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a B S t r a c t
in recent years, the aim of regenerative medicine strategies is to develop therapeutic conservative approaches for the 
treatment of musculoskeletal injuries. among these, the use of adult mesenchymal stem cells (MScs) has represented 
the main instrument for the treatment of cartilage lesions in osteoarthritis, considered as chronic degenerative diseases 
with little chance of therapy. MScs have shown promising cartilage repair from in-vitro, in-vivo, and clinical studies 
thanks to their self-renewing potential and multilineage differentiation capability, better if included in a 3d autologous 
scaffold. adipose tissue could be considered an optimal source of stem cells called adipose derived stem cells (adScs) 
being a tissue easily available in large amounts and obtained through minus invasive procedures than others, but it has 
not to be underestimated the limits before implantation: in-vitro step variability, cell expansion, destruction of the original 
tissue with the loss of cells natural niche and of their long-term efficacy. To overcome this issue, lipoaspirate clusters, 
also called micro-fragmented adipose tissue (MFat), provide stem cells in an intact stromal vascular niche with a high 
regenerative capacity. this review provides a comparative view of stem cells and lipoaspirate in terms of their sources, 
structure, properties and regenerative capacity. Moreover, are reviewed the most representative scientific papers showing 
in-vitro, in-vivo, and clinical results comparing adScs versus MFAT in the treatment of degenerative and inflammatory 
cartilage disease.
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during the last decades the focus on a thera-
peutic conservative approach for the treat-

ment of musculoskeletal injuries is increasing1 
and regenerative medicine based on the use of 
adult stem cells has represented the main instru-
ment. only recently, lipoaspirate (clusters of fat 
obtained with liposuction), also known as mi-
cronized fat when reduced in dimensions with 
commercial devices, has been getting more atten-
tion in this rapidly advancing and evolving field 

of research. this paper seeks to provide a com-
parative view between stem cell and lipoaspirate 
in terms of their sources, regenerative capacity, 
and clinical application in osteoarthritis.

due to the limited regenerative capacity, carti-
lage lesions are considered as chronic degenera-
tive diseases with little chance of therapy. Some 
of the traditional treatments for cartilage injured 
and for osteoarthritis prevention include the in-
traarticular administration of hyaluronan or of 
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good results in pre-clinical and clinical studies 
for the treatment of inflammatory musculoskel-
etal diseases.6

Stem cells

the therapeutic application of stem cells in tissue 
regeneration has always exhibited a promising 
potential. Stem cells present specific characteris-
tics such as self-renewal (unlimited proliferative 
capacity), clonogenicity (ability to generate cells 
identical to the mother cell) and potential (differ-
entiation capability in different cell lines).7 they 
can be isolated from a large assortment of tissues 
among which bone marrow, peripheral blood, 
muscle, dental pulp, umbilical cord and adipose 
tissue, after extraction and expansion in GMp fa-
cilities they can be stocked and banked for future 
implantation with regenerative purposes as pro-
vided in Figure 1.

Based on the origin and biological properties, 
they can be categorized into embryonic stem 
cells and adult stem cells, the latter with reduced 
proliferative and differentiating capacity com-
pared to the first one.7

embryonic stem cells (eScs) are appealing 
because of their pluripotency and self-renewal 
capacities making them a suitable choice for 
cell-based therapies. however, due to ethical im-
plications and government restrictions on their 
investigation, mesenchymal stem cells (MScs) 
derived from adult patients have become an alter-
native option with encouraging prospective. in-
fect, MScs are characterized with high genomic 

prp, bone marrow stimulation techniques, os-
teochondral grafting (mosaicplasty), autologous 
chondrocyte implantation (aci), and matrix 
assisted autologous chondrocyte implantation 
(Maci).2 in addition to the traditional treat-
ments just mentioned, MScs are showing prom-
ising clinical results for cartilage repair3, 4 despite 
the difficulties related to the great number of pro-
cessing steps (enzymatic digestion, cell expan-
sion and differentiation) which increase the treat-
ment variability. indeed, in the studies published 
to date, cells were isolated from the originating 
tissue, expanded and differentiated in vitro be-
fore the transplantation as cell therapy into the 
damaged cartilage or before enriching a 3d scaf-
fold as engineered tissue therapy.

in recent times, the whole adipose niche, has 
gained remarkable attention thanks to its hetero-
geneous cellular population reservoir, including 
progenitor cells, pericytes, endothelial cells, 
pre-adipocytes, monocytes, macrophages, as 
well as an extracellular matrix (ecM).5 the bio-
logical rationale behind the use of this niche de-
rives from the hypothesis that cross talk among 
the different cellular populations can promote 
multiple repair and remodeling processes. ap-
plications of the adipose niche structurally un-
changed are possible through the use of fat 
specific micro fragmenting devices obtaining 
micro-fragmented adipose tissue (MFat). the 
use of adipose niche as a tool to support regener-
ative medicine approach is favored by the cyto-
kine release which can initiate the functionality 
restoring tissue process. this approach is giving 

Figure 1.—Schematic repre-
sentation of MSc isolation 
process. the process begins 
with the identification of 
donor tissue source and the 
isolation of MScs from the 
selected one. MScs are then 
subjected to an in-vitro ex-
pansion and characterization 
according to GMp safety and 
sterility criteria. The final 
step provides the re-admin-
istration of MScs in the in-
jured site of the donor as free 
cells therapy or as cells in a 
3d scaffold.
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it has been demonstrated that adScs are re-
cruited to damaged sites where they take part 
in the repair of the injured tissue thanks to their 
differentiating potential into several cell types, 
including adipogenic, osteogenic, chondrogenic 
and myogenic cells. therefore, the injection of 
adScs can be considered as a promising tool to 
accelerate injured tissue repair through tissue re-
generation, enhance tissue engineering, but also 
useful as clinical treatment for inflammatory and 
autoimmune pathologies. adScs from adipose 
tissue are obtained by enzymatic digestion (using 
collagenases) and may undergo prolonged ex-vi-
vo expansion before reimplantation, with remark-
able senescence and a decrease in multipotency, 
resulting in unsatisfactory clinical results. these 
steps should take place in strictly controlled con-
ditions, in clean rooms with technical equipment 
under the supervision of specialized personnel, 
limiting its use in the clinical practice. Moreover, 
after the extraction procedure the variability of 
adScs is about 82%, so better has to be done.15

Micro-fragmented adipose tissue (MFAT)

Micro-fragmented adipose tissue should not be 
confused with stromal vascular fraction (SVF) 
which is generated through enzymatic or me-
chanical breakdown of the lipoaspirate resulting 
in complete destruction of original tissue struc-
ture to facilitate potential MSc isolation and cul-
tivation. MFat is adipose tissue reduced in size, 
in all its healthy structure, with a cluster diameter 
from 0.4 mm to bigger ones with various labelled 
methods. Besides the coleman traditional tech-
nique, that exploits centrifugal force to separate 
oil and blood cells from liposuction fat,16 have 
recently been developed a variety of dispositive 
to obtain smaller micro-fragmented fat, which 
retain the stromal vascular niche, ready to be 
used for implantation, i.e. lipogems® technol-
ogy (Fda-approved devices)17 (Figure 2).

the better regenerative potential associated 
with MFat smaller cluster size has been prov-
en. the cells contained into the smaller MFat 
clusters show better response to differentiating 
stimuli compared to the larger size ones, maybe 
due to the higher surface area in touch with the 
culture medium containing factors themselves.18 

stability, self-renewing and have the capability of 
multilineage differentiation into bone, cartilage, 
fat and dermis, among others.8 despite the MScs 
therapeutic potential has been evaluated through 
over 800 clinical trials on humans, the biological 
mechanisms involved in their promoting process 
of tissue regeneration is still not fully under-
stood. one theory suggests that MScs differenti-
ate into tissue-specific cells through the environ-
mental biological stimuli originating from the in-
jured tissue, however, there has not been enough 
evidence to support it in vivo. recently, a theory 
that the therapeutic potential of MScs is primar-
ily attributed to their paracrine activity is con-
firmed by a lot of studies which evidenced that 
stem cells can secrete trophic factors, including 
insulin-like growth factor (iGF-1), nerve growth 
factor (NGF) and epithelial growth factor (eGF), 
that modulate the surrounding environment and 
influence the behavior of nearby parenchymal 
cells which repair the tissues.9

the best source of stem cells should be eas-
ily harvested, abundant, expendable, and con-
tain a high yield of cells.10 among the numerous 
sources of MScs in human body, bone-marrow-
derived stem cells (BMScs) have been the pri-
mary source for tissue engineering applications 
for many years11 and recently also dental pulp is 
considered a valuable source for orthopedic and 
maxillofacial reconstructions, with capacity to 
produce mineralized tissue, and other connec-
tive tissue, such as dentine, dental pulp, and peri-
odontal ligament.12

More recent studies have proven that subcuta-
neous adipose tissue gives a clear advantage over 
other stem cell sources due to easy collection of 
a large volume that is simple to isolate, through 
liposuction that is minimally invasive with low 
patient discomfort. Moreover, one gram of adi-
pose tissue yields ~5×103 stem cells, which is 
100-fold higher than the number of mesenchymal 
stem cells in one gram of bone marrow,13 with 
a superior proliferating ability in culture. these 
adipose-tissue-derived stem cells (adScs) are 
usually isolated with enzymatic digestion from 
the stromal vascular fraction of adipose tissue 
that also includes capillaries and microvessels 
whose external wall is composed of pericytes 
also known for their stemness.14
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proven by perilipin staining (Figure 3h) together 
with an oil residual reduction (Figure 3F), rel-
evant to avoid inflammatory reaction in the host.

lipoaspirate being minimally manipulated, 
could be considered a source of autologous mul-
tipotent undifferentiated cells, and behave as a 
natural scaffold for mesenchymal cells that are 
easily trapped in the stromal vascular fraction,19 
significantly reducing the number of steps in-
volved in the MScs translational process.

the therapeutic potential advantage of MFat 
compared to enzymatically derived cells also 

in Figure 3 are provided stereomicroscopic and 
microscopic representative images of cluster 
structure obtained by liposuction and then pro-
cessed through coleman traditional method (a-
d) or lipogems® (Figure 3e-h). the small di-
mension of clusters obtained through the use of 
lipogems® device can be observed in Figure 3e 
compared to coleman technique in Figure 3a; 
morphometric quantification has highlighted a 
clusters area reduction of 77% without any dam-
age to the tissue integrity as seen in trichrome 
stained section (Figure 3G), no vitality loss as 

Figure 2.—comparison between traditional technique and a recent dispositive used to obtain cleaned MFat: a) coleman 
traditional technique requires a centrifugation step process before to obtain lipoaspirate cleaned from oil residual and free of 
blood cells, with clusters dimension about 1.8 mm2; B) lipogems® dispositive allow to micronize and wash lipoaspirate in a 
closed sterile dispositive obtaining micro-fragmented fat with a lower cluster dimension about 0.4 mm2.

Figure 3.—representative stereomicroscopic and microscopic images of MFat compared to coleman centrifuged liposuc-
tion clusters. Stereomicroscopic view of a representative cluster (A, E); microscopic images of paraffin embedded clusters 
(B-d and F-h) of sections stained with red oil (B, F), Masson’s trichrome (c, G) and perilipin immunostaining (d, h).

a

B

a d

G

B

e h

c

F
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cytokine production. it has been proven that also 
human adipose tissue, in the form of MFat, is 
able to produce several factors involved in im-
munomodulatory processes, such as specific 
cytokines.6 important players are pericytes, con-
tained in the lipoaspirate, that at the beginning 
detach and then turn into stem cells releasing a 
large number of cytokines that counteract the 
inflammation process, especially induced by 
macrophages.14 only later, more specialized cy-
tokines with antibiotic, antifibrotic, angiogenic, 
and analgesic effects are secreted. therefore, the 
implantation of lipoaspirate in the injured site 
might protect the tissue homeostatic mechanism 
through the immunomodulatory activity and the 
recruitment of heterogeneous cell population in-
volved in the reparative/regenerative pathways.20

Based on in-vitro results, the intra-articular 
injection of lipoaspirate into the site of damage, 
may give rise to a fibrous tissue that provides 
mechanical support for the load on the damaged 
cartilage, induces resident chondrocytes to pro-
liferate and produces ECM, and finally releases 
cells which could regenerate or repair the carti-
lage damaged. in this regard, in 2016 we have 
demonstrated the promotion of cartilage defect 
repair through micro-fragmented lipoaspirate 
clusters.19 our in-vitro studies have shown that 
lipoaspirate clusters can give rise to the sponta-
neous outgrowth of cells as shown in Figure 4. 
these cells, characterized by mesenchymal phe-

seems to be related not only to stem cells but also 
to other residing cells: preadipocytes, dendritic 
cells, leucocytes, endothelial cells, fibroblasts, 
that could be co-players in the secretion of ac-
tive paracrine factors. other important cells to be 
considered are pericytes, present in the microves-
sels which remain intact after micro fragmenta-
tion process.14 all these resident regenerative 
cells may perform their restoring action more in-
directly, through the secretion of higher amounts 
of growth factors and cytokines. For this reason, 
MFat could be considered as an alternative cell-
based therapy able to release pro-healing growth 
factors and anti-inflammatory cytokines as well 
as healing-related peptides such as leptin and 
adiponectin. another interesting study has also 
shown the ability of MFat to secrete antibac-
terial factors, aspects that could be exploited in 
clinical practice. More interestingly, it has been 
demonstrated that if we simulate inflammation or 
infection, MFat behaves like a vital organ, able 
to change the pattern of its secretion in response 
to the stimulus given.20

in addition to the advantages mentioned 
above, the use of lipoaspirate scaffold in place 
of adScs requires no processing steps prior to 
use, avoiding the hazard of infection or enzyme 
residual, and provides the reduction of time-con-
suming, costly, and laborious procedures that are 
required before implantation.

In-vitro and in-vivo results

over the last ten years, hundreds of studies have 
provided fundamental information to the re-
search and clinic community about the MScs 
differentiation process to chondrocytes. among 
them, several theories sustain that various growth 
factors and specific gene transcription factors 
control it through temporal and spatial activation 
or inhibition of cell signaling pathways, with the 
final objective to try to address chondrogenesis 
for cartilage repair and regeneration.

Several in-vitro studies have shown adScs 
paracrine effects through the production of cy-
tokines and soluble factors that regulate immune 
cells functions, enhance microenvironment for 
tissue healing and carry out high strong immu-
nosuppressive effects by reducing inflammatory 

Figure 4.—Stem cells outgrowth from micro-fragmented 
lipoaspirate clusters. representative phase contrast micros-
copy image, 10x magnification, shows a cluster of MFAT 
(in black) from which cell outgrowth can be seen as rays of 
sunlight.
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these cells have proven to increase tear volume 
and corneal regeneration27 and several clinical 
trials are ongoing for the treatment of myocardial 
infarction,28 atherosclerosis, coronary diseases,24 
autoimmune diseases like systemic sclerosis and 
rheumatoid arthritis29 and anal fistulas.30

on the other hand, the transplantation of MFat 
has been employed in different medical fields 
both in human and veterinary medicine. thanks 
to several post-application monitoring years, 
safety and efficacy of its use in patients treated in 
gynecological, aesthetic and orthopedic contexts 
have been demonstrated.31 the use of MFat in 
the plastic surgery field is widespread, in promot-
ing healing of chronic leg and foot ulcers in dia-
betic patients, likewise in cosmetic ones, where 
it can be used individually or combined with 
other traditional surgical methods. Just recently, 
based on a pilot study MFat has been shown to 
improve continence in patients with unsatisfac-
tory results after sphincteroplasty32 and in few 
pre-clinical studies, it has been pointed out how 
MFat could be exploited as a drug-carrier for in 
loco treatment of solid tumors.33

a consistent number of clinical trials about 
inflammatory pathologies, such as osteoarthritis, 
are ongoing34 to assess the immunomodulatory 
activities mediated by paracrine effects of ad-
Scs. clinical results from more than 800 patients 
worldwide have proven that the intra-articular 
injection of MFat-lipogems® to treat degen-
erative and inflammatory musculoskeletal dis-
eases resulted in a resolution of symptoms, knee 
function increase and pain reduction, with 100% 
safety of the procedure. Some patients who were 
candidates for prosthesis implantations, after 
intra-articular injection of lipoaspirate no longer 
needed it because of the complete or substantial 
resolution of their symptoms.35 Moreover, intra-
articular hip injections of lipogems® are capable 
of relieving partially postoperative pain related 
to hip arthroscopy in the first 7 days after sur-
gery.36 the MFat-lipogems® benefits in mus-
culoskeletal disease treatments have been widely 
demonstrated also in Veterinary Medicine. in-
deed, several studies have shown its beneficial 
in the promotion of healing of damaged or de-
generated ligaments, tendons and meniscal some 
species of animals.37

notype, can induce primary chondrocytes prolif-
eration and ecM production through their para-
crine activities. hence, due to its composition 
and properties, lipoaspirate shows a potential to 
be used as a natural scaffold and an alternative 
cell-based approach in addressing the treatment 
of cartilage defects.

To further confirm the beneficial potential ef-
fect of lipoaspirate, in-vivo studies, using intra-
articular injection of adScs or MFat in animal 
models, showed a good outcome on cartilage 
repair process that could be considered as a vali-
dation of in-vitro results for inflammatory mus-
culoskeletal disorders treatments. indeed, the 
object of desando et al. study was to compare 
MFAT and ADSCs efficacy for the treatment of 
oa in rabbits. MFat has demonstrated similar 
cartilage repair at one month compared to ad-
SCs, however, the first has shown a prolonged 
secretory activity and a higher cd-163 wound-
healing macrophages positivity, which are con-
sidered an important cartilage repair mediator.21

it is important to remember how MFat also 
finds other in-vivo applications such as preven-
tion of radiation-induced atrophy, fibrosis and 
impaired wound healing, suggesting a remark-
able new clinical practice during anticancer ra-
diotherapies.22 other authors have suggested 
MFat as ‘trojan horses’ to improve the delivery 
of drugs and oncolytic viruses to treat intractable 
tumors or to overexpress neurotrophic factors, 
anti-inflammatory cytokines or angiogenic fac-
tors to facilitate the healing and recovery of tis-
sues damaged by injury or disease.

Clinical results

Both stem cells and lipoaspirate have enriched 
the field of tissue regeneration and numerous 
studies have contributed to the current state of 
the art. Before talking about musculoskeletal 
treatments, some important information can be 
extrapolated from other anatomical sites where 
they find clinical applications. ADSCs are used 
in skin diseases like keloids, for the treatment of 
burn,23 chronic wounds24 and for enhancing facial 
rejuvenation25 through cell proliferation, angio-
genesis promotion, antioxidant factors secretion 
or photoaging inhibition.26 In ophthalmic field, 
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transl Med 2018;7:876–86. 
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tissue-derived mesenchymal stem cell yield and growth char-
acteristics are affected by the tissue-harvesting procedure. cy-
totherapy 2006;8:166–77. 
16. coleman Sr. Structural fat grafting: more than a perma-
nent filler. Plast Reconstr Surg 2006;118(Suppl):108S–20S. 
17. tremolada c, colombo V, Ventura c. adipose tissue and 
Mesenchymal Stem cells: State of the art and lipogems® 
technology development. curr Stem cell rep 2016;2:304–12. 
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2023;151:959e–69e. 
19. Bosetti M, Borrone a, Follenzi a, Messaggio F, tremo-
lada c, cannas M. human lipoaspirate as autologous inject-
able active Scaffold for one-Step repair of cartilage de-
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to date, studies assessment would provide 
proof that MFAT beneficial seems to be more ad-
vantageous compared to the only stem cells, not 
only due to the reduced time, cost and resources 
needed for its procurement and use.38

Conclusions

a critical point of all adScs or MFat studies 
is related to their efficacy and clinical outcomes, 
that may depend on donor characteristics, pro-
cessing techniques, site-specific requirements, 
as all factors that could alter the lipoaspirate 
properties and the yield and multilineage po-
tential of processed cells. lately horinouchi et 
al.39 have demonstrated that the donor age does 
not significantly affect the cell division or differ-
entiation ability. This result was also confirmed 
by Schmitz et al.40 who have demonstrated that 
key characteristics of uncultured adScs are in-
dependent of the subject’s age, sex, body mass 
index (BMi) and ethnicity.

the use of either stem cells or lipoaspirate 
is dependent on the kind of treatment and cir-
cumstances. the research interest could be also 
focused on the combination of the two regimes, 
utilizing lipoaspirate as natural scaffold en-
riched with a high dose of stem cells for improv-
ing the treatments efficacy.

ongoing research into the adScs and MFat 
potential applications continues to obtain sur-
prising results and grow in application fields that 
are currently little explored. however, methodol-
ogy optimization and additional clinical studies 
are needed for a better comprehension in terms 
of efficacy and safety.
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