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Abstract
In this paper review we describe benefits and disadvan-
tages of the established methods of cartilage regenera-
tion that seem to have a better long-term effectiveness. 
We illustrated the anatomical aspect of the knee joint 
cartilage, the current state of cartilage tissue engineer-
ing, through mesenchymal stem cells and biomaterials, 
and in conclusion we provide a short overview on the 
rehabilitation after articular cartilage repair procedures. 
Adult articular cartilage has low capacity to repair itself, 
and thus even minor injuries may lead to progressive 
damage and osteoarthritic joint degeneration, result-

ing in significant pain and disability. Numerous efforts 
have been made to develop tissue-engineered grafts 
or patches to repair focal chondral and osteochondral 
defects, and to date several researchers aim to imple-
ment clinical application of cell-based therapies for 
cartilage repair. A literature review was conducted on 
PubMed, Scopus and Google Scholar using appropriate 
keywords, examining the current literature on the well-
known tissue engineering methods for the treatment of 
knee osteoarthritis. 
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Core tip: In this paper review we describe benefits and 
disadvantages of the established methods of cartilage 
regeneration that seem to have a better long-term ef-
fectiveness. We illustrated the anatomical aspect of the 
knee joint cartilage, the current state of cartilage tissue 
engineering through mesenchymal stem cells and bio-
materials and in conclusion we provided a short over-
view on the rehabilitation after articular cartilage repair 
procedures.
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INTRODUCTION
The knee is one of  the largest and most complex joints in 

TOPIC HIGHLIGHT

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.5312/wjo.v5.i2.80

80 April 18, 2014|Volume 5|Issue 2|WJO|www.wjgnet.com

World J Orthop  2014 April 18; 5(2): 80-88
ISSN 2218-5836 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

New perspectives for articular cartilage repair treatment 
through tissue engineering: A contemporary review

Giuseppe Musumeci, Paola Castrogiovanni, Rosalia Leonardi, Francesca Maria Trovato, 
Marta Anna Szychlinska, Angelo Di Giunta, Carla Loreto, Sergio Castorina

WJO 5th Anniversary Special Issues (5): Knee



our body. It plays an essential role in movement related to 
carrying the body weight in horizontal (running and walk-
ing) and vertical (jumping) directions[1]. The knee joint 
consists of  two articulations, one between the femur and 
tibia, and one between the femur and patella[1]. The knee 
is a mobile angular ginglymus or troclear, which permits 
flexion and extension as well as a slight medial and lateral 
rotation[2]. The joint is bathed in synovial fluid, which is 
contained inside the synovial membrane called the joint 
capsule. Ligaments join the knee bones and tendons con-
nect the knee bones to the leg muscles, providing stability 
to the knee. Since in humans the knee supports nearly 
the whole weight of  the body, it is vulnerable to both 
acute injury and chronic development of  osteoarthritis. 
Two C-shaped pieces of  cartilage called the medial and 
lateral menisci lie between the articular surfaces of  the 
femur and tibia[3-5]. The menisci are shock absorbers of  
the load and make concordant the articular surfaces be-
tween the femoral condyles and the tibial plateau[3-5]. Dur-
ing flexion the menisci slide forward, during extension 
slide back[2]. The menisci are divided into outer rim, inner 
rim and core[3-5]. The inner rim is the most delicate part, 
because it is not vascularized. The lateral meniscus has 
the form of  an almost complete circle and adheres to the 
two cruciates[3-5]. The medial meniscus has the form of  a 
half  moon and is more extensive than lateral, with its ex-
tremities adhering to anterior and posterior intercondylar 
areas. Between the two menisci, the medial meniscus is 
more subject to trauma, because it is less mobile than the 
lateral for the presence of  the semimembranosus tendon, 
but also because usually we tend to have a slight valgus 
during gait[3-5]. Numerous bursae, or fluid-filled sacs, are 
located between the bones and tendons. This anatomi-
cal structure helps to reduce the friction between the 
bones during movement, for helping the knee to move 
smoothly. The joint capsule of  the knee is strengthened 
by different ligaments, important for the stability of  the 
joint, they are: the patellar ligament or patellar tendon, 
the lateral and medial retinaculum of  the patella, the 
medial and lateral alar ligaments, the medial and lateral 
collateral ligaments (preventing the femur from sliding 
side to side), the popliteal ligaments and the anterior and 
posterior cruciate ligaments. 

Articular cartilage is a form of  hyaline cartilage that 
covers the articulating surfaces of  long bones and sesa-

moid bones within synovial joints[6,7], and in the growth 
plate of  the metaphysis, the zone between diaphysis and 
epiphysis[8,9]. Cartilage is a porous, viscoelastic composite 
that relies on a complex interaction and organization of  
its constituents to provide the resilient load-bearing, ener-
gy-dissipating lubrication and frictional properties[6,7]. The 
impressive load-bearing capacity of  this tissue reflects in 
part the intrinsic matrix toughness and turgidity, as the 
ability of  the tissue to swell is opposed by the internal 
structure. The degradation, loss, or breakdown of  this 
unique relationship between the collagenous matrix and 
heavily hydrated charge-carrying proteoglycans caused 
by trauma or chronic and progressive degenerative joint 
disease (e.g., osteoarthritis or rheumatoid arthritis) has 
great functional, biomechanical, clinical, and social impli-
cations[10]. Knee osteoarthritis (Figures 1, 2) is the most 
common type of  osteoarthritis[10]. Early diagnosis and 
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Figure 1  Macroscopic signs of os-
teoarthritis knee hyaline cartilage. 
A: Healthy cartilage; B: Osteoarthritis 
cartilage.

B

A

Figure 2  Microscopic signs. A: Microscopic signs of healthy knee hyaline 
cartilage. The histological (HE staining) analysis of cartilage from normal donor, 
showed a preserved morphological structure with no sign of cartilage degrada-
tion. Moreover, the surface of healthy hyaline cartilage appears white, shiny, 
elastic and firm. Magnification x 20; Scale bars: 100 µm; B: Microscopic signs 
of osteoarthritis (OA) knee hyaline cartilage. The histological (HE staining) 
analysis of cartilage from OA donor. The donor demonstrated joint swelling 
and oedema, horizontal cleavage tears or flaps, the surface becomes dull and 
irregular and had minimal healing capacity. Magnification x 20; Scale bars: 100 
µm. Moderate OA cartilage (black arrow), the structural alterations included a 
reduction of cartilage thickness of the superficial and the middle zones. The 
structure of the collagen network is damaged, which leads to reduced thickness 
of the cartilage. The chondrocytes are unable to maintain their repair activity 
with subsequent loss of the cartilage tissue. Severe OA cartilage (blue arrow), 
demonstrated deep surface clefts, disappearance of cells from the tangential 
zone, cloning, and a lack of cells in the intermediate and radial zone, which are 
not arranged in columns. The tidemark is no longer intact and the subchondral 
bone shows fibrillation.
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treatment may help to manage its symptoms. Deteriora-
tion of  articular cartilage is the main problem associated 
with knee osteoarthritis. The condition can be caused 
by: previous knee injury like fractures, ligament tears and 
meniscal injury or repetitive strain on the knee which can 
affect alignment, obesity, and genetics which make some 
people more likely to develop knee osteoarthritis[11]. Med-
ical history, physical examination, and x-rays are used to 
diagnose knee osteoarthritis. The evidence of  joint space 
narrowing on X-rays is crucial for the diagnosis and rules 
out other causes of  knee pain[12]. If  more detailed imag-
ing is needed, an MRI may be ordered[12]. Arthroscopic 
knee surgery is another way to view the condition of  the 
knee[12]. Knee osteoarthritis typically develops gradually 
over a period of  years. The primary symptoms include: 
pain (mild, moderate, or severe), stiffness, limited range 
of  motion in the knee, localized swelling. Knee osteoar-
thritis pain is usually worse following activity, especially 
overuse of  the affected knee[10-13]. Stiffness can worsen 
after sitting for prolonged periods of  time. As knee os-
teoarthritis progresses, symptoms generally become more 
severe. Then pain can become continuous rather than 
only when weight-bearing. The consequence in many 
cases is an inability to work and often the substitution of  
the diseased joint with an artificial implant becomes inev-
itable[6,7]. Joint replacement also called knee arthroplasty 
has had a major impact on the management of  OA. Af-
ter injury, articular cartilage is unable to naturally restore 
itself  back to a functional tissue, and, because of  this, a 
widely studied alternative to avoid the knee replacement 
surgery for osteoarthritis is tissue engineering[11-13]. 

Tissue engineering 
Tissue engineering (Figure 3), is the use of  a combina-
tion of  cells, biochemical and physio-chemical factors, 
engineering and biomaterials to improve or replace 
biological functions[14-16]. While it was once categorized 
as a sub-field of  biomaterials, having grown in scope 
and importance it can be considered as a field in its 
own right. While most definitions of  tissue engineer-
ing cover a broad range of  applications, in practice the 
term is closely associated with applications that repair or 
replace portions of  or whole tissues (i.e., bone, cartilage, 
blood vessels, skin, muscle, nerve etc.)[14-16]. Often, the tis-
sues involved require certain mechanical and structural 
properties for proper functioning. The term regenerative 
medicine is often used synonymously with tissue engi-
neering, although those involved in regenerative medicine 
place more emphasis on the use of  stem cells to pro-
duce tissues[14-16]. Tissue engineering of  natural cartilage 
tissue has become an attractive new area of  research. 
For this reason, we discuss briefly the most widely used 
techniques in the treatment of  cartilage lesions to solve 
the problem of  the management of  cartilage defects. In 
recent years, surgeons and researchers have been working 
hard to elaborate surgical cartilage repair interventions 
for patients who suffer from articular cartilage dam-
age. They provide pain relief, helping patients to return 
to their original lifestyle (regaining mobility, going back 
to work and even practicing sports again), while at the 
same time slowing down the progression of  damage or 
considerably delaying joint replacement. Though these 
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Figure 3  Graphic representation of the cartilage tissue engineering. MSC: Mesenchymal stem cell.
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a problem[6,7]. The limited supply of  cartilage, as a source 
of  chondrocytes, requires a phase of  expansion in mono-
layer culture. Chondrocyte differentiation and the mainte-
nance of  function require both transient and long-lasting 
control through humoral factors, particularly under stress, 
repair and regeneration in vivo or in vitro. To date, humoral 
factors from all major classes of  molecules are known 
to contribute: ions (calcium), steroids (estrogens), ter-
penoids (retinoic acid), peptides (PTHRP, PTH, insulin, 
FGFs) and complex proteins (IGF-1, BMPs)[17]. BMP-4, 
a stimulator of  chondrogenesis, both in vitro and in vivo, 
is a potential therapeutic agent for cartilage regeneration. 
BMP-4 delivery can improve the healing process of  an 
articular cartilage defect by stimulating the synthesis of  
the cartilage matrix constituents: type Ⅱ collagen and 
aggrecan. BMP-4 has also been shown to suppress chon-
drogenic hypertrophy and maintain regenerated cartilage. 
Use of  an appropriate carrier for BMP-4 is crucial for 
successful reconstruction of  cartilage defects[18].

Chondrocyte expansion is complicated by the fact 
that monolayer-cultured chondrocytes de-differentiate, 
lose their characteristic phenotype and synthesize type 
Ⅰ (typical of  fibrocartilage) rather than type Ⅱ colla-
gen (typical of  hyaline cartilage)[8]. Osteochondral plug 
transplantation, or ostechondral autograft transfer system 
(OATS), usually applied for mid-sized defects[19], im-
mediately recovers the joint surface. Small sized articular 
lesions are commonly addressed arthroscopically by pen-
etration of  the underlying subchondral bone[20-22] to pro-
mote a fibrous scar within the defect by invasion of  adult 
mesenchymal stem cells. However, the reparative tissue 
does not withstand repetitive mechanical forces because 
of  its poor quality, consisting mainly of  collagen type Ⅰ, 
and clinical outcome deteriorates over time[23,24]. This has 
led to investigation into the use of  mesenchymal stem 
cells (MSCs). MSCs (Figure 4) can be relatively easily har-
vested and the procedures using them are less invasive or 
destructive than articular cartilage harvesting procedures. 

The inherent ability of  MSCs to self-renew opens the 
possibility that cell expansion may be achievable post-im-
plantation[25]. The differentiation of  MSCs into different 
cell types, in this case to produce cartilage tissue, is reli-
ant on the local microenvironment, and growth factors, 
extracellular matrix and mechanical forces[25,26]. MSCs are 
easily available from bone marrow, synovial membrane, 

solutions do not perfectly restore cartilage, some of  the 
latest technologies start to bring very promising results in 
repairing cartilage from traumatic injury or chondropa-
thies. Although initially considered a tissue with a simple 
structure, reproducing the finely balanced structural in-
teractions has proven to be difficult. Tissue engineering 
is able to create live tissue to replace, repair or strengthen 
harmed tissue. It is based on cell and genetic therapy and 
offers some of  the most promising strategies of  tissue 
repair, including articular cartilage repair. Although it has 
concentrated on finding therapies for focal lesions, it has 
now developed sufficiently to begin considering the chal-
lenge of  finding novel solutions for the extensive joint 
damage seen in osteoarthritis. 

At the present time, a variety of  clinical methods is 
available for repairing a chondral defect: marrow stimula-
tion, autologous chondrocyte implantation (ACI), and 
most recently, next-generation ACI involving scaffolds or 
cell-seeded scaffolds, microfracture, osteoarticular tran-
sfer system (OATS) or mosaicplasty, penetration of  the 
subchondral bone, osteochondral plug transplantation 
and matrix-induced autologous chondrocyte implanta-
tion (MACI)[6,7]. The cartilage repair procedure seeks to 
restore the surface of  an articular joint’s hyaline cartilage 
and to replace the defect with an optimal repair tissue, 
mechanically stable, in order to prevent further degenera-
tion. Today almost none of  the mentioned procedures 
prove capable of  generating hyaline cartilage and the 
clinical outcome needs to be further improved. ACI 
procedures take place in three stages. First, chondrocytes 
are extracted arthroscopically from the patient’s healthy 
articular cartilage that is located in a nonload-bearing area 
of  either the intercondylar notch or the superior ridge of  
the femoral condyles. Then these extracted cells are trans-
ferred to an “in vitro” environment in specialized labora-
tories where they grow and replicate, for approximately 
four to six weeks, until their population has increased to a 
sufficient amount. Finally, the patient undergoes a second 
surgery where the “in vitro” chondrocytes are applied to 
the damaged area. In this procedure, chondrocytes are 
injected and applied to the damaged area in combina-
tion with either a membrane or a matrix structure. These 
transplanted cells grow in their new environment, form-
ing new articular cartilage[6,7]. Increasing the source of  
cells for artificial repair of  cartilage defects is becoming 
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Figure 4  Mesenchymal stem cells development. A: First day of culture; B: Third day of culture; C: One week of culture. Magnification x 40; Scale bars: 50 µm. 
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adipose tissue[27,28], etc., so then, we can get a variable 
number of  cells from a different tissue[29,30]. MSCs show a 
high proliferation and differentiation potential, although 
coming from different tissue, and have an uneven chon-
drogenic differentiation capacity probably related to the 
special cytokines, growth factor and induction molecules 
composition of  the medium[31,32]. 

Marrow stimulating techniques attempt to solve artic-
ular cartilage damage through an arthroscopic procedure. 
Firstly, damaged cartilage is drilled or punched until the 
underlying bone is exposed. By doing this, the subchon-
dral bone is perforated to generate a blood clot within 
the defect. Studies have shown that marrow stimulation 
techniques often have insufficiently filled the chondral 
defect and the repair material is often fibrocartilage (which 
is not as good mechanically as hyaline cartilage)[6,7,33]. The 
blood clot takes about 8 wk to become fibrous tissue and 
it takes 4 mo to become fibrocartilage. This has implica-
tions for the rehabilitation[2]. Further on, it is common 
that only 1 or 2 years after the surgery symptoms start 
to return as the fibrocartilage wears away, forcing the pa-
tient to reengage in articular cartilage repair. This is not 
always the case and microfracture surgery is therefore 
considered to be an intermediate step. An evolution of  
the microfracture technique is the implantation of  a col-
lagen membrane onto the site of  the microfracture to 
protect and stabilize the blood clot and to enhance the 
chondrogenic differentiation of  the MSCs[6,7]. One of  the 
cons of  chondrocyte transplantation is the dedifferentia-
tion process that these cells suffer when they are treated 
in vitro and the limited ability to redifferentiate them[34]. 
On the contrary, MSCs are very stable and they do not 
suffer this dedifferentiation process and have a high 
differentiation capacity[35]. Beside the characteristics of  
MSCs expounded above, these cells have self-renewal po-
tential as well as multilineage differentiation potential[36,37], 
including chondrogenesis[25]. A defined medium for in 
vitro chondrogenesis of  MSCs was first reported by John-
stone et al[25] in 1998, who used micromass culture with 
TGF-β and dexamethasone. To date, the micromass cul-
ture is widely used to evaluate chondrogenic potential of  
MSCs “in vitro”. However, this “in vitro” chondrogenesis 
does not imitate cartilage formation during development. 
During micromass culture, MSCs increase expressions 

of  both collagen type Ⅱ (chondrocytes marker) and Ⅹ 
(hypertrophic chondrocytes marker)[25]. Other cytokines 
such as insulin like growth factor (IGF), bone morpho-
genetic protein (BMPs) and parathyroid hormone related 
peptide (PTHrP) had been tried for better differentiation 
of  the cells, but it is still difficult to obtain “in vitro” MSC-
based cartilage formation comparative to native cartilage 
tissue[25]. Those molecules may reach chondrocytes via 
free diffusion or may be bound to collagens or proteo-
glycans on extracellular matrix superstructures, becoming 
available after metabolic processing of  collagens and/or 
proteoglycans. Depending on their position in the meta-
bolic cascade controlling chondrocyte development and 
homeostasis, they may be used in tissue engineering and 
regenerative approaches towards cartilage repair by direct 
application, carrier-mediated release or genetic delivery[17].

Biomaterials
Recently a huge expansion in biomaterial technologies, 
scaffolds, cell sources, and molecular and genetic manipu-
lations took place to create functional tissue replacements 
to treat cartilage injuries or osteoarthritis[38-40]. A new 
generation of  materials is being developed and it is influ-
enced by the knowledge of  the anatomical and structural 
complexity of  articular cartilage. The increasing capacity 
to design and synthesize materials with molecular resolu-
tion that ranges across organizational levels is generating 
great excitement in the biomaterials community[25]. The 
combination of  technological advances and an increased 
knowledge in the fields of  molecular and cell biology are 
generating new biomaterial scaffolds with many desired 
properties[25]. In addition to being biocompatible and 
accommodating cell adhesion, proliferation, and matrix 
synthesis, an ideal biomaterial scaffold for cartilage re-
generation can now be bioactive, biomimetic, biodegrad-
able and bioresponsive, providing signaling with spatio-
temporal control and response that is selective to defined 
stimuli. Scaffolds analogous to the natural three-dimen-
sional extracellular matrix may provide important micro-
environmental clues to cells. A wide array of  materials 
has been used in various “in vitro” and “in vivo” studies 
for articular cartilage engineering (Tables 1-3). Scaffolds 
that are most often studied in cartilage tissue engineering 
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Table 1  Natural and synthetic materials

Natural and synthetic materials Materials Advantages

Natural  Natural Silk, collagen, gelatin, fibrinogen, 
hyaluronic acid, alginate 

Biodegradable 
Easily available

Bioactive, interact with cells
Synthetic PEG, PGA, PMMA, PLGA Facilitate restoration of structure of damaged tissues

Inert
Long shelf-life

Easily tailored for desired porosity and degradation time
Predictable and reproducible mechanical and physical properties 

PGA: Polyglycolic acid; PLGA: Poly (lactic-co-glycolic acid); PEG: Polyethylene glycol; PMMA: Polymethyl methacrylate.
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prevents dedifferentiation of  autologous chondrocytes 
even after long periods and promotes the expression of  
chondrocyte-specific markers[52]. Advantages of  this pro-
cedure are a more uniform cell distribution, avoidance 
of  periosteal harvest and implantation, and increased 
technical ease without the need for suturing to adjacent 
articular cartilage. These scaffold-less platforms develop 
a robust ECM framework of  their own and permit long-
term maintenance of  phenotype, at least in long-term in 

include hydrogels made from poly(ethylene glycol) diac-
rylate (PEGDA)[7,11-13,41,42], collagen[43], fibrin[44,45], agarose, 
and synthetic peptides[46,47]; sponge-like scaffolds manu-
factured from materials such as collagen, polyglycolic 
acid, polylactic acid[48], and polyurethane[49]; materials 
with a naturally-occurring porous structure, such as coral, 
devitalized articular cartilage[50], and hyaluronan based 
scaffolds[51]. The three-dimensional scaffold provides the 
structural support for cell contact and matrix deposition 
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Table 2  Overview of advantages and disadvantages of various scaffolds

Scaffold Advantages Disadvantages

Porous scaffolds High porosity Use of highly toxic solvent
Interconnected structure Low pore interconnectivity 

Simple and easy to manufacture Difficulty in homogenous cell seeding post scaffold fabrication
Highly porous scaffolds can have weak mechanical properties

Lack of control over scaffold thickness 
Fibrous scaffolds Fiber meshes and fiber bonding are simple techniques Fiber meshes lack mechanical integrity

Large surface area-volume ratio Fiber bonding lacks control over porosity and pore size
High inter-fiber distances for nutrition and gas exchange Small pore sizes produced during fabrication processes such as 

electrospinning limit cell infiltration and 3-D cellular integration 
with host tissue after implantation 

Hydrogels Can form stable and highly ordered scaffolds using self assembly 
Tissue like flexibility Higher cost 

Viscoelasticity Non-adherent and usually need to be secured by a secondary 
dressing, for in-vivo testing

Custom scaffolds 
(Computer-
aided design 
technique) 

Intestinal flow and diffusive transport Natural polymer hydrogels like collagen gelatin, alginate and 
agarose may evoke inflammatory responses 

Controlled matrix architecture: size, shape, interconnectivity, 
branching, geometry and orientation

Low resolution of current systems

Can control pore and pore size Selective polymeric materials can only be used 
Controlled mechanical properties and degradation kinetics

Microspheres Reproducible architecture and compositional variations 
Used as cell carriers, when fabricated using biodegradable and 

non-toxic materials 
Difficult to remove once injected or implanted

Large surface area for cell attachment and growth Unknown toxicity associated with microsphere/beads 
Native/
Extracellular 
matrix scaffolds 

Applicable for 3-D cell culture in a stirred suspension bioreactor 
Simulates the cell's natural microenvironment in terms of 
composition, bioactive signal and mechanical properties 

Difficult to control degree of decellularization and retain all ECM
Non-uniform distribution of cells

Immunogenicity upon incomplete decellularization 

Table 3  Overview of advantages and disadvantages of various scaffolds

Cells  Material  Results 

Chondrocyctes Poly(epsilon-caprolactone)-block-poly(L-
lactide) 

Applicable for cartilage tissue engineering 

Rabbit marrow 
mesenchymal stem cells 

Oligo(poly(ethylene glycol) fumarate) with 
encapsulated cells and gelatin microparticles 

loaded with TGF-β1 

Maintained viability of cells for 14 d
Differentiation of cells into chondrocyte-like cells 

Chondrocytes Gelatin microparticle aggregates, +/- TGF-β1 Supported viability and function of chondrocytes
Applications in cartilage-engineering 

Human adipose derived 
stem cells 

Genipin-crosslinked cartilage derived matrix Using genipin resulted in contraction free biomaterial.
Chondrogenesis 

Human mesenchmal stem 
cells

Poly(epsilon-caprolactone) Cell colonization, proliferation and osteogenic differentiation were 
related to the micro-architecture of the pore structure 

Human chondrocytes Blend of poly (lactic-co-glycolic acid) and 
polyvinyl alcohol  

Supported cell adhesion and growth
After implantation, there was better bone in-growth and bone formation 

inside the scaffold. 
Bone marrow stem cells Polyglycolic acid, poly (lactic acid) Cell infiltrated the scaffold

Good cellular compatibility
Applicable to repair craniomaxillofacial bone defects 

TGF: Transforming growth factor.
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vitro culture, and can improve biophysical properties by 
mechanical loading. Scaffold-free constructs using algi-
nate as an intermediate step have also been produced[53] 
and subjected to mechanical loading[54]. The challenge 
with such scaffold-free systems is producing them in a 
cost-effective and timely manner for clinical use, espe-
cially with autologous cells. This is also true for scaffold-
based systems, but they have biomechanical properties 
that are immediately functional “in vivo”, showing the 
ability to direct growth; further they can be designed to 
deliver relevant bioactive factors[25]. 

REHABILITATION
Mechanical stimuli are of  crucial importance for the 
development and maintenance of  articular cartilage[55]. 
Rehabilitation, following any articular cartilage repair pro-
cedure is crucial for the success of  any articular cartilage 
resurfacing technique[2]. The rehabilitation is often long 
as it takes a long time for the cartilage cells to adapt and 
mature into repair tissue. Cartilage is a slow adapting sub-
stance, indeed where a muscle takes approximately 35 wk 
to fully adapt, cartilage only undergoes 75% adaptation in 
2 years. If  the rehabilitation period is too short, the car-
tilage repair might be put under too much stress, causing 
the repair to fail[2]. Over the years a variety of  cartilage 
restorative procedures have been developed for athletes 
to address focal, full-thickness cartilaginous defects in the 
knee joint[56]. In most rehabilitation protocols, continuous 
passive motion or range of  motion exercises are perfor-
med within the first day after injury or surgery. Ice, com-
pression, elevation, weight-bearing activities, and electrical 
stimulation are also started immediately, and the intensity 
and repetition of  these exercises increases as the rehabi-
litation program progresses. In addition, exercises to ad-
dress the complimentary musculoskeletal system are also 
introduced, especially if  distinct asymmetries are noted[57]. 

The type of  mobilization exercises used depends on the 
injury. Experimental and clinical studies demonstrate that 
early, controlled mobilization is superior to immobiliza-
tion for primary treatment of  acute musculoskeletal soft-
tissue injuries and postoperative management[58]. Early 
mobilization helped return the patients more quickly to 
physical activity, reduce persistent swelling, restore sta-
bility, restore range of  motion, and improve patient sati-
sfaction with the rehabilitation outcome[58]. Postoperative 
rehabilitation programs following articular cartilage repair 
procedures will vary greatly among patients and need to 
be individualized, based on the nature of  the lesion, the 
unique characteristics of  the patient, and the type and 
detail of  each surgical procedure[59]. These programs are 
based on knowledge of  the basic science, anatomy, and 
biomechanics of  articular cartilage as well as the biologi-
cal course of  healing following surgery[59]. The goal is to 
restore full function in each patient as quickly as possible 
by facilitating a healing response without overloading the 
healing articular cartilage[2]. A patient, lesion, and sports-
specific approach is required on the part of  the trainer or 

physical therapist to gradually restore knee joint function 
and strength so that the athlete may be able to return to 
competitive play[56]. In this paper review we also take the 
opportunity to remind readers of  the importance of  a 
healthy lifestyle, including physical activity (mild exercise) 
and balanced diet such as Mediterranean Diet, in the 
medical therapy to prevent OA disease, in order to pre-
serve the articular cartilage and then the entire joint[59].

Conclusion
In conclusion, the treatment of  articular cartilage defects 
can be approached by different procedures in relation to 
cartilage lesions. Further “in vivo” and “in vitro” studies 
must be carried out in order to confirm their successful 
clinical outcomes.
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