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A B S T R A C T

Osteoarthritis (OA) is a multifactorial chronic disease, causing several problems on patients, hygiene and
community care systems. Conventional therapies, such as non-pharmacological mediations, systemic drug
treatment and intra-articular therapies are applying previously; however, controlling and management ap-
proaches of the disease mainly remain insufficient.

Injections of intra-articular therapies directly into the joint evade conservative obstacles to joint entry, rise
bioavailability and minor systemic toxicity. Current progresses in osteoarthritis management have designed
better diversity of treatment approaches. Innovative treatments, such as autologous blood products and me-
senchymal stem cells, are in progress. Platelet-rich plasma (PRP) is one of the several novel therapeutic ap-
proaches that stay to progress in the field of orthopedic medicine. Stromal vascular fraction (SVF) comprises a
lesser amount of mesenchymal stem cells and is a treatment for OA and cartilage damage. Based on novel
opinions, an innovative therapy by autologous conditioned serum (ACS) from the whole blood was settled. The
inoculation of ACS into tissues has revealed clinical efficacy for the treatment of osteoarthritis and muscle
injuries.

Here, we make available historical perspective of PRP, SVF, and ACS and the other existing researches on
using PRP, SVF and ACS for the treatment of knee OA. In conclusion, in current years, OA stem cell therapy has
rapidly progressed, with optimistic consequences in animals and human studies. Additionally, PRP, SVF and ASC
injection seem to be accompanied with numerous favorable results for treatment of patients with OA.

1. Introduction

Osteoarthritis (OA) is a chronic debilitating disease of synovial
joints, influencing the cartilage, ligaments, joint lining, and sur-
rounding bones [1,2]. Knee OA is described by articular cartilage de-
generation, principally owing to alterations in chondrocytes from
catabolic function. The incapability of chondrocytes to tolerate this
tension prevents the extracellular matrix (ECM) formation and leads to
production of intermediaries, such as matrix metalloproteinases
(MMPs), nitric oxide (NO), and prostaglandin E2 (PGE2), resulting in
matrix degradation [3,4]. Interleukin (IL)-1 might have a catabolic ef-
fect, causing cartilage deterioration. High levels of C-reactive protein
(CRP) modestly but remarkably predict those whose disease will pro-
gress [5]. Little mitotic activity and insistent metabolic imbalances in
chondrocytes lead to irretrievable articular cartilage impairment, pro-
viding an environment with a restricted reparative reactions [6].

Likewise, elevated systemic inflammatory markers have a role in joint
destruction. Biochemically, OA patients present an enhanced amount of
water and modifications in proteoglycans (elevated chondroitin/keratin
sulphate ratio).

The aetiology of OA can be primitive, due to intrinsic deficiency or
secondary, because of trauma, infection [7]. The risk factors related to
OA are generally personal issues, including age, gender, obesity, her-
edities, race/ethnicity, and dietary regimen and joint-level factors, such
as damage, physical activity, type of occupation that involves joints,
and muscular power [8,9]. Elements accompanying with OA have also
been categorized as those that affect OA development, such as age,
gender, job, weight, and those in relation to disease progression, con-
sisting of weight and nutrition [9–11]. Age is the main independent risk
factor of OA; it is becoming obvious that aging makes changes in the
musculoskeletal system, contributing to the progress of OA in line with
other factors [12]. There is minute or no cell division or cell death in

https://doi.org/10.1016/j.biopha.2018.05.019
Received 20 February 2018; Received in revised form 30 April 2018; Accepted 7 May 2018

⁎ Corresponding author at: Immunology Research Center, Tabriz University of Medical Sciences, Tabriz, Iran.
E-mail address: aghebatil@tbzmed.ac.ir (L. Aghebati-Maleki).

Biomedicine & Pharmacotherapy 104 (2018) 652–660

0753-3322/ © 2018 Published by Elsevier Masson SAS.

T

http://www.sciencedirect.com/science/journal/07533322
https://www.elsevier.com/locate/biopha
https://doi.org/10.1016/j.biopha.2018.05.019
https://doi.org/10.1016/j.biopha.2018.05.019
mailto:aghebatil@tbzmed.ac.ir
https://doi.org/10.1016/j.biopha.2018.05.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2018.05.019&domain=pdf


adult articular cartilage, therefore, chondrocytes are thought to be long-
lived cells. Aging extremely changes chondrocyte function and matrix
structure.

It appears to be an age-related reduction in the number of chon-
drocytes in articular cartilage [13]. Telomere shortening, can be caused
by stress-induced senescence, which seems to be the much probable
mechanism in cartilage damage, in which chronic inflammation and
oxidative stress are further offending factors [14]. Increased production
of cytokines and growth factors can contribute to tissue aging, through
triggering the matrix degradation and decreasing matrix synthesis and
repair [12]. Chondrocytes become less responsive to growth factors
with aging, thus additional reducing matrix synthesis and repair. Oxi-
dative stress plays an important role in aging and in the link between
aging and OA [15,16]. Increased levels of reactive oxygen species (ROS)
may also contribute to the reduced sensitivity of chondrocytes to In-
sulin-like growth factor 1 (IGF-I) [17].

It is well known that OA is a disease with a genetic susceptibility
[18]. Genes related to OA are linked to those that are involved in the
process of synovial joint mechanobiology. Mutations in these genes
could directly cause OA [19]. They are mainly genes that encode pro-
teins and mediators involved in the pathways like bone morphogenetic
proteins (BMPs), transforming growth factor beta (TGF-β), the wing-
less-type (Wnt), thyroid pathway, and apoptotic and mitochondrial
DNA (mtDNA) damage-related molecules [20]. A genetic variant in
growth differentiation factor 5 (GDF5) has been considered as the
strongest genetic connotation with OA. Moreover, genetic variation also
influences the joint replacement therapy on account of aseptic loos-
ening [20].

The prevalence of hand, knee, or hip joint OA has enhanced from 21
million in 1995 to an expected 27 million amongst United States (US)
adults [21]. OA can cause a decreased quality of life (QoL) and greater
death rates [22]. There is no straightforward and precise blood test for
the diagnosis of OA. Even though OA can be diagnosed clinically, the
significance of imaging of OA in diagnosis and longitudinal evaluation
of this chronic disease are well acknowledged by both rheumatologists
and radiologists [23]. While basic radiographs confer the gold standard
and preliminary examination imaging approach for OA diagnosis,
magnetic resonance imaging (MRI) and multi detector computed to-
mography (MDCT) have come to be necessary for OA classification and
follow-up assessment in research [24–26]. Along with MRI, kinematic
and weight-bearing evaluations of the peripheral joints are currently
performed by four-dimensional computed tomography (4DCT) and
cone-beam CT (CBCT) [27,28]. Besides advanced cross-sectional ima-
ging techniques, positron emission tomography (PET) examinations
may reveal fundamental metabolic activities correlated with synovial
inflammation in OA [27]. Radiographs remain the imaging modality of
choice in OA in clinical practice. In addition, MRI is being used for
detection and quantification of various OA features and has been con-
sidered as a vital investigation tool. 4DCT and CBCT have special uses
once a diagnosis of fundamental motion anomaly or dynamic variations
in weight-bearing condition is supposed. Clinical use of ultrasound and
PET for OA imaging has been less-recognized compared with radio-
graphy and MRI [29].

2. Treatment of osteoarthritis

The specifications of OA demonstrate that there is a multi-tissue,
multi-cell involvement that contribute to the development of the dis-
ease. This implies a multi-treatment attitude that distinguishes the
variety of the fundamental manifestations and signs in the OA syn-
drome [30]. Recent treatment choices are according to a composition of
patient learning, physical exercise, knee braces, and shoe orthotics;
nonsteroidal anti-inflammatory drugs (NSAIDS) to mitigate pain and
inflammation; intra-articular inoculations of hyaluronic acid (HA);
corticosteroid injections; ultrasound-guided and fluoroscopic-guided
nerve block and radio frequency ablation processes; weight regulators;

and, ultimately, aggressive joint replacement surgery [30]. Weight
controlling and physical therapy are too advantageous [31]. Corticos-
teroid injection decreases synovitis and, therefore subside the pain in
OA patients.

Endogenous hyaluronan is found in the synovial fluid and is in-
volved in its viscoelasticity, and play a role in sustaining the tissue
hydration and protein homeostasis through inhibiting great fluid
movements and by performing as an osmotic buffer [31]. These types of
treatments are typically palliative and only cause relief of disease
symptoms and pain, preventing cartilage injury and devastation of
other joint tissues [32].

Surgical treatments for knee OA include arthroscopy, cartilage re-
pair, osteotomy, and knee arthroplasty [33]. The suitability of these
techniques is determined by numerous factors, scuh as the location and
stage of OA, comorbidities, and patients discomfort. Arthroscopic la-
vage and debridement are repeatedly carried out, but do not have po-
sitive impressions in the disease development [33].

Joint arthroplasty is a well-accepted, harmless, and profitable
technique for treatment of progressive knee OA. Because of its irre-
parable nature, joint arthroplasty is suggested only in patients, for
whom other treatment modalities have been unsuccessful or contra-
indicated [33,34]. Permanence of prosthetic mechanisms is restricted to
about 15–20 years but endurance of unicompartmental knee ar-
throplasties (UKA) is generally inferior [34]. Therefore, arthroplasties
should be circumvented in patients younger than 60 years. If OA is
limited to one compartment, UKA or unloading osteotomy can be
considered, then Total arthroplasty of the knee (TKA) with or without
patellar resurfacing is observed [35]. Surgical treatment comprising
fractional or complete joint knee arthroplasty and, infrequently, os-
teotomies are held in reserve to be carried out after failure of conven-
tional treatments [36].

All of these methods are restricted to the repair of focal injuries.
Consistent with organized clinical trials, surgical treatments have re-
stricted long-term influence on the treatment of OA [37,38].

The use of Platelet-rich plasma (PRP), mesenchymal stem cells
(MSCs), and blood products in orthopedics have improved disease
course exponentially over the previous few years because of its auto-
logous nature, proposed efficacy, and absence of side-effects [39]. PRP
and Stromal vascular fraction (SVF) are progressively used frequently to
treat a range of knee osteoarthritis, though its efficacy is dubious
[40,41]. The cartilage is an exclusive avascular and aneural tissue that
has restricted capability of self-repairing after being injured [42,43].
The aim of this article is to discuss about use of PRP, SVF and ASO to
treat OA with the emphasis on the probable role of PRP and SVF in the
properly restricted pharmacological approach.

2.1. Platelet-rich plasma

Platelet-rich plasma (PRP) has been used from 1950s, currently, the
musculoskeletal effects of PRP have been the emphasis of substantial
attention, particularly in orthopedics [44,45]. PRP is autologous plasma
augmented with platelets that could be released after triggering wiht
growth factors and cytokines [46,47]. The platelet concentration in PRP
is different 5-fold from 300,000/mm3 to over 1,500,000/mm3 and these
differences are as a result of dissimilarities in donors, total blood vo-
lumes, mediators designed for platelet stimulation (thrombin or cal-
cium-chloride), amount of centrifugations, and freezing method of
product [48–50]. Direct injection of PRP inside the joint could control
the inflammatory response and cause healing over a long period
[51,52]. PRP prevents the nuclear factor (NF)-κB cascade, by inhibiting
the stimulation of NF-κB through IκBα, by avoiding the activation of
NF-κB target genes [53]. NF-κB is stimulated by IL-1β in chondrocytes
acquired from OA patients and obstructs the synthesis of anabolic
pathways related genes, such as type II collagen and aggrecan [53,54].
Growth factors components in PRP have special effects such as anti-
inflammatory properties and also could decrease pain. PRP comprises a
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group of cytokines, and growth factors, such as hepatocyte growth
factor (HGF), platelet derived growth factor (PDGF), epidermal growth
factor (EGF), fibroblast growth factor (FGF), IGF, and TGF-β (Fig. 1)
[55,56]. HGF contributes to NF-κB inhibition, resulting in reduction of
IL-6 production and increasing the release of anti-inflammatory cyto-
kine IL-10. TGF-β1 suppresses the CXCR4 expression in monocytes
[57,58]. IGF-1 and PDGF also prevent activation of NF-κB [59].
Chondrocytes triggered by PRP enhance synthesis of proteoglycan and
collagen, which have capacities similar to normal hyaline cartilage
[51,60–62].

2.1.1. Platelet-rich plasma in the osteoarthritis knee
After administration of PRP on the knee of patients who had ex-

perienced surgery in this joint with surgical techniques, such as ar-
throscopic debridement and micro-fractures, clinical development was
detected in the patients along with returning of the disease activity to
normal levels [63]. Hart et al. executed outcomes of PRP therapy in 9
cases after arthroscopy in patients with knee OA, resulting in progress
of the indicator after 6 months of treatment, which was not sustained
after 1 year [64]. In one prospective cohort study with 1-year follow-up
after PRP therapy for primary knee OA, 22 contributors received a 6ml
PRP injection. Pain scores reduced, while functional and clinical scores
enhanced considerably after one year of treatment [65]. A randomized
controlled trial investigated 78 patients with bilateral osteoarthritis,
who were allotted at random to be treated with a single PRP injection,
two PRP injections, or a single saline injection, as the placebo group
[40]. The two PRP groups displayed substantial and comparable var-
iations in the primary outcome, measured by visual analogue pain scale
(VAS pain score) and secondary outcome, measured through Western
Ontario and McMaster Universities Arthritis Index (WOMAC) [40]. The
5 additional randomized controlled trials compared PRP to hyaluronic
acid. The projects concerned on the measures of pain and function to

evaluate effectiveness of the treatment, along with PRP regimen [66].
All studies indicated that Knee injury Osteoarthritis Outcome Score
(KOOS), International Knee Documentation Committee (IKDC) score,
and motion range were pointedly better in PRP group and also in the
low-molecular-weight hyaluronic acid group [67]. PRP efficacy as-
sessment executed through a joint ultra-sound to evaluate the articular
cartilage thickness. The consequences displayed no advantage in en-
hancing the thickness of the articular cartilage after one year; however,
the technique’s sensitivity was little for revealing the minor alterations
[68]. Dhollander et al., monitored patients, using MRI, who were
treated with chondral lesions of the patella with cartilage debridement
by settlement of a collagen membrane and PRP. It was observed that
there was no change in Magnetic Resonance Observation of Cartilage
Tissue Repair (MOCART) score, and lone durability of the lesions oc-
curred [69]. In another study, MRI was used to evaluate the PRP re-
sponse. Moreover, the grade of cartilage injury was assessed by changed
Outer bridge Grading Scale [64]. Cartilage thickness persisted un-
altered in 94% of cases and a minor enhance was documented in three
cases (6%) [64].

The treatment options for OA are summarized in Table 1. Side ef-
fects of PRP are unusual and, once occurred, it is ordinarily mild and
self-limited. Local signs include pain at the injection site to symptoms of
arthritis. Since leukocytes flow in the infiltrate achieved by PRP, there
is a grade of intra-articular inflammatory response [70]. Another unu-
sual side effect is allergic reactions. The more serious problem is in-
fection in the intra-articular that can be prohibited by exerting an
aseptic technique. The most repeatedly described adverse event in the
injected joint was arthralgia, which has a range from mild to moderate,
and it is resolved in days. However, in the most severe circumstances,
the pain is prolonged to weeks [71]. Additionally, hypertrophy of the
renewed cartilage tissue, identified by an arthroscopy performed based
on the patient’s symptoms and determined by local debridement, and

Fig. 1. Mechanism of action of Platelet-rich plasma. Tissue regeneration can be accelerated at the site of tissue injury by various growth factors produced from
activated platelets. Abbreviations: PRP, platelet-rich plasma; VEGF, vascular endothelial growth factor; PDGF, platelet derived growth factor; EGF, epidermal growth
factor; TNF, tumor necrosis factor; IL-1 interleukin-1; IL-1R, interleukin-1 receptor; TIMP, tissue inhibitor of metallo proteinases; PDGF, platelet-derived growth
factor; IGF, insulin-like growth factor; FGF-2, fibroblast growth factor-2; TGF-β, transforming growth factor β.
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also rash were reported in some studies after the injection [69]. Sys-
temic indications and infections were not reported in the evaluated
studies [72].

2.2. Autologous stromal vascular fraction (SVF)

Newly, it was revealed that Adipose tissue-derived stem cells
(ADSCs) have an excessive therapeutic potential in regenerative medi-
cine. Animal studies using ADSCs established the effectiveness of ADSCs
in treatment of OA and other orthopedic circumstances [73,74]. Adi-
pose tissue is attained through liposuction after local anesthesia. Au-
tologous Stromal vascular fraction (SVF) obtained from adipose tissue
as a treatment choice comprise 1–4% MSCs along with other cell types
and contribute to tissue renewal by impressing pre-adipocytes, vascular
adventitial cells, macrophages, red blood cells, fibroblasts, extracellular
matrix (ECM), and regulatory T cells [75–77]. The anti-inflammatory,
immunomodulatory, and pain lessening effects are also partially con-
tributed by soluble factors secreted from the SVF or ADSCs [78]. ADSCs
secrete numerous significant soluble factors, such as HGF, VEGF, NGF,
EGF, FGF, and TGF-β [59,79]. ADSCs treated with PRP impede VEGF
production, thus the ADSC’s differentiation to chondrocytes is ham-
pered [80].

2.2.1. Preparation of autologous adipose SVF
With the aim of attaining autologous SVF, at first liposuction is done

and lipoaspirate is prepared. Afterwards, collagenase breaks down the
lipoaspirates. After the matrix broken, MSCs are released from the
adipose tissue [81,82]. These MSCs are named ADSCs. Subsequently,
ADSCs are sequestered by the centrifugation-and-dilution method, and
collagenase is wash away. The final product is reflected to be SVF
(Fig. 2) [68,69].

2.2.2. Autologous stromal vascular fraction in osteoarthritis
One of the main problems relating to adipose SVF in orthopedic

situations is the absence of accessibility of randomized controlled trials.
Because of such restraint, in spite of successful consequences described
by studies, it is not recognized as a conventional medical treatment, not
up till now [83]. In one study, Pak described a case series of treating
patients with SVF and renewing cartilage-like tissue [84]. Percuta-
neously injected SVF, with PRP and HA, into the knee joints display that
VAS for pain, functional rating index (FRI), and range of motion (ROM)
to be improved accompanied by MRI confirmation of cartilage re-
generation [84]. In 2013, one cohort study stated the efficiency of the
treatment at 3 months to be 65%, without expansion of tumors, but
several side effects, such as swelling and tendonitis were reported [85].
Koh et al. in 2013, performed a case series study, in which the patients
with knees OA received autologous SVF with autologous PRP percuta-
neously after arthroscopic debridement and lavage [86]. The patients
were assessed with WOMAC score, VAS score, Lysholm knee scoring
scales, and MRI. After a few months, patients developed all criteria,

with no severe difficulties [86]. In another study by Koh et al., the
clinical consequences and second-look arthroscopy results were com-
pared between an autologous SVF/PRP injection group and a PRP-only
group [87]. After 2 years, the consequences displayed that the auto-
logous SVF/PRP group exhibited considerably bigger development than
the PRP-only group, as evaluated by KOOS subscales for pain and signs,
VAS for pain, and second-look arthroscopic assessment [87]. Koh et al.
in 2014, performed a case series of second-look arthroscopy in patients
with knee OA [88]. Primarily, the patients experienced arthroscopic
investigations with debridement and lavage. Later, autologous SVF and
autologous PRP were injected. Approximately 12.7 months after
treatment, second-look arthroscopy was done. The results presented
that the mean Tegner activity level scales and IKDC developed sig-
nificantly [88].

Kim et al. investigated the efficiency of autologous SVF alone and
compared with autologous SVF with fibrin glue [89]. After nearby 28
months, the average Tegner activity level scale and IKDC score in two
groups were enhanced considerably. Though, in second-look ar-
throscopies, the International Cartilage Repair Society (ICRS) score was
improved in the adipose SVF with fibrin glue group [89]. In 2016, Pak
et al. reported a case series study, in which adding autologous ECM
together with the SVF could be functioning after being used with au-
tologous PRP and HA [90]. Three months after treatment, wholly in-
dications, assessed by VAS pain score, ROM, and FRI, were developed.
Furthermore, evaluation of pre-treatment and post-treatment MRI data
confirmed cartilage-like tissue regeneration (Table 2) [90].

2.3. Autologous conditioned serum (ACS)

Exposure of blood leukocytes to pyrogen free surfaces stimulates a
set of anti-inflammatory cytokines, containing interleukin-1 receptor
antagonist (IL-1ra), and several growth factors, in the liquid phase of
blood [91]. The first use of cytokine inhibitors and growth factors as
therapeutic agents was recommended in the late 1970s and early 1980s.
IL-1 seems to be of superior significance in orthopedic diseases. IL-1ra is
a competitive antagonist receptor of IL-1 [92,93]. One hypothesis is
that the concentration of local IL-1ra is low in degenerative disease to
impede the devastation of joint structures [94,95]. It is currently evi-
dent that other anti-inflammatory cytokines and soluble receptors,
which demonstrate difference dissociation rates for IL-1α, IL-1β, and IL-
1ra, can influence IL-1 receptor signaling and inflammatory circum-
stances [96]. Isolated human monocytes could produce IL-1ra after
being stimulated by surface bound of immunoglobulin G (IgG), along
with phorbol myristate acetate (PMA), lipopolysaccharide (LPS), IL-1,
and tumor necrosis factor-alpha (TNFα) [97,98]. Meijer et al. devel-
oped autologous conditioned serum (ACS) advertised as ‘Orthokine’, a
medicinal method (a syringe) used to made ACS improved with anti-
inflammatory cytokines [99]. A novel method has been promoted that
attains IL-1ra stimulation without the requisite to coat surfaces with IgG
[99]. The production of ACS rich in IL-1ra is conducted by incubation

Table 1
Treatment options with PRP for OA.

Study design Duration of study Pain outcome Results Reference

Prospective, double-blind,
randomized trial

Six months measurements were
conducted at 6 weeks, 3 months, and 6
months after treatment

VAS; WOMAC Two PRP injections more effective than placebo (saline
injection)

[40]

Nonrandomized
prospective
cohort study

One year Lysholm, Tegner,
IKDC

Significant improvement in Lysholm, Tegner, IKDC
No significant cartilage regeneration

[64]

Prospective cohort study One year follow-up after PRP VAS; WOMAC Pain scores reduced
Functional scores enhanced

[65]

Five pilot patients report. Two years MOCART The favorable clinical outcome of this technique was not
confirmed by the MRI findings

[69]

IKDC, International Knee Documentation Committee; MOCART, Magnetic Resonance Observation of Cartilage Tissue Repair; MRI, Magnetic Resonance Imaging; OA,
Osteoarthritis; PRP, Platelet-rich plasma; VAS, Visual Analogue Pain Scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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into a syringe of 50–60ml of venous blood [100]. The blood is re-
cuperated and centrifuged after incubation for 24 h at 37 °C. This
method stimulates a quick production of IL-1ra [100]. Leukocytes
produce increased levels of IL-1ra, which is accumulated in the serum.
After centrifugation and taking out, ACS is aliquoted and, whichever
stockpiled up to usage, is injected into the affected section of the animal
or human (Fig. 3) [91]. The products, that are released via mononuclear
cells and platelets over ACS production, are partially derivative from
intracellular reservoirs and somewhat produced de novo [101].

2.3.1. Autologous conditioned serum in osteoarthritis
Rutgers et al., to study the amount of intra-articular injection of ACS

to cause cytokine level alterations in synovial fluid (SF), assessed the in
vitro effect of Orthokine on cartilage proteoglycan metabolism by 48
full-thickness osteoarthritic cartilage explants, derivative from the fe-
moral condyles of OA patients experiencing a total knee arthroplasty
[102]. The In vitro ACS did not appear to have a direct effect on car-
tilage metabolism, maybe due to quick vanishing of cytokines from the
SF after injection. Actually, ACS had a short intra-articular half-life with
rapid clearance from the joint.

Furthermore, along with the rise in anti-inflammatory cytokines,
pro-inflammatory cytokines were considerably enhanced, contrary to
former examinations. Finally, throughout the course of treatment, no
important changes in cytokine levels in SF was observed, in spite of

Fig. 2. Stromal vascular fraction (SVF) isolation procedure. This protocol describes procedures for isolating of highly purified stromal stem cells from human adipose
tissue.

Table 2
Treatment options with SVF for OA.

Study design Duration of study Intervention
treatment

Pain outcome Results Reference

Case series 12 weeks post-treatment
follow-up

SVF+PRP +HA VAS; FRI; ROM MRI confirmation of cartilage regeneration
pain, and functional status improved

[84]

Cohort study Three months SVF+PRP +HA Lysholm, Tegner,
IKDC

Significant improvement in Lysholm, Tegner,
IKDC,
no significant cartilage regeneration

[85]

Case series Two years SVF+PRP VAS; WOMAC;
Lysholm

VAS/function/MRI
improvements

[86]

Comparative
study

Two years SVF+PRP vs. PRP-only group (second-look
arthroscopy results)

VAS; KOOS SVF/PRP group exhibited development than
the PRP-only group

[87]

Case series About 12.7 months SVF+PRP (second-look arthroscopy results) Tegner; IKDC About 94% of patients had
excellent clinical
improvement

[88]

Comparative
study

Twenty-eight months SVF alone vs. SVF with fibrin glue
(second-look arthroscopy results)

Tegner; IKDC ; ICRS Enhanced Tegner scale and IKDC score in two
groups
ICRS score were improved in the adipose SVF
with fibrin glue group

[89]

Case series Three months SVF+HA+PRP VAS; FRI; ROM Pain, and functional status improved
MRI data confirmed cartilage-like tissue
regeneration

[90]

FRI, Functional Rating Index; HA, Hyaluronic Acid; ICRS, International Cartilage Repair Society; IKDC, International Knee Documentation Committee; MRI, Magnetic
Resonance Imaging; OA, Osteoarthritis; PRP, Platelet-rich plasma; ROM, Range Of Motion; SVF, Stromal Vascular Fraction; VAS, Visual Analogue Pain Scale;
WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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recurrent ACS injection.
In one clinical trial study, two groups of professional athletes were

treated with either standard of care ActoveginR plus TraumeelR injec-
tions (5 mL) into the injury site, or with ACS injections (2.5 mL plus
2.5 mL saline) [103]. No local or systemic side effects were identified in
both groups. The outcomes displayed a considerable trend to less re-
clamation time in the ACS group compared with the group with stan-
dard treatment [103].

Injecting ACS into damaged muscle is impressive and well endured,
and accelerates the muscle renewal in research laboratory mice and
human athletes. Patients with knee OA were included in an intention-
to-treat (ITT) analysis, in which intra-articular injections of ACS were
compared with intra-articular hyaluronan and placebo (saline) [104].
Local side effects were observed, including pain, swelling, or effusion
[105,106].

In all treatment groups, intra-articular injections eventuated in a
major decrease in WOMAC score. Nevertheless, reactions to ACS were
considerably greater. Only local adverse events occurred. The study
indicated that ACS had an obvious clinical and substantial therapeutic
influence on the main signs of knee OA after six months. Due to its
autologous source, the possible risk of rising adverse effects after
treatment with ACS is slight. Orthokine-derived ACS decreased pain
and raised function and flexibility for up to 2 years in primary knee OA
[104].

3. Limitations of practical applications of PRP, SVF, and ACS

There are numerous limitations of practical applications of PRP, SVF
and ACS. With regard to PRP, minute basic investigations and in-
sufficient preclinical studies have been conducted to evaluate their
therapeutic potentials. Some studies, at present, have produced out-
standing results, but most were restricted case studies or series
[107,108]. There is little agreement concerning PRP production and
categorization. Some studies have described the development of an
antibody to bovine thrombin, which was the stimulator of platelet ac-
tivation [108]. The advantageous properties of SVF have also been
confirmed methodically both in vitro and in vivo. In case of SVF, good
manufacturing practices (GMPs) are required for manufacturing of
human stem cells to be used in clinic. Furthermore, some researches
have reported that SVF could have a probable risk of transformation to
malignant cells [109,110]. The use of ACS in tendon damages may be a
hopeful biomolecular treatment, nonetheless, the absence of returning
the power to a normal level after ACS incubation, restricts the possible
application in human trials [100].

4. Conclusion and future perspective

Knee OA is a long-lasting orthopedic disease that considerably de-
creases the patient’s quality of life. In current years, stem cell utilization
to treat OA has quickly progressed, with hopeful consequences in ani-
mals and human studies [75]. PRP resulted favorably in declining pain
and joint function in knee OA. There is not a steady indication about the
function of PRP on the cartilage, as assessed through imaging [111].
Even though PRP appears to have beneficial effects, further attentions
are still essential in understanding the exact outcomes. The assessment
of the outcomes is complex, since there is no calibration in the collec-
tion and use of PRP regimen. Consequently, more randomized future
studies with suitable plan are required to approve the definite PRP role
in OA [111]. Autologous SVF injection is a safe and beneficent tech-
nique for treating osteoarthritis. The efficacy of transplantation is ob-
viously developed after 6 months [112]. Pain is considerably decreased
after therapy, and the life of subjects gains better quality [113]. How-
ever, it has been proposed that treatment with SVF is a slightly ag-
gressive therapy for OA patients. ACS has been revealed to be an effi-
cient and well-endured treatment choice in human knee OA. The
autologous generation of ACS by the Orthokine (human) or IRAP

Fig. 3. Processing of Autologous Conditioned Serum. Autologous conditioned
serum (ACS) is produced by incubating venous blood in the presence of medical
grade glass beads. Following centrifugation and extraction, ACS is allocated and
either stored until use or injected into the affected area of the human patient.
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(equine) system causes an increased volumes of anti-inflammatory cy-
tokines and growth factors [91,104]. One of the suitable outcomes,
concerning the effects of the SVF and PRP injection, is that the patient
can sense pain decline [114]. The second effect of SVF and PRP injec-
tion is the stimulation of cartilage growth at the injected site. Auto-
logous SVF injection in combination with PRP is a safe and profitable
technique for treating grade II and III OA [30]. it was reported that,
generally, 100% of patients were satisfied with this technique. Pain was
extremely decreased after 3 months, and the results demonstrated that
the cartilage layer slowly became thicker at 3 and 6 months after in-
jection. Moreover, a number of damaged cartilage sites were renewed
[59]. The outcomes establish that ACS is exceedingly effective and well-
tolerated in the managing of chronic knee OA [100]. In consideration of
all, it can be concluded that PRP, SVF and ASC injection have various
good results for patients with O, along with little adverse effects. Fur-
ther investigations should focus on these methods to decrease and
control the unwanted outcomes.
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