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Abstract
Knee osteoarthritis (KOA) is a very

common condition with multifactorial etiol-
ogy leading to severe pain and disability in
the adult population. Although KOA is con-
sidered a non-inflammatory arthritis, upreg-
ulation of inflammatory and catabolic path-
ways with increased production of pro-
inflammatory cytokines leading to cartilage
degradation and extracellular matrix degen-
eration has been reported. Intra-articular
injection of fresh fat derived stromal vascu-
lar fraction (SVF) fraction has been pro-
posed as a valid and alternative treatment
for symptomatic KOA that guarantees
mechanical support through viscosupple-
mentation, anti-inflammatory, and anabolic
action. We retrospectively reviewed a case
series of 84 consecutive adult patients with
KOA who underwent intra-articular injec-
tion of fresh fat derived SVF. Significant
improvement in pain levels (NRS score
decrease 3.5±1.1, p<0.001), WOMAC pain
(-7.02±3.45 score change, p<0.001),
WOMAC stiffness (-1.97±1.02, p<0.001),
and ROM improvement (+17.13±5.22°,
p<0.001). The only complication noted was
knee joint swelling lasting for less than 7

days after the injection in 7% of the
patients.

Introduction
Knee osteoarthritis (KOA) is one of the

leading causes of disability worldwide.
According to the World Health
Organization (WHO) more than 10% of
people over 60 years suffers from KOA,
with an higher incidence in women.1

Several risk factors for KOA have been
identified including mechanical (trauma,
fractures, and cartilage wear and tear), con-
stitutional (age, sex, and increased body
mass index), and genetic.2 Nevertheless,
age remains the main risk factor for KOA,
as it becomes more common in patients
older than 70 years-old.3 On the other hand,
main causes of KOA in younger patients are
sport injuries, occupational activities, and
obesity.4 In athletes, repetitive impacts and
loading of the joint can cause articular car-
tilage damage and higher rates of KOA.5
Regardless of its causes, symptoms of KOA
are stiffness, reduced range of motion
(ROM), crepitus, and joint swelling with
pain.

Although KOA is considered as a non-
inflammatory arthritis, upregulation of pro-
inflammatory pathways has been reported.3
Chondrocytes, osteoblasts and inflamed
synovium all produce pro-inflammatory
cytokines involved in the catabolic process
in KOA.2 This is in line with the reported
efficacy of non-steroidal anti-inflammatory
drugs (NSAIDs) and steroids in treatment
of KOA. Intra-articular hyaluronic acid
injections have also been used with good
results on KOA thanks to its anti-inflamma-
tory, local analgesic, anabolic, and chon-
droprotective activities with a very low rate
of adverse reactions.6 However, long term
efficacy of these therapies has been ques-
tioned by several authors.7

Zuk et al.8 first reported on the possibil-
ity of obtaining high quantity of mesenchy-
mal stem cells (MSC) from harvested adi-
pose tissue with low morbidity related to
the harvesting technique. More recently,
intra-articular injection of adipose-derived
stem cells and stromal vascular fraction
(SVF) has been shown to be effective in
reducing inflammation and pain and
increasing range of motion (ROM) in
osteoarthritis affected joints.9

The aim of this study was to evaluate
the benefits of intra-articular injection of
fresh fat derived stromal vascular fraction
(SVF) in terms of pain and function
improvement in a consecutive series of
adult patient affected by knee OA.

Materials and Methods
Following Institutional Review Board

(IRB) approval as part of service evalua-
tion, we retrospectively reviewed all con-
secutive patients who underwent knee intra-
articular injection with fresh fat derived
stromal vascular fraction (SVF) for symp-
tomatic KOA from January 2014 to
December 2017. All patients gave their
written informed consent at enrolment for
the procedure and were included into a
prospective observational database. The
inclusion criteria were: age ≥18 years;
symptomatic KOA (NRS score ≥4) not
responsive to at least 6 months course of
physical therapy and oral pain killers; radio-
graphic confirmed KOA (as defined as
Kellgren-Lawrence score ≥2); no previous
knee surgery. All patients had no concomi-
tant infection, history of cancer or allergy.

All patients underwent knee intra-artic-
ular injection with fresh SVF derived from
autologous body fat. The adipose tissue,
obtained by handmade soft liposuction, was
intraoperatively separated with a specific
kit (MyStemTM kit, MyStem, Italy). SVF
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extraction was performed in the operating
room under sterile conditions according to
manufacturer instructions. Briefly, local
tumescent anesthesia was performed using
a solution of 100 ml of normal saline,
adrenaline 0.1 mg and lidocaine 2% 8 mL;
abdominal subcutaneous tissue was harvest-
ed with manual minimally invasive liposuc-
tion (Figure 1). The harvested tissue is then
transferred to the collection bag where the
adipose portion is separated from the fluid
portion (Figure 2). The fluid portion is then
filtered again through the MyStemTM kit
(Figure 3) to obtain a purified fluid contain-
ing the concentrated SVF portion (Figure
4). The adipose portion is collected (Figure
5), fragmented (Figure 6), and finally mixed
with the purified SVF portion to work as a
scaffold ensuring shock adsorption and vis-
cosupplementation once injected into the
articular space (Figure 7).

Pain and knee function were evaluated
in all the patients at base-line (before injec-
tion) and at 12 months after intra-articular
injection therapy by NRS pain score and
WOMAC scale.

Results
A total of 84 patients (46 females) with

radiographic confirmed knee osteoarthritis
(Kellgren-Lawrence score ≥2) were includ-
ed in the current study. The average age was
57.3±4.2 years (range 34-79). Twenty-two
patients, representing 26% of the sample,
were ≤45 years-old at enrolment and were
affected by post-traumatic KOA. The
remaining 62 patients (74% of the sample)
were ≥45 years-old and were affected by
degenerative and/or post-traumatic KOA.
In 18 patients (10 females and 8 males)
bilateral injection was performed.

Only patients with pre-operative NRS
score ≥4 were enrolled. Average pre-opera-
tive NRS score was 5.8±1.3 and improved to
2.3±0.9, 12 months after intra-articular ther-
apy with SVF (p<0.001). WOMAC pain
score improved from 9.67±3.45 to 2.65±3.45
(p<0.001), while WOMAC stiffness score
improved from 3.15±1.33 to 1.18±1.02
(p<0.001). Significant improvement in knee
ROM was noted as well (Table 1).

All patients reported a consistent
improvement in terms of pain and disability,
with the exception of four patients (4.8%).
Sixty percent of patients were able stop all
pain medication after the procedure, while
the remaining 40% were able to reduce their
daily intake of analgesics.

No major complications were observed
during the study period. Fifteen percent of
patients experienced discomfort and pain at

the site of adipose tissue harvest for more
than three days postoperatively but none of
them reported any residual pain more than
20 days after the procedure. Knee swelling
and pain was noted in 7% of patients for the

first 7 days following the procedure, which
was successfully treated with
acetaminophen and cryotherapy.
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Figure 1. Harvesting fat tissue.

Figure 2. Mechanical separation of fluid portion from adipose portion.

Figure 3. Filtration through MyStem® kit.
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Discussion
KOA is highly prevalent in patients

older than 65 years and a significant source
of pain and disability. Aging is the main risk
factor of KOA as it is associated with pro-
gressive structural changes in articular car-
tilage extracellular matrix (ECM), includ-
ing decreased type II collagen and proteo-
glycans content. Advanced glycosylation
end products also accumulate within the
cartilage, leading to increased cross-linking
and altered biomechanical properties.
Activation of the inflammatory cascade and
progressive imbalance between anabolic
and catabolic cytokines is responsible for
cartilage degradation. In KOA pro-inflam-
matory cytokines such as IL-1, TNF-α, and
MMP-13 are up-regulated. The inflammato-
ry cytokines act by decreasing extracellular
matrix synthesis and increasing matrix
degradation through MMP enzymes up-reg-
ulation.10-12 These changes lead to a progres-
sive loss in the ability of cartilage to adapt
to mechanical stress and load, as well as
pain and joint stiffness.10

Over the years, significant research
efforts have been made in trying to prevent
progressive cartilage degradation by
decreasing pro-inflammatory response in
KOA. Preclinical and clinical investigation
of the possible role of mesenchymal stem
cells (MSCs) in the treatment of chondral
defects is an area of active research.

                                                                                                                             Article

Table 1. Pre- and post-injection clinical scores.

                                                  Baseline                           1-year                               p

NRS                                                           5.8 ± 1.3                                   2.3 ± 0.9                                   <0.001
ROM (°)                                              118.22 ± 14.72                           17.13 ± 5.22                                <0.001
WOMAC pain                                          9.67 ± 3.45                               -7.02 ± 3.45                                <0.001
WOMAC stiffness                                 3.15 ± 1.33                               -1.97 ± 1.02                                <0.001
Data are expressed as average ± standard deviation; NRS, numeric rating scale; ROM, range of motion; WOMAC, Western Ontario and
McMaster University.

Figure 4. Concentration of mesenchymal cells.

Figure 5. Retake of the adipose portion.

Figure 6. Mechanical fragmentation. Figure 7. Intra-articular injection.
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According to Squillaro et al.13 a total of 493
MSC clinical trial are listed in the US
National Institute of Health (NIH) database.
In 2001, Zuk et al.8 demonstrated that adi-
pose-derived stromal/stem cells (ADSCs)
can be differentiated into chondrocytes,
adipocytes, and osteoblasts paving the way
for a host of studies into the application of
autologous ADSCs in regenerative
medicine. Adipose tissue is a promising
source of stem cells because of its simplici-
ty in harvesting and very low morbidity.
According to Yoshimura et al.14 ADSCs
represent up to 10% (2-10%) of stromal
vascular fraction (SVF) and their results
suggested that human ADSCs might be use-
ful in cell-based therapy approaches. 

In vivo and in vitro studies have shown
that ADSCs have both an anti-inflammatory
and anabolic effect on chondrocytes and
synoviocytes.15 ADSCs act by secreting
large amounts of bioactive molecules in
response to the joint local environment.16

The immunoregulatory effect of intra-artic-
ular stem cells leads to down-regulation of
pro-inflammatory cytokines, inhibition of
T-cell recognition and expansion by inhibit-
ing TNF-α and IFN-γ production, and
increase of IL-10 levels. The bioactive
molecules secreted by ADSCs also inhibit
scarring, cellular apoptosis, stimulate
angiogenesis by releasing VEGF, and stim-
ulate mitosis of  intrinsic tissue progenitor
and stem cells.17,18

Our study shows provides useful clini-
cal data on the efficacy of intra-articular
injection of fresh SVF in relieving symp-
toms of KOA at a relatively long follow-up
(i.e. 12 months). Safety profile of the proce-
dure also was confirmed in our case series.
Similarly, Hong et al.19 compared the effica-
cy in terms of radiographical and clinical
outcomes of SVF and hyaluronic acid injec-
tion in knee osteoarthritis and demonstrated
that SVF provide superior improvements at
1-year follow-up. Our study has some limi-
tations. Systematic MRI evaluation at base-
line and at 12 months follow up was not
performed. Minimum follow-up was 12
months, but we are still following our
patients to assess longer term outcomes.

Finally, our case series includes both post-
traumatic KOA as well as age related KOA.

Conclusions
In conclusion, knee joint fresh SVF

injection for symptomatic treatment of
KOA (Kellgren-Lawrence ≥2) is a safe and
effective procedure with a very low rate of
morbidity both in the harvesting and inject-
ing process. Significant improvement in
terms of pain (NRS scores) and knee func-
tion (WOMAC score and ROM improve-
ment) have been observed in our case series
of adult patients with KOA.
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