечує їх регенеративний і регуляторний вплив як in vitro, так і in vivo. Водночас 
було зазначено, що, попри значний терапевтичний потенціал, їх клінічне застосування пов’язане з низкою 
викликів, зокрема, питаннями імуносумісності, стабільності, гетерогенності, а також обмеженою здатністю до 
диференціювання та міграції. Було розглянуто перспективи подолання цих обмежень за допомогою безклітинних 
підходів, зокрема застосування екзосом, що виділяються мезенхімальними стромальними клітинами, та містять 
біологічно активні молекули мРНК, мікроРНК, білки та біоактивні ліпіди. Було відзначено, що ці компоненти 
сприяють клітинній проліферації, міграції, регенерації, імуномодуляції та ангіогенезу, що є перспективним 
напрямом у регенеративній медицині. Отримані результати можуть бути використані для подальшої розробки 
ефективних терапевтичних стратегій у регенеративній медицині, зокрема в ортопедії та травматології. Практичне 
значення дослідження полягає в удосконаленні підходів до клітинної терапії, спрямованих на відновлення 
уражених тканин, що може слугувати основою для майбутніх клінічних випробувань і подальшого впровадження 
в медичну практику
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