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With an increase in life expectancy which causes an ageing population, osteoarthritis, including
cartilage loss and other cartilage lesions can become a major health problem. Cartilage has little self-renewal or
regeneration capacity and those with cartilage lesions suffer from slow degeneration of the cartilage resulting in
pain and loss of function. Conventional treatment for cartilage lesions often results in little or no pain relief
leaving major surgery as the only viable option for improving the quality of life. Even so, available surgeries are
not a permanent relief of the condition nor do they reverse the process of cartilage degeneration. Limited
research funding, low public attention and a poor understanding of the mechanisms behind the conditions are
several reasons that contribute to the lack of progress in developing treatments for cartilage degenerative
conditions. In addition, cartilage degeneration is usually a slow process and early detection is often difficult due
to the lack of biomarkers. In recent years, new methods have been suggested such as the use of autologous
mesenchymal stem cells as a treatment of conditions like osteoarthritis. Clinical trials in both animal and human
models have shown good results suggesting a simple, effective and lasting solution for cartilage lesions might be
around the corner.
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Introduction

Osteoarthritis (OA) is a pathologic process
of degenerative joint disease affecting all joints,
though most commonly occurring in the hand,
knee, and hip®™. It is the most prevalent chronic
joint disease with knee OA being a common form
with a high prevalence in Asian countries®.
Characteristics of the condition are damage to the
articular cartilage, changes in the subchondral bone
and synovium, followed by damage to the
underlying bone and morphological changes such
as subchondral sclerosis, subchondral bone cysts,
osteophyte formation and synovitis®®. Risk factors
for osteoarthritis include a genetic predisposition,
hereditary factors, obesity, age, mechanical injury,
joint trauma, gender, joint immobilization, and
overuse of the joint®”. OA does not only cause
disability but has been linked with other conditions
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such as neuropathic pain, depression, and sleep
disorders®. Therefore, it has a great impact on
society and is an economic burden responsible for
up to 2% of all public health expenses®?.
Although OA is a common disease, no approved
medical treatment exists to improve or reverse the
articular cartilage damage™”. Some controversial
medications that suppress interleukin 1 and
metalloproteinase, and stimulate transforming
growth factor-B (TGF-B) may stop or reverse the
process but have not been approved as a medical
treatment yet. Frequently used treatments include
physical therapy™?, pain control with steroidal and
non-steroidal anti-inflammatory drugs,
viscosupplementation with injections of sodium
hyaluronan as well as a variety of nutraceuticals®?,
however, none of these treatments have an impact
on the progression of the condition. Although cell
therapy by surgically implanting autologous
chondrocytes has been used to regenerate cartilage
damage for over two decades, the repair process is
slow and often insufficient due to the poor self-
renewal and regeneration abilities of the
chondrocytes™*®. Therefore, the only treatment
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resulting in a quick relief of the condition is total
joint replacement®. Total joint replacement is a
major surgical procedure with risks of infections as
well as the costs of hospital care, physiotherapy and
rehabilitation®®; it is therefore only used as a
method of last resort. Other less invasive and
cheaper methods have been suggested such as the
use of stem cells. Mesenchymal stem cells have
shown chondrogenic potential in vitro and might
therefore provide an alternative treatment of
damaged cartilage®*%.

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) are
pluripotent progenitor cells. They are capable of
establishing colonies from a single cell referred to
as colony-forming fibroblast units. They were first
described by Alexander Friedenstein as progenitor
cells of bone and cartilage in 1966“”. Since then
they have been shown to have the capacity to
differentiate into a variety of cell types including
osteoblasts,  chondrocytes, adipocytes, and
myocytes®™. They have also been shown to
differentiate into nerve cells and hepatocytes which
are normally derived from the other two major
embryonic germ layers; the ectoderm and
endoderm®2), This is known as
transdifferentiation or plasticity and MSCs can be
considered as a source for more than just
mesenchymal tissues®?%. MSCs are involved in
the maintenance and regeneration of connective
tissue and are known to migrate to tissues as a
result of inflammation or injury where they
participate in the repair of damage®®?". They are
immunoprivileged cells with immunosuppressive
properties®®. In addition, MSCs are known to
produce a number of secreted factors for example
cytokines, chemokines, and growth factors@®3Y.
MSCs therefore have considerable potential for
tissue engineering.

Unlike the highly controversial embryonic
stem cells, the MSCs are adult stem cells. They can
be found in many tissues and organs but reside
mainly within the bone-marrow. Bone-marrow
derived mesenchymal stem cells (BMSCs) are
therefore a widely used and well-studied cell line.
Other common sources include adipose tissues,
skeletal muscles, umbilical cord blood and
Wharton’s Jelly®**). Al of which have the
capacity of differentiating into the cell lineages
previously mentioned with BMSCs additionally
being able to provide the stromal support system for
haematopoietic stem cells®®. Due to the abundance
and distribution of MSCs in adult tissue, a patient’s
own MSCs can be isolated, expanded, and used as
an autologous cell line. Not only does it eliminate
the risk of host rejection but also the ethical
concerns since the use of autologous cells is a
generally accepted practice. When expanding
MSCs in vitro, they are allowed to pass through

stages known as “passage”. Cells are usually let
through 2-5 passages but it is not recommended that
they pass through 10 or more due to the risk of
mutations and tumor genetic effects. Indeed, one of
the disadvantages of MSCs is their potential to give
rise to or support tumors. In the literature, there
exists controversial information with reports of
tumor growth suppression as well as both increases
and decreases in tumor growth.

Transplantations into  immunodeficient
animals have shown no evidence of tumor
formation®. In 2011 Suzuki et al. showed that
MSCs can support tumor growth by supporting the
growth of the tumor stroma. They observed a
significant increase in tumor growth when co-
injecting mice with tumor cells and MSCs.
However, their results were also controversial since
they observed no increased tumor growth when
using a different MSC line®”. Therefore, the
possibility of tumor development cannot be rejected
completely when using MSCs.

Mesenchymal stem cells in joints

Synovial MSCs can be found in most
tissues of the synovial joints in mammals. In
humans they were first described by De Bari et al.
when they successfully isolated MSCs from the
synovial membrane in 2001®®. Since then they
have also been found in the meniscus, ligament, fat
pad, cartilage and bone marrow of the synovial
joints®¥9. These cells have the capability of self-
renewal and differentiation pathways similar to that
of the BMCSs. MSCs from synovial fluid exhibit
greater clonogenicity and chondrogenic capacity
than those from bone marrow. They also show
clonal heterogeneity with individual clonal
populations exhibiting variable proliferation and
differentiation potentials®?.

Since MSCs can be found in most tissues
of the synovial joints it is likely that they must play
a role in providing a reservoir of repair cells that
can be activated for growth, repair or remodeling.
They might also function as immunomodulatory
sentinels for reducing inflammation or the activity
of T-cells“?. MSCs found in cartilage appear to
lack the ability of functional repair since it is well
known that cartilage fails to regenerate following
injury. It is possible that MSCs in the cartilage
serve a different purpose for example replenishing
the surface zone proteoglycan lubricant to minimize
friction®.

A significantly greater number of MSCs
can be recovered from the effected joints of OA or
rheumatoid arthritis patients as well as those of
ligament injury compared with that from healthy
joints. The number of MSCs also increases with the
severity of the disease and one hypothesis suggests
that they originate in the degrading synovium™”. In
2002, Murph et al. showed that MSCs from patients
with end-stage OA had reduced in Vvitro
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proliferation and differentiation potentials. They
compared BMSCs from patients who underwent
joint replacement surgery and compared them with
samples from matched healthy individuals. They
observed a significantly reduced vyield and
proliferation activity with cells having reduced
chondrogenic and adipogenic activity and increased
osteogenic potentials“®. It has been shown that
these functional deficiencies can be improved with
supplementation of the medium with growth
factors?).,

Availability and safety of MSCs

Obtaining cells for tissue engineering can
be a major technical issue. It is possible to use
allogeneic cells from donors but this is not common
clinical practice due to the risk of rejection or
disease transmission®. The use of autologous cells
is considered safe because there is neither an
immunological reaction nor the risk of disease
transmission. However, using autologous cells also
has limitations; availability may be scarce and it is
important to select a tissue which results in minimal
morbidity for the patient®”. Autologous BMSCs
are widely used because they can be easily obtained
causing minimum morbidity and can be collected
without producing tissue defects®®. The yield
obtained from bone-marrow can be quite low and
cells are usually expanded in vitro. The cells are
confirmed as MSCs by checking for surface
markers commonly found on MSCs such as CD90
and CD105. Another good source for MSCs is
adipose tissue. The number of cells that can be
harvested from adipose tissue has been estimated to
be up to 1,000 times greater than that from bone-
marrow making it a good source for stem cells®®.
Obtaining adipose derived mesenchymal stem cells
(AMSCs) is relatively simple with the use of
liposuction where fat-pads are the major harvest
sites. Like the harvesting of BMSCs, this technique
causes minimal morbidity and is considered a safe
method. Other sources of MSCs have been
suggested but limited availability and difficulties in
extraction have made BMSCs the most commonly
used source for clinical application with AMSCs
being investigated as a new more potent source of
cells. Overall, it is hard to determine the safety of
using autologous MSCs, although the risks of
rejection or disease transfer is almost non-existent,
the long-term effects have not yet been fully studied
and the risk of tumor formation exists.

MSC:s for cartilage repair

Most reports on the use of MSCs to treat
cartilage defects focus on the use of BMSCs and a
small number investigating AMSCs. Synovium
derived mesenchymal stem cells (SMSCs) have
been suggested for cartilage repair since some in
vitro and animal studies have shown SMSCs to
have a greater chondrogenic potential than
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BMSCs®**), So far, there have been no clinical
trials for this cell source in humans and harvesting
SMSCs requires the use of arthroscog)y which is
more invasive than obtaining BMSCs®®,

Shigeyuki Wakitani is a pioneer in the
field of cartilage repair using MSCs. In 1998 he and
his team transplanted BMSCs to repair articular
cartilage which was the first such clinical trial ever
reported®”. They performed this procedure on 40
more patients and published the first comprehensive
study on the safety, effectiveness, and long-term
effects of MSC transplantations for cartilage
repair®®. Their study was a long-term follow up
study which included 41 patients with 45 joints and
a follow up time of up to 11 years and 5 months.
They harvested BMSCs from the iliac crest and
expanded them in culture. The cells were delivered
with surgery through a gel-cell composite or with
the use of collagen sheets®"*%. The surgeries were
performed between January 1998 and November
2008 and the follow up time varied from 5 to 137
months. Of the 41 patients operated on, they were
able to follow up on 31. There were no reports of
tumor formation or infections over their follow up
period. Therefore, they concluded that the use of
BMSCs was an effective and safe way of treating
cartilage defects. Although they had a long follow
up period, the potential risk of tumor formation
from stem cells should not be underestimated.
Animal studies showed tumor formation or

increased tumor proliferation as a result of

introducing MSCs into the animals(Go’Gl).

Autologous  chondrocyte implantation  for
cartilage repair

Autologous  chondrocyte  implantation
(ACI) has been suggested as a promising method
for cartilage repair. Many comparative studies have
shown promising results and in 2005 Fu et al.
reported a significantly greater improvement in
function and pain relieve in patients who received
ACI treatment compared to those treated with
debridement of cartilage defects in the knee®?.
MSCs have been shown to differentiate into
chondrocytes or prevent cartilage degeneration and
have therefore been suggested as an alternative cell
source for cartilage repair®. By co-culturing
MSCs and chondrocytes, Aung et al. were able to
differentiate MSCs into chondrocytes without the
use of growth factors and at the same time
preventing their hypertrophic differentiation®.

In 2010, Nejadnik et al. published a paper
comparing the use of autologous BMSCs and
autologous chondrocytes for treatment of cartilage
defects®. The chondrocytes were harvested in
surgery from non-weight bearing cartilage tissue
and expanded in cultures. The BMSCs were
harvested from the iliac crest using needle and
likewise expanded in cultures. To confirm their
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culture indeed existed of MSCs, they checked for
cell surface markers commonly found on MSCs.
Cell sheets were produced for both chondrocytes
and BMSCs by culturing the cells in the presence of
ascorbic acid. For each surgery, at least 4 cells
sheets were prepared with a cell density of 2 x 10°
cells/cm?. After cell harvest and expansion, patients
underwent ACI surgery™ and received either a
chondrocyte or BMSC sheet implant of
approximately 1-1.5 x 10° cells. Patients were
evaluated preoperatively and at 3, 6, 9, 12, 18 and
24 months after surgery. The results showed that
patients treated with either ACI or BMSCs had a
significant improvement in their quality of life,
however, men’s health and sport activity showed a
greater improvement than that of women. In the
ACI group patients older than 45 years had less
significant improvements than younger patients but
this was not observed in the BMSC group. This
study suggests that both treatments are an effective
way of relieving pain and improving the quality of
life. The advantages of BMCS treatment are that it
requires one fewer surgeries and that the surgery is
less invasive resulting in lower morbidity and
hospitalization costs. Moreover, treatment with
BMSCs showed no difference between age groups.

Bone-marrow derived MSCs in clinical use

The first report of using BMSCs to treat
osteoarthritis was documented by Wakitani et al. in
2002%%. The study consisted of 24 patients with
knee osteoarthritis who underwent a high tibial
osteotomy. Twelve of these patients received
autologous BMSC transplantations and the other 12
served as a control group. BMSCs were harvested
from the iliac crest and expanded in cultures.
During the high tibial osteotomy, the knee joint was
opened using the parapatellar medial approach.
They observed the medial femoral condyle and
medial tibial plateau; in all cases the articular
cartilage on the medial femoral condyle was lost as
well as the sub-condral bone being eburnated. The
mean number of 1.3 x 10’ BMSCs was introduced
in a gel-cell composite consisting of 2 ml of 0.25%
type I acid soluble collagen from the porcine tendon
put onto a collagen sheet and gelatin. This gel-cell
composite was applied to the abraded area and
covered with collagen sheets. They were able to
obtain samples of repair tissue and observe the
transplants through arthroscopy in the following
two surgeries when the pins and staples were
removed. Clinical evaluations before and after
surgeries were performed using the Hospital for
Special Surgery knee-rating scale. Both groups
showed significant improvements in pain, function
and muscle strength. However, no difference was
observed between the cell-transplanted group and
cell-free group. Interestingly, it was observed that,
the defects were covered with white soft tissue and
some hyaline cartilage-like tissue in the cell-

transplanted group. This was not the case for the
cell-free group where white material with an
irregular surface could be evident and in some areas
underlying bone was visible. Although patients
showed no improvement in the quality of life in
either group, BMSCs seemed to be able to produce
cartilage-like tissue in in vivo transplants.

Similar results were reported in 2007 by
Kuroda et al. in a 31-year-old patient suffering from
pain in the right knee®. BMSCs expanded in
culture were introduced in a gel-cell composite
through surgery. Seven months later arthroscopy
revealed the defects to be covered with smooth
tissue. Histological staining of samples showed
hyaline-like type cartilage tissue that stained
positively with Safranin-O. Twelve months after
surgery magnetic resonance images (MRI) showed
an increased thickness of the cartilage and that the
bone was no longer edematous. The patient retained
his previous activity level experiencing no pain or
complications. These findings suggest that a
transplant of autologous BMSCs can promote the
repair of large focal articular cartilage defects.
However, these studies showed promising results in
cartilage repair by introducing cells through a major
surgical operation. Since then, less invasive
procedures have been suggested and performed by
injecting BMSCs or AMSCs directly into the
synovium of the knee joint or by preforming
subchondral microdrilling combined with an
injection of growth factors or substances such as
hyaluronic acid which has been proved as being
beneficial for cartilage health and repair©?.

In 2011, Saw et al. investigated the quality
of articular cartilage regeneration after arthroscopic
subchondral  drilling®®. They postoperatively
injected five patients with autologous peripheral
blood progenitor cells (PBPCs) in combination with
hyaluronic acid (HA) for improving the
regeneration of cartilage. The patients received the
first injection one week after the surgery followed
by four more injections at weekly intervals. They
performed a second-look arthroscopy which
confirmed articular cartilage regeneration and
histologic sections stained positive suggesting the
formation of hyaline cartilage, both of which are
consistent results with previous findings. In
addition, they also performed histologic and MRI
studies of articular cartilage regeneration in patients
treated with or without PBPCs and HA after
arthroscopic ~ subchondral  drilling®.  The
intervention group’s histologic scores and MRI
scores were significantly better than those of the
control group. It was concluded that treatment by
regularly injecting PBSCs and HA after surgery
improved the quality of articular cartilage repair.
Studies on the effects of direct injection of MSCs
without any surgical procedures have also shown
promising results in the treatment of knee
osteoarthritis (Fig. 1).
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Fig. 1 Direct intra-articular injection of mesenchymal stem cells. Mesenchymal stem cells are harvested from
various sites, most commonly bone-marrow or adipose tissues. They can be expanded in culture and then

injected in suspension directly into the patients’ knee.

Bone-marrow derived MSCs in the treatment of
osteoarthritis

In 2011, Davatchi et al. reported their
results on the direct injection of BMSCs into the
knees of patients suffering from osteoarthritis"®.
All four patients in this study were over 50 years
old and suffering from moderate to severe knee
osteoarthritis due to obesity. BMSCs were obtained
from 30 ml of bone-marrow blood from the patients
and expanded in culture; they were confirmed as
MSCs by immunophenotyping. The mean volume
of 5.5 ml containing 8-9 x 10° cells was injected
into one knee of each patient. Although
improvement was observed in 3 out of 4 patient it
was minor and the researcher concluded the results
as encouraging, but not excellent. Another similar
report from 2012 describes 6 female volunteers
who needed total joint replacement (TJR) surgery
but received a BMSCs injection instead™. In this
study the obtained 50 ml of bone-marrow blood and
expanded in culture, likewise they confirmed their
cell population as MSCs by immunophenotyping.
They injected 20-24 x 10° BMSCs intra-articularly
into the knees of the volunteers. MRI demonstrated
an increased cartilage thickness in 3 out of 6
patients and patients reported a reduction of pain as
well as improvement in walking distance for the
first 6 months then slightly reducing for the
following 6 months. Taken together, these studies
were both promising and encouraging but not fully
satisfactory as a standard treatment for knee
osteoarthritis.

More promising results with intra-articular
injections of autologous BMSCs alone were
produced in 2013 by Orozco et al."®. Their study
consisted of 12 patients with osteoarthritic knee
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pain who failed conservative treatment and 9 out of
12 had already undergone previous surgery. Bone-
marrow was extracted from the iliac crest for MSC
isolation. Cells were expanded in culture and
confirmed as MSCs by immunophenotyping. After
3 weeks of cell culture, cells were harvested and
injected into the patients. The patients received an 8
ml of 40 x 10° cells injection which was
considerably larger number than in previous
comparable studies”"™. Clinical outcomes were
followed for one year by evaluating pain, disability,
quality of life as well as measuring articular
cartilage quality through MRI. By 3 months, pain
was significantly reduced with additional progress
in the 9 months to follow and was significant at all-
time points observed. Patients showed rapid and
progressive improvement of the Lequesne index
that approached 65-78% after 1 year. Patients were
also satisfied with the treatment and 11 out of 12
reported lasting pain relief throughout the study
period. MRI also showed a significant increase and
improvement in cartilage quantity and quality in 11
out of 12 patients. Furthermore, it was
demonstrated that the feasibility and safety of the
treatment reached up to 78% of treatment results
with 100% being a perfect treatment. It compared
favorably with the conventional treatments
producing considerably better results. Additionally,
it compares well with other invasive methods such
as TJR surgery since it is simple and does not
require hospitalization or surgery, resulting in over-
all lower costs. Their results were considerably
better than in the similar studies mentioned
previously. One of the reasons might be that they
injected approximately 2-4 times more MSCs than
in the other two studies.
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Adipose derived MSCs (AMSCs) as treatment
for osteoarthritis

Although the main focus has been on the
use of BMSCs, some researchers have chosen to
use AMSCs as an alternative tissue. This is due to
the abundance of available adipose tissue for cell
harvesting and the higher yield obtained from each
gram of tissue. In 2012 and 2013, Koh et al.
published two papers on the same study which
revolved around the use of AMSCs for the
treatment of osteoarthritis™ 7. This study recruited
18 patients who received an injection of AMSCs to
the knee. The adipose tissue was harvested from the
inner side of the infrapatellar fat pad via a skin
incision after arthroscopic debridement.
Interestingly, they did not culture the cells but
directly isolated them from the fat tissue by
centrifuging the tissue sample. They did not
perform immunophenotyping to confirm their cell
population as MSCs, but simply counted them with
a hemocytometer and presumed their cell
population consisted of MSCs. Since this was a
quick process, they were able to inject the cells
back into the patients on the same day as they were
harvested. They did not receive the same yield of
cells from each patient and the injected cells ranged
from 0.3 x 10° to 2.7 x 10° in number. Clinical
outcomes were evaluated before treatment and in
the following two years after treatment. Overall, the
treatment was a success and there was no major
complication. The data showed a significant
reduction of pain and an increased quality of life for
all patients. A positive correlation was found
between the number of cells injected and pain
improvement. Furthermore, MRI images taken
before and after treatment confirmed that the
whole-organ MRI score had increased significantly
and the improvement was also correlated with the
number of cells injected. They concluded that
AMSCs were a valid cell source for treating
cartilage damage. Their method is also simple and
cost effective with cells being harvested and re-
injected into the patient on the same day resulting
in reduced costs from cell expansion and from the
fact that no hospitalization is required. The
weakness of their study was that they did not
confirm their population as MSCs. Therefore, the
cell population might consist of more cell types
such as adipocytes. They also noted that the number
of AMSCs that can be isolated for the infrapatellar
fat pad is limited and a source that could provide a
higher yield of stem cells would be preferable. The
fact that they observed greater improvements in
patients who received higher numbers of cells in
their injections is consistent with the studies
previously mentioned. Davatchi et al. injected 8-9 x
10° cells observing minimal improvement,
Emadedin et al. injected 20-24 x 10° with promising
results but not satisfactory while Orozco et al.
injected 40 x 10° cells producing satisfactory and

good results both in the quality of life for patients
and articular cartilage regeneration”®"?. The
effectiveness of intra-articular delivery of MSCs in
the knee has already been investigated in a number
of clinical trials (Table 1).

Current clinical trials

Currently, a number of clinical trials are
underway in the treatment of cartilage damage with
MSCs. Out of the 13 clinical trials listed in the
National Library of Medicine on the
clinicaltrials.gov website in 2012, 11 are focused on
the treatment of knee osteoarthritis“®. They mainly
revolve around the use of expanded autologous
MSCs derived either from bone-marrow or adipose
tissue, although some trials use allogenic or non-
culture expanded MSCs. Most researchers focus on
the use of intra-articular injections without the use
of scaffolds or major surgeries since injections are
more cost effective, cause little morbidity and are a
desirable way of treatment if they are successful.
Since optimal dose-studies have not been carried
out yet the ideal dose of MSCs is unknown and
doses in the current trials ranges from 1 x 10 to 1 x
108, These studies will further help in determining
what tissues are good sources of viable MSCs for
cartilage repair, what the optimal dose-size should
be as well as demonstrating if a single injection is
sufficient or multiple injections might be required
for satisfying results.

Conclusion

The promising results from the studies
described in this review show that there are
alternative ways to treat moderate to late stage OA.
The traditional major surgeries used to treat the
condition are both expensive and come with risks.
The less invasive methods described here have
shown good results but the development of the
treatment is ongoing. Better results were obtained
with higher numbers of MSCs injected but the
optimum dose still remains to be decided.
Interestingly, no studies used multiple injections
but instead all focused on a single injection hoping
it would provide permanent relief of the condition.
The results from the single injection studies showed
that there was an improvement, but in some cases
that improvement was reduced over time. Multiple
or even regular injections of MSCs into the joints
might be necessary. The dream solution would be a
single injection of MSCs alone or in combination of
growth factors, which would fully regenerate
articular cartilage damage and result in a lasting
tissue and eliminating the pain which follows the
condition. In order to achieve such a dream
solution, a number of studies are needed with
satisfying and consistent results as well as
determining all factors of the treatment such as
dose-size, vehicles used to deliver and if any
external factors are needed.
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Table 1 Summary of studies where MSCs were used for treating articular cartilage damage in the knee joints

Number

Study of Delivery Number of FoII_ow-up Control MSC_Is_ceII Defects
patients system cells time group origin
Safety of autologous bone
marrow-derived Surgery, Various
mesenchymal stem cell implantation, 5.137 Autologous cartilage defects
transplantation for cartilage 41 cell sheets, N/A months None BMSCs from (not i?\clu din
repair in 41 patients with 45 gel-cell iliac crest osteoarthritisg)]
joints followed for up to 11 composite
years and 5 months®®
Autologous bone marrow 36 patients Knee cartilage
derived mesenchymal stem ACI surgery, 1.0x10" - receiving Autologous defects (not
36 implantation 7 24 months BMSCs from ) .
cells versus autologous cell sheets 15x10 chondrocyt iliac crest including
chondrocyte implantation®® e treatment osteoarthritis)
Increased knee cartilage
volume in degenerative joint Three Intra- Autologous Knee
disease using percutaneously 1 articular 2.24x 107 3 months None BMSCs from osteoarthritis
implanted, autologous injection iliac crest
mesenchymal stem cells™
Surgery ,
Osteochondral lesions of the implantation N/A, 2 ml Autologous Knee cartilage
knee:'A new one-step repair 20 hyalu_ronlc of bone- 24 months None BMSCs from _defec@s
technique with bone acid marrow iliac crest (including
marrow-derived cells™® membrane concentrate osteoarthritis)
scaffold
Regeneration of meniscus Three timely Autologous
cartilage in a knee treated spaced intra- BMSCs from Knee
with percutaneously 1 articular 456 x 10’ 3 months None posterior osteoarthritis
implanted autologous injections superior iliac
mesenchymal stem cells™” spine
Treatment of a full-thickness Surder
articular cartilage defect in im Ia%ta%/ic')n Autologous Knee cartilage
the femoral condyle of an 1 pel cell ' N/A 12 months None BMSCs from defect 9
athlete with autologous bone C%m osite iliac crest
marrow stromal cells® P
Mesenchymal stem cell - . Autologous
injections improve Smgl_e intra 5 AMSCs from Knee
18 articular 1.18x 10 24 months None - -
symptoms of knee iniection infrapatellar osteoarthritis
osteoarthritis™ y fat pad
Infrapatellar fat pad-derived Single intra- Autologous
mesenchymal stem cell 25 articular 118 x 10° 12 months 25 cell free AMSCs from Knee -
therapy for knee iniection controls infrapatellar osteoarthritis
osteoarthritis™® ! fat pad
Human autologous culture Surder
expanded bone marrow . gery,
implantation, Autologous
mesenchymal cell 12 cell sheets 13x107 28-95 12 cell free BMSCs from Knee
transplantation for repair of el —cell ’ ' weeks controls iliac crest osteoarthritis
cartilage defects in c?)m osite
osteoarthritic knees® P
Intra-articular injection of . .
Single intra- - Autologous
autologous mesenchymal - 20x10 Knee
A . 6 articular 7 12 months None BMSCs from "
stem cells in six patients A 24x10 ili osteoarthritis
with knee osteoarthritis™ injection tliac crest
Mesenchymal stem cell Single intra-
therapy for knee - 8.0 x10° — Autologous Knee
osteoarthritis. Preliminary 4 ianr .téiltjilgr: 9.0 x 10° 12 months None BMSCs osteoarthritis
report of four patients” |
Treatment of knee . .
osteoarthritis with Single intra- 7 Autologous Knee
12 articular 4.0x10 12 months None BMSCs from -
autologous mesenchymal S o osteoarthritis
@) injection iliac crest

stem cells: A pilot study’
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