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Platelet-Rich Plasma: Anatomical Application to Date:
Does it Really Work?
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Platelet-rich plasma is increasingly used in the management of tendon injury in sports,
supposedly accelerating thehealingprocess, tissue regeneration, and return toplay.However,
the scientific clinical evidence to support its use is scanty, and more level I studies need to be
conducted to justify its widespread use.
Oper Tech Orthop 23:75-77 C 2013 Elsevier Inc. All rights reserved.
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Platelet-rich plasma (PRP) is increasingly used in sports
medicine, supposedly accelerating the healing process,

tissue regeneration, and return to play, particularly in elite
and professional athletes. Introduced in the late 1980s as a
topical adjuvant therapy to promote physiological wound
healing of chronic leg ulcers,1 PRP provides regenerative
and healing effects in oral implantology.2 Therefore, the use
of PRP has spread to other clinical fields such as oph-
thalmology, orthopaedics, sports medicine, cardiology, der-
matology, plastic surgery, and neurology. In orthopaedics,
PRP has been administered to enhance the healing of
meniscus defects and muscle injuries, stimulate chondro-
cytes to engineer cartilaginous tissue, reduce pain and
produce better and more balanced synovial fluid in arthritic
knees, improve outcomes after total-knee arthroplasty and
subacromial decompression, accelerate bone formation,
stimulate the healing of anterior cruciate ligament injury
central defects, its primary repair or its reconstruction,
improve the outcome of operated ruptured Achilles ten-
dons, reduce pain in chronic tendinopathies, and prevent
and reverse intervertebral disc degeneration.3
ont matter & 2013 Elsevier Inc. All rights reserved.
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PRP Therapies and Healing
Mechanisms
Activated platelets secrete multiple growth factors (GFs)
involved in the healing of musculoskeletal tissues. These
factors include transforming GF-β1, platelet-derived GF
(PDGF)-AB and PDGF-BB, vascular endothelial GF A, epithe-
lial GF (EGF), hepatocyte GF, and insulin-like GFs I and II.4

When interacting with membrane receptors, different intra-
cellular signaling pathways are activated. In this way, angio-
genesis and extracellular matrix formation are induced, which
are involved in the repair of tendons, muscles, ligaments,
cartilage, and bone injuries. The rationale for PRP therapy lies
in reversing the blood ratio by decreasing the amount of red
blood cells, which are less useful in the healing process, to
approximately 5% and increasing the platelet amount to 94%
to stimulate recovery.5 These GFs and further released GFs
supposedly improve the healing process in chronic injuries
and accelerate repair in acute lesions.5

Preparation of PRP, Products,
and Product Safety
The preparation of PRP is relatively rapid and straightforward
and can be undertaken in the clinic or the operating room.
Peripheral blood is drawn from the patient, with or without
anticoagulants, and the plasma is centrifuged or filtrated. On
the basis of the size and phase of injury, different volumes,
varying from 10-100 mL, may be applied. Based on the
composition and concentration of leukocytes, erythrocytes,
and platelets in a given plasma volume, there are 3 methods of
preparing PRP: (1) double-spinningmethods using automated
machines along with commercial kits, (2) single-spinning
methods using conventional laboratory centrifuges followed
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by manual PRP separation, and (3) selective blood filtration
using commercial available technology.6 When using single
spinning, the platelet yield is 1-3-times the baseline levels,
whereas a yield of 5-8-times the baseline levels is achieved by
double spinning. Double spinning also concentrates leuko-
cytes. Pure PRP (P-PRP) formulations do not contain leuko-
cytes; leukocyte and PRP (L-PRP) preparations contain high
concentrations of leukocytes.6 The role of leukocytes is still
controversial,7 but P-PRP is more homogeneous and presents
reduced donor-to donor variability. Double-spinning techni-
ques provide a PRP concentrate of approximately 10% of the
blood volume drawn (ie, 20 mL of whole blood would result
in 2 mL of PRP), in contrast to 40%-50% of the blood volume
obtained after single spinning. These differently obtained
products present varying biological properties and potential
uses, but the clinical relevance of this is unknown.7 The
biological benefit is optimal when platelet concentrations are
only moderately elevated. Suboptimal and inhibitory effects
have been reported when platelet concentrations are lower or
higher, respectively.8 The plasma should be prepared and
immediately used at the point of care, not be stored, and before
application, platelets can be slowly activatedwith the addition of
calciumchloride, a cofactor necessary to convert prothrombin to
thrombin. Once plasma has been activated, a fibrin scaffold can
be formed in vivo or ex vivo to gradually release GFs.9

Given the autologous nature of PRP, some diseases, such as
human immunodeficiency virus infection, hepatitis, or
Creutzfeldt-Jakob disease, or those of immunogenic reactions
(a concern with allografts or xenografts), may be transmitted
unless heterologous thrombin is used for activation.10 There-
fore, human recombinant thrombin is now being advocated.
Regarding the possible role of PRP in the development of
neoplasms, these GFs act on receptors on the cell membranes
and activate normal gene expression,2 with no direct muta-
genic effect having been reported.
PRP therapies are used in the management of tendon

injuries. Tendinopathy is a failed healing response character-
ized by increased turnover and remodeling and gradual
transformation of the extracellular matrix. Tenoblasts and
tenocytes repair and maintain the extracellular matrix, which
are influenced by external GFs and cytokines released from
PRPs.11 PRP is chemotactic,12 stimulates cell proliferation, and
synthesis of angiogenic factors13,14 and molecules of the
extracellular matrix.14 In a study on 12 athletes undergoing
surgical Achilles tendon repair, Sanchez et al15 applied P-PRP
with a moderate concentration of platelets (2-3 times the
concentration of platelets compared with whole blood)
clotted ex vivo, whereas controls received an identical surgical
procedure with no PRP administration. Enhanced range of
motion and faster return to sporting activities were reported
by the group of patients who had received PRP during
surgery. Recently, buffered L-PRP injection did not improve
pain or activity in patients with Achilles tendinopathy con-
currently undergoing eccentric exercise regimen.16 Only
1 injection of L-PRP was performed, but most benefits in
Achilles tendinopathy, and tendinopathies in general, have
been reported after 23 injections. Different clinical effects of
PRP have been observed, with favorable preliminary studies in
patients managed for wrist extensor and flexor tendinopathy.
Significantly improved pain relief has been observed after
8 weeks from buffered L-platelet concentrate injections.17 In a
randomized clinical trial18 reporting on patients with chronic
tennis elbow tendinopathy, the group treated with cortico-
steroids recovered initially and declined successively, whereas
the L-PRP group progressively improved. PRP application
provided significant functional improvement at 12 and 24
months after arthroscopic rotator cuff repair and in athletes
with chronic patellar tendinopathy (jumper’s knee). In a
prospective case-control study, activated L-PRP was effective
in patellar tendinopathy at 6-month follow-up. Concerning
the effects of PRP on rotator cuff pathology, Everts et al19

reported better functional recovery and less pain in patients
undergoing L-PRP injections after open subacromial decom-
pression, with no group differences at 2 years. Recently,
Castricini et al20 reported that PRP applied during rotator cuff
surgery produced the same outcomes as no application.
Platelet-Rich Therapies and
Tendinopathy
PRP therapies include all PRP, technologies, and readministra-
tion procedures. Activated at the site of tissue injury, platelets
release intracellular stores, predominantly alpha granules,
dense granules, and lysosomes.21 Even though the best
effectors of PRP therapies are GFs such as PDGF, transforming
GF, fibroblast GF, endothelial GF (EGF), hepatocyte GF,
connective tissue GF, and vascular endothelial GF, this process
seems to be more complex because the alpha granules contain
more than 300proteins.21 PRP therapies also contain structural
proteins (eg, fibrin, fibronectin, and vitronectin), which
facilitate cell adhesion by forming 3-dimensional scaffolds.
The term tendinopathy refers to the pain and swelling of a
tendon, associated with the histopathologic findings of intra-
tendinous healing failure, occurring when tissue breakdown
exceeds the rate of tissue healing or the capacity for tissue repair
is impaired.22 Currently, cell apoptosis, deregulated angio-
genesis or pain, and inflammation have been hypothesized to
be involved, with no mutual exclusion, but simultaneously
occurring at different temporal stages.22
Discussion
In orthopaedic practice, PRP has been used for the manage-
ment of bone defects, fractures, nonunions, after laminectomy,
spinal fusion and joint arthroplasty to promote bone implant
osteointegration, and in traumatic or degenerative conditions
of tendons, ligaments, muscle, and cartilage.23 Given the initial
enthusiasm and popularity, PRP has been unreasonably used
indiscriminately, relying on the fact that platelets are involved
in healing process of the damaged tissue. Even though no
deleterious effects have been reported after PRP application, it
is known that GFs are potent, and consequently, even small
changes in their concentrations may unbalance their actions.
Some randomized controlled trials have been recently
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published, but results are not univocal yet.20,24 Some trials
report a great positive effect,18 but more recent well-executed
and scientifically stricter ones report at best no effect,16,20 and
possibly detrimental effects of PRP.25 A meta-analysis has
recently indicated predictably disappointing results of differ-
ent studies, highlighting the limits of the current literature.26

However, ameta-analysis is a statistical work that includes and
examines the findings of independent studies considered to
be ‘‘combinable,’’ but the variables in this specific topic are
countless. To date, the concentration of PDGFs; the appro-
priate dose, timing, and number; and the length of applica-
tions have not been defined yet.7,11,27 In addition, many
doubts arise about the cellularity of these products as they
contain also leukocytes, monocytes, macrophages, and mast
cells. The role of leukocytes in these preparations is con-
troversial; even though leukocyte depletionmay be advocated
because they are reservoir of proteases and reactive oxygen
species, which are deleterious, they also contain cytokines and
enzymes that prevent infections. As the amount and speed of
GF release are variable, these molecules work with different
patterns of action and provide different results, it is difficult to
ascertain the real influence of such products on the healing
process of musculoskeletal injuries.28 It is also mandatory to
report and monitor complications. No systemic effects have
been evidenced after local PRP injection, but infections,
further injuries, and possible systemic effects related to
autologous GFs administration should be monitored.28 No
scientific reports suggest potential cause-effect relationships
between GFs present in PRP and carcinogenesis.29 In 2010,
PRP was specifically mentioned in the World Anti-Doping
Agency prohibited list for the first time, but the different PRP
formulations and treatment methodologies have not been
found to increase muscle growth beyond return to a normal
physiological state, and the use of PRP injections for only
therapeutic purposes does not violate the spirit of sport. Even
though PRP has been removed in the 2011 Prohibited List,
World Anti-DopingAgencywill continue to review PRP use as
new medical and scientific information becomes available.29
Conclusion
PRP is innovative and promising, but there is a need of
biological evidence to assess the action mechanisms of GFs
contained in PRP formulations. Basic and clinical researchers
should spendmore effort in answering themany questions still
open on this field by documenting the clinical experience and
performing more preclinical and clinical high-level studies to
demonstrate the real potential of this biological approach.
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