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Treatment of Chondral Defect of the Knee
Joint - Current Methods, Possibilities of Using
Cultured Mesenchymal Stem Cells

Libor Proke$'*, Tomas Kucdera?

ABSTRACT

Cartilage damage is caused by degenerative process and also by trauma, microtrauma or as a consequence of avascular necrosis. The
damage may be focal or diffuse over a larger area. Because of the limited healing potential, treatment of articular cartilage injuries is
problematic. The choice of surgical treatment depends on several factors: the size, depth and location of the defect, the age of the patient,
the desired activity, associated changes and the possibility of postoperative rehabilitation. Finding an appropriate method of treatment for
chondral defects with a reliable long-term outcome is difficult. The most common, clinically proven and used surgical techniques include
abrasive chondroplasty, marrow stimulating techniques, transplantation procedures or a combination of methods. The possibility of
introducing new methods in the form of the application of cultured mesenchymal stem cells represents a significant advance in the field of
regenerative medicine. Their use is safe and effective.
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Treatment of Chondral Defect of the Knee Joint

INTRODUCTION

Cartilage is a connective tissue composed of chondrocytes
and extracellular matrix with collagen fibrils, it has a firm
consistency and its property is compressive elasticity. It
responds to pressure by deforming its shape, which re-
turns to its original form when the pressure subsides. The
proteoglycans contained in the extracellular matrix and
the collagen fibrils are responsible for this elasticity. The
cartilage is vascular-free and nutrition is provided by dif-
fusion through the intercellular matrix. Cartilage function
depends on the quantitative and qualitative ratio of proteo-
glycans and their glycosaminoglycan (GAG) chains and the
arrangement of collagen fibrils. Articular cartilage acts
as a shock absorber and ensures an even distribution of
shock to the surface (1).

Cartilage damage is caused by degenerative process
and also by trauma, microtrauma or as a consequence of
avascular necrosis. The damage may be focal or diffuse
over a larger area. Degenerative changes in cartilage are
characterized by damage to collagen fibres and loss of GAG
chains; the ratio of individual particles changes with an
increase in water content. Due to its limited regenerative
capacity, any damage to cartilage is a serious problem.
Its main disadvantage is the limited ability of the inter-
nal repair processes of its own chondrocytes, which are
rigidly fixed in the protein matrix. Therefore, they cannot
migrate to the injured area and participate in the repair
process. Patients with a deep chondral defect suffer from
pain, swelling and limitation of joint mobility. Untreated
cartilaginous lesions gradually progress and lead to the de-
velopment of premature arthrosis.

The aim of this thesis is to present current modern
methods of treatment of post-traumatic and degenerative
chondral defects with the possibility of using cultured
bone marrow mesenchymal stem cells.

IMAGING METHODS

X-RAY IMAGE

Among the radiodiagnostic methods, the classical X-ray
examination takes the leading position. However, normal
hyaline cartilage is not contrasted on sciagraphic examina-
tion, and therefore we evaluate it indirectly by the spread
of the articular cleft and the reaction of the surrounding
bone (subchondral sclerotization, reactive bidding and the
formation of osteophytes of the articular surfaces margi-
nally). It is of major importance for the detection of osteo-
chondral fragments.

MAGNETIC RESONANCE

Magnetic resonance imaging holds a dominant position
among the examination methods of articular cartilage
pathologies. The development of examination techniques
has optimized the display of cartilage morphology, its volu-
metry and now also the possibility of biochemical analy-
sis. Due to its high resolution and spatial resolution, it is
an ideal method for imaging the soft tissues of the joint
and cartilage in its entirety, including the pathologies pre-

sent. Another advantage is the possibility of volumetric
measurement of cartilage when assessing the progression
of degenerative and inflammatory diseases or monitor-
ing during therapy, both osteochondral graft attachment
and medical therapy. Its indisputable advantage is that its
non-invasiveness does not burden the patient. Another
advantage of the newer MRI machines is the use of se-
quences with excellent resolution of cartilaginous tissue.
According to the information available in the literature,
the authors have the most experience and achieve good
results in imaging chondral pathologies using proton den-
sity (PD), T2 Fast Spin Echo (T2 FSE) or Fast LowAngle-
SHot (FLASH) sequences. Fat signal suppression sequen-
ces have become useful for imaging cartilage pathologies.
PD and T2 FSE sequences are advantageous for visualizing
damage to the middle and deep layers of cartilage, while
the FLASH sequence is useful for visualizing superficial
lesions (2, 3). Furthermore, the author’s experience shows
the usefulness of multiplanar imaging, which increases
sensitivity and specificity in detecting chondral lesions
(3-6). Newer methods such as Tirho and T2 mapping, Na+
imaging or delayed cartilage saturation methods such as
dGEMRIC (delayed Gadolinium-Enhanced) are gaining
importace.

TREATMENT OF CHONDRAL DEFECTS

Because of the limited healing potential, treatment of
articular cartilage injuries is problematic. The choice of
surgical treatment depends on several factors: the size,
depth and location of the defect, the age of the patient,
the activity required, associated changes and the possi-
bility of postoperative rehabilitation. The development of
arthroscopy with the development of more sophisticated
instrumentation and with it new surgical techniques has
been a shift in the possibility of treating and diagnosing
not only chondral lesions. Finding a suitable method of
treatment for chondral defects with reliable long-term re-
sults is difficult.

Joint resurfacing surgery alone may be without effect
if the stability and axis of the limb is not restored. Failure
of the limb axis leads to excessive pressure on the contact
surface. This condition can be influenced by an appropriate
type of osteotomy. The main aim of proximal tibial osteo-
tomy is to improve the biomechanical aspects and bio-
logical properties of the joint. The horizontal positioning
of the articular cleft and the correction of the mechanical
axis by a slight re-alignment to valgus leads to a shift of
the loading force from the damaged compartment to the
undamaged one. The blood supply increases in the vicinity
of the osteotomy and the rate of venostasis decreases in
the damaged parts of the joint. The change in innervation
isusually associated with a decrease in pain and indirectly
with an increased range of motion in the joint. When the
indication criteria and methodology are followed correctly,
corrective osteotomy contributes to a reduction in pain and
slows the progression of arthrosis (7). Regeneration of the
hyaline cartilage of the medial compartment of the knee
during “second look arthroscopy” has also been described
by some authors (8). A less common deformity is valgus
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deformity, for which a variation osteotomy of the lower fe-
mur is recommended. Similarly, joint stability is a concern.
Surgical procedures that stabilize the knee joint, such as
cruciate ligament repairs, reduce the risk of developing
a cartilage defect and the risk of developing arthrosis.

The most common, clinically proven and used surgi-
cal techniques include abrasive chondroplasty, marrow
stimulating techniques, transplantation procedures or
a combination of methods. Abrasion chondroplasty (9) is
used for chondral defects of smaller size (up to 2 cm?) orin
patients with osteoarthritis. The cartilage defect is aligned
and the unstable edges of the defect are removed to restore
a smooth surface and remove the delaminated portions.
Abrasion of the base of the chondral defect does not ex-
tend below the zone of calcified cartilage. Marrow-stimu-
lating techniques consist of perforating the subchondral
bone after removal of the remnants of damaged cartilage,
allowing migration of undifferentiated mesenchymal stem
cells into the defect area and vascular ingrowth. The first
results of this technique were published by Pridie (10) in
1959, when he performed retreatments into the base of
a cleaned defect and by Ficat (11). Over time, the designs
were replaced by Steadman microfractures (12), which is
currently the most widely used marrow-stimulating tech-
nique applicable not only in the knee (Fig. 1) butalso in the
shoulder (13) and hock (14) joints. A special curved chisel
is used to break the subchondral bone 4 mm deep, 5 mm
apart. The blood forms a fibrin plug at the base which starts
to stimulate tissue healing. After 8-12 weeks, the primary
plug transforms into fibrocartilaginous tissue. The fibrous
reparative tissue formed is less robust and less resistant
than the original hyaline type of cartilage. The effect of this
surgical technique is less, especially in patients over 40
years of age and in those where the defect is larger than 2.5
cm?. In the long term, it does not prevent the onset and pro-
gression of degenerative changes. Another group of sur-
gical procedures are transplantation procedures including
implantation of cultured autologous chondrocytes, im-
plantation of allogeneic osteochondral graft, transplanta-
tion of autologous osteochondral autografts (mosaicplasty)
and implantation of structural supports. Transplantation
of cultured autologous chondrocytes (ACI) is indicated for
circumscribed deep chondral and osteochondral defects of
the weight-bearing joints in younger patients ideally un-
der 40 years of age within 3 cm?. The first results of the
use of cultured chondrocytes were published by Peterson
in 1984 (15). In 1994, Brittberg (16) published the first re-
sults of implantation of a suspension of cultured chondro-
cytes fixed with a periosteal flap sutured to the articular
surface. The results of the ACI method were very good, yet
this method had its drawbacks in the form of a two-stage
procedure, laborious suturing of the periosteal flap, dama-
ge or loosening of the flap with spillage of the suspension,
or hypertrophy of the flap. Therefore, new fixation options
have been gradually developed with the emergence of new
generations of carriers (tissue glue, collagen membranes,
hyaluronic acid esters, polylactide). The carrier must be
biocompatible and biodegradace and must meet the condi-
tions of good adhesion of chondrocytes with their disper-
sion in different polymer matrices already during in vitro
production. This third-generation ACI technique, referred
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to as MACI (Matrix Induced Autologous Chondrocytes Im-
plantation), has spread rapidly with very good results (17).
Clinically used implants include polylactide acid polymer
carriers (BioSeed-C), hyaluronic acid (Hyalograft-C) and
autologous chondrocytes fixed in fibrin (Chondrograft).
The results of the histological examination showed the for-
mation of a mixture of connective and hyaline cartilage,
collagen type II and proteoglycans. The resulting tissue is
softer, well integrated with the subchondral bone. Stiffness
tests lead to the conclusion that it is a regenerate of con-
nective cartilage. Despite this fact, good medium-term
clinical results are achieved, with a significant reduction
in knee pain within one year and an improvement in joint
function. Another method is the transplantation of autolo-
gous osteochondral grafts (mosaicplasty) described by
Hangody (18, 19), designed to treat defects of 2-3 cm?. The
principle is to take cylindrical osteochondral blocks from
the nonload zone of the joint and transfer them to the de-
fect site after preparation of the bone bed (Fig. 2). The bone
component integrates well with the surrounding bone.
Hyaline cartilage maintains its properties and adds con-
gruence to the articular surface. The defect is 70% covered
by hyaline cartilage, with connective tissue between the
blocks. The disadvantage of mosaicplasty is the transfer of
tissue that has different biomechanical properties to a site
with different load requirements. Another disadvantage is
the risk of healing failure at the donor site, referred to in
English literature as “donor site morbidity”. In mosaic plas-
tics, it is reported that up to 50% of patients have non-spe-
cific joint discomfort from the donor site. This could be
eliminated by sizing the harvest block below the so-called
critical defect size of 7 mm. Ligamentous cartilage always
develops at the harvest zone. With the correct surgical pro-
cedure, the method works very well, it is a one-time and
economically inexpensive method. An alternative to this
method is the implantation of freshly frozen osteochondral
allografts. Allogeneic grafts are mainly used to treat large
osteochondral defects (6 to 8 cm? in diameter) for indica-
tions of traumatic cartilage lesions, osteonecrosis or osteo-
chondrosis dissecans. The disadvantages of this method are
the risk of an immune reaction to the graft and the risk of
disease transmission to the recipient. Currently, the most
popular method is the combination of abrasive techniques
with the implantation of biocompatible, bioconductive ma-
terials, which are inliquid, gel or solid cross-linked polymer
form (3D carriers). The essence of the AMIC (Autologous
Matrix-Induced Chondrogenesis) technique is to implant
a carrier that promotes the ingrowth of mesenchymal stem
cells and their differentiation into a chondrogenicline after
microfracture into the base of the defect, thereby promo-
ting the formation of new cartilaginous tissue (20, 21). The
biomaterial forms a hemostatic barrier, therefore no bleed-
ing into the joint cavity occurs. The implant is resorbed
within approximately 40-60 days after implantation. It is
usually fixed to the subchondral bone using biodegradable
nails or tissue glue. AMIC therapy has given better results
than microfracture alone in prospective studies (22). The
AMIC technique is safe, functional, and effective for small
to moderate (2 x 3 cm) cartilage defects, particularly in the
knee. Some authors use the method for defects up to 8 cm?
(23). The most commonly used polymeric materials include
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Chondrotissue® (polyglycolic acid-based implant), Hyalo-
fast® (esterified hyaluronic acid), Novocart® (type I colla-
gen). Another option is artificial implants functioning as
inserts (hydroxyapatite crystals with type I collagen).

Fig. 1 Microfracture Steadman.

Fig. 2 Mosaicplasty.

We are currently conducting a clinical study in our
clinic to help us refine this method using cultured mesen-
chymal stem cells. Mesenchymal Stem Cells (MSC) are
multipotent stem cells that have the ability to differentiate
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into different cell types such as osteocytes, chondrocyte-

sand adipocytes. MSCs are naturally found in various tis-

sues, including bone marrow (the main source of MSCs),
adipose tissue, synovial fluid etc. The basic properties of
stem cells include:

1. Multipotency: the ability to differentiate into different
cell types.

2. Immunomodulatory properties: MSCs can regulate the
immune response, which is important for the treat-
ment of inflammatory diseases.

3. Paracrine effect: they produce various bioactive mole-
cules that promote tissue regeneration and angiogene-
sis (formation of new blood vessels).

4. Easy insulation and expansion: MSC can be easily ob-
tained and propagated under laboratory conditions.
Mesenchymal stem cells have been extensively re-

searched in the field of regenerative medicine due to their

ability to repair damaged tissues. In recent years, MSC re-
search has focused on thein use in clinical practice. Many
clinical trials are underway to investigate their safety
and efficacy in various diseases. Importantly for use in
clinical practice, they are not teratogenic and can be used
both autologous and allogeneic. Mesenchymal stem cells
have achieved good results in in vitro tests (24), in ani-

mal models (25) and in early clinical trials in humans (26,

27). Bone marrow-derived stem cells have been shown to

have a higher capacity for chondrogenic differentiation

than adipose tissue-derived stem cells (28). Bone mar-
row-derived MSCs also produce significantly more type

IT collagen and glycosaminoglycan than adipose-derived

stem cells (29). Although the results are promising, MSC

therapy still faces challenges such as standardizing their
isolation and culture, identifying the ideal dose, and long-
term safety. At our institution, we obtain MSCs from the
hip flap by biopsy needle harvesting of 26-30 ml of as-
pirate under local anesthesia 3-4 weeks before surgery.

After isolation and expansion of the MSCs, the surgical

procedure is performed, which consists of a mini-arthro-

tomy, removal of the malar cartilage remnants, alignment
of the edges of the defect and treatment of its fundus with

Priedi flaps (Fig. 3). Subsequently, a cell suspension - Bi-

Cure®orthoMSCp is uniformly applied to the 3D Hyalofast

carrier in the operating room before final treatment of the

carrier, resulting in a concentration of 0.98 (+ 0.19) x 106

cells per cm? of carrier surface. After the gelation phase,

the carrier is adjusted to the desired size and shape. After
preparation, it is implanted into the defect site in one or

2 layers and fixed using Tisseel fibrin sealant (Fig. 4). Af-

ter testing the primary stability by movement, a wound

suture is performed without the use of a drain. Post-
operatively, fixation of the knee in the brace is rigid for

2 days, followed by 0-60 degrees for 2 weeks, then 0-90

for 4 weeks. After six weeks, full loading of the knee joint

is gradually allowed.

DISCUSSION

The above methods of defect treatment produce good re-
sults in most cases. Finding a suitable method of chondral
defect treatment with reliable long-term results is diffi-
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Fig. 3 Pridie technique.

Fig. 4 Status after MSC carrier implantation.

cult. It is not possible to determine exactly which proce-
dure is better for a particular type of defect, age of the
patient, etc. Microfractures of the base of the defect are
considered the gold standard in the treatment of chondral
defects, although they have their limitations. The ligamen-
tous repair tissue created is less robust and less resistant
than the original hyaline type of cartilage (30). The effect
of this surgical technique is less, especially in patients over
40 years of age and in those where the defect is larger than
2.5 cm? In the long term, it does not prevent the onset and
progression of degenerative changes. The currently availa-
ble systematic analyses of clinical results indicate an effec-
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tive improvement in knee function in the first 2 years after
microfracture, after which there is a gradual deterioration
(31). To improve the results, the technique of microfrac-
ture of the base of the defect with implantation of a car-
rier that promotes the ingrowth of mesenchymal stem
cells and their differentiation into a chondrogenic line has
been used, thereby contributing to the formation of new
cartilaginous tissue (20, 21). The results of AMIC therapy
give better results than microfracture alone in prospective
studies (22). The AMIC method is safe, functional and ef-
fective for small to moderate (2 x 3 cm) cartilage defects,
especially in the knee. Most clinical studies report that
cell therapy with autologous chondrocytes gives equal or
better results than mosaicplasty (32). Transplantation of
cultured autologous chondrocytes (ACIs) is indicated for
circumscribed deep chondral and osteochondral defects
of the weight-bearing joints in younger patients ideally
under 40 years of age within 3 cm?. Histological examina-
tion results showed the formation of a mixture of fibrous
and hyaline cartilage and type II collagen and proteogly-
cans were demonstrated. The resulting tissue is softer,
well integrated with the subchondral bone (33). The dis-
advantages of ACI remain its economic cost, the two-step
surgical procedure and the harvesting of healthy cartilage,
which entails pain from the donor tissue harvest site in
up to 15% of patients (34). Another problem is the diffi-
culty of in vitro expansion of chondrocytes and the dif-
ficulty of culturing with preservation of the quality and
quantity of the harvested and subsequently implanted
cells. In contrast, the use of cultured mesenchymal stem
cells has the advantages of less invasive harvesting under
local anaesthesia, one surgical procedure on the affected
joint. MSCs also have a higher proliferative capacity than
chondrocytes, which does not decrease significantly with
patient age. Donor age and sex do not significantly affect
the expansion capacity of MSCs. At our department, we
perform bone marrow aspirate collection from the iliac
bone flap. In their dissertation, the authors (35) perform
quantitative and qualitative analysis of bone marrow cells
from different sampling sites. The concentration of MNCs
(MonoNuclear Cells) was significantly higher in the bone
marrow aspirate taken from the hip bone flap. The median
number of MNCs obtained from the tibia after sedimenta-
tion was 5.4 x 106 MNCs/ml, whereas 20.5 x 106 MNCs/ml
were obtained from the hip bone flap. The measurement
showed statistical significance and a greater proportion
of MSCs to MNCs originating from the hip flap (5.2%),
whereas the proportion was only 1.0% for the knee. Quali-
tative analysis focusing on immunophenotyping, viability,
yielded comparable results for both sampling sites. The 3D
Hyalofast carrier used in our study provides support to the
implanted stem cells and allows their incorporation into
the surrounding tissue and, conversely, cells from the sur-
rounding cartilage and subchondral bone into the implant.

CONCLUSION

Current surgical methods of treating damaged cartilage
have very good results according to studies and our ex-
perience. The possibility of introducing new methods in
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the form of the application of cultured mesenchymal stem
cells represents a significant advance in the field of re-
generative medicine.
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