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Abstract: Knee osteoarthritis (KOA) is one of the most common musculoskeletal disorders. Much
progress has been made in regenerative medicine for the symptomatic treatment of KOA, including
products containing stromal vascular fraction (SVF) and platelet-rich plasma (PRP). The aim of this
study was to evaluate clinical and radiological findings after the application of autologous condi-
tioned adipose tissue (ACA) and leukocyte-poor PRP (LP-PRP) in patients with mild to moderate
KOA. A total of 16 patients (eight male and eight female) with changes related to KOA on the
magnetic resonance imaging (MRI), but without severe osteophytosis, full-thickness cartilage loss,
or subchondral bone involvement were included in this study. Patients received an intraarticular,
ultrasound-guided injection of ACA and LP-PRP. Clinical scores, including a visual analog scale
for pain (VAS), Knee Injury and Osteoarthritis Outcome Score (KOOS), and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) were evaluated at baseline and at the three
and six month follow-ups showing a statistically significant improvements at three and six months
post-intervention. Furthermore, the delayed gadolinium-enhanced MRI of the cartilage (dGEMRIC)
indices were evaluated at baseline and at the three and six month follow-ups showing no significant
changes after treatment with ACA and LP-PRP, which were actually equal to the dGEMRIC indices
measured in the control group (hyaluronic acid applied in contralateral knees without osteoarthritis).
ACA with LP-PRP presents a viable minimally invasive therapeutic option for the clinical improve-
ment of mild to moderate KOA. However, MFAT produced by different systems is likely to differ in
cellular content, which can directly affect the paracrine effect (cytokine secretion) of mesenchymal
stem cells and consequently the regeneration process.

Keywords: knee osteoarthritis; mesenchymal stem cells; stromal vascular fraction; adipose tissue;
platelet-rich plasma
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1. Introduction

Osteoarthritis (OA) is one of the most common musculoskeletal pathologies with over
654 million patients worldwide, while this number is expected to rise due to an aging and
a progressively obese world population [1]. It affects 21.7% of women and 11.9% of men
over 40 years of age. The most predominantly affected joint in OA is the knee [2]. The high
prevalence of this disease in older population groups, and the immense costs associated
with this disease create a precarious situation for healthcare systems to find more affordable
alternatives [3,4]. Due to the inefficiencies of the current nonoperative treatment of OA,
there is a financial burden on both the patient and the healthcare system [4,5].

In recent years orthobiologic therapies offered great potential in the treatment of
OA [6]. Options, such as the application of stromal vascular fraction (SVF) and microfrag-
mented adipose tissue (MFAT) have shown encouraging results in the treatment of patients
with knee osteoarthritis (KOA), including clinical and radiological improvements [7-10].
SVF is obtained through either mechanical or enzymatic degradation of lipoaspirate. En-
zymatically, SVF can be obtained with the use of collagenase and centrifugation. Still the
subject of discussion, mechanical isolation of SVF can be performed through a combination
of centrifugation and intersyringe processing. Both methods have proven similar chondro-
genic potentials in vivo [11]. If obtained correctly, SVF has shown excellent clinical results
with a significant reduction in pain scores [12-15].

The alternative biological method that has been widely used in the past decade is the
application of platelet-rich plasma (PRP). To be considered PRP, the platelet concentration
must be 1,000,000 platelets/puL in a 5 mL volume of plasma [16]. However, there is
significant heterogeneity in preparation systems of PRP, such as leukocyte-rich, leukocyte-
poor PRP (LP-PRP), and others [17-19]. The plethora of growth factors present in PRP
makes it an excellent therapeutic tool in the treatment of KOA [17,20-22]. Although PRP
has shown great clinical results for patients with mild to moderate KOA, the current school
of thought is to combine the two therapeutic methods to create a synergistic effect.

The aim of this study was to evaluate the effects of combination therapy with autolo-
gous conditioned adipose tissue containing SVF (ACA-SVF) and adjunct LP-PRP for mild
to moderate KOA.

2. Materials and Methods
2.1. Study Design

This prospective, non-randomized, interventional, single-center, and open-label clini-
cal study involved patients with primarily mild to moderate KOA who received a combina-
tion of ACA and LP-PRP. Mild to moderate KOA is defined as the presence of osteoarthritic
knee changes but without diffuse full-thickness cartilage loss with underlying subchondral
bone reactive changes in any joint surfaces (grade IV defects according to the International
Cartilage Research Society (ICRS) based on the modified Outerbridge system). Clinical
results were noted by filling out clinical questionnaires prior to intervention and 3 and
6 months after the intervention. All patients signed informed consent before being in-
cluded in the study. The study was conducted in St. Catherine Specialty Hospital, Zabok,
Croatia. We confirm that all methods were performed following the relevant guidelines
and regulations. The study was approved by the St. Catherine’s Ethical Committee,
authorization No: 21/3-1.

2.2. Participants

A total of 16 patients (8 male and 8 female) with KOA were included in this study. All
the study participants were clinically examined by an orthopedic surgeon, and a magnetic
resonance imaging (MRI) of the affected knee was performed along with standard knee X-
rays. Unaffected knees, without KOA (contralateral knees of the same patients) were treated
with hyaluronic acid (HA) (Hyalubrix® 60, Fidia Farmaceutici S.P.A., Abano Terme, Italy)
to compare the dGEMRIC indices with knees with KOA treated with ACA and LP-PRP.

Patient inclusion and exclusion criteria are described in Table 1.
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Table 1. Patient inclusion and exclusion criteria.

1.  patients with KOA
Patient inclusion criteria 2. patients older than 18 years and younger than
75 years

patients with malignant disease
patients with systemic inflammatory diseases (e.g.,
rheumatoid arthritis)
e  patients with diffuse grade IV chondromalacia
according to the ICRS classification
e  patients with an unstable knee on clinical exam or
with visible anterior cruciate ligament tear on MRI
e  patients with acute meniscal lesions or injuries of
other knee structures as the main cause of pain and
other symptoms
patients with a history of knee surgery
patients with mental illness (patients in whom
cooperation cannot be expected during the study)
e  patients who are found to be unable to respond to
follow-up examinations

Patient exclusion criteria

2.3. Clinical Questionnaires

All patients were screened by an orthopedic examination following which they an-
swered the orthopedic questionnaires related to KOA: the KOOS (Knee Injury and Os-
teoarthritis Outcome Score), the WOMAC (Western Ontario and McMaster Universities
Osteoarthritis Index), and the pain level was assessed using a visual analog scale (VAS). For
patients that were included in this study, clinical questionnaires were assessed at baseline
and 3 and 6 months after the intervention. In the follow-up period, the patients were
instructed to maintain normal daily activities.

2.4. Delayed Gadolinium-Enhanced Magnetic Resonance Imaging of Cartilage
(dGEMRIC) Protocol

MR imaging was performed on a 1.5 T magnet (Avanto; Siemens, Erlangen, Germany)
using a dedicated knee coil (Siemens, Erlangen, Germany). The severity of early OA in this
study cohort was determined, according to the MRI, by an experienced musculoskeletal
radiologist using the scoring system introduced by the International Cartilage Research
Society (ICRS) based on the modified Outerbridge system.

After the completion of the clinical examination and the questionnaires, the patients
were given intravenous contrast (gadolinium) to perform dGEMRIC.

Each subject received gadolinium diethylene triamine penta-acetic acid (Dotarem;
Guerbet, Roissy CgG Cedex, Villepinte, France), 0.2 mmol/kg, administered with an in-
jection time of less than 5 min through an IV infusion catheter placed in the antecubital
vein with the patient in the supine position. The administered MRI contrast agent was
the same for all patients because the MRI contrast agent was always applied under the
same conditions: contrast agent temperature, magnetic field strength, and contrast agent
concentration. The subjects waited 5 min after injection, then exercised by walking up
and down the stairs and continued to walk on a flat surface for approximately 10 min to
stimulate delivery of the contrast agent to the joint. Post-contrast imaging of the cartilage
was performed 60 min after contrast administration. The dGEMRIC index was obtained by
an experienced musculoskeletal radiologist using syngoMaplt software (Siemens, Erlangen,
Germany). Seven different articular facets were analyzed, and the dGEMRIC index was
calculated: the medial and lateral femoral condyle, femoral trochlea, medial and lateral
tibial condyle, and both patellar facets, before the intra-articular application of stem cells
and in any subsequent MRI examination at 3, and 6 months after the intra-articular applica-
tion of ACA-SVF and LP-PRP. Regions of interest (ROIs), in which an average dGEMRIC
index was calculated, were manually drawn to consistently cover the same weight-bearing
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part of each articular cartilage facet. Articular facets on which the dGEMRIC index was not

“" o

measured were labeled as “-”.

2.5. Lipoaspiration and ACA Production

The patients were referred to the day surgery unit with an average admission of three
hours. The surgical part of the procedure was performed in an operating theater. The
patients were placed in a supine position; the abdominal skin was treated with antiseptic
lotion Dermoguard® (Antiseptica, Pulheim, Germany), rinsed with Aqua pro injectione
solution (HZTM, Zagreb, Croatia), dried out, and disinfected with Skin-Des® solution
(Antiseptica, Pulheim, Germany). Injection of 2% lidocaine was administered to the incision
site, after which a 2-3 mm incision was made. The minimally invasive surgical procedure
included an infiltration step, in which a total of 250 mL of the saline solution was prepared
with a 40 mL of a 2% lidocaine solution (Lidokain®, Belupo, Koprivnica, Croatia) and 1 mL
epinephrine hydrochloride (1 mg/mL) (Suprarenin®, Sanofi-Aventis, Berlin, Germany)
was injected into the abdominal subcutaneous adipose tissue. In the aspiration step, a
standard lipoaspiration technique was performed, and the harvested fat was collected by a
Carraway Harvester (2.1 mm X 15 cm) connected to a VacLock syringe (Arthrex, Munich,
Germany) that was inserted through a small stab incision where up to 60 mL of adipose
tissue was collected into the syringe by the vacuum created by the system. Steristrips
(3M) were taped, and compression bandages were applied over the incisions to prevent
hematoma formation.

The obtained lipoaspirate was divided into several (up to 4) separate syringes (Arthrex
ACP® Double-Syringe System (Arthrex, Munich, Germany)) and centrifuged for 4 min
at 2500 rpm. Upon completion of centrifugation, 3 layers within the syringe were distin-
guished. The lowest layer, the aqueous fraction, was poured out, while the highest layer,
the layer of broken adipocyte oil, was removed using the Arthrex ACP® Double-Syringe
System. The middle layer, a layer of autologous conditioned adipose tissue (ACA), was
mixed with the same layers of the other syringes through a 1.4 mm wide transfer device
at least 30 times to obtain a homogenized adipose tissue product (ACA Microfat). ACA
Microfat was centrifuged again for 4 min at 2500 rpm. Again, the o0il, which was in the
upper layer, was separated and discarded, and the aqueous fraction poured out. The
middle layer, consisting of ACA-SVF containing adipose-derived mesenchymal stem cells,
was used as the final product for application to the patient’s knee joint. All the patients
received 2 mL of ACA-SVF in combination with LP-PRP.

2.6. LP-PRP Protocol

A 90 mL sample of venous blood was taken from the patient to prepare LP-PRP using
the Arthrex Angel System™. The settings were adjusted to increase the number of platelets
to 5.57-fold while keeping the leukocyte and neutrophil levels at 0.78 and 0.53 in relation to
normal venous blood. The final LP-PRP volume was set to 5 mL. In patients where less
than 5 mL of LP-PRP was obtained, platelet-poor plasma (PPP) was added to the mixture
so that the final volume was equal to 5 mL.

2.7. Application of ACA + LP-PRP

Finally, the ACA (2 mL) was mixed with LP-PRP (5 mL) to form the final product.
After disinfection of the puncture site, a 21-gauge needle was inserted into the synovial
space of the knee joint guided by ultrasound. Synovial fluid was drawn from the knee, and
a combination of ACA and LP-PRP was injected through the same needle used to aspirate
the synovial fluid. Upon completion of the procedure, patients spent approximately 2 h in
the hospital and were discharged home afterward.

2.8. Follow-Up Appointments

All patients arrived for a follow-up examination 3 and 6 months after the initial treat-
ment. During these intervals, patients underwent magnetic resonance imaging (dGEMRIC)
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of the knee to determine the morphological and molecular state of the cartilage and its
response to the combined ACA and LP-PRP therapy. Afterward, the patients answered the
orthopedic questionnaires (VAS, KOOS, and WOMAC) to compare the clinical findings
with the results before the initial treatment, thus assessing the clinical response to the ACA
and LP-PRP therapy.

2.9. Statistical Analysis

A statistical analysis of the obtained data was performed in the software package
IBM SPSS Statistics 23.0 (SPSS, Chicago, IL, USA). Graphs were created in GraphPad
Prism version 9.4.1. for Windows (GraphPad Software, San Diego, CA, USA). Descriptive
statistical methods were used to describe the frequency of the investigated variables. The
normality of the distribution of the variables was tested by the Kolmogorov-Smirnov test.
We used Friedman’s test to compare three or more paired groups and the Wilcoxon matched
pairs test to determine the differences between two paired groups (repeated measurements
within the same group of subjects).

3. Results
3.1. Visual Analog Scale (VAS)

Patients were followed-up at three and six months for a score assessment during rest
and movement. The results demonstrated no statistical difference in VAS scores between the
two genders. However, there was a statistically significant VAS improvement in response
to therapy at three and six months at both rest and during movement (Figure 1, Table 2).
The mean scores for VAS in rest decreased from 3.00 to 1.00 at three months and then finally
to 0.50 at six months. The mean scores for VAS in movement decreased from 6.00 to 2.00 at
three and six months after the intervention.

107 | * | 107 : ,
|—|* *
8 8
. |
Z 6 § 6 T
7)) o
< £
> 4 g 4
>
2- 2
0 T T o T
0 3 6 0 3 6
Time/month Time/month
A B

Figure 1. Box-plots show the distribution of visual analog scale (VAS) scores for pain in rest (A) and
movement (B) at baseline and at 3 and 6 months after the application of autologous conditioned
adipose tissue and leukocyte-poor platelet-rich plasma. Statistically significant VAS improvement in
response to therapy was observed at 3 and 6 months at both rest and during movement. *—p < 0.05
(Wilcoxon test).
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Table 2. Median values of VAS, KOOS, and WOMAC scores. M—median; IQR—interquartile
range; SD—standard deviation; TO—baseline score; T3—score after 3 months; T6—score after
6 months; VAS—Visual analog scale;, KOOS—Knee Injury and Osteoarthritis Outcome Score;
WOMAC—Western Ontario and McMaster Universities Osteoarthritis Index.

T0 3 T6 (KruskZlYVi:/l;;s Test)

M 3.00 1.00 0.50

VAS-Rest IOR 2.00 2.00 2.00 <0.001
SD +1.797 +1.063 +1.628
M 6.00 2.00 2.00

VAS-Active IQR 3.00 4.75 5.00 0.002
SD +2.066 +2.613 +2.277
M 76.79 94.64 100.00

KOOS Symptoms IQR 2143 2143 16.96 0.001
SD +16.24 +10.93 +9.873
M 65.28 81.94 90.28

KOOS Pain IQR 40.28 25.00 30.56 0.017
SD +21.42 +15.00 +17.22
M 75.00 89.71 96.32

Eggiﬁi‘gﬁes of IOR 34.93 23.16 24.26 0.014
SD +20.00 +14.91 +15.37
M 27.50 55.00 70.00

Egcroeitsiggfésgim IOR 56.25 58.75 63.75 0.006
SD +28.72 +29.71 +29.42
M 37.50 50.00 53.13

KOOS Quality of Life IQR 29.69 54.69 43.75 0.064
SD +26.81 +29.75 +27.28
M 5.00 1.50 1.00

WOMAC Pain IQR 8.00 6.75 450 0.009
SD +4.423 +3.637 +3.856
M 2.00 0.00 0.00

WOMALC Stiffness IOR 3.00 275 1.50 0.014
SD +2.160 +1.455 +1.559
M 18.50 5.00 2.50

WOMAC Function IOR 19.00 14.50 12.75 0.006
SD +10.92 +9.793 +9.858
M 27.50 7.50 4.00

Total WOMAC IQR 24.00 20.50 23.25 0.005

SD +15.75 +13.87 +14.08
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Table 2. Cont.

T0 3 T6 (KruskfllY\j:};Tis Test)
10 13 T6 (Frifd‘r]r?:;\etest)

M 3 1 05

VAS-Rest IQR 2 2 2 <0.0001
SD +1.797 +1.063 +1.628
M 6 2 2

VAS-Active IQR 3 475 5 <0.0001
SD +2.066 +2.613 +2.277
M 76.79 94.64 100

KOQOS Symptoms IQR 21.43 21.43 16.96 <0.0001
SD +16.24 +10.93 +9.873
M 65.28 81.94 90.28

KOOS Pain IOR 40.28 25 30.56 <0.0001
SD +21.42 +15.00 +17.22
M 75 89.71 96.32

ggigsﬁ‘f;‘gﬁes of IQR 3493 23.16 24.26 0.0001
SD +20.00 +14.91 +15.37
M 275 55 70

Egiigggf;jgim IOR 56.25 58.75 63.75 <0.0001
SD +28.72 +29.71 +29.42
M 375 50 53.13

KOOS Quality of Life IQR 29.69 54.69 43.75 0.0004
SD +26.81 +29.75 +27.28
M 5 15 1

WOMAC Pain IOR 8 6.75 45 <0.0001
SD +4.423 +3.637 +3.856
M 2 0 0

WOMAC Stiffness IQR 3 2.75 1.5 <0.0001
SD +2.160 +1.455 +1.559
M 185 5 25

WOMAC Function IQR 19 14.5 12.75 0.0003
SD +10.92 +9.793 +9.858
M 275 75 4

Total WOMAC IQR 24 205 23.25 0.0002
SD +15.75 +13.87 +14.08

3.2. Knee Injury and Osteoarthritis Outcome Score (KOOS)

There were statistically significant increases in the KOOS symptoms subscores across

all time points (three and six months) when compared to the baseline score before inter-
vention. The median value steeply increased from the baseline of 76.79 to 94.64 at three
months and finally reached 100.00 at the end of the six month follow-up (Figure 2A, Table 2).
Furthermore, a statistically significant increase was observed in the KOOS pain scores at
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150,

three and six months when compared to the baseline score before intervention. A steady
increase from the median baseline value of 65.28 to 81.94 at three months and then 90.28
was noted (Figure 2B, Table 2). A statistically significant increases in the KOOS Activities
of Daily Living subscore were observed after the therapeutic intervention when compared
to the baseline scores. The mean scores increased from 75.00 to 89.71 at three months and
then finally to 96.32 at six months (Figure 2C, Table 2). The KOOS Sport and Recreation
Function subscore was also found to be statistically significant by the increase in values
when compared to the baseline scores (Figure 2D, Table 2). Median values rose from 27.50
to 55.00 at the three months follow-up and at six months it increased further to 70.00.
Increases in KOOS Quality of Life subscores values were found (Figure 2E, Table 2). A
statistically significant improvement in the KOOS Quality of life score was observed by
a rise in median values from the baseline 37.50 to 50.00 at three months and 53.13 at the
six months follow-up.
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Figure 2. Cont.



J. Pers. Med. 2023, 13, 47 9 of 15
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Figure 2. Box-plots show the distribution of Knee Injury and Osteoarthritis Outcome Scores (KOOS)
subscores for symptoms (A), pain (B), activities of daily living (C), sport and recreation function (D),
and quality of life (E) at baseline and at 3 and 6 months after application of autologous conditioned
adipose tissue and leukocyte-poor platelet-rich plasma. There was a significant improvement in
all subscores at 3 and 6 months after the therapeutic intervention when compared to the baseline.
*—p < 0.05 (Wilcoxon test).
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3.3. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)

There was a statistically significant decrease in the WOMAC pain subscores across
all time points (three and six months) when compared to the baseline score before inter-
vention. The median value steeply decreased from the baseline of 5.00 to 1.50 at three
months and reached 1.00 at the end of the 6-month follow-up (Figure 3A, Table 2). Further-
more, a statistically significant decrease was observed in the WOMAC Stiffness scores at
three and six months when compared to the baseline score. A decrease from the median
baseline value of 2.00 to 0.00 at three and six months was noted (Figure 3B, Table 2). A
statistically significant decrease in the WOMAC function subscore was observed after the
therapeutic intervention when compared to the baseline scores. The mean scores decreased
from 18.50 to 5.00 at three months and then to 2.50 at six months (Figure 3C, Table 2).
Finally, the total WOMAC score significantly decreased from the median baseline value
of 27.50 to 7.50 three months after the intervention and to 4.00 at the six month follow-up
(Figure 3D, Table 2).

20, . 100 - |
r . 1 |;{
A " 8
c 15 7,
c L)
S £
Q = 6
g 10 O
o) < 4l
= s 4
51 = )
c . . T T
0 3 6 0 0 3 6
Time/month Time/month
A B
40 — | 60- — 1
5 30 T
2 < 40
3 o)
G 20 =
g g
S = 20
10
c T T c T T
0 3 6 0 3 6
Time/month Time/month
C D

Figure 3. Box-plots show the distribution of Western Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC) subscores for pain (A), stiffness (B), function (C), and the total score (D) at
baseline and at 3 and 6 months after application of autologous conditioned adipose tissue and
leukocyte-poor platelet-rich plasma. There was a significant improvement in all subscores 3 and
6 months after the therapeutic intervention compared to the baseline. *—p < 0.05 (Wilcoxon test).
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3.4. dAGEMRIC

The magnetic resonance imaging using the dGEMRIC index showed no significant
improvement in the glycosaminoglycan (GAG) composition of the cartilage in the knees
treated with ACA-SVF and LP-PRP at 3- and 6-month follow-ups when compared to the
baseline values for each of the analyzed compartments, including medial and lateral femur,
medial and lateral tibia, trochlea, and medial and lateral patella (Figure 4).

Figure 4. Sagittal MRI magnetic resonance imaging (MRI) slices through the center of the knee ac-
cessing the patellofemoral joint osteoarthritic changes using fat-suppressed proton-density-weighted
turbo spin-echo method at baseline (A), 3 months (B), and 6 months (C) follow-ups with correspond-
ing delayed gadolinium-enhanced MRI of the cartilage (dGEMRIC) images (D-F). No changes were
seen when dGEMRIC indices were calculated.

4. Discussion

The results of the presented study indicate that patients experienced statistically
significant clinical improvements, as seen in the reduction in the VAS and WOMAC scores
and the increase in KOOS from the baseline values to the follow-up periods of three and six
months. These changes were observed in the total test scores and in the test subcategories.
This is in line with previous studies [23-27]. It was shown earlier that SVF and PRP can
influence paracrine activity through the various factors secreted, which include: PDGF,
TGEF, VEGE, EGF, FGF, CTGF, IGF-1, HGF, KGF, Ang-1, PF4, SDF-1, and TNF [17,28-30].
It is the presence of these factors that are responsible for the anti-inflammatory effects
and are the likely contributors to the improved scores at three and six months [17,28-30].
According to Baria et al. a patient’s degree of activity before the treatment could influence
the clinical outcomes because it could influence the PRP content [31]. In our research, the
physical activity of patients was not reported before the study. Previous research with
MEFAT has shown a statistical improvement in the dGEMRIC values indirectly showing
the glycosaminoglycan (GAG) concentration in the hyaline cartilage [9,10]. However, this
was not observed in the present study. A possible hypothesis explaining this observation
might lay in the quantitative presence of MSCs in MFAT when compared to that of ACA.
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While the work by Zeni¢ et al. proved that the same population of cells (after treating the
samples with 1% collagenase type I) is present in identical ratios in both MFAT and ACA,
the results in this study might be explained by the ACA method used in this study as an
inefficient methodology in obtaining a significant amount of SVF or by the insufficient cell
quantity. [32]. In addition, the total cellular count obtained by the ACA method used in
this study (2 mL) may be less in comparison with the larger volume samples of MFAT from
other systems. Available SVF, as well as a larger quantity of cells could directly influence
cartilage regeneration However, there is no consensus on the dosage of MSCs [33]. Low and
high dosages have both been proven to have a beneficial effect [34]. Gupta et al. showed
that the optimal dose of BM-MSCs might be around 25 x 10° cells, while higher doses were
associated with higher adverse events [35]. Other studies have found that doses between
2 x 10° and 60 x 10° of MSCs, when applied at a greater frequency, were potentially within
a therapeutic range [36]. Eventually, the paracrine effect of MSCs derived from adipose
tissue plays a critical role in cartilage regeneration. Additionally, there is no doubt that
the MFAT produced by different systems is likely to differ in cellular content, which can
directly affect the paracrine effect (cytokine secretion) of mesenchymal stem cells.

Furthermore, Chalal et al. found that higher doses of 50 x 10 BM-MSCs resulted in a
lessening of synovitis and an improvement in the WOMAC scores [37]. Another possible
hypothesis is that the perivascular milieu is less disrupted in MFAT than in ACA-SVF. As
evidenced, pericytes are an in vivo origin of MSCs and play a role in the chondrogenic
potentials of MSCs [38,39]. Therefore, a less disrupted milieu due to minimal manipulation,
or centrifugation, might result in a better function of this important cell group and thus
result in better a chondrogenic potential in vivo [40,41]. However, collagenase-derived
SVF preparations were shown to have a greater chondrogenic potential in vitro than their
mechanically derived counterparts [11,42]. Accordingly, a direct comparison of different
SVF results might lead to false conclusions as the method of extraction in the majority
of research is not clearly identified. However, similar results to MFAT were seen when
comparing studies using enzymatically prepared SVF [12-15]. As such, the clinical effects of
ACA-SVF with LP-PRP therapy could be the result of the anti-inflammatory effects from the
cells and growth factors present [42,43]. Further building on these findings, several studies
have concluded that a more standardized approach should be conducted in terms of which
PRP formulation should be used [43], intending to answer questions posed by currently
available guidelines and with the goal of an eventual inclusion in the guidelines [17,33].

The limitations of this study include a small patient size (the reason for which the
study did not consider age and BMI in the interpretation of results). A further limitation is
the addition to the LP-PRP with PPP to fulfill the volume deficit in the final end product
and an undetermined amount of MSCs that were delivered intraarticularly. The latter
is a constant limiting factor in all the studies in this field, which should be defined in
further work.

5. Conclusions

A combination therapy of ACA and LP-PRP provides excellent clinical and statistically
significant improvements in symptoms in patients with mild to moderate KOA. Overall,
the growing body of evidence supports SVF with PRP as a minimally invasive approach
in the management of KOA. However, the cellular composition of MFAT plays a critical
role in cartilage regeneration. Mesenchymal stem cells from adipose tissue provide an
excellent safety profile and favorable outcomes for patients based on observed pain and
joint function. However, there needs to be a more structured experimental approach, along
with standardization of the terminology concerning the application of all forms of MSCs
and the objectification of outcomes. Furthermore, a more structured selection of patients
regarding KOA staging is necessary before making a final conclusion.



J. Pers. Med. 2023, 13, 47 13 of 15

Author Contributions: Conceptualization, V.M. (Vilim Molnar) and D.P.; methodology, V.M. (Vilim
Molnar), Z.]., V.M. (Vid Matisi¢), I.B., D.H., E.R., D.V., N.S. and M.C.; investigation, V.M. (Vilim
Molnar), V.M. (Vid Matisi¢) and M.C,; writing—original draft preparation, (Vilim Molnar), E.P,, P.B.,
V.M. (Vid Matigi¢) and M.C,; writing—review and editing, 7J].,DH., ER,D.V, D.CK. and D.P;
visualization, P.B.; supervision, D.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of St. Catherine Specialty Hospital (protocol code
21/3-1,9 March 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank the International Society for Applied Biological Sciences (ISABS) for
their continuing support for our research on mesenchymal stem cells.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Cui, A,; Li, H,; Wang, D.; Zhong, J.; Chen, Y.; Lu, H. EClinicalMedicine Global, regional prevalence, incidence and risk factors of
knee osteoarthritis in population-based studies. EClinicalMedicine 2020, 29, 100587. [CrossRef] [PubMed]

Hunter, D.J.; Bierma-Zeinstra, S. Osteoarthritis. Lancet 2019, 393, 1745-1759. [CrossRef] [PubMed]

Uhlig, T.; Slatkowsky-Christensen, B.; Moe, R.H.; Kvien, T.K. The burden of osteoarthritis: The societal and the patient perspective.
Therapy 2010, 7, 605-619. [CrossRef]

Losina, E.; Paltiel, A.D.; Weinstein, A.M.; Yelin, E.; Hunter, D.].; Chen, S.P.; Klara, K.; Suter, L.G.; Solomon, D.H.; Burbine, S.A.;
et al. Lifetime medical costs of knee osteoarthritis management in the United States: Impact of extending indications for total
knee arthroplasty. Arthritis Care Res. 2015, 67, 203-215. [CrossRef]

Lanes, S.F; Lanza, L.L.; Radensky, PW.; Yood, R.A.; Meenan, R.F.; Walker, A.M.; Dreyer, N.A. Resource utilization and cost of care
for rheumatoid arthritis and osteoarthritis in a managed care setting: The importance of drug and surgery costs. Arthritis Rheum.
1997, 40, 1475-1481. [CrossRef]

Primorac, D.; Molnar, V,; Rod, E.; Jelet, Z.; Cukelj, F.; Matisi¢, V.; Vrdoljak, T.; Hudetz, D.; Hajsok, H.; Bori¢, I. Knee Osteoarthritis:
A Review of Pathogenesis and State-Of-The-Art Non-Operative Therapeutic Considerations. Genes 2020, 11, 854. [CrossRef]
Hudetz, D.; Bori¢, I.; Rod, E.; Jeleg, 7.; Kunovac, B.; Polagek, O.; Vrdoljak, T.; Plecko, M.; Skelin, A.; Polancec, D.; et al. Early
results of intra-articular micro-fragmented lipoaspirate treatment in patients with late stages knee osteoarthritis: A prospective
study. Croat. Med. J. 2019, 60, 227-236. [CrossRef]

Hudetz, D.; Jeleg, Z.; Rod, E.; Bori¢, L; Pletko, M.; Primorac, D. The Future of Cartilage Repair. Pers. Med. Healthc. Syst. 2019, 5,
375-411. [CrossRef]

Hudetz, D.; Bori¢, L; Rod, E.; Jeleg, Z.; Radié, A.; Vrdoljak, T.; Skelin, A.; Lauc, G.; Trbojevié-Akmacic, I.; Ple¢ko, M.; et al. The effect
of intra-articular injection of autologous microfragmented fat tissue on proteoglycan synthesis in patients with knee osteoarthritis.
Genes 2017, 8, 270. [CrossRef] [PubMed]

Bori¢, L; Hudetz, D.; Rod, E.; Jeleg, Z.; Vrdoljak, T.; Skelin, A.; Polasek, O.; Ple¢ko, M.; Trbojevi¢-Akmaci¢, I.; Lauc, G.; et al. A
24-month follow-up study of the effect of intra-articular injection of autologous microfragmented fat tissue on proteoglycan
synthesis in patients with knee osteoarthritis. Genes 2019, 10, 1051. [CrossRef]

Chaput, B.; Bertheuil, N.; Escubes, M.; Grolleau, J.L.; Garrido, I.; Laloze, J.; Espagnolle, N.; Casteilla, L.; Sensebé, L.; Varin,
A. Mechanically Isolated Stromal Vascular Fraction Provides a Valid and Useful Collagenase-Free Alternative Technique: A
Comparative Study. Plast. Reconstr. Surg. 2016, 138, 807-819. [CrossRef] [PubMed]

Kim, Y.S.; Choi, Y.J.; Suh, D.S.; Heo, D.B.; Kim, Y.I; Ryu, J.S.; Koh, Y.G. Mesenchymal stem cell implantation in osteoarthritic
knees: Is fibrin glue effective as a scaffold? Am. . Sport. Med. 2015, 43, 176-185. [CrossRef] [PubMed]

Tsubosaka, M.; Matsumoto, T.; Sobajima, S.; Matsushita, T.; Iwaguro, H.; Kuroda, R. The influence of adipose-derived stromal
vascular fraction cells on the treatment of knee osteoarthritis. BMC Musculoskelet. Disord. 2020, 21, 207. [CrossRef] [PubMed]
Hong, Z.; Chen, J.; Zhang, S.; Zhao, C.; Bi, M.; Chen, X,; Bi, Q. Intra-articular injection of autologous adipose-derived stromal
vascular fractions for knee osteoarthritis: A double-blind randomized self-controlled trial. Int. Orthop. 2019, 43, 1123-1134.
[CrossRef] [PubMed]

Fodor, P.B.; Paulseth, S.G. Adipose Derived Stromal Cell (ADSC) Injections for Pain Management of Osteoarthritis in the Human
Knee Joint. Aesthetic Surg. J. 2016, 36, 229-236. [CrossRef]

Marx, R.E. Platelet-Rich Plasma (PRP): What Is PRP and What Is Not PRP? Implant Dent. 2001, 10, 225-228. [CrossRef]


http://doi.org/10.1016/j.eclinm.2020.100587
http://www.ncbi.nlm.nih.gov/pubmed/34505846
http://doi.org/10.1016/S0140-6736(19)30417-9
http://www.ncbi.nlm.nih.gov/pubmed/31034380
http://doi.org/10.2217/thy.10.70
http://doi.org/10.1002/acr.22412
http://doi.org/10.1002/art.1780400816
http://doi.org/10.3390/genes11080854
http://doi.org/10.3325/cmj.2019.60.227
http://doi.org/10.1007/978-3-030-16465-2_1
http://doi.org/10.3390/genes8100270
http://www.ncbi.nlm.nih.gov/pubmed/29027984
http://doi.org/10.3390/genes10121051
http://doi.org/10.1097/PRS.0000000000002494
http://www.ncbi.nlm.nih.gov/pubmed/27307342
http://doi.org/10.1177/0363546514554190
http://www.ncbi.nlm.nih.gov/pubmed/25349263
http://doi.org/10.1186/s12891-020-03231-3
http://www.ncbi.nlm.nih.gov/pubmed/32252731
http://doi.org/10.1007/s00264-018-4099-0
http://www.ncbi.nlm.nih.gov/pubmed/30109404
http://doi.org/10.1093/asj/sjv135
http://doi.org/10.1097/00008505-200110000-00002

J. Pers. Med. 2023, 13, 47 14 of 15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Everts, P; Onishi, K.; Jayaram, P; Lana, ].F; Mautner, K. Platelet-rich plasma: New performance understandings and therapeutic
considerations in 2020. Int. ]. Mol. Sci. 2020, 21, 7794. [CrossRef]

Mazzucco, L.; Balbo, V.; Cattana, E.; Guaschino, R.; Borzini, P. Not every PRP-gel is born equal Evaluation of growth factor
availability for tissues through four PRP-gel preparations: Fibrinet®, RegenPRP-Kit®, Plateltex® and one manual procedure. Vox
Sang. 2009, 97, 110-118. [CrossRef]

Degen, R.M.; Bernard, J.A.; Oliver, K.S.; Dines, J.S. Commercial Separation Systems Designed for Preparation of Platelet-Rich
Plasma Yield Differences in Cellular Composition. HSS J. 2017, 13, 75-80. [CrossRef]

Wang, S.Z.; Rui, Y.F; Tan, Q.; Wang, C. Enhancing intervertebral disc repair and regeneration through biology: Platelet-rich
plasma as an alternative strategy. Arthritis Res. Ther. 2013, 15, 220. [CrossRef] [PubMed]

Knezevic, N.N.; Candido, K.D.; Desai, R.; Kaye, A.D. Is Platelet-Rich Plasma a Future Therapy in Pain Management? Med. Clin.
N. Am. 2016, 100, 199-217. [CrossRef] [PubMed]

Migliorini, F,; Driessen, A.; Quack, V.; Sippel, N.; Cooper, B.; El Mansy, Y.; Tingart, M.; Eschweiler, ]. Comparison between
intra-articular infiltrations of placebo, steroids, hyaluronic and PRP for knee osteoarthritis: A Bayesian network meta-analysis.
Arch. Orthop. Trauma Surg. 2021, 141, 1473-1490. [CrossRef]

Koh, Y.G.; Choi, Y.J. Infrapatellar fat pad-derived mesenchymal stem cell therapy for knee osteoarthritis. Knee 2012, 19, 902-907.
[CrossRef] [PubMed]

Koh, Y.G.; Choi, Y.J.; Kwon, S.K; Kim, Y.S.; Yeo, J.E. Clinical results and second-look arthroscopic findings after treatment with
adipose-derived stem cells for knee osteoarthritis. Knee Surg. Sport. Traumatol. Arthrosc. 2015, 23, 1308-1316. [CrossRef] [PubMed]
Pak, J.; Chang, J.J.; Lee, ].H.; Lee, S.H. Safety reporting on implantation of autologous adipose tissue-derived stem cells with
platelet-rich plasma into human articular joints. BMC Musculoskelet. Disord. 2013, 14, 337. [CrossRef] [PubMed]

Van Pham, P.; Bui, KH.-T,; Duong, T.D.; Nguyen, N.T.; Nguyen, T.D.; Le, V.T.; Mai, V.T.; Phan, N.L.-C.; Le, D.M.; Ngoc, N.K.
Symptomatic knee osteoarthritis treatment using autologous adipose derived stem cells and platelet-rich plasma: A clinical study.
Biomed. Res. Ther. 2014, 1, 2-8. [CrossRef]

Bansal, H.; Comella, K.; Leon, J.; Verma, P.; Agrawal, D.; Koka, P.; Ichim, T. Intra-articular injection in the knee of adipose derived
stromal cells (stromal vascular fraction) and platelet rich plasma for osteoarthritis. J. Transl. Med. 2017, 15, 141. [CrossRef]
Schouten, W.R.; Arkenbosch, J.H.C.; van der Woude, C.J.; de Vries, A.C.; Stevens, H.P,; Fuhler, G.M.; Dwarkasing, R.S.;
van Ruler, O.; de Graaf, E.J.R. Efficacy and safety of autologous adipose-derived stromal vascular fraction enriched with platelet-
rich plasma in flap repair of transsphincteric cryptoglandular fistulas. Tech. Coloproctol. 2021, 25, 1301-1309. [CrossRef]
DiMarino, A.M.; Caplan, A.L; Bonfield, T.L. Mesenchymal Stem Cells in Tissue Repair. Front. Immunol. 2013, 4, 201. [CrossRef]
Molnar, V.; Paveli¢, E.; Vrdoljak, K.; Cemerin, M.; Klari¢, E.; Matisi¢, V,; Bjelica, R.; Brlek, P.; Kovaci¢, I.; Tremolada, C.; et al.
Mesenchymal Stem Cell Mechanisms of Action and Clinical Effects in Osteoarthritis: A Narrative Review. Genes 2022, 13, 949.
[CrossRef]

Baria, M.R.; Miller, M.M.; Borchers, ].; Desmond, S.; Onate, ].; Magnussen, R.; Vasileff, W.K.; Flanigan, D.; Kaeding, C.; Durgam, S.
High Intensity Interval Exercise Increases Platelet and Transforming Growth Factor-p Yield in Platelet-Rich Plasma. PM&R 2020,
12,1244-1250. [CrossRef]

Zenic, L.; Polancec, D.; Hudetz, D.; Jelec, Z.; Rod, E.; Vidovic, D.; Staresinic, M.; Sabalic, S.; Vrdoljak, T.; Petrovic, T.; et al.
Polychromatic Flow Cytometric Analysis of Stromal Vascular Fraction from Lipoaspirate and Microfragmented Counterparts
Reveals Sex-Related Immunophenotype Differences. Genes 2021, 12, 1999. [CrossRef] [PubMed]

Primorac, D.; Molnar, V.; Matisi¢, V.; Hudetz, D.; Jeleg, 7Z.;Rod, E.; Cukelj, F.; Vidovi¢, D.; Vrdoljak, T.; Dobrici¢, B.; et al. Compre-
hensive review of knee osteoarthritis pharmacological treatment and the latest professional societies” guidelines. Pharmaceuticals
2021, 14, 205. [CrossRef] [PubMed]

Kumar, A.; Kadamb, A.G.; Kadamb, K.G. Mesenchymal or maintenance stem cell & understanding their role in osteoarthritis of
the knee joint: A review article. Arch. Bone Jt. Surg. 2020, 8, 560-569. [CrossRef] [PubMed]

Gupta, PK,; Chullikana, A.; Rengasamy, M.; Shetty, N.; Pandey, V.; Agarwal, V.; Wagh, S.Y.; Vellotare, P.K.; Damodaran, D.;
Viswanathan, P.; et al. Efficacy and safety of adult human bone marrow-derived, cultured, pooled, allogeneic mesenchymal
stromal cells (Stempeuce1®): Preclinical and clinical trial in osteoarthritis of the knee joint. Arthritis Res. Ther. 2016, 18, 301.
[CrossRef]

Buzaboon, N.; Alshammary, S. Clinical Applicability of Adult Human Mesenchymal Stem Cell Therapy in the Treatment of Knee
Osteoarthritis. Stem Cells Cloning Adv. Appl. 2020, 13, 117-136. [CrossRef]

Chahal, J.; Gémez-Aristizdbal, A.; Shestopaloff, K.; Bhatt, S.; Chaboureau, A.; Fazio, A.; Chisholm, ]J.; Weston, A.; Chiovitti,
J.; Keating, A.; et al. Bone Marrow Mesenchymal Stromal Cell Treatment in Patients with Osteoarthritis Results in Overall
Improvement in Pain and Symptoms and Reduces Synovial Inflammation. Stem Cells Transl. Med. 2019, 8, 746-757. [CrossRef]
Crisan, M.; Yap, S.; Casteilla, L.; Chen, C.-W.; Corselli, M.; Park, T.S.; Andriolo, G.; Sun, B.; Zheng, B.; Zhang, L.; et al. A
Perivascular Origin for Mesenchymal Stem Cells in Multiple Human Organs. Cell Stem Cell 2008, 3, 301-313. [CrossRef]

Su, X.; Wu, Z; Chen, J.; Wu, N.; Ma, P; Xia, Z; Jiang, C.; Ye, Z.; Liu, S.; Liu, J.; et al. CD146 as a new marker for an increased
chondroprogenitor cell sub-population in the later stages of osteoarthritis. J. Orthop. Res. 2015, 33, 84-91. [CrossRef]

Tremolada, C. Mesenchymal Stromal Cells and Micro Fragmented Adipose Tissue: New Horizons of Effectiveness of Lipogems. J.
Stem Cells Res. Dev. Ther. 2019, 5, 017. [CrossRef]


http://doi.org/10.3390/ijms21207794
http://doi.org/10.1111/j.1423-0410.2009.01188.x
http://doi.org/10.1007/s11420-016-9519-3
http://doi.org/10.1186/ar4353
http://www.ncbi.nlm.nih.gov/pubmed/24165687
http://doi.org/10.1016/j.mcna.2015.08.014
http://www.ncbi.nlm.nih.gov/pubmed/26614728
http://doi.org/10.1007/s00402-020-03551-y
http://doi.org/10.1016/j.knee.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22583627
http://doi.org/10.1007/s00167-013-2807-2
http://www.ncbi.nlm.nih.gov/pubmed/24326779
http://doi.org/10.1186/1471-2474-14-337
http://www.ncbi.nlm.nih.gov/pubmed/24289766
http://doi.org/10.7603/s40730-014-0002-9
http://doi.org/10.1186/s12967-017-1242-4
http://doi.org/10.1007/s10151-021-02524-6
http://doi.org/10.3389/fimmu.2013.00201
http://doi.org/10.3390/genes13060949
http://doi.org/10.1002/pmrj.12368
http://doi.org/10.3390/genes12121999
http://www.ncbi.nlm.nih.gov/pubmed/34946948
http://doi.org/10.3390/ph14030205
http://www.ncbi.nlm.nih.gov/pubmed/33801304
http://doi.org/10.22038/abjs.2020.42536.2155
http://www.ncbi.nlm.nih.gov/pubmed/33088856
http://doi.org/10.1186/s13075-016-1195-7
http://doi.org/10.2147/SCCAA.S268940
http://doi.org/10.1002/sctm.18-0183
http://doi.org/10.1016/j.stem.2008.07.003
http://doi.org/10.1002/jor.22731
http://doi.org/10.24966/SRDT-2060/100017

J. Pers. Med. 2023, 13, 47 15 of 15

41. Filardo, G.; Tschon, M.; Perdisa, F.; Brogini, S.; Cavallo, C.; Desando, G.; Giavaresi, G.; Grigolo, B.; Martini, L.; Nicoli Aldini, N.;
et al. Micro-fragmentation is a valid alternative to cell expansion and enzymatic digestion of adipose tissue for the treatment of
knee osteoarthritis: A comparative preclinical study. Knee Surg. Sport. Traumatol. Arthrosc. 2022, 30, 773-781. [CrossRef] [PubMed]

42. Michalek, J.; Moster, R.; Lukac, L.; Proefrock, K.; Petrasovic, M.; Rybar, J.; Chaloupka, A.; Darinskas, A.; Michalek, J.; Kristek, J.;
et al. Stromal Vascular Fraction Cells of Adipose and Connective Tissue in People with Osteoarthritis: A Case Control Prospective
Multi-Centric Non-Randomized Study. Glob. Surg. 2017, 3, 163. [CrossRef]

43. Belk, ].W.; Kraeutler, M.J.; Houck, D.A.; Goodrich, ]J.A.; Dragoo, J.L.; McCarty, E.C. Platelet-Rich Plasma Versus Hyaluronic Acid
for Knee Osteoarthritis: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Am. |. Sport. Med. 2021, 49,
249-260. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s00167-020-06373-y
http://www.ncbi.nlm.nih.gov/pubmed/33464397
http://doi.org/10.15761/GOS.1000163
http://doi.org/10.1177/0363546520909397
http://www.ncbi.nlm.nih.gov/pubmed/32302218

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Clinical Questionnaires 
	Delayed Gadolinium-Enhanced Magnetic Resonance Imaging of Cartilage (dGEMRIC) Protocol 
	Lipoaspiration and ACA Production 
	LP-PRP Protocol 
	Application of ACA + LP-PRP 
	Follow-Up Appointments 
	Statistical Analysis 

	Results 
	Visual Analog Scale (VAS) 
	Knee Injury and Osteoarthritis Outcome Score (KOOS) 
	Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
	dGEMRIC 

	Discussion 
	Conclusions 
	References

