The Role of Platelet Rich Plasma in Muscle Healing
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ABSTRACT
The healing of a muscle injury is a complex and dynamic process characterized by different
overlapping phases resulting in the restoration of the anatomic continuity and function. This
process, triggered by the tissue injury itself, is modulated by different growth factors capable of
directing the recruitment, duplication, activation and differentiation of different cell types. This key
role played by different growth factors is the basis of the use of platelet-rich plasma in several
circumstances, all of them characterized by the need of activating or ameliorating the process of
tissue repair. There is extensive documentation of in vitro and in vivo studies demonstrating the
safety and efficacy of growth factors in the muscle healing process. Unfortunately, for many
different reasons, experimental results are usually difficult to interpret, clinical results are
controversial and the relevance of use is still debatable. The present article aims to review the
available scientific literature with particular focus on actual clinical applications.
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Summary statement: The use of PRP is still a matter of debate. The review of the literature may
guide physicians highlighting the actual clinical indications.

Introduction
Musculoskeletal injuries represent a challenging problem for Sports Medicine. Indeed, they account
for the vast majority of all sport-related accidents and are the most common cause of severe longterm pain and physical disability (1). When considering muscle injuries, they are commonly
classified on the basis of the mechanism of trauma. The direct forms are represented by laceration
and contusion while the indirect forms are represented by muscle strains, which can be either
complete or incomplete and are classically classified accordingly to their severity (2). Regardless of
the damage mechanism, the healing process progresses through a series of overlapping phases
resulting in the restoration of the anatomic continuity and function (3,4,5). This complex and
dynamic process is characterized by a cascade of events, triggered by the tissue injury itself.
Physiologically, healing progresses in a series of phases which include: the initial haemostasis, the
acute inflammatory phase, the intermediate repair phase, and the advanced remodelling phase. The
first stage starts with the formation of a blood clot and the consequent degranulation of platelets.
The inflammatory phase, lasting up to 72 hours, is usually characterized by pain, swelling, redness,
and increased local temperature. During this stage the aim of the treatment is to control bleeding as
well as to minimise inflammation and pain. Non-steroidal anti-inflammatory drugs (NSAIDs)
represent the common accepted treatment, and the only controversial aspect, when considering their
use, is the appropriate timing of administration (6). Indeed, it has been suggested that it would be
beneficial to delay NSAIDs treatment until 2–4 days after the injury since those molecules are
known to be able to interfere with the chemotaxis of many cell types as well as with platelets
aggregation, necessary mechanisms for the repair of the regenerating tissue (7). The repair phase
lasts from 48 hours up to 6 weeks. During this period, muscle anatomic structures are restored with
the involvement of several cell types. In particular, fibroblasts start to synthesise scar tissue while
vessel neoformation occurs in order to bring nutrients to the healing area. This phase ends with the
beginning of the wound contracture.
This brief description of the biology of the healing process highlights the fact that the complete
recovery of a muscle strain usually occurs slowly and athletes are discouraged to resume their sport
activity until walking without pain is possible (approximately 4 to 12 weeks). During this period,
athletes usually follow different re-education programs. With this in mind, it has to be underlined
that no consensus guidelines or agreed-upon criteria for a safe return to the previous level of sport
activity are available (8,9). Moreover, it has been suggested that the long recovery period maybe
also due to the structural alterations of the musculotendinous junction caused by the immobilization

after the accident (10). For this reason, it is commonly accepted that an early mobilization, followed
by a rehabilitation programme, may facilitate an adequate structural resolution of the lesion (11).
There is now a substantial amount of evidence accumulating to suggest that growth factors (GFs)
may play a significant role during the muscle regeneration processes (12-15). Indeed, it has been
clearly demonstrated that fibroblast growth factor (FGF), insulin-like growth factor-1 and 2 (IGF-1
and IGF-2), transforming growth factor-β (TGF-β), hepatocyte growth factor (HGF), tumor necrosis
factor-α (TNF-α) and interleukin-6 (IL-6) are potent activators of myogenic precursor cells (16). It
has also been demonstrated that some of these GFs are able to stimulate the differentiation and
fusion of myotubes into multinucleated mature myofibers during the regeneration process (17-20).
Conceivably, the demonstrated activity of many GFs during the healing processes is the basis of the
concern expressed by several authors on the use of NSAIDs, which seem to negatively interfere
with the repair process, in particular if administered during its early phase (12,13,16). Although the
roles of all the previously listed GFs during the different healing stages are only partially known,
the efficacy of many of these GFs has been extensively described. These observations represents the
rationale of the use of platelet rich plasma (PRP) in several circumstances, all of which are
characterized by the need to activate, modulate, speed up or ameliorate the process of muscle tissue
repair (21).
Platelets
Platelets (PLTs) are small, non-nucleated cell fragments produced by large bone marrow precursors
called megakaryocytes. PLTs circulate in the peripheral blood in a resting, inactive form for an
average of 10 days. Normal PLT count range from 150.000/µL to 400.000/µL. The inactive PLT
contains three types of internal granules: the dense granules, the lysosomes and the alpha granules.
Each of these granules contains certain chemicals which are at the base of PLT function. To date,
more than 300 different molecules have been identified in PLT granules (22). Dense granules
predominantly contain small molecules (e.g., Calcium ions, serotonin, adenosine diphosphate,
polyphosphates) mainly involved in the activation of other PLTs upon release. The lysosomes
contain several enzymes that digest spent proteins and other metabolites. Alpha granules contain
many different proteins representing the bulk of the PLT secretome. They include: hemostatic
factors (e.g., Factor V, Von Willebrand Factor, fibrinogen), angiogenic factors (e.g., angiogenin,
Vascular Endothelial Growth Factor), anti-angiogenic factors (e.g., angiostatin, Platelet Factor 4),
growth factors (e.g., Platelet Derived Growth Factor, TGF-β, FGF, IGF-1, IGF-2, Epidermal
Growth Factor), proteases (e.g., matrix metalloproteinase 2 and 9), necrotic factors (eg, TNF-α and
β), as well as many other cytokines. Some of these molecules are produced by megakaryocytes and

packaged into granules. Other molecules are thought to be endocytosed by circulating PLTs
themselves and then transported into α granules (23). This very large catalog of molecules released
by activated PLTs suggests that the phase of PLT secretion could be pivotal in the establishment, as
well as in the control and modulation, of the microenvironment at a wound site. However, to date it
remains unclear whether this secretion phase is a controlled responsive process rather than a
random, stochastic event (24). With this in mind, it is important to point out that skeletal muscle
regeneration is characterized by the proliferation and differentiation of muscle precursor cells. The
subsequent fusion with each other of these differentiated precursor cells leads to the formation of
young multinucleated myotubes. Similarly to skeletal muscle development during embryogenesis, a
precise control of proliferation and differentiation during regeneration is a critical phase for the
generation of a functional tissue with the correct amount and types of cells (25).
GFs effects during the muscle healing phases
GFs are proteins acting through specific cell surface receptors on the appropriate target cell. The
effect of each GF is usually related to its concentration as well as to the receptor sensitivity. On the
base of their activity, GFs are classically divided into three groups, namely mitogen, chemoattractant and transforming factors. Although the roles of all the GFs involved in the healing process
remain only partially known, the efficacy of many of the GFs has been extensively demonstrated.
Platelet Derived Growth Factor (PDGF)
The binding of PDGF with its receptors determines the activation of the receptor tyrosine kinase,
which leads to a cascade of biochemical events culminating in mitogenesis (26). It is well
established that PDGF is a potent mitogen for fibroblasts and smooth muscle cells (27). Moreover it
has been proposed that PDGF regulates myoblast proliferation and differentiation in vitro. It would
seem therefore that PDGF has an important role in increasing the number of myoblasts during
skeletal muscle regeneration (28).
Fibroblast growth factor (FGF)
FGF-1 and FGF-2 promote endothelial cell proliferation as well as the organization of endothelial
cells into tube-like structures, beside the well known stimulation of the proliferation of fibroblasts.
There is experimental data to show that FGF stimulates the proliferation and represses the terminal
differentiation of satellite cells (29,30). In terms of muscle injuries, FGF-2 has been shown to be
released from damaged muscle fibers and that FGF receptors plays a key role in the regulation of
myogenesis (31). Moreover, it is known that FGF upregulates IGF-1 receptor expression in muscle

cells, thus suggesting a crucial role of FGF in the synergistic effect of different GFs during the
healing process (32).
Transforming Growth Factor-beta (TGF-β)
TGF-β is a potent chemo-attractant for macrophages and stimulates or inhibits the growth of many
cell types. The effects of TGF-β depend upon the interaction with other GFs (33). It has been shown
experimentally that TGF-β stimulates the proliferation of undifferentiated mesemchymal cells,
promotes the production of extracellular matrix, enhances the proliferation of fibroblasts, stimulates
the biosynthesis of type I collagen, exerts synergic effects with other GFs, specifically PDGF, in the
activation of satellite cells, stimulates endothelial chemotaxis and angiogenesis and inhibits
macrophage and lymphocyte proliferation (34). When considering the process of muscle healing, it
has been shown that TGF-β inhibits the proliferation and differentiation of myogenic satellite cell.
Moreover, TGF-β is also involved in supporting the normal skeletal muscle architecture by
regulating local collagen synthesis in tendon-related connective tissue (14,34-36).
Vascular Endothelial Growth Factor (VEGF)
There is experimental data to show that VEGF administration in vitro stimulates myoblast
migration and survival, protects myogenic cells from apoptosis and promotes myogenic cell growth
(37,38). In skeletal muscles, VEGF and its receptors are expressed in vascular structures but not in
muscle fibres. Following experimental muscle injury, VEGF and its receptors were expressed in
regenerating muscle fibres, suggesting the presence of an autocrine pathway promoting myocytes
survival and regeneration. Moreover, VEGF administration with recombinant adeno-associated
viral vectors significantly promoted muscle fibres regeneration in a dose-dependent manner (39).
Insulin Like Growth Factor-1 (IGF-1)
IGF-1 plays an important role in childhood growth and continues to exert anabolic effects in adults.
IGF-1 has been shown to promote myogenic satellite cell proliferation and fusion (40). In addition,
it has been demonstrated that local administration of IGF-1 to regenerating skeletal muscles
enhanced muscle fiber enlargement during late regeneration (41).
Epidermal Growth Factor (EGF)
EGF and TGF-α have been shown to induce an equipotent stimulation of fibroblast migration and
proliferation. Additionally, EGF provides an anti-apoptotic survival stimulus for satellite cells when
they progress into a proliferative state (42). Some authors have shown that EGF promotes the

growth of the satellite cells and increases the proliferation of muscle-derived stem cells by
increasing the number of mitotically active cells (43).
PRP preparations
The fact that PLTs alpha-granules contain several different GFs, present in physiological
proportions, is an appealing feature when compared with the use of isolated GFs since it has been
clearly demonstrated that many GFs act synergistically during the different phases of the healing
process. Other advantages of the use of PLTs-derived GFs are represented by the fact that these
preparations are relatively simple to obtain and handle with little or no risk of developing side
effects. PRP is defined as a biological blood product obtained from the patient, which has antiinflammatory and pro-regenerative functions (44,45) and is rich in GFs in physiologic proportions
that act synergistically during the different phases of the healing process (12). A review of the
scientific literature highlights the controversial nature of the clinical results involving PRP, thus
making results difficult to interpret and more importantly, questioning the relevance of its use in
clinical practice. While the debate intensifies, several limitations are particularly pertinent. Firstly,
even if all PRP preparations contain a basic set of GFs, the relative concentration of each factor can
differ among preparations. In addition, there was no proper terminology to classify and describe the
many different variations of PLT concentrates (46). To overcome these limitations, the PAW
classification based on the absolute number of PLT, the manner in which PLT activation occurs and
the presence or absence of white cells was recently proposed (47). The debate continues with
particular reference to the use of local anaesthetics and NSAIDs (48). We speculate that one should
avoid the use of local anaesthetics in order not to modify the local pH, which is essential for the
stability of several GFs and not to use NSAIDs in order not to reduce the first inflammatory
response to injury, which is an essential step in the healing process.
Efficacy of PRP preparations
Numerous experimental and clinical studies have clearly demonstrated that myogenesis is not
restricted to the prenatal period but also occurs during the regeneration of muscle tissue following
injury (49). With this in mind, many authors demonstrated that in vitro PRP application to muscle
cells resulted in an increased cell proliferation, satellite cells differentiation as well as in an
increased synthesis of angiogenic factors (35,49,50). Studies carried out in animal models have
demonstrated that PRP application enhanced muscle repair, inducing the proliferation of muscle
cells, the differentiation of satellite cells and facilitating angiogenesis. Moreover, it has been clearly
demonstrated that PRP application magnified the physiological early inflammatory response

following a muscle injury, modifying both the pattern of cellular recruitment and cytokine
production. Finally, recent studies, clearly confirmed that PRP application produced a more
pronounced increase of myogenic precursor cells together with an expansion of the myogenic cell
pool necessary for myofiber formation and that positively modulated even the expression of stress
response proteins, directly or indirectly correlating with the regeneration process (51-56). In a
clinical context, it has been reported that the application of PRP into muscle injuries was able to
reduce swelling and pain (57-59). Full recovery of functional capabilities was achieved in a smaller
time when compared to other treatments and sonographic images showed fully regenerated muscle
tissue following PRP treatment, in particular when considering sport related hamstring injuries
(15,57,58,60-64). Initially, PRP administration was performed without any imaging guidance. More
recently, it has been clearly demonstrated that the use of ultrasound-guided injections, preferably
coupled with a peppering technique to distribute uniformly the preparation within the lesion,
allowed a more precise visualization of the injury as well as the complete filling of the lesion itself
with PRP. Moreover, the use of an ultrasound guide allows the optimal position of the needle as
well as the adjustment of the procedure in real time (58,59).
The biological mechanisms explaining the improved muscle recovery following PRP treatment
seem not to be limited to the actions of PRP on cellular growth and differentiation. The modulation
of the inflammatory phase following the muscle injury is probably an important aspect of the PRP
therapeutic action. As such, PRP has been shown to modulate secretion and recruitment of key
inflammatory cells such as monocytes and leukocytes in the injury site. This hypothesis may
explain, in part at least, the pain reduction in the first period following PRP administration as well
as the early mobilisation of treated patients, which seems to be a crucial issue when considering the
following rehabilitation approach as well as the time needed to fully return to the previous level of
physical activity (52,65,66). Despite these encouraging results, some researchers have raised
concerns that PRP treatment may increase the fibrotic healing response in muscle tissues, thus
increasing the risk of re-injury. This idea is based on the observed elevation of TGF-β levels
following PRP injection into muscle (67). Recent studies demonstrated that only extracellular
signal-regulated kinases (ERK) activation was modulated by the presence of PRP while no effect on
p38 mitogen-activated protein kinases (p38MAPK) and on protein kinase-b (AKT) activation was
observed (53). Since it has been shown that constitutive activation of p38MAPK induced interstitial
fibrosis (68), its early decrease following PRP administration strongly suggests a protective effect
on regenerating skeletal muscle against fibrosis and therefore against the risk of re-injury.
Conclusions

There are numerous experimental and clinical studies that indicate a positive role of PRP during the
healing process of muscle injuries. Nevertheless, a review of the literature reveals a lack of
standardization when considering the preparation of PRP as well as its application. This observation
may explain the difficulties in interpreting the clinical and experimental results obtained in different
studies. At present, even if an “evidence based indication” cannot be derived from the literature,
these studies do allow the following conclusions to be made:
1) The early treatment of a muscle injury with ultrasound guided injections of PRP is able to reduce
pain and discomfort, particularly in the first weeks following the treatment, thus allowing an early
mobilization of the patients. PRP application has to be considered as a valid therapeutic approach
with the potentiality of significantly reducing the time and costs for making a complete functional
recovery.
2) A coupled early mobilization is essential when considering the complete functional recovery.
3) An early treatment after the injury may results in better clinical responses.
4) It is suggested to avoid, when possible, the use of local anaesthetics in order not to modify the
local pH, which is essential for the stability of several GFs and not to use NSAIDs in order not to
reduce the first inflammatory response to injury, which is an essential step in the healing process.

References
1.

Woolf AD, Pfleyer B. Burdon of major musculoskeletal conditions. Bull. World Health Organ.
2003; 81: 646–56.

2.

Reid DC. Sport injury assessment and rehabilitation. Edimburgh: Churchill Livingstone; 1992.

3.

Crisco JJ, Jokl P, Heinen GT, et al. A muscle contusion injury model: biomechanics,
physiology, and histology. Am. J. Sports Med. 1994;.22: 702-10.

4.

Hurme T, Kalimo H, Lehto M, et al. Healing of skeletal muscle injury: an ultrastructural and
immunohistochemical study. Med. Sci. Sports Exerc. 1991; 23: 801-10.

5.

Kalimo H, Rantanen J, Järvinen M. Muscle injuries in sports. Baillieres Clin. Orthop. 1997; 2:
1-24.

6.

Drezner JA: Practical management: hamstring muscle injuries. Clin. J. Sport Med. 2003; 13:
48–52.

7.

Chan YS, Li Y, Foster W, Huard J: The use of suramin, an antifibrotic agent, to improve
muscle recovery after strain injury. Am. J. Sports Med. 2005; 33: 43-51.

8.

Lovering RM, Roche JA, Bloch RJ, De Deyne PG. Recovery of function in skeletal muscle
following 2 different contraction-induced injuries. Arch. Phys. Med. Rehabil. 2007; 88: 617-25.

9.

Orchard J, Best TM, Verrall GM. Return to play following muscle strains. Clin. J. Sport Med.
2005; 15: 436-41.

10. Kannus P, Jozsa L, Kvist M, et al. The effect of immobilization on myotendinous junction: an
ultrastructural, histochemical and immunohistochemical study. Acta Physiol. Scand. 1992; 144:
387-94.
11. Järvinen M. Healing of a crush injury in rat striated muscle: a histological study of the effect of
early mobilization and immobilization on the repair processes. Acta Pathol. Microbiol. Scand.
1975; 83: 269-82.
12. Borrione P, Di Gianfrancesco A, Pereira MT, Pigozzi F. Platelet-rich plasma in muscle healing.
Am. J. Phys. Med. Rehabil. 2010; 89: 854–61.
13. El-Sharkawy H, Kantarci A, Deady J, et al. Platelet-rich plasma: growth factors and pro- and
anti-inflammatory properties. J. Periodontol. 2007; 78: 661-69.
14. Husmann I, Soulet L, Gautron J, et al. Growth factors in skeletal muscle regeneration. Cytokine
Growth Factor Rev. 1996; 7: 249-58.
15. Kasemkijwattana C, Menetrey J, Bosch P, et al. Use of growth factors to improve muscle
healing after strain injury. Clin. Orthop. Relat. Res. 2000; 370: 272–85.
16. Chargé SBP, Rudnicki MA. Cellular and molecular regulation of muscle regeneration. Physiol.
Rev. 2004; 84: 209–38.

17. Musaro A, McCullagh KJ, Paul A, et al. Localized IGF-1 transgene expression sustains
hypertrophy and regeneration in senescent skeletal muscle. Nat. Genet. 2001; 27: 195–200.
18. Best TM, Shehadeh SE, Leverson G, et al. Analysis of changes in RNA levels of myoblast and
fibroblast-derived gene products in healing skeletal muscle using quantitative reverse
transcription-polymerase chain reaction. J. Orthop. Res. 2001; 19: 565–72.
19. Burkin DJ, Kaufman SJ. The α7β1 integrin in muscle development and disease. Cell Tissue
Res. 1999; 296: 183–90.
20. Hawke TJ, Garry DJ. Myogenic satellite cells: physiology to molecular biology. J. Appl.
Physiol. 2001; 91: 534–51.
21. Foster TE, Puskas BL, Mandelbaum BR, et al. Platelet-rich plasma: from basic science to
clinical applications. Am. J. Sports Med. 2009; 37: 2259-72.
22. Coppinger JA, Cagney G, Toomey S, et al. Characterization of the proteins released from
activated platelets leads to localization of novel platelet proteins in human atherosclerotic
lesions. Blood 2004; 103: 2096-104.
23. Heijnen HF, Debili N, Vainchencker W, et al. Multivesicular bodies are an intermediate stage
in the formation of platelet alpha-granules. Blood 1998; 91: 2313-25.
24. Frechette JP, Martineau I, Gagnon G: Platelet-rich plasmas: growth factor content and roles in
wound healing. J. Dent. Res. 2005; 84: 434-9.
25. Campion DR: The muscle satellite cell: a review. Int. Rev. Cytol. 1984; 87: 225-51.
26. Williams L T: Signal transduction by the platelet-derived growth factor receptor. Science 1989;
243: 1564-70.
27. Heldin CH, Westermark B: Platelet-derived growth factors: a family of isoforms that bind to
two distinct receptors. Br. Med. Bull. 1989; 45: 453-64.
28. Senior RM, Griffin GL, Huang JS, et al. Chemotactic activity of platelet alpha granule proteins
for fibroblasts. J. Cell. Biol. 1983; 96: 382-5.
29. Clegg CH, Linkhart TA, Olwin BB, Hauschka D. Growth factor control of skeletal muscle
differentiation: commitment to terminal differentiation occurs in G1 phase and is repressed by
fibroblast growth factor. J. Cell Biol. 1987; 105: 949-56.
30. Allen RE, Boxhorn LK. Regulation of skeletal muscle satellite cell proliferation and
differentiation by transforming growth factor-beta, insulin-like growth factor I, and fibroblast
growth factor. J. Cell Physiol. 1989; 138: 311-15.
31. Scata KA, Bernard DW, Fox J, Swain JL. FGF Receptor Availability Regulates Skeletal
Myogenesis. Exp. Cell Res. 1999; 250: 10-21.

32. Menetrey J, Kasemkijwattana C, Day CS, et al. Growth factors improve muscle healing in
vivo. J. Bone Joint Surg. 2000; 82-B: 131-7.
33. Sporn MB, Roberts AB, Wakefield LM, Assoian RK. Transforming growth factor beta:
biological function and chemical structure. Science 1986; 233: 532-4.
34. Roberts AB, Anzano MA, Wakefield LM, et al. Type beta transforming growth factor: a
bifunctional regulator of cellular growth. Proc. Natl. Acad. Sci. USA 1985; 82: 119-23.
35. Huard J, Li Y, Fu FH. Muscle injuries and repair. Current trends in reseach. J. Bone Joint Surg.
Am. 2002; 84: 822-32.
36. Li Y, Foster W, Deasy BM, et al. Transforming growth factor beta-1 induces the differentiation
of myogenic cells into fibrotic cells in injured skeletal muscle: key event in muscle
fibrogenesis. Am. J. Path. 2004; 164: 1007-19.
37. Arsic N, Zacchigna S, Zentilin L, et al. Vascular endothelial growth factor stimulates skeletal
muscle regeneration in vivo. Mol. Ther. 2004; 10: 844–54.
38. Germani A, Di Carlo A, Mangoni A, et al. Vascular endothelial growth factor modulates
skeletal myoblast function. Am. J. Pathol. 2003; 163: 1417–28.
39. Ferrara N, Gerber H P, LeCouter J. The biology of VEGF and its receptors. Nat. Med. 2003; 9:
669–76.
40. Haugk KL, Roeder RA, Garber MJ, Schelling GT. Regulation of muscle cell proliferation by
extracts from crushed muscle J. Animal Science 1995; 73: 1972-81.
41. Rabinovsky ED, Gelir E, Gelir S, et al. Targeted Expression of IGF-1 Transgene to Skeletal
Muscle Accelerates Muscle and Motor Neuron Regeneration. FASEB J. 2003; 17:53-5.
42. Golding JP, Calderbank E, Partridge TA, Beauchamp JR. Skeletal muscle stem cells express
anti-apoptotic ErbB receptors during activation from quiescence. Exp. Cell Res. 2007; 313:
341-56.
43. Deasy BM, Qu-Peterson Z, Greenberger JS, Huard J. Mechanisms of muscle stem cell
expansion with cytokines. Stem Cells 2002; 20: 50-60.
44. Osterman C, McCarthy MBR, Cote MP, et al. Platelet-rich plasma increases anti-inflammatory
markers in a human culture model for osteoarthritis. Am. J. Sports Med. 2015; 43: 1474-84.
45. Li H, Usas A, Poddar M, et al. Platelet-rich plasma promotes the proliferation of human muscle
derived progenitor cells and maintains their stemness. PLoS One 2013; 8: e64923.
46. Dohan Ehrenfest DM, Andia I, Zumstein MA, et al. Classification of platelet concentrates
(Platelet-Rich Plasma-PRP, Platelet-Rich Fibrin-PRF) for topical and infiltrative use in
orthopedic and sports medicine: current consensus, clinical implications and perspectives.
Muscles, Ligaments and Tendons Journal 2014; 4: 3-9.

47. DeLong JM, Russell RP, Mazzocca AD. Platelet-rich plasma: the PAW classification system.
Arthroscopy 2012; 28: 998-1009.
48. Sanchez M, Anitua E, Orive G, et al. Platelet-rich therapies in the treatment of orthopaedic
sport injuries. Sports Med. 2009; 39: 345-54.
49. Alsousou J, Thompson M, Hulley P, et al. The biology of platelet-rich plasma and its
application in trauma and orthopaedic surgery: A review of the literature. J. Bone Joint Surg.
2009; 91: 987–96.
50. McClure MJ, Garg K, Simpson DG, et al. The influence of platelet-rich plasma on myogenic
differentiation. J. Tissue Eng. Regen. Med. 2016; 10: E239-49.
51. Hammond JW, Hinton RY, Curl LA, et al. Use of Autologous Platelet-rich Plasma to Treat
Muscle Strain Injuries. Am. J. Sports Med. 2009; 37: 1135-42.
52. Borrione P, Grasso L, Chierto E, et al. Experimental model for the study of the effects of
platelet-rich plasma on the early phases of muscle healing. Blood Transfus. 2014; 12: 221-8.
53. Dimauro I, Grasso L, Fittipaldi S, et al. Platelet-rich plasma and skeletal muscle healing: a
molecular analysis of the early phases of the regeneration process in an experimental animal
model. PLoS One 2014; 9: e102993.
54. Gigante A, Del Torto M, Manzotti S, et al. Platelet rich fibrin matrix effects on skeletal muscle
lesions: an experimental study. J. Biol. Regul. Homeost. Agents 2012; 26: 475-84.
55. Wright-Carpenter T, Opolon P, Appell HJ, et al. Treatment of muscle injuries by local
administration of autologous conditioned serum: animal experiments using a muscle contusion
model. Int. J. Sports Med. 2004; 25: 582-7.
56. Borrione P, Grasso L, Racca S, et al. F. Systemic effects of locally injected platelet rich plasma
in a rat model: an analysis on muscle and bloodstream. J. Biol. Regul. Homeost. Agents 2015;
29: 251-8.
57. Hamid MS, Mohamed Ali MR, Yusof A, et al. Platelet-rich plasma injections for the treatment
of hamstring injuries: a randomized controlled trial. Am. J. Sports Med. 2014; 42: 2410-8.
58. Bubnov R, Yevseenko V, Semeniv I. Ultrasound guided injections of platelets rich plasma for
muscle injury in professional athletes. Comparative study. Med. Ultrason. 2013; 15: 101-5.
59. Bernuzzi G, Petraglia F, Pedrini MF, et al. Use of platelet-rich plasma in the care of sports
injuries: our experience with ultrasound-guided injection. Blood Transfus. 2014; 12(Suppl 1):
s229-34.
60. Anitua E, Andia I, Ardanza B, et al. Autologous platelets as a source for healing and tissue
regeneration. Thromb. Haemost. 2004; 91: 4-15.

61. Wright-Carpenter T, Klein P, Schaferhoff P, et al. Treatment of muscle injuries by local
administration of autologous conditioned serum: a pilot study on sportsmen with muscle
strains. Int. J. Sports Med. 2004; 25: 588-93.
62. Sanchez M, Anitua E, Andia I. Application of autologous growth factors on skeletal muscle
healing. 2nd World Congress on Regenerative Medicine. Podium Presentation. 2005.
63. Reurink G, Goudswaard GT, Moen MH, et al. Platelet rich plasma injections in acute muscle
injury. N. Engl. J. Med. 2014; 370: 2546-7.
64. Martinez-Zapata MJ, Orozco L, Balius R, et al. Efficacy of autologous platelet-rich plasma for
the treatment of muscle rupture with haematoma: a multicentre, randomised, double-blind,
placebo-controlled clinical trial. Blood Transf. 2016; 14: 245-54.
65. Galliera E, Corsi MM, Banfi G. Platelet rich plasma therapy: Inflammatory molecules involved

in tissue healing. J. Biol. Regul. Homeost. Agents 2012; 26: 35S–42S.
66. Pizza FX, Peterson JM, Baas JH, Koh TJ. Neutrophils contribute to muscle injury and impair

its resolution after lengthening contractions in mice. J. Physiol. 2005; 562: 899-913.
67.

Sampson S, Gerhardt M, Mandelbaum B. Platelet rich plasma injection grafts for
musculoskeletal injuries: a review. Curr. Rev. Musculoskelet. Med. 2008; 1: 165-74.

68. Liao P, Georgakopoulos D, Kovacs A, et al. The in vivo role of p38 MAP kinases in cardiac
remodeling and restrictive cardiomyopathy. Proc. Natl. Acad. Sci. USA. 2001; 98: 12283-8.

