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Summary

Regenerative medicine is the science that studies the regene-
ration of biological tissues obtained through use of cells, with
the aid of support structures and with biomolecules such as
growth factors.
As regards the growth factors the PRP, or the platelet-rich pla-
sma, obtained from a withdrawal of autologous blood, con-
centrating the platelets, represents a safe, economical, easy to
prepare and easy to apply source of growth factors.
Numerous growth factors are in fact within the platelets and in
particular a large number of them have a specific activity on neo-
proliferation, on cartilage regeneration and in particular also an
antiapoptotic effect on chondroblasts:
- The PDGF which regulates the secretion and synthesis of

collagen;
- The EGF that causes cellular proliferation, endothelial che-

motaxis and angiogenesis;
- The VEGF that increases angiogenesis and vascular per-

meability;
- The TGF-beta that stimulates the proliferation of undiffe-

rentiated MSC, stimulates chemotaxis of endothelial cells
and angiogenesis;

- The bFGF that promotes the growth and differentiation of
chondrocytes and osteoblasts stimulates mitogenesis of me-
senchymal cells, chondrocytes and osteoblasts.

These properties have led to the development of studies that
evaluated the efficacy of treatment of infiltrations in the knee
and hip with platelet-derived growth factors.
Regarding the knee it was demonstrated that in patients with
moderate degree of gonarthrosis, the PRP is able to significantly
reduce the pain and improve joint function, both on placebo and
towards infiltrations with hyaluronic acid.

The success of the treatment was proportional to the age of and
inversely proportional to the severity of osteoarthritis according
to Kellgren and Lawrence classification.
The possibility of infiltrations guided with ultrasound into the
hip led us to extend the indications also to hip arthrosis, as al-
ready showed by Sanchez. 
Even in coxarthrosis preliminary results at 6 and 12 months
show that a cycle of 3 infiltrations of PRP has significantly
decreased the pain and increased range of motion and joint
function.
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Introduction

Osteoarthritis is a prevalent and disabling disease affecting an

increasingly larger percentage of world population. While clini-

cal osteoarthritis (OA) is a late-stage condition for which dis-

ease-modifying opportunities are limited, osteoarthritis typically

develops over decades, offering a long window of time to po-

tentially alter its course. So there is a large population of young

and active people with early osteoarthritis who have not yet the

classical signs of OA but who are strong candidates to an  in-

creased risk for accelerated development of joint degeneration.

It is a population who need newer strategies for the develop-

ment of disease-modifying treatments (1).

Many options have been made available to address problems

regarding cartilage damage, each with its own advantages and

disadvantages. Growth factors could have a crucial role in this

process since they influence chemotaxis, differentiation, prolif-

eration and synthetic activity of cartilage and bone cells, there-

by regulating physiological remodeling and cartilage healing.

That makes the use of the autologous and recombinant growth

factors (GF) a rapidly growing field of orthopedics focusing on

manipulating GF and secretory proteins to maximize the heal-

ing of cartilage, soft tissues and bone (2).

A variety of growth factors have been found to play a role in

bone healing, but the two most important families can be clas-

sified as: Bone-Derived Growth Factors, namely the BMPs

family, which are mainly used for bone regeneration,  and the

Autologous Blood-Derived Growth Factors, which are dedicat-

ed to cartilage and soft tissue regeneration.

Most of the growth factors derived from autologous blood are

released upon platelet activation, and their clinical use has

been popularized with Platelet-rich plasma (PRP); Platelet-rich

plasma is obtained from patients’ blood using commercially

available devices and it could release growth factors for the

enhancement of cartilage and soft tissue healing as demon-

strated by basic science and clinical studies. 

The autologus nature of PRP, its ease of application and rela-

tive low cost are some of the advantages of PRP that have led

to research interest  and to a wide clinical application (3).

The purpose of this paper, therefore, is to provide back-ground

on the underlying basic science, the methods used for produc-

ing PRP and an overview of evidence based medicine on clini-

cal application of PRP in the treatment of early osteoarthritis.

Mini-review
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Preclinical and clinical studies

With increasing frequency, platelet-rich plasma (PRP) prepara-

tions have been used to treat cartilage lesions to regenerate tis-

sue homeostasis and to delay  the progression of knee os-

teoarthritis  (OA). Growth factors are obvious tools to enhance

cartilage repair and platelets are rich in these factors. The ratio-

nale is based on the activity of blood growth factors. The growth

factors are a diverse group of polypeptides that have important

roles in the regulation of growth and tissue development, deter-

mining the behaviour of all cells, including chondrocytes. To un-

derstand how they influence cartilage repair is the key to an in-

creasing use of these factors in such problems and understand-

ing the reactivities in normal and arthritic cartilage and potential

side effects on other compartments in the joint will help to iden-

tify possibilities and limitations. Chondrocytes are affected by

numerous extracellular stimuli influencing the regulation of

biosynthetic and catabolic activity, including mechanical stress

and soluble factors (4). An imbalance of regulatory factors,

which may result from ageing, disease, or injury, may hinder tis-

sue maintenance and repair, ultimately resulting in deleterious

changes in gene expression, altered extracellular matrix, tissue

degeneration and consequently an accelerated erosion of the

articular surface, leading to end-stage arthritis (5).

The properties of PRP are based on the production and re-

lease of  multiple growth and differentiation factors. The basic

cytokines identified in platelets regarding cartilage regeneration

include: 

PDGF (Platelet-derived Growth Factor)  appears to be the first

growth factor present in a wound and initiates connective tissue

healing through the promotion of collagen and protein synthesis. 

The primary effect of PDGF seems to be its mitogenic activity

to mesoderm-derived cells such as fibroblasts, vascular muscle

cells, glial cells and condrocytes. The most important specific

activities of PDGF include angiogenesis and chemotaxis for fi-

broblasts and collagen synthesis. 

Evidence to support the use of PDGF in cartilage repair is extrap-

olated from the role of PDGF in wound healing or stimulation of ma-

trix synthesis in growth plate chondrocytes (6). In vivo, when in-

jected into the knee of skeletally immature rats, no adverse effects

were noted in the cartilage or synovial membrane (7).

TGF- β (Transforming Growth Factor β) superfamily are

structurally related and only active as homo-or heterodimers

linked together with a single disulfide bond (8). More recently,

in vitro studies of cartilage-derived morphogenetic protein

(CDMP-1) (also known as GDF-5; growth differentiation fac-

tor-5) and CDMP-2 have been performed and all of them

show some capacity to stimulate cartilage matrix synthesis.

TGF-b3 also stimulated extracellular matrix (ECM) synthesis

and has been evaluated in vitro in rabbit models of acute car-

tilage injury (9-11). TGF-b1 stimulates chondrocyte synthetic

activity and decreases the catabolic activity of IL-1 (12). In

vitro TGF-b1 stimulates chondrogenesis of synovial lining and

bone marrow-derived MSCs (13, 14). There have also been

promising studies in rabbits in which TGF-b1 enhanced repair

of cartilage defects (15).

FGF is another family of factors which has been shown to have

positive effect on cartilage repair that have been studied. In carti-

lage, FGF-2 (also known as basic FGF [bFGF]) is found in rela-

tive abundance in the pericellular matrix of cartilage (16). On

loading, FGF-2 becomes bound to cell surface receptors and ac-

tivates anabolic pathways leading to decreased aggrecanase ac-

tivity but no apparent change in proteoglycan content occurs.

VEGF (Vascular Endothelial Growth Factor) is the major regu-

lator of vasculogenesis and angiogenesis and playing an im-

portant role in tissue regeneration (17).

CTGF (Connective tissue growth factor). This new Growth Fac-

tor was described very recently by Kubota and others; Platelets

adhere to CTGF at injured tissue wound sites, where it is over-

expressed along with the platelet coagulation process. In their

experiments they showed that non-activated platelets contain

considerable amounts of CTGF and that is released by activat-

ed PRP, endorsing angiogenetic activity and  cartilage regen-

eration (3).

Many animal studies assessed the PRP effect on chondrogen-

esis and cartilage healing: 

Blood-derived GFs have already been studied for their poten-

tial in helping cartilage repair (18-25). Gaissmaier et al.  investi-

gated the effect of human platelets supernatant on chondro-

cytes in human articular biopsy specimens and observed an

acceleration of chondrocyte expansion (26).

Mishra et al. (27) tested  whether PRP may be useful specifi-

cally for cartilage regeneration, and a cell culture experiment

was devised in which mesenchymal stem cells (MSCs) were

grown in control media or media enhanced with inactivated,

buffered PRP: their  results demonstrated that PRP enhances

MSC proliferation and suggest that PRP causes chondrogenic

differentiation of MSC in vitro.

More recently in a rabbit model, 48 osteochondral defects were

divided into three groups: no treatment, treatment with autoge-

nous PRP in poly-lacticglycolic acid, and with poly-lacticglycolic

acid alone. The PRP treatment group demonstrated a greater

extent of cartilage regeneration, as well as higher production of

glycosaminoglycans in the extracellular matrix (28).

The degree of cartilage regeneration is also influenced by the

severity of OA. Kwon et al. (2012) in a rabbit model demon-

strated that intra-articular PRP injection influences cartilage re-

generation in all severities of rabbit knee OA, but the cartilage

regenerative power of PRP injection in moderate knee OA was

greater than that in mild or very mild OA (29).

These studies suggest an important role for these potent bio-

logic regulators of chondrocytes in cartilage repair, but there is

always a paucity of human clinical studies about cartilage re-

pair with the use of PRP.

One of the first studies was performed by Sanchez et al.

(2008) with an observational retrospective cohort study using

hyaluronan injections as a control; at final follow up there were

better results in the group treated with intra-articular injections

of an autologous preparation rich in growth factors (30).

Kon et al. (2011) in a study that compared injection in early de-

generative knee arthrosis with HA versus PRP demonstrated  that

autologous PRP injections could provide more and longer efficacy

than HA injections in reducing pain and symptoms and recover-

ing articular function. Better results were achieved  in younger pa-

tients with a lower degree of cartilage degeneration (31).

Sampson et al. in a perspective, uncontrolled study, adminis-

tered 3 PRP injections at 4-week intervals to 14 patients with

knee OA. Significant improvements were found, with relief of

pain and symptoms (32). Wang-Saegusa et al. in a second

perspective, nonrandomized, longitudinal study, 261 patients

with knee OA (Outerbridge grades I-IV) were given 3 intra-ar-

ticular injections of platelet concentrate suspended in plasma

from autologous blood at 2-week intervals. Participants had

statistically significant improvements in pain and function at 6

months (33).

Filardo et al. in a third case series administered PRP injections

in patients with knee OA. At the 2-year follow-up, patients had

diminished gains compared with their results at the 1-year fol-

low-up, although outcomes remained better than baseline lev-

els (34).

Spakova et al. in their study aimed to find a simple, cost-effec-

tive, and time-efficient method for the preparation of platelet-

rich plasma (PRP), so the acquired benefits will be readily

available for multiple procedures in smaller outpatient clinics

and to explore the safety and efficacy of the application of PRP

in the treatment of degenerative lesions of articular cartilage of
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the knee. They recorded statistically significantly better results

in the Western Ontario and McMaster Universities Osteoarthri-

tis Index and Numeric Rating Scale scores in a group of pa-

tients who received PRP injections after a 3- and 6-months fol-

low-up so they support the application of autologous PRP as

an effective and safe method in the treatment of the initial

stages of knee osteoarthritis (35).

Fewer studies have been performed in hip OA, but with similar

results. Sanchez et al. treated 40 patients with ultrasound-guid-

ed platelet-rich plasma injections for the treatment of os-

teoarthritis of the hip. At final follow-up statistically significant

reductions in VAS, WOMAC and Harris hip subscores for pain

and function were reported (P<0.05) (36).

Conclusion and future directions

In conclusion platelet rich plasma is a safe, autologous, easy to

prepare and to use and relative low cost procedure to deliver

growth factors for cartilage  healing and regeneration.

The clinical results of comparative studies suggest that this

procedure may be useful for the treatment of degenerative ar-

ticular pathology of the knee as a treatment for articular carti-

lage degeneration in humans, in which produces a significant

improvement in the clinical outcome of most patients especially

in the short term. Studies support efficacy in terms of antiapop-

totic activity of PRP and repair in cartilage lesions. Treatment

with this procedure of early degenerative arthrosis seems to be

promising because of the interest and for the economical bur-

den in term of disability that this problem entails. Lack of ran-

domized controlled study limits at the moment a conclusive

statement on the efficacy of this procedure and it still remains

to be determined whether there is only a temporary improve-

ment in symptoms or whether PRP therapy may play a more

important role through disease-modifying therapy.

Furthermore recent studies support the use of PRP intra-articu-

lar injections, not only as a conservative treatment, but also af-

ter surgical procedures as many researchers attempted to en-

hance cartilage repair by combining surgical procedures such

as microfractures with growth factors (GFs). PRP has been

shown to improve the reparative response of focal defects of

articular cartilage after surgery compared to surgery alone and

also to increase the durability of repair tissue over time (37).

Many clinical questions still have to be clarified, particularly

with regard to the timing of therapy, the volume and frequency

of treatment and the ideal composition of the platelet-rich plas-

ma. However, because the majority of the clinical trials have

shown encouraging outcomes, further controlled clinical trials

will help to elucidate the  effects of platelet rich plasma on car-

tilage regeneration.
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