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Background

The complex nature of musculoskeletal diseases and the limitations of existing
treatments have driven researchers to explore innovative solutions, particularly those
involving stem cells and their derivatives. The utilization of the IPFP as a source of
MSC-derived non-cellular products for the treatment of musculoskeletal diseases has
gained recognition in recent years. This study aimed to identify the progress of
IPFP-derived acellular biologics use in the treatment of orthopedic conditions such as
osteoarthritis and ligament and/or tendon injuries.

Methods

A literature search was conducted through PubMed, Scopus and Google Scholar databases
including studies over the past 10 years. This scoping review includes studies discussing
the development of intercellular messenger signaling molecules (non-cellular products)
in the form of exosomes, secretomes, and conditioned medium derived from the IPFP in
the management of musculoskeletal diseases. The PRISMA-ScR guidelines were utilized
in this review.

Results

Six studies met the inclusion criteria. Most studies reported the beneficial
anti-inflammatory effects of IPFP-derived noncellular products in musculoskeletal
conditions. The effects of IPFP-derived exosomes, secretomes, and conditioned medium
administration are mostly reported in microscopic changes through cellular and matrix
changes. Additionally, quantitative analyses involved assessing levels of
anti-inflammatory and pro-inflammatory markers, proteins, fatty acids, and gene
expression.

Conclusions

The use of IPFP-derived non-cellular products has shown significant promise in the
regenerative therapy for musculoskeletal diseases. These agents have demonstrated
beneficial effects, particularly in reducing inflammation, promoting cellular changes, and
enhancing tissue regeneration. However, further research is needed to fully understand
the characteristics and explore the potential applications of IPFP-derived non-cellular
products in musculoskeletal cases.

INTRODUCTION in a variety of ways, including acute or chronic, local or
systemic. In general, they are extremely prevalent and im-
pose a substantial disease burden.! Current treatments fre-
quently emphasize the management of symptoms or the
replacement of damaged structures, as musculoskeletal
components have a restricted capacity to recover from in-

Musculoskeletal disorders encompass a wide variety of con-
ditions that affect bones, muscles, cartilage, tendons, and
ligaments. Symptoms associated with inflammation are fre-
quently present in these conditions, and they can manifest
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jury. Regenerative medicine, which aims to stimulate the
self-regeneration of tissues, offers promising approaches,
including cell-based and cell-free therapies. Nowadays, the
utilization of culture media/conditioned medium derived
from stem cells, and their derivatives is at the forefront of
regenerative therapy strategies.23

Culture media/conditioned medium contain secretome,
which is defined as a large group proteins expressed by
cells and secreted into the extracellular space. Secretome
consists of soluble proteins (eg. Cytokines, Chemokines,
Growth factors, proteases) and extracellular vesicles (eg.
Exosome, microvesicle) that may influence numerous cel-
lular physiological functions, such as cell proliferation, dif-
ferentiation as well as apoptosis. Compared to stem cells,
these derivative agents do not contain cellular elements
but still hold the key components to communicate between
cells. This advantage frees the administration of these bio-
logical agents from immune reactions and therapeutic fail-
ures due to apoptosis caused by stem cells, without af-
fecting the effects of stimulation of regeneration,
immunoregulation, and delivery of bioactive factors.# On
the other hand, the widespread application of cell-based
treatments is significantly restricted by regulatory issues,
and their efficacy may be compromised by cell manipula-
tion.3

Adipose tissue-derived stem cells (ADSC) have become
increasingly popular as a secretome source in the tissue
engineering process. When compared to traditional bone
marrow mesenchymal stem cells and embryonic stem cells,
ADSCs provide several significant benefits. These include a
higher concentration of cells, easier accessibility, and min-
imal harm to the patient during the collection process.
ADSCs possess the capacity for differentiation in multiple
directions. ADSCs, when supported by non-biological scaf-
folds or cell-free biomaterials and stimulated by external
signals like cytokines and environmental cues, can differ-
entiate into several types of tissues including bone, urinary
tract, skin, and nerve tissue.’

In the search for the ADSC source, infrapatellar fat pad
(IPFP) has recently gained attention as a potential adipose
tissue source from the musculoskeletal system for the de-
velopment of targeted secretome utilization. The abun-
dance of dense connective tissue in the IPFP enables it to
generate a greater quantity of MSCs in comparison to an-
other source of ADSC. The location of IPFP also serves as a
beneficial trait in the regenerative approach, especially for
knee-related disease such as osteoarthritis, meniscus tear,
and ligament or tendon rupture.

Only a handful of documented studies are available that
examined the use of ADSCs concerning musculoskeletal
disorders (MSD), and the specificity of IPFP stem cell-de-
rived biologic agents is even more scanty. The goal of this
study is to summarize the current state of knowledge on
the application of IPFP-derived culture media/conditioned
medium, secretome, microvesicle, exosome, or other solu-
ble protein for the regenerative treatment of musculoskele-
tal disorders.

MATERIAL AND METHODS

The PRISMA-ScR guidelines were utilized in conducting
this review, as illustrated in Figure 1. The PRISMA-ScR
checklist was first introduced in 2018 to help authors for-
mulate scoping reviews more effectively.® Review protocol
was initially submitted to Open Science Framework (OSF)
doi: 10.17605/0SF.I0/Q5JNU (link: https://osf.io/q5jnw/).

An extensive literature search was performed through
PubMed (MEDLINE) and Scopus library on March 2023.
The search strategy employed the following terms: (“in-
frapatellar fat pad*” OR “Hoffa pad*”) AND (“conditioned
medium” OR “secretome*” OR “exosome*”). This search
was restricted to studies published in English within the
last decade. To mitigate the potential limitations of these
databases, we supplemented our search with a general in-
quiry on Google Scholar to identify relevant studies not in-
dexed in traditional databases.

This review aims to synthesize findings from studies that
investigate the development of intercellular signaling mol-
ecules—specifically, non-cellular products such as exo-
somes, extracellular vesicles (EVs), and other soluble pro-
teins originating from the infrapatellar fat pad (IPFP). Our
objective is to delineate advancements in the application of
IPFP-derived non-cellular products for the management of
musculoskeletal conditions, including osteoarthritis (OA)
and ligament/tendon injuries. This review serves as a
timely update and a comprehensive checkpoint to facilitate
the continued exploration of IPFP-derived biologics.

Our review encompasses both experimental and quasi-
experimental study designs, incorporating in vitro and in
vivo researches to establish a robust scientific foundation
for the application of IPFP-derived non-cellular products, a
relatively novel area within regenerative medicine. Further-
more, we considered intervention and descriptive studies,
including case-control studies, cross-sectional studies, co-
hort studies, case series, and case reports, along with other
analytical and observational research.

Conversely, we excluded literature reviews, summary re-
views, and systematic reviews from this synthesis. Never-
theless, we meticulously reviewed articles cited in these
reviews, provided they met our eligibility criteria. Addition-
ally, studies in preprint form were excluded due to concerns
regarding the lack of peer review and the associated impli-
cations for quality assurance.

Using a data extraction form devised by the reviewers
themselves, two separate reviewers collected information
from the studies and discussed any disagreements in study
inclusion with senior orthopedic and traumatology consul-
tants, resulting in six full texts. Extracted data of interest
include author, title, study design, number of participants,
model of injury, IPFP preparation, and outcome of inter-
est which involves the application of IPFP-derived secre-
tome/EVs/exosome on musculoskeletal conditions. (Figure
1) Data were collated using Microsoft Excel (Microsoft, Red-
mond, WA) and presented in a tabular format. The outcome
of interest was then extracted as descriptive results. Addi-
tionally, we compared the findings from our search strategy
to other relevant literature in the discussion section.
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Figure 1. PRISMA-ScR flowchart of study selection®

RESULT

Our search strategy resulted in a total of 1,317 articles
(22 from PubMed, 175 from Scopus and 1,120 from Google
Scholar), and after thoroughly screening the titles and ab-
stracts, we obtained a total of 387 studies. The full articles
were then assessed for eligibility by applying inclusion cri-
teria, resulting in six final included studies. (Table 1)

There is an equal number of in-vitro and/or in-vivo
within the included studies. All in-vivo studies are of ani-
mal subjects (rabbits or rats). Of the 4 studies involving in
vivo intervention, 2 were conducted in an OA-induced envi-
ronment, one in acute synovial/IPFP inflammation, and one
in an ACL-reconstruction setting. The majority of IPFP used
as exosome or conditioned medium source was taken from
OA patients, with one study also comparing the profile of
IPFP exosomes to those taken from normal cadaver donors.

Measurement and outcomes varied among studies. The
effects of IPFP MSC-derived exosome or conditioned
medium administration are mostly reported in microscopic
changes through cellular and matrix changes, such as chon-
drogenic differentiation collagen maturity. Other quantifi-
cation also includes the measurement of anti- or pro-in-
flammatory factors, proteins, fatty acids, and gene
expressions.

Most studies showed beneficial anti-inflammatory ef-
fects of IPFP MSC-derived exosome or conditioned medium
administration in these conditions. However, Giermann et
al. and Wei et al. both revealed findings that are contra-
dictory to the other studies.”8 These study results stated
that exosomes extracted from IPFP of osteoarthritic donors
showed lower anti-inflammatory potential compared to the
healthy group and IPFP-MSC decreased the gene produc-
tion related to chondrogenesis.

Outcomes from individual studies are presented in Table
1 along with the study demographics.

DISCUSSION

CELL-FREE VS. STEM CELL THERAPY

In the era of regenerative medicine, researchers are racing
to discover the best treatment to be used in promoting tis-
sue regeneration. This technique has a wide range of appli-
cations in the treatment of many diseases, including multi-
ple sub branches such as cell and gene therapies and tissue
engineering applications.!3

Over the years, stem cells have been widely used as the
best candidate for tissue engineering approaches. However,
the administration of stem cells often encountered immune
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Table 1. Study demographics

Author " Study Number of Model of IPFP
No Title . . . . . . Outcome
(year) Design participant injury preparation
Metabolic Profiling Reveals
Gierman Differences in Concentrations of 46 sample The concentration of Lipoxin A4 in fat conditioned
1 ot al Oxylipins and Fatty Acids Secreted Invitro (36 OA NA FCM from medium (FCM) derived from donors with
20137 by the Infrapatellar Fat Pad of Donors study 10 post OA osteoarthritis is significantly lower as compared to
With End-Stage Osteoarthritis and mortem) donors without any known health conditions.
Normal Donors
. The Ipfrapatellqr Fat Pe'zd‘From . . Chondrogenic differentiation and hyaline cartilage
Wei et al Diseased Joints Inhibits Invitro 13 samples IPFP adipose . L
2 8 . NA . matrix formation in MSC are suppressed when IPFP
2015 Chondrogenesis of Mesenchymal study of OA IPFP tissue CM e .. ..
conditioned media is administered to the cells.
Stem Cells
48 rabbit IPFP of
Exosomes from Kartogenin- Invitro models rabbits pre-
3 (unknown . treated with The chondrogenic differentiation in vitro is
Pretreated Infrapatellar Fat Pad and Invivo . .
Shao et al . number of . kartogenin improved by exosomes produced from IPFP MSCs,
3 9 Mesenchymal Stem Cells Enhance Animal X cartilage . .
2021 . L rabbits as (KGN) then and this enhancement is further augmented by KGN
Chondrocyte Anabolism and in vivo defect Lo
Articular Cartilage Regeneration (rabbit) source of extracted for Invivo.
MSC and their
chondrocyte) exosome
. Invitro
Kouroupis Human infrapatellar fat pad and Acute The IPFP exosome has been found to induce
mesenchymal stem cells show . IPFP from 5 - IPFP MSC . . . .
4 etal . Animal . synovial/IPFP synovial hyperplasia, suppress the infiltration of M1
10 immunomodulatory exosomal A patients . . exosome .
2022 . invivo inflammation macrophages, and enhance the production of IL-6.
signatures (rat)
Infrapatellar Fat Pad Mesenchymal The utilization of exosomes originating from IPFP
Stromal Cell-Derived Exosomes . 90 rats . IPFP MSC- has been observed to expedite the process of
. Animal Unilateral . - . ..
5 Xu et al Accelerate Tendon-Bone Healing and invivo underwent ACLR using derived tendon-bone healing and graft remodeling. This is
202211 Intra-articular Graft Remodeling (rat) ACLR using autosraft exosome supported by the discernible enhancement in the
After Anterior Cruciate Ligament autograft g injection maturation and alignment of collagen fibers inside
Reconstruction the post-ACLR model.
miR-100-5p-Abundant Exosomes Unilateral Mj;il\ZI;P-
Wuet al Derived from Infrapatellar Fat Pad Animal unknown destabilization exosome In an OA model, IPFP-MSC exosomes significantly
[¢) 201912 MSCs Protect Articular Cartilage and invivo numbers of of the medial from human reversed the anabolic and apoptotic effects of IL1b,
Ameliorate Gait Abnormalities Via (rat) rats meniscus to with primar Collagen Il,and MMP13 on chondrocytes.
Inhibition of mTOR in Osteoarthritis induce OA g Nl
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reactions and therapeutic failures caused by their cellular
attributes.!4 The rejection rate and uncontrolled growth
potential are several setbacks faced by clinicians in utilizing
stem cells for therapy. The utilization of MSCs in clinics
also faces a great number of restrictions, such as protocols,
ethical issues, and policy limitations. Therefore, it is im-
portant and necessary to continue the search for a cell-free
treatment that could be easier to adapt for use in clinical
settings.>15

Increasing evidence indicates that the secretory prod-
ucts produced by MSC through the paracrine mechanism
are largely responsible for the therapeutic benefits of stem
cell therapy. Stem cells secrete protein signaling molecules
called secretomes, which serve as “communication” vehi-
cles that transport signals from one cell to another. The se-
cretome is a large group of cell secretory products, consist-
ing of soluble protein (eg. Cytokines, Chemokines, Growth
factors, proteases) and extracellular vesicles (eg. Exosome,
microvesicle). Exosomes have gained widespread accep-
tance as useful cellular communication vehicles by trans-
porting signals in the form of proteins, lipids, and several
types of RNA.16 The cells that generate exosomes are re-
sponsible for regulating their contents, and how exosomes
react to their surroundings is a crucial aspect that affects
their biological traits and activities. As a direct conse-
quence of this, exosomes have developed into a potentially
useful acellular therapeutic agent for tissue regenera-
tion.17-20 MSCs also can secrete beneficial growth factors
and cytokines for anti-inflammatory responses including
VEGF, TGF-B1 and IGF-1. Conversely, the pro-inflamma-
tory agents comprise of interleukins (IL-1b, -6, -8, -9) and
MMP-3.18 Although MSC secreted both pro-inflammatory
and anti-inflammatory agents, recent evidence suggests
that MSC frequently exhibits an overall anti-inflammatory
effect.2!

SOURCE FOCUSING ON ADIPOSE TISSUE
SPECIFICALLY IPFP

Adipose tissue is a desirable source to harvest stem cells
due to its accessibility and the capability to differentiate
into variable lineages. ADSCs are abundant and easily ac-
cessible. Adipose tissue, which is present in large quantities
throughout the human body, has a substantial number of
ADSCs, reaching up to 5000 colony-forming unit—fibroblas-
tic (CFU-F), surpassing BM-MSCs by a factor of 500. ADSCs
can be extracted from adipose tissue with just local anes-
thetic, which reduces patient trauma and ensures an abun-
dant source of stem cells. Furthermore, ADSCs exhibit un-
complicated in vitro culture conditions as a result of their
elevated rates of survival and proliferation.> ADSCs have
demonstrated a notable resilience to apoptosis in labora-
tory settings and exhibit greater resistance to oncogenesis.
This makes them very promising candidates for cell trans-
plantation therapy, particularly when compared to BM-
SCs.22

The majority of studies stated that utilization of ADSC
showed promising improvements reflected by pain and
functional measurements.® Additional evidence provided

by Lee et al. suggests that the growth factors and cytokines
that are secreted by ADSC-derived MSC can suppress the
response of inflammation in the affected joint and prevent
chondrocyte death.!8 It also shows a profile that is believed
to stimulate tissue regeneration such as ligaments.323,24

The infrapatellar fat pad (IPFP) is located in the anterior
compartment of the knee joint, which helps preserve the
joint cavity by cushioning the knee’s articular surfaces and
encouraging the production of synovial fluid.2> This struc-
ture is one of the potential sources of ADSC and can be ob-
tained through arthroscopic surgery of the knee or during a
total knee replacement procedure.?5 Arthroscopic removal
of IPFP from patients who are healthy or with osteochon-
dral abnormalities is not expected to aggravate symptoms
or impair functions, leading to increased interest in the uti-
lization of exosomes derived from it. In certain instances, it
may also obviate the necessity for supplementary surgical
interventions, making IPFP a less invasive and less mor-
bidity source of MSC compared to other adipose tissue
sources.26-28

The IPFP is connected to the tissue around the ACL
through microvessels.2? It grows and changes throughout
time, just like the synovial area, which contains fibroblasts
that perform crucial roles in tissue regeneration. The cell
proliferation rate of ADSC derived from human IPFP is rel-
atively high.25:29,30

Another studies by Tangchitphisut et al. and Garcia et
al. suggests that MSCs derived from IPFP have a greater
chondrogenic and osteogenic differentiation potential than
other types of MSCs, as measured by SOX-9 and RUNX-2
expression.31,32 This is because of their higher expected
processed lipoaspirate cell count, which results from a
higher collagenous tissue content. In contrast to this, the

collagen content of other types of MSCs is significantly
lower.9:27,33-36

MANUFACTURING ADSC (IPFP) DERIVED
EXOSOME

Exosomes derived from IPFP MSCs were obtained by first
surgically removing and rinsing the fat pad with phos-
phate-buffered saline. The product was then cut into small
pieces followed by a digestion process with a duration of
10 hours in 0.1% type I collagenase. Filtration was then
performed by a cell strainer followed by the removal of
red blood cells through centrifugation and a red cell lysis
buffer. Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS) and penicillin-streptomycin (P/S) were
then added with the resulting cells.

The IPFP MSC was left until 70 to 80% confluency was
obtained, and was further processed by washing it with PBS
two times. The medium was then changed to DMEM with
a supplement of exosome-depleted FBS. Following a span
of two days, the exosomes were then isolated by collecting
the conditioned medium of IPFP MSCs which was further
centrifuged. The centrifugation process was done at 4 °C
for 10 minutes at 300g proceeded by another 10 minutes at
1500g. After completion, filtration of the supernatant was
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performed using a filter of size 0.22-um, removing the left-
over cells and debris.

Regarding the ultrafiltration method, the supernatant
was inserted to an Ultra-clear tube (Millipore) to perform
centrifugation for 40 minutes at 4°C at 4000g until volume
of the upper compartment has decreased to 200 pL. The lig-
uid from the ultrafiltration process was resuspended in PBS
preceding a repetition of the ultrafiltration process. This
was then repeated once more. The final product of exo-

somes were then kept in aliquots at a temperature of —-80
oc_11,12

POTENTIAL OF IPFP-DERIVED BIOLOGICS IN
MUSCULOSKELETAL PROBLEMS

Exosomes derived from MSCs have acquired popularity in
the field of regenerative sports medicine as a cell-free ther-
apeutic option. Due to the novelty, there is much space
for improvement in its application in the field. A literature
search focusing on clinical trials published within the past
ten years revealed that approximately one-third of the doc-
umented studies examined the use of ADSCs with muscu-
loskeletal disorders (MSD). ADSC has been demonstrated
to have therapeutic promise for MSD by inhibiting B-galac-
tosidase activity and yH2AX foci buildup, both of which
contribute to the inflammatory response in the affected
joint.18’19’26

Researchers have compared intra-articular tissues from
patients with inflammatory knee conditions like os-
teoarthritis (OA) to those from non-inflammatory knees,
such as in cases of ligament injury. The goal was to deter-
mine which knee condition is most suitable for using the
IPFP as a source of MSCs. It was indicated that IPFP stem
cells obtained from OA joints have similar chondrogenic ca-
pabilities to those obtained from healthy individuals under-
going ligament reconstruction.33 Other in vitro and in vivo
studies by Shao et al. showed that IPFP-derived MSC gath-
ered from OA patients still met the requirements to be con-
sidered as a source of mesenchymal cells and were suitable
and safe for cartilage repair.?

However, an in vitro study by Giermann et al. shows
contradictory results. Exosomes extracted from IPFP of os-
teoarthritic donors showed lower anti-inflammatory poten-
tial compared to the healthy group reflected by lower ex-
pression of Lipoxin A4 fatty acid. This specific fatty acid
targets lower IL-1b concentration, a biomarker commonly
found in inflammatory processes such as osteoarthritis or
traumatic ruptures of ligaments. In addition, they men-
tioned that the greater secretion of omega 6 arachidonic
fatty acid obtained from the OA-derived IPFP-conditioned
medium contributed to the pro-inflammatory characteris-
tics of the OA sample.” Wei et al. concurred with Giermann
et al., as IPFP extracted from OA patients failed to demon-
strate a knee joint-protective capacity. It was stated that
IPFP inhibits chondrogenesis and shifts hyaline cartilage
production to fibrocartilage. This condition was postulated
due to macrophage activity of the inflammatory environ-
ment in OA.8

Approximately one-third of studies done by Lee et al.
focused on the utilization of ADSCs for various applica-
tions, including degenerative causes such as OA and trau-
matic causes including tendinopathy of Achilles and tear of
rotator cuff.18 IPFP-MSC-derived exosomes showed strong
potential as an OA treatment approach in a mouse model,
where they promoted chondrocyte proliferation and differ-
entiation, matrix formation, and downregulation of cata-
bolic factors.26 These exosomes also counteract the effects
of IL-1b on collagen type II, ADAMTS-5, and MMP-13,
thereby inhibiting apoptosis and promoting anabolic
processes in chondrocytes.!2 On the other hand, Kouroupis
et al. stated that they succeeded in polarizing M1 to M2
macrophages after IPFP MSC exosome therapy in the in-
vitro experiment. The M1 phenotype is a pro-inflammatory
type of macrophage whereas the M2 macrophage serves
as an anti-inflammatory agent.l0 Furthermore, ADSC cul-
ture from IPFP has shown protective capability, decreasing
inflammatory pain and restoring joint function in people
with OA through the effects of exosomes containing
miR-100-5p.12 The injection of IPFP-derived exosomes has
been demonstrated as a secure and effective approach with
an encouraging outcome in a short-term phase.37:38

Studies have shown that the combination of ADSC-MSC
with adjuvants such as platelet-rich plasma (PRP) and
hyaluronic acid (HA), can improve symptoms and regen-
erate meniscal cartilage in patients with meniscal tears.2!
The generation of cartilaginous tissue by IPFP-derived MSC
can be achieved through encapsulation within the agarose
cartilage hydrogels.3? The utilization of hydrogel as a me-
chanical and functional scaffold has been found to augment
the effectiveness of exosomes through their retention and
controlled release mechanisms, which enable exosomes to
maintain their activity within the targeted area for an ex-
tended duration.!® In a laboratory experiment involving
cell cultures, the utilization of MSC obtained from the IPFP
in combination with nanoparticles made of chitosan and
hyaluronic acid demonstrated a beneficial effect on the
process of chondrogenic development and has the potential
to be used for cartilage repair of OA knee.0 Additionally,
as compared to exosomes derived solely from IPFP mes-
enchymal cells, the potential of exosomes that had been
previously treated with kartogenin (KGN) before being used
demonstrated a significantly enhanced capacity to promote
anabolic effects.?

USE OF IPFP-DERIVED BIOLOGICS
SPECIFICALLY IN LIGAMENT AND TENDON

An anterior cruciate ligament (ACL) rupture is one of the
most common knee injuries caused by overstretching of the
ligament, which is frequent in sports.4l A complete ACL
rupture necessitates surgery, but there is no standard tech-
nique for addressing partial tears. 4243

Even though ACL reconstruction has become the stan-
dard treatment for ACL rupture, the rate of complete recov-
ery among patients is still less than 50%.4445 Furthermore,
the utilization of patellar tendon grafts for repair differs
from the ACL’s native form.46 These constraints spurred the
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investigation of alternate therapeutic approaches, such as
stem cells and their derived biologics. Exosomes produced
from IPFP-MSCs have been observed to improve healing
and graft remodeling after ACL reconstruction in mouse
models by immunomodulating macrophage polarization,
resulting in the robustness of the graft-to-bone interface.!2

Rhatomy et al. discovered that secretomes produced
from stem cells had a promising effect in improving tendon
and ligament healing. In the partial posterior cruciate lig-
ament (PCL) tears in vivo, the use of conditioned medium
from Umbilical Cord-derived MSC has successfully stimu-
lated the regeneration and improved knee function.4’

During tendon healing, exosomes might effectively re-
duce the inflammatory response, enhance macrophage po-
larization, and improve the histological features. Exosomes
help tendon regeneration through stimulation of tenocyte
migration and proliferation that is linked to the activity of
TGF-1, VEGFA, and various types of microRNA.19:48:49

There are some limitations in this study. The number
of included studies is small and has high heterogeneity in
reporting outcomes. Additional research using larger ani-
mal models is required to ensure that the findings apply
to humans. Exosome approaches should be applied cau-
tiously until their safety and efficacy have been established
through clinical trials.

CONCLUSION

IPFP-derived non-cellular products offer a promising av-
enue for research and clinical application as an alternative
to stem cell treatments. By promoting chondrogenesis, re-
ducing inflammation, and enhancing tissue repair, these
acellular biologics show potential in various conditions, in-
cluding osteoarthritis (OA) and ligament/tendon injuries.
Among these, IPFP-derived exosomes hold significant
promise to revolutionize the treatment landscape for mus-
culoskeletal issues, providing an effective and less invasive
option for patients. However, further research, including
randomized controlled trials and comparative effectiveness
studies, is needed to validate these findings and explore the
potential of acellular products in regenerative sports med-
icine, as current studies on the use of IPFP-derived non-
cellular products (exosomes, secretomes, and conditioned

medium) in treating musculoskeletal diseases remain lim-
ited.
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