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Abstract

Background: This narrative review of the literature aims to analyze the utilization of stromal vascular fraction (SVF)
and decellularized extracellular matrices (dECMs) in various pathologies related to orthopedic surgery.

Methods: A literature search was carried out in PubMed on February 15, 2022, using “Stroma Vascular Fraction and
Orthopedic Surgery” and “Decellularized Extracellular Matrices and Orthopedic Surgery” as keywords. A total of 278
articles were found, of which 28 papers were selected because they seemed to be the most appropriate concerning
the title of the article.

Results: The reported results have shown that intra-articular injection of SVF seems to be a safe and efficacious
method for managing knee osteoarthritis (OA). Platelet-rich plasma (PRP) and SVF are safe and effective management
for intractable Achilles tendinopathy in humans, although subjects treated with SVF recover earlier. There are promising
results in utilizing adipose-derived mesenchymal stromal cells in chronic lateral epicondylitis of the elbow in athletes.
Ready-to-use ECM/SVF gel seems to be a good therapeutic option promoting the regeneration of the articular cartilage
in subjects with injuries of the cartilage. The SVF can safely be used to treat diabetic subjects suffering from chronic
foot ulcers.

Conclusion: There are scarce high-quality data for utilizing cell-based approach in soft tissue injuries of the knee in
athletes. Experimental studies indicate that SVF could be a new option to osseous regeneration. Other experimental
studies support the utilization of dECMs as a scaffold for the regeneration of large osseous defects, cell-derived dECMs
scaffolds to repair articular cartilage injuries, and utilization of xenogeneic acellular muscles to manage volumetric
muscle loss where there is a lack of donor site.

Intra-articular injections of SVF seems to be a safe and efficacious method for managing OA of the knee joint. Platelet-
rich plasma (PRP) and SVF are safe and efficacious methods for the management of intractable Achilles tendinopathy
in humans, although subjects treated with SVF recover earlier.

Level of evidence: Il

Keywords: Bone regeneration, Cartilage regeneration, Decellularized extracellular matrices, Osteoarthritis, Stromal
vascular fraction, Tendon healing

Introduction

latelet-rich plasma (PRP), prolotherapy, and injury, lateral epicondylitis, Achilles tendinopathy,
mesenchymal stem cells (MSCs) are being used plantar fasciitis, OA of the knee joint, and acute muscle
more and more for the treatment of rotator cuff injuries.!
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According to Gentile et al.,, stromal vascular fraction
(SVF) cells originated from adipose stem cells (ASCs)
have been used for many years in regenerative plastic
surgery for autologous uses; however, poor attention
has been paid to its potential allogenic function.
Allogenic SVF transplants could utilize decellularized
extracellularmatrices (dECMs) asadonor scaffold, which
are then recellularized by the patient’s ASCs, therefore
developing advanced approaches for personalized
utilization. In the systematic review published by these
researchers on the clinical use of human allogeneic
ASC transplantation, it was suggested that allogeneic
transplantation of ASCs and extracellular matrix
(ECM) was safe, efficacious, and without substantial
complications.? In 2020, Blaudez et al. stated that there
were future expectations about using natural ECM to
decorate synthetic porous scaffolds.?

The purpose of this narrative review of the literature is
to analyze SVF and dECMs in diverse conditions related
to orthopedic surgery.

Materials and Methods

The research question was: What is the current role
of SVF and dECMs in pathologies related to Orthopedic
Surgery? Regarding the criteria for paper selection, in this
article, a literature search was performed in PubMed on
February 15, 2022, using “Stroma Vascular Fraction and
Orthopedic Surgery” and “Decellularized Extracellular
Matrices and Orthopedic Surgery” as keywords. A total
of 278 articles were found, of which 28 papers were
selected because they seemed to be the most appropriate
concerning the title of the article.

Results
Stromal Vascular Fraction
Osteoarthritis

One of the main global sources of disability, with a
somewhat elevated prevalence in elderly people, is
OA.* Current therapeutic modalities, such as exercise,
anti-inflammatory medications, and intra-articular
injections of corticosteroids, intend to alleviate the
pain that subjects with OA suffer. Surgical alternatives,
such as osteotomies and joint arthroplasties, are
other invasive therapeutic alternatives that can be
used when the abovementioned treatments fail.
Substantial advances have been made to manage
musculoskeletal conditions utilizing regenerative cell
therapies in recent decades. Adipose-derived SVF cells
holding within diverse cell types, including MSCs, are
efficacious in repairing cartilaginous lesions. Intra-
articular injections of PRP have been shown to act
as an adjuvant to surgical treatment in subjects with
knee OA.*

In a systematic review published by Pak et al.in 2018
it was stated that in patients with OA, management
with ASCs could be an alternative, given there were
good information on their safety and effectiveness.’
As reported by Fotouhi et al. in 2018, MSCs treatment
with intra-articular injections of PRP, SVF, and ASCs
for OA had advanced well, with optimistic results.®

In 2019, DiMatteo et al. published a systematic review
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demonstrating that the use of “minimally” manipulated
MSCs (in the form of BMAC or SVF) was safe and
provided some short-run beneficial consequences. 7 In
2019, Yokota et al. compared the clinical results of intra-
articular injections with ASCs vs. SVF in individuals with
OA of the knee. It was encountered that both ASCs and
SVF produced clinical ameliorations, but also that ASCs
gave better results SVF in terms of early pain decrease
and with less adverse events.®

In 2020, Garza et al. published a double-blinded
prospective randomized controlled clinical trial
(level of evidence I) to evaluate the efficacy of intra-
articular MSCs for the treatment of knee OA.° No severe
complications were observed. Intra-articular injections
of SVF substantially alleviated knee pain for at least 12
months. The efficacy and safety shown in this study
supported its use as a treatment option for painful OA
of the knee.’ In 2020, Tsubosaka et al. reported that
the short-run clinical benefits of intra-articular SVF
cell injection in knee OA were outstanding.!® In 2021,
Shanmugasundaram et al. published another systematic
review on the utilization of SVF injection in the
treatment of OA of the knee. ! They stated that intra-
articular injection of SVFs was a secure and efficacious
method for this condition.

In 2021, Filardo et al. compared three methods to
exploit ACSs for OA management in a preclinical study.'
Biological samples of adipose tissue, processed by
mechanical micro-fragmentation (MF), enzymatic
digestion (SVF), or cell expansion (ASCs), were first
characterized in vitro and then utilized in vivo in
a surgically induced OA rabbit model. It was found
that MF, SVF, and expanded ASCs did not produce
significant local or systemic complications. Among
the various techniques utilized to use the potential
of adipose tissue, MF demonstrated the most
encouraging results. 12

[Figure 1] shows transplantation into an osteoarthritic

joint with adipose-derived SVF cells (treatment
procedure).
Tendon Healing

In2018, Usuellietal. reported arandomized controlled
clinical trial study, comparing the effectiveness of
PRP and SVF injections for managing non-insertional
Achilles tendinopathy. ' It was found that both PRP
and SVF were secure and efficacious managements for
recalcitrant Achilles tendinopathy. Subjects managed
with SVF had faster outcomes, indicating that such
approach must be considered for those needing an
earlier return to activities of daily living or sport. 3

In 2021, Khoury et al. studied the impact of ASCs
injection in lateral epicondylitis of the elbow
tendinopathy in tennis players. !* The mean time to
return to tennis was 3.31 months. The results of this
study were encouraging and opened a new biologic
therapeutic option to treat lateral epicondylitis of the
elbow. 1

Articular Cartilage Defects
In 2020, Li et al. attained a novel adipose tissue-
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derived product, ECM/SVF gel, by simple mechanical
shifting and centrifugation to extract the fat and
concentrate the efficacious components. Their study
tried to assess the therapeutic effectiveness of this
natural biomaterial in the repair of defects of the
articular cartilage. **> Ready-to-use ECM/SVF gel
seemed to be a good therapeutic option to ease the
regeneration of articular cartilage. *

Chronic Diabetes Foot Ulcers

In 2021, Carstens et al. published a phase I study to
determine the security and explore the effectiveness of
local injections of autologous adipose-derived SVF cells
to manage non healing diabetes foot ulcers (DFUs) larger
than 3 cm in diameter. No serious adverse events related
to the intervention were found. The results of this study
showed that SVF can be securely utilized to manage
chronic DFUs, with evidence of effectiveness (wound
healing). ¢

Soft-tissue Sports Injuries

In a systematic review published in 2021 by Kader et
al. it was concluded that there was insufficient high-
quality information to utilize cell-based treatments that
demonstrate ligamentous or tendinous healing, meniscal
volume restoration, or post-traumatic OA amelioration/
regression.!’

Bone Regeneration

In 2018Zhang et al. used SVF from human adipose
tissue and human monocytes for intraoperative
preparation of bone constructs. The feasibility of
intraoperative preparation of SVF constructs and the
superior bone regenerative capacity of SVF constructs
compared with donor-matched ASCs constructs were
demonstrated. 8

In 2021, Bari et al. developed a new strategy to
ameliorate the osteoinductivity of SmartBone® (SB). SB
scaffolds were loaded with lyosecretome, a freeze-dried
formulation of MSC-secretome, containing proteins and
extracellular vesicles (EVs). After two weeks, a significant
enhancement of cell proliferation was encountered in
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SBlyo concerning SB, in which cells filled the cavities
between the native trabeculae. ®

Decellularized Extracellular Matrices
The dECMs have been used in various aspects of
orthopedic surgery, which are reviewed below.

Bone Regeneration

In 2017, Cunniffe et al. created porous scaffolds from
decellularized growt plate (GP) ECM and assess their
capacity to augment host-mediated bone regeneration
following implantation in cranial defects in rats. 2°
These results of this study supported the utilization of
decellularized GP ECM as a scaffold for the regeneration
of large bone defects. In 2018 Ghassemi et al. reported
that scaffold-based bone tissue engineering, especially
osteoinductive materials like demineralized bone
matrix, held great promise for the future of osseous
defects therapies. 2! In 2019, Freeman et al. created an
“off-the-shelf” multiscale bone-ECM-derived scaffold
that was mechanically stable. Once implanted in vivo, it
boosted vascularization and eventually led to osseous
regeneration. %

Cartilage Regeneration

In 2016 Moradi et al. reported that an increase in
sulfated glycosaminoglycans production along with
upregulation of chondrogenic genes confirmed that
physically treated cartilage matrix-derived scaffolds
have chondrogenic potential on human dermal
fibroblasts. #

In 2017 Ghassemi et al. published that incorporating
carbon nanotubes (CNTs) can substantially enhance
the mechanical properties of decellularized articular
cartilage while retaining its biocompatibility, suggesting
CNT-incorporated decellularized articular cartilage
as potential scaffolds for cartilage tissue engineering
applications. ?* In 2021, Zhu et al. described the cell
types utilized to secrete ECM, techniques to induce
cells to secrete cartilage-like ECM, and decellularization
procedures to prepare cell-derived dECM. %

In 2021, Zhang et al. created bioinks with various
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Figure 1. Transplantation into an osteoarthritic joint with adipose-derived stromal vascular fraction cells.
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Figure 2. Schematic diagram of the technique for preparing a decellularized extracellular matrix (dECM) scaffold for articular cartilage

repair. ECM, extracellular matrix.

concentrations of silk fibroin (SF) and dECM (SF-dECM
bioinks) mixed with bone marrow MSCs (BMMSCs) for
3D bioprinting. It was demonstrated that an SF-dECM
construct designed to liberate TGF-B3could promote
chondrogenic differentiation of BMMSCs. In addition,
it provided a good cartilage repair environment, which
suggested that it was an ideal scaffold for cartilage
tissue engineering.

In 2021, Kim et al. created polymeric nanofibrils
(NFs) decorated with cartilage-derived dECM as a
chondroinductive scaffold material for cartilage repair.
27 ASCs in the NF composites significantly increased
the expression of chondrogenic gene markers compared
with those in pellet culture.

[Figure 2] shows a schematic representation of the
preparation process of a dECM scaffold for articular
cartilage repair. [Figure 3] shows a schematic

representation of the preparation process of a
composite scaffold composed of cell-derived dECM
and polymer materials (a composite scaffold capable
of promoting the chondrogenic differentiation of
seeded MSCs).

Muscle Regeneration

In 2018, Urciolo et al. analyzed the ability of three
different decellularized skeletal muscle scaffolds to
support muscle regeneration in a xenogeneic immune-
competent volumetric muscle loss (VML) model.?® It
was demonstrated that fibroblasts were essential for
promoting effective migration and myogenesis by muscle
stem cells across the scaffolds in vitro. This information
supported the utilization of xenogeneic acellular muscles
to manage VML diseases in the absence of donor cell
implementation. 2
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Figure 3. Composite scaffold promotes the chondrogenic differentiation of seeded mesenchymal stem cells (MSCs). Schematic diagram of
the technique for preparing composite scaffold composed of cell-derived decellularized extracellular matrix (dECM) and polymer materials.

ECM, extracellular matrix.
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Discussion

It has been reported that intra-articular injection of
SVF is a secure and effective method for treating subjects
with OA of the knee. In humans, PRP and SVF are safe
and effective for the treatment of intractable Achilles
tendinopathy, albeit subjects managed with SVF recover
earlier. There are promising results on the utilization
of ASCs in individuals with chronic lateral epicondylitis
of the elbow. Ready-to-use ECM/SVF-gel seems to be a
good therapeutic option for the regeneration of articular
cartilage in subjects with cartilaginous injuries. The SVF
can be safely used in subjects with chronic DFUs. There
is scarce information to utilize cell-based treatment
in sports injuries of the soft tissues of the knee joint.
Experimental studies indicate that SVF could be a new
option to osseous regeneration. Other experimental
studies support the utilization of decellularized GP ECM
as a scaffold for the regeneration of big osseous defects,
cell-derived decellularized ECM scaffolds for the repair of
articular cartilage, and xenogeneic acellular muscles as a
method to manage VML diseases in the absence of donor
cell implementation.

The main limitations of this article are that only one
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search tool (PubMed) was used and that the selection of
articles was made on the basis that they appeared to be
the most appropriate for the title of the article. Regarding
potential future implications of this review, we could
say that SVF and dECMs will probably be more used in
the future in clinical practice, as their current results
seem promising. However, such results should be fully
confirmed with well-designed studies with a high degree
of scientific evidence.

Intra-articular injection of SVF seems to be a safe and
efficacious method for managing OA of the knee joint.
PRP and SVF seem to be safe and effective techniques
for the management of intractable Achilles tendinopathy
in humans, although subjects treated with SVF recover
earlier.

E. Carlos Rodriguez-Merchan MD PhD?!
1 Department of Orthopedic Surgery, La Paz University
Hospital-1diPaz, Madrid, Spain
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