REVIEW ARTICLE

Regenerative Medicine Therapies for
Osteoarthritis and Cartilage
Majid Alhomrani
Department of Clinical Laboratories Science, The Faculty of Applied Medical Sciences, Taif University, Taif,
Saudi Arabia
Abstract
Osteoarthritis (OA) has a high burden and impact on society as it affects the quality of life of both young and older
patients. OA is a degenerative joint disease characterized by the degeneration of articular cartilage. This cartilage
is an avascular, unique matrix composed of chondrocyte cells, which can resist compression and redistribute loads
but have poor self-regenerative capacity. Numerous types of treatment are available, such as non-pharmacology
treatments involving diet, physiotherapy, exercise, and pharmacological which include different types of drugs.
None of these two types has proven to be the ideal treatment, only symptomatic treatment. Total knee replacement
is the final and only treatment available and used only when the other types of treatment fails. The intra-articular
injection is an alternative treatment for OA, due to the localized nature of the disease. Various types of blood
products are currently used, including platelet-rich plasma and orthokine to alert the inflammation response and
enhance the healing process. Recently, regenerative treatments have widely been introduced to overcome the
limitations of current treatments. Mesenchymal Stromal Cells (MSCs), which can differentiate into chondrocytes,
are used to regenerate articular cartilage. In addition, the improvements in tissue engineering technology such as
the use of different types of the scaffold as well as blood product and growth factors with MSC have had a great
impact in treating OA and regenerating cartilage. This review will discuss the pathogenesis of OA and describes
the current clinical management to treat the OA.
Keywords: Blood component therapy, Cartilage, Cell therapy, Growth factors, Mesenchymal stromal cell,
Osteoarthritis, Synovitis

O

INTRODUCTION

steoarthritis (OA) is a commonly
occurring form of arthritis affecting
diarthrodial joints, but most common
involved the knee; hip and hand, foot and spinal
joints and can cause severe long-term pain,
reduced functionality, decreased quality of
life and lower life satisfaction.[1] It is the most
prevalent cause of mobility, disability and chronic
musculoskeletal pain in the ageing population
affecting millions of people worldwide and
causing the World Health Organization to
designate the year 2000–2010 the bone and joint
decade.[2,3] Common OA risk factors include
previous joint surgery, joint injury, obesity,
occupational bending, and lifting injuries.[4]
OA has been considered a wear and tear noninflammatory disease leading to the loss of
articular cartilage.[5] While this condition is
considered non-inflammatory, there is still
strong evidence supporting the presence of
inflammation in the synovium of OA patients

leading to synovitis.[4,6] In addition, OA is mainly characterized
by loss of articular cartilage but also involves the entire
joint structure change including the synovial membrane,
ligaments, subchondral bone, and calcified cartilage.[7,8]
Pathological changes occurring with OA include the
destruction of cartilage, which is observed at the articular
surface in the form of fibrillation. There is also a hypertrophic
reaction (sclerosis) in subchondral bone, subchondral bone
cysts, newborn formation (osteophyte) at joint margins,
synovial membrane alterations, increased synovial fluid
volume with decreased viscosity, and degeneration of
ligaments. Along with these changes, the knee joint may
suffer from menisci destruction [Figure 1].[9]
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cartilage degeneration or to reverse it. However, evidence is
lacking for their therapeutic effects and this has caused the
Osteoarthritis Research Society International to recommend
discontinuation of these treatments if no response appears in
6 months.[15,18,19] On the other hand, The National Institute for
Health and Clinical Excellence (NICE) in the UK does not
recommend the use of glucosamine or chondroitin products
for the treatment of OA.[20]
a

b

Figure 1: Comparison between healthy (a) and osteoarthritis
(b) joint

The articular cartilage is a unique and unusual network
composed of a single cell type named chondrocytes, and
extracellular matrix (ECM) consist of proteoglycans
(aggrecan), collagen type II, and other components which is
mainly synthesized by chondrocytes.[10-12] The cartilage usually
has difficulty in healing or reproducing spontaneously after
degeneration or damage. This difficulty is because the cartilage
has a unique complex structure resulting from interactions
between cells, fluid, framework, and aggrecan and avascular
surroundings.[13,14] In this review, different aspects of OA
therapies were summarized that are available and provide an
overview of the regenerative medicine that is currently used.
OA treatment strategies
The current treatment options for OA are aimed to improve
health-related quality of life, reduce joint pain, physical
disability and handicap, improve and maintain joint mobility,
limit the progression of the disorder, and finally educate the
patient.[15]
Non-pharmacological treatment is an important option
used for OA. Information and education should be given
to all OA patients to unload the damaged joint as well as
reduce pain. The patient may benefit from lifestyle changes,
weight reduction, and exercises such as aerobics, range of
motion exercises, aquatic exercises, walking, and muscle
strengthening. It is also important to advise patients about
their footwear and the shoe and insoles to benefit the patient.
Physical therapy can also be a benefit to patients.[15,16]

Interestingly, the use of injected drugs is increasing due
to the monoarticular or oligoarticular nature of OA. These
types of treatment avoid the risk of untoward side effects and
several types of injected drugs are used. Corticosteroids are
anti-inflammatory agents that interrupt the inflammatory and
immune cascade at several levels.[21] These agents should be
considered when the patient does not respond to oral antiinflammatory drugs and has severe pain.[15]
Hyaluronic acid (HA) is a natural component of cartilage
and is essential for joint lubrication, shock absorbency and
the formation of the ECM.[22] Viscosupplementation is a
procedure that involves the injection of HA into the joint
space, to restore the viscosity and elasticity of the synovial
fluid.[22] Viscosupplementation can improve the patient’s
condition and has long-term benefits, especially in moderategrade knee OA patients.[21,22] However, the NICE does not
recommend the use of intra-articular HA injections for the
treatment of OA.[20]
If patients are not benefitting from the use of these
pharmacological agents, then the use of weak opioids and
narcotic analgesics should be considered. For the management
of severe pain, the use of strong opioids can be considered,
and non-pharmacological therapies in such patients should
be continued.[15]

Pharmacological therapies such as the use of acetaminophen
(paracetamol) an analgesic that inhibits the cyclooxygenase
(COX) enzyme.[15] Nonsteroidal anti-inflammatory drugs
(NSAIDs), commonly administered to patients who show no
benefit with paracetamol, are a method of inhibiting COXs
(both COX-1 and COX-2 isoenzymes).[16,17] Both paracetamol
and NSAIDs are used to reduce the symptoms of OA without
having any effects on cartilage.[16]

When combinations of non-pharmacological and
pharmacological therapies do not reduce pain, do not
improve functionality and quality of life, and the disease has
reached the end stage, then joint replacement surgery should
be considered. This is the only treatment that is considered
a curative for OA. The surgical treatment for OA is excision
and replacement of the entire joint, commonly referred
to as a total joint replacement. However, in some patients,
the replacement may be partial. In young and physically
active patients with symptomatic hip OA, osteotomy and
joint preserving surgery should be considered, while a high
tibial osteotomy for a young OA patient’s knee could delay
the need for knee replacement.[15,20,23] It is obvious that the
current types of treatments are symptomatic relief for a short
period without an improvement in the condition and the only
treatment is the total joints replacement. These drawbacks of
treatment options increase the demand for the development
of new therapeutic options.

Concomitantly, during the early stage of OA, glucosamine
and/or chondroitin sulfate can be used to slow the process of

It has been discovered an important role for Rac1 in OA
development. Hence, the inhibition activity of Rac1 by
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controlled release of Rac1 inhibitor therapy may consider a
good OA treatment strategy.[24]

BLOOD COMPONENTS-BASED THERAPY
In OA patients, both chondrocytes and synovial cells produce
high levels of pro-inflammatory cytokine interleukin-1 (IL-1)
and tumor necrosis factor α (TNFα) which destroy articular
cartilage through reduced collagen synthesis and increased
catabolic activity. IL-1 has two isoforms, α and β, β is the major
isoform produced in human tissue. IL-1 can activate the cell
through two receptors: cell-surface receptors type I (IL-1RI)
and type II (IL-1RII). Chondrocytes and synovial fibroblasts
are very sensitive to IL-1 due to the high number of IL-1RI
on them. In addition, IL-1β and TNFα cause chondrocytes
to be active and secrete matrix metalloproteinases (MMPs)
which can destroy cartilage. Furthermore, a high number of
anti-inflammatory cytokines are found in high levels in OA
synovial fluid such as upregulation of IL-I receptor antagonists
(IL-1Ra) which inhibit the IL-1R and have the ability to block
several catabolic pathways involved in OA but the IL-1Ra
cannot compete with the high level of IL-1β.[7,25,26] Hence,
there is a great interest in using IL-1Ra as a therapeutic option
as this treatment aims to inhibit IL-1 action. Since the early
1980s, there were several trials through different methods[27-35]
leading to the development of Autologous Conditioned Serum
(ACS) marketed as Orthokine which is a syringe, that contains
ACS rich with anti-inflammatory factors produced by a
physicochemical treatment of the whole blood.[36] Orthokine
causes an increase in many anti-inflammatory agents such as
IL-1Ra, which increased 140-fold, IL-4, and IL-10 with no
increase in pro-inflammatory cytokines.[36,37] However, other
studies have shown an increase in pro-inflammatory cytokines
such as IL-1β and TNFα.[37] The injection of Orthokine has
excellent benefits on the patient including safety profile,
reducing pain, and increasing their functionality.[38] The
mechanisms of ACS are still not completely understood,
and more research needs to be done to determine its effects
whether on symptoms or regeneration of cartilage.
Platelet-rich plasma (PRP) is another blood product. Platelets
are non-nucleated small bodies in the blood that contain
cytokines, bioactive factors, and proteins and play a major
role in hemostasis. Plasma is the liquid component of blood
and contains proteins, ions, and clotting factors.[39] Autologous
PRP therapy has been attracting worldwide attention
because it is simple to isolate and prepare, inexpensive,
lacks an immune reaction or disease transmission. Natural
concentrations of autologous growth factors (GFs) are
obtained by minimally invasive methods and the platelets
have a physiological role in the natural healing process.[40,41]
This therapy has been widely experimented with in the field of
medicine including wound healing, plastic surgery, cartilage
degeneration, and tendon injuries with the hope of enhancing the
healing process by increased differentiation, recruitment, and

proliferation of cells involved in tissue regeneration.[39,42] This
enhancement results from the high fold reservoir of important
GFs, cytokines, and other bioactive molecules associated
with PRP and platelets α and dense granules [Table 1].[43-46]
Furthermore, GFs are released by platelet activation. They
include insulin-like growth factor (IGF), transforming growth
factor β (TGF-β), platelet-derived growth factor, vascular
endothelial growth factor, fibroblast growth factor (FGF),
hepatocyte growth factor, platelet factor 4, and epithelial
growth factor. These may play a major role in cellular processes
including chemotaxis, cell proliferation and differentiation,
mitogenesis, angiogenesis, and metabolism.[39,43]
Preparation of PRP begins with the collection of autologous
whole blood from the patient with the addition of an
anticoagulant to prevent the activation of the coagulation
cascade and clot formation. The citrate anticoagulant is
usually used. It is available in various forms including calcium
citrate, acid citrate dextrose, and sodium citrate. These bind
to the calcium and prevent the clot from occurring. This is
followed by the centrifugation steps, which distribute, isolate,
and concentrate various blood components. Two different
preparation systems exist; they differ based on centrifugation
spin parameters. The first is a buffy-coat-based system that
requires high and long spins to isolate platelets’ poor plasma
and a buffy coat, which has both white and red blood cells.
The second is the plasma-based system which requires
slow and short spins to isolate the platelets and plasma only
without other blood cells.[39,47-49]
Then the PRP is activated to allow the α-granules to release
the GF, in a process known as degranulation. Platelets can
be activated endogenously through the collagen tissue or
exogenously by thrombin or calcium chloride. Activation
causes the release of stored GFs. Approximately 70–90% are
released in the first 10 min and the remaining is released in
the first hour. However, many human protocols activate PRP
endogenously.[49] DeLong et al.[48] proposed a classification
system to distinguish between PRP products based on three
categories: The absolute number of platelets, platelets
activation, and WBC counts.
Several clinical trials evaluate the benefits of using PRP as
an alternative treatment for OA. Napolitano et al. treated
27 patients between 18 and 81 years of age and divided them
into two groups: A knee arthritis group and a degenerative knee
cartilage disease group. Both groups received 3 weekly interval
injections of PRP. The assessments parameters Numerical
Rating Scale and Western Ontario and McMaster University
Osteoarthritis Index (WOMAC) showed dramatic improvement
in both groups. The highest improvement was in the 6th month of
the assessment.[50] Kon et al. reported that 91 patients diagnosed
with chronic degenerative knee and different grades of OA
were treated with three PRP injections. The clinical assessment
was based on International Knee Documentation Committee
(IKDC) and visual analog scale EQ (VAS) score at 6 and
12 months follow-up. The greatest score was at the 6-month

Asian Journal of Pharmaceutics • Apr-Jun 2022 • 16 (2) | 113

Alhomrani: Osteoarthritis and regenerative therapies
Table 1: Different types of molecules found in platelets
Molecule

Biological activity

IGF

Cell maturation, proliferation and bone matrix
synthesis

TGF‑β

Promotes matrix synthesis

PDGF

Cell proliferation, Chemoattraction

ECGF

Endothelial cell proliferation and angiogenesis

FGF

Fibroblast proliferation mediates angiogenesis

VEGF

Angiogenesis

EGF

Cell proliferation

Plasminogen

Plasmin production

α‑2antiplasmin

Inactivation of plasmin

Plasminogen activator inhibitor

Regulation of Plasmin production

Endostatins

Inhibit endothelial cell migration and
angiogenesis

Platelet factor 4

Inhibits angiogenesis

β‑Thromboglobulin

Platelets activation and inhibits angiogenesis

Thrombospondin‑I

Inhibits angiogenesis

Fibronectin

Bind to the cell surface

Vitronectin

Cell adhesion, chemotaxis

Fibrinogen

Format fibrin during clotting cascade

MMP‑4

Matrix degradation

α Antitrypsin

Inhibit proteases and enzymes

TIMP‑4

Regulation MMP and matrix degeneration

Histamine

Attracts and activates macrophages, pro‑and
anti‑inflammatory Effects

ATP

Participates in platelet response to collagen

ADP

Promotes platelet aggregation

Catecholamines

Hormones released by the adrenal gland in
response to
stress

Ca++

Platelet aggregation and fibrin formation

Dopamine

Regulate blood pressure and heart rate,
Neurotransmitter

Serotonin

Increased capillary permeability, macrophage
attraction
and Vasoconstriction

α‑Granules
Growth factor

Fibrinolytic factors

Basic protein

Adhesive proteins

Proteases and antiproteases

Dense Granules

IGF: Insulin‑like growth factor, TGF‑β: Transforming growth factor β, PDGF: Platelet‑derived growth factor, VEDF: Vascular endothelial
growth factor, FGF: Fibroblast growth factor, EGF: Epithelial growth factor, ECgF: Endothelial cell growth factor, MMP‑4: Metalloproteinase
4, TIMP‑4: Metalloproteinase inhibitor 4, ATP: Adenosine triphosphate, ADP: Adenosine diphosphate, Ca: Calcium

follow up and the score started to decrease following the
6-month assessment and at the 12-month follow-up, the score
was worse but still higher than basal levels.[51] At the 24-month
follow-up, the results had continuously decreased and showed a
worse score compared to the 12-month follow-up but were still
higher than basal levels and the greatest results were obtained
from younger patients with low-grade cartilage damage. This
study concluded that the PRP showed an effective result in

increasing the function and quality of life and reducing pain
in the short term.[44] These studies did not have a control group
for comparison of results and improvement. An interesting
comparison study had 150 patients between the age of
26–81 years divided into three groups. The first group received
three PRPs, the second received high molecular weight HA
and the third received low molecular weight HA. The clinical
evaluation was based on IKDA and EQ-VAS scores at 2- and
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6-month follow-ups. The results showed similar improvements
in both PRP and low molecular weight HA but at the 6-month
follow-up, only an improvement was found in the PRP group.
This indicates that PRP has a lasting improvement in the quality
of life and decreases symptoms and pain compared to HA. In
addition, the best results were among active younger patients
while the worst were among the older patients.[40] Patel et al.
reported 78 patients with bilateral OA who were divided into
three groups. The first group received a single WMC filtrated
PRP injection, the second group received two injections and the
last group received a single normal saline injection. The clinical
evaluation was based on the WOMAC score and showed no
improvement in the normal saline group compared to dramatic
improvements in the other two groups at 6-week, 3-month,
and 6-month follow-up examinations. The best results were
obtained again from younger patients with low-grade cartilage
degeneration.[52] Filardo et al. compared two types of PRP in
terms of safety and efficacy using 144 patients suffering from
cartilage degeneration lesions and OA and divided them into
two groups. The first group received three injections of a
single-spin plasma rich in growth factors (PRGF) while the
other group received three injections of a double-spin PRP.
The outcome evaluation was based on EQ-VAS, IKDC and
Tegner scores, which showed high clinical improvements in
both groups, and again. The best results were among younger
patients with low-grade cartilage degenerative lesions. PRP
injections also showed increased swelling and pain reactions
compared to PRGF.[53]
Despite the improvements in patients treated with PRP,
reducing pain and increasing the function of life, the
mechanisms of PRP are still not clear. Could PRP act as an
anti-inflammatory mediator or downregulate cytokines or is
its effect on synovial fluid or chondrocytes? Further research
needs to address the PRP mechanism.
Different methods of centrifugation, activation, the
concentration of platelets, preparation, and presence or
absence of other blood cells lead to an increased demand for
the optimal formulation of PRP with high benefits in cartilage
degeneration and OA. More research needs to identify the
optimal number of injections the patient needs to the disease
situation, the patient’s age, activity, and sex.

CELL-BASED THERAPY
The main characterization of OA is the degeneration of articular
cartilage, which is a connective tissue consisting of a single
type of cell named chondrocytes; their major function is to
allow the skeletal structure to have load distribution and shock
absorption.[12] The self-repairing ability of articular cartilage is
restricted due to low cell metabolism and a vascularity which
will reduce the ability of healing.[12] Different surgical repair
techniques have been used that aim to increase the self-healing
process, such as abrasion arthroplasty, microfracture, drilling,
and Autologous Chondrocyte Implantation (ACI); however,

these techniques have their limitations, which include
cell to tissue availability and the formation of unwanted
fibrocartilage.[54] To the best of our knowledge, there are no
therapeutic options that can slow the progress of OA and cure
it, except treatment to reduce pain and surgical options such
as total joint replacement, which has a high percentage for
failure and is not satisfying for younger patient.[55] However,
in recent years, stem cells have raised hope as an alternative
source of therapy for regeneration and tissue repair, due to the
easy process of preparation, delivery, and large availability.[56]

CHONDROGENIC DIFFERENTIATION OF
MSCS
MSCs have the potential to differentiate into chondrocytes.
MSCs are fibroblast-like morphologies that change into
large, round, shapes during chondrogenic differentiation.
The differentiation of MSCs to chondrocytes requires a pellet
culture system that culture MSCs as aggregates, first described
by Johnstone et al. in 1998. This culture system allows the
cell to cell interactions and the synthesis of ECMs which is
the main characteristic of cartilage, which contains a network
of highly organized collagen, mainly type 2 collagen (col2),
proteoglycans, and glycosaminoglycans that can be detected
by Alcian blue.[57-59] During the chondrogenesis steps, various
transcription factors are involved. The early and necessary
transcription factor is protein SRY-related high-mobility
group box9 (Sox9), which is a member of the Sox family
and controls the expression of the genes aggrecan, col2,
col9, col10, col11, and the cartilage link protein. However,
the mechanism by which Sox9 regulates cartilage-specific
transcription is still not completely understood.[60] Another
important transcription factor in chondrogenesis is BapxI,
which induces chondrogenic differentiation in sclerotome by
mediating Sonic Hedgehog (Shh) signaling that target Pax I
and Pax 9 which, in turn, activate BapxI in sclerotome.[61,62]
Furthermore, the transcription factors of the Twist subfamily
act as repressors or transcriptional enhancers and include Twist,
DermoI, Paraxis, HAND2, and Scleraxis. Scleraxis expresses
itself during embryogenesis in developing chondrogenic cell
lineages and can transactivate the expression of aggrecan. In
the region of the somites, the expression of Paraxis precedes
the Scleraxis to form the axial skeleton and tendons.[63] In
addition to the close cell to cell contact achieved by micromass
or pellet cultures, the in vitro chondrogenic differentiation
of MSCs require the addition of chondrogenic bioactive
factors such as TGF-β, bone morphogenetic protein (BMP),
dexamethasone, ascorbic acid, IGF, and FGF which enhances
chondrogenic differentiation.
The TGF-β family members TGF-β1, TGF-β2, and TGFβ3 are multifunctional peptides that play important roles in
maintaining and including in-vitro chondrogenic differentiation
of MSCs. Both TGF-β and dexamethasone represent essential
factors for the differentiation of MSC into chondrocytes. TGFβ1 stimulates the chondrogenesis process in MSCs through
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the transition from an initial N-cadherin-contributing state to
a subsequent fibronectin-contributing stage.[64] During the
adult and embryonic growth and development period, TGF-β2
participates to enhance in-vitro proliferation and redifferentiation
of chondrocytes.[65] There are different opinions regarding the
specific TGF-β subtypes used in chondrogenesis differentiation
of MSCs; some state that any subtypes of the TGF-β can
activate chondrogenic factors equally and the difference seems
to be in the lot rather than the subtype.[66] Still, others conclude
that TGF-β2 and TGF-β3 are more effective in promoting
col2 and glycosaminoglycans.[60] BMP plays a crucial role
during skeletal development, including mesenchymal cell
condensation, regulation of chondrocyte maturation, and
proliferation and joint formation.[67,68] The family member of
BMP,[69,70] including BMP-2, BMP-4, BMP-6, and BMP-7,
enhances the ECM deposition by acting synergistically to TGFβ, but cannot act with dexamethasone in classical pellet cultures
to differentiate MSC to chondrocytes.[60]
Ascorbic acid is used in culture media in combination with
dexamethasone to enhance the production of ECM and col2,
and increase the proliferation of chondrocytes.[71]
The chondrogenesis differentiation potential of bone marrow
MSC (BM-MSCs) is achieved by the use of a conditioned
medium containing both dexamethasone and TGF-β, while
the chondrogenesis differentiation potential of adipose tissue
(AD-MSCs) requires the addition of BMP-6.[66] Garza-Veloz et al.
concludes that the ability of AD-MSCs to differentiate into
chondrocytes can be enhanced using a combination of IGF-1/
FGF-2.[72] The chondrogenic differentiation of MSCs usually
requires serum-free media, which reduces the cellular apoptosis
induced by the serum.[60,73] Mishra et al. demonstrate that the
use of media with PRP will significantly increase the mRNA
levels of RUNX2, sox-9, aggrecan, and cellular proliferation, as
well as enhance the chondrogenic differentiation of MSCs that
indicate that PRP seems to be a promising supplement agent.[74]
At present, different commercial chondrogenic differentiation
media for MSCs are available.[60]

CLINICAL STUDIES ON MSCS
TRANSPLANTATION FOR CARTILAGE
REPAIR
Several kinds of literature have shown the potential of using
MSCs to repair cartilage in vivo using animal models;[75-80] this
review will only focus on the benefit of using MSCs in treating
humans [Table 2]. There are two methods of implantation of
MSCs, direct surgical implantation and intra-articular injection.
The implantation of MSCs could be done alone or applied in
combination with a scaffold.[81] The scaffold aims to build
cartilage that can recapitulate the original mechanical function
of native cartilage by allowing high cell suspension and cell
to cell contact.[56,82] MSC, together with scaffold and bioactive
molecular are the basic components of tissue engineering

that will allow the regeneration and enhancement of cartilage
formation.[83] Different types of scaffolds are available, such
as hyaluronan gel, collagen preparation, fibrin mixed with
synthesis polymers, platelet-rich fibrin glue, and PRP.[82,84]

SURGICAL IMPLANTATION OF MSCS
For cartilage repair, there are many clinical case reports
of surgical implantation of MSCs. Gobbi et al. report that
15 patients between 30 and 60 years of age were diagnosed
with a grade IV cartilage lesion of the knee. All patients were
treated surgically with activated Bone Marrow Aspiration
Concentration and covered with collagen-based membrane
scaffolds. The clinical assessment was based on X-rays and
magnetic resonance imaging (MRIs) at 12 and 24 months and
Knee injury and osteoarthritis outcome (KOOS). IKDC, VAS,
Marx, Lysholm, SF-36 (physical/mental), and Tegner scores
at 6, 12, and 24 months were done to follow-up. The outcome
results indicated a significant improvement of all scores
and the MRI showed hyaline-like tissues in all patients.[85]
Wakitani et al. treated 24 OA knee patients ages 49–70 at the
time of High Tibial Osteotomy. The patients were divided
into two groups: 12 patients received passage (P2) autologous
BM-MSC cultures using Fetal Calf Serum (FCS), embedded
in collagen gel sheets and applied to the cartilage defects, and
covered with autologous periosteum. The other 12 patients
received the same procedure without BM-MSC. 42 weeks
following the operations the patients who received BM-MSCs
showed white soft and hyaline-like cartilage tissue covering
the defected areas. The arthroscopic and histological grading
score was better in patients who received MSC compared
to the control groups, although no significant clinical
improvements were demonstrated.[86] A young judo player of
31 years of age suffers from full-thickness cartilage, defect
grade IV. The patient was treated with BM-MSC P2 culture in
autologous serum (AS), embedded in collagen gel and covered
by an autologous periosteal flap. After a year, the arthroscopy
and histology showed that the defect was completely covered
by a smooth tissue of hyaline-like cartilage and there was a
dramatic improvement in clinical symptoms.[87] Wakitani et al.
treated nine full-thickness patellofemoral cartilage defects in
three patients ages 31, 44, and 45. Collagen gel sheets were
embedded with P1 BM-MSCs culture in AS implantation and
covered with autologous periosteum. The clinical symptoms
improved 27 months after the procedure. One patient showed
fibrocartilage tissue covering the defect by histology and
another patient’s MRI results indicated a complete cover of
the defect, both after 12 months.[88] In another study, two other
patients with patella cartilage defects received BM-MSCs
embedded in collagen gel and surgical implantations, then
covered with autologous periosteum showed a significant
improvement in clinical symptoms (movement abilities) which
remained for 4 years or more.[89] In addition, Wakitani et al.
followed up with 41 patients who received 45 transplantation
BM-MSCs between 1988 to 2008. The results indicated the
safety of transplantation of autologous BM-MSCs due to the
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Table 2: Summary table showing the human studies included in MSCs
First author and Year of
publication

Original stem
cell

Gobbi et al. 2011

BMAC

Wakitani et al. 2002

Patients number

Disorder

Methods

15

Grade IV cartilage
lesion

Surgical implantation of
activated BMAC and cover with
collagen‑based membrane
scaffold

BM‑MSC

24

Knee OA

Surgical implantation of P2
BM‑MSC culture in FCS using
collagen gel sheet and cover
with autologous periosteum

Kuroda et al. 2007

BM‑MSC

1

Grade IV cartilage
defect

Surgical implantation of
P2 BM‑MSC culture in AS
embedded in collagen sheet
and cover with autologous
periosteum

Wakitani et al. 2007

BM‑MSC

3

Cartilage defect in
patellae

Surgical implantation of P1
BM‑MSC culture in AS using
collagen gel sheet and cover
with autologous periosteum

Wakitani et al. 2004

BM‑MSC

2

Cartilage defect in
patellae

Surgical implantation of collagen
gel sheet containing BM‑MSC
and cover with autologous
periosteum

Haleem et al. 2010

BM‑MSC

5

Chondral defect
femoral condyle

Surgical implantation of
P2 BM‑MSC embedding in
PR‑FG scaffold and cover with
autologous periosteum

Giannini et al. 2009/2013

BM‑MSC

48

Talar osteochondral
lesion

One‑step arthroscopic
implantation of BM‑MSC with
collagen powder and platelet gel
or HA with platelet gel scaffold

Nejadnik et al. 2010

BM‑MSC/ACI

Giannin et al. 2010

BMDC/ACI

Teo et al. 2012

BM‑MSC/ACI

Lee et al. 2012

BM‑MSC

70
35 surgical
35 IA injection of
BM‑MSC with HA

Centeno et al. 2008

BM‑MSC

1

Centeno et al. 2010/2011

BM‑MSC

430

72
Several lesion
(2 groups 35 each)
81
10 surgical ACI
46 arthroscopic
ACI
25 arthroscopic
MBDC
23
3 BM‑MSC
20 ACI

BM‑MSC and chondrocyte
harvest and culture in FBS until
cell sheet P1 then implantation

Talar osteochondral

Surgical groups received ACI
with collagen gel scaffold
and both arthroscopic groups
received cells with HA
membrane

OLD

Both cells culture in FBS until
preparation of cell sheet P1 then
surgical implantation

Cartilage defect

First groups received BM‑MSC
cell sheet culture in FBC
surgically
Second groups arthroscopic
microfraction then P1 BM‑MSC
culture in FBS injected IA
followed by HA

Knee‑OA

IA injection of P5 BM‑MSC
culture using PL

Various orthopedic
condition

IA injection of BM‑MSC culture
using PL
(Contd..)
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Table 2: (Continued)
First author and Year of
publication

Original stem
cell

Patients number

Disorder

Methods

Davatchi et al. 2011

BM‑MSC

4

Knee OA

IA injection of BM‑MSC culture
in FBS

Emadedin et al. 2012

BM‑MSC

6

Knee OA

IA injection of P2 BM‑MSC
culture using HBS

Kon et al. 2013

Infrapatellar fat
MSC

18

Knee OA

IA injection of non‑expanded
MSC with PRP

Pak 2011

SVF

2

Knee OA

IA injection of
SVF+HA+PRP+Calcium
chloride+dexamethasone

Pak et al. 2013

SVF

3

Chondromalacia
patellae

IA injection of
SVF+AH+activated
PRP+calcium chloride

Hauser and Orlofsky
2013

Unfractionated
WBM

7

Hip, ankle, or knee
Osteoarthritis

Unfractionated whole
bone marrow injection into
osteoarthritic joints

BMAC: Activated bone marrow aspiration concentration, BM‑MSC: Bone marrow mesenchymal stromal cell, OA: Osteoarthritis,
AS: Autologous serum, P: Passage, PR‑FG: Platelet‑rich fibrin glue, ACI: Autologous chondrocyte implantation, BMDC: Bone
marrow‑derived cells, OCD: Osteochondral defect, FBS: fetal bovine serum, FCS: Fetal calf serum, PL: Platelet lysate, IA: Intra‑articular
injection, HBS: Hyclone bovine serum, HA: Hyaluronic acid, SVF: Stromal vascular fraction, WBM: Whole bone marrow

absence of infection and tumors in the patients during longterm follow-up.[90] Haleem et al. reported that five young
patients diagnosed with full-thickness cartilage defects of
femoral condyles were treated with autologous BM-MSCs
which culture using fetal bovine serum (FBS) for two
passages and then was placed on platelet-rich fibrin glue
(PR-FG) scaffolds implanted surgically and then covered
with autologous periosteum. The clinical evaluation based on
Lysholm and revised Hospital for Special Surgery Knee scores,
X-Ray, and MRI at the 6 and 12 months follow-ups. The results
showed improvement in all patient symptoms; three patients
showed complete coverage of the defected surface with native
cartilage, while two patients showed incomplete coverage
by MRI.[91] Giannin et al. treated 48 patients diagnosed with
talar osteochondral lesions ages 14–50-years-old. The patients
received BM-MSCs with either scaffold of collagen powder
with platelet gel, or HA with platelet gel, which is done by
one step arthroscopic transplantation technique. The clinical
evaluation was based on the American Orthopaedic Foot and
Ankle Society (AOFAS), MRI, and histology for 4 years. The
histology results showed regenerative tissue progression. The
clinical scores lowered between 24 and 36 months significantly
and were negatively affected by the time between trauma
and surgery, but the AOFAS score improved at the 24 month
follow-up. MRI T2- mapping analysis showed regenerated
tissue similar to hyaline cartilage and its quality correlated with
clinical results directly.[92,93] An interesting comparison study
by Nejadnik et al. comparing ACI and BM-MSCs outcomes
in 72 matched patients divided them into two groups, with
36 patients in each group. The clinical assessments were based
on IKDC, ICRS, Tegner activity level scale, and Lysholm
Knee Scale at 3, 6, 9, 12, 18, and 24 months after implantation.
Both chondrocytes and BM-MSCs were harvested and

cultured in FBS until the preparation of cell sheets P1 and then
implanted. Both groups showed great improvements in quality
of life, with better physical role function in BM-MSCs groups
compared to the ACI groups; in terms of clinical outcomes,
there were no differences. Nejadnik et al. concluded that both
groups had similar effects; however, BM-MSC required only
one-step surgery, lower cost, and donor-site morbidity.[94]
Giannin et al. evaluated the treatment of cartilage defects by
presenting the results and comparing three types of techniques
for treating talar osteochondral, including open ACI surgery,
arthroscopic ACI, and arthroscopic bone marrow-derived
cells (BMDC) in 3 patients, were 10, 25, and 46, respectively.
In open ACI surgery, the collagen gel was used, while the
HA membrane was used in arthroscopic ACI. The clinical
evaluation was based on X-ray, MRI, and AOFAS scores.
All three groups showed an improvement in AOFAS scores;
however, the BMDC reduced the morbidity and cost.[95] Teo
et al. reported the treatment of 23 young patients diagnosed
with patellar Osteochondritis dissecans (OLD). The patients’
ages were between 12 and 21-years-old; twenty of them
received ACI and three received BM-MSCs. Both chondrocyte
and stem cell culture were used FBS until the preparation of
the cell sheet P1. The clinical assessment was based on IKDC
subjective, Tenger-Lysholm scales and Lysholm-Gillquist
scores at 6, 12, and 24 months follow-up. All three groups
showed improvement in assessments except for two patients
who showed hypertrophy.[96] Lee et al. investigated the clinical
outcome and safety of injected BM-MSCs and HA after
arthroscopic microfracture and compared it with (control)
surgical implantation of BM-MSCs cell sheets. Seventy
matched patients with symptoms of cartilage defect were
divided into two groups, each with 35 patients. The first group
received intra-articular injections of P1 BM-MSC culture
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in FBS, followed by HA injections after the arthroscopic
microfracture. The other group received surgically implanted
BM-MSC after culturing them in FBS until cell sheet. The
evaluation is based on using ICRS Cartilage Injury Evaluation
Package, IKDC subjective, the Tegner activity scale and the
Lysholm scale. Both groups showed similar improvements
in the short term and intra-articular injections are safe and
minimally invasive.[97]

INTRAARTICULAR INJECTION OF MSCS
The intra-articular injection technique is considered the easiest
method due to its potential advantage as a less invasive method,
its minimal recovery time and its cheap price.[98] Centeno et al.
treated a 36-year-old man diagnosed with knee OA by culture
BM-MSCs in platelet lysate (PL) until P5 and then giving
an intra-articular injection. The post-injection 3 months later
showed improvement and a decrease in the VAS score; the
MRI analysis before and after the procedure demonstrated
an increase in meniscus.[99] The same author reported that in
2010, 227 patients were diagnosed with various orthopedic
conditions between 2005 and 2009 and treated with P5
BM-MSC cultures in PL. Then in 2011 updated paper with the
addition of 113 patients were treated. The follow-up indicated
no tumor formations and less morbidity detected based on HHS
criteria, compared with surgical procedure.[100,101] Davatchi
et al. treated four patients with knee OA by P1 BM-MSCs
cultures in FBS. After intra-articular injections of BM-MSC,
the patients improved in walking time and stair climbing at
the in follow-up evaluation.[102] Emadedin et al. noted the
improvement in six patients of quality of life 6 months post
intra-articular injections of P2 BM-MSCs cultures in Hyclone
Bovine Serum (HBS). The patients diagnosed with knee OA
showed evidence of increased thickness of cartilage during an
MRI, but after the first 6 months, the pain started to appear.[103]
Koh et al. evaluated the results of intra-articular injections of
non-expanded MSCs isolated from intrapatellar fat pads with
PRP; the clinical results were based on Lysholm scores, VAS,
Western Ontario and McMaster University OA Index and MRI
pre and post operations. The results indicated an improvement
in MRI scores, reduced pain, and improved knee function.[104]
Pak treated two old female patients diagnosed with knee
OA using adipose tissue MSC. The patients received intraarticular injections of Stromal Vascular Fraction (SVF), along
with HA, PRP calcium chloride, and dexamethasone. There
were significant improvements in patient quality of life with
positive MRI results.[105] Furthermore, another study done by
the same author where he treated three patients with intraarticular injections of SVF for chondromalacia patellae, found
similar results. SVF is mixed with calcium chloride, activated
PRP, and HA. The patients’ outcome evaluations were based
on MRI, VAS, Function rating index, and physical therapy
assessments pre and post-treatments. Significant improvement
in terms of pain at the 1 year follow-up was concluded, no
serious side effects and MRI results showed improvements in
the damaged tissue.[106]

However, more clinical trials are required to address the ability
of MSC to regenerate cartilage and its anti-inflammatory
effect, especially in OA patients since the synovial fluid in
OA patients prevent the ability of MSC to differentiate into
chondrocytes.[107,108]

CONCLUSIONS
Cell-based therapies represent promising and effective
methods for cartilage regeneration. The development in
cell-based therapy has been massive, starting from two-step
surgery in ACI, to one-step surgery in BM-MSC, and now
the intra-articular injection of SVF. MSCs are alternative
sources of cells that could differentiate into chondrocytes, are
easy to isolate and culture, and have an anti-inflammatory
ability compared with chondrocytes. Furthermore, some
animal and human experiments using MSCs in treating
cartilage defects gave encouraging results, making MSCs
the future hope for the regeneration of cartilage. In addition,
more research is needed to analyze the MSC profile and the
mechanism, which will address the specific need of other
GFs, autologous products (serums, PRPs), and scaffolds to
allow the regeneration of cartilage.
Significance statement
OA is one of the most commonly occurring degenerative
joint problems, affecting more than one-quarter of the
population over the age of 18 years. It impairs the quality
of life to a great extent. Unfortunately, the precise molecular
pathways behind OA onset and progression are still
unknown, and the therapeutic regimen for its management
is not well established. Hence, based on recently released
scientific findings, it is worthwhile to present the existing
knowledge on the progression and management of OA. This
review examines the many therapeutic options available and
discusses their benefits and drawbacks, with a particular focus
on cell-based therapies. These therapies represent potential
and successful cartilage regeneration strategies. This review
will serve as a comprehensive source of knowledge for
scientists and researchers working on the topic of OA.
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