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Introduction

Since the introduction of Mesenchymal Stem Cells (MSCs)
and “the mesengenic process” by Arnold Caplan in 1991 [1],
regenerative orthopaedics using biologic augmentation has
become an ever-growing field. Through MSC’s immunomodu-
latory and trophic effects, many orthopaedic pathologies such
as degenerative osteoarthritis [2-15], chondral defects [16-34],
tendinopathies, meniscal lesions, and muscle pathologies can
be treated. As understanding of the origin and function of MSCs
grow, new sources are uncovered and optimization for the pro-
cessing and use further opens the door in making MSCs an in-
creasingly reliable and effective point-of-care treatment. Similar
to Platelet Rich Plasma (PRP) [35-39], variable results of MSCs
may be a result of the lack of standardization in preparation or
identification and quantification of specific biomarkers to en-
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Mesenchymal Stem Cells (MSCs) have gained promi-
nence in regenerative orthopaedics since their initial char-
acterization by Arnold Caplan in 1991. This review outlines
the historical development and evolving understanding of
MSCs including their redefinition as “medicinal signaling
cells” based on their paracrine and immunomodulatory
properties. The literature is reviewed regarding MSC sourc-
es-such as bone marrow adipose tissue and umbilical cord-
and their respective roles in orthopaedic applications. Evi-
dence is synthesized on the use of MSCs in treating tendon
ligament meniscal and osteochondral injuries. Additionally
recent advances in acellular MSC-based therapies particu-
larly secretomes and exosomes are explored. The review
further evaluates current strategies for MSC quantification
and characterization including colony-forming units nucle-
ated cell counts and surface markers such as CD271 and
assesses their potential correlation with clinical outcomes.
Ongoing challenges related to standardization and outcome
prediction are identified underscoring the need for further
research to optimize the clinical application of MSCs in mus-
culoskeletal medicine.

sure consistent and reproducible results. This article will review
the history of MSCs, their current uses, and possible ways to
predict clinical outcomes.

Arnold Caplan and the Origin of Mesenchymal Stem Cells

Arnold Caplan proposed the concept of the “mesengenic
process”, during which he recognized a specific category of cells
that he originally referred to as “mesenchymal stem cells” [1].
Caplan observed that MSCs play a crucial role in the formation
of cartilage and bone during the early stages of embryonic de-
velopment. He proposed that MSCs are not limited to embryos
but can also be extracted from adult tissues. Once isolated from
adult sources, MSCs participate in mechanisms of tissue repair
and cellular turnover. The term “mesengenic process” refers to
the division and proliferation of MSCs, leading to the differenti-
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ation of subsequent cells into specific tissue lineages influenced
by both intrinsic and extrinsic factors. This differentiation pro-
cess commits MSCs to phenotypic pathways, allowing them to
mature into various tissue types including osteocytes, hypertro-
phic chondrocytes, myotubules, stromal cells, tendon/ligament
fibroblasts, adipocytes, and other connective tissue cells.

At the same time, the findings of Ashton and Fridenshtein
et al. indicated that osteogenic precursor cells extracted from
bone marrow have the ability to demonstrate multipotency
and undergo differentiation [40,41]. These cells were later de-
scribed as a sub-population of non-hematopoietic stromal cells.
Through implantation of the non-hematopoeitic stromal cells
harvested from bone marrow, multiple tissue types could be
observed [42]. Within isolated bone marrow cell suspensions,
distinct colonies originating from single cells were identified.
These distinct colonies were termed as “Colony Forming Units”
(CFUs) [43].

With the increasing acceptance of the mesengenic theory
and the subsequent exploration of MSCs recent research has
confirmed the hypothesis that MSCs possess the ability to dif-
ferentiate into a variety of specific cell lineages [44-47]. It was
not until 17 years after the first publication of the “mesengenic
process” that a major breakthrough in the understanding of
MSCs was achieved. Caplan et al. demonstrated the association
between MSCs and perivascular cells, which were subsequently

named “pericytes”, by identifying cells that possessed biomark-
ers for both MSCs and pericytes [48]. This discovery was further
investigated by Caplan by validating the link between MSCs and
pericytes through the isolation of pericytes and in vitro expan-
sion. These cells did show multipotency and phenotypic plas-
ticity, producing distinct adipogenic, chondrogenic, myogenic,
and osteogenic lineages [49,50]. He theorized that if MSCs
are indeed derived from activated pericytes, then it should be
possible to isolate them from all forms of vascularized tissue
[48,50,51].

By establishing a connection between MSCs and pericytes,
Caplan raised doubts about the “stemness” of what he previ-
ously referred to as “mesenchymal stem cells.” He elaborated
on the process of pericyte activation following injury. When vas-
cularized tissues suffer damage due to injury, disease, or inflam-
mation, pericytes located on blood vessels are released and
subsequently differentiate into MSCs. Once these MSCs are lib-
erated from pericytes and stimulated by surrounding immune
factors, they operate similarly to natural “drugstores”, exerting
trophic and immunomodulatory effects through the release of
bioactive factors and cytokines (Table 1) [52-54]. The trophic
characteristics of MSCs stem from the release of bioactive fac-
tors that create an optimal regenerative microenvironment ex-
hibiting anti-apoptotic, anti-scarring, angiogenic, and mitotic
effects. The repair and reconstruction of tissues are enhanced
as activated MSCs revert to a more stable pericyte phenotype.

Table 1: MicroRNA immunomodulatory molecules cytokine receptors and growth factor expression of MSCs.

MicroRNAs Immunomodulatory Molecules Surface Markers and Cytokine Receptors Secreted Growth Factors and Cytokines

miRNA-1224 LL37 antibac pep SSEA-4 LIF

miRNA-486-5p HO-1 SSEA-3 SCF

miRNA-451 Gal-9 HLA-G GM-CSF inducible

miRNA-222-3p Gal-1 (HLA Class Il -inducible) G-CSF

let-7a-5p TSG-6 HLA Class | M-CSF

miRNA-199 Inos CD332 FGFR2 FLT-3 Ligand

miRNA-191-5p IDO CD331 FGFR1 FGF2

miRNA-146b HLA-G CD222 IGF2R VEGF

miRNA-145 LIF CD221 IGF1R

miRNA-143-3p IL10 CD166 IGF1R

miRNA-133b IL-6 CD146 MCAM

miRNA-125b IL-1RA CD140b PDGFRB

miRNA-29 PGE2 antibac too CD120b TNFIIR

miRNA-24 HGF CD120a TNFIR

miRNA-23b TGF CDw119 IFNyR

miRNA-21 CD117 KIT

miRNA-10b CD106 VCAM-1

miRNA-10a CD105 Endoglin Integrins-positive

mMiRNA-9-5p CD90 Thy -1 CD104 B4

CD73 Ectonucleotidase CD61 B3

Hemato-negative Integrins-negative CD71 Transferrin Rec CD29 B1

CD45 CD49d a4 CD62L L-Selectin CD51 aa

CD34 CD18 CB2 CD58 LFA-3 CD49e av

CDh14 CD1laal CD54 ICAM-1 CD49c a3

CD11b CD44 HA Rec CD49b a2

CD4 Cb9 CD49a al
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Bioactive factors and cytokines secreted by MSCs also have
immunomodulatory attributes as they inhibit T cell exposure to
antigens and T cell progenitor expansion, protecting the body
against self-harm and autoimmunity. These bioactive factors
also inhibit complement-mediated consequences from mono-
nuclear cell proliferation, reduce neutrophils bound to endothe-
lial cells and their ability to migrate to injured areas, and inhibit
apoptosis of activated neutrophils [55-58]. The activation and
recruitment of neutrophils are stimulated by the secretion of
multiple cytokines, notably IL-6, IL-8, and MIF. These cells also
utilize chemoattractant mediators, such as anaphylotoxins and
chemokines. Furthermore, activated MSCs inhibit the degran-
ulation of mast cells, the proliferation of cytoplasmic granule
contents, and the secretion of pro-inflammatory cytokines [59].
MSCs are able to inhibit the proliferation of de novo-induced NK
cells, partially suppress the proliferation of activated NK cells,
and contribute to the reduction of the cytotoxic activity associ-
ated with NK cells [61,62]. Alongside lymphocytes, this combi-
nation successfully inhibits the activation of CD4+ and CD8+ T
cells, as well as B lymphocytes. This inhibition correlates with
a decrease in pro-inflammatory cytokines, such as IFN-y and
TNF-a, while promoting an increase in the production of anti-in-
flammatory cytokines [63,64]. MSCs facilitate the conversion of
pro-inflammatory M1 macrophages into anti-inflammatory M2
macrophages by secreting prostaglandin E2. Prostaglandin E2
engages with the EP4 receptor found on activated M1 macro-
phages, leading to a reduction in the secretion of pro-inflamma-
tory cytokines, such as TNF-a and IL-1B, while simultaneously
promoting the release of anti-inflammatory mediators like IL-10
from M2 macrophages [65]. By diminishing chronic inflamma-
tory responses activated, MSCs effectively reduce apoptosis
particularly in ischemic environments. They hinder the progres-
sion of myofibroblast formation which helps to prevent scar
tissue and they encourage the mitotic activity of intrinsic tis-
sue progenitors that are essential for tissue repair. Additionally,
through their pericyte-like functions, they enhance and stabilize
angiogenesis and vessel formation [48,50,53].

The nomenclature to describe MSCs as “mesenchymal stem
cells” soon became criticized as comprehension of these specif-
ic cells improved. Given that MSCs are recognized for their mul-
tipotent nature secretory functions and phenotypic plasticity,
the traditional descriptors of “stemness” and self-renewal are
inadequate for characterizing MSCs, thereby excluding them
from the conventional definition of “stem cells.” Caplan agreed
with criticisms and the need for more suitable nomenclature for
MSCs. With their secretory and trophic properties, Caplan saw
MSCs as a multidrug “drugstore” that supported and promoted
natural regeneration. In this context, he advocated for the term
“medicinal signaling cells”, seeking to uphold the “MSC” acro-
nym which was already well-known to the majority of the global
research and clinical population [52,66-68].

Bone Marrow-derived MSCs

MSCs have been recognized and extracted from a wide ar-
ray of tissues across the human body, such as bone marrow,
adipose tissue, amniotic fluid, umbilical cord, synovial tissue,
and connective tissues including tendons and ligaments, as well
as from the heart, liver, and dental tissues [69-79]. However,
despite many various sources of MSCs around the body, bone
marrow and adipose tissue have become the most common
sources used for orthopaedic clinical application [3-12,80].

Bone marrow was the progenitor source of MSCs in early re-
search, owing to its ease of harvest, background of understand-

ing at the time, and known capacity for multipotency [42,43,81].
In addition to MSCs and several bioactive factors, bone mar-
row also encompasses a diverse array of cell types, including
red blood cells, leukocytes, platelets, adipocytes, both hemato-
poietic and non-hematopoietic precursor cells, and supportive
stromal cells [82,83]. It is theorized that centrifugation can be
employed to concentrate Bone Marrow Aspirate (BMA), along
with its various components, which include bone marrow-de-
rived mesenchymal stem cells (BM-MSCs) and other bioactive
entities, such as growth factors (e.g. PDGF, TGF-B), proteins (e.g.
BMPs), platelets, and immune cells (e.g. neutrophils, lympho-
cytes, monocytes). This results in the production of Bone Mar-
row Aspirate Concentrate (BMAC), which may enhance regen-
erative potential [82,84]. However, even with centrifugation,
MSCs only compose approximately 0.001% to 0.01% of the cells
in BMAC [47,85-87]. Moreover, conflicting evidence suggests
that centrifugation and BMAC indeed have higher concentra-
tions of MSCs [86-91].

Adipose-derived MSCs

The discovery of MSCs in adipose tissue dates back to 2001
and its subsequent rise in popularity has positioned it as one of
the leading sources of MSCs in current regenerative medicine
practices [92]. Adipose-derived MSCs (A-MSC) are typically iso-
lated from the abdomen, thigh, gluteal area, arm, and Hoffa’s
fat pad. Similar to MSCs derived from bone marrow, A-MSCs
possess the potential for multipotency and the ability to pro-
duce distinct phenotypes in response to the surrounding en-
vironment through immunomodulatory and trophic cascades
[69,93]. Adipose tissue can yield up to a 500-fold increase in the
amount of MSCs with 1 gram of aspirated adipose tissue, yield-
ing approximately 3.5x10° to 6.0x10° A-MSCs compared to 500
to 5.0x10* MSCs derived from 1 gram of bone marrow aspirate
[94]. This accounts for the substantially higher concentration of
MSCs in adipose tissue compared to that in bone marrow. Due
to the multiple available harvest sites, a large number of MSCs
can be obtained from a single individual, with high capability to
proliferate rapidly in vitro and have low cell senescence after
months of culture and expansion [95,96]. The identification of
the stroma and the capacity to immediately utilize the Stromal
Vascular Fraction (SVF), which has a high prevalence of A-MSCs
and stromal cells for therapeutic purposes, has made adipose
tissue a suitable candidate for clinical applications.

Numerous strategies are available for isolating A-MSCs from
subcutaneous tissues, utilizing either an enzymatic [69,97-99]
or mechanical digestion process [4,5,10,14,100-110]. These
A-MSCs are not isolated alone, but as a component of a pro-
cessed SVF, which is composed of endothelial progenitor cells,
adipocytes, preadipocytes, fibroblasts, macrophages, pericytes,
and red blood cells [111]. Enzymatic digestion techniques com-
monly employ collagenase, which targets particular amino
acid sequences and are subsequently followed by a series of
differential centrifugation processes [94-98], yielding 2.0 to
6.0x10° cells, with cell vitality of more than 90%. Collagenase
digestion has been shown to be more efficient compared to
mechanical SVF isolation; however, these methods are typi-
cally more time-consuming, requires several challenging and
technical steps, dedicated equipment, and is generally more
expensive [99,112-114]. Enzymatic digestion techniques also
may violate local laws and policies as processing goes beyond
“minimal manipulation” regulations [115,116]. The extraction
of A-MSCs and SVF via enzyme-free methods usually employs
mechanical or physical forces to weaken the structural integrity
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of the extracellular matrix found in adipose tissue and its peri-
adventitial components. One main advantage of using mechani-
cal digestion is that the native extracellular matrix and perivas-
cular structures are maintained and act as a scaffold providing
biophysical support [117,118].

Umbilical Cord-derived MSCs

Functioning as a crucial prenatal organ, the umbilical cord
connects the placenta to the fetus or newborn, allowing for the
exchange of essential nutrients and oxygen. This structure is
composed of a two-layered epithelial and mesenchymal amni-
otic membrane, a perivascular region with surrounding blood
vessels, and Wharton’s jelly which provides the necessary elas-
ticity to the organ [119]. The umbilical cord is an exceptional
source for obtaining a considerable number of MSCs, with the
harvesting process being non-invasive, painless, and posing
no risk to the donor. The collection and application of Umbili-
cal Cord-Derived MSCs (UC-MSCs) are less constrained by legal
regulations and ethical considerations [120,121]. Additionally,
UC-MSCs avoid the common limitations associated with MSCs
derived from bone marrow or adipose tissue, such as cell se-
nescence due to donor age, limited ability to proliferate, and
an increased risk of transmitting infectious diseases [122-125].

UC-MSCs have no morphologic difference compared to A-
MSCs and thry express the classic MSC markers CD44, CD73,
CD- 90, and CD105, while being negative for CD3, CD14, CD19,
CD34, and CD45 [126-128]. In comparison to BM-MSCs, A-MSCs
and UC-MSCs have higher proliferative potential [122,126,128-
132]. UC-MSCs reach saturation density more quickly than A-
MSCs, demonstrating their higher proliferative potential. How-
ever, UC-MSCs demonstrate lower plating efficiency and yield
fewer CFUs compared to A-MSCs, possibly due to the primitive
nature of UC-MSCs and their need for cell-cell contact to grow.
A-MSCs show higher matrix mineralization and osteocalcin ex-
pression, however, they are equivalent to UC-MSCs in osteonec-
tin expression, making A-MSCs superior to UC-MSCs in terms
of bone formation. UC-MSCs and A-MSCs are similar in terms
of chondrogenic differentiation and they both acquire rounded
morphologies indicative of chondrocytes, express type 2 colla-
gen, and have mRNA expression of aggrecan and collagen type
2 in equivalent numbers. This indicates that both have equiva-
lent and efficient chondrogenic differentiation potential [126].

MSCs in Tendon Injuries

The innate healing capacity of tendons is typically low, which
often leads to the formation of fibrosis and adhesions. Tendons
that are injured, “pathological,” or regenerated usually show
diminished mechanical properties relative to their healthy un-
injured counterparts. The use of MSCs has been shown to aid in
tendon healing through their trophic and immunomodulatory
functions, allowing improved tendon development signals and
tendon repair capabilities. Following tendon injury, there is de-
creased tissue perfusion leading to a hypoxic environment in
the tendon [133]. Decreased vascularity and hypoxia induces in-
flammatory responses in tendon tissue and tenocytes resulting
in decreased synthesis of the collagen matrix [134]. By applying
MSCs to injured tendon tissue, VEGF is secreted to enhance an-
giogenesis and capillary permeability through the proliferation
and differentiation of vascular endothelial cells [135-138]. By
promoting neovascularization, nutrients and growth factors can
be more efficiently recruited to injured areas, improving intrin-
sic tendon repair.

Tendon fibroblasts or tenocytes produce various ECM com-
ponents, such as proteoglycans, collagen, and fibronectin,
which help maintain ECM stability [139]. Tenocytes migrate to
the site of injury and proliferate, producing collagen and glyco-
proteins, which enhance tissue regeneration during the prolif-
eration phase of tendon healing [140]. However, during the pro-
liferation and remodeling phases, there is decreased vascularity
secondary to tendon injury leading to poor blood supply and
decreased levels of tenocytes, causing slow and inefficient ten-
don healing. Fibrosis and fibrous tissue develop, causing incom-
plete recovery due to the lack of ECM components during these
healing phases, producing mechanically inferior tissue [141].
MSCs on the other hand enhances the endogenous expan-
sion and proliferation of tendon progenitor cells and tenocytes
through secretion of growth factors, allowing the induction of
tendon progenitor cells and tenocyte differentiation [142-144].
MSCs can also promote tendon healing indirectly by inhibiting
the differentiation of progenitor cells down non-tendinous lin-
eages, such as adipogenesis, osteogenesis, and chondrogene-
sis, directing more of these cells to differentiate into tenocytes
[145]. By promoting tenocyte proliferation and differentiation,
increased numbers of tenocytes are available to promote ECM
deposition, improving the quality of tendon healing.

Normal tendons have high levels of type | collagen in their
ECM, which plays an important role in providing tensile strength
for tendons, while type Ill collagen is seen in lower quantities
and is weaker in bearing mechanical loads [71,146]. Matrix
Metalloproteases (MMPs) are vital in the remodeling phase of
tendon repair as they break down damaged collagen [148,149].
During the early phases of tendon healing VEGF increases the
expression of MMPs, which helps improve neovascularization;
however, at the later remodeling phase of healing, these MMPs
degrade both type | and type Il collagen and proteoglycans
in ECM, which may limit the strength of newly-remodeled tis-
sue [150]. Through precise signaling from the actions of MSCs,
MMPs genes can be down regulated, allowing greater collagen
synthesis and improved tendon healing by increasing the ratio
of type I/type Ill collagen [151]. Other proteins, such as deco-
rin, TNMD, and type I/1ll collagen al, are highly expressed in
the early stages of tendon healing in response to MSCs applied
to injured tendons [152]. Decorin promotes collagen produc-
tion by regulating cell proliferation [153]. TNMD promotes the
proliferation, migration, and differentiation of tenocytes and
tendon progenitor cells, preventing fibrosis and scar formation
while also promoting collagen remodeling through regulation
of type | collagen levels [154]. MSCs also secrete other growth
factors that increase the strength of repaired tendons, such as
TGF-B, bFGF, and EGF, which accelerate ECM deposition and re-
modeling and promote collagen synthesis and maturation [155-
158].

By understanding the physiology in which MSCs can enhance
tendon healing through direct and indirect mechanisms, we
can harness these characteristics to improve clinical outcomes.
Morton-Gonzaba et al. [159] demonstrated in their meta-anal-
ysis that one of the biggest benefits of using MSCs for rotator
cuff injuries is the significantly increased ultimate load-to-fail-
ure seen. They noted that despite an increased ultimate load-
to-failure, there was no increase in overall stiffness, ultimate
tensile strength, cross-sectional area, mechanical deformation,
or energy absorbed. However, bone morphology at the inser-
tion of the rotator cuff tendons saw an improved bone mineral
density trabecular thickness and bone volume fraction with no
improvement in trabecular separation or total bone trabecular
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number.

Earlier studies showed MSC augmentation during rotator
cuff repair improved the healing rate and quality of the repair
surface. Hernigou et al. [160] showed 100% of their MSC aug-
mented cases had healing of the rotator cuff tear at 6 months
compared to only 67% who underwent rotator cuff repair only.
Longevity of rotator cuff repairs was also improved in the MSC
augmented group where 87% had intact repairs at 10 years
while there were only 44% with intact repairs amongst the
repair only group. They correlated that the number of MSCs
implanted had the most significance as those with decreased
tendon integrity at 10-year follow-up received fewer MSCs. Kim
et al. [161] had similar results, showing improved retear rates
in the augmented group (14%) compared to the repair only
group (28.5%) at the mean final follow-up of approximately 28
months.

In a randomized controlled trial by Cole et al. [162], they
demonstrated that the application of MSCs derived from bone
marrow showed improved clinical outcomes at 6 months and
was sustained until the last follow-up at 2 years. Specifically, in
terms of range of motion, there was significant improvement in
internal rotation, external rotation, abduction, and forward flex-
ion in the group who underwent rotator cuff repair augmented
with MSCs. In comparison with the control group only under-
going rotator cuff repair, there was no significant improvement
in range of motion or strength in any postoperative follow-up.
Postoperative analysis was done using MRl and 57% of the rota-
tor cuff repair only group had Suguya 4 or 5 grades compared to
only 18% in the repair group augmented with MSCs. Additional
analysis showed a strong correlation between MSC augmenta-
tion and Sugaya score <3. In terms of failure, there was no sig-
nificant difference between the two groups.

MSCs not only are effective as augmentation to rotator cuff
repairs but also may act as a standalone therapy. Jo et al. [164]
demonstrated improved clinical scores for patients with partial
rotator cuff tears treated with low-doses (1.0x107 cells), mid-
doses (5.0x107 cells) and high-doses (1.0x108cells) of MSCs. VAS
scores were significantly decreased in all 3 doses; however, the
mid-dose showed the most decrease at both 1-year and 2-year
follow-ups. External rotation had significant improvement with
the mid- and high-doses, while internal rotation significantly
improved with only the high-dose. Low-doses of MSCs only had
anincrease in infraspinatus strength by 20% at 2 years while the
high-dose group showed improvement in strength in the supra-
spinatus, infraspinatus, and teres minor by 72.3%, 60.3%, and
55.1% at 2 years. SPADI, Constant, ASES, UCLA SST, DASH, over-
all function, and satisfaction all had significant improvements
at 2 years with the mid- and high-doses. Structurally, the high-
dose group showed a 100% decrease in defect volume on the
bursal-side at 2 years.

Centeno et al. [165] compared treating partial rotator cuff
tears using a combination of bone marrow derived MSCs and a
PRP derivative platelet lysate to exercise treatment. The MSC +
PRP group showed significant improvement in DASH scores in 3
months with continued improvement through 2 years of follow-
up. Minimal Clinically Important Difference (MCID) for DASH
scores was achieved in 61% by 3 months, 91% by 1 year, and
94% by 2 years. Compared to the exercise group, only 40% met
the MCID by 3 months and dropped to only 20% in 6 months.
Numeric Pain Scale (NPS) scores had significant improvement
as early as 1 month in the group treated with MSCs + PRP while
the exercise group never demonstrated any significant improve-

ment at any time point. MCID for NPS was reached by 43% at
1 month, 91% at 1 year, and 88% by 2 years in the MSCs + PRP
group, while MCID in the exercise group was met by 22% at 1
month, 30% at 3 months, and 20% at 6 months before crossing
over patients. Modified SANE scores were also significantly bet-
ter in the MSCs + PRP group.

MSCs have also been investigated in other tendon patholo-
gies. Early phase clinical trials have been shown to have prom-
ising results in Achilles tendinopathy, showing significantly im-
proved VAS, MOXFQ, EQ-5D-5L, and VISA-A scores at 3 months
and 6 months follow-up [166]. MSCs have also been shown
to improve patellar tendon structure on ultrasound and ultra-
sound tissue characterization compared to leukocyte poor PRP
as early as 6 months, with normalization of tendon structure
seen on MRI, with both groups showing improved and equiva-
lent clinical outcomes [167].

MSCs in Ligament Injuries

Ligament healing usually occurs in a manner similar to ten-
don healing, resulting in scar tissue with diminished mechanical
characteristics related to its structure, composition, and func-
tional capabilities when compared to the native tissue. Normal
ligament healing goes through phases of inflammation, prolif-
eration, and remodeling. The inflammatory phase is character-
ized by the recruitment of immune cells, such as macrophages
(M1 and M2), T lymphocytes, and neutrophils to the injury site.
This is followed by the arrival of more macrophages, along with
endothelial cells and fibroblasts, all of which play a role in pro-
ducing granulation tissue. Throughout the proliferation phase,
the levels of type | procollagen diminish, whereas type Il col-
lagen levels rise. As remodeling occurs, the ratio of type | colla-
gen to type Ill collagen increases, thereby enhancing the tensile
strength of the tissue. In an ideal scenario, the healing process
leads to diminished inflammation, well-structured collagen fi-
bers, natural levels of type | collagen, the absence of scar tissue,
and mechanical properties that closely resemble those of na-
tive tissue [168].

Early suppression of inflammatory cells and cytokines could
be essential for promoting better regenerative healing of liga-
ments, facilitating their restoration to their initial composition.
The role of MSCs in ligament healing could be the key through
their immunomodulatory properties. When MSCs are intro-
duced to a ligament injury, they generate elevated amounts of
CD206, which serves as an anti-inflammatory marker for M2
macrophages along with interleukins IL-10, IL-12, and TNF-a.. By
converting M1 pro-inflammatory macrophages into M2 anti-in-
flammatory macrophages, MSCs hold the potential to diminish
inflammation and lower the incidence of fibrosis and scar tis-
sue. A diminished population of M1 macrophages in the vicinity
of the injury can result in a lower concentration of inflammatory
cytokines, like IFN-y, IL-1a, and IL-12, ultimately promoting bet-
ter ligament healing [169-171].

Early studies demonstrated MSCs with or without the use of
biologic scaffolds had the ability to improve ligament healing in
incomplete or partially torn ACL injuries when combined with
primary repair. These studies showed significantly improved
functional and clinical outcomes, high return to sport rates,
decreased side-to-side anterior translation difference, and high
long term survival rates [172-177]. Other studies showed the
benefit of MSCs in the healing of ACL reconstructions, demon-
strating early ligamentization of Bone-patellar Tendon-Bone
(BTB) augmented allografts augmented with MSCs, with su-

Journal of Orthopedics and Muscular System



MedDocs Publishers

perior early signal intensity ratio on radioimaging, as well as
improved PROMs during the early post-operative period com-
pared to BTB allograft reconstruction alone [178]. Centeno et
al. demonstrated the efficacy of non-operative treatment using
a combined injection of MSCs and PRP for grade 1 2 and 3 ACL
tears. They showed improved modified SANE scores beyond
1 month follow-up, as well as improved NPS, LEFS, and IKDC
scores at an average of 23 months. Mean gray values also im-
proved showing lower signals and denser anterior cruciate liga-
ments [179,180].

MSCs in Meniscal Injuries

The meniscus is a particularly difficult structure in terms of
healing. The outer or peripheral one-third of the meniscus, typi-
cally referred to as the “red-red zone”, receives perfusion from
radial branches from the peripheral capsular plexus and is the
most perfused area, making this the only area capable of heal-
ing. The middle one-third of the meniscus, called the “red-white
zone”, is the transition zone between the perfused red-red zone
and the inner or most central “white-white zone”, and is par-
tially vascularized as this is the area where many of the radial
branches terminate. The inner one-third is avascular and has
no perfusion as vascularity of the meniscus typically extends
between 10% to 25% from the periphery [181-184]. Meniscal
healing relies on both extrinsic and intrinsic factors. Extrinsic
factors rely on the vascular areas of the meniscus where un-
differentiated mesenchymal cells supply nutrients and induce
healing. Intrinsic factors rely on the self-regenerative capacity
of the meniscal fibrocartilage and surrounding synovial fluid
[185,186].

One of the first studies to investigate MSC treatment in
meniscal lesions was done by Vangsness et al. In the study,
they described administering an intraarticular injection of al-
logenic MSCs 7 to 10 days post partial medial meniscectomy,
in which more than 50% of the meniscus was excised. They
demonstrated by MRI that the group given 50x10° MSCs had
significantly increased meniscal volume (defined a priori as a
15% threshold) for 24% of patients, while only 6% of patients
given 150x10° MSCs had significant increased meniscal volume.
VAS and Lysholm knee scale total scores were also significantly
improved for those given MSCs [187].

Whitehouse et al. [188] marked one of the earliest accounts
of employing autologous MSC augmentation in the repair of
meniscal injuries associated with avascular lesions. The menis-
cal tears were repaired arthroscopically with MSC-implanted
collagen scaffolds, either sutured around or positioned between
the reattached meniscal fragments. Of 5 patients, the implant
survived without further intervention. The other 2 were con-
sidered as treatment failure due to recurrence of pain, swell-
ing, or locking of the knee at approximately 15 months post-
implantation, and repair secondary to retear at the repair site
or partial healing. In all 3 successfully-treated patients, there
were significant improvements in outcome scores (IKDC and
Tegner-Lysholm) and range of motion at the final follow-up of
24 months. Despite eventually being considered as treatment
failure at 15 months, the 2 treatment failures had significantly
improved Tegner-Lysholm scores and range of motion. At 12
months postimplantation, MRI showed an intact and undis-
placed meniscus with diminishing high signals in the 3 success-
fully treated patients.

Sekiya et al. [189] described administering MSCs 14 days
after meniscal repairs done on degenerative meniscus flaps

or horizontal tear lesions. They noted that Total Lysholm knee
scores were significantly improved in all patients at 1-year fol-
low-up and was maintained until the last follow-up of 2 years.
Swelling and pain subscores were significantly higher at 1-year
and 2-year follow-ups, while limping and stairs subscores were
significantly improved at 2-year follow-up. KOOS, pain, daily liv-
ing, and sports/recreational activity scores were significantly
improved at 2 years along with NRS, general, and subcategories
as well. Tegner activity scale scores also did not decrease after
MSC administration during follow-ups. At 2-year follow-up, 3D
MRI was done showing indistinguishable meniscus tears. Sekiya
et al. later showed the possibility of treating medial meniscus
flap tears located at the central area of the posterior junctional
zone with meniscal repair augmented with MSCs in which 50%
of his patients showed complete and stable restoration and
the other 50% showed partial restoration upon second look
arthroscopy done at 52 weeks posttreatment. They also noted
that Lysholm scores were also significantly higher at 4- and
52-weeks posttreatment [190].

Dancy et al. investigated the effects of biologic augmentation
either with PRP or BMAC in those who underwent isolated me-
niscus repair or meniscus repair with concomitant ACL recon-
struction. The study found no significant difference in the revi-
sion rates between patients who had isolated meniscus repairs
and those who received isolated meniscus repairs enhanced
with PRP or BMAC. However, when these augmented repairs
were compared to matched controls who did not receive aug-
mentation, a notable reduction in the rate of revision surgery
was observed among patients who underwent PRP or BMAC
augmented meniscus repair with concomitant ACL reconstruc-
tion. Itis important to note that in this study, there was no sepa-
rate analysis of PRP augmentation versus BMAC augmentation,
and the use of either biologic was counted as a single group
[191].

MSCs in Osteochondral Injuries

Cartilage is especially prone to damage due to its avascular
nature, low cellular density, and the limited capacity for chon-
drocyte migration and proliferation. Such damage can lead to
pain, restricted range of motion, and diminished functional-
ity. Osteochondral lesions obstruct the smooth movement of
joints by creating irregularities which adversely affect the role
of cartilage as shock absorber and force distributor. MSCs play
a significant role in cartilage regeneration by facilitating chon-
drogenesis and enhancing the proliferation and ECM deposition
of chondrocytes. This is achieved through their paracrine and
immunomodaulatory effects, which involve the secretion of vari-
ous cytokines and growth factors, including TGF-B, IGF-1, TSP-2,
VEGF, HGF, ADAMTSs, MMPs and, TIMPs. These mediators are
instrumental in fostering endogenous growth, promoting the
proliferation of progenitor cells, preventing chondrocyte apop-
tosis and degeneration, enhancing angiogenesis, and mitigating
oxidative stress, all while maintaining a stable and mature phe-
notype that minimizes fibrosis and hypertrophy [192-194].

Since 2008, the intra-articular application of MSCs has been
explored notably in the study conducted by Centeno et al.,
which revealed increases in meniscal volume and the restora-
tion of cartilage defects [195]. Initial investigations showed sig-
nificant improvements in pain metrics, functional outcomes,
and the coverage of cartilage defects, which advanced from
27% to 100% as verified through MRI or subsequent second-
look arthroscopy [196-204]. Several recent systematic reviews
and meta-analysis of case controls, cohorts, and randomized
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controlled trials demonstrated the efficacy and safety of MSCs
on chondral lesions and osteoarthritis [205-211].

MSCs are not only applicable as stand-alone intra-articular
injections, but can also serve to enhance current techniques for
cartilage reconstruction. In a meta-analysis conducted by Chi-
ang et al., five studies were reviewed to evaluate the effective-
ness of marrow stimulation alone versus those augmented with
MSCs in treating osteoarthritis and chondral lesions. The find-
ings revealed a significant improvement in IKDC, Lysholm, and
MOCART scores, suggesting enhanced clinical and functional re-
sults along with observable cartilage fill on MRI. [198,212-216].

The use of Autologous Chondrocyte Implantation (ACI) tech-
niques has been the standard treatment for osteochondral le-
sions. However, as far as we are aware, there is a lack of research
that directly contrasts isolated ACI methods with matched ACI
techniques enhanced by MSCs. Nejadnik et al. and Teo et al.
[212,218] have shown that MSCs maintain their effectiveness
in both short- and long-term evaluations. Their research com-
pared the outcomes of ACl and BM-MSCs both of which were
placed beneath periosteal membrane patches. The results at
the 2-year and 10-year follow-ups indicated no significant dif-
ferences in the IKDC, Tegner, and Lysholm scores between the
two treatment groups, confirming the comparable efficacy of
MSCs in cartilage reconstruction. It was noted that a significant
benefit of MSCs compared to chondrocytes lies in the paracrine
properties of MSCs. Their capacity to influence the local envi-
ronment and attract progenitor cells could play a crucial role in
the regeneration of cartilage.

Shetty et al. performed a randomized controlled trial com-
paring BM-MSCs mixed with a suspension of hyaluronic acid and
gel ACI. Following a six-year follow-up, the study concluded that
there was no notable difference between the two treatments
concerning IKDC, KOOS, Lysholm, and MOCART scores [219].
In a randomized controlled trial by Akgun et al., it was found
that participants in the matrix-induced Autologous Mesenchy-
mal stem cell Implantation (m-AMI) group achieved significantly
higher functional scores in the KOOS, pain symptoms, ADL, and
sports/recreational activity subscales compared to those in the
matrix-induced Autologous Chondrocyte Implantation (m-AClI)
group. Nevertheless, after two years of follow-up, no significant
differences were noted in the Tegner and VAS scores. The study
also highlighted that the m-ACI group demonstrated better de-
fect in-fill and surface contour [220].

The application of bioengineered scaffolds has enhanced the
efficacy of MSCs by offering a substrate for their seeding and
creating a conducive environment for their proliferation. These
scaffolds facilitate the transfer and delivery of MSCs to the tar-
geted defect site [221]. Common scaffolds used today are hy-
aluronic acid membranes or collagen type I/Ill matrices. The
study by Buda et al. demonstrated a notable increase in IKDC
and KOOS scores at the 24-month follow-up after treating chon-
dral defects with hyaluronic acid membrane scaffolds infused
with BM-MSCs. Additionally, MRI findings indicated that 80% of
the patients showed nearly complete defect filling and satisfac-
tory graft integration. Histochemical assessments revealed that
the regenerated cartilage tissue contained proteoglycans and
type-Il collagen, both of which are established markers of hya-
line cartilage [222].

A hyaluronan-based scaffold (Hyalofast® Anika Therapeutics
Inc. MA USA) was investigated by Gobbi et al. in full-thickness
chondral defects of the knee in patients older than 45 years

and found all their evaluated scores to have significantly im-
proved at final follow-up of 4 years. A prior study also by Gobbi
et al. similarly showed effectiveness of the hyaluronan-based
scaffold, particularly in the patellofemoral joint, where MRI at
24 months showed 71% of the population to have an almost
normal cartilage and second-look arthroscopy revealed the re-
paired surface to be nearly normal with hyaline-like appearance
on histologic review.

Gobbi et al. evaluated the short- and long-term outcomes of
patients undergoing Hyaluronic Acid Membrane scaffold aug-
mented with Bone Marrow Aspirate Concentrate (HA-BMAC)
and showed significant improvement in functional, clinical, and
pain assessments, particularly in patients older than 45 years
[7,11,19,24,27,31,33]. Their studies in 2011 and 2014, with
fairly large average chondral lesion sizes of 9.2 cm? and 8.3 cm?,
respectively used a collagen-based matrix with a one-stage
surgery, the results of which showed significant improvements
in VAS, IKDC, KOOS, Lysholm, Marx, SF-36, and Tegner scores
[631].

Scaffold-based cartilage therapy can be derived from sources
other than bone marrow. Sciarretta et al. demonstrated signifi-
cant mid-term success over five years with their LIPO-AMIC ap-
proach, which merges A-MSCs with a collagen scaffold. Signifi-
cant improvement in clinical and functional scores, such as the
IKDC and Lysholm, were recorded as early as six months post-
treatment, with further increases identified during the five-year
follow-up. MRI findings demonstrated the early restoration of
the subchondral lamina, the advancement of chondral tissue
maturation, and the filling of the osteochondral defect. MO-
CART scores were also significantly improved starting at 2 years
follow-up and maintained at up to 5 years follow-up [223].

Future Trends of MSCs: Secretomes and Exosomes

The secretomes of MSCs comprise both soluble and insolu-
ble components. The soluble components encompass a range of
growth factors, chemokines, and cytokines, whereas the insolu-
ble components are primarily Extracellular Vesicles (EVs). These
EVs are categorized into four distinct types based on their size:
exosomes (30-150 nm), microvesicles (100-1000 nm), apoptot-
ic bodies (50-5000 nm), and oncosomes (1-10 um) [224-226].
MSC-derived exosomes are a type of EV that carry out biological
functions through their active biomolecular components which
include peptides, lipids, proteins, nucleic acids, organelles, re-
ceptors, enzymes, and transcription factors [227228]. The fac-
tors found in MSC secretomes and exosomes are influenced by
their tissue origin, the culture techniques used, and the charac-
teristics of the cellular environment [229-231].

A clinical study by Rhatomy et al. on grade I-1l PCL ruptures
showed arthroscopic-guided intrasubstance PCL injection with
allogeneic UC-MSC secretomes produced significant improve-
ments at one-year final follow-up in IKDC, Modified Cincinnati,
and Lysholm scores. Post-treatment MRI at one year showed
50% regained PCL continuity. 41.6% had near-normal PCL conti-
nuity and 8.3% regained PCL continuity, but had deformed out-
lines [232].

Exosomes and secretomes offer numerous advantages over
MSCs: 1) secretomes represent a safer allogenic alternative
since they do not involve the transfer of complete cells that
could contain immunogenic components; 2) with a diameter
generally between 30 and 150 nm, secretomes are notably
smaller than MSCs, allowing for their efficient penetration and
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migration through different tissues and organs; 3) secretomes
are equipped with homing molecules on their surfaces which
assist in directing them to specific target locations in the body;
4) the presence of surface proteins in secretomes allows them
to display biological properties, similar to those of their host
MSCs, which helps them avoid phagocytosis; 5) secretomes
may offer advantages in preservation, as EVs can be kept at =20
°Cin contrast to stem cells that need to be stored in liquid nitro-
gen to ensure their viability; and 6) priming and activating MSCs
allows for the engineering of secretome and exosome contents,
potentially resulting in a greater influence on specific targeted
effects [233-243].

Exosomes are commonly created through the budding of
Intraluminal Vesicles (ILVs) that reside in the luminal space of
Multivesicular Bodies (MVBs). When MVBs connect with the
cellular membrane, these ILVs are released as exosomes [244].
These exosomes serve as a paracrine mediator between MSCs
and target cells [245,246]. Exosomes play a crucial role in in-
tercellular communication by transporting proteins mRNA and
miRNA to target cells. This process can initiate cascades that
enhance tissue repair by sustaining and attracting endogenous
stem cells facilitating immunomodulation, encouraging angio-
genesis, and preventing apoptosis [247].

Exosomes are recognized for their significant contribution to
osteoarthritis treatment by suppressing pro-inflammatory fac-
tors and pathways while simultaneously promoting the prolif-
eration and migration of chondrocytes. This mechanism may in-
volve the exosomes’ ability to obstruct NFkB signaling through
the inhibition of IkBa phosphorylation, leading to a reduction
in TNF-a-induced COX2 expression, as well as interleukin and
collagenase activity. Exosomes can also mitigate inflammation
and enhance tissue regeneration through stimulating the shift
of pro-infimmatory M1 macrophages to anti-inflammatory M2
macrophages and reducing expression of IL-13, TNF-a, and IL-6
(pro-inflammatory cytokines). Additionally, exosomes increase
the expression of IL-10 chondrogenic genes SOX9 and WNT7A
and promote the production of proteoglycan and type Il colla-
gen [248]. Exosomes have been demonstrated to enhance the
proliferation and migration of chondrocytes, as well as diminish
chondrocyte apoptosis. This is accomplished by downregulating
various molecules, including ADATS5, ALPL, iNOS, MMP13, and
the signaling pathways associated with PI3K/Akt, p38, TAK1,
and IL-1B-activated pro-inflammatory Erk1/2 and NF-kB. Fur-
thermore, exosomes promote the upregulation of genes like
ACAN (aggrecan), BCL2, and PRG4 [249,250].

A single clinical study was identified that utilized exosomes
for the treatment of an orthopaedic condition. In their study,
Dordevic et al. explored the application of exosomes from BM-
MSCs in managing osteoarthritis in various joints. Their six-
month follow-up revealed notable improvements in the Brief
Pain Inventory and Oswestry Disability Index, with scores in-
creasing by 77% and 80% respectively. Furthermore, functional
assessments for the upper and lower extremities demonstrated
enhancements of 51% and 76% respectively [251].

Quantifying and Qualifying MSCs: Do They Reflect in
Clinical Outcomes?

Other than overall concentration of MSCs from different
sources, other practical methods and markers, such as Nucle-
ated Cell Counts (NCC) and fibroblast Colony Forming Units

(CFU-F), have been proposed to correlate MSC with BMA(C) or
other harvest sources [13,252]. By analyzing different param-
eters, it was proposed that it may be possible to quantify the
amount and quality of MSCs from various sources and char-
acteristics of sources. Cavallo et al. [253] demonstrated that
patient age could affect the quality of BMAC and correlations
with MSCs as they showed significantly higher mononuclear cell
counts in younger patients when compared to older patients
(3.8+1.8x107 vs. 1.2+0.8x107, p<0.0005). Donor sites were also
shown to have significant impact on the quality of BMAC and
quantity of MSC as samples taken from the iliac crest exhibited
a significantly higher mean concentration of mononuclear cells
per milliliter of BMAC than those sourced from the proximal
tibia (1.2+0.8x107 vs 0.3+0.2x107, p=0.001). These results also
had comparable correlation with the CFU-F analysis, with the
iliac crest BMAC samples showing significantly higher CFU-F
counts compared to proximal tibia at multiple days of culture
(15.9+19.4 vs 0.6+1.0, p=0.001 at day 10 and 21.7+23.0 vs
2.9+4.2, p=0.006 at day 20).

While there is evidence that younger patients and the iliac
crest may have increased numbers of NCC and CFU-F, there is
still no distinct evidence on whether these surrogate markers
accurately estimate MSCs. As early as 2007 [254], Dr. Gobbi
questioned the relationship between CFU-Fs as a biomarker to
estimate MSCs and their effectiveness in BMAC [6]. He conduct-
ed a 10-year study investigating the correlation between the
total number of CFU-Fs acting as an estimating marker on the
quantity of MSCs and the clinical outcomes of patients treat-
ed for cartilage lesions using a hyaluronic acid-based scaffold
combined with bone marrow aspirate concentrate (HA-BMAC)
in their 10-year follow-up cohort study [254-256]. In this study,
25 participants (mean age 46.6+1.7 years) with chondral lesions
(mean size 8.3+6.3 cm?) underwent treatment using HA-BMAC.
Total number CFU-Fs (mean 4018, range 1932 to 5700) were
used to quantify the number of MSCs in the harvested BMAC.
The majority of patients had lesions greater than 4 cm? (68.0%)
and were older than 45 years old (60.0%). Secondary outcomes
showed that there was no significant correlation between age
at the time of surgery (greater or less than 45 years old) (Table
2) or lesion size (greater or less than 4 cm?) (Table 3) and clini-
cal outcomes (TEGNER, IKDC, VAS, MARX, KOOS, LYSHOLM) at
short-term and long-term follow-up.

Cercone and Fortier conducted a study using bone marrow
aspirated from the sternum of horses, correlating NCC and CFUs
to MSCs. Their results showed no to a very weak correlation be-
tween NCC and MSCs (r=-0.34 95% Cl=- 0.64-0.06 n=25, p=0.09)
CFUs and MSCs (r=0.13 95% Cl=- 0.27-0.5 n=25, p=0.50) and
NCC and CFUs (r=0.08 95% Cl= - 0.16-0.32 n=66, p=0.50). They
arrived at a conclusion similar to that of Gobbi et al., asser-
ting that neither NCC nor CFUs correlated with MSCs, thereby
rendering them unsuitable as surrogate markers for quantify-
ing MSCs in BMAC. Moreover, it is suggested that these mar-
kers may not be directly responsible for the therapeutic effects
attributed to MSCs, but rather may indicate a different subset
of bioactive factors. They suggested that laboratory-based me-
thods, such as tri-lineage differentiation or flow cytometry, sho-
uld still be used to characterize MSCs in BMAC until alternative
biomarkers can be identified [257].
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Table 2: Final Follow-up Clinical Outcomes by Age Group.

Age p value
<45 (n=10) >45 (n=15)
TEGNER 5.0 (1.0) 5.0 (2.0) 0.4093
IKDC Subjective 83.3(23.0) 81.6 (20.9) 0.8903
IKDC Objective 1.0 (0.0) 1.0 (1.0) 0.4760
VAS 0.3(2.0) 1.0 (1.8) 0.8615
MARX 8.0 (4.0) 10 (6.0) 0.4946
KOOS
Pain 96 (8.0) 95 (15.0) 0.4055
Symptoms 89 (7.0) 93 (18.7) 0.5202
ADL 98.5 (7.0) 99 (17.5) 0.6017
Sport 75 (30.0) 80 (31.0) 0.9774
QoL 82.5 (25.0) 85 (18.5) 0.8440
LYSHOLM 92.5(10.0) 80 (22.2) 0.5195

*Mann-Whitney U Test
*Data are expressed in median and interquartile range (IQR)

Table 3: Final Follow-up Clinical Outcome by Lesion Size.

Lesion Size p value
<4 cm? >4 cm?
TEGNER 4.5 (2.5) 5.0 (2.0) 0.4550
IKDC Subjective 83.9(25.8) 80.5 (23.4) 0.7478
IKDC Objective 1.0 (0.5) 1.0 (1.0) 0.8223
VAS 0.5 (1.6) 0.3(2.2) 0.7602
MARX 9.0 (4.0) 8.0 (6.0) 0.4372
KOOS
Pain 96 (8.0) 95 (15.0) 0.5075
Symptoms 94 (6.5) 89 (13.8) 0.1064
ADL 99.5 (19.5) 97 (7.7) 0.9757
Sport 82.5(24.5) 75 (35.0) 0.9526
QoL 85 (19.0) 81(26.2) 0.6578
LYSHOLM 97 (18.0) 90 (17.7) 0.1262

*Mann-Whitney U Test
*Data are expressed in median and interquartile range (IQR)

While HA-BMAC was shown to be an effective treatment
option for chondral lesions with significantly improved outco-
mes at 6 months, 12 months, 24 months, and at long term fol-
low-ups beyond 10 and 14 years [6,19,24,27,31,33], Gobbi et
al. concluded that CFU-Fs may not be an effective marker in de-
termining the quantity of MSCs in BMAC as well as the effect of
MSCs on clinical outcomes [254-256]. This could be due to the
fact that MSCs do not act directly as progenitor cells or stem
cells, but as signaling cells with immunomodulatory and trophic
properties as described by Caplan [54]. Cercone and Fortier in
2021 conducted an animal study examining the relationship be-
tween NCC and CFUs in relation to MSCs, ultimately concluding
in agreement with Gobbi et al. that neither NCC nor CFUs de-
monstrated a correlation with MSCs thus deeming them ineffec-
tive as surrogate markers for measuring MSCs in BMAC [257].

Gender also seemed to have no correlation to clinical out-
comes (Table 4) as there was no significant difference amongst
the male and female participants in the various outcome me-
asures, except for LYSHOLM where significantly higher values
were seen in the female population (mean LYSHOLM score 95
vs 80, p=0.0074).

Table 4: Final Follow-up Clinical Outcomes by Gender.

Gender p value
Male (n=17) Female (n=8)
TEGNER 6.0 (2.0) 5.0 (1.0) 0.2319
IKDC Subjective 80.5 (20.2) 87.3(23.0) 0.7478
IKDC Objective 1.0 (1.0) 1.0 (0.0) 0.2460
VAS 0(2.2) 0.6 (1.5) 0.7141
MARX 8 (4.5) 11.0 (4.0) 0.2319
KOOS
Pain 95 (15.0) 98.5(9.0) 0.2782
Symptoms 90 (11.5) 89 (12.0) 0.9532
ADL 96 (9.2) 99.5 (16.5) 0.7840
Sport 75 (27.5) 95 (27.0) 0.2341
QoL 81(19.0) 97 (22.0) 0.2042
LYSHOLM 80 (14.0) 97 (5.0) 0.0074

*Mann-Whitney U Test
*Data are expressed in median and interquartile range (IQR)

The primary outcome showed there was no correlation be-
tween the number of CFU-Fs and the clinical outcome at short-
term and long-term follow-up. In addition to CFU-F count, age
at the time of surgery and lesion size (except for KOOS symp-
toms, p=0.45) did not have significant correlation between the
various outcome measures (TEGNER, IKDC, VAS, MARX, KOOS,
LYSHOLM) at final follow up (Table 5).

Table 5: Correlation Between CFU-F, Lesion Size, and Age at
Surgery to Outcome Measures at Final Follow-up in Patients with
Chondral Lesions Treated with HA-BMAC.

CFU-F Lesion Size Age at Surgery
Spearmanr pvalue Spearmanr  pvalue Spearmanr | p value
TEGNER 0.082 0.696 0.146 0.488 -0.172 0.412
IKDC Subjective 0.188 0.367 | -0.127 0.545 -0.283 0.171
IKDC Objective -0.329 | 0.109 0.019 0.930 0.291 0.158
VAS -0.250 | 0.228 0.109 0.604 0.222 0.287
MARX -0.281 ' 0.173| -0.093 0.660 0.016 0.941
KOOS
Pain -0.061 0.773| -0.281 0.173 -0.343 0.094
Symptoms 0.031 0.883 | -0.405 0.045 -0.037 0.862
ADL 0.137 0.512 | -0.150 0.474 -0.268 0.196
Sport 0.048 0.818 | -0.227 0.275 -0.296 0.151
QoL -0.148 1 0.481| -0.290 0.160 -0.210 0.314
LYSHOLM -0.088 0.677| -0.323 0.115 -0.283 0.170

**Spearman r correlation
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The International Society for Cellular Therapy’s Mesenchy-
mal and Tissue Stem Cell Committee proposed criteria to define
human MSCs [68] — 1) MSCs must be plastic-adherent in stan-
dard culture conditions, 2) MSCs must express CD73, CD90, and
CD105, and lack expression of HLA-DR surface molecules CD34,
CDA45, CD14, or CD11b, CD79alpha, or CD19, 3) MSCs must dif-
ferentiate to adipocytes, osteoblasts, and chondroblasts in vi-
tro. Although this criterion successfully outlines the in vitro
identification of MSCs, the in vivo identification of MSCs before
culture has not been sufficiently established [258].

CD73 functions as an ecto-5"-nucleotidase facilitating the co-
nversion of extracellular adenosine monophosphate into ade-
nosine typically found in epithelial cells, endothelial cells, fibro-
blasts, lymphocytes, and smooth muscle cells [259-262]. CD90
is a protein that is anchored to the cell membrane by glycosyl-
phosphatidylinositol and plays a crucial role in interactions be-
tween cells and the extracellular matrix frequently isolated in
lymphatic and vascular endothelial cells, fibroblasts, hematopo-
ietic cells, lymphocytes, and neurons [263-266]. CD105 is clas-
sified as a type | membrane glycoprotein and acts as a supple-
mentary receptor for ligands within the TGF-f superfamily. This
protein is expressed in chondrocytes, fibroblasts, hematopoie-
tic progenitor cells, monocytes, synctiotrophoblasts, and vascu-
lar endothelial cells [267]. Although CD73, CD90, and CD105 are
included in the minimum criteria for human MSCs, there is cur-
rently no evidence to suggest that any antibodies can specifical-
ly identify these proteins in vivo within MSCs.

One promising candidate for a biomarker that could enhance
the quantification of MSCs, is CD271. While it is not recognized
in the International Society for Cellular Therapy’s guidelines for
defining human MSCs studies have demonstrated that CD271
is one of the most specific markers associated with human BM-
MSCs [267,269]. Not only is CD271 found in bone marrow, this
biomarker can also be seen in adipose tissue, placental tissue,
trabecular bone, and dermal tissue [270-275]. Although CD271
appears to be specific to MSCs from multiple tissue sources, it
does not qualify as a universal marker for MSC identification
as it is not consistently detectable in tissues like umbilical cord
blood, Wharton’s jelly, and peripheral blood [276-279]. Re-
gardless, bone marrow and adipose tissue remain two of the
most common sources for MSCs used in orthopaedic practice.
Therefore, CD271 could potentially act as a biomarker that of-
fers a more accurate representation of the quantity and quality
of MSCs derived from these sources in comparison to NCC and
CFUs.

Conclusion

As the use of MSCs in clinical practice expands, the neces-
sity for a distinct marker or component of MSCs to enhance
the prediction of clinical outcomes has become evident. This
review concludes that the initially proposed markers of MSCs,
namely CFUs and NCCs, have proven insufficient in predicting
outcomes. However, by broadening our perspective beyond
these markers, we might uncover a new marker that possesses
greater predictive significance. Since the foundational studies
conducted by Friedenstein and Caplan, there has been a re-
markable surge in our knowledge and comprehension of MSCs.
By utilizing the trophic and immunomodulatory properties in-
herent in MSCs, we seek to harness their regenerative abilities
for the treatment of multiple diseases and conditions, either
through the standalone application of MSCs or by integrating
these cells with other technological solutions. The horizon for
MSCs is bright, as innovative treatments and technologies like

secretomes and exosomes provide new pathways to improve
outcomes and fully exploit the regenerative potential of MSCs.

References

1. Caplan Al. Mesenchymal stem cells. Journal of orthopaedic re-
search: official publication of the Orthopaedic Research Society.
1991; 9: 641-650.

2. Koh YG Choi YJ Kwon OR Kim YS. Second-Look Arthroscopic
Evaluation of Cartilage Lesions After Mesenchymal Stem Cell
Implantation in Osteoarthritic Knees. The American journal of
sports medicine. 2014; 42: 1628-1637.

3. Dallo | Szwedowski D Mobasheri A Irlandini E Gobbi A. A Pro-
spective Study Comparing Leukocyte-Poor Platelet-Rich Plasma
Combined with Hyaluronic Acid and Autologous Microfragment-
ed Adipose Tissue in Patients with Early Knee Osteoarthritis.
Stem cells and development. 2021; 30: 651-659.

4. Gobbi A Dallo | Rogers C Striano RD Mautner K Bowers R et al.
Two-year clinical outcomes of autologous microfragmented adi-
pose tissue in elderly patients with knee osteoarthritis: a multi-
centric international study. International orthopaedics. 2021;
45:1179-1188.

5. Dallo | Morales M Gobbi A. Platelets and Adipose Stroma Com-
bined for the Treatment of the Arthritic Knee. Arthroscopy tech-
niques. 2021; 10: e2407—-e2414.

6. Gobbi A Karnatzikos G Scotti C Mahajan V Mazzucco L Grigolo
B. One-Step Cartilage Repair with Bone Marrow Aspirate Con-
centrated Cells and Collagen Matrix in Full-Thickness Knee Car-
tilage Lesions: Results at 2-Year Follow-up. Cartilage. 2011; 2:
286—-299.

7. Whyte GP Gobbi A. Biologic Knee Arthroplasty for Cartilage In-
jury and Early Osteoarthritis. In: Gobbi A. Espregueira-Mendes J.
Lane J. Karahan M. (eds) Bio-orthopaedics. Springer Berlin Hei-
delberg. 2017.

8. Dallo | Frank RM Bradsell H Piuzzi NS Gobbi A. Overview of Or-
thobiologics and Joint Function. In: Gobbi A. Lane J.G. Longo
U.G. Dallo I. (eds) Joint Function Preservation. Springer Cham.
2022.

9. Rogers C Gobbi A. The Optimization of Natural Healing. In: Gobbi
A. Espregueira-Mendes J. Lane J. Karahan M. (eds) Bio-ortho-
paedics. Springer Berlin Heidelberg. 2017.

10. Gobbi A Dallo | D’Ambrosi R. Autologous microfragmented adi-
pose tissue and leukocyte-poor platelet-rich plasma combined
with hyaluronic acid show comparable clinical outcomes for
symptomatic early knee osteoarthritis over a two-year follow-up
period: a prospective randomized clinical trial. European journal
of orthopaedic surgery & traumatology: orthopedie traumatol-
ogy. 2023; 33: 1895-1904.

11. Herman K Gobbi A. Evidence-Based Approach to Orthobiologics
for Osteoarthritis and Other Joint Disorders. Physical medicine
and rehabilitation clinics of North America. 2023; 34: 71-81.

12.  Centeno C Pitts J Al-Sayegh H Freeman M. Efficacy of autologous
bone marrow concentrate for knee osteoarthritis with and with-
out adipose graft. BioMed research international. 2014: 370621.

13. Centeno CJ Al-Sayegh H Bashir J Goodyear S Freeman MD. A
dose response analysis of a specific bone marrow concentrate
treatment protocol for knee osteoarthritis. BMC musculoskel-
etal disorders. 2015; 16: 258.

14. Gobbi A de Girolamo L Whyte GP Sciarretta FV. Clinical Appli-
cations of Adipose Tissue-Derived Stem Cells. In: Gobbi A. Esp-
regueira-Mendes J. Lane J. Karahan M. (eds) Bio-orthopaedics.
Springer Berlin Heidelberg. 2017.

Journal of Orthopedics and Muscular System



MedDocs Publishers

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Gobbi A Herman K Szwedowski D. Bio-Orthopedics: A New Ap-
proach to Osteoarthritis and Joint Disorders. IntechOpen. 2023.

Buda R Vannini F Cavallo M Baldassarri M Luciani D Mazzotti A et
al. One-step arthroscopic technique for the treatment of osteo-
chondral lesions of the knee with bone-marrow-derived cells:
three years results. Musculoskeletal surgery. 2013; 97: 145-151.

Gobbi A Karnatzikos G Scotti C Mahajan V Mazzucco L Grigolo
B. One-Step Cartilage Repair with Bone Marrow Aspirate Con-
centrated Cells and Collagen Matrix in Full-Thickness Knee Car-
tilage Lesions: Results at 2-Year Follow-up. Cartilage. 2011; 2:
286-299.

Buda R Vannini F Castagnini F Cavallo M Ruffilli A Ramponi L et
al. Regenerative treatment in osteochondral lesions of the ta-
lus: autologous chondrocyte implantation versus one-step bone
marrow derived cells transplantation. International orthopae-
dics. 2015; 39: 893-900.

Gobbi A Whyte GP. One-Stage Cartilage Repair Using a Hyaluron-
ic Acid-Based Scaffold with Activated Bone Marrow-Derived
Mesenchymal Stem Cells Compared With Microfracture: Five-
Year Follow-up. The American journal of sports medicine. 2016;
44:2846-2854.

Kennedy JG Murawski CD. The Treatment of Osteochondral Le-
sions of the Talus with Autologous Osteochondral Transplan-
tation and Bone Marrow Aspirate Concentrate: Surgical Tech-
nique. Cartilage. 2011; 2: 327-336.

Acosta M Gobbi A. Articular Cartilage Reconstruction: Review of
Concepts Techniques Complications Risk Factors and Bail Out/
Salvage Strategies Journal of Clinical Orthopaedics and Trauma.
2024:102875.

Brambilla L Scotti C Gobbi A Peretti GM. Evolving Perspectives in
Orthobiologic Approaches to Articular Cartilage Regeneration.
In: Gobbi A. Espregueira-Mendes J. Lane J. Karahan M. (eds) Bio-
orthopaedics. Springer Berlin Heidelberg. 2017.

Gigante A Calcagno S Cecconi S Ramazzotti D Manzotti S Enea
D. Use of collagen scaffold and autologous bone marrow con-
centrate as a one-step cartilage repair in the knee: histological
results of second-look biopsies at 1 year follow-up. International
journal of immunopathology and pharmacology. 2011; 24: 69—
72.

Gobbi A Scotti C Karnatzikos G Mudhigere A Castro M Peretti
GM. One-step surgery with multipotent stem cells and Hyaluro-
nan-based scaffold for the treatment of full-thickness chondral
defects of the knee in patients older than 45 years. Knee surgery
sports traumatology arthroscopy: official journal of the ESSKA.
2017; 25: 2494-2501.

Gobbi A Lad D Karnatzikos G. New Techniques for Cartilage Re-
pair of the Patella. In: Gobbi A. Espregueira-Mendes J. Nakamu-
ra N. (eds) The Patellofemoral Joint. Springer Berlin Heidelberg.
2014.

Enea D, Cecconi S, Calcagno S, Busilacchi A, Manzotti S, Kaps C,
et al. Single-stage cartilage repair in the knee with microfracture
covered with a resorbable polymer-based matrix and autolo-
gous bone marrow concentrate. The Knee. 2013; 20: 562-569.

Whyte GP, Bizzoco L, Gobbi A. One-Step Cartilage Repair of
Full-Thickness Knee Chondral Lesions Using a Hyaluronic Acid-
Based Scaffold Embedded with Bone Marrow Aspirate Concen-
trate: Long-term Outcomes After Mean Follow-up Duration of
14 Years. The American journal of sports medicine. 2024; 52:
3561-3568.

Gobbi A, Chaurasia S, Karnatzikos G, Nakamura N. Matrix-
Induced Autologous Chondrocyte Implantation versus Mul-

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

tipotent Stem Cells for the Treatment of Large Patellofemoral
Chondral Lesions: A Nonrandomized Prospective Trial. Cartilage.
2015; 6: 82-97.

Gobbi A. L'impiego delle cellule mesenchimali nel trattamento
di ampi difetti osteocondrali. In Cartilagine: istruzioni per |'uso.
essay CIC edizioni internazionali. 2013; 1: 117-125.

Gobbi A, Karnatzikos G, Mahajan V. Biologic Arthroplasty. In Car-
tilage repair: clinical guidelines: decision making in cartilage re-
pair - variables influencing the choice of treatment (1st ed). DJO
Publications. 2012; 1: 271-282.

Gobbi A, Whyte GP. Long-term Clinical Outcomes of One-Stage
Cartilage Repair in the Knee with Hyaluronic Acid-Based Scaffold
Embedded with Mesenchymal Stem Cells Sourced From Bone
Marrow Aspirate Concentrate. The American journal of sports
medicine. 2019; 47: 1621-1628.

Gobbi A, Karnatzikos G, Sankineani SR. One-step surgery with
multipotent stem cells for the treatment of large full-thickness
chondral defects of the knee. The American journal of sports
medicine. 2014; 42: 648-657.

Whyte GP, Gobbi A, Sadlik B. Dry Arthroscopic Single-Stage Car-
tilage Repair of the Knee Using a Hyaluronic Acid-Based Scaffold
with Activated Bone Marrow-Derived Mesenchymal Stem Cells.
Arthroscopy techniques. 2016; 5: €913—-e918.

Sadlik B, Gobbi A, Puszkarz M, Klon W, Whyte GP. Biologic Inlay
Osteochondral Reconstruction: Arthroscopic One-Step Osteo-
chondral Lesion Repair in the Knee Using Morselized Bone Graft-
ing and Hyaluronic Acid-Based Scaffold Embedded with Bone
Marrow Aspirate Concentrate. Arthroscopy techniques. 2017; 6:
e383-e389.

Hurley ET, Sherman SL, Stokes DJ, Rodeo SA, Shapiro SA, Maut-
ner K, et al. Experts Achieve Consensus on a Majority of State-
ments Regarding Platelet-Rich Plasma Treatments for Treat-
ment of Musculoskeletal Pathology. Arthroscopy: the journal
of arthroscopic & related surgery: official publication of the Ar-
throscopy Association of North America and the International
Arthroscopy Association. 2024; 40: 470-477.el.

Gobbi A, Herman K, Dallo |, Bizzoco L, Acosta M. Chapter 1 - Au-
tologous blood: platelet-rich plasma and platelet-poor plasma.
OrthoBiologics. 2025: 1-11.

Herman K, Gobbi A. Evidence-Based Approach to Orthobiologics
for Osteoarthritis and Other Joint Disorders. Physical medicine
and rehabilitation clinics of North America. 2023; 34: 71-81.

Everts PA, Lana J, Acosta M, Pires L, van Domselaar A, Gobbi A.
Essential Considerations in Platelet-Rich Plasma Preparations
with Emphasis on Platelet Dosing and Bioformulations: There Is
No One-Size-Fits-All Method. In: Gobbi A. Nakamura N. Lane J.G.
Dallo I. (eds) Regenerative Medicine in Sports and Orthopaedics.
Springer Cham. 2025.

Acosta M, Sanchez M, Delgado D, Rehak L, Bizzoco L, Gobbi A.
New Approach with Personalized Platelet-Rich Plasma. In: Gobbi
A. Nakamura N. Lane J.G. Dallo I. (eds) Regenerative Medicine in
Sports and Orthopaedics. Springer Cham. 2025.

Ashton BA, Allen TD, Howlett CR, Eaglesom CC, Hattori A, Owen
M. Formation of bone and cartilage by marrow stromal cells in
diffusion chambersin vivo. Clin Orthop Relat Res. 1980; 294-307.

Fridenshtein A IA. Stvolovye osteogennye kletki kostnogo mozga
[Osteogenic stem cells of the bone marrow]. Ontogenez. 1991;
22:189-197.

Friedenstein AJ. Osteogenic stem cells in the bone marrow. In:
JNM Heersche JA Kanis eds. Bone and Mineral Research. New
York: Elsevier Science. 1990; 7: 243-272.

Journal of Orthopedics and Muscular System



MedDocs Publishers

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Friedenstein AJ, Chailakhjan RK, Lalykina KS. The development of
fibroblast colonies in monolayer cultures of guinea-pig bone mar-
row and spleen cells. Cell and tissue kinetics. 1990; 3: 393-403.

Johnstone B, Hering TM, Caplan Al, Goldberg VM, Yoo JU. In vi-
tro chondrogenesis of bone marrow-derived mesenchymal pro-
genitor cells. Exp Cell Res. 1998; 238: 265-72.

Wakitani S, Saito T, Caplan Al. Myogenic cells derived from rat
bone marrow mesenchymal stem cells exposed to 5-azacyti-
dine. Muscle Nerve. 1995; 18: 1417-26.

Saito T, Dennis JE, Lennon DP, Young RG, Caplan Al. Myogenic
expression of mesenchymal stem cells within myotubes of mdx
mice in vitro and in vivo. Tissue Eng. 1995; 1: 327-43.

Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mos-
ca JD, et al. Multilineage potential of adult human mesenchymal
stem cells. Science (New York N.Y.). 1999; 284: 143-147.

Crisan M, Yap S, Casteilla L, Chen CW, Corselli M, Park TS, et al.
A perivascular origin for mesenchymal stem cells in multiple hu-
man organs. Cell stem cell. 2008; 3: 301-313.

Caplan Al. Adult mesenchymal stem cells for tissue engineer-
ing versus regenerative medicine. Journal of cellular physiology.
2007; 213: 341-347.

Caplan Al. All MSCs are pericytes?. Cell stem cell. 2008; 3: 229—
230.

Nombela-Arrieta C, Ritz J, Silberstein LE. The elusive nature
and function of mesenchymal stem cells. Nat Rev Mol Cell Biol.
2011; 12:126-131.

Caplan Al. What’s in a name? Tissue Eng. 2010; 16: 2415-7.

da Silva Meirelles L, Caplan Al, Nardi NB. In search of the in vivo
identity of mesenchymal stem cells. Stem cells (Dayton Ohio).
2008; 26: 2287-2299.

Caplan Al, Correa D. The MSC: an injury drugstore. Cell stem cell.
2011;9: 11-15.

Tu Z, Li Q, Bu H, et al. Mesenchymal stem cells inhibit comple-
ment activation by secreting factor H. Stem Cells Dev. 2010; 19:
1803-1809.

Moll G, lJitschin R, von Bahr L, et al. Mesenchymal stromal cells
engage complement and complement receptor bearing innate
effector cells to modulate immune responses. PLoS One. 2011;
6:€21703.

Cassatella MA, Mosna F, Micheletti A, et al. Toll-like receptor-
3-activated human mesenchymal stromal cells significantly pro-
long the survival and function of neutrophils. STEM CELLS. 2011;
29:1001-1011.

Munir H, Rainger GE, Nash GB, et al. Analyzing the effects of
stromal cells on the recruitment of leukocytes from flow. J Vis
Exp. 2015; 95: €52480.

Brown JM, Nemeth K, Kushnir-Sukhov NM, et al. Bone marrow
stromal cells inhibit mast cell function via a COX2-dependent
mechanism. Clin Exp Allergy. 2011; 41: 526-534.

Brandau S, Jakob M, Bruderek K, et al. Mesenchymal stem cells
augment the antibacterial activity of neutrophil granulocytes.
PLoS One. 2014; 9: e106903.

Spaggiari GM, Capobianco A, Abdelrazik H, et al. Mesenchymal
stem cells inhibit natural killer-cell proliferation cytotoxicity and
cytokine production: Role of indoleamine 23-dioxygenase and
prostaglandin E2. Blood. 2008; 111: 1327-1333.

Spaggiari GM, Capobianco A, Becchetti S, et al. Mesenchymal

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

stem cell-natural killer cell interactions: Evidence that activated
NK cells are capable of killing MSCs whereas MSCs can inhibit IL-
2-induced NK-cell proliferation. Blood. 2006; 107: 1484—-1490.

Yafiez R, Lamana ML, Garcia-Castro J, et al. Adipose tissue-de-
rived mesenchymal stem cells have in vivo immunosuppressive
properties applicable for the control of the graft-versushost dis-
ease. STEM CELLS. 2006; 24: 2582-2591.

Glennie S, Soeiro |, Dyson PJ, et al. Bone marrow mesenchymal
stem cells induce division arrest anergy of activated T cells.
Blood. 2005; 105: 2821-2827.

Yl6stalo JH, Bartosh TJ, Coble K, Prockop DJ. Human mesenchy-
mal stem/stromal cells cultured as spheroids are self-activated
to produce prostaglandin E2 that directs stimulated macro-
phages into an anti-inflammatory phenotype. Stem cells (Day-
ton Ohio). 2012; 30: 2283-2296.

Caplan Al. Mesenchymal stem cells: time to change the name.
Stem Cells Transl Med. 2017; 6: 1445-51.

Horwitz EM, Le Blanc K, Dominici M, Mueller |, Slaper-Corten-
bach I, Marini FC, et al. Clarification of the nomenclature for
MSC: The International Society for Cellular Therapy position
statement. Cytotherapy. 2005; 7: 393—395.

Dominici M, Le Blanc K, Mueller 1, Slaper-Cortenbach |, Marini
F, Krause D, et al. Minimal criteria for defining multipotent mes-
enchymal stromal cells. The International Society for Cellular
Therapy position statement. Cytotherapy. 2006; 8: 315-317.

Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ, et al.
Multilineage cells from human adipose tissue: implications for
cell-based therapies. Tissue engineering. 2001; 7: 211-228.

Harrell CR, Markovic BS, Fellabaum C, Arsenijevic A, Volarevic
V. Mesenchymal stem cell-based therapy of osteoarthritis: Cur-
rent knowledge and future perspectives. Biomedicine & phar-
macotherapy = Biomedecine & pharmacotherapie. 2019; 109:
2318-2326.

Bi Y, Ehirchiou D, Kilts TM, Inkson CA, Embree MC, Sonoyama W,
et al. Identification of tendon stem/progenitor cells and the role
of the extracellular matrix in their niche. Nature medicine. 2007;
13:1219-1227.

Lv FJ, Tuan RS, Cheung KM, Leung VY. Concise review: the surface
markers and identity of human mesenchymal stem cells. Stem
cells (Dayton Ohio). 2014; 32: 1408-1419.

Beltrami AP, Cesselli D, Bergamin N, Marcon P, Rigo S, Puppato
E, et al. Multipotent cells can be generated in vitro from sev-
eral adult human organs (heart liver and bone marrow). Blood.
2007; 110: 3438-3446.

Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal hu-
man dental pulp stem cells (DPSCs) in vitro and in vivo. Proceed-
ings of the National Academy of Sciences of the United States of
America. 2000; 97: 13625-13630.

De Coppi P, Bartsch G, Jr Siddiqui MM, Xu T, Santos CC, Perin
L, et al. Isolation of amniotic stem cell lines with potential for
therapy. Nature biotechnology. 2007; 25: 100-106.

Erices A, Conget P, Minguell JJ. Mesenchymal progenitor cells
in human umbilical cord blood. British journal of haematology.
2000; 109: 235-242.

Jevotovsky DS, Alfonso AR, Einhorn TA, Chiu ES. Osteoarthritis
and stem cell therapy in humans: a systematic review. Osteoar-
thritis and cartilage. 2018; 26: 711-729.

Jones EA, Crawford A, English A, Henshaw K, Mundy J, Corscad-
den D, et al. Synovial fluid mesenchymal stem cells in health

Journal of Orthopedics and Muscular System



MedDocs Publishers

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

and early osteoarthritis: detection and functional evaluation at
the single-cell level. Arthritis and rheumatism. 2008; 58: 1731—
1740.

de Sousa EB, Casado PL, Moura Neto V, Duarte ME, Aguiar DP.
Synovial fluid and synovial membrane mesenchymal stem cells:
latest discoveries and therapeutic perspectives. Stem cell re-
search & therapy. 2014; 5: 112.

Ding G, Du J, Hu X, Ao Y. Mesenchymal Stem Cells from Differ-
ent Sources in Meniscus Repair and Regeneration. Frontiers in
bioengineering and biotechnology. 2022; 10: 796367.

Friedenstein AJ, Petrakova KV, Kurolesova Al, Frolova GP. Hetero-
topic of bone marrow. Analysis of precursor cells for osteogenic
and hematopoietic tissues. Transplantation. 1968; 6: 230-247.

Cotter EJ, Wang KC, Yanke AB, Chubinskaya S. Bone Marrow
Aspirate Concentrate for Cartilage Defects of the Knee: From
Bench to Bedside Evidence. Cartilage. 2018; 9: 161-170.

Lucas D. The Bone Marrow Microenvironment for Hematopoi-
etic Stem Cells. Advances in experimental medicine and biology.
2017; 1041: 5-18.

Filardo G, Madry H, Jelic M, Roffi A, Cucchiarini M, Kon E. Mes-
enchymal stem cells for the treatment of cartilage lesions: from
preclinical findings to clinical application in orthopaedics. Knee
surgery sports traumatology arthroscopy: official journal of the
ESSKA. 2013; 21: 1717-1729.

Piuzzi NS, Khlopas A, Newman JM, Ng M, Roche M, Husni ME,
et al. Bone Marrow Cellular Therapies: Novel Therapy for Knee
Osteoarthritis. The journal of knee surgery. 2018; 31: 22-26.

Cassano JM, Kennedy JG, Ross KA, Fraser EJ, Goodale MB, Forti-
er LA. Bone marrow concentrate and platelet-rich plasma differ
in cell distribution and interleukin 1 receptor antagonist protein
concentration. Knee surgery sports traumatology arthroscopy:
official journal of the ESSKA. 2018; 26: 333-342.

Hegde V, Shonuga O, Ellis S, Fragomen A, Kennedy J, Kudryashov
V, et al. A prospective comparison of 3 approved systems for au-
tologous bone marrow concentration demonstrated nonequiva-
lency in progenitor cell number and concentration. Journal of
orthopaedic trauma. 2014; 28: 591-598.

Scarpone M, Kuebler D, Chambers A, De Filippo CM, Amatuzio
M, Ichim TE, et al. Isolation of clinically relevant concentrations
of bone marrow mesenchymal stem cells without centrifuga-
tion. Journal of translational medicine. 2019; 17: 10.

Schafer R, DeBaun MR, Fleck E, Centeno CJ, Kraft D, Leibacher
J, et al. Quantitation of progenitor cell populations and growth
factors after bone marrow aspirate concentration. Journal of
translational medicine. 2019; 17: 115.

Shapiro SA, Kazmerchak SE, Heckman MG, Zubair AC, O’Connor
MI. A Prospective Single-Blind Placebo-Controlled Trial of Bone
Marrow Aspirate Concentrate for Knee Osteoarthritis. The
American journal of sports medicine. 2017; 45: 82-90.

Brozovich A, Sinicrope BJ, Bauza G, Niclot FB, Lintner D, Taraballi
F, et al. High Variability of Mesenchymal Stem Cells Obtained via
Bone Marrow Aspirate Concentrate Compared with Traditional
Bone Marrow Aspiration Technique. Orthopaedic journal of
sports medicine. 2021; 9: 23259671211058459.

Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, Mizuno H, et
al. Human adipose tissue is a source of multipotent stem cells.
Molecular biology of the cell. 2002; 13: 4279-4295.

Tallheden T, Dennis JE, Lennon DP, Sjogren-Jansson E, Caplan
Al, Lindahl A. Phenotypic plasticity of human articular chondro-
cytes. J Bone Joint Surg Am. 2003; 85—-A: 93-100.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

De Ugarte DA, Morizono K, Elbarbary A, Alfonso Z, Zuk PA, Zhu M,
et al. Comparison of multi-lineage cells from human adipose tis-
sue and bone marrow. Cells tissues organs. 2003; 174: 101-109.

Kitagawa Y, Kobori M, Toriyama K. History of discovery of human
adipose-derived stem cells and their clinical application. Japa-
nese Journal of Plastic and Reconstructive Surgery. 2006; 49:
1097.

Vieira NM, Brandalise V, Zucconi E, Secco M, Strauss BE, Zatz
M. Isolation characterization and differentiation potential of ca-
nine adipose-derived stem cells. Cell transplantation. 2010; 19:
279-289.

Rodbell M. Metabolism of Isolated Fat Cells. I. Effects of Hor-
mones on Glucose Metabolism and Lipolysis. The Journal of bio-
logical chemistry. 1964; 239: 375-380.

Zhu M, Heydarkhan-Hagvall S, Hedrick M, Benhaim P, Zuk P.
Manual isolation of adipose-derived stem cells from human
lipoaspirates. Journal of visualized experiments: JoVE. 2013:
e50585.

Oberbauer E, Steffenhagen C, Wurzer C, Gabriel C, Redl H, Wol-
bank S. Enzymatic and non-enzymatic isolation systems for adi-
pose tissue-derived cells: current state of the art. Cell regenera-
tion (London England). 2015; 4: 7.

Aronowitz JA, Lockhart RA, Hakakian CS. Mechanical versus en-
zymatic isolation of stromal vascular fraction cells from adipose
tissue. SpringerPlus. 2015; 4: 713.

Zhu H, Ge J, Chen X, Lu F, Cai J. Mechanical Micronization of Li-
poaspirates for Regenerative Therapy. Journal of visualized ex-
periments: JoVE. 2019: 145.

Kuno S, Yoshimura K. Condensation of tissue and stem cells for
fat grafting. Clinics in plastic surgery. 2015; 42: 191-197.

Zhu M, Cohen SR, Hicok KC, Shanahan RK, Strem BM, Yu JC, et
al. Comparison of three different fat graft preparation methods:
gravity separation centrifugation and simultaneous washing
with filtration in a closed system. Plastic and reconstructive sur-
gery. 2013; 131: 873-880.

Suga H, Matsumoto D, Inoue K, Shigeura T, Eto H, Aoi N, et al.
Numerical measurement of viable and nonviable adipocytes
and other cellular components in aspirated fat tissue. Plastic
and reconstructive surgery. 2008; 122: 103-114.

Simonacci F, Bertozzi N, Grieco MP, Grignaffini E, Raposio E. Pro-
cedure applications and outcomes of autologous fat grafting.
Annals of medicine and surgery. 2012; 20: 49-60.

Tonnard P, Verpaele A, Peeters G, Hamdi M, Cornelissen M, De-
clercq H. Nanofat grafting: basic research and clinical applica-
tions. Plastic and reconstructive surgery. 2013; 132: 1017-1026.

Alharbi Z, Oplander C, Almakadi S, Fritz A, Vogt M, Pallua N. Con-
ventional vs. micro-fat harvesting: how fat harvesting technique
affects tissue-engineering approaches using adipose tissue-
derived stem/stromal cells. Journal of plastic reconstructive &
aesthetic surgery: JPRAS. 2013; 66: 1271-1278.

Tremolada C, Colombo V, Ventura C. Adipose Tissue and Mesen-
chymal Stem Cells: State of the Art and Lipogems® Technology
Development. Current stem cell reports. 2016; 2: 304-312.

Condé-Green A, Kotamarti VS, Sherman LS, Keith JD, Lee ES,
Granick MS, et al. Shift toward Mechanical Isolation of Adipose-
derived Stromal Vascular Fraction: Review of Upcoming Tech-
nigues. Plastic and reconstructive surgery. Global open. 2016; 4:
el017.

Gentile P, Scioli MG, Orlandi A, Cervelli V. Breast Reconstruction

Journal of Orthopedics and Muscular System



MedDocs Publishers

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

with Enhanced Stromal Vascular Fraction Fat Grafting: What Is
the Best Method?. Plastic and reconstructive surgery. Global
open. 2015; 3: e406.

Ramakrishnan VM, Boyd NL. The Adipose Stromal Vascular Frac-
tion as a Complex Cellular Source for Tissue Engineering Applica-
tions. Tissue engineering. Part B Reviews. 2018; 24: 289-299.

Tsuji W, Rubin JP, Marra KG. Adipose-derived stem cells: Implica-
tions in tissue regeneration. World journal of stem cells. 2014; 6:
312-321.

Carvalho PP, Gimble JM, Dias IR, Gomes ME, Reis RL. Xenofree
enzymatic products for the isolation of human adipose-derived
stromal/stem cells. Tissue engineering. Part C Methods. 2013;
19: 473-478.

Agostini F, Rossi FM, Aldinucci D, Battiston M, Lombardi E, Zano-
lin'S, et al. Improved GMP compliant approach to manipulate li-
poaspirates to cryopreserve stromal vascular fraction and to ex-
pand adipose stem cells in xeno-free media. Stem cell research
& therapy. 2018; 9: 130.

Turner LG. Federal Regulatory Oversight of US Clinics Marketing
Adipose-Derived Autologous Stem Cell Interventions: Insights
From 3 New FDA Draft Guidance Documents. Mayo Clinic pro-
ceedings. 2015; 90: 567-571.

Raposio E, Ciliberti R. Clinical use of adipose-derived stem cells:
European legislative issues. Annals of medicine and surgery.
2017; 24: 61-64.

Baldari S, Di Rocco G, Piccoli M, Pozzobon M, Muraca M, Toietta
G. Challenges and Strategies for Improving the Regenerative
Effects of Mesenchymal Stromal Cell-Based Therapies. Interna-
tional journal of molecular sciences. 2017; 18: 2087.

Alexander RW. Biocellular Regenerative Medicine: Use of Adi-
pose-Derived Stem/Stromal Cells and It’s Native Bioactive Ma-
trix. Physical medicine and rehabilitation clinics of North Ameri-
ca. 2016; 27: 871-891.

Semenova E, Grudniak MP, Machaj EK, Bocian K, Chroscinska-
Krawczyk M, Trochonowicz M, et al. Mesenchymal Stromal Cells
from Different Parts of Umbilical Cord: Approach to Compari-
son & Characteristics. Stem cell reviews and reports. 2021; 17:
1780-1795.

Han |, Kwon BS, Park HK, Kim KS. Differentiation Potential of Mes-
enchymal Stem Cells Is Related to Their Intrinsic Mechanical Prop-
erties. International neurourology journal. 2017; 21: S24-S31.

Fong CY, Richards M, Manasi N, Biswas A, Bongso A. Compara-
tive growth behaviour and characterization of stem cells from
human Wharton’s jelly. Reproductive biomedicine online. 2007;
15: 708-718.

Baksh D, Yao R, Tuan RS. Comparison of proliferative and multi-
lineage differentiation potential of human mesenchymal stem
cells derived from umbilical cord and bone marrow. Stem cells
(Dayton Ohio). 2007; 25: 1384-1392.

Cheng HY, Ghetu N, Wallace CG, Wei FC, Liao SK. The impact of
mesenchymal stem cell source on proliferation differentiation
immunomodulation and therapeutic efficacy. J Stem Cell Res
Ther. 2014; 4: 1-8.

Pittenger MF, Discher DE, Péault BM, Phinney DG, Hare JM, Ca-
plan Al. Mesenchymal stem cell perspective: cell biology to clini-
cal progress. NPJ Regenerative medicine. 2019; 4: 22.

Stolzing A, Jones E, McGonagle D, Scutt A. Age-related changes
in human bone marrow-derived mesenchymal stem cells: con-
sequences for cell therapies. Mechanisms of ageing and devel-
opment. 2008; 129: 163-173.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Choudhery MS, Badowski M, Muise A, Harris DT. Comparison of
human mesenchymal stem cells derived from adipose and cord
tissue. Cytotherapy. 2013; 15: 330-343.

Jang S, Cho HH, Cho YB, Park JS, Jeong HS. Functional neural dif-
ferentiation of human adipose tissue-derived stem cells using
bFGF and forskolin. BMC cell biology. 2010; 11: 25.

Chen MY, Lie PC, Li ZL, Wei X. Endothelial differentiation of
Wharton’s jelly-derived mesenchymal stem cells in comparison
with bone marrow-derived mesenchymal stem cells. Experi-
mental hematology. 2009; 37: 629-640.

Kim WK, Jung H, Kim DH, Kim EY, Chung JW, Cho YS, et al. Regula-
tion of adipogenic differentiation by LAR tyrosine phosphatase
in human mesenchymal stem cells and 3T3-L1 preadipocytes.
Journal of cell science. 2009; 122: 4160-4167.

Wu LF, Wang NN, Liu YS, Wei X. Differentiation of Wharton’s jelly
primitive stromal cells into insulin-producing cells in comparison
with bone marrow mesenchymal stem cells. Tissue engineering.
Part A. 2009; 15: 2865-2873.

Kern S, Eichler H, Stoeve J, Kliiter H, Bieback K. Comparative
analysis of mesenchymal stem cells from bone marrow umbili-
cal cord blood or adipose tissue. Stem cells (Dayton Ohio). 2006;
24:1294-1301.

Peng L, Jia Z, Yin X, Zhang X, Liu Y, Chen P, et al. Comparative
analysis of mesenchymal stem cells from bone marrow cartilage
and adipose tissue. Stem cells and development. 2008; 17: 761—
773.

Taylor CT. Interdependent roles for hypoxia inducible factor and
nuclear factor-kappaB in hypoxic inflammation. The Journal of
physiology. 2008; 586: 4055-4059.

Wezenbeek E, Willems T, Mahieu N, De Muynck M, Vanden
Bossche L, Steyaert A, et al. The Role of the Vascular and Struc-
tural Response to Activity in the Development of Achilles Ten-
dinopathy: A Prospective Study. The American journal of sports
medicine. 2018; 46: 947-954.

Ferrara N. Molecular and biological properties of vascular en-
dothelial growth factor. Journal of molecular medicine (Berlin
Germany). 1999; 77: 527-543.

Kaigler D, Krebsbach PH, Polverini PJ, Mooney DJ. Role of vascu-
lar endothelial growth factor in bone marrow stromal cell mod-
ulation of endothelial cells. Tissue engineering. 2003; 9: 95-103.

Al-Khaldi A, Eliopoulos N, Martineau D, Lejeune L, Lachapelle K,
Galipeau J. Postnatal bone marrow stromal cells elicit a potent
VEGF-dependent neoangiogenic response in vivo. Gene therapy.
2003; 10: 621-629.

Furumatsu T, Shen ZN, Kawai A, Nishida K, Manabe H, Oohashi
T, et al. Vascular endothelial growth factor principally acts as the
main angiogenic factor in the early stage of human osteoblasto-
genesis. Journal of biochemistry. 2003; 133: 633—639.

Zhang J, Wang JH. Characterization of differential properties of
rabbit tendon stem cells and tenocytes. BMC musculoskeletal
disorders. 2010; 11: 10.

Voleti PB, Buckley MR, Soslowsky LJ. Tendon healing: repair and
regeneration. Annual review of biomedical engineering. 2012;
14: 47-71. 150122

Thomopoulos S, Parks WC, Rifkin DB, Derwin KA. Mechanisms
of tendon injury and repair. Journal of orthopaedic research: of-
ficial publication of the Orthopaedic Research Society. 2015; 33:
832-839.

Seuntjens E, Umans L, Zwijsen A, Sampaolesi M, Verfaillie CM,

Journal of Orthopedics and Muscular System



MedDocs Publishers

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Huylebroeck D. Transforming Growth Factor type beta and Smad
family signaling in stem cell function. Cytokine & growth factor
reviews. 2009; 20: 449-458.

Lee CH, Cook JL, Mendelson A, Moioli EK, Yao H, Mao JJ. Regen-
eration of the articular surface of the rabbit synovial joint by
cell homing: a proof of concept study. Lancet (London England).
2010; 376: 440-448.

Sun 'Y, Liu WZ, Liu T, Feng X, Yang N, Zhou HF. Signaling pathway
of MAPK/ERK in cell proliferation differentiation migration se-
nescence and apoptosis. Journal of receptor and signal trans-
duction research. 2015; 35: 600-604.

Liu H, Zhang C, Zhu S, Lu P, Zhu T, Gong X, et al. Mohawk pro-
motes the tenogenesis of mesenchymal stem cells through acti-
vation of the TGF signaling pathway. Stem cells (Dayton Ohio).
2015; 33: 443-455.

Screen HR, Berk DE, Kadler KE, Ramirez F, Young MF. Tendon
functional extracellular matrix. Journal of orthopaedic research:
official publication of the Orthopaedic Research Society. 2015;
33:793-799.

Crovace A, Lacitignola L, Rossi G, Francioso E. Histological and
immunohistochemical evaluation of autologous cultured bone
marrow mesenchymal stem cells and bone marrow mononucle-
ated cells in collagenase-induced tendinitis of equine superficial
digital flexor tendon. Veterinary medicine international. 2010:
250978.

Oshiro W, Lou J, Xing X, Tu Y, Manske PR. Flexor tendon healing
in the rat: a histologic and gene expression study. The Journal of
hand surgery. 2003; 28: 814—823.

Bramono DS, Richmond JC, Weitzel PP, Kaplan DL, Altman GH.
Matrix metalloproteinases and their clinical applications in or-
thopaedics. Clinical orthopaedics and related research. 2004:
272-285.

Gruber R, Kandler B, Holzmann P, Vogele-Kadletz M, Losert U,
Fischer MB, et al. Bone marrow stromal cells can provide a lo-
cal environment that favors migration and formation of tubular
structures of endothelial cells. Tissue engineering. 2005; 11:
896-903.

Zhang X, Cai Z, Wu M, Huangfu X, Li J, Liu X. Adipose Stem Cell-
Derived Exosomes Recover Impaired Matrix Metabolism of Torn
Human Rotator Cuff Tendons by Maintaining Tissue Homeosta-
sis. The American journal of sports medicine. 2021; 49: 899—
908.

Chen G, Zhang W, Zhang K, Wang S, Gao Y, Gu J, et al. Hypoxia-
Induced Mesenchymal Stem Cells Exhibit Stronger Tenogenic
Differentiation Capacities and Promote Patellar Tendon Repair
in Rabbits. Stem cells international. 2020: 8822609.

Halper J. Proteoglycans and diseases of soft tissues. Advances in
experimental medicine and biology. 2014: 802: 49-58.

Wu XD, Kang L, Tian J, Wu Y, Huang Y, Liu J, et al. Exosomes de-
rived from magnetically actuated bone mesenchymal stem cells
promote tendon-bone healing through the miR-21-5p/SMAD7
pathway. Materials today. Bio. 2022; 15: 100319.

Han'Y, Yang J, Fang J, Zhou Y, Candi E, Wang J, et al. The secretion
profile of mesenchymal stem cells and potential applications in
treating human diseases. Signal transduction and targeted ther-
apy. 2022; 7: 92.

Chen X, Song XH, Yin Z, Zou XH, Wang LL, Hu H, et al. Stepwise
differentiation of human embryonic stem cells promotes tendon
regeneration by secreting fetal tendon matrix and differentia-
tion factors. Stem cells (Dayton Ohio). 2009; 27: 1276-1287.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Chen X, Zou XH, Yin GL, Ouyang HW. Tendon tissue engineering
with mesenchymal stem cells and biografts: an option for large
tendon defects?. Frontiers in bioscience (Scholar edition). 2009;
1:23-32.

Almalki SG. Adipose-derived mesenchymal stem cells and
wound healing: Potential clinical applications in wound repair.
Saudi medical journal. 2022; 43: 1075-1086.

Morton-Gonzaba N, Carlisle D, Emukah C, Chorath K, Moreira
A. Mesenchymal stem cells and their application to rotator cuff
pathology: A meta-analysis of pre-clinical studies. Osteoarthritis
and cartilage open. 2020; 2: 100047.

Hernigou P, Flouzat Lachaniette CH, Delambre J, Zilber S, Duffiet
P, Chevallier N, et al. Biologic augmentation of rotator cuff repair
with mesenchymal stem cells during arthroscopy improves heal-
ing and prevents further tears: a case-controlled study. Interna-
tional orthopaedics. 2014; 38: 1811-1818.

Kim'YS, Sung CH, Chung SH, Kwak SJ, Koh YG. Does an Injection
of Adipose-Derived Mesenchymal Stem Cells Loaded in Fibrin
Glue Influence Rotator Cuff Repair Outcomes? A Clinical and
Magnetic Resonance Imaging Study. The American journal of
sports medicine. 2017; 45: 2010-2018.

Cole BJ, Kaiser JT, Wagner KR, Sivasundaram L, Otte RS, Tauro
TM, et al. Prospective Randomized Trial of Biologic Augmenta-
tion with Bone Marrow Aspirate Concentrate in Patients Under-
going Arthroscopic Rotator Cuff Repair. The American journal of
sports medicine. 2023; 51: 1234-1242.

Randelli PS, Cucchi D, Fossati C, Boerci L, Nocerino E, Ambrogi
F, et al. Arthroscopic Rotator Cuff Repair Augmentation with
Autologous Microfragmented Lipoaspirate Tissue Is Safe and
Effectively Improves Short-term Clinical and Functional Results:
A Prospective Randomized Controlled Trial With 24-Month
Follow-up. The American journal of sports medicine. 2022; 50:
1344-1357.

Jo CH, Chai JW, Jeong EC, Oh S, Yoon KS. Intratendinous Injec-
tion of Mesenchymal Stem Cells for the Treatment of Rotator
Cuff Disease: A 2-Year Follow-Up Study. Arthroscopy: the journal
of arthroscopic & related surgery: official publication of the Ar-
throscopy Association of North America and the International
Arthroscopy Association. 2020; 36: 971-980.

Centeno C, Fausel Z, Stemper I, Azuike U, Dodson E. A Random-
ized Controlled Trial of the Treatment of Rotator Cuff Tears with
Bone Marrow Concentrate and Platelet Products Compared to
Exercise Therapy: A Midterm Analysis. Stem cells international.
2020; 2020: 5962354.

Goldberg AJ, Masci L, O’Donnell P, Green R, Brooking D, Bassett
P, et al. Autologous bone marrow derived mesenchymal stem
cells are safe for the treatment of Achilles tendinopathy. Scien-
tific reports. 2024; 14: 11421.

Rodas G, Soler-Rich R, Rius-Tarruella J, Alomar X, Balius R, Oro-
zco L, et al. Effect of Autologous Expanded Bone Marrow Mes-
enchymal Stem Cells or Leukocyte-Poor Platelet-Rich Plasma in
Chronic Patellar Tendinopathy (With Gap >3 mm): Preliminary
Outcomes After 6 Months of a Double-Blind Randomized Pro-
spective Study. The American journal of sports medicine. 2021;
49: 1492-1504.

Chamberlain CS, Crowley E, Vanderby R. The spatio-temporal
dynamics of ligament healing. Wound repair and regeneration:
official publication of the Wound Healing Society [and] the Euro-
pean Tissue Repair Society. 2009; 17: 206-215.

Németh K, Leelahavanichkul A, Yuen PS, Mayer B, Parmelee A,
Doi K, et al. Bone marrow stromal cells attenuate sepsis via pros-
taglandin E(2)-dependent reprogramming of host macrophages

Journal of Orthopedics and Muscular System



MedDocs Publishers

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

to increase their interleukin-10 production. Nature medicine.
2009; 15: 42-49.

Kim J, Hematti P. Mesenchymal stem cell-educated macro-
phages: a novel type of alternatively activated macrophages.
Experimental hematology. 2009; 37: 1445-1453.

Saether EE, Chamberlain CS, Leiferman EM, Kondratko-Mittnacht
JR, Li WJ, Brickson SL, et al. Enhanced medial collateral ligament
healing using mesenchymal stem cells: dosage effects on cellu-
lar response and cytokine profile. Stem cell reviews and reports.
2014; 10: 86—-96.

Gobbi A, Bathan L, Boldrini L. Primary repair combined with
bone marrow stimulation in acute anterior cruciate ligament
lesions: results in a group of athletes. The American journal of
sports medicine. 2009; 37: 571-578.

Gobbi A, Whyte GP. Long-term Outcomes of Primary Repair of
the Anterior Cruciate Ligament Combined with Biologic Healing
Augmentation to Treat Incomplete Tears. The American journal
of sports medicine. 2018; 46: 3368-3377.

Gobbi A, Karnatzikos G, Sankineani S, Petrera M. Biological Aug-
mentation of ACL Refixation in Partial Lesions in a Group of Ath-
letes: Results at the 5-Year Follow-up. Techniques in Orthopae-
dics. 2013; 28: 180-184.

Gobbi A, Herman K, Grabowski R, Szwedowski D. Primary Ante-
rior Cruciate Ligament Repair with Hyaluronic Scaffold and Au-
togenous Bone Marrow Aspirate Augmentation in Adolescents
With Open Physes. Arthroscopy techniques. 2019; 8: e1561—
e1568.

Whyte GP, Gobbi A, Szwedowski D. Partial Anterior Cruciate
Ligament Lesions: A Biological Approach to Repair. In: Gobbi A.
Espregueira-Mendes J. Lane J. Karahan M. (eds) Bio-orthopae-
dics. Springer Berlin Heidelberg. 2017.

Dallo I, Bernaldez Dominguez P. Regeneration of Partial Ante-
rior Cruciate Ligament Tears Using the Technique of Biologic
Augmentation with Bone Marrow Concentrate and Platelet-Rich
Plasma Under Arthroscopic Visualization: A Prospective Study
at 2-Year Follow-Up. Biologic Orthopedics Journal. 2023; 3: e29-
e36.

Forsythe B, Chahla J, Lavoie-Gagne O, Forlenza E, Patel B, Lu Y, et
al. Mesenchymal Stem Cells in BTB allograft ACL reconstruction:A
Prospective Randomized Controlled Trial. Arthroscopy: The
Journal of Arthroscopic & Related Surgery. 2021; 37: e64-e65.

Centeno CJ, Pitts J, Al-Sayegh H, Freeman MD. Anterior cruciate
ligament tears treated with percutaneous injection of autolo-
gous bone marrow nucleated cells: a case series. Journal of pain
research. 2015; 8: 437-447.

Centeno C, Markle J, Dodson E, Stemper |, Williams C, Hyzy M,
et al. Symptomatic anterior cruciate ligament tears treated with
percutaneous injection of autologous bone marrow concentrate
and platelet products: a non-controlled registry study. Journal of
translational medicine. 2018; 16: 246.

Hutchinson ID, Moran CJ, Potter HG, Warren RF, Rodeo SA. Res-
toration of the meniscus: form and function. The American jour-
nal of sports medicine. 2014; 42: 987-998.

Arnoczky SP, Warren RF. Microvasculature of the human menis-
cus. The American journal of sports medicine. 1982; 10: 90-95.

Day B, Mackenzie WG, Shim SS, Leung G. The vascular and
nerve supply of the human meniscus. Arthroscopy: the journal
of arthroscopic & related surgery: official publication of the Ar-
throscopy Association of North America and the International
Arthroscopy Association. 1985; 1: 58-62.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Cipolla M, Cerullo G, Puddu G. Microvasculature of the human
medial meniscus: operative findings. Arthroscopy: the journal
of arthroscopic & related surgery: official publication of the Ar-
throscopy Association of North America and the International
Arthroscopy Association. 1992; 8: 522-525.

Mufioz G, Ripalda P, Alvarez E, Forriol F. Nutricién de la zona
avascular de los meniscos. Estudio de la superficie meniscal con
microscopia electrdnica de barrido. REVISTA DE LA ASOCIACION
ESPANOLA DE ARTROSCOPIA (AEA). 2001: 19.

Guisasola |, Vaquero J, Forriol F. Knee immobilization on menis-
cal healing after suture: an experimental study in sheep. Clinical
orthopaedics and related research. 2002: 227-233.

Vangsness CT, Jr Farr J, 2nd Boyd J, Dellaero DT, Mills CR, LeRoux-
Williams M. Adult human mesenchymal stem cells delivered via
intra-articular injection to the knee following partial medial
meniscectomy: a randomized double-blind controlled study. The
Journal of bone and joint surgery. 2014; 96: 90-98.

Whitehouse MR, Howells NR, Parry MC, Austin E, Kafienah W,
Brady K, et al. Repair of Torn Avascular Meniscal Cartilage Using
Undifferentiated Autologous Mesenchymal Stem Cells: From In
Vitro Optimization to a First-in-Human Study. Stem cells transla-
tional medicine. 2017; 6: 1237-1248.

Sekiya I, Koga H, Otabe K, Nakagawa Y, Katano H, Ozeki N, et al.
Additional Use of Synovial Mesenchymal Stem Cell Transplanta-
tion Following Surgical Repair of a Complex Degenerative Tear of
the Medial Meniscus of the Knee: A Case Report. Cell transplan-
tation. 2019; 28: 1445-1454.

Sekiya |, Koga H, Katano H, Mizuno M, Kohno Y, Otabe K, Ozeki
N. Second-look arthroscopy after meniscus repair and synovial
mesenchymal stem cell transplantation to treat degenerative
flaps and radial tears of the medial meniscus: A case report.
Journal of orthopaedic science: official journal of the Japanese
Orthopaedic Association. 2022; 27: 821-834.

Dancy ME, Marigi EM, Krych AJ, Werner BC, Camp CL. Impact of
Biologic Augmentation on Revision Surgery Rates After Meniscus
Repair: A Matched-Cohort Analysis of 3420 Patients. Orthopae-
dic journal of sports medicine. 2023; 11: 23259671231186990.

Zhang R, Ma J, Han J, Zhang W, Ma J. Mesenchymal stem cell re-
lated therapies for cartilage lesions and osteoarthritis. American
journal of translational research. 2019; 11: 6275-6289.

Toh WS, Foldager CB, Pei M, Hui JH. Advances in mesenchymal
stem cell-based strategies for cartilage repair and regeneration.
Stem cell reviews and reports. 2014; 10: 686—696.

Maumus M, Manferdini C, Toupet K, Peyrafitte JA, Ferreira R,
Facchini A, et al. Adipose mesenchymal stem cells protect chon-
drocytes from degeneration associated with osteoarthritis.
Stem cell research. 2013; 11: 834-844.

Centeno CJ, Busse D, Kisiday J, Keohan C, Freeman M, Karli D.
Regeneration of meniscus cartilage in a knee treated with percu-
taneously implanted autologous mesenchymal stem cells. Medi-
cal hypotheses. 2008; 71: 900-908.

Davatchi F, Abdollahi BS, Mohyeddin M, Shahram F, Nikbin B.
Mesenchymal stem cell therapy for knee osteoarthritis. Prelimi-
nary report of four patients. International journal of rheumatic
diseases. 2011; 14: 211-215.

Orozco L, Munar A, Soler R, Alberca M, Soler F, Huguet M, et al.
Treatment of knee osteoarthritis with autologous mesenchymal
stem cells: a pilot study. Transplantation. 2013; 95: 1535-1541.

Wong KL, Lee KB, Tai BC, Law P, Lee EH, Hui JH. Injectable cul-
tured bone marrow-derived mesenchymal stem cells in varus
knees with cartilage defects undergoing high tibial osteotomy:

Journal of Orthopedics and Muscular System



MedDocs Publishers

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

2009.

a prospective randomized controlled clinical trial with 2 years’
follow-up. Arthroscopy: the journal of arthroscopic & related
surgery: official publication of the Arthroscopy Association of
North America and the International Arthroscopy Association.
2013; 29: 2020-2028.

Emadedin M, Ghorbani Liastani M, Fazeli R, Mohseni F, Mogha-
dasali R, Mardpour S, et al. Long-Term Follow-up of Intra-articu-
lar Injection of Autologous Mesenchymal Stem Cells in Patients
with Knee Ankle or Hip Osteoarthritis. Archives of Iranian medi-
cine. 2015; 18: 336-344.

Soler Rich R, Munar A, Soler Romagosa F, Peirau X, Huguet M,
Alberca M, et al. Treatment of knee osteoarthritis with autolo-
gous expanded bone marrow mesenchymal stem cells: 50 cases
clinical and MRI results at one year follow-up. J Stem Cell Res
Ther. 2015; 5: 1-7.

Lamo-Espinosa JM, Mora G, Blanco JF, Granero-Molté F, Nufez-
Cordoba JM, Sanchez-Echenique C, et al. Intra-articular injection
of two different doses of autologous bone marrow mesenchy-
mal stem cells versus hyaluronic acid in the treatment of knee
osteoarthritis: multicenter randomized controlled clinical trial
(phase I/11). Journal of translational medicine. 2016; 14: 246.

Jo CH, Lee YG, Shin WH, Kim H, Chai JW, Jeong EC, et al. Intra-
articular injection of mesenchymal stem cells for the treatment
of osteoarthritis of the knee: a proof-of-concept clinical trial.
Stem cells (Dayton Ohio). 2014; 32: 1254-1266.

Wakitani S, Imoto K, Yamamoto T, Saito M, Murata N, Yoneda M.
Human autologous culture expanded bone marrow mesenchy-
mal cell transplantation for repair of cartilage defects in osteo-
arthritic knees. Osteoarthritis and cartilage. 2002; 10: 199-206.

Koh YG, Kwon OR, Kim YS, Choi YJ. Comparative outcomes of
open-wedge high tibial osteotomy with platelet-rich plasma
alone or in combination with mesenchymal stem cell treatment:
a prospective study. Arthroscopy: the journal of arthroscopic &
related surgery: official publication of the Arthroscopy Associa-
tion of North America and the International Arthroscopy Asso-
ciation. 2014; 30: 1453-1460.

Borakati A, Mafi R, Mafi P, Khan WS. A Systematic Review and
Meta-Analysis of Clinical Trials of Mesenchymal Stem Cell Ther-
apy for Cartilage Repair. Current stem cell research & therapy.
2018; 13: 215-225.

Ha CW, Park YB, Kim SH, Lee HJ. Intra-articular Mesenchymal
Stem Cells in Osteoarthritis of the Knee: A Systematic Review of
Clinical Outcomes and Evidence of Cartilage Repair. Arthrosco-
py: the journal of arthroscopic & related surgery: official publi-
cation of the Arthroscopy Association of North America and the
International Arthroscopy Association. 2019; 35: 277-288.e2.

Razak HRBA, Corona K, Totlis T, Chan LYT, Salreta JF, Sleiman O,
et al. Mesenchymal stem cell implantation provides short-term
clinical improvement and satisfactory cartilage restoration in
patients with knee osteoarthritis but the evidence is limited: a
systematic review performed by the early-osteoarthritis group
of ESSKA-European knee associates section. Knee surgery sports
traumatology arthroscopy: official journal of the ESSKA. 2023;
31:5306-5318.

Ishak-Samrin M, Naina-Mohamed |, Zulfarina MS, Abdul Wahid
SF, Mohd Don AF, Mohamad N, et al. Treatment of Knee Osteoar-
thritis and Chondral Injury with Umbilical Cord/Wharton'’s Jelly-
Derived Mesenchymal Stem Cells: A Systematic Review of Safety
and Efficacy. Journal of Functional Biomaterials. 2025; 16: 84.

Lee DH, Kim SA, Song JS, Shetty AA, Kim BH, Kim SJ. Cartilage
Regeneration Using Human Umbilical Cord Blood Derived Mes-
enchymal Stem Cells: A Systematic Review and Meta-Analysis.
Medicina. 2022; 58: 1801.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

Awad ME, Hussein KA, Helwa I, Abdelsamid MF, Aguilar-Perez
A, Mohsen |, et al. Meta-Analysis and Evidence Base for the Ef-
ficacy of Autologous Bone Marrow Mesenchymal Stem Cells in
Knee Cartilage Repair: Methodological Guidelines and Quality
Assessment. Stem cells international. 2019: 3826054.

Maheshwer B, Polce EM, Paul K, Williams BT, Wolfson TS, Yanke
A, et al. Regenerative Potential of Mesenchymal Stem Cells for
the Treatment of Knee Osteoarthritis and Chondral Defects: A
Systematic Review and Meta-analysis. Arthroscopy: the journal
of arthroscopic & related surgery: official publication of the Ar-
throscopy Association of North America and the International
Arthroscopy Association. 2021; 37: 362—-378.

Chiang MH, Kuo YJ, Chen YP. Expanded mesenchymal stem cell
transplantation following marrow stimulation is more effective
than marrow stimulation alone in treatment of knee cartilage
defect: A systematic review and meta-analysis. Orthopaedics &
traumatology surgery & research: OTSR. 2020; 106: 977-983.

Hashimoto Y, Nishida Y, Takahashi S, Nakamura H, Mera H, Kashi-
wa K, et al. Transplantation of autologous bone marrow-derived
mesenchymal stem cells under arthroscopic surgery with micro-
fracture versus microfracture alone for articular cartilage lesions
in the knee: A multicenter prospective randomized control clini-
cal trial. Regenerative therapy. 2019; 11: 106—-113.

Liang HS, Huang K, Li Lin CM, Huang JZ, Long TF. Arthroscopic
microfracture surgery combined with autologous bone marrow
mesenchymal stem cells transplant in the treatment of knee car-
tilage defect. Chin J Mod Drug Appl. 2015; 9: 1-3.

Koh YG, Kwon OR, Kim YS, Choi YJ, Tak DH. Adipose-Derived Mes-
enchymal Stem Cells with Microfracture Versus Microfracture
Alone: 2-Year Follow-up of a Prospective Randomized Trial. Ar-
throscopy: the journal of arthroscopic & related surgery: official
publication of the Arthroscopy Association of North America and
the International Arthroscopy Association. 2016; 32: 97-109.

Saw KY, Anz A, Siew-Yoke Jee C, Merican S, Ching-Soong Ng R,
Roohi SA, Ragavanaidu K. Articular cartilage regeneration with
autologous peripheral blood stem cells versus hyaluronic acid:
a randomized controlled trial. Arthroscopy: the journal of ar-
throscopic & related surgery: official publication of the Arthros-
copy Association of North America and the International Ar-
throscopy Association. 2015; 29: 684—694.

Nejadnik H, Hui JH, Feng Choong EP, Tai BC, Lee EH. Autologous
bone marrow-derived mesenchymal stem cells versus autolo-
gous chondrocyte implantation: an observational cohort study.
The American journal of sports medicine. 2010; 38: 1110-1116.

Teo AQA, Wong KL, Shen L, Lim JY, Toh WS, Lee EH, et al. Equiva-
lent 10-Year Outcomes After Implantation of Autologous Bone
Marrow-Derived Mesenchymal Stem Cells Versus Autologous
Chondrocyte Implantation for Chondral Defects of the Knee. The
American journal of sports medicine. 2019; 47: 2881-2887.

Shetty AA, Kim SJ, Shanmugasundaram S, Shetty N, Stelzeneder
D, Kim CS. Injectable cultured bone marrow derived mesenchy-
mal cells vs chondrocytes in the treatment of chondral defects
of the knee - RCT with 6 years follow-up. Journal of clinical or-
thopaedics and trauma. 2022; 28: 101845.

Akgun |, Unlu MC, Erdal OA, Ogut T, Erturk M, Ovali E, et al. Ma-
trix-induced autologous mesenchymal stem cell implantation
versus matrix-induced autologous chondrocyte implantation in
the treatment of chondral defects of the knee: a 2-year random-
ized study. Archives of orthopaedic and trauma surgery. 2015;
135:251-263.

Xiang JY, Kang L, Li ZM, Tseng SL, Wang LQ, Li T, et al. Biological
scaffold as potential platforms for stem cells: Current develop-
ment and applications in wound healing. World journal of stem

Journal of Orthopedics and Muscular System

17



MedDocs Publishers

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

cells. 2024; 16: 334-352.

Buda R, Vannini F, Cavallo M, Grigolo B, Cenacchi A, Giannini S.
Osteochondral lesions of the knee: a new one-step repair tech-
nique with bone-marrow-derived cells. The Journal of bone and
joint surgery. American volume. 2010; 92: 2-11.

Sciarretta FV, Ascani C, Sodano L, Fossati C, Campisi S. One-stage
cartilage repair using the autologous matrix-induced chondro-
genesis combined with simultaneous use of autologous adipose
tissue graft and adipose tissue mesenchymal cells technique:
clinical results and magnetic resonance imaging evaluation at
five-year follow-up. International orthopaedics. 2024; 48: 267—
2717.

Raposo G, Stoorvogel W. Extracellular vesicles: exosomes mi-
crovesicles and friends. The Journal of cell biology. 2013; 200:
373-383.

Colombo M, Raposo G, Théry C. Biogenesis secretion and inter-
cellular interactions of exosomes and other extracellular vesi-
cles. Annual review of cell and developmental biology. 2014; 30:
255-289.

Di Vizio D, Kim J, Hager MH, Morello M, Yang W, Lafargue CJ, et
al. Oncosome formation in prostate cancer: association with a
region of frequent chromosomal deletion in metastatic disease.
Cancer research. 2009; 69: 5601-5609.

Rani S, Ryan AE, Griffin MD, Ritter T. Mesenchymal Stem Cell-de-
rived Extracellular Vesicles: Toward Cell-free Therapeutic Appli-
cations. Molecular therapy: the journal of the American Society
of Gene Therapy. 2015; 23: 812—-823.

Février B, Raposo G. Exosomes: endosomal-derived vesicles
shipping extracellular messages. Current opinion in cell biology.
2004; 16: 415-421.

Santos JM, Camdes SP, Filipe E, Cipriano M, Barcia RN, Filipe M,
et al. Three-dimensional spheroid cell culture of umbilical cord
tissue-derived mesenchymal stromal cells leads to enhanced
paracrine induction of wound healing. Stem cell research &
therapy. 2015; 6: 90.

Lai RC, Chen TS, Lim SK. Mesenchymal Stem Cell Exosome: a
Novel Stem Cell-Based Therapy for Cardiovascular Disease. Re-
generative Medicine. 2011; 6: 481-492.

Miranda JP, Filipe E, Fernandes AS, Almeida JM, Martins JP, De
la Fuente A, et al. The Human Umbilical Cord Tissue-Derived
MSC Population UCX(®) Promotes Early Motogenic Effects on
Keratinocytes and Fibroblasts and G-CSF-Mediated Mobilization
of BM-MSCs When Transplanted In Vivo. Cell transplantation.
2015; 24: 865-877.

Rhatomy S, Pawitan JA, Kurniawati T, et al. Allogeneic umbilical
cord mesenchymal stem cell conditioned medium (secretome)
for treating posterior cruciate ligament rupture: a prospective
single-arm study. Eur J Orthop Surg Traumatol. 2023; 33: 669—
675.

Mahindran E, Wan Kamarul Zaman WS, Ahmad Amin Noordin
KB, Tan YF, Nordin F. Mesenchymal Stem Cell-Derived Extracel-
lular Vesicles: Hype or Hope for Skeletal Muscle Anti-Frailty. In-
ternational journal of molecular sciences. 2023; 24: 7833.

Redondo-Castro E, Cunningham C, Miller J, Martuscelli L, Aou-
lad-Ali S, Rothwell NJ, et al. Interleukin-1 primes human mesen-
chymal stem cells towards an anti-inflammatory and pro-trophic
phenotype in vitro. Stem cell research & therapy. 2017; 8: 79.

Lo Sicco C, Reverberi D, Balbi C, Ulivi V, Principi E, Pascucci L,
et al. Mesenchymal Stem Cell-Derived Extracellular Vesicles as
Mediators of Anti-Inflammatory Effects: Endorsement of Mac-
rophage Polarization. Stem cells translational medicine. 2017; 6:

236.

237.

238.

239.

240.

241.

242.

243,

244,

245,

246.

247.

248.

249.

1018-1028.

Luo Z, Lin J, Sun Y, Wang C, Chen J. Bone Marrow Stromal Cell-
Derived Exosomes Promote Muscle Healing Following Contu-
sion Through Macrophage Polarization. Stem cells and develop-
ment. 2021; 30: 135-148.

Chang CL, Sung PH, Chen KH, Shao PL, Yang CC, Cheng BC, et al.
Adipose-derived mesenchymal stem cell-derived exosomes al-
leviate overwhelming systemic inflammatory reaction and organ
damage and improve outcome in rat sepsis syndrome. American
journal of translational research. 2018; 10: 1053—-1070.

Ragni E, De Luca P, Marmotti A, de Girolamo L. miR-26a-5p is a
Stable Reference Gene for miRNA Studies in Chondrocytes from
Developing Human Cartilage. Cells. 2019; 8: 631.

Ragni E, Perucca Orfei C, De Luca P, Colombini A, Vigano M, Lu-
gano G, et al. Identification of miRNA Reference Genes in Extra-
cellular Vesicles from Adipose Derived Mesenchymal Stem Cells
for Studying Osteoarthritis. International journal of molecular
sciences. 2019; 20: 1108.

Ruiz M, Toupet K, Maumus M, Rozier P, Jorgensen C, Noél D.
TGFBI secreted by mesenchymal stromal cells ameliorates os-
teoarthritis and is detected in extracellular vesicles. Biomateri-
als. 2020; 226: 119544.

Ragni E, Perucca Orfei C, Sinigaglia F, de Girolamo L. Joint Tis-
sue Protective and Immune-Modulating miRNA Landscape of
Mesenchymal Stromal Cell-Derived Extracellular Vesicles under
Different Osteoarthritis-Mimicking Conditions. Pharmaceutics.
2022; 14: 1400.

An Q, Zhou Z, Xu C, Xiao Q. Exosomes derived from mir-337-3p
over-expressing tendon stem cells protect against apoptosis of
tenocytes via targeting caspase3. BMC musculoskeletal disor-
ders. 2024; 25: 561.

Wu R, LiH, Sun C, Liu J, Chen D, Yu H, et al. Exosome-based strat-
egy for degenerative disease in orthopedics: Recent progress
and perspectives. Journal of orthopaedic translation. 2022; 36:
8-17.

Rezaie J, Ajezi S, Avci CB, Karimipour M, Geranmayeh MH,
Nourazarian A, et al. Exosomes and their Application in Biomedi-
cal Field: Difficulties and Advantages. Molecular neurobiology.
2018; 55: 3372-3393.

Heldring N, Méager |, Wood MJ, Le Blanc K, Andaloussi SE. Thera-
peutic Potential of Multipotent Mesenchymal Stromal Cells and
Their Extracellular Vesicles. Human gene therapy. 2015; 26:
506-517.

Mendt M, Kamerkar S, Sugimoto H, McAndrews KM, Wu CC, Ga-
gea M, et al. Generation and testing of clinical-grade exosomes
for pancreatic cancer. JCl insight. 2018; 3: €99263.

Hassanzadeh A, Rahman HS, Markov A, Endjun JJ, Zekiy AO,
Chartrand MS, et al. Mesenchymal stem/stromal cell-derived
exosomes in regenerative medicine and cancer; overview of de-
velopment challenges and opportunities. Stem cell research &
therapy. 2021; 12: 297.

Vonk LA, van Dooremalen SFJ, Liv N, Klumperman J, Coffer PJ, Sa-
ris DBF, et al. Mesenchymal Stromal/stem Cell-derived Extracel-
lular Vesicles Promote Human Cartilage Regeneration In Vitro.
Theranostics. 2018; 8: 906—920.

Li S, Stockl S, Lukas C, Gotz J, Herrmann M, Federlin M, et al.
hBMSC-Derived Extracellular Vesicles Attenuate IL-1B-Induced
Catabolic Effects on OA-Chondrocytes by Regulating Pro-inflam-
matory Signaling Pathways. Frontiers in bioengineering and bio-
technology. 2020; 8: 603598.

Journal of Orthopedics and Muscular System



MedDocs Publishers

250.

251.

252.

253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

Cosenza S, Ruiz M, Toupet K, Jorgensen C, Noél D. Mesenchymal
stem cells derived exosomes and microparticles protect carti-
lage and bone from degradation in osteoarthritis. Scientific re-
ports. 2017; 7: 16214.

Dordevic M. IRB approved pilot safety study of an extracellular
vesicle isolate product evaluating the treatment of osteoarthri-
tis in combat-related injuries. Stem Cell Res. 2020; 1: 11.

Cuomo AV, Virk M, Petrigliano F, Morgan EF, Lieberman JR. Mes-
enchymal stem cell concentration and bone repair: potential
pitfalls from bench to bedside. The Journal of bone and joint
surgery. American volume. 2009; 91: 1073-1083.

Cavallo C, Boffa A, de Girolamo L, Merli G, Kon E, Cattini L, et
al. Bone marrow aspirate concentrate quality is affected by age
and harvest site. Knee surgery sports traumatology arthroscopy:
official journal of the ESSKA. 2023; 31: 2140-2151.

Gobbi A. Articular Cartilage Injury in the Athlete: Treatment Op-
tions in 2007. 74th Annual meeting of the American Academy of
Orthopaedic Surgeons (AAOS) San Diego California. 2007.

Gobbi A. Concentrated Bone Marrow Aspirate in Cartilage Re-
pair. 29th Annual meeting of the Arthroscopy Association of
North America (AANA). Hollywood Florida. 2010.

Gobbi A. Treatment of Early Osteoarthritis with Cartilage Regen-
eration Techniques. 9th World Congress for the International
Cartilage Regeneration & Joint Preservation Society (ICRS). Bar-
celona Spain. 2010.

Cercone M, Greenfield M, Fortier L. Bone Marrow Concentrate
Mesenchymal Stromal Cells Do not Correlate With Nucleated
Cell Count or Colony Forming Units. Journal of Cartilage & Joint
Preservation. 2021: 1.

Alvarez-Viejo M, Menéndez-Menéndez Y, Otero-Hernandez J.
CD271 as a marker to identify mesenchymal stem cells from di-
verse sources before culture. World journal of stem cells. 2015;
7:470-476.

Strohmeier GR, Lencer WI, Patapoff TW, Thompson LF, Carlson
SL, Moe SJ, et al. Surface expression polarization and functional
significance of CD73 in human intestinal epithelia. The Journal
of clinical investigation. 1997; 99: 2588-2601.

Tamajusuku AS, Carrillo-Sepulveda MA, Braganhol E, Wink MR,
Sarkis JJ, Barreto-Chaves ML, et al. Activity and expression of ec-
to-5’-nucleotidase/CD73 are increased by thyroid hormones in
vascular smooth muscle cells. Molecular and cellular biochemis-
try. 2006; 289: 65-72.

Airas L, Niemeld J, Salmi M, Puurunen T, Smith DJ, Jalkanen S.
Differential regulation and function of CD73 a glycosyl-phospha-
tidylinositol-linked 70-kD adhesion molecule on lymphocytes
and endothelial cells. The Journal of cell biology. 1997; 136:
421-431.

Hashikawa T, Takedachi M, Terakura M, Saho T, Yamada S,
Thompson LF, et al. Involvement of CD73 (ecto-5’-nucleotidase)
in adenosine generation by human gingival fibroblasts. Journal
of dental research. 2003; 82: 888—892.

Craig W, Kay R, Cutler RL, Lansdorp PM. Expression of Thy-1 on
human hematopoietic progenitor cells. The Journal of experi-
mental medicine. 1993; 177: 1331-1342.

Saalbach A, Wetzig T, Haustein UF, Anderegg U. Detection of hu-
man soluble Thy-1 in serum by ELISA. Fibroblasts and activated
endothelial cells are a possible source of soluble Thy-1 in serum.
Cell and tissue research. 1999; 298: 307-315.

Rege TA, Hagood JS. Thy-1 as a regulator of cell-cell and cell-
matrix interactions in axon regeneration apoptosis adhesion mi-

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

gration cancer and fibrosis. FASEB journal: official publication of
the Federation of American Societies for Experimental Biology.
2006; 20: 1045-1054.

Jurisic G, lolyeva M, Proulx ST, Halin C, Detmar M. Thymus cell
antigen 1 (Thyl CD90) is expressed by lymphatic vessels and
mediates cell adhesion to lymphatic endothelium. Experimental
cell research. 2010; 316: 2982-2992.

Nassiri F, Cusimano MD, Scheithauer BW, Rotondo F, Fazio A,
Yousef GM, et al. Endoglin (CD105): a review of its role in angio-
genesis and tumor diagnosis progression and therapy. Antican-
cer research. 2010; 31: 2283-2290.

Quirici N, Soligo D, Bossolasco P, Servida F, Lumini C, Deliliers GL.
Isolation of bone marrow mesenchymal stem cells by anti-nerve
growth factor receptor antibodies. Experimental hematology.
2002; 30: 783-791.

Blihring HJ, Battula VL, Treml S, Schewe B, Kanz L, Vogel W. Novel
markers for the prospective isolation of human MSC. Annals of
the New York Academy of Sciences. 2007; 1106: 262—-271.

Cuevas-Diaz Duran R, Gonzédlez-Garza MT, Cardenas-Lopez A,
Chavez-Castilla L, Cruz-Vega DE, Moreno-Cuevas JE. Age-relat-
ed yield of adipose-derived stem cells bearing the low-affinity
nerve growth factor receptor. Stem cells international 2013
372164. https://doi.org/10.1155/2013/372164

Quirici N, Scavullo C, de Girolamo L, Lopa S, Arrigoni E, Deliliers
GL, et al. Anti-L-NGFR and -CD34 monoclonal antibodies identify
multipotent mesenchymal stem cells in human adipose tissue.
Stem cells and development. 2010; 19: 915-925.

Battula VL, Treml S, Abele H, Blhring HJ. Prospective isolation
and characterization of mesenchymal stem cells from human
placenta using a frizzled-9-specific monoclonal antibody. Differ-
entiation; research in biological diversity. 2008; 76: 326—336.

Soncini M Vertua E Gibelli L Zorzi F Denegri M Albertini A et al.
Isolation and characterization of mesenchymal cells from hu-
man fetal membranes. Journal of tissue engineering and regen-
erative medicine. 2007; 1: 296-305.

Jones E English A Churchman SM Kouroupis D Boxall SA Kinsey
S et al. Large-scale extraction and characterization of CD271+
multipotential stromal cells from trabecular bone in health and
osteoarthritis: implications for bone regeneration strategies
based on uncultured or minimally cultured multipotential stro-
mal cells. Arthritis and rheumatism. 2010; 62: 1944-1954.

Vaculik C Schuster C Bauer W Iram N Pfisterer K Kramer G et
al. Human dermis harbors distinct mesenchymal stromal cell
subsets. The Journal of investigative dermatology. 2012; 132:
563-574.

Attar A Ghalyanchi Langeroudi A Vassaghi A Ahrari | Maharlooei
MK Monabati A. Role of CD271 enrichment in the isolation of
mesenchymal stromal cells from umbilical cord blood. Cell biol-
ogy international. 2013; 37: 1010-1015.

Watson JT Foo T Wu J Moed BR Thorpe M Schon L et al. CD271
as a marker for mesenchymal stem cells in bone marrow versus
umbilical cord blood. Cells tissues organs. 2013; 197: 496-504.

Alvarez-Viejo M Menendez-Menendez Y Blanco-Gelaz MA Fer-
rero-Gutierrez A Fernandez-Rodriguez MA Perez-Basterrechea
M et al. LNGFR (CD271) as marker to identify mesenchymal stem
cells from different human sources: Umbilical cord blood Whar-
ton’s jelly and bone marrow. J Bone Marrow Res. 2013: 1.

Attar APZN Ahrari | Khosravi Maharlooi M Monabati A. Assess-
ing the role of CD271 isolation from GCSF mobilized peripheral
blood in isolation of MSCs. Cell J. 2011; 12: 131.

Journal of Orthopedics and Muscular System



