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ABSTRACT
Osteoarthritis (OA) is a major cause of disability across the world, which its prevalence is relatively high
in elder population. Current accepted therapies such as exercise, anti-inflammatory drugs and intra-
articular inoculation of corticosteroids are aimed at controlling symptoms in the affected patients.
Surgical options including arthroplasty, osteotomy and joint replacement are other choices of treat-
ment, which are invasive and can be applied in case of failure of conventional therapies. In the last
few decades, efforts to treat musculoskeletal diseases are being increasingly focused on regenerative
cellular therapies. Stromal vascular fraction (SVF), which obtained from adipose tissue, contains a
variety of cells include mesenchymal stem cells (MSCs) and has shown to be effective in cartilage
repair. Autologous blood products such as platelet-rich plasma (PRP) act as an adjuvant of surgical
treatment and its intra-articular delivery has shown beneficial effects for OA treatment. Given the effi-
cacy of such treatment approaches in OA, this paper discusses both preclinical and clinical evidence
with major focus on clinical trials.
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Introduction

Osteoarthritis (OA) is the most prevalent degenerative joint
disease, which mostly impairs mobility and subsequent qual-
ity of life in elder individuals. Patients experience signs of
pain, morning stiffness and a grating sound during joint
motion known as crepitus. Although the pathogenesis of OA
has been poorly understood, it has often defined with
changes in articular cartilage. Tissue fluid, proteoglycans and
type 2 collagen form the main structure of cartilage.
Furthermore, chondrocytes, as the main cell type found in
this area, can generate and maintain the extracellular envir-
onment. It has been reported that chondrocytes have
no mitotic and regenerating capacities under physiologic
condition. These cells can maintain the minimal turnover of
collagens to make permanent structures in front of mechan-
ical forces exerted on the joints. However, any mechanical
stress or injury can stimulate chondrocytes to proliferate and
increase their ability to synthesize the extracellular matrix as
part of the repair process. The subsequent changes in matrix
composition can induce chondrocytes to release catabolic
factors leading to cartilage degradation. This can cause
friction between bones and make pain and immobility in the
affected patients [1].

Several risk factors include genetic, ageing, obesity and
low-grade systemic inflammation have been described and

are being the subject of ongoing research in OA [2]. Data
from twin and familial aggregation studies have estimated
40–65% genetic risk for OA. The strongest genetic association
has been reported with growth differentiation factor 5 (GDF5)
gene, which originally identified with candidate gene-based
approach. Moreover, during the last 10 years, genome-wide
association studies (GWAS) have established the remaining
association with 21 genetic loci. These associated loci include
genes that are involved in pathways related to cell signalling,
apoptosis, mitochondrial damage and extracellular matrix
remodelling. Although each individual allele exerts moderate
to small risk in OA pathogenesis, their identification helps to
discover the whole mechanism of the disease. In addition, it
helps to find biomarkers to detect high-risk individuals or
improve disease outcomes in the affected patients [3].

Among several aforementioned risk factors of OA, the
most prevalent one is ageing. Evidence has shown that OA
and ageing are two linked but independent processes. To
date, several mechanisms have been proposed to declare
how the ageing-associated changes promote OA develop-
ment [4]. The low-grade systemic inflammation, as one of the
OA risk factors, is created when the mass of muscle
decreased and the fat mass increased in the body. This meta-
bolic condition, as seen in obesity, can change mechanical
loading, which further increases adipokines and cytokines in
the joint space [5]. Other mechanisms include mitochondrial
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dysfunction [6], oxidative stress [7], and reduced autophagy
in chondrocytes [8], which increase the production of cata-
bolic over anabolic factors. A kind of senescence has also
been observed in chondrocytes that results in reduced sensi-
tivity to different growth factors [9]. This phenomenon can
increase inflammatory mediators as well as matrix-degrading
enzymes in the joints. Moreover, senescence can cause telo-
mere shortening as the much probable mechanism in cartil-
age damage [10]. Strategies for killing or modulating
immune response in these senescence cells can be used as
treatment options in OA.

Although OA is a very common illness, the existence of
similar signs with other arthritis conditions makes it a difficult
disease to diagnose. To date, no precise blood test has been
recognized for OA diagnosis. However, imaging aids rheuma-
tologists and radiologists for both diagnosis and longitudinal
evaluation of the disease. In this regard, basic radiographs
have been considered as the gold standard diagnostic tool in
OA. In case of diagnostic uncertainty, other imaging techni-
ques such as magnetic resonance imaging (MRI) and multide-
tector computed tomography (MDCT) can be used [11]. It has
been reported that the structural changes of the joints can
be seen with MRI, especially in early stages of the disease
[12]. Computed tomography (CT)-based methods include four
dimensional (4D)- and cone beam (CB)-CT can evaluate kine-
matic and weight-bearing characteristics of the joints. All the
aforementioned techniques are cross-sectional and any
changes in metabolic activities during synovial inflammation
can be revealed through positron emission tomography
(PET)-based analyses [13]. Moreover, recent research has
reported that non-invasive detection of infiltrated innate
immune cells can help to identify high-risk individuals [14].

Treatment approaches

Many experiments in pathogenesis have revealed that OA is
a generalized disease that affects different cells and tissues in
the body. Therefore, a wider treatment approach is needed
to target all the affected regions in the disease [15]. The goal
of treatment in patients with OA is to reduce pain and stiff-
ness, maintain the functional capacities as well as improving
quality of life [16]. After diagnosis, physicians advise the
patients to have low-impact aerobic exercise [17], lose their
weight [18] and use nutraceuticals such as glucosamine and
chondroitin sulfate [19]. Exercise helps to strengthen the
muscle around the affected joints, which, in turn, reduces
pain and instability in patients. There is also some evidence
that patients can benefit from knee braces and shoe
orthotics [20]. Aside from these non-pharmacological sugges-
tions, patients may benefit from nonsteroidal anti-inflamma-
tory drugs (NSAIDS) as well as intra-articular inoculations of
corticosteroids and hyaluronic acid (HA) [21,22]. HA is a nat-
ural glycosaminoglycan, which provides lubricating and
shock-absorbing capacities through acting as an osmotic buf-
fer in the joints [23]. Some patients are advised to use fluoro-
scopic- and ultrasound-guided neural blockade [24,25]. These
kinds of treatments can help to relieve symptoms and pain
as well as preventing cartilage destruction in OA patients.

Surgical strategies in symptomatic patients are also benefi-
cial for the management of OA in different types of tissues
such as knee, hip and hands. These strategies can be conser-
vative, in which the damaged cartilage is left in place, or rad-
ical such as arthroplasty, in which the total joint is replaced
with an artificial prosthesis [26]. Arthroplasty has shown
promising results in patients who have unsuccessful or con-
traindicated treatment modalities. However, like other treat-
ment approaches, it has little but serious complications [27].
It should be noted that physicians should never prescribe
arthroplasty for individuals younger than 60 years. These
approaches are limited to focal lesions and may not be suit-
able in the field of OA, where the volume of cartilage loss is
more generalized [28].

Limitations of previous treatment strategies include poor
cell viability, limited supply and adverse effects on joint con-
gruency have encouraged researchers to focus on regener-
ation rather than replacement of the affected tissues [29].
Progenitor cells are able to regenerate any damaged region
in articular cartilage. However, the lack of vascularity in cartil-
age space prevents the infiltration of these cells [30].
Therefore, regenerative medicine helps to achieve this aim
through the application of stromal vascular fraction (SVF),
platelet-rich plasma (PRP) and stem cells in orthopaedics.
Here, in this review, we aimed to discuss recent attempts
about the use of SVF, PRP and stem cells in OA with a spe-
cific focus on clinical trial studies.

Stromal vascular fraction

The ability of MSCs to differentiate into several cell lines such
as chondrocytes makes them alternative treatment options in
OA. Moreover, the anti-inflammatory effect of soluble factors
released from these cells can halt cartilage destruction, a pro-
cess that is created as the result of inflammation [31]. Those
MSCs derived from adipose tissue (known as ADSC) gain sev-
eral advantages over other tissue sources include abundance,
the ease of harvest and stable phenotype after many culture
passages [32]. Animal studies have proved the efficacy of
ADSCs as a treatment option in OA and other related diseases.

The stromal vascular fraction (SVF), which is obtained after
enzymatic digestion of adipose tissue, acts as a treatment
choice and contains heterogeneous population of stem, pro-
genitor and adult cells [33]. Those ADSCs available in SVF
secrete several soluble factors with anti-inflammatory, immu-
nomodulatory and analgesic effects. There are two
approaches for delivery of SVF; intra-articular injection of cells
suspended in platelet-rich plasma (PRP) and surgical implant-
ation. In this regard, PRP has two advantages as an adjuvant.
On the one hand, it provides growth factors to help better
proliferation of stem cells, however, on the other hand, acts
as scaffold for attaching cells to the site of cartilage damage.
It has been reported that injection has several advantages
over implantation including less invasiveness, better patient
compliance and lower costs [34]. SVF has also its own advan-
tages including the abundant stem cells it has, ease of
extraction, availability of tissue supply and minimal invasive-
ness of the harvest procedure [15]. Nowadays, only one
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randomized clinical trial is available for the application of SVF
in orthopaedic situations [35]. Therefore, unlike successful
results were achieved in many studies, no one can recognize
SVF as a conventional treatment.

Almost all the studies evaluate the effect of SVF treatment
on knee OA. A 3–36months follow-up has shown improve-
ments in pain and functional scores in all investigations. In
2011, Pak et al. conducted the first case-series that reported
the efficacy of autologous SVF in OA patients. The visual ana-
logue score (VAS), functional rating index (FRI) and range of
motion (ROM) improved after three months, which is in line
with cartilage regeneration [36]. In a retrospective cohort
study, Pak and his colleagues injected SVF with PRP and HA
into the knee, hip and femoral joints of patients with OA and
observed the 50–60% improvement in ROM and VAS scores.
Moreover, MRI has confirmed significant regeneration of car-
tilage defects. Similar efficacy of this combination has been
reported at 3-month follow-up in this study. Some serious
side effects such as swelling and tendonitis may somehow
limit the SVF use in patients [37]. Kim et al. conducted
another retrospective cohort study and found that SVF injec-
tion enhanced the efficacy of osteotomy regarding clinical
outcomes. In some studies, the cartilage thickness increased
as observed in MRI analysis [36,38,39]. Aside from injection
approach, SVF implantation has been evaluated through
second-look arthroscopy in different studies [40]. Again, all
the studies showed improved condition, except one, which
showed hyaline-like regenerative tissue in histological ana-
lysis of the joints. This observation was only seen in high-
dose administration of SVF [38]. Koh et al. have conducted
related studies for consecutive years. The study by Koh and
Choi compared the effect of SVF with PRP alone, as treat-
ment approach in control group. The authors have shown
that SVF injection is safe; however, no significant difference
in disease outcome has been reported between the groups
[34]. In 2013, Koh et al. used autologous SVF and PRP after
arthroscopic debridement in 18 patients with knee OA. The
study has reported that this combination is safe and able to
improve all related clinical criteria including VAS and Western
Ontario and McMaster Universities Osteoarthritis (WOMAC)
scores. No serious complications have also been reported
upon treatment [39]. In another study by the same authors,
outcomes from second-look arthroscopy and other clinical
observations have shown that SVF plus PRP therapy mildly
improved indices for pain and symptoms compared with
another group who received PRP alone. Moreover, findings
from arthroscopic examinations have shown more fibrocarti-
lage regeneration in patients receiving SVF/PRP than PRP
alone [40]. In a retrospective study in 2014, patients with
knee OA received implanted ADSCs, which at first seemed to
have great potential for treatment. However, second-look
arthroscopy was shown that it had 76% success in repair
[41]. Bui et al. conducted a case-series in 21 patients with
knee OA who received SVF and PRP. The improved VAS and
Lysholm scores, as well as increased cartilage thickness, have
been reported after 8.5months of treatment [38]. Another
study in 2015 has reported improved cartilage defect in 63%
of the patients who received autologous SVF. The treatment
group have also shown better VAS, Lysholm and outcome

scores [40]. A multi-center case-control study by Michalek
et al. in 2015 has been conducted in patients with knee and
hip OA. Upon receiving autologous adipose SVF, no serious
side effects were reported in these patients. Clinical symp-
toms such as pain, stiffness, analgesic usage and extent of
joint movement were improved which was estimated 75% in
63% of the patients [42]. In 2016, Pak et al. have found that
autologous adipose extra-cellular matrix, when used in com-
bination with SVF and PRP, can increase the effectiveness of
treatment. All FRI, ROM and VAS scores were improved after
three months of treatment in patients [43]. Fodor et al. have
reported full activity and decreased pain in eight OA patients
after autologous SVF therapy. Improvements in WOMAC and
VAS scores were maintained after 1 year; however, no detect-
able structural differences were observed in MRI [44].
According to study by Bansal et al., pain levels of those
patients who received SVF plus PRP have been reduced,
especially after 3 months. Moreover, combinations of these
treatment approaches with traditional exercise can make bet-
ter improvements in the quality of lives of the OA patients
[35]. Despite the observed benefits in above studies, all of
them classified as case series with some limitations. Since
SVF is always suspended in a volume of PRP, there is no
information regarding the regenerative effects of pure SVF in
OA patients. Moreover, the optimum times and modality of
administration remain unknown. This underscores the need
for randomized, double blind and placebo-controlled clinical
trials of SVF therapy in OA (Table 1).

Platelet-rich plasma

Platelet-rich plasma (PRP) is an autologous plasma product,
which has four to five times more platelets than unprocessed
blood plasma. Those many growth factors and inflammatory
mediators, which released upon activation from pooled plate-
lets, make PRP be potentially effective in orthopaedics.
Moreover, the acceptability, non-invasiveness, and safety pro-
file increase demands of PRP use in patients with OA [45].
Evidence suggests that direct injection of PRP can control the
inflammatory environment of the joint [46]. One of the
molecular mechanisms by which PRP exerts this controlling
effect is preventing the activation of nuclear factor (NF)-kB
target genes [47]. The inflammatory environment in chondro-
cytes from patients with OA contains interleukin (IL)-1b,
which stimulates NF-kB to inhibit synthesis of anabolic
related genes such as type 2 collagen [48]. Moreover, IL-1
receptor antagonist has been concentrated in PRP to exert
the anti-inflammatory effect. Other anti-inflammatory effects
of PRP are related to growth factor components in it. Some
of these growth factors have the ability to control the NF-kB,
however, others can suppress the expression of special che-
mokine receptor on the surface of cells at the site of inflam-
mation [49]. Moreover, PRP increases the synthesis of
proteoglycans and collagen as the same levels as in normal
chondrocytes [50].

Many studies have reported that PRP administration has
positive effects on patients with knee OA. In 2012, Gobbi
et al. had shown that intra-articular injection of autologous
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Table 1. Chronological list of studies regarding the application of SVF, PRP and MSCs in patients with knee OA.

Type of
therapy

Publication
Year Study type

Patient
population

Study
design Follow-up Outcome References

SVF therapy 2011 Case-series 3 women
1 man

ADSC HA PRP
Calcium
chloride

3 months Positive changes in MRI;
Improvements in pain, physical
therapy outcomes and func-
tional status

[36]

2012 Therapeutic
case-control level III

25 SVFþ PRP 12 months Improved Lysholm, Tegner and VAS
scores; no adverse side effects

[34]

2013 Case-series 18 SVFþ PRP 24.3 months Improved WOMAC, Lysholm, VAS and
whole-organ MRI scores

[39]

2013 Retrospective
cohort study

91 SVFþ PRP 26.62 ± 0.32 months SVF is safe; no tumor formation; self-
limited tendonitis and swelling

[37]

2014 Case-series 21 SVFþ PRP 8.5 months Improved joint function; Decreased
pain score; Increased Lysholm
score; Improved MRI findings; No
serious side effects

[38]

2015 Comparative study 30 SVF 3, 12, 24 months Improved clinical outcomes after 2-
year follow-up

[77]

2015 Case-series 30 SVFþ PRP 24 months Improved clinical results and cartilage
status under second-look arthro-
scopic analysis

[40]

2015 Multi-center
case-control study

1114 SVF 17.2 months Improved pain score and func-
tional status

[42)

2016 Case report 3 SVFþ PRPþ
HAþ ECM

3.5 months Improved FRI, ROM and VAS [43]

2016 Case report 6 SVF 12 months Improved pain, functional status; no
MRI evidence of cartilage
regeneration

[44]

2017 Clinical trial 10 SVFþ PRP 3 months Reduced WOMAC score; Improved
cartilage thickness; safety
of treatment

[35]

PRP therapy 2012 Case-series 50 PRP 12 months Improved pain, clinical scores and
quality of life

[51]

2013 Prospective
cohort study

22 PRP 12 months Improved pain, functional and clin-
ical scores

[78]

2013 Randomized controlled
trial

78 PRP 6 months Improved WOMAC score [52]

2014 Systematic review
and meta-analysis

1543 PRP vs. HA 6 to 24 months Improved function; more effective
than HA

[53]

2017 Meta-analysis 1069 PRP Variable Similar pain relief and functional
improvement at 6 months; better
improvements for PRP at 12
months; PRP is safe

[54]

2018 Meta-analysis 1520 PRP vs. HA 6, 12 months Similar effectiveness between PRP
and HA

[55]

2018 Randomized clinical trial 89 PRP vs. HA 3, 6 months Better improvement in pain and
functional status for PRP;
Improved synovial hypertrophy
and vascularity scores

[56]

2018 Randomized clinical trial 42 PRP vs. PRL 6 months PRP is more effective than PRL
regarding pain, stiffness and func-
tional limitations

[57]

2018 Pilot study 132 Prior MP
injection vs.
PRP alone

1, 3, 6,
12 months

Better clinical outcomes in prior
MP injection

[58]

Stem cell
therapy

2013 Double blinded
controlled trial

40 Autologous
Ad-MSCs

6 months Similar effectiveness in pain score
compared to placebo

[70]

2014 Double-blinded
controlled trial

46 BM-MSCs 12, 24 and
36 weeks

Significant clinical improvement after
MSC treatment

[66]

2014 Double-blinded
controlled trial

55 Allogenic MSCs 12 months Meniscus regeneration and
improved pain

[79]

2014 Clinical trial 18 Ad-MSCs 6 months Safety; Improved WOMAC score;
decreased cartilage defect

[71]

2015 Double-blinded
controlled trial

30 Allogenic
BM-MSC

12 months Significant improvements in func-
tional indices; more convenient
than autologous MSCs

[67]

2016 Clinical trial 60 BM-MSCs 1, 3, 6,
12 months

Reduced pain in patients and
repaired damaged cartilage in rats

[68]

2016 Phase I/II multicenter
randomized clinical trial

30 Autologous
BM-MSCs

12 months Safety, clinical and functional
improvement

[69]

2016 Phase I Dose-Escalation
Trial

18 Ad-MSCs 6 months Safety; Significant improvements in
pain and function

[80]

SVF: stromal vascular fraction; PRP: platelet-rich plasma; HA: hyaluronic acid; MRI: magnetic resonance imaging; VAS: visual analog scale; ECM: extracellular matrix;
MSC: mesenchymal stem cell; ADSC: adipose-derived stem cell; WOMAC: Western Ontario and McMaster Universities osteoarthritis; FRI: functional rating index;
ROM: range of motion; BM: bone-marrow; MP: methyl prednisone.
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PRP in patients who experienced arthroscopic debridement
and micro-fractures made significant improvement in disease
activity and symptoms [51]. A total of 78 patients with bilat-
eral OA enrolled into the trial and randomized into four inter-
vention groups; single PRP injection, two PRP injections 3e
weeks apart, single saline injection and placebo. Those who
received two PRP injections had comparable effects regard-
ing primary and secondary outcomes with single dose group.
However, PRP had better results than saline in these patients
[52]. According to a meta-analysis of five randomized con-
trolled trials in 2014, which compared PRP with HA, PRP had
more prolonged and better effectiveness than HA in patients
who have degenerative knee OA [53]. In two recent similar
meta-analyses, most of the studies have reported comparable
outcomes between PRP and HA, however, the authors sug-
gested that a large multicenter randomized trial is needed to
determine the efficacy of PRP in OA patients [54,55]. The
randomized clinical trial by Ahmad et al. have shown the effi-
cacy of both PRP and HA regarding the reduced pain and
improved functional status in patients. The authors suggested
that even PRP made better results than HA. This trial has not
been included in aforementioned recent meta-analyses and it
does not have larger sample size than other included studies
[56]. Very recent evidence compared the reducing effect of
PRP and prolotherapy on pain and symptoms in patients with
knee OA. An irritant solution like hypertonic dextrose is often
injected in prolotherapy to stimulate proliferation of cells at
the damaged site. In case of enthesitis, prolotherapy is more
effective than PRP, however, findings from Rahimzadeh et al.
study has reported that PRP is even more effective over time
in treatment of OA patients. The authors have pointed out
that the lack of control group, small sample size and lack of

morphological assessments are among their study limitations
[57]. As reported in a recent study, intra-articular injection of
corticosteroids prior to PRP injection resulted in better out-
comes in patients with mild to moderate OA [58].

Aside from studies including patients with knee OA, some
randomized trials are also existed about other affected tissues
like hip and ankle. To date, four studies compare PRP with HA
in hip OA, which have conflicting results. This confliction has
now been solved by a meta-analysis in 2018, which reported
that PRP could reduce pain score at 2months follow-up.
However, this finding has not been approved at later months
[59]. Just one study has pointed to the efficacy of PRP in
patients with ankle OA, which again has shown that PRP can
significantly reduce pain in these patients [60] (Figure 1).

Although unusual side effects have been reported for PRP,
they are often mild and self-limited. Pain, allergic reactions
and a grade of inflammatory response can be observed at
the site of injection. If the aseptic conditions have not been
considered during injection, infection can also be a serious
side effect. Mild to moderate arthralgia is the most frequent
event that often reported in patients, which can be resolved
over time. Arthroscopic findings may report the hypertrophy
of the cartilage tissue in some studies [61].

Stem cells

Regeneration of the damaged cartilage is the main aim of
therapy in degenerative osteoarticular diseases. There are a
limited quantity of mesenchymal stem cells (MSCs) in normal
joint fluid, which can differentiate into chondrocyte that fur-
ther makes the new cartilage. However, this newly formed
cartilage is fragile and easily destroyed by any minimal stress

Figure 1. Steps for PRP preparation. The first step is to collect around 20 mL of whole blood in anticoagulated vacutainer tubes. Then, place the blood-filled tubes
on a specially prepared centrifuge to spin at 600 �g for 7 minutes. This results in formation of two phases, which the upper phase should be transferred to empty
sterile tubes. In the next spinning stage, tubes are centrifuged at 2000 �g for 5 minutes. First RBCs and then platelets are deposited at the bottom of the tubes
and one can homogenize the platelet layer to available plasma to make PRP.
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on the joint. Therefore, the need still exists for the applica-
tion of exogenous MSCs, which have several advantages
include lack of need for biopsy and ease of injection in the
therapeutic field of OA.

Due to immunomodulatory and regenerative capacities of
MSCs, some clinical trials have addressed their use in cartil-
age repair. There are different protocols for MSC therapy in
patients. In most of the cases, cells are isolated and culture-
expanded prior to injection; however, in other cases, cells
can be harvested at one stage and finally injected. SVF-
derived MSCs are the best example for the latter protocol.
Other formulations in this group include stem cells derived
from lipoaspirate, aspirated concentrate of bone marrow
(BM) and microfragmentation, which is a non-enzymatic
approach for isolation of BM vascular niche [62]. In 2012, Koh
et al. isolated stem cells from infrapatellar fat pad (IFP) and
then injected them to knees of OA patients underwent
arthroscopic debridement. This approach was considered
safe, reduced pain levels and improved function after one-
year follow-up in patients. Evidence suggests that those cells
isolated from IFP source have high chondrogenic potential
than other cells [34].

The local microenvironment of culture media can affect
MSC differentiation and in vitro expansion of these cells may
change the properties of injected MSCs. However, limited
number of MSCs are available in one-stage harvest protocol
[63]. Therefore, most research, as well as our discussion in
this review, have been focused on culture-expanded cells. In
2008, Centeno et al. reported that the use of autologous cul-
ture-expanded bone marrow-derived stem cells (BM-SCs)
could improve pain and ROM in individuals with degenera-
tive joint disease [64]. In a prospective unblinded controlled
trial by Wong et al., injection of autologous cultured BM-SCs
in patients underwent high tibial osteotomy and microfrac-
ture resulted in better scores for primary and secondary out-
comes, as indicated by International Knee Documentation
Committee (IKDC), Tegner and Lysholm clinical scores [65].
Another study by Aghdami et al. indicated similar improve-
ment of clinical scores in patients with moderate to severe
knee OA who were followed-up for 9months. The authors
conducted a double-blinded placebo-controlled study, in
which the control group received carrier media as placebo.
Decreased subchondral oedema in some patients, as well as
increased cartilage thickness in the treatment group, is
another important observation in that study [66]. Vega et al.
conducted another study in 30 patients who were not satis-
fied with traditional treatments. The authors were divided
patients into two treatment groups: intra-articular injection of
BM-SC or HA and followed them until 1-year. Symptom
improvement was more obvious in BM-SC-receiving individu-
als and the damaged area in cartilage had significant reduc-
tion as seen in clinical imaging. Another finding in this study
was that the allogenic MSC is better than autologous regard-
ing the ease of use. Moreover, expansion of allogenic cells is
cheaper than autologous. Immune rejection is the main limit-
ing issue while working with these cells [67]. Gupta et al.
have also tried allogenic MSCs at different doses to be
injected in knees and found that 25-million-cell dose can
effectively reduce pain; however, no changes have been

observed in imaging analysis [68]. In 2016, Espinosa et al.
conducted a multicenter randomized controlled trial, in
which individuals were randomly selected to receive autolo-
gous cultured BM-SCs or HA to assign either in treatment or
control groups, respectively. All the participants were fol-
lowed-up for 12months, and the treatment group achieved
good results especially in high-dose condition. Furthermore,
radiographic evaluation has revealed reduced joint space
only in control group. Joint damage was also decreased
upon treatment [69].

Regarding studies on non-expanded stem cells, March
et al. have observed that adipose-derived MSCs (Ad-MSCs)
can reduce pain and improve symptoms in patients with
knee OA [70]. One year later, Jo et al. decided to find the
more appropriate strategy for treatment of generalized cartil-
age loss in OA. The study comprised two phases, which
phase one included three dose-escalation cohorts and phase
two began when patients received high doses of Ad-MSCs.
Again, the primary and secondary outcomes, as well as the
size of cartilage defect, have been improved in high-dose
treatment group. In addition, histologic analysis has shown
that hyaline-like cartilage regeneration was responsible for
this improvement [71]. In a very recent study in 2018, a com-
bination of in-vitro expanded Ad-MSCs with cell culture
supernatant, known as progenza, was administered to
patients with symptomatic knee OA. According to the find-
ings, progenza was well-tolerated and induced significant
improvements in patients. The authors claimed that any
potential effect of progenza on disease modification warrants
further studies [72].

Limitations

There are some limitations regarding the application of PRP,
SVF and stem cells in patients with OA. Most of the studies
around the efficacy of PRP are case studies and preclinical
investigations and few clinical trials are available in case of
OA [73]. In addition, several protocols concerning the produc-
tion of PRP exist; however, there is no consensus in methods
that help us to select the gold standard. Some studies have
declared that developing an antibody against bovine throm-
bin can initiate the activation of platelets [73]. Another issue
that makes confusion is the dosage schedule of PRP in differ-
ent studies [74]. SVF has many advantages that have been
confirmed both in vivo and in vitro and those stem cells
derived from SVF should fulfil the requirements of good
manufacturing practices (GMPs) for clinical use. Other issues
might be resolved before its application in clinics. What is
the exact mechanism of action of ADSCs? How long do these
cells stay in the joint to exert its local effects and which con-
trol group is more suitable to compare with SVF? Does SVF
provide similar results if the source of adipose tissue
obtained from obese individuals? Aside from the potential
ability of MSCs in OA treatment, some limitations have been
reported when using these cells. The availability of autolo-
gous cells might be scarce and tissue selection is important
to minimize morbidity in patients. In addition, more

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 887



randomized clinical trials are required to better understand
their positive impacts on patients with OA [75].

Future perspectives and conclusion

The significant clinical burden of OA in populations high-
lights the importance of finding the most effective strategy
for treatment. Cell-based therapies and regenerative medi-
cine have provided effective results in the affected patients.
PRP can reduce pain and improve functional status in the
knee OA; however, imaging techniques have not pointed to
any direct effect on cartilage. In addition, there is no calibra-
tion regarding the collection method and optimal treatment
dosage of PRP in studies. Although SVF provides better qual-
ity of lives in OA patients, this kind of treatment is slightly
aggressive to be used in humans. The efficacy of MSCs in car-
tilage repair is well established in animal, preclinical and
phase I or II clinical studies. Other stem cell-based
approaches such as the use of embryonic stem cells (ES) and
induced pluripotent stem cells (iPS) are currently under inves-
tigation in animals. It has been reported that different tissue
sources are available for iPS generation and using iPS is less
invasive than MSC in regenerative medicine [76]. Finally, the
efficacy of such treatments, as well as new stem cell-based
approaches in OA, need to be confirmed by further con-
trolled long-termed studies.
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