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Abstract. Background: The management and repair of knee cartilage lesions currently represents a challenge
for the orthopaedic surgeon. Identificable causes are the characteristics of the involved tissues themselves and
the presence of poor vascularization, which is responsible for overall reduced repair capacity. Materials and
Methods: For our article, we have evaluated the research systems of PubMed and google scholar considering
the scientific articles of the last twenty years concerning our topic. Results: The literature reports three types
of cartilage lesions’ treatment modalities: chondroprotection, chondroreparation and chondroregeneration.
The preference for one or the other therapeutic option depends on the pattern of the lesion and the clinical
conditions of the patient. Conclusions: Each treatment technique is distinguished by the quality of the restora-
tive tissue that is generated. In particular, the chondroregeneration represents the last frontier of regenerative
medicine, as it aims at the complete restoration of natural cartilage. However, the most recent literature docu-
ments good results only in the short and medium terms. In recent years, the optimization of chondroregen-
eration outcomes is based on the modification of the scaffolds and the search for new chondrocyte sources, in

order to guarantee satisfactory long-term results. (www.actabiomedica.it)
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Introduction

The cartilage of the knee is a highly specialized
hyaline connective tissue, consisting of a cellular com-
ponent (chondrocytes) and an extracellular component
formed for 90% of water and 10% from proteoglycans,
glycosaminoglycans, collagen (mainly type 2) and
non-collagen proteins; these substances are organized
in 4 layers, whose characteristics are based on differ-
ent cell density, different composition of extracellular
matrix and different orientation of the collagen fibers;
these morphological characteristics carry an intrin-
sic limit, in relation to a reduced vascularization (1).
These conditions are obviously in contrast with the tis-
sue repair and therefore with an appropriate treatment
of the lesion; cartilage lesions are debilitating for the
patients’ daily life activities, manifesting themselves
with swelling, functional analgesic limitation, local

pain / tenderness. Failure or delayed treatment of
the cartilage lesion can lead to arthritic degeneration
with consequent various degrees of joint deforma-
tion and degeneration (2). The current knowledge on
the management of cartilage lesions is provide with a
clinical-instrumental classification; once the clinical-
diagnostic process is completed, the cartilage lesion
should be treated accordingly. The choice of the type of
treatment depends mainly on three factors: pattern of
injury, clinical conditions and the patients’ daily needs.
The treatment options differ substantially concerning
the quality of the tissue needing to be restored. The
treatment methods can be conservative or surgical (3).
The literature documents three type of surgical treat-
ments: chondroprotection, chondroreparation and
chondroregeneration. Chondrorigeneration is the most
innovative technique, as it is meant to determine the
restoration of natural cartilage. It is based on the use of
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cells supported by a scaffold (three-dimensional sup-
port formed by synthetic and biological substances).
However, the literature documents satisfactory results
only in the short and medium term. Now days the goal
of the research is to increasingly improve the outcomes
of chondroregeneration through the optimization of
scaffolds and the use of stem cells, which represent the
key to cartilage repair (4).

Types of Cartilaginous Injuries Treatment

Chondroprotection, Chondroreparation,
Chondroregeneration

The treatment of knee cartilage lesions involves
the evaluation of three factors: analysis of the lesion
pattern, clinical condition of the patient, age and / or
the patient’s daily needs. In the international litera-
ture, three main methods of treatment are described:
chondroprotection, chondroreparation and chondrore-
generation. Chondroprotection does not require direct
treatment on the tissue under examination. It repre-
sents a set of therapeutic aids with the aim of reducing
symptoms as much as possible, avoiding the progres-
sion of damage, and therefore preventing premature
osteoarthritis. As part of this treatment, a conservative
or surgical approach can be adopted. The first involves
walking with assisted loading, abstention from physi-
cal activity, use of painkillers (in the acute phase), oral
chondroprotectors, intra-articular knee joint injections
with hyaluronic acid (HA), corticosteroids and PRP
(Platelet Rich Plasma) (5). Concerning the utilization
of intra-articular steroids, the most accepted guidelines
recommend the use low-doses in order to relieve pain.
In fact, it has been shown that an excessive use of intra-
articular steroids could be toxic to the chondrocytes
themselves (6). Hyaluronic acid is a natural long-chain
polymer with repeated disaccharide units that provides
lubrication, hence an improvement in the absorption of
forces on the joint. Reported benefits of additional HA
injections include pain relief, improved function and
reduced stiffness, although the possible mechanisms of
action for HA have not been fully elucidated (7,8).

PRP is also used for pain relief and potential tissue
repair. However, there are no studies that acknowledge

its real efficacy due to a lack of reliable high level of
clinical evidence (9).

However, in the context of chondroprotection,
there are also surgical options that reduce the stress
at the joint knee, thus preventing damage progression
and development of early osteoarthritis. Common op-
tions involve ligament reconstruction and / or meniscal
repairs for joint stabilization, or osteotomies to correct
the axes. (10). The indications for surgical treatment
for cartilage lesions are symptomatic grade III and IV
lesions with dimensions> 2 cm? in patients aged 16 to
55 and active in everyday life (11). Contraindications
of surgical treatment for cartilage injuries are distin-
guished in absolute and relative. The first are: diffuse
degenerative arthritis, systemic diseases, infectious
processes in progress, BMI> 30, smoking and alcohol-
ism, full thickness cartilage lesion, neoplasms and in-
stability. The second are axial deviations, ligament and
meniscal alterations (12). Chondroreparation consists
in stimulating the subchondral bone through various
methods; abrasion, drilling and microfractures/nanof-
ractures. This method stimulates tissue bleeding, thus
favoring the recruitment of mesenchymal cells, re-
sponsible for tissue repair.

This involves the development of fibrocartilage, a
tissue characterized mainly by collagen type I, which
determines rigidity, poor resistance to forces, there-
fore biomechanically unfavorable. The indications for
chondroreparation include: cartilage lesions up to 2
cm? in size. Contraindications include age> 50 years,
infection, tumors, avascular necrosis. Most common
and relevant complications include iatrogenic fractures
and the development of exuberant callus. However,
microfractures have significant advantages: relatively
simple, feasible and safe execution; minimally invasive;
one-step execution technique; low costs (13,14). The
chondral abrasion is an evolution of the open Magnus-
son debridement arthroplasty which was popularized
by Lanny Johnson; it consists in the in the arthroscopic
execution of a debridement of the damaged cartilage
surface up to guaranteeing the leakage of blood which
will allow tissue healing with the deposition of fibrocar-
tilaginous tissue (15). The chondral drilling is a mini-
mally invasive procedure to repair damaged cartilage in
the knee joint; it consists in a small hole are drilled into
the bone at the base of the damaged area to stimulate
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the growth of healthy cartilage (16). The microfractures
technique, described by Steadman in the 1980s, repre-
sents the first-line treatment for chondral injuries; it
consists in the execution of microfractures (after care-
ful cleaning of the lesion site) through the use of spe-
cific angled tip awls; these are introduced at the injury
site until fat droplets are observed from the medullary
cavity, which detects the correct depth (approximately
2 to 4 mm) stimulation of tissue healing; the nanofrac-
tures provide a more precise subchondral stimulation,
as it involves the use of special instruments capable of

performing a deeper and thinner micro-perforation
of the cartilage tissue than the standard microfracture
technique; this innovative technique involves the use of
a cannulated awl with a 15” angled tip to facilitate ac-
cess to the lesion site; subchondral bone is then perfo-
rated with a special one-millimeter-thick needle which
is advanced through the cannulated chisel to a depth of
nine millimeters (17,18) (Figures 1,2).
Chondroregeneration represents the last frontier
in the treatment of cartilage lesions of the knee. It aims
to restore articular cartilage through the application of

Figure 2: chondral defect treated with osteochondral autograft transfer
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chondral and / or osteochondral tissue (autograft or
allograft) at the level of the lesion zone. The chon-
droregenerative techniques are: ACI (Autologous
Chondrocyte Implantation), OATS (Osteochondral
autograft transfer) or Mosaicoplasty and the Cellular
matrix induced microfractures (19) (Figures 3,4).

The OATS (Osteochondral Autograft Trans-
fer System) technique is used for lesions ranging in
size from 3 to 4 cm?; it consists in the removal of one
or more osteochondrocytic “cylinders” or plugs (sin-
gle or multiple plugs technique) from articular areas
with low load, which are subsequently transferred to
the damaged cartilage area according to a “mosaic”
arrangement. This technique is reproducible using

osteochondrocytic grafts from cadaver (allograft),
whose main advantage is saving patients’ own tissues.
Main significant complications documented in the lit-
erature include iatrogenic infections and fractures (20).

The ACI (Autologous Chondrocyte Implanta-
tion) technique consists in a two steps procedure:
first, the removal of chondrocytes from patients’” knee
through surgery, which will be cultured in vitro; chon-
drocytes will subsequently be implanted at the level of
the injured cartilage area through a second procedure.

This regenerative method has undergone a recent
technical evolution, involving three tissue genera-
tions that are distinguished by the “trophic support”
of the implanted cells. The first generation involves

Figure 4: chondral defect treated autologous chondrocyte implantation
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the application of a periosteal membrane taken
from the tibia; the second generation involves the
use of a collagen patch (I-III), while the third gen-
eration, known as the MACI (matrix-induced ACI)
technique, consists in the nutrition of chondrocytes
through three-dimensional structures (scaffolds). They
are provided by synthetic and / or biological compo-
nents, which will ensure the trophic environment for
cell growth and the consequent repair of the lesion.
Indications for the ACI technique are: Outerbridge
grade III or IV symptomatic chondral or osteochon-
dral lesions> 2 cm? age 18 to 55 years (daily active
patients). Contraindications are: lesions with loss of
more than 50% of cartilage thickness (narrowing of
the joint space), smoking, systemic diseases, BMI> 30,
age> 55 years (relative contraindication), collagen al-
lergy. The advantage of this technique is that it tends to
restore as much as possible the hyaline-type cartilage
tissue compared to the microfracture technique. On
the other hand, disadvantages include prolonged tissue
maturation period, late return to sport, high costs, and
poor long-term results (21). However, the literature
describes a regenerative technique that does not in-
volve the removal of chondrocytes. This is the AMIM
(Acellular matrix induced microfractures) technique.
It consists in the direct application of the scaffold (e.g.
Maioregen® Finceramica) at the level of the lesion,
and in some cases in association with microfractures,
according to the extent of the damage. The advantage
of this repair technique is that it allows the formation
of the newly formed cartilage tissue without cell re-
moval, with gains in economic terms and surgical tim-

ing (22).

The Future of Cartilage Repair: Cellular Sources
and New Scaffolds

- Mesenchymal stem cells (MSCs)

These are cells with high proliferative ac-
tivity from different tissue sources, such as bone
marrow, adipose tissue, synovial membrane,
umbilical cord, etc. To date, they represent
the most used cells in regenerative medicine
thanks to their wide potential for differen-
tiation / proliferation, anti- inflammatory and

immunomodulation properties. In the context
of cartilage repair, chondrocyte differentiation
and proliferations are variable about mesenchy-
mal cells. The review conducted by. Medvedeva
EV et al. states that synovial mesenchymal cells
demonstrate good differentiation potential into
joint chondrocytes. Despite this, they are not
free of limits; in fact, it seems that such cells
can cause mixed differentiated cells or tis-
sues, which are poorly functional, because they
weigh accordingly to the outcome of the carti-
lage treatment (23-24-25).

Embryonic stem cells (ESC)

These cells are characterized by an un-
limited potential for proliferation, a condition
that allows us to give life to various types of
cell lines.

The limit of these cells is the high regen-
erative capacity. Studies suggest that a number
of growth factors are required in order to gen-
erate the chondrocyte line, including BMP4,
TGF-beta, and bFGF. This method involves
numerous steps, which makes the cell highly
unstable, therefore potentially promoter of ne-
oplasms. Disadvantages associated with using
ESCs for cartilage regeneration include ethi-
cal concerns about the destruction of a human
embryo, host immune rejection, poor survival
of human ESCs following cell mass disintegra-
tion, and the risk of teratoma formation (26).
Induced pluripotent stem cells (iPSC)

These cells acquire the proliferative and
differentiative properties thanks to conversion
mechanisms in the laboratory by means of the
assistance of a number of transcription fac-
tors, which are: Yamanaka factors (TF 4 (ott4)
the binder octomom, sex determining region Y
(SRY) -box 2 (Sox2), cMyc and factor 4 similar
to Kriippel (K1f4)). The cells most used in this
conversion are fibroblasts, keratinocytes, mes-
enchymal cells, adipose stem cells, melanocytes
and neurons. Strategies and procedures for the
generation of chondrocytes from human iPSCs
(hiPSCs) are currently under development. The
phases of this process are variable in the various
laboratories. However, the limit of these cells is
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similar to embryonic stem cells; in fact, the con-
version itself involves various biochemical steps
responsible for genetic instability, potential de-
velopment of tumors or immune responses on
the part of the recipient. Some scientific works
have tried to analyze and resolve the problem
of the abnormal immune response through an
evaluation of the genome of the cells obtained in
order to find immunological compatibility (27).
Nasal chondrocytes

The regenerative potential of these cells
was demonstrated in the study by Wenliang
Chen et all. They demonstrated their regen-
erative potential for the development of carti-
lage tissue. These cells, when cultured in vitro,
expressed chondrogenic markers (Col2A1,
ACAN SOX9) (28).

Scaffolds

They guarantee the mechanical properties
(biocompatibility and wear resistance) and the
nutritional environment for the cartilage tis-
sue. The most common scaffolds are based on
poly-glycolic acid or poly-lactic acid and are
constructed like tissues, with good porosity
and a surface to which cells can easily adhere
to. To date, such “supports” are produced us-
ing various techniques, including freeze drying,
molding, electrospinning, 3D bio- printing and
stereolithography. Each scaffold has mechanical
characteristics (breaking strength, manageabil-
ity, three-dimensionality and visco- elasticity),
chemical characteristics (hydrophilicity) and
biological characteristics (chondro-conduction,
biocompatibility and chondro- induction) (29).
The last frontier in the realization of scaffolds is
3D bio- printing, based on computer-aided de-
sign (CAD), a condition that allows us to cus-
tomize the construct based on the shape of the
single defect. This innovation is documented by
Zak L. et all who highlights a good short-term
clinical-radiographic result in the treatment of
large focal chondral lesions (30).

Now days the scaffolds are formed of syn-
thetic material and biological material, both
having advantages and disadvantages. As for
synthetic products, the use of hydrogel-based

bio-inks is in vogue, which according to stud-
ies represents a good compromise in ensur-
ing the right environment for cell growth and
mechanical support, as its water (~ 80 % by
weight) is similar to that of articular cartilage.
The polymers used in hydrogels are often found
in nature. Among these, alginate, agarose and
silk fibroin favor a low rate of biodegradation
and compatibility with chondrocytes. However,
they tend to reduce the chondrocyte growth
due to their adhesiveness.

With regard to natural substances (such as
collagen and hyaluronic acid, considered intrin-
sic components of joint cartilage), it can be said
that they support cell attachment and stimulate
the formation of the ECM, but show poor me-
chanical stability and are subject to intense bio-
degradation. In contrast, synthetic polymers are
superior to natural ones in terms of biodegrada-
tion and biomechanical stability, but often dem-
onstrate poor biocompatibility and modifications
to provide specific biological functions (31).

Discussions and Conclusions

In this article, we have analyzed the most relevant
treatments for knee cartilage repair, each of which
stands out for its clinical indications and for their
restorative quality and outcomes. Consequently, the
closer one gets to restoring natural cartilage, the better
the outcomes of regenerative medicine will be. To date,
the protocols documented in the literature include
both conservative and surgical treatment methods.
In the context of co-repair, the goal is the reduction
of symptoms but above all the prevention of prema-
ture osteoarthritis. In other words, we could consider
chondroprotection as the first therapeutic step. There
are many scientific papers on the results of various
co-repair techniques; as regards the chondral abrasion,
in the review by Johnson LL et al. it is believed that
this method is effective in resolving pain symptoms,
but does not prevent the development of osteoarthri-
tis; this stems from the fact that articular fibrocartilage
does not exhibit the same biomechanical characteris-
tics as natural cartilage and to conclude by believing
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that the future use of growth factors could be the key
to healing chondral lesions with mature cartilage tissue
(32). Regarding chondral drilling, the systemic review
by Liang Gao et al. about the cartilage repair following
subchondral drilling on animal models, where 12 pub-
lications were evaluated from which the degree of car-
tilage repair was assessed by comparing the technique
of chondral abrasion with cartilage drilling; the data
from this systematic review indicate that subchondral
perforation produces an improvement in structural
repair of the articular cartilage short- term versus
spontaneous repair in multiple small and large animal
models (33). In the randomized controlled study of
Solheim et al. 40 patients aged from 18 to 50 years
with symptomatic cartilage lesions at the level of the
trochlea or femoral condyles with dimensions ranging
from 2 to 6 cm? were evaluated, of which 20 treated
with microfractures and 20 treated with mosaic plastic;
symptoms were evaluated at 12 months, 5, 10 and 15
years after surger, noting that the mean Lysholm score
was significantly higher in the mosaicplasty group than
the microfracture group at 12 months, median 5 years,
median 10 years, and minimum 15 years; the authors
conclude that at short, medium, and long term (mini-
mum 15 years), mosaicplasty results in a better, clini-
cally relevant outcome than microfracture in articular
cartilage defects (2-5 cm?) of the distal femur of the
knee in patients aged 18 to 50 years (34).

In the pilot study of Enea et al. nine patients with
focal lesions of the condylar articular cartilage treated
with arthroscopic microfractures (MFX) and collagen
membrane dipped in autologous bone marrow concen-
trate (BMC) from the iliac crest are evaluated. Patients
were retrospectively assessed using various outcome as-
sessment tools and MRI scans. at 12 months all repairs
appeared near normal, histological analysis showed
hyaline cartilage repair in one lesion, fibrocartilage re-
pair in two lesions, and a mixture of both in one lesion
(35). Comparing the microfracture technique with the
nanofractures technique, the latter reduces trabecular
compaction, allowing deeper access to the subchondral
bone than conventional micro fractures, improving the
filling of the lesion and developing a greater amount
of hyaline cartilage, as stated by Pefialver JM et al.
which describe a particular technique for the treat-
ment of grade III-IV chondral lesions; it concerns a

modification of the NAMIC procedure using drills for
mosaicplasty to prepare the surface on which to subse-
quently prepare the microholes, subsequently a colla-
gen membrane is applied arthroscopically, preventing
the loss of regenerating cells and growth factors in the
joint space; the authors conclude that nanofractures
reduces trabecular compaction and allows deeper ac-
cess to subchondral bone than conventional microfrac-
ture, improving lesion filling and production of higher
hyaline cartilage (36).

Chondroregeneration, aiming at the complete
restoration of hyaline cartilage, would represent the
most performing technique. Considering the most re-
cent scientific articles, there are differences in terms of
outcomes regarding the various techniques. Hangody
L. et all. talks about the ten-year results of autolo-
gous osteochondral mosaicplasty in 831 patients were
analyzed through clinical scores, imaging techniques,
arthroscopy, histological examination of biopsy speci-
mens, and cartilage stiffness measurements were used
to evaluate clinical outcomes and quality of trans-
planted cartilage; in according to these surveys, good
to excellent results were obtained in 92% of treated
patients with femoral condylar implants, 87% of those
treated with tibial resurfacing, 79% of those treated
with patellar and / or trochlear mosaicplasty, and 94%
of those treated with talus procedures. Long-term
disturbances of the donor site, evaluated with the use
of the Bandi score, they showed that patients had
3% morbidity after mosaic plastics, sixty-nine out of
eighty-three arthroscopically evaluated patients fol-
lowed arthroscopically showed good tissue healing;
they conclude that the autologous osteochondral mo-
saic plastic appears to be an alternative for small to
medium sized focal condo treatment (37).

D’ Ambrosi R. et all. this study evaluates the
clinical and radiological efficacy of three-dimensional
acellular scaffolds (MaioRegen) in osteochondral de-
fects of the knee. In a total of 471 patients (mean age
34.07 + 5.28 years), 500 lesions (202 (40.4%) medial
femoral condyles, 107

(21.4%) lateral femoral condyles, 28 (5, 6%) tibial
plateaus, 46 (9.2%), 74 trochleas (14.8%) patellae and
43 (8.6%) unspecified femoral condyles). In almost
all studies, significant clinical improvement was re-
ported with further improvement up to 5 years after
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surgery, a total of 59 complications were reported of
which 52 (11.1%) had minor complications and 7
(1,48%) major complications with a total of 16 (3.39%)
failures; conclude that the treatment of osteochondral
defects of the knee with the osteochondral substitute
MaioRegen reporting satisfactory and reliable results
that are promising at medium-term follow-up with a
low rate of complications and failures (38).

The study by Bentley R. et all. represents the first
long-term randomized study comparing autologous
chondrocyte implantation and mosaicplasty in 100 pa-
tients with a minimum follow-up of ten years. The mean
age of the patients at the time of surgery was 31.3 years
(16 to 49); the mean duration of symptoms before sur-
gery was 7.2 years (9 months to 20 years). The mean size
of lesions analyzed for the ACI group was 440.9 mm2
(100 to 1050), while for mosaicplasty it was 399.6 mm2
(100 to 2000). Patients had an average of 1.5 operations
before (0 to 4) the joint cartilage defect. Assessments
were performed through the modified Cincinnati knee
score and the Stanmore-Bentley functional assessment
system. The number of patients whose repair failed at
ten years was ten of 58 (17%) in the ACI group and 23
of 42 (55%) in the plastic mosaic group (p <0.001). The
authors conclude that the functional outcome of those
patients with a surviving graft was significantly bet-
ter in patients undergoing ACI than in mosaic plastic
(p =0.02) (39). The same can be said for the ACI tech-
nique, based on the transplantation of chondrocytes, that
provides advantages, but at the same time the limits of
this technique. In fact, the literature shows discordant
results; in the systemic review by Kraeutler MJ et al. The
systemic review compares the medium- and long-term
(5 years) clinical outcomes of MFx versus ACI for fo-
cal chondral knee defects. The authors evaluated treat-
ment failure rates, MRIs, and patient-reported outcome
scores (Lysholm, Knee Injury and Osteoarthritis Out-
come Score [KOOS] and Tegner scores); Five studies
(3 level I studies, 2 level II studies) were identified that
met the inclusion criteria, including a total of 210 pa-
tients (211 lesions) undergoing MFx and 189 patients
(189 lesions) undergoing ACIL The mean follow-up
across all studies was 7.0 years. Four studies used first
generation periosteum-based ACI (P-ACI) and 1
study used third generation matrix-associated ACI
(M-ACI). Treatment failure occurred in 18.5% of

patients undergoing ACI and 17.1% of patients undergo-
ing MFx (P =.70). The authors found that Lysholm and
KOOS scores improved for both groups in the studies,
with no significant differences in improvement between
groups. They conclude that both techniques analyzed can
give good results better clinicians in medium- and long-
term follow-up with no significant differences between
groups (40). On the contrary Na Y et all. state that the
more innovative ACI versions (ACI III gen. or MACI)
give more satisfactory results in the medium term than
microfractures (41). After careful consideration of the
results analyzed in this review, we can state that the poor
long-term results (particularly about chondroregenera-
tion) are attributable to the reduced effectiveness of the
technique itself. Consequently, we hypothesize that the
key to achieve the best results could be the creation of
an increasingly favorable environment for chondrocyte
growth, together with the design of scaffolds ever closer
to the characteristics of a natural EMC, in order to ob-
tain cell lines able to give life to mature and performing
chondrocytes when appropriately stimulated. However,
although biotechnology represents the basis of regen-
erative medicine, we believe that other factors of equal
importance should be currently considered, such as the
prevention of cartilage lesions, the optimization of the
surgical technique and the clinical- diagnostic setting of
the patient (42-43-44). We advocate the need of high
level of evidence works that could provide definitive re-
sults on the outcomes and complications, with regards
to the different aforementioned techniques for the treat-
ment of knee cartilage lesions. It seems that the choice
among the studied technique is often and currently left
to the surgeons’ experience and institution availability.
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