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Abstract

Biomedical sciences have made major advances in understanding how
tissues repair, and the signalling mechanisms required to achieve this goal are
progressively being dissected. Advances in the understanding of tissue repair
mechanisms and the pivotal role of growth factors have stimulated the use of
platelet-rich therapies by orthopaedic surgeons and sports physicians, mainly
with the aim of stimulating and enhancing tissue healing. Autologous activated platelets retained in fibrin matrices are used as a source of molecular
signals that control cell fate, including cell growth, cell differentiation and the
synthesis of diverse functional proteins. Thus far, platelet-rich technologies
have spawned additional ambitious endeavours, including surgical and nonsurgical treatments in sports orthopaedics. Reconstruction of anterior
cruciate ligament and tendon surgery and treatment of joint injuries, tendinopathy or muscle tears are but a few examples of the potential applications
of this technology in the field of orthopaedic sports medicine. In the present
article, some of the most important therapeutic applications using these approaches – especially preparation rich in growth factor (PRGF) technology –
are presented, as are some of the limitations, anti-doping concerns and future
challenges in the field. In view of a general state of confusion, the concept of
platelet-rich plasma needs rigorous definition associated with well characterized products and re-administration procedures. There is evidence that
reconstruction of anterior cruciate ligament and tendon surgery combined
with PRGF enhances healing and functional recovery; clinical evidence is
also appearing in the literature regarding treatment of tendinopathies and
osteoarthritis. Currently, the challenge lies in conducting randomized, controlled clinical trials to determine the essential qualities of these technologies.
If anti-doping agencies clarify their regulatory guidelines, robust studies in
athletes are expected to emerge. Although much research work lies ahead, the
current knowledge points to a future in which platelet-rich therapies will
continue improving existing conventional approaches to treatment of sports
injuries.

The field of sports medicine is currently expanding at a high pace, influencing millions of
people from athletes to active individuals who

participate in recreational sport or simply use
exercise to stay healthy and active.[1,2] Physical activity and maintenance of good exercise habits are
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promoted by current health systems in the industrialized countries because of the clear link
between participating in sport and being fit and
healthy. However, while the number of sports
practitioners increases, the rate of sports injuries
distressing the musculoskeletal tissues is growing
and becoming a real problem.[3] For instance,
Australia has recently reported 3.7 cases of
medically treated sports injuries per 100 persons,
with the costs increasing to $A1.5 billion (year of
costing 2001) per year.[1]
The magnitude of the problem has stimulated
significant research efforts focused on injury
prevention, identifying ways to minimize risks
and to promote protective behaviours.[4,5] Other
endeavours target biological questions aiming to
provide effective methods for helping the injured
athlete/patient to recover within the shortest
possible time frame. Those performing basic science
believe that understanding the molecular basis of
healing mechanisms is at the heart of the development of novel and rational approaches to treat
injury. The progressive understanding of mechanisms required for successful tissue repair[6,7]
has set the basis for the possibility of making
injured tissues heal faster.[8] Among the emerging technologies for enhancing and accelerating
tissue healing, a biocompatible and cost-effective
approach, broadly referred to as platelet-rich
therapy, involves the use of autologous activated
platelets retained in fibrin matrices as a source of
growth factors released from a three-dimensional
scaffold.[9,10]
The present paper briefly addresses the main
features of these autologous preparations, the
most exciting therapeutic applications in sports
medicine and the existing current challenges.
1. Tissue Repair and Growth Factors
A primary consideration for understanding a
therapeutic treatment focused on accelerating
healing is to learn from the physiological processes of wound healing and tissue repair. Tissue
repair involves a number of complex cellular and
molecular events participating through different
coordinated phases that are to a great extent
shared by the different tissues of the body. Subª 2009 Adis Data Information BV. All rights reserved.

sequent to haemostasis, what primarily emerges
is the notion that cells can initiate tissue repair by
proliferating, a phase that involves either local
cells or undifferentiated cells migrating into the
injured area.[11] Concomitantly, physiological
angiogenesis (provision of efficient concentration
of nutrients and oxygen) takes place, which is
critical to guarantee the survival of whole cell
number. As proliferation and differentiation
phases progress, the predominant cell in the wound
site is responsible for producing the new extracellular matrix needed to restore the structure
and the functionality of the injured tissue.[12] The
challenge in orthopaedic sports medicine is to
achieve tissue repair through a new well organized
extracellular matrix, which ideally would reach
the high mechanical performance and functional
levels of the non-injured tissue.[13]
It is assumed that the above-mentioned stages
of the tissue repair process are mediated and
controlled by a wide range of growth factors and
cytokines that modulate cell function through
direct physical interactions with the extracellular
domain of transmembrane receptors.[6] The latter
transduce secondary signals, thereby controlling
diverse aspects of subcellular biology. Although
the roles of all the growth factors involved in
tissue regeneration are only partially elucidated,
the potential benefits of many of them have been
demonstrated. For example, platelet-derived
growth factor (PDGF) is a powerful mitogen for
connective tissue cells,[14] transforming growth
factor-b (TGFb) is not only morphogenic but is
also strongly implicated in collagen synthesis,[15]
type I insulin-like growth factor (IGF-I) is critical
for cell survival, growth and metabolism,[16] and
the cooperative actions of vascular endothelial
growth factor (VEGF) and hepatocyte growth
factor (HGF) induce endothelial cell proliferation and migration, thus initiating the angiogenic
response.[17]
Ultimately, therapeutic approaches to manipulate healing may need to integrate multiple cell
types and large signalling networks necessary for
the dynamic communication between cells.[18]
The need to target various signalling pathways
demands the administration of a balanced combination of mediators instead of administering a
Sports Med 2009; 39 (5)
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purified isolated growth factor, which could not
cope with the multiple requirements of the injured tissue. The delivery of autologous growth
factors to the injured tissue may result in significant changes in biological function of the local
cells. However, producing biologically, chemically and mechanically normal tissue will require
a combination of strategies. So combining the use
of platelet-rich products with appropriate mechanical loading regimens might yield better tissue
organization in a shorter time and enhanced mechanical properties,[19] which are of paramount
importance in sports medicine.
2. Biological Delivery of Growth Factors:
Platelet-Rich Therapies
The advent of regenerative medicine, aiming
to rapidly translate the science into patient care
using patients’ own resources, has opened the
door to new approaches never imagined before.
For example, the use of platelets as vehicles for
the delivery of a balanced pool of healing factors
has become a new therapeutic treatment since the
late 1990s. At that time, platelet-rich plasmas
(PRPs) were introduced as autologous modifications of potent adhesives known as fibrin glues.[20,21]
The use of platelets as a source of growth factors
was particularly fortuitous given that the main
initial interest was to take advantage of the
adhesive and haemostatic properties of fibrin.
Realization of the clinical value of platelet-rich
therapies arose from clinical observations such as
enhanced bone formation and anti-inflammatory
function after oral and maxillofacial applications.[22,23] These anti-inflammatory and antibacterial effects are attributed mainly to the presence
of platelets in these preparations.[24,25] Platelets
are produced in large numbers from megakaryocytes in the bone marrow. Anucleate platelets
circulate for 7–10 days and mediate primary
haemostasis. Upon coagulation, platelets secrete
a pool of growth factors and other cytokines
involved in healing.[26]
Since platelets are renowned as the major
sources of healing factors within blood clots, the
idea that concentrating them at the injured
site could somewhat accelerate and optimize the
ª 2009 Adis Data Information BV. All rights reserved.
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healing mechanisms set the rationale for the
development of PRP. Indeed, platelets carry
a-granules and upon activation secrete multiple
molecules such as PDGF, TGFb1, platelet factor
4 (PF4), VEGF, endostatins, angiopoietins and
thrombospondin-1.[26,27] In addition to providing
initial cues for homing of precursor cells to the
injury and differentiation, platelets and fibrin are
also known to be potent adhesive substrates for
cells. As reviewed elsewhere, the outcome of
healing is influenced by fibrin structure (thickness
of the fibres, number of branch points, the porosity and permeability of the clot) at the wound
site.[28] The addition of a platelet-rich preparation at the injury site will accelerate the natural
healing process and provide additional support
for the binding of not only platelets but also,
among others, endothelial cells, smooth muscle
cells, fibroblasts, keratinocytes and incoming stem
cells. Quite surprising is the recently recognized
ability of platelets to reduce pain. The molecular
basis of how platelets can influence pain is unknown; one possible explanation is proteaseinduced release of protease-activated receptor-4
peptides from platelets that have anti-nociceptive
properties.[29] Not to be forgotten among the
advantages in using platelet-rich therapies is the
antibactericidal effects of the antibacterial and
fungicidal proteins stored in platelets, which may
help to prevent infection.[30,31]
Most commercial protocols for producing
plasma are derived from the same general principle of blood spinning, and the products thereby
obtained are denominated by a common terminology, i.e. PRP or platelet concentrates. However, the composition of these products differs
widely, both qualitatively and quantitatively. PRP
is an excessively general and vague concept,
which demands more precise terms. Since a critical
difference relies on accompaniment of concentrated leukocyte in the preparation, other authors[32] suggest the term ‘platelet-leukocyte-rich
plasma’ (PLRP) for the non-activated product rich
in platelets and leukocytes, and platelet-leukocyte
gel (PLG) for the same product after its activation. Whether leukocytes have a positive or negative influence cannot be generalized for all
tissues and clinical conditions, and remains a
Sports Med 2009; 39 (5)
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controversial issue that demands further investigation. A priori, we report several concerns
regarding the presence of neutrophils, which
contain matrix metalloproteinase (MMP)-8 (referred to as neutrophil collagenase, once thought
to be expressed exclusively in neutrophils and
polymorphonuclear leukocytes) and also express
MMP-9.[33] The release of reactive oxygen species
by neutrophils may also be relevant. In fact, the
paradigm suggests that neutrophils infiltrate injured tissue and in the process of assisting removal of disrupted tissue, exacerbate or increase
the original damage.[34,35] In addition, there are
in vitro data demonstrating that neutrophils can
injure skeletal myotubes.[36] The available evidence,
therefore, suggests that infiltrating neutrophils in
injured skeletal muscle can act as a cytotoxic agent
causing secondary destruction to muscle.[37]
Additionally, the characteristics of the product
and the re-administration procedures to patients/
athletes may also differ widely, raising controversial opinions regarding their therapeutic value.[38]
In view of the general state of confusion, it is
necessary to use a precisely defined terminology
associated with well characterized products[39]
while justifying the application procedures. The
preparation rich in growth factor (PRGF) is an
alternative technology developed by our group to
formulate and use platelets as growth factor and
protein reservoir units. The term ‘PRGF’ identifies 100% autologous and biocompatible products elaborated using a one-step centrifugation
process, and sodium citrate and calcium chloride
as anticoagulant and activator, respectively.[9] The
latter is critical to achieve a sustained release of
growth factors; moreover, using a standardized
dose of calcium chloride, while avoiding the addition of exogenous thrombin, grants control
over the liquid-gel (fibrin matrix) transformation
and confers versatility on administration procedures.[40] For example, one possibility is to inject
the activated liquid, a process that will result in
local fibrin matrix development and proteins
being readily extruded from the matrix in situ.
Alternatively, the fibrin scaffold can be formed
ex vivo and then implanted in the chosen site prior
to retraction. Furthermore, if the fibrin matrix is
incubated ex vivo for 40 minutes or so, the fibrin
ª 2009 Adis Data Information BV. All rights reserved.

structure is modified in such a way that it retracts
and turns into an elastic dense membrane. The
latter can be used to enhance cicatrization of soft
tissues.[41] As shown in figure 1, the preferred
administration procedure depends on the specific
management of each medical condition. Being
aware of possible undesired effects provoked by
proinflammatory proteases and acid hydrolases
released from leukocytes, we exclude them from
PRGF preparations. Neutrophils could be particularly detrimental for the injured tissue,[9] especially in muscle strains[36] or joint infiltrations,
as discussed above.[33] Ultimately, the biosafety
and versatility of this approach has inspired and
stimulated its therapeutic use in a wide range
of medical and scientific fields,[42,43] and to an
outstanding degree in orthopaedics and sports
medicine.
3. Platelet-Rich Therapies in
Orthopaedic Sports Medicine
The emergence of PRPs as a cutting edge
technology in the treatment of sports injuries
appears intriguing. The easy preparation protocols and the biosafety and versatility of the
platelet-based preparations and their reduced
cost have stimulated the interest of sports physicians and orthopaedic surgeons. The following
examples represent some of the most interesting
current approaches in the treatment of acute and
chronic sports injuries.
3.1 Tendons

One interesting focus of research with plateletrich therapies is tendon repair. Tendons consume
comparatively low energy by themselves, resulting in a low metabolic rate that entails slow
healing after injury. However, it has been shown
that several growth factors can stimulate tendon
repair after exogenous local application.[44] Considering that the pool of plasma and plateletsecreted factors may potentially benefit tendon
repair, we have undertaken in vitro studies on
tenocytes, the dominant cell type in tendons
and also responsible for tendon physiological or
Sports Med 2009; 39 (5)
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Fig. 1. Relevant procedures for growth factor and protein delivery in orthopaedic sports injuries: (a) the liquid-activated preparation rich in
growth factor (PRGF) can be infiltrated within the capsular joint in patients with osteoarthritis; (b) PRGF fibrin scaffold is implanted in a cartilage
defect by arthroscopy; (c) PRGF is injected in the injured tendon tissue to restore the biological environment; (d) the surgically treated patellar
tendon is covered with dense fibrin membranes to enhance soft tissue healing.

pathological response to changes in the biological
and mechanical environment. We have observed
that the pool of growth factors released from an
autologous PRGF increased the proliferation of
human tendon cells significantly and stimulated
them to produce growth factors such as VEGF
and HGF.[45] The cooperative paracrine action of
these growth factors will promote angiogenesis
that is directly related to tendon healing capability
and tendon graft integration. Additionally, since
HGF is a potent antifibrotic agent, its secretion
may help to reduce the scar formation around
tendon tissues.[46] Further research in a sheep
model showed that repetitive injection of PRGF
within Achilles tendon fascicles triggered a healª 2009 Adis Data Information BV. All rights reserved.

ing response assessed by increased cell number
and angiogenesis, and did not provoke fibrosis.[47,48] Other researchers have reported that injections of PRP 1 week postoperatively increased
tendon regeneration and strength.[49] Recently, it
has been observed that locally injected PRP is
useful as an activator of circulation-derived cells
for enhancement of the initial tendon healing
process.[11]
This basic information gave us insight into
how PRGF may benefit tendon healing when
applied clinically. In operative treatment for serious structural damage such as partial or complete tendon tears, healing can be enhanced by
PRGF application during the surgical procedure.
Sports Med 2009; 39 (5)
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Using this ground-breaking surgical approach in
athletes, we observed a significant acceleration in
functional recovery after surgical repair of ruptured Achilles tendon compared with a matched
group who had conventional surgery.[50] In
addition, we found that the early stimulatory
effect induced by PRGF can also have long-term
consequences (after >18 months) such as decreased cross-sectional area in Achilles tendons
treated with PRGF compared with conventional
surgery.
Typically, tendon injuries are traumatic and
acute but in many cases they become chronic.
One typical problem in orthopaedic sports medicine is tendinopathy. It is considered as a syndrome characterized by tendon pain, localized
tenderness and swelling that impair performance.
It is often assumed that the latter is one of the
most exasperating problems for patients and
physicians in orthopaedic sport medicine. Being
related to repetitive movements and overuse, the
location of such injuries is sport specific. Patellar
tendinopathies, for instance, are often associated
with jumping sports such as basketball, volleyball
and high jump,[51] while tennis players and golfers
are more prone to medial and lateral epicondylitis.[52] The use of PRP in this context might be
focused on restoring the normal tissue composition while avoiding further degeneration. In these
conditions, ultrasound-guided PRP injection
may offer an alternative treatment over palliative
or operative treatments. Such treatment was
evaluated in a cohort study by Mishra et al.,[53]
reporting a reduction of pain in PRP treatment of
chronic severe elbow tendinosis. Curiously, others have reported that autologous blood injection
under ultrasound guidance appears to be an effective treatment of severe medial epicondylitis,
commonly known as golfer’s elbow, as shown by
pain reduction and an index of elbow performance.[54]
3.2 Joint Injuries

People who participate in sports have an increased risk of joint damage. High levels of impact
and torsional loading disrupt articulations, provoking a wide array of joint disorders. For instance,
ª 2009 Adis Data Information BV. All rights reserved.

anterior cruciate ligament (ACL) injuries are
usually traumatic and sports related,[55,56] with
approximately 100 000 ACL reconstructions performed in the US each year[57] at a cost just under
$US1 billion (year of costing 1998) per year.[58]
Reconstruction is the surgical treatment of choice,
as direct primary repair has been shown to result
in persistent laxity and instability of the knee. In
view of the clinical relevance of the problem,
several groups have attempted to fabricate tissueengineered ligaments using natural biomaterials
and a wide range of nanometre-sized artificial
scaffolds.[59] Deriving knowledge from preclinical
research and clinical activities in a synergistic fashion showed the ways to assist ACL reconstructive surgery introducing PRGF technology. In this
context, PRGF may bridge the gap between
inactive scaffolds and cell biology, offering to the
scaffold structure the biological stimulation
necessary to become transformed into a functional remodelling tissue.[60] This novel approach
to creating fully integrated bioactive grafts was
proposed by our group 6 years ago,[61] using the
traditional paradigm of in vivo tissue engineering in which platelet-rich fibrin was infiltrated
to transfer growth factors to autologous or homologous grafts, therein providing biological cues
for cell migration, proliferation, angiogenesis
and remodelling. The increased bioavailability
of angiogenic factors released from PRGF will
promote a rapid blood supply to the graft,
contributing to a rapid remodelling.[45] Aiming
to achieve successful fixation of the graft and
prompt functional efficacy, PRGF is also applied
within both femoral and tibial bone tunnels created by the surgeons to secure the ends of the
graft. Moreover, to provide early strength and
optimal healing we used biological anchors created by mixing PRGF with the autologous bone
plugs obtained during the procedure. Using this
approach it is possible to enhance the long-term
anchoring of the graft to the bone.
In another approach we observed exciting results after intra-articular administration of
PRGF in the arthroscopic treatment of an avulsion of articular cartilage in the knee of a young
soccer player.[62] Full-thickness cartilage defects
treated with PRGF showed enhanced mechanical
Sports Med 2009; 39 (5)
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properties in a rabbit model.[63] Other groups[64,65]
have reported the ability of PRP to support
chondrogenesis and the healing of meniscal defects by implanting PRP combined with cultured
cells in animal models. These results are stimulating, since both the avascular cartilage and
meniscus have limited or no chances for proper
functional repair.
Damage to the knee in an early stage of life can
lead to osteoarthritis in a later stage, which is
called post-traumatic or secondary osteoarthritis.
The latter is a common medical problem for
athletes with a history of joint injury. It has been
reported that >80% of American football players
with a previous knee injury had evidence of osteoarthritis 10–30 years after retiring from competition.[66] Competitive soccer players present
with an increased prevalence of osteoarthritis in
the lower extremity joints compared with agematched controls.[67] Premature osteoarthritis is
also a serious concern in the growing community
of ‘baby boomers’ and recreational athletes who
are too young for knee replacements. Plateletrich therapies may be promising in these populations. Basic research performed in our laboratory
showed that intra-articular PRGF might be
beneficial in restoring hyaluronic acid concentration within the joint and switching angiogenesis to a more balanced status, although it
does not halt the effects of interleukin-1b on synovial cells.[68] Correspondingly, our preliminary
clinical results showed that intra-articular injection of PRGF may be a new therapeutic option
for osteoarthritis treatment in selected patients.[69,70]
However, this outstanding development is still in
its infancy and continued research is needed to
ascertain the potential value and the underlying
biological effects. Accordingly, we have launched
a randomized, multicentre clinical trial to evaluate the therapeutic effect of PRGF infiltrations
within the osteoarthritic knee.[71]
3.3 Muscle Tears

A muscle strain typically keeps athletes out of
action for several weeks, and sports clubs employ
fulltime medical staff in order to minimize this
down-time. Conventionally, treatment comprises
ª 2009 Adis Data Information BV. All rights reserved.
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physiotherapy, which uses physical modalities
such as ice, electrotherapy, massage, mobilization, manipulation and exercise to optimize the
healing process. In these cases, platelet-rich
therapies are applied as an alternative to conventional approaches, because of the promise of
accelerating muscle healing and reducing a player’s injury time. In this approach the early blood
clot is substituted with platelet-rich fibrin, which
maintains the regenerative space, provides supraphysiological concentrations of healing factors,
and acts as the primer of the overtaking healing
phases. In this context, special attention should
be given to the composition of PRP products. As
discussed in section 2, when preparing PRGF we
avoid the presence of leukocytes, since neutrophils can exacerbate or increase the original
muscle damage.[34,35] In one study, after ultrasound guided injections of PRGF in 22 muscle
injuries of 20 high-level professional athletes, full
recovery of functional capabilities was restored in
as early as half of the expected recovery time.
Furthermore, fibrosis did not appear in any of
the treated cases and no re-injuries occurred in
any athlete after resuming their normal sports
activities.[72]
4. Future Directions
Platelet-rich therapies represent a new biomedical technology for the stimulation and
acceleration of healing and tissue regeneration.
The above examples represent only some of the
interesting current approaches, but the authors
believe this technology may see new exciting
developments in the next few decades.
One important consideration for future expansion of the field is to clarify any possible concern
related to the biosafety of this approach, and
especially any anti-doping concern. The recent
World Anti-Doping Agency code, which prohibits
all use of growth factor therapies in elite sport,
has provoked distress among sports medicine
practitioners. A detailed analysis of the prohibited
S2 section reveals that only IGF-I may have a
possible connection with the platelet-rich therapies described in the article.[73] However, there
are at least two compelling reasons that eliminate
Sports Med 2009; 39 (5)
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any anti-doping concern from the therapeutic use
of PRGF. Firstly, the doses of IGF-I released
from the PRGF are sub-therapeutic,[46] in terms
of inducing systemic anabolic actions, by a factor
of between 500 and 1000 (100 ng vs 160 mg). Secondly, the availability of most IGF-I is modulated by a binding protein[74] (IGFBP3) and only
1% of the total IGF-I released from the PRGF is
unbound, and therefore biologically available
and active, ready to bind to receptors IGF-IRs
inducing biological outcomes. Additionally, the
short half-life (10 minutes) of this unbound and
active IGF-I makes an alteration in systemic levels unlikely. In any case, such a controversy may
also affect other accepted therapeutic approaches,
including the use of autologous tissue such as
tendon grafts in the ACL reconstructions or bone
grafts, as both applications imply the release of
IGF-I.[75,76]
Therefore, the authors believe that it is necessary for regulatory and anti-doping agencies to
refine and clarify their regulatory guidelines and
prohibited lists in order to avoid confusion and to
raise awareness of the current clinical utility of
these types of products in general and especially
of PRGF.
5. Conclusions
In summary, recent advances in the understanding of the pivotal role of growth factors in
tissue repair mechanisms have opened new perspectives for the use of platelet-rich therapies to
enhance tissue healing after orthopaedic sports
injuries. PRPs applied at the injury site accelerate
the physiological healing process, provide support for cellular binding, reduce pain and have
anti-inflammatory and antibacterial effects. Proper
characterization of available products and application procedures is needed before these therapies can be widely applied in the context of sports
medicine. One of the most thoroughly analysed
and researched of such products is PRGF, which
has shown therapeutic value in tendon repair and
treatment of joint injuries, and promising results
are available in the treatment of osteoarthritis
and muscle tears. Although much research work
lies ahead, the current knowledge points to a future
ª 2009 Adis Data Information BV. All rights reserved.

in which platelet-rich therapies will continue
improving existing conventional approaches to
patient care.
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