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Abstract

Objective: Osteoarthritis (OA) of the knee, also known as degenerative joint disease of the knee because of progressive loss
of articular cartilage, is the most common disabling conditions of the knee joint, which often presents with pain and stiffness
and progresses to affect activity of daily living. The prevalence of knee OA will continue to rise due to factors like obesity and
increased life expectancy. Roughly 13% of women and 10% of men 60 years and older have symptomatic knee osteoarthritis.
Among those older than 70 years of age, the prevalence rises to as high as 40%. Our aim is to evaluate the importance of adult
stem cell therapy (ADSC) as an alternative treatment in knee osteoarthritis.

Patient, Materials and Methods: A case of an elderly patient with early right knee osteoarthritis (grade 2). Right knee severity
was assessed using the Western Ontario and McMaster universities osteoarthritis index (WOMAC) scale. Radiologic studies
(X-ray and MRI) were done. Patient had a session of autologous adult stem cell therapy - Mesenchymal stem cells retrieved
from the fat and bone marrow along with platelet rich plasma (PRP) from blood which was administered intra-articularly via
ultrasound guidance. Procedure was done on an outpatient basis and was well tolerated with no complications.

Results: Patient was observed in the first 6 months under the instructions of no physiotherapy to preserve new maturing
cells. The WOMAC assessed on the 0 and 6 months showed quality improvement from an initial score of 48/96 to a score of
8/96. Post procedure X-ray of the Right knee on the sixth month showed marked progressive changes.

Conclusion: Adult stem cell therapy is promising to be an effective alternative treatment in knee osteoarthritis. It is minimally
invasive, safe with no major treatment related adverse effect. Case study showed a positive outcome according to all the

grading systems used in this study for the initial 6 months.

Keywords: ADSC; PRP; 0A; WOMAC; HHS

Abbreviations: OA: Osteoarthritis; KL: Kellgren-Lawrence;
MSCs: Mesenchymal Stem Cells; ADSCs: Adipose Derived Stem
Cells; BMSCs: Bone Marrow derived Stem Cells; SVF: Stromal
Vascular Fraction; BM: Bone Marrow; RBCs: Red Blood Cells;
AEs: Adverse Events; SAEs: Severe Adverse Events.

Adult Stem Cell Therapy as an Alternative Treatment in Knee Osteoarthritis

Introduction

Knee osteoarthritis (OA), also known as degenerative
joint disease, is typically the result of wear and tear and
progressive loss of articular cartilage (medial loss occurs
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in 70% of cases) [1]. The ligaments become lax, making the
joint becomes less stable, with local pain arising from the
ligaments and tendons [2]. It presents clinically with patient
complaints of pain and impaired function, which are thought
to result from cartilage degeneration and other skeletal
changes. These changes can by examined radiographically and
quantified using the semiquantitative grading scale known
as the Kellgren-Lawrence (KL) scale. Knee osteoarthritis is
classified as either primary or secondary, depending on its
cause. Primary knee osteoarthritis is the result of articular
cartilage degeneration without any known reason. This is
typically thought of as degeneration due to age as well as
wear and tear. Secondary knee osteoarthritis is the result of
articular cartilage degeneration due to a known reason like
trauma, autoimmune diseases.

Radiologic definition is symptomatic osteoarthritis of the
knee classified as Kellgren-Lawrence Grade 0: no pathological
features; Grade 1: doubtful narrowing of joint space and
possible osteophytic lipping; Grade 2: definite osteophytes
and possible narrowing of joint space; Grade 3: moderate
multiple osteophytes, definite narrowing of joint space, some
sclerosis, and possible deformity of bony ends; Grade 4:
large osteophytes, marked narrowing of joint space, severe
sclerosis, and definite deformity of bone ends. Treatment for
knee osteoarthritis begins with conservative methods like
patient education, activity modification, physical therapy,
weight loss and medications like NSAIDS, Glucosamine and
chondroitin sulfate, corticosteroid injections and progresses
to surgical treatment options when conservative treatment
fails [3]. Mesenchymal stem cells (MSCs) are known to
have regenerative capacity and can be separated from a
variety of tissue sources including adipose (fat) tissue and
bone marrow. These cells have multi-potential abilities to
differentiate into bone, cartilage, muscle, and fat and can
be multiplied in culture [4-7]. Adipose derived stem cells
(ADSCs) and bone marrow derived stem cells (BMSCs) are
MSCs which have been collected from fat and bone marrow
respectively. Easily accessible subcutaneous fat from the
abdomen or the flanks can be collected via mini-liposuction
and contains high amounts of ADSCs [8]. These cells produce
different cytokines and growth factors that when expressed
is thought to be part of a healing cascade and new blood
vessel formation by stimulating a local inflammatory process
and immunomodulatory/paracrine response which enables
a signaling that causes the repair of damaged tissue [9,10].
MSCs (ADSC and BMSC) are anti-inflammatory and promote
angiogenesis. Their complex signaling process causes the
signaling of other cells to the area to repair damaged tissue
which promotes regeneration. MSC has the potential to fully
heal damaged tissues and organs and this ability has made
MSC a potential game changer in respect to treatment of
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various diseases and injuries. The exploitation of stem cells’
ability to promote a healing cascade is a novel progressive
shift in medicine.

The stromal vascular fraction (SVF) is the mixture of cells
from adipose tissue collected via mini-lipoaspiration after
the adipocytes (fat cells) have been depleted. The remaining
cells include a large percentage of ADSCs. SVF contains a
variety of regenerative cells and growth factors and can be
offered as an out-patient surgical procedure, it represents
a new therapeutic tool for many indications. Friedenstein
et al, in a series of seminal studies in the 1960s and 1970s,
showed that the osteogenic potential of bone marrow
(BM) cells was associated with a minor subpopulation of
cells in the BM. These cells were distinguishable from most
hematopoietic cells by their rapid adherence to tissue
culture vessels and the fibroblast-like appearance of their
progeny in culture, pointing to their origin from the stromal
compartment of BM. While now known to be technically
incorrect, the current colloquial term “mesenchymal
stem cell” dates to 1991. A work by Darwin Prockop and
others further defined the cells and their multilineage
capability. The ability to grow and expand them efficiently
and relatively easily and the wide variety of functions
they have now been described to perform led to the birth
of an entire subfield of cell therapy. The marrow stromal
cell field expanded very rapidly, and the potential use of
these cells in therapy is being tested worldwide for many
indications [11]. Local injection of MSCs (ADSCs and
BMSCs) may reduce inflammation and promote healing/
normal tissue formation. SVF can be collected bed side
after a simple adipose tissue collection making it a practical
surgical procedure for physicians to provide to their
patients. Some publications have demonstrated success of
MSCs for specific conditions including neurodegenerative
disc diseases, osteoarthritis, tendinopathy, xerostomia,
psoriasis The following is a case report of a woman with
right knee osteoarthritis [12-14].

Methods

The following case report started on the 13/11/2020.
Diagnosed with Right knee osteoarthritis (Grade 2). The
patient provided written informed consent to undergo
the experimental clinical procedure as well as consent
to publication of outcomes, images, and data. Right knee
severity was assessed using the Western Ontario and
McMaster universities osteoarthritis index (WOMAC) scale.
Radiologic studies (X-ray and MRI) were done. The first
session was a combination of MSCs {ADSCs (svf) and BMAC}
plus PRP. Then a follow up was observed by 6months under
the instructions of no physiotherapy [15].
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First Treatment Session Proceeded after
Consultation and all Necessary Requirements
were Carried out.

The SVF was created using a standard tumescent
liposuction solution. Tumescent was introduced into
the subcutaneous fat tissue in the lower abdomen using
an infiltration cannula to create local numbing. Adipose
tissue was collected with a harvesting cannula. Using a
commercially available collection kit and collagenase
enzyme, the collected fat was processed to obtain the SVF
for injection/transplantation - 2 ml SVF from the collected
fat (1.96 x 109 total viable cells per ml tested with 100%
viability from Moxi Flow) for intra-articular injection, and
3 ml of SVF from the collected fat (3.15 x 109 total viable
cells per ml tested with 100% viability from MoxiFlow) for
Intravenous transplantation.

The Platelet Rich Plasma concentrate required for
injection was prepared at the Glory Wellness & Regenerative
Centre in Lagos, Nigeria by venipuncture of the patient.
Venous blood drawn from the patient was centrifuged at
room temperature to separate the plasma, the blood, the
buffy coat and residual red blood cells (RBCs) [16]. Usinga 10
ml syringe, approximately 7 ml of PRP was collected. BMAC
was obtained through an ultrasound guided bone marrow
aspiration, the left PSIS was located and anesthetized. Using
a trocar, bone marrow was aspirated using heparinized
syringes. BMAC of 4.5 ml was processed. After local
anesthesia, 5ml of blood-tinged effusion was aspirated from
the right knee joint and washed with 8ml of normal saline
that was totally aspirated then a total of 4ml mixture of SVF
(1 ml-1.96 x 109 total viable cells per ml tested with 100%
viability from MoxiFlow), BMAC (1ml) and PRP (2ml of the
7 ml PRP processed from the whole blood) was injected into
the right knee joint. The patient was monitored for any safety
events including adverse events (AEs) and severe adverse
events (SAEs) before, during and after all the procedures
[17]. SAEs are defined as any fatal or life-threatening events
leading to hospitalizations or requiring major medical
interventions. Baseline parameters collected included blood
work, radiographic imaging, vitals (blood pressure, pulse,
temperature, respiratory rate). Radiographic imaging was
done at 6 months.

Results

The entire procedure from the mini-lipoaspiration, the
blood collection, and the SVF + BMAC + PRP injection was
well tolerated during the initial treatment session with no
reported adverse effects. During the follow up period of
6months, the patient did not report any AEs or SAEs. Normal
activities were resumed in under a week and the patient
reported back after a month with much improvement noted
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and reported a willingness to repeat therapy should it be
necessary. During the follow up period, the patient reported
improvements in aspects to pain and function of the knee
as assessed by the WOMAC, WOMAC assessment showed an
improvement from a total score of 48 at initial presentation
to 8 at 6months.

Radiologic Changes were progressive and Noted

At presentation, an MRI and X-ray of the Right hip was

done as shown in Figures 1 respectively. Reports by the
radiologist noted. MRI of the right knee joint (November
2020) - showed features of mild degenerative changes
evidenced by
e Articular cartilage loss.
¢ Small marginal osteophytes.
¢ Minimal joint effusion noted.
Impression: Low grade partial thickness tear of mid
substance of anterior cruciate ligament. Small radial tear
of the body of medial meniscus Ruptured baker cyst with
adjoining inflammation seen. Mild knee joint effusion seen.
Mild degenerative changes seen in form of articular cartilage
loss and small marginal osteophytes.

Small marginal osteophytes seen at the border of the
patella.
¢ The tibiofemoral joint space is preserved.
e The distal femur and proximal tibia appear within
normal limits.
Impression: Early knee osteoarthritis.

Figure 1: X-ray of the right knee joint (November 2020) -
showed features of early degenerative changes.
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e The tibiofemoral joint space and alignment are
preserved.

e The distal femur, proximal tibia and patella appear
normal.

Figure 2a: X-ray of the right knee joint 6 months post
procedure (May 2021).

The normal bone density is preserved.

e The tibiofemoral joint space is preserved.
e No bone or joint pathology seen.
Impression: Essentially normal study.

4 Y

Figure 2b: X-ray of the right knee joint 6 months post

procedure (May 2021).
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Discussion

Osteoarthritis is a chronic degenerative joint disease
that has evidence based conservative treatment options
like exercise, weight management, patient education and
some medications for pain but this has not proved to
reverse the progress of the degeneration but rather manage
the damage already done. Definitive therapy known for
advanced stages is usually total knee replacement, which is
a surgical procedure, which is where adult stem cell therapy
has it advantage as it is minimally invasive, safe with no
reported treatment related adverse effect. Recent literature
has revealed the anti-inflammatory and healing properties
of stem cells. The use of autologous SVF and BMAC in
conjunction with PRP could be a novel therapy. Future
studies could help to establish appropriate clinical protocols
including repeat dosing, quantity/volume of MSCs (BMAC
and SVF) or concentration of PRP for specific indications.
Also, future studies need to compare cases with and without
intravenous transplantation of SVF to determine the extent
of the role of systemic transplantation of autologous SVF in
localized regeneration of the hip joints.

Proposed mechanisms of action in this patient could be
a paracrine effect or engraftment of the injected cells. The
injection of the MSCs (ADSCs and BMSCs) most probably
stimulated a reduction of inflammation followed by the
formation of new, healthy tissue. Complete tissue remodelling
because of a complex sequence of events stimulated by
expression of growth factors, chemokines, and cytokines.

Direct injection of MSCs (SVF and BMAC) plus PRP
in severe knee osteoarthritis can be effectively and safely
completed in an outpatient setting according to this case
study. The patient tolerated the procedure with no reported
adverse events. Radiographic imaging depicted the stages
of healing after a single injection of the cellular mixture.
Anticipated outcomes for healing processes and detailed
protocols could be determined with larger clinical studies.
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