MedDocs Publishers

%
MEDDOCS

Open Access Publisher

ISSN: 2640-4389

Journal of Orthopedics and Muscular System

Open Access | Research Article

Novel P.A.S.T.A. Technique Combining PRP and
MSCs from SVF Shows Improved Outcomes at
Short-/Long-Term Follow-Up for Osteoarthritis

and Chondropathy

Melanio Acosta IV**; Leandra Bizzoco’; Ignacio Dallo?; and Alberto Gobbi*

10.A.S.1. Bioresearch Foundation Gobbi N.P.O., Milan, Italy.

2Sport Me Medical Center, Department of Orthopaedic Surgery and Sports Medicine. Unit of Biological Therapies and MSK

Interventionism, Seville, Spain.

*Corresponding Author(s): Melanio Acosta IV
0.A.S.l. Bioresearch Foundation Gobbi N.P.O., Milan,
Italy.

Email: acosta.iv90@yahoo.com

Received: Mar 05, 2025

Accepted: Apr 04, 2025

Published Online: Apr 11, 2025

Journal: Journal of Orthopedics and Muscular System
Publisher: MedDocs Publishers LLC

Online edition: http://meddocsonline.org/

Copyright: © Acosta M (2025). This Article is
distributed under the terms of Creative Commons
Attribution 4.0 International License

Keywords: Osteoarthritis; Chondropathy; Mesenchymal
stem cells; Platelet-rich plasma; Stromal vascular fraction;
Orthobiologics.

' d

Syst. 2025; 8(1): 1028.

Abstract

Purpose: The aim of this study is to evaluate the outcomes of a
novel technique to treat osteoarthritis and chondropathy, termed
“P.A.ST.A” for Platelets Adipose Stromal Treatment for Arthritis.
This technique utilizes the combination of platelet-rich plasma
(PRP) derived from peripheral blood and mesenchymal stem cells
(MSCs) derived from stromal vascular fraction (SVF) sourced from
microfragmented adipose tissue. We hypothesized that with this
new technique, we could take advantage of mesenchymal stem
cell’s ability to stimulate cartilage regeneration and improve joint
symptoms as well as act synergistically with growth factors and cy-
tokines in platelet-rich plasma, further enhancing the healing pro-
cess.

Methods: This is a prospective, single-center, cohort study en-
compassing 131 participants with osteoarthritis or chondropathy
undergoing our P.A.ST.A. procedure; we evaluated the quality of
life, functional, and clinical outcomes of patients receiving a single
dose of combined PRP and MSCs derived from adipose tissue pro-
cessed into SVF. The primary outcome measure was the Knee Injury
and Osteoarthritis Outcome Score (KOOS), however with any occur-
rences of adverse effects, the Visual Analogue Scale (VAS), and the
European Quality of Life (EQL) surveys were also collected during
follow-up. Outcomes and patient factors were compared preopera-
tively, at 6-month, 1-year, 2-year, and 4-year follow-ups. Statistical
models were used to assess KOOS, VAS, and EQLs.

Results: Treatment with the novel P.A.ST.A. technique for the
treatment of osteoarthritis and chondropathy had significantly im-
proved KOOS scores, VAS scores, and EQL at 6-months, 1-year, 2-
years, and 4-years postoperatively.

Conclusion: This study shows combining PRP and MSCs derived
from SVF in our novel P.A.S.T.A. technique leads to improved quality
of life, functional, and clinical outcomes in the short- and long-term
follow-up. This demonstrates that this technique could be a safe
and effective non-surgical alternative, preventing or delaying the

need for surgeries such as cartilage reconstruction or arthroplasty.
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Introduction

Inthe current age, characterized by significant advancements
in both physiological and pathological insights and technologi-
cal developments in orthobiologics, platelet-rich plasma (PRP),
hyaluronic acid (HA), and mesenchymal stem cells (MSCs), now
termed “medicinal signaling cells,” have emerged as important
tools in a clinician’s arsenal in the non-surgical treatment of os-
teoarthritis and chondropathy. Their simplicity in production,
preparation, storage, and administration has made them valu-
able in the treatment of a variety of musculoskeletal disorders,
particularly in cases of osteoarthritis and chondropathy.

PRP has gained significant recognition as a valuable thera-
peutic approach within the field of orthopaedics. Among the
various orthobiologics available, PRP is particularly notable for
its widespread application in addressing joint disorders and
injuries involving cartilage, tendons, muscles, ligaments, and
menisci. PRP is produced from plasma obtained through the

Table 1: Platelet granules and contents.

centrifugation of autologous blood, resulting in a concentra-
tion of platelets that surpasses the normal baseline levels [1].
After the activation of platelets (endogenous or exogenous), a
variety of molecules are released from their distinct granules,
which are essential for processes such as hemostasis, immune
function, inflammation, and regenerative mechanisms. Three
key granules play a crucial role in defining the functionality of
platelets: a-granules, dense granules, and lysosomes. However,
the a-granules exhibit the primary role in regeneration, being
rich in a diverse array of cytokines and growth factors (Table 1).
These bioactive substances contained in a-granules are essen-
tial for facilitating tissue repair by promoting processes like an-
giogenesis and neovascularization as well as cell proliferation,
chemotaxis, and differentiation [2-7]. By effectively isolating
and concentrating these critical cytokines and growth factors,
the application of PRP to injury sites can markedly enhance the
healing process, particularly in cases of chondral defects and
osteoarthritis [8].

a-granules

Dense Granules Lysosomes

Adhesion Proteins (ie: Fibrinogen, von Willebrand factor)

Bioactive Amines (ie: 5-HT,

Acid Proteases (ie: Carboxypeptidases, Cathepsins,

Histamine) Acid Phosphatase, Collagenase)

Angiogenic Factors (ie: EGF, ECGF, TGFB, IGF-1 and -2, FGF, PDGF, VEGF)

Cations (ie: CaZ*, Mg, K)

Glycohydrolases (ie: Heparinase, B-glucuronidase,
B-galactosidase, a-D- glucosidase)

Chemokines (ie: CCL2, CCL3, CCL5, CXCL4, CXCL12)

Nucleotides (ie: ADP, ATP)

Coagulant/Anticoagulant and Fibrinolytic Proteins (Factor V, Factor IX,
Factor XlII, Plasminogen)

Polyphosphates

Immune Mediators (ie: 1gG, complement precursors)

Integral Membrane Proteins (ie: P-selectins, GPlba)

MSCs are typically sourced from bone marrow aspirate (BMA)
bone marrow aspirate concentrate (BMAC) and microfragment-
ed adipose tissue and play a crucial role as trophic mediators
rather than merely serving as progenitor cells, representing a
notable advancement in regenerative medicine. These cells sig-
nificantly influence the local cellular environment through the
secretion of bioactive molecules. This expanded understanding
brings to light the paracrine roles of MSCs, which include im-
mune modulation, anti-inflammatory actions, facilitation of an-
giogenesis, and activation of local repair processes. This under-
standing of MSCs as trophic mediators highlights their capacity
to foster an optimal microenvironment conducive to healing
and regeneration, thereby reinforcing their significance in the
treatment of various musculoskeletal disorders. The benefits of
utilizing microfragmented adipose tissue as a source of MSCs
are particularly evident due to its straightforward collection
process, minimal invasiveness, and high cell yield. Furthermore,
the combination of BMA and adipose-derived MSCs, whether
used independently or alongside other cartilage repair tech-
niques such as debridement, microfracture, and biologic scaf-
folds, has been shown to enhance functional outcomes, clinical
efficacy, and pain alleviation.

Gobbi et al. were some of the first investigators to investi-
gate the role of autologous microfragmented adipose tissue in
the treatment of cartilage defects and osteoarthritis [8,9]. This
technique utilized a product that was initially intended for plas-
tic surgery and reconstruction, namely the Lipogems® system
(Lipogems International SpA, Milan, Italy), in which MSCs were
obtained through volumetric reduction through microfractur-
ing of adipose tissue through a series of filtration and manual
shaking. Through international investigation, this treatment of

utilizing MSCs to treat osteoarthritis was shown to be effective
in improving both clinical and functional outcomes.

During this time, the use of biologic injectables for ortho-
paedic treatments was still in its infant stages, as PRP was not
yet a household name, lacking the scientific guidelines, consen-
sus and immense scientific research that we see today. After
publishing their results on microfragmented adipose tissue,
along with their successes on treating osteoarthritis and chon-
dropathy using various matrices and scaffolds combined with
MSCs derived from BMAC [10,11], Dr. Gobbi wanted to inves-
tigate the regenerative and clinical potential of combining the
effects of both PRP and MSCs. Starting from the mid-2010s to
the present, Dr. Gobbi had proposed his novel technique com-
bining both adipose-derived MSCs and PRP, termed “P.A.ST.A.”
for Platelets Adipose Stromal Treatment for Arthritis [12], in
many international congresses, such as the International Soci-
ety of Arthroscopy, Knee Surgery and Orthopaedic Sports Medi-
cine (ISAKQOS), European Society of Sports Traumatology, Knee
Surgery & Arthroscopy (ESSKA), International Cartilage Regen-
eration and Joint Preservation Society (ICRS), Joint Preservation
Congress, International Sports Medicine Fellows Conferences,
and Annual Conferences of Indian Arthroscopy Society. Here, he
had hoped to introduce a new idea that the growth factors and
cytokines found in PRP may act synergistically with the regen-
erative potential of MSCs in the treatment of cartilage diseases.

The aim of this study is to evaluate the outcomes of the
novel P.A.ST.A. technique and its use in the treatment of joint
arthritis and chondral pathologies. This novel technique utilizes
the combination of autologous leukocyte-poor PRP derived
from peripheral blood and MSCs derived from SVF sourced
from microfragmented adipose tissue harvested from the ab-
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domen or supra-gluteal area. We hypothesized that with this
new technique we take advantage of MSCs’ ability to stimulate
cartilage regeneration and improve joint symptoms, as well as
act synergistically with growth factors and cytokines in PRP, fur-
ther enhancing the healing process, improving quality of life,
functional, and clinical outcomes.

Materials and methods

This is a prospective, single-center, cohort study encompass-
ing 131 participants with osteoarthritis or chondropathy under-
going our P.A.ST.A. procedure, receiving a single dose of PRP and
MSCs derived from adipose tissue processed into SVF was con-
ducted with the highest respect for the individual participants.
The present study is conducted in accordance with the ethical
considerations and principles outlined in applicable guidelines,
including the Declaration of Helsinki, the WHO guidelines, and
the International Conference on Harmonization’s Good Clinical
Practice. Before the beginning of any study-related activities,
each study participant signed informed consent.

The inclusion criteria are as follows: 18 years old or older,
knee osteoarthritis Kellgren-Lawrence grade Il to IV, single
chondral lesions Outerbridge grade Il to IV, history of chronic
(26 months) pain or knee swelling, and limitation of daily activi-
ties or sport. Exclusion criteria are the following: previous sur-
geries or procedures in the involved knee, associated injuries of
the menisci and ligaments around the knee, use of corticoste-
roids or use of non-steroidal anti-inflammatory drugs (NSAIDs)
at least 1 month prior to treatment, previous injections of PRP,
HA, or other orthobiologics, varus/valgus joint malalignment
greater than 8 degrees, and cutaneous infections in the area to
be injected.

Standard standing, weight-bearing, anterior-posterior radio-
graphs of the lower extremity and knees were performed to
determine the osteoarthritis grade and joint alignment, while
standard plain (non-contrast) magnetic resonance imaging was
performedtodeterminethe Outerbridge grade. All patients were
treated at the O.A.S.l. Medical Center under a single surgeon,
abiding by a standardized surgical technique, following the same
inclusion criteria, and were prospectively evaluated preopera-
tively and at 6-month, 1-year, 2-year, and 4-year follow-up visits.

Surgical technique

For adipose tissue collection, the participants were placed
in supine position (abdominal collection) or prone position
(supra-gluteal collection) and local anesthesia (Klein Solution)
was administered at the incision sites before the procedure.
The subcutaneous fat from the abdominal area was infiltrated
with up to 300 mL of tumescent fluid (comprised of 30 mL of 2%
lidocaine, 1 mL of 1:1000 adrenaline, and 1 mL of 8.4% bicar-
bonate suspended in a normal saline solution for a total of 1000
mL) (Figure 1A). Following infiltration, approximately 15 min-
utes were allowed to ensure the solution takes effect. Once the
adipose tissue was properly anesthetized, aspiration of adipose
tissue commenced with the use of a 3 mm lipoaspirate harvest-
ing cannula connected to a 50 mL syringe (Figure 1B). It is im-
portant to allow proper separation of the adipose tissue from
the other elements aspirated by positioning each syringe in an
upright position (Figure 1C). Once proper separation is achieved
and adipose tissue has settled and collected at the top of the sy-
ringe, the remaining dependent fluid and tissue elements were
discarded (Figure 1D).

Figure 1: (A) Administration of Klein solution into the abdo-
men. (B) Lipoaspiration of abdominal adipose tissue. (C) Three
syringes showing newly aspirated lipoaspirate, settling of lipoaspi-
rate from other elements, and isolated fatty-rich lipoaspirate tis-
sue. (D) Once fatty-rich lipoaspirate tissue has settled to the top,
discard the remaining fluid and tissue elements.

A total of 30 to 60 mL (30 mL for single knee infiltration, 60
mL for bilateral knee infiltration) of fatty-rich lipoaspirate tissue
is collected and transferred to Arthrex ACP® Double-Syringe Sys-
tems (Arthrex GmbH, Munich, Germany) (Figure 2A) using a
three-way valve connector plug, where they undergo the first
round of centrifugation for 4 minutes at 2,500 rpm. This allows
separation of the different fractions by gravitational force. Once
centrifugation is completed, there should be 3 distinct layers
(Figure 2B) within the Arthrex ACP® Double-Syringe System:
(from top to bottom) 1) oil from ruptured adipocytes, 2) con-
densed fatty-rich lipoaspirate, and 3) aqueous fraction. Through
the use of the double syringe system, we utilize the smaller in-
ner syringe to aspirate the topmost layer of oil from ruptured
adipocytes (Figure 2C). While the inner syringe is out, the red
stopper is removed to allow for the aqueous solution to drain
out spontaneously by gravitational force (Figure 2D). After the
oil and aqueous layers are discarded, the middle layer of con-
densed lipoaspirate is transferred and divided equally into two
appropriately sized syringes (typically 20 — 30 mL).

=9

Figure 2: (A) Condensed fatty-rich lipoaspirate tissue is collect-
ed and transferred to Arthrex ACP Double-Syringe Systems. (B) Af-
ter 1st centrifugation. Amount and distribution of layers may vary
from case to case. (C) Aspirate the oil layer using the inner syringe.
(D) After removing the red stopper, allow the aqueous solution to
drain out spontaneously.
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The two syringes containing the condensed lipoaspirate are
then connected using a 1.4 mm female luer lock connector. The
lipoaspirate is then passed from one syringe to the other 30
times through the 1.4 mm female luer lock connector to allow
microfragmentation of the condensed fatty-rich lipoaspirate
(Figure 3A). Once microfragmentation of the condensed fatty-
rich lipoaspirate is complete, the newly microfragmented con-
densed lipoaspirate is then divided equally into two Arthrex ACP
Double-Syringe Systems, where they will undergo a 2" round of
centrifugation, again, for 4 minutes at 2,500 rpm. After the 2"
round of centrifugation, there should be 3 distinct layers (Figure
3B) within the Arthrex ACP Double-Syringe System (from top to
bottom): 1) oil from ruptured adipocytes from microfragmenta-
tion, 2) SVF, and 3) aqueous fraction. The SVF is then isolated
by aspirating the topmost layer of oil using the inner syringe
(Figure 3C).

Towards the concluding stages of the SVF processing, PRP is
processed starting with the collection of 15 mL of peripheral
blood from the upper extremity of the patient, typically from
the basilic vein, median cubital vein, or cephalic vein located in
the cubital fossa using a 20-gauge or 21-gauge butterfly needle
set, directly into an Arthrex ACP® Double-Syringe System. In
cases of bilateral knee treatment, a total of 30mL of peripheral
blood is collected into two Arthrex ACP® Double-Syringe Sys-
tems. The remaining blood contained within the butterfly nee-
dle set is then analyzed using an in-house hematology analyzer
(Horiba ABX Micros ES 60), where red blood cells, white blood
cells, and platelet values were analyzed. An important note
about our technique is that we do not add anticoagulant to
our Arthrex ACP® Double-Syringe System as we centrifuge the
Arthrex ACP® Double-Syringe System immediately after collec-
tion. We typically do not add anticoagulant as we have noticed
decreased amounts of platelet concentration when adding anti-
coagulant prior to peripheral blood collection. Once the appro-
priate amount of peripheral blood is collected into the Arthrex
ACP® Double-Syringe System(s), we centrifuge for 5 minutes at
1,500 rpm. After centrifugation, the PRP layer is then collected
(Figure 3D) using the inner syringe and analyzed again using our
hematology analyzer.

B

Figure 3: (A) Microfragmentation step. (B) After 2nd centrifuga-
tion. Three distinct layers will be seen. (C) Aspirate the oil layer
using the inner syringe. (D) Prepared PRP from peripheral blood
using the Arthrex ACP® Double-Syringe System.

The PRP solution and the isolated SVF are then mixed to-
gether, passing the mixture from one syringe to another 10
times (Figure 4A/4B). After mixing the PRP and SVF solutions,
this single mixture is then administered into the appropriate
knee using the lateral suprapatellar intra-articular approach
(Figure 4C).

Figure 4: (A) Mixing of PRP with SVF. (B) Final product prior to
injection. (C) PRP and SVF mixture injected using the lateral supra-
patellar intra-articular approach.

Postoperatively, we applied an abdominal binder and com-
pression sleeves over the abdomen (in participants who had un-
dergone abdominal collection) and injected knees, respectively,
to prevent any possible hematoma formation and swelling (Fig-
ure 5). No functional limitations or precautions were advised
postoperatively and patients were allowed to ambulate without
any assistive device after the procedure. Patients were advised
on proper hygiene and wound care procedures to prevent any
post-treatment infections. Paracetamol was given on an “as
needed” basis in the event the patient experienced immediate
postoperative pain. Anti-inflammatories or NSAIDs were not ad-
vised.

=\

Figure 5: Abdominal binder and compression sleeves over the
abdomen and injected knees.

Statistical analysis

The primary outcome measure was the Knee Injury and Os-
teoarthritis Outcome Score (KOOS); however, any occurrence
of adverse events, Visual Analogue Scale (VAS), and European
Quality of Life (EQL) surveys were also collected prior to under-
going the P.A.S.T.A. procedure and at 6-month, 1-year, 2-year,
and 4-year follow-up visits. Data encoding was done using Mi-
crosoft Excel for ease of encoding. Completeness, consistency,
and errors were checked. All data sets were encoded and ana-
lyzed using STATA15. Descriptive statistics such as mean and
standard deviation were used to present data on the demo-
graphic and clinical profile of the included patients. Frequency
and percentages were used to present categorical data. Graphi-
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cal presentation was also utilized in presenting the data. Dif-
ferences in the characteristics were compared using Student’s
T-test for continuous variables and the Chi-Square Test for cat-

Table 2: Demographic, clinical profile, and diagnosis of

the participants.

egorical variables. The outcomes of interest were presented as .

L. . . Total n=131 | Chondropathy n=62 | Osteoarthritis n=69 | P-values
mean and standard deviation. Differences in the outcomes of ;
interest between timepoints and other variables were deter- Age |63.58+9.76] 57.89+10.23 68.70+5.73 <0.0001
mined using repeated-measures ANOVA, which was followed Gender
by post-hoc analysis using Tukey HSD for pairwise comparison Female | 74(56.5) 32(51.6) 42 (60.9) 0.536"
to determine which timepoints have significant differences. Male | 57(43.5) 30 (48.4) 27 (39.1)

P-values <0.05 were considered statistically significant. Sample |\ ;erality
size was calculated to achieve a power of 0.80. Left 55 (42.0) 23 (37.1) 32 (46.4) 0.462°
Results Right | 76(58.0) 39 (62.9) 37 (53.6)
.. . Kellgren-Lawrence Type (Osteoarthritis
Amongst the 131 participants in our study, the mean age of & yee { )
all participants was 63.58 years old (45—83 years old). There was ! 27(39.1)
no significant variation between the chondropathy and osteo- l 30 (43.5)
arthritis groups in terms of gender and laterality. The majority v 12 (17.4)
of patients in the osteoarthritis group had Kellgren-Lawrence |outerbridge Grade (Chondropathy)
grades of Il and IlI, with only 12 participants (17.4%) with grade I 18 (29.0)
IV osteoarthritis. Amongst the chondropathy group, 18 par- " 25 (40.3)
ticipants (29.0%) had lesions of Outerbridge grade II, 25 par- " 19 (307)
ticipants (40.3%) with Outerbridge grade IIl, and 19 participants 5 tod a< Meanssh: F ;d )
. . resented as vieanxsSU; rrequently (7
30.7%) with Outerbridge grade IV (Table 2).
( ) ge e ( ) aStudent’s T-test
®Chi-square Test
Table 3: Comparison of EQL, VAS, and KOOS preoperatively and on follow-up.
PREOP 6 months 1year 2 year 4 year P-value
EQL VAS 30.98 + 13.05 69.20 + 19.60 73.00 + 24.41 73.75+22.58 | 79.57+14.21 <0.0001
Mobility 3.57+0.60 1.98 +0.74 1.88+0.89 1.71+0.93 1.57+0.73 <0.0001
Self-Care 3.54+0.66 2.02+0.72 1.90 +0.88 1.76 0.92 1.74+1.01 <0.0001
Usual Activities 3.70+0.57 2.05+0.74 1.84 +0.95 1.68 +0.99 1.74 +1.10 <0.0001
Pain/Discomfort 3.7340.55 2.09+0.71 1.90 £ 0.92 1.76 +0.97 1.83 +1.07 <0.0001
Anxiety/Depression 1.12+0.47 1.05+0.23 1.04 +0.20 1.00 +0.00 1.00 + 0.00 0.0665
VAS 6.74 +2.00 2.88+1.83 2.53+2.07 2.59+2.16 2.35+1.34 <0.0001
TOTAL KOOS 39.79 + 18.68 77.35 +18.04 79.40 +18.04 | 81.29+21.82 | 82.49 +21.09 <0.0001
Symptoms/Stiffness 47.24+23.15 81.03+17.35 82.39+19.24 | 84.74+20.59 | 85.53+18.48 <0.0001
Pain 42.60 +23.33 78.57 +18.46 79.27+19.94 | 82.18+21.84 | 81.15#23.59 <0.0001
Activities of Daily Living 45.74 + 23.64 81.84 +19.53 82.99 + 18.41 84.15+20.64 | 82.42+22.26 <0.0001
Sports and Recreational Activities 31.58 +16.93 70.53 £+ 21.60 74.51 +23.20 77.80 £27.98 82.39+21.47 <0.0001
Quality of Life 31.80 + 18.61 74.78 +21.19 77.82+21.37 | 77.59+25.27 | 80.98+23.12 <0.0001

When comparing all participants as a whole, there were sig-
nificant improvements in all outcome parameters: KOOS, VAS,
and EQL. The EQL subcategory of anxiety and depression had no
significant change, as the mean anxiety and depression score
was already at the lowest possible score of 1.12 preoperatively.
This signifies that the participants did not experience a signifi-
cant amount of depression or anxiety as a result of their pathol-
ogy, be it chondropathy or osteoarthritis. From 6 months to 4
years postoperatively, there was a steady improvement in anxi-
ety and depression scores, reaching the lowest value; however,
as their preoperative scores were already at the best functional
value, statistically, there was no significant change (Table 3).

There was an increase of 44.54% in the EQL mobility score at
the 6-month follow-up compared to preoperative scores and in-
creased to 56.02% at the 4-year follow-up. For EQL self-care, we

appreciate an increase of 42.94% at the 6-month follow-up with
a continued increasing trend to 50.85% at the 4-year follow-up.
EQL usual activities showed an initial improvement of 44.59% at
the 6-month follow-up with consistent improvement to 52.97%
at the 4-year follow-up. For EQL pain and discomfort, we appre-
ciate an increase of 43.97% at 6-month follow-up with a steady
increase to 50.94% at the 4-year follow-up. The EQL anxiety and
depression score had an improvement of 6.25% and settled at a
score improvement of 10.71% at the 2-year and 4-year follow-
ups.

VAS pain scores decreased by 57.27% at 6 months, while at
the 4-year follow-up there was still continued decrease in pain
by 65.13% (Figure 6).
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Figure 6: Consistent and sustained improvement in VAS pain
scores from 6 months to 4 years.
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Upon comparing the improvements of the KOOS categories
at 6-month and 4-year follow-ups (Figure 7), the total KOOS
score showed an increase of 48.56% and 51.76%, respectively;
KOOS symptoms and stiffness by 41.70% and 44.77%; KOOS pain
of 45.78% and 47.50%; KOOS activities of daily living by 44.11%
and 44.50%; KOOS sports and recreational activities by 55.22%
and 61.67%; and KOOS quality of life by 57.48% and 60.73%.

When stratifying chondropathy and osteoarthritis groups
separately, there were still significant improvements in all out-
come parameters: at 6-months, 1-year, 2-years, and 4-years fol-
low-up visits compared to preoperative scores. In patients with
chondropathy, there was continuous improvement in all out-
come scores from 6 months to 4 years postoperatively; howev-
er, in the osteoarthritis group, no outcome parameter showed a
consistent improvement as time went on, with some outcome
measures showing a non-significant slight decline from the
1-yearto 2-year follow-up or 2-year to 4-year follow-up (Table 4).

KOOS Pain

g
i
——

)

PREOP 6 months. 1 year 2 year 4 year

KOOS Quality of Life

i Al

6 months 1 year 2 year 4 year

Figure 7: Consistent and sustained improvement in KOOS subscales from 6 months to 4 years.

Table 4: Comparison of EQL, VAS, and KOOS preoperatively and on follow-up by pathology.

‘ PREOP 6 months 1 year 2 year 4 year P-value

EQL VAS

Osteoarthritis 32.0+9.6 64.8 +22.6 68.3+28.4 67.4+25.8 70.8 £13.6 <0.0001

Chondropathy 29.8+16.3 74.2+14.2 80.0+14.9 82.4+13.9 89.1£7.0 <0.0001
VAS

Osteoarthritis 6.7+15 3.2£20 2724 29+25 28+15 <0.0001

Chondropathy 6.8+2.4 26+16 23+16 22+16 1.8+0.9 <0.0001
TOTAL KOOS

Osteoarthritis 42.2+12.6 76.1+20.9 77.1+223 78.5£26.0 74.6 £24.9 <0.0001

Chondropathy 37.1+£23.7 78.8+14.5 82.7+134 84.9+14.9 91.1+11.8 <0.0001
Symptoms/Stiffness

Osteoarthritis 53.2+185 82.1+18.8 82.6+20.4 83.4+23.8 80.1+21.7 <0.0001

Chondropathy 40.6 +26.2 79.9£15.8 82.1+17.9 85.9+16.1 91.5+12.6 <0.0001
Pain

Osteoarthritis 455+16.4 77.1+£20.5 77.1+£225 79.5+25.3 71.4+27.6 <0.0001

Chondropathy 39.4+29.6 80.2 £16.2 82.4+15.7 85.6+16.4 91.8+12.1 <0.0001
Activities of Daily Living

Osteoarthritis 47.1+18.2 80.8 +21.7 80.0+21.4 79.8 £24.8 72.8+255 <0.0001

Chondropathy 442 +28.8 83.0+£17.2 87.3+124 89.7+12.3 92.9+12.0 <0.0001
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Sports and Recreational Activities
Osteoarthritis 31.5+12.1 67.3+25.5 71.3+26.5 75.4 +£28.8 75.0+25.5 <0.0001
Chondropathy 31.7+213 74.1+16.0 79.0+17.1 80.8+19.3 90.4+£12.7 <0.0001
Quality of Life
Osteoarthritis 33.8+13.1 72.9+24.9 74.6 £25.2 73.9+30.2 74.0+28.3 <0.0001
Chondropathy 29.6+£23.4 76.9+16.4 82.4+13.6 82.3+16.6 88.6+13.4 <0.0001

Table 5: Number of osteoarthritis participants needing
arthroplasty.

n No Yes | P-values
Kellgren Lawrence Type (Osteoarthritis)
I 18 |18(100.0) 0
1 25 | 19(76.0) |6 (24.0)| 0.011
v 19 | 10(52.6) |9 (47.4)

The most common adverse event after performing the
P.A.ST.A. procedure was postoperative donor site pain requir-
ing paracetamol lasting for a mean time of 3.7 days in 82 par-
ticipants (62.5%). The second most common adverse event was
postoperative swelling and inflammation at the administration
site for a mean time of 5.8 days in 45 patients (34.3%). There
were no serious adverse effects such as infection or allergic
reactions requiring intervention or need for antibiotics after
performing the P.A.S.T.A. procedure in any of the participants;
however, there was a total of 15 participants who eventually
underwent arthroplasty. All 15 participants were in the osteo-
arthritis group and underwent arthroplasty under a different
surgeon after the 4-year follow-up due to recurrence of pain.
No patient in the osteoarthritis group with Kellgren-Lawrence
Grade Il underwent arthroplasty, but 6 out of 25 participants
with Kellgren-Lawrence Grade lll and 9 out of 19 participants
with Kellgren-Lawrence Grade IV eventually underwent total
knee arthroplasty. There was a significant increase in the inci-
dence of total knee arthroplasty in those who underwent the
P.A.ST.A. procedure with increasing Kellgren-Lawrence grade
(Table 4). There was only 1 participant in the chondropathy
group who had surgery on the affected knee in the postopera-
tive period. This patient eventually had arthroscopy and carti-
lage repair using a 1-stage technique of a hyaluronic acid-based
scaffold with activated bone marrow aspirate concentrate (HA-
BMAC) after the 4-year follow-up due to recurrence of pain.

Discussion

Articular cartilage plays a crucial role within the complex ar-
chitecture of the knee joint. Its primary function is to create a
low-friction surface that facilitates movement while also serv-
ing as a cushion to effectively distribute forces. However, the
cartilage is deprived of a rich supply of nutrients and progenitor
cells, which makes it particularly susceptible to injury. The pres-
ence of isolated chondral lesions is linked to the initiation and
progression of osteoarthritis. Cartilage injuries in the knee are
prevalent, impacting more than one-third of athletes, in con-
trast to less than one-fifth of the general population [13]. Carti-
lage injuries may arise from an acute trauma, such as a chondral
fracture caused by shear and/or compression forces, or they
can develop as a consequence of repetitive microtrauma asso-
ciated with athletic activities [14-17]. These injuries can lead to
considerable morbidity and often result in the end of athletic
careers. Furthermore, focal cartilage defects have been identi-
fied in 60-67% of patients undergoing knee arthroscopy [18].

Traumatic damage to the cartilage can trigger a series of patho-
logical events within the joint environment, ultimately leading
to joint degeneration [19].

Osteoarthritis is estimated to impact over 7.6% of the global
population, with prevalence higher in women than in men. Age
is an important factor in the prevalence of osteoarthritis, where
it increases by 132.2% in individuals over 30 years with an ex-
pected rise of 60 to 100% by 2050. In fact, in ages older than
70 years old, osteoarthritis ranks 7th worldwide in the leading
causes of disability. However, osteoarthritis is not simply a dis-
ease of the old, as more than half of new cases of early-onset
osteoarthritis are seen before 55 years of age. This incidence
and prevalence of early-onset osteoarthritis has doubled in the
last 30 years [20].

With the knee being the most common joint affected by os-
teoarthritis [21], focus has shifted towards conservative man-
agement strategies to tackle early and moderate stages of the
disease, especially in the young [22]. The use of orthobiologics
has become the front-runner in addressing this problem. Ortho-
biologic products, such as PRP, HA, and MSCs, with their rela-
tive ease associated with their production, preparation, stor-
age, and administration, have become vital components in the
therapeutic strategies for numerous musculoskeletal ailments,
particularly in the context of chondral injuries and arthritis [8-
12,23-51].

The concept of MSCs was introduced by Arnold Caplan in
1991. Initially, it was posited that MSCs are not limited to em-
bryonic stages but are also present in adult tissues. These au-
tologous MSCs, with their remarkable self-repair abilities, could
potentially form the basis for innovative regenerative medicine
approaches through cell-based technologies. MSCs are recog-
nized as multipotent stem cells, with the capacity to differenti-
ate into a variety of mesodermal tissues, such as bone, muscle,
adipose tissue, tendons, ligaments, and cartilage. This multipo-
tency, allowing for differentiation into diverse tissue lineages,
was the key reason Caplan initially referred to these cells as
“stem cells” [52].

Caplan recognized the potential of MSCs in the repair of
bone and cartilage. He noted that a specific subset of osteo-
chondral progenitor cells, upon commitment to a particular
lineage, could differentiate into these types of tissues. Caplan’s
significant insights into the role of MSCs in the body were sub-
stantially enhanced by the research conducted by Crisan et al.
[53], which elucidated the relationship between MSCs and peri-
vascular cells, subsequently termed “pericytes.” Due to their
perivascular origin, MSCs function through two primary mecha-
nisms: immunomodulation and trophic support [54].

Following tissue injury, disease, or inflammation, MSCs are
known to secrete bioactive molecules that facilitate immuno-
modulatory and trophic processes. These molecules effectively
inhibit T-cell interactions with antigens and restrict the prolif-
eration of T-cell progenitors. This action serves to protect the
injured area from the body’s immune system, thereby reducing
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the likelihood of autoimmune reactions. Furthermore, activated
MSCs play a significant role in dampening chronic inflammatory
responses, preventing apoptosis, especially in ischemic scenar-
ios, suppressing the formation of myofibroblasts to avert scar
tissue development, stimulating the proliferation of intrinsic tis-
sue progenitors for repair, and promoting angiogenesis and ves-
sel stabilization through their pericyte-like activities [53,55,56].
The secretion of bioactive substances can generate a unique
regenerative microenvironment that encourages the repair of
injured tissues. MSCs serve as a comprehensive reservoir of
therapeutic agents (Table 6), functioning similarly to a “drug-
store” to promote and facilitate natural tissue regeneration,
prompting Caplan to adopt the new name for MSCs as “medici-
nal signaling cells” [57]. Interactions between prostaglandin E2
and the EP4 receptor on stimulated M1 macrophages can lead
to a suppression of pro-inflammatory cytokine secretion, nota-
bly Tumor Necrosis Factor-a (TNF-a) and Interleukin-1p (IL-1B).
This process is accompanied by an upregulation of anti-inflam-
matory mediators, particularly Interleukin-10 (IL-10) produced
by M2 macrophages. Such mechanisms facilitate the transition
from pro-inflammatory M1 macrophages to their anti-inflam-
matory M2 counterparts [58].

For many years, bone marrow has been the predominant
source of MSCs utilized in orthopaedic therapies, primarily due
to the advantages associated with donor-recipient compatibil-
ity. Nevertheless, the proportion of nucleated cells classified as

MSCs in bone marrow aspirate is exceedingly low, ranging from
0.01% to 0.0001%. In contrast, adipose tissue has emerged as a
dependable reservoir for these nucleated cells. A notable limi-
tation in the application of MSCs is their susceptibility to age-
related factors. However, the decline in the capacity of MSCs to
proliferate and differentiate is markedly less pronounced in adi-
pose tissue than in bone marrow, potentially attributable to its
rich and stable vascular network. Subcutaneous adipose tissue
contains a high density of mature adipocytes along with an ar-
ray of blood vessels, leukocytes, fibroblasts, macrophages, and
pre-adipocytes, collectively referred to as the Stromal Vascular
Fraction (SVF). Each adipocyte is supported by its own network
of capillaries, which may explain the significantly higher con-
centration of MSCs found in adipose tissue compared to bone
marrow [59-66].

Specifically for adipose-derived mesenchymal stem cells,
it has been demonstrated that they possess surface markers
that promote chondrogenesis, such as CD73, CD90, CD105, and
CD106 [67-69]. The systematic review and meta-analysis con-
ducted by Anil et al. and Aletto et al. demonstrated that the ap-
plication of adipose-derived mesenchymal stem cells can lead
to significant improvements in clinical outcomes, particularly in
terms of pain management and functional capacity, for patients
with knee osteoarthritis. Additionally, their study found that
these stem cells are most closely linked to achieving the best
clinical and functional results when compared to other intra-
articular injections such as corticosteroids, PRP, and HA [70,71].

Table 6: MSCs secrete various cytokines, growth factors, processes of innate tissue repair and other molecules that and

immunomodulation play a crucial role in the [42].

MicroRNAs Immunomodulatory Molecules Surface Markers and Cytokine Secreted Growt.h Factors and
Receptors Cytokines

miRNA-1224 LL37 antibac pep SSEA-4 LIF

miRNA-486-5p HO-1 SSEA-3 SCF

miRNA-451 Gal-9 HLA-G GM-CSF inducible

miRNA-222-3p Gal-1 (HLA Class Il -inducible) G-CSF

let-7a-5p TSG-6 HLA Class | M-CSF

miRNA-199 Inos CD332 FGFR2 FLT-3 Ligand

miRNA-191-5p IDO CD331 FGFR1 FGF2

miRNA-146b HLA-G CD222 IGF2R VEGF

miRNA-145 LIF CD221 IGF1R

miRNA-143-3p IL10 CD166 IGF1R

miRNA-133b IL-6 CD146 MCAM

miRNA-125b IL-1RA CD140b PDGFRB

miRNA-29 PGE2 antibac too CD120b TNFIIR

miRNA-24 HGF CD120a TNFIR

miRNA-23b TGF CDw119 IFNyR

miRNA-21 CD117 KIT

miRNA-10b CD106 VCAM-1

miRNA-10a CD105 Endoglin Integrins-positive

miRNA-9-5p CD90 Thy -1 CD104 B4
CD73 Ectonucleotidase CD61 B3

Hemato-negative Integrins-negative CD71 Transferrin Rec CD29 B1

CD45 CD49d o4 CD62L L-Selectin CD51 aa

CD34 CD18 CB2 CD58 LFA-3 CD49%e av

CD14 CDllaal CD54 ICAM-1 CD49c a3

CD11b CD44 HA Rec CD49b a2

Cb4 Cb9 CD49a al
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In the context of PRP, the significance of platelets and their
constituents is paramount in facilitating the regenerative pro-
cess. The primary constituent of platelets is their a-granules.
These a-granules and their contained growth factors and cyto-
kines playacrucial rolein the recruitment and activation process-
es of immune cells, thus, promoting tissue regeneration [2-6].

By combining the benefits of both MSCs and PRP, we can
boost anti-inflammatory processes, reduce cartilage degenera-
tion, and promote greater tissue healing/regeneration through
increased cell proliferation and differentiation into cartilage
cells. This study shows significant improvement in all outcome
measurements — KOOS, VAS, and EQL from 6 months and main-
tained beyond 4 years follow-up when treating osteoarthritis
and chondropathy of the knee using our novel P.A.ST.A. tech-
nique utilizing a combination of PRP and microfragmented
adipose tissue. This therapy can significantly improve func-
tional outcomes, quality of life, and reduce pain. Our study
demonstrated that functional outcomes such as total KOOS
score (51.76%, 4 years), KOOS activities of daily living (44.50%,
4 years), KOOS sports and recreational activities (55.22%, 4
years), EQL mobility (56.02%, 4 years), EQL self-care (50.85%, 4
years), and EQL usual activities (52.97%, 4 years) all had short-
term (6 months) and long-term (4 years) improvement from
pre-procedure condition.

Pain, being the most common complaint amongst patients
with osteoarthritis and chondropathy, also had significant im-
provements at short-term and long-term follow-ups. VAS pain
score and EQL pain both showed significant improvements with
an improvement of 65.13% and 44.77%, respectively, at the
4-year follow-up.

As there is no present study regarding the Minimal Clinically
Important Difference (MCID) for this combination treatment of
PRP and MSCs for osteoarthritis and chondropathy, we would
like to reference the study by Boffa et al. [72]. Here, they deter-
mined the MCID for patients with knee osteoarthritis treated
with PRP injections for the KOOS subscales. With no signifi-
cant difference in MCID at 6-month and 12-month follow-ups
for KOOS subscale outcome measures, we used their MCID
thresholds at 12 months: KOOS pain 9.1, KOOS symptoms 8.2,
KOOS activities of daily living 9.2, KOOS sport and recreational
activities 11.6, and KOOS quality of life 10.3. Using these MCID
thresholds, all KOOS subscale scores at 1-year, 2-year, and
4-year follow-up showed clinical relevance.

The P.A.ST.A. technique proved to have a positive effect on
the development and progression of osteoarthritis and chon-
dropathy symptoms, demonstrated by the KOOS symptom and
stiffness subscale. At 6 months and 4 years follow-up, there was
a mean increase of 33.79 (41.70%) and 38.29 (44.77%), respec-
tively, which exceeded the MCID threshold of 8.2. This further
showed that this treatment is an effective disease-modifying
therapy for osteoarthritis and chondropathy.

The mean age of all participants was 63.58 years old (45-83
years old); however, we saw a significant variation in the mean
age when comparing the osteoarthritis group to the chondrop-
athy group. Moderate to end-stage osteoarthritis (Kellgren-
Lawrence Types II-1V) are typically a result of degeneration of
articular cartilage over time. This degenerative nature of osteo-
arthritis can account for the mean age of this group being older
than those in the chondropathy group. Isolated chondral le-
sions are also typically encountered in younger patients, which
is consistent with our data [73,74].

This study demonstrated a higher percentage of participants
who eventually underwent knee arthroplasty were in the Kell-
gren-Lawrence grade IV group, compared to those with lower
severity grades. Amongst the participants with Kellgren-Law-
rence grade I, none underwent arthroplasty, additional proce-
dures, or surgeries within or beyond the 4-year period; how-
ever, 24.0% of participants with Kellgren-Lawrence grade Ill and
47.4% of participants with Kellgren-Lawrence grade IV eventu-
ally underwent total arthroplasty beyond the 4-year follow-up.

In the chondropathy group, only 1 participant had surgery on
the affected knee in the postoperative period. This patient had
an Outerbridge grade Il at the time of the P.A.ST.A. procedure
and had undergone arthroscopy, meniscal, and cartilage repair
using a 1-stage technique of a hyaluronic acid-based scaffold
with activated bone marrow aspirate concentrate (HA-BMAC)
after the 4-year follow-up due to recurrence of pain. It was im-
portant to note that this patient remained very active in sports
and motocross after undergoing P.A.ST.A., which may be con-
tributing factors to the recurrence of pain. The patient also pre-
sented with a newly encountered meniscal lesion, which may
have also contributed or acted as a new source of knee pain.
However, after the second procedure, there was no recurrence
of pain and the patient was able to successfully return back to
activities and sport.

Many of our patients with Kellgren-Lawrence grade Ill and IV
or Outerbridge grade Ill or IV came to us with previous advise
from other surgeons to undergo total knee arthroplasty due
to their chronic and persistent pain despite undergoing other
forms of conservative management. Many of these patients
were reluctant to undergo surgery at that time. From our data,
the majority of these patients found enough relief and improve-
ment in symptoms to avoid or delay the need for arthroplasty,
similar to the previous international multicenter study by Gobbi
et al. involving autologous microfragmented adipose tissue
alone using the Lipogems® system (Lipogems International SpA,
Milan, Italy) [3]. This may indicate that the P.A.S.T.A. procedure,
when used as a treatment option in moderate to severe grades
of osteoarthritis and chrondropathy, can be effective in delay-
ing or preventing the recurrence of symptoms, progression of
osteoarthritis, and subsequently the need for total knee arthro-
plasty. At this point, due to lack of histological, arthroscopic,
and imaging studies to document the effects of this procedure
on cartilage, we can only report the improvement in quality of
life, clinical, and functional outcomes. We plan to continue col-
lecting data and investigating these aspects of the treatment for
future publication.

The P.A.S.T.A. procedure can also be utilized in other pathol-
ogies rather than being limited to arthropathy of the knee. We
have had great success in relieving symptoms in patients suffer-
ing from osteoarthritis and chondral lesions in the hip, ankle, el-
bow, and shoulder, as well as lesions secondary to impingement
and malalignment. Due to lack of samples on these pathologies,
we chose to exclude these patients from this study, but may be
a topic for further investigation in the future.

Our study is not without its own limitations. We were un-
able to evaluate additional covariates, such as BMI, age, co-
morbidities, and smoking history which can help determine risk
factors for identifying participants who had less pronounced
or no effects, “non-responders,” compared to those who had
significant improvements, “responders,” after receiving treat-
ment. The identification of risk factors leading to less significant
outcomes may be important for future research to determine
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the ideal population for this technique. Diagnostic arthrosco-
pies or post-treatment MRIs can also be done to further evalu-
ate the efficacy of this treatment by evaluating the joint and
cartilage. Through these investigations, it may be possible to
demonstrate if the clinical and functional improvements were
simply due to the anti-inflammatory effects, if there is evidence
of cartilage healing and regeneration, or if there is a delay in
cartilage degeneration compared to other treatment options or
controls. This study demonstrates our P.A.ST.A. technique is a
safe and effective treatment for osteoarthritis and chondropa-
thy and significantly improves clinical and functional outcomes,
as well as quality of life. Following our demonstration of this
treatment’s safety and efficacy, we are in the process of organiz-
ing a randomized controlled trial to facilitate a more thorough
comparison of this treatment with other recognized treatment
modalities for osteoarthritis and chondropathy.

Conclusion

This study demonstrates that the novel P.A.ST.A. technique
and its utilization of a combination of autologous leukocyte-
poor PRP derived from peripheral blood and MSCs derived from
SVF sourced from microfragmented adipose tissue harvested
from the abdomen or supra-gluteal area is safe and effective
in the treatment of low to moderate osteoarthritis and chon-
dropathy with significant improvement in function, pain, and
quality of life as early as 6 months and maintained through 4
years follow-up.
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