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Abstract

Background: Osteoarthritis (OA) is progressive degenerative dam-
age to articular cartilage. Current therapeutic options are reduced
to control the OA-associated symptoms, leaving the degenerative
changes to progress until a joint replacement becomes mandatory.
Therefore, therapeutic alternatives are warranted to improve the pa-
tient’s quality of life. Cell-based therapy is a developing therapeutic
modality, showing promising results in the regeneration of injured
cartilage and reduction of on-going inflammation within the affected
joint. The current retrospective chart review study was aimed to ana-
lyze changes in pain and mobility of subjects with OA after stromal
vascular fraction (SVF) cell therapy.

Methods: Three hundred fifty subjects with hip and knee OA, treated
with autologous SVF cells at the Malacky Hospital (Bratislava, Slo-
vakia) in the period from 2015 to 2018, were included in the retro-
spective chart review study.

Results: Seven days after SVF cell therapy, 45.2% of subjects experi-
enced improved pain levels and mobility. Three, 6, and 12 months after
therapy, improvement in pain levels reached 75.3%, 84.4%, and 84.9%,
and improvement in mobility reached 75.2%, 84.4%, and 84.9%.

Conclusions: Our study of 350 subjects with hip and knee OA
showed a significant improvement in pain levels and mobility 3, 6,
and 12 months compared to 7 days after autologous SVF cell admin-
istration. The treatment demonstrated a strong safety profile with no
severe adverse events or complications reported. The results of the
study are showing that SVF cell therapy was more effective in sub-
jects with arthritis stage III compared to arthritis stages I, II, and IV.
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Introduction

Osteoarthritis (OA) is the common cause of pain and disability
in adult individuals. It is characterized by degeneration of artic-
ular cartilage, inflammation of the synovium tissue, and tendon
[1, 2]. Pathogenesis of OA involves multiple factors, including
age, joint trauma, genetic factors, altered biomechanics, and
obesity [3]. Knee OA-associated pain is well-recognized as
typically transitioning from intermittent weight-bearing pain
to a more persistent, chronic pain [4]. Fatigue, sleep trouble,
psychological stress, poorer perceived health, reduced activ-
ity, function decline, disability, and reduced independence are
consequences of knee OA-associated pain [5]. An increase in
C-reactive protein (CRP) level was associated with the pres-
ence and progression of knee OA, particularly with synovial
fluid interleukin 6 (IL-6) and degree of synovial fluid infiltra-
tion, symptoms of pain, and stiffness [6]. Cartilage destruc-
tion is the result of molecular damage and inability to effec-
tively manage mechanical forces, leading to the production
of a host of inflammatory mediators, which include cytokines
and chemokines [7]. Early OA is characterized by increased
mononuclear cell infiltration and overexpression of inflamma-
tory mediators compared with a late disease [8]. Treatment op-
tions targeting inflammatory processes in this stage might be
most productive for the prevention and therapy of OA [3]. Cur-
rent therapeutic strategies for OA include drugs for control of
pain and inflammation, such as nonsteroidal anti-inflammatory
drugs, analgesics, locally administered corticosteroids, and
viscosupplementation [9]. Tectorigenin has a positive role in
OA restriction because of its anti-inflammatory and antioxi-
dant activities. Wang et al demonstrated the chondroprotective
potential of tectorigenin in the OA process and prevention of
articular cartilage degeneration and chondrocyte apoptosis via
the NF-kB P65 pathway [9]. Stem cell therapy is a developing
therapeutic modality in the treatment of OA. Adipose tissue-
derived stromal vascular fraction (SVF) contains a variety of
cells, including mesenchymal stem cells (MSCs), which is a
promising therapeutic option for OA. With the application of
conventional liposuction and isolation methods, SVF in adi-
pose and connective tissues can be easily obtained from pa-
tients [10]. Michalek et al showed significant improvement
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in OA symptoms, particularly pain reduction and decrease in
nonsteroidal anti-inflammatory drug usage in a large group of
1,128 patients with OA [11]. Numerous clinical studies have
been published about OA treatment with autologous adipose
SVF. However, a limited number of clinical studies include a
large group of subjects. Efficacy assessments mostly include
evaluation of pain, joint movement, joint stiffness, and non-
steroidal anti-inflammatory drug usage in the general group of
OA patients. In the present retrospective chart review study,
we analyzed not only changes in pain and mobility parameters
but also the correlation of improved parameters with the arthri-
tis stage in a group of 350 subjects with OA.

Materials and Methods

Study subjects and methods

Three hundred fifty subjects with hip and knee OA, treated
with autologous SVF cells at the Malacky Hospital (Bratislava,
Slovakia) in the period from 2015 to 2018, were included in
the retrospective chart review study. There were 202 male sub-
jects (58%) and 148 female subjects (42%), aged 27 - 79 in the
male group, 54.5 £ 0.7 (mean + the standard error of the mean
(SEM)) and 20 - 79 in the female group (56.3 + 0.9). Affected
areas included knee (63%), hip (31%), knee with the hip (6%).
Based on clinical and X-ray or magnetic resonance imaging
(MRI) examination, 64 (18.3%) subjects were diagnosed with
stage 11, 63 (18%) with stage 111, 57 (16.4%) with stage II - III,
50 (14.3%) with stage III - 1V, 27 (8%) with stage IV of OA.
The reaming 89 subjects (25%) had different combinations of
stages | - IV of the knee and hip OA. Body mass index (BMI)
was calculated as weight (kg) divided by the square of height
(m?). Evaluation of BMI showed the following distribution:
one subject was underweight (0.3%) (BMI is below 18.5), 55
subjects (15.7%) had normal BMI (BMI is 18.5 - 24.9), 132
subjects were overweight (37.7%) (BMI is 25.0 - 29.9), and
162 subjects (46.3%) were obese (BMI is 30.0 and above). The
mean BMI was 30.1 + 0.3. Habits evaluation showed the fol-
lowing: the smoking group included 84 subjects (24.9%), and
the alcohol-consuming group included 97 subjects (28.8%).
The group with pre-existing conditions included 90 subjects
(25.7%). All subjects provided informed consent. All subjects
underwent standard tumescent liposuction under the local an-
esthesia to obtain 50 - 150 mL of lipoaspirate. The adipose
tissue was processed using the centrifugation techniques in
the cell processing room of the hospital following the stand-
ard operating procedures. In this procedure, autologous SVF
cells were produced without culture. SVF cells were resus-
pended in the patient’s platelet-rich plasma and saline solution
and administered into hip and knee joints via intra-articular
injection. The study was approved by the Institutional Review
Board of the Institute of Regenerative and Cellular Medicine
(IRCM-2017-137) and by the Ministry of Health of the Slovak
Republic. All procedures followed were in accordance with
the ethical standards of the responsible committee on human
experimentation (institutional and national) and with the Hel-
sinki Declaration of 1975, as revised in 2000 (5).
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Data collection, outcomes assessed, and scales

Patients charts were reviewed, and the following data were
collected: age, gender, BMI, pre-existing conditions (stroke,
high blood pressure, diabetes, respiratory illness, chronic
kidney disease, cardiovascular disease), habits (smoking and
alcohol consumption), pain and mobility scales data, arthritis
stage. Pain and mobility assessment scales indicated current
changes in pain intensity and mobility compared to that before
treatment. The assessment scales were administered 7 days,
3, 6, and 12 months after therapy. Pain intensity and mobility
changes were graded using the following scale: (-1) worse; (0)
no change; (1) improved; (2) much improved.

Statistical analysis

Quantitative data are given as mean = SEM. Differences be-
tween the two groups were quantified using the Mann-Whit-
ney Rank Sum Test. When comparing the differences between
several groups, the one-way analysis of variance was used. A
significant level of 0.05 was used for all statistical tests. Statis-
tical analysis was performed with the application of SigmaStat
3.5 software.

Results

No complications associated with the processing of adipose
tissue or preparation of SVF cells were noticed. Follow-up ex-
amination of subjects 7 days, 3, 6, and 12 months after SVF
therapy showed that subjects did not experience adverse reac-
tions connected to treatment, further demonstrating the safety
of SVF therapy.

Pain and mobility assessments were conducted 7 days,
3, 6, and 12 months after SVF cell therapy. Seven days af-
ter treatment, 45.2% of subjects experienced improved pain
levels. Three, 6, and 12 months after treatment, the number
of subjects with improvement in pain levels reached 75.3%,
84.4%, and 84.9% correspondingly (Table 1). A statistically
significant improvement in subjects’ pain levels was observed
3, 6, and 12 months compared to 7 days after treatment (P <
0.05). No statistically significant difference was observed in
the subjects’ pain levels between 3-, 6- and 12-month post-
therapy time.

Improvement in mobility was in 45.2% of subjects 7 days
after therapy. The subjects’ number with improvement in mo-
bility reached 75.2% 3 months, 84.4% 6 months, and 84.9%
12 months after treatment (Table 2). Improvement in subjects’
mobility was statistically significant 3, 6, and 12 months com-
pared to 7 days after treatment (P < 0.05). The difference in
subjects’ mobility between 3-, 6- and 12-month post-therapy
period was not significant.

After adipose tissue-derived SVF cell therapy, the bet-
ter outcome was observed in subjects with arthritis stage III
compared to arthritis stages I, II, and IV. Improvement in pain
levels and mobility was observed in 52.6% of subjects with
arthritis stage I1I (Table 3).
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Table 1. Changes in Pain Levels After SVF Cell Therapy

Follow-up interval (n of evaluated subjects) Improvement, n (%) No change, n (%) Deterioration, n (%)
7 days (345 subjects) 156 (45.2%) 180 (52.2%) 9 (2.6%)
3 months (339 subjects) 255 (75.3%) 76 (22.4%) 8 (2.3%)
6 months (346 subjects) 292 (84.4%) 46 (13.3%) 8(2.3%)
12 months (344 subjects) 292 (84.9%) 44 (12.8%) 8(2.3%)

SVF: stromal vascular fraction.

The number of overweight and obese patients with arthritis
stages III - IV and IV were statistically different from the un-
derweight and normal weight having patients (P < 0.001). The
small number of patients in the smoking and alcohol-consum-
ing groups did not allow to do a statistical correlation of these
factors with arthritis stages III - IV and I'V. One hundred nine-
ty-five subjects did not experience improvement in pain levels
after SVF therapy. Among them, 43 subjects (47.8% from the
general number of 90 subjects with pre-existing conditions)
had pre-existing conditions. Statistical analysis showed that a
high percentage of patients with pre-existing conditions in the
group of patients who did not experience improvement in pain
levels are not random (P < 0.001). Statistical analysis did not
reveal the impact of pre-existing conditions on the improve-
ment of mobility after SVF therapy. Because most subjects
were overweight (294 subjects, 84.0%), the statistical correla-
tion of SVF treatment efficacy to the BMI was not revealed.
There was no statistically significant impact of smoking and
alcohol consumption on the efficacy of SVF treatment.

Discussion

In the present study, we reported the safety and efficacy of adi-
pose tissue-derived SVF cell therapy in 350 subjects with hip
and knee OA.

OA is a multifactorial disease characterized by changes in
the structure and function of the whole joint. Mechanical fac-
tors have a central role in this multifactorial process [12-14].
The most commonly used existing treatments for OA (such

Table 2. Changes in Mobility After SVF Cell Therapy

as nonsteroidal anti-inflammatory drugs, cyclo-oxygenase-2
inhibitors, and total joint replacement) are causing adverse
events compared with conservative interventions such as ex-
ercise, weight loss, braces, and orthotics [15]. To date, there
is no cure from OA, and current therapeutic strategies are
primarily aimed at reducing pain and improving joint func-
tion. Cell-based therapy is a new investigational approach
that holds promise to enhance recovery from OA [16]. SVF
cell therapy for OA is a rapid, effective, and safe method that
significantly improves the quality of life in patients with OA
[17]. The cell types found in the SVF include preadipocytes,
fibroblasts, adult mesenchymal stem cells, monocytes, mac-
rophages, lymphocytes, as well as pericytes related to angio-
genesis [18]. Mesenchymal stem cells can migrate to sites of
injury, inhibit pro-inflammatory pathways, and promote tissue
repair through the release of anabolic cytokines and direct dif-
ferentiation into an array of specialized connective tissue cells
[19]. Autologous blood products such as platelet-rich plasma
act as an adjuvant of surgical treatment and its intra-articular
delivery showed beneficial effects for OA treatment [20]. In
our study, to maximize the therapeutic effect, SVF cells were
combined with platelet-rich plasma and administered via in-
traarticular injection.

Published clinical studies have mostly analyzed the effi-
cacy of SVF cell therapy on a small number of patients. Also,
these studies do not describe the correlation of improved symp-
toms with the arthritis stage. In the current retrospective chart
review study, we analyzed the effect of SVF cell therapy on the
improvement of pain levels and mobility in 350 subjects with
OA. The results of the study are concordant with several previ-

Follow-up interval (n of evaluated subjects)

Improvement, n (%)

7 days (341 subjects)

3 months (342 subjects)
6 months (346 subjects)
12 months (344 subjects)

154 (45.2%)
257 (75.2%)
292 (84.4%)
292 (84.9%)

No change, n (%) Deterioration, n (%)
178 (52.2%) 9 (2.6%)
77 (22.6%) 7 (2.2%)
26 (13.3%) 8(2.3%)
44 (12.8%) 8(2.3%)

SVF: stromal vascular fraction.

Table 3. Correlation of Measures of Treatment Efficacy With the Arthritis Stage

Arthritis classification (n of evaluated subjects)

Measures of treatment efficacy

L I-1L IL I - I (216) 111 (57) I - IV, IV (77)
Improvement in pain, n (%) 86 (39.8%) 30 (52.6%) 19 (24.7%)
Improvement in mobility, n (%) 81 (37.5%) 30 (52.6%) 16 (20.7%)
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ous clinical studies [20-22]. Furthermore, for the first time, the
results of the current study indicate that autologous SVF cell
therapy is more effective in subjects with arthritis stage II1. The
limitations of this study are retrospective nature and the lack of
a placebo group. The efficacy of SVF cell therapy for OA needs
to be confirmed by further controlled long-termed studies.

In conclusion, our study of 350 subjects with hip and knee
OA demonstrated a significant improvement in pain levels and
mobility 3, 6, and 12 months compared to 7 days after autol-
ogous SVF cell therapy. Cell therapy demonstrated a strong
safety profile with no severe adverse events or complications
reported. Subjects with arthritis stage III showed better out-
comes after SVF cell therapy, compared to arthritis stages I,
I, and IV. Autologous SVF therapy is a rapid, effective, and
safe method that significantly improves the quality of life in
patients with OA.
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