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Growth factors and cytokines have essential roles in 
regulating the mechanisms and pathways that govern wound 
healing and tissue formation1,2. The emerging fields of tissue 
engineering and regenerative medicine are based on the deliv-
ery of growth factors and bioactive proteins to localized sites to 
trigger healing and regenerative processes3. 

Growth factors are synthesized by megakaryocytes and 
stored mainly in the α granules of platelets. Blood platelets 
have a major role in hemostasis and also in the inflammatory 
and healing processes4,5. Platelets circulate through the blood-
stream for about 8 to 10 days carrying growth factors, which 
they release together with clotting factors in areas where tissue 
has been damaged. Once activated, platelets secrete numerous 
proteins such as fibrinogen, fibronectin, and vitronectin, in 
addition to a multitude of growth factors including bone mor-
phogenic proteins (BMPs), transforming growth factor-β (TGF-
β), platelet-derived growth factor (PDGF), insulin-like growth 
factor (IGF), vascular endothelial growth factor (VEGF), and 
fibroblast growth factor (FGF) that drive tissue regeneration 
mechanisms 1, 3, 4. 

Since the late 1990s innovations, mainly by oral surgeons, 
have led to the development of platelet enriched preparations 
that promise to increase repair capacities of tissues by increas-
ing the quantity of growth factors and proteins secreted by the 
platelets 6,7, 8, 9, 10. 

TERMINOLOGY
There is wide range of biological preparations that are 

called platelet-rich plasma or have similar or confusing names 
that are used interchangeably. The term “platelet-rich plasma” 
is often used to identify these preparations even if they are 
prepared using different protocols and differ quantitatively 
and qualitatively11.  Anitua at al. recommend using the term 
“preparation rich in growth factors” or “PRGF“ to identify 
autologous blood in which the platelets are concentrated using 
one-step centrifugation with sodium citrate added as the anti-
coagulant and calcium chloride as the activator and in which 
leukocytes have been eliminated7. Ehrenfest et al. presented a 
classification of different platelet concentrates into four catego-
ries, depending on their leukocytes and fibrin content: pure 
platelet rich plasma (P-PRP), leukocyte-and platelet rich plasma 
(L-PRP), pure platelet-rich fibrin (P-PRF), and platelet-rich 
fibrin (L-PRF)12. 

We will use the term PRP when speaking generically about 
plasma that contains a high concentration of platelets and 
PRGF when referring to the preparations described by Anitua 
et al. above7.

PREPARING AND DELIVERING PRGF
Peripheral blood (20 cc) is drawn into a tube containing 

3.8% sodium citrate. The tube is centrifuged for eight minutes 
at 1800 RPM (460 G) at room temperature. The 0.5 ml plasma 
fraction located just above the sedimented red cells, but not 
including the buffy coat, is collected. Glass tubes containing the 
PRP are incubated at 37°C in the presence of 22.8 mM CaCl to 
start clot retraction13. The solution is injected into or applied to 
the area in which the therapeutic effect is intended.

The leukocytes are eliminated because the proteases and 
acid hydrolases in the white blood cells cause an inflammatory 
reaction14. Calcium chloride is used as an activator; if thrombin 
is used to activate the preparation, there is a risk of developing 
antibodies.

A fibrin matrix can also be prepared to deliver the growth 
factors at the site of implantation and to retain them from an 
excessive initial burst of release, such as in tendons 3,15. A 3-D 
fibrin matrix can be prepared by regulated polymerization of 
fibrinogen in plasma 3,16.

Increasing the platelet concentration in tissue increases 
the growth factor content and improves the therapeutic effects, 
but excessive platelets have an inhibitory effect6. Optimizing 
composition and use of PRP is crucial to enhancing the thera-
peutic potential of this technology17,18.
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POTENTIAL ORTHOPAEDIC APPLICATIONS OF PRGF
bOneS and fracTureS

In-vitro studies have demonstrated that platelet-derived 
growth factors stimulate the proliferation of human trabecular 
bone cells19 and osteoblast-like cells20, 21. Marx and co-workers 
have shown faster maturation and denser bone regeneration of 
mandibular grafts if PRP was added to bone grafts22.

Anitua at al. studied the effects of PRGF on bone regen-
eration and on titanium implant osteointegration in goats and 
concluded that PRGF accelerated bone regeneration in artificial 
defects and improved integration of the dental implants23.

In an animal model, Simman et al. showed accelerated and 
stronger bone fracture healing in rat femurs when PRP was 
added compared to bones left untreated24.
nOnuniOn and Spine fuSiOn

Sánchez and co-workers showed the enhancement of heal-
ing of 16 nonhypertrophic nonunions with PRGF supplement-
ing surgical treatment25.

Several studies have shown that PRP decreased the rate of 
spine fusion26,27,28. The FDA now requires manufacturers of PRP 
devices for bone healing to warn that the safety and efficacy has 
not been established29.
JOinTS

In an in vitro experiment Anitua and co-workers studied 
the effect of PRGF on synovial cells from osteoarthritic knees 
and found increased secretion of hyaluronic acid and increased 
production of hepatocyte growth factor they attributed to 
PRGF30.

Sánchez at al. compared injections of PRGF and hyaluro-
nan into osteoarthritic knees and showed better pain relief with 
PRGF31.

In a case report, Sánchez at al. described the successful 
arthroscopic reattachment of a >2cm loose chondral body 
using five biodegradable pins plus PRGF32.

TendOnS and ligaMenTS

Platelet-rich fibrin matrices have been shown to accelerate 
tendon cell proliferation, stimulate the synthesis of type I collagen, 
and promote neovascularization both in vivo and in vitro16.

Anitua et al. showed that the presence of platelets within 
fibrin matrices significantly increased the proliferation of 
tendon cells15. They also demonstrated that PRGF promoted 
proliferation and induced VEGF and HGF production by tendon 
cells in culture33.

Mishra et al. showed significant improvement in 15 
patients who had chronic elbow lateral epicondylitis following 
a single injection of PRP34.

In human studies, PRP has been shown to enhance heal-
ing of surgically repaired Achilles tendon15.  The same authors 
also used PRGF to improve the healing of the Achilles tendons 
of two patients who had wound breakdown and infection after 
surgical repairs35.

The effects of PRP and bone plugs upon the healing of 
hamstring tendons in a bone tunnel showed no effect on the 
osteoligamentous interface or tunnel widening evolution, 
though the use of PRP effectively prevented tunnel widening36. 
In a retrospective clinical trial of 100 patients undergoing ante-
rior cruciate ligament reconstruction, Sanchez and co-workers 
reported fewer complications and improved healing if PRGF 
was injected37.

In a randomized controlled pilot study on the treatment of 
chronic cutaneous ulcers, Anitua and co-workers accelerated 
the healing of chronic ulcers using PRGF38.

SUMMARY
Platelets are the source of growth factors that regulate tis-

sue healing and regeneration. Increasing the quantity of growth 
factors has the potential to improve healing and to allow regen-
eration. Further basic science studies and clinical double-blind 
studies are needed to advance our knowledge in this field and 
to prove the efficacy of this treatment.



127

References

1. Anitua E, Sánchez M, Nurden AT, Nurden P, Orive G, Andía I. New insights into and novel applications for platelet-rich fibrin therapies. Trends Biotechnol.  
 2006;5:227-234.
2. Werner S, Grose R. Regulation of wound healing by growth factors and cytokines. Physiol Rev. 2003;83:835-870.
3. Anitua E, Sánchez M, Orive G, Andía I. Delivering growth factors for therapeutics. Trends Pharmacol Sci. 2008;29:37-41.
4. Nurden, AT, Nurden, P, Sánchez M, Andía I, Anitua E. Platelets and wound healing. Frontiers Biosci. 2008: 13; 3525-3548.
5. Mehta S, Watson JT. Platelet rich concentrate: basic science and current clinical applications. J Orthop Trauma. 2008;22(6):433-8.
6. Marx RE, Carlson ER, Eichstaedt RN, Schimmele SR, Strauss JE, Georgeff KR. Platelet-rich plasma: growth factor enhancement for bone grafts. Oral Surg Oral 
 Med Oral Pathol Oral Radiol Endodon. 1998;85:638-46.
7. Anitua E. Plasma rich in growth factors: preliminary results of the use in the preparation of future sites for implants. Int J Oral Maxillofac Implants. 1999; 14:529-35.
8. Lowery GL, Kulkarni S, Pennisi AE. Use of autologous growth factors in lumbar spinal fusion. Bone. 1999;25(2 suppl):47S-50S.
9. Whitman DH, Berry RL, Green DM. Platelet gel: an autologous alternative to fibrin glue with applications in oral and maxillofacial surgery. J Oral MAxillofac Surg.  
 1997;55:1294-9.
10. Slater M, Patava J, Kingham K, Mason RS. Involvement of platelets in stimulating osteogenic activity. J Orthop Res. 1995;13:655-63.
11. Anitua E, Sánchez M, Orive G, Andía I. Shedding light in the controversial terminology  for platelet rich products. J Biomedmater Res A. (In press 2009).
12. Ehrenfest D, Rasmusson L, Albrektsson T. Classification of platelet concentrates: from pure platelet-rich plasma (P-PRP) to leukocyte- and platelet rich-fibrin (L-PRF).  
 Trends Biotech. 2009;27(3):158-67.
13. Anitua E, Andía I, Ardanza B,  Nurden P, Nurden AT. Autologous platelets as a source of proteins for healing and tissue regeneration.  Thromb Haemost. 2004;91:4-15.
14. Trindade-Suedam IK, Leite FR, de Morais JA, Leite ER, Marcantonia EJ, Leite AA. Avoiding leucocyte contamination and early platelet activation in platelet-rich  
 plasma. J Oral Implantol. 2007;33(6):334-9.
15. Sánchez M, Anitua E, Azofra J, Andía I,  Padilla S, Mujika I. Comparison of  surgically repaired Achilles tendon tears using patelet-rich fibin matrices. Am J Sports  
 Med. 2007;35:245-51.
16. Anitua E, Sánchez M, Nurden AT, Zalduendo M, de la Fuente M, Orive G, Andía I.  Autologous fibrin matrices: a potential  source of biological mediators  that 
 moderate tendon cell activities. J Biomed Mater Res. 2006;77:285-93.
17. Anitua E, Sánchez M, Zalduendo M, de la Fuente M,  Prado R, Orive G, Andía I. Fibroblastic response to treatment with different preparations rich in growth factors.  
 Cell Prolif. 2009; 42:1-9.
18. Anitua E, Sánchez M, Orive G, Andía I. The potential impact of the preparation rich in growth factors (PRGF) in different medical fields. Science Direct; Elsevier.  
 Biomaterials. 2007;28:4551-4560.
19. Gruber R et al. Platelets stimulate proliferation of bone cells: involvement of platelet-derived growth factor, microparticles and membranes. Clin Oral Implants Res.  
 2002;13:529-35.
20. Weibrich G et al. Growth stimulation of human osteoblast-like cells by thrombocyte concentrations in vitro. Mund Kiefer Gesichtschir. 2002;6:168-74.
21. Weibrich G, Hansen T, Kleis W, Buch R, Hitzler WE. Effect of platelet concentration in platelet-rich plasma on peri-implant bone regeneration. Bone 2004;34:665-71.
22. Marx RE et al. Platelet-rich plasma: growth factor enhancement for bone grafts. Oral Surg Oral Med Oral Pathol Oral Radiol Endodon. 1998;85:638-46.
23. Anitua E, Orive G , Pla R, Roman P, Serrano V, Andía I. The effects of PRGF on bone regeneration and on titanium implant osseointegration in goats: A histologic and  
 histomophometric study. J Biomedical Materials Research Part A.2008; Weiley Periodical.
24. Simman R, Hoffman A, Bohinc RJ, Peterson WC, Russ AJ. Role of platelet-rich plasma in acceleration of bone fracture healing. Annals Plastic Surg. 2008;6(3):337-44.
25. Sánchez M, Anitua E, Cugat R, Azofra J, Guadilla, Seijas R, Andía I. Nonunions Treated With Autologous Preparation Rich in Growth Factors. J Orthop Trauma.  
 2008;0:1-8.
26. Weiner BK, Walker M. Efficacy of autologous growth factors in lumbar intertransverse fusions. Spine. 2003;28:1968-71.
27. Castro FP Jr. Role of activated growth factors in lumbar spinal fusions. J Spinal Disord Tech. 2004;17:380-4.
28. Carreon LY, Glassman SD, Anekstein Y, Puno RM. Platelet gel (AGF) fails to increase fusion rates in instrumented posterolateral fusions. Spine. 2005;30:E243-7.
29. Obremskey WT, Marotta JS, Yaszemski MJ, Churchill LR, Boden SD, Dirschl DR. The introduction of biologics in orthopaedics: issues of cost, commercialism, and
 ethics. J Bone Joint Surg Am. 2007;89:1641-9.
30. Anitua E, Sánchez M, Nurden AT, Zalduendo M,   Nurden P, Orive G, Andía I, Azofra J, Andía I. Platelet-released growth factors enhance the secretion of hyaluronic  
 acid and induce hepatocyte growth factor production by synovial fibroblasts from arthritic patients. Rheumatology. 2007;46:1769-1772.
31. Sánchez M, Anitua E, Azofra J, Aguirre I, Andía I. Intra-articular injection of an autologous preparation rich in growth factors for the treatment of knee OA: 
 a retrospective cohort study. Clin Experimental Rheum. 2008; 26:910-913.
32. Sánchez M, Azofra J, Anitua E, Andía I , Padilla S, Santisteban J, Mujika I. Plasma rich in growth factors to treat an articular cartilage avulsion: a case report. 
 Med Sci Sports Exerc. 2003:35;1648-1652.
33. Anitua E, Andía I, Sánchez M, Azofra J, Zalduendo M, de la Fuente M, Nurden, P, Nurden, AT. Autologous preparations rich in growth factors promote proliferation  
 and induce VEGF and HGF production by human tendon cells in culture. J Orthop Res. 2005;23:281-6.
34. Mishra A, Pavelko T. Treatment of chronic elbow tendinosis with buffered platelet-rich plasma. Am J Sports Med. 2006;34:1774-8.
35. Sánchez M, Anitua E, Cole A, DaSilva A,  Azofra J, Andía I. Management of post-surgical Achilles tendon complications with a preparation rich in growth factors: A  
 study of  two-cases.  Injury Extra 40. (2009) 11-15. Elsevier.
36. Orrego M, Larrain C, Rosales J, Valenzuela L, Matas J, Durruty J, Sudy H, Mardones R. Effects of platelet concentrate and a bone plug on the healing of hamstring  
 tendons in a bone tunnel. Arthroscopy: The Journal of  Arthroscopic and Related Surgery. 2008;24:1371-1380.
37. Sánchez M et al. Use of autologous plasma rich in growth factors in arthroscopic surgery. Cuader Artroscopia. 2003;10:12-19.
38. Anitua E, Aguirre J,  Algorta J, Ayerdi, E, Cabezas A, Orive G, Andia A. Effectiveness of  autologous preparation rich in growth factors for the treatment of chronic  
 cutaneous ulcers.  J Biomed Mater Res. (In press 2009).




