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Abstract
The hyaline cartilage structure is very complex, with few cells, 
and without blood and lymphatic vessels or nerves. This makes 
the healing potential very limited. Knee cartilage injuries are 
very common, and its treatment is a major challenge. Surgical 
options available nowadays like chondroplasty, microfractures, 
mosaicplasty and autologous chondrocyte transplantation still 
doesn’t have satisfactory results, mainly in long term. Platelet-Rich 
Plasma (PRP) has been used in orthopedics since the 90’s in order 
to stimulate tissue healing, because of its potential to concentrate 
platelet derived growth factors in the target place. The goal of the 
PRP application is to stimulate a better healing environment. PRP 
has been used in cartilage to treat osteoarthritis and to support 
treatment techniques for chondral injuries. However, the literature 
is still doubtful regarding the surgical results with PRP application.

Collagen constitutes 10 to 20% of hyaline cartilage, and type 
II composes 90-95% of the total. It provides an important tensile 
strength [2].

Proteoglycans are protein molecules of polysaccharides which are 
10 to 20% of cartilage tissue and provide a compressive strength. The 
proteoglycan subunits are called glycosaminoglycans [2].

The cartilage is composed of four main layers: the superficial 
layer, thinner, with flat ellipsoids cells, parallel to the articular surface 
and covered with a thin synovial fluid layer (called lamina splendens). 
Chondrocytes of this zone synthesize a high concentration of collagen 
and few proteoglycans, which makes the high water concentration 
of this zone. The parallel collagen fibrils provide greater tensile 
strength. This zone also has filter function for macromolecules, thus, 
protects the cartilage from the synovial immune system [2]. This layer 
preservation is critical to protect the underlying zones [3]. Below 
the superficial layer there is the transitional zone (or intermediate), 
characterized by low cell density, with spheroidal cells, abundant 
extracellular matrix and high concentration of agrecans, with 
obliquely oriented collagen fibers, resisting primarily to compressive 
forces [2,3]. Next comes the radial zone, formed by perpendicular 
cells with spheroidal shape. This layer contains a large diameter 
collagen fibers and a great concentration of proteoglycans [2]. And 
lastly, the calcified zone, which shows a small volume of cells imbibed 
in calcified matrix, with low metabolic activity. It is noted that this 
layer has type X collagen synthesis, responsible by the structure and 
shock absorption of the subchondral bone [2].

The Chondral Healing
A typical tissue response to injury follows the classic sequence 

of necrosis, inflammation, repair and scar remodeling. The vascular 
phase is the most important part of the healing, and cartilage, being 
avascular, has its healing capacity hampered [2]. However, the 
necessary forces to cause an acute chondral injury must be larger 
than those required to cause a femoral fracture [4]. An osteochondral 
lesion (which affects the cartilage until the subchondral bone) 
causes bleeding, with fibrin clot formation and activation of the 
inflammatory response. Then, occurs growth factors release that 
stimulates vascular invasion, undifferentiated cells migration and 
synthetic activity of cells. After two weeks, some mesenchymal cells 
take the form of chondrocytes, and begin to synthesize matrix with 
type II collagen and high concentration of proteoglycans. These cells 
produce hyaline-like cartilage zones. Six to eight weeks after injury, 
the repair tissue contains many similar to chondrocytes cells, with 

Chondral Tissue Structure
The hyaline cartilage covers the joint’s surfaces and has the ability 

to support intense and repeated compression and tensile forces. 
This complex tissue has the function of providing a flat surface with 
low friction, shock absorption, and reduce the peak pressure of the 
subchondral bone. Consists of chondrocytes and the extracellular 
matrix [1,2].

The matrix is composed primarily of type II collagen and 
glycosaminoglycans, as hyaluronic acid and chondroitin sulfate. 
It has important functions like: protect the chondrocytes from 
mechanical loads; stock of cytokines and growth factors; to determine 
type, concentration and diffusion rate of nutrients; and act as cell 
signal transducer [2]. The matrix deformation produces mechanical, 
electrical and chemical stimuli affecting chondrocytes function [2].

Articular cartilage has no blood vessels, lymphatics or nerves. 
Chondrocytes nutrition and metabolites transport are made by 
diffusion through the extracellular matrix and depend on the synovial 
fluid [1,2]. These are spheroidal cells without cell to cell contact and 
are only 1-5% of the total cartilage volume [2]. They are responsible 
for the synthesis of type II collagen, aggregative proteoglycans, non-
collagenous proteins, structuring and maintenance of specialized 
matrix and synthesis of matrix degradation enzymes. This cell 
has a highly individual metabolic activity; however, due to the low 
number of cells, the total activity is reduced. Their survival is subject 
to low oxygen concentration, therefore it depends on the anaerobic 
metabolism; in addition, the mechanical loads also influences the cell 
function [2].
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proliferation; a scaffold can be introduced to serve as a structure for 
cell migration and concentration of active cytokines; or stem cells 
could be delivered at the site [10]. Based on this principle, since the 
90’s, began in orthopedics the use of Platelet-Rich Plasma - PRP. 
With a better understanding of tissues healing it was observed that 
many natural components present in blood, like fibrin, vitronectin, 
platelet-derived growth factor and TGF-β, when increased in their 
concentration, could change and accelerate the healing process 
[11]. These components stimulate cell proliferation, chemotaxis, 
cell differentiation, debris removing, angiogenesis, synthesis and 
deposition of extracellular matrix. Platelets have over than 30 
bioactive proteins in their alpha granules, many with crucial role in 
homeostasis and wound healing. Examples of these proteins (Figure 
1): Platelet Derived Growth Factor (PDGF), Transforming Growth 
Factor-beta (TGF-β), Platelet Factor-4, Interleukin-1, Platelet Derived 
Angiogenic Factor, Vascular Endothelial Growth Factor (VEGF), 
Platelet Derived Endothelial Growth Factor, Epithelial Growth 
Factor, Insulin Like Growth Factor (IGF), Osteocalcin, Osteonectin, 
Fibrinogen, Vitronectin, Fibronectin and Thrombospondin-1 [11].

The PDGF is a potent mitogen for connective tissue cells. TGF-β 
has morphogenic action and is also involved in collagen synthesis. 
IGF-1 appears to be critical for survival, growth and cell metabolism, 
and the cooperative action of the VEGF induces proliferation and 
endothelial cell migration, starting the angiogenic response [12].

PRP in defined as the plasma portion with higher concentration 
of platelets [13]. Increasing the number of these cells will increase the 
complement fractions, secreted proteins concentration and also the 
growth factors presents in the platelets alpha granules. Thus, the PRP 
shows capacity for recruitment and proliferation of mesenchymal 
stem cells and endothelial cells [11].

Some articles mentioned that PRP should have 2 to 2.5 times 
higher concentration of platelets when compared to normal plasma 
[14], others state that the dosage must be 3 to 5 times higher [15]. 
However, there are several ways of presenting and obtaining 
(homemade or commercial) with different concentrations and 
nomenclatures [7,8,16,17]. Furthermore, the concentration of 

new matrix, but the tissue is rarely equal to the original cartilage [4,5]. 
This tissue, even when similar to hyaline cartilage, differs biochemical 
and biomechanically from normal [5], because it is mainly made of 
type I collagen, which is more resistant to tensile than compressive 
forces [6]. When the injury doesn’t reach the subchondral bone, the 
bleeding is limited, and the scar tissue, when present, will be of poorer 
quality in most cases [2].

Literature suggests that the chondral and osteochondral repair 
will be complete in six weeks or less, but the remodeling continues 
for months or even years. Therefore, the minimum time for a post-
treatment analysis is about four to six months, and methods showing 
promising initial results need a new evaluation after six months [4,5].

In most cases, the repair tissue begins to lose proteoglycan matrix 
over the time, with fragmentation and fibrillation, increasing the 
collagen content and decrease of cells concentration, after one year 
or less [4]. The remaining cells take the form of fibroblasts and the 
matrix became a dense collagen fibrils package. This tissue fragments 
and degrades. Its evolution is worse according to the age of patient 
and the size of the lesion [4].

The incidence of chondral injuries is very high, especially in 
the knee. In a study of 993 consecutive knee arthroscopies, Aroen, 
et al. [7] found cartilage changes in 66% of patients, with 11% of 
total chondral injuries (113 patients), more severe in medial femoral 
condyle (43%) and patella (23%). Shelbourne, et al. [8], in a study of 
2770 ACL reconstructions, found 125 chondral injuries, classified as 
Outerbridge 3 or 4, and these patients had lower subjective scores in 
the postoperative period than those who had no chondral injuries.

The main goal of the surgical treatment of chondral injuries is 
to promote the repair of this tissue, to eliminate pain and to restore 
joint function, preventing or, perhaps, slowing the progression to 
osteoarthritis [9].

The PRP
To increase the healing capacity, growth factors can be placed 

in order to enhance the inflammatory phase and the matrix 

         

Factor  Name  Functions  

PDGF  Platelet Derived Growth Factor  
Mitogen, chemotaxis, angiogenesis, TGF-β 

activation 

 

TGF  Transforming Growth Factor - α and β  

Promotes extracellular matrix synthesis, 

collagen synthesis, cell proliferation and 

differentiation 

FGF  Fibroblast Growth Factor  
Stimulates fibroblasts and endothelial cells 

proliferation and angiogenesis 

IGF  Insulin Like Growth Factor  
Promote cell differentiation 

 

EGF  Epithelial Growth Factor  
Mitogen, collagen synthesis 

 

VEGF  Vascular Endothelial Growth Factor  
Angiogenesis, cell differentiation and 

collagen synthesis 

 
Figure 1: Platelet growth factors and functions.
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active cytokines may vary from each person, independent of platelet 
concentration [15].

PRP is obtained in a simple way, with low cost and with virtually no 
risk to the patient. The technique consists of collecting a blood sample, 
anticoagulated in vitro with citrate-that inhibits the ionized calcium 
and prevents the coagulation cascade formation. After that the blood 
is centrifuged, once or twice, according to the protocol [15,18]. The 
first centrifugation separates the red and white blood cells from the 
Platelet-Rich Plasma. The second centrifugation separates the Platelet-
Rich Plasma, called, in this case, Platelet Concentrate (PC) and the 
Platelet-Poor Plasma (PPP) (Figure 2) [18]. Prior to application, PRP 
may be activated to release the alpha granules content. This activation 
can be done by thrombin (bovine or human), CaCl2 (calcium chloride), 
synthetic collagen or contact with the collagen of the tissue where it will 
be applied. After activation, 70% of the growth factors will be released 
within the first ten minutes and the remaining within one hour. However 
small amounts will still be produced and released during the life of the 
platelet (for 8 to 10 days) [15,18].

The most widely activation used is CaCl2, because of its low cost, 

higher availability and virtually no side effects, although doubts 
about its activation potential still remains. Thrombin would be the 
best activator, but has the limitation of stimulate animmune response 
and the transmission risk of prion diseases. Collagen is an attractive 
alternative because of their intrinsic involvement in the coagulation 
cascade and the use as a biomaterial, but it has a higher cost [19]. 
Activation by tissue collagen contact is suggested as a safe way, with 
low cost and more physiological [20,21].

PRP and the Literature
There are evidences suggesting that PRP could have some 

effect when applied in ACL reconstruction, tendon injuries and 
tendinopathy treatment, like epicondylitis, in addition to already 
show strong evidence in the treatment of knee osteoarthritis 
[10,12,22-24]. Recently, it was also observed PRP’s ability to reduce 
pain and to provide antibacterial and antifungal effect [12]. Patients 
with osteoarthritis showed functional and pain improvement with 
PRP treatment, especially under 60 years old [18]. In this pathology 
there isn’t a conclusion regarding the number of applications, 
activation type and the platelet concentration. Studies suggest that 

         

Figure 2: PRP preparation (single and double centrifugation).
A: Collecting the blood sample; B: Result of the first centrifugation = Platelet-Rich Plasma (first layer), Buffy Coat (thin white layer) and Red Blood Cells; C: 
Enlarged image for a better view of the layers; D: Result of the second centrifugation = the upper half is the Platelet-Poor Plasma and the bottom is the Platelet 
Concentrate (Source: personal files).
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PRP application leads to a better functional scores when compared 
to placebo and hyaluronic acid, with this results lasting for up to 12 
months, with a peak of effect about 6 months [25,26]. The use in knee 
arthroplasty shows less blood loss [18] and less pain [27].

In chondral tissue, PRP may increase the glycosaminoglycans 
concentration and type II collagen synthesis, in addition to reduce 
the chondral degradation [23]. Also can induce chondrogenesis of 
mesenchymal stem cells and promote proliferation, differentiation 
and adhesion of chondrocytes [23]. Additionally, the PRP clot can 
serve as a scaffold for chondrocytes and mesenchymal stem cells 
migration to the injured tissue [18]. Also shows biological glue 
function, enhance of the joint homeostasis and restoration of intra 
articular hyaluronic acid [10]. Recently, it has been shown that PRP 
has a strong and important action in synoviocytes [28], improving 
the synovial fluid quality and decreasing inflammation and pain [29] 
and also, improving the quality and the synthesis of the surface zone 
protein, with better joint lubrication [30]. These PRP effects depends 
on the local inflammatory response, so literature indicates not to use 
anti-inflammatory drugs for up to 14 days after its application [18].

It has already been shown that the type of PRP preparation should 
be adapted, depending on the tissue where it will be applied [31,32]. 
By doing this, its effect can be optimized. It is known that there are 
PRPs with higher leukocytes concentrations and these, containing 
pro-inflammatory and catabolic active cytokines such as interleukins 
and matrix metalloproteinases (MMPs), may not have good effect in 
the articular environment [13,15,31-36].

Oh, et al. [15] shows that the PDGF and VEGF concentration are 
directly proportional to platelet concentration, which did not occur 
with TGF-β and FGF. Besides that, the home made systems showed 
the lowest concentration of MMP-9 (catabolic protein). The PRP 
action shows an inverse relationship to the size of chondral injury 
and the patient’s age [13,37].

Kon, et al. [37] also suggests that even if PRP has no effect on the 
chondral structure or in the degenerative joint disease progression, it 
may, however, influence the articular homeostasis, reduce synovial 
tissue hypertrophy and modulate cytokines. Therefore, leads to clinical 
improvement in patients with cartilage injuries, even temporarily.

Conclusion
Given these effects, it is necessary several researches to define the 

best use for PRP. We have to reach a consensus on the best formulation 
for each tissue, the better platelet concentration, activation form and 
the presence or absence of leukocyte. Recent literature has to be 
clear and detailed about the PRP preparation methods, the platelet 
concentration, the activation and leukocytes concentration. I believe 
that this product has a promising role in the tissue healing, especially 
as an adjuvant to surgery, and the articular cartilage is an important 
target.
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