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It is not routine to be asked to write the prologue to a 
book on a topic somewhat removed from one’s area of 
expertise. In trying to justify my acceptance to do this 
prologue I certainly took into account my long friend-
ship with Eduardo Anitua, but thinking about reasons 
to do it I thought that having only little more than a 
layman knowledge about platelet rich plasma would 
give me a more unbiased view of this controversial sub-
ject.

PRP and its relative, stem cells, have been for some years 
at the forefront of innovative therapies for many medi-
cal conditions, especially musculoskeletal affections. 
And, as it has happened many times before with new 
techniques or therapeutics, they have been embraced 
enthusiastically by many, unfortunately including en-
trepreneurs and even charlatans. This has led to indis-
criminate use and even abuse of these therapies before 
clinical evidence of their value was obtained. And both 
industry and individuals have benefitted greatly when 
basically no or minimal information about their real ef-
fect was available.

But with the passage of time more information is ac-
cumulating on the real importance of these substanc-
es and their unquestionable value in the treatment of 
many conditions. For example, there are now system-
atic literature reviews of randomized and prospective 
studies showing that injections of PRP into osteoar-
thritic knees secure better functional outcomes at 6 
months than placebo or hyaluronic acid injections, 
although no difference in pain or patient satisfaction 
was shown.  

This book represents a compendium of the knowledge 
available today on Platelet-rich plasma preparations, 
their formulations, methods of production, mecha-
nism of action, different effects, and their applications 
to musculoskeletal conditions. It represents an attempt 
to “drain the swamp” and to provide evidence-based 
information in a field where that is painfully scarce.

In 16 chapters the authors have provided abundant 
information on the basic science of Platelet-rich plas-
ma preparations, the already classical applications of 
these formulations to orthopedic conditions, primar-
ily joints, tendons and muscle injuries, the use in den-
tistry and oral surgery (so the book extends beyond the 
realm of sports medicine), but there are also chapters 
that address other less common applications, such as 
nerve injuries or low back pain. One may frown at these 
novel uses of PRP, or at its intraosseous use in knee os-
teoarthritis. I would reason that background science 
for their use in these conditions appears sound and it 
seems reasonable that it should be up to the “develop-
ers” to first explore with well-designed studies the limits 
of these therapies.

The book is attractively produced, nicely illustrated 
and represents the authors long experience with PRP. 
It should be read by anybody who intends to use or has 
been using PRP in clinical settings. It will be therefore 
a valuable asset for orthopedists, oral surgeons, sport 
medicine physicians and all those interested in muscu-
loskeletal conditions. The editors and authors deserve 
congratulations and thanks from all those of us that 
will benefit from reading this text.

PROLOGUE

Miguel E Cabanela, MD, MS (Orth Surg)
Emeritus Professor of Orthopedic Surgery     |     College of Medicine

Consultant, Orthopedic Surgery     |     Mayo Clinic     |     Rochester, Minnesota, USA
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The adventure of the plasma rich in growth factors be-
gan in 1995 as a result of questioning ourselves about 
what were the biological mechanisms involved in the 
regeneration of the post extraction socket. I was deeply 
concerned to understand why a patient who under-
went a tooth extraction healed in a few days and the 
process for other patients was instead slow and pain-
ful. The key to this question was in the blood clot and so 
we began to investigate what would be the clot’s opti-
mal characteristics in order to make it extendable to all 
patients and thus achieve an optimal healing.

We began investigating ways of anti-coagulating the 
blood and how to reverse the coagulation cascade, 
and as we closed fronts, others were opened. What 
was the effective concentration of platelets? Would it 
make sense that the plasma we prepared had white 
blood cells? At this point, I have to thank the extraor-
dinary collaboration with Drs. Nurden, with whom we 
at our foundation have been tireless collaborators dur-
ing all these years. Throughout these 25 years, we have 
studied many of the biological repair processes using 
different cellular phenotypes. We have also defined the 
release kinetics of proteins from the fibrin matrix, a fun-
damental process to be able to understand the effect 
of these molecular signals at the injury site. A pioneer-
ing work published in 1999 on the use of an autologous 
PRP from small volumes of blood was the key in the de-
velopment of this biological system.

Following the path of the evolution of mammals, 
where the tooth was first and then bone and vertebrae, 
in 2001 and with the extraordinary collaboration of Dr. 
Mikel Sánchez, we began to investigate the possibilities 
of clinical application in the area of Orthopedics and 
sports medicine.

Everything was uncertain, and in the arduous path of 
intuition to evidence, a great effort had to be made, 
both in the laboratory and in the surgical experimen-
tal room, performing innumerable surgeries in animals 

that would eventually derive the gold standard in or-
thobiology in the clinical protocols that are currently 
used worldwide.

Thanks to Mikel and all his team, this path has been 
exciting and so much so that a 2003 article appears as 
the first work on the application of a PRP in the area 
of orthopedics and sports medicine in the world litera-
ture.

They have been years of hope and passion, where eve-
rything was yet to be discovered. There was nothing 
written on this subject and therefore the canvas was 
blank, which made the project even more interesting 
at the same time as challenging.

I believe that we have provided a new biological ap-
proach to orthopedic surgery where other teams have 
contributed to consider PRP as an irreplaceable tool in 
the therapeutic arsenal of the orthopedic surgeon and 
sports doctor.

Thanks to the extraordinary collaboration of my good 
friends, Drs. Mikel Sánchez and Ramón Cugat, as well 
as of all the authors, we offer the reader the most up-to-
date information on the use of plasma rich in growth 
factors in orthopedics and sports medicine. 

I would like to also express my gratitude to Dr. Miguel 
Cabanela for the preparation of the prologue. I hope 
that the reader will enjoy and be passionate about this 
book as much as we all have enjoyed working on it.

Dr. Eduardo Anitua

INTRODUCTION
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teins, coagulation and fibrinolytic factors, growth 
factors, chemokines and cytokines, anti-microbial 
proteins, proteases and protease inhibitors. On se-
cretion, these components are vital in promoting 
such events as stem cell recruitment, tissue cell 
migration and maturation, blood vessel develop-
ment, and DNA-NET formation. At the same time, 
platelets and MPs intervene in the progression of 
major illnesses including cardiovascular disease 
(atherosclerosis and thrombosis), cancer (tumor 
cell diffusion and metastasis) and inflammatory 
diseases (e.g. rheumatoid arthritis) and sepsis. En-
igmatically, they often secrete proteins that have 
opposing roles (e.g. pro- and anti-angiogenic pro-
teins). The challenge is to decipher the roles of 
secreted proteins and to adapt these natural pro-
cesses for the therapeutic use of platelet-derived 
therapies in injury and disease.

SUMMARY

Blood platelets are produced in large numbers 
from megakaryocytes in the bone marrow. Anu-
cleate, their principal role is to prevent blood loss 
on vascular injury and to promote tissue repair, 
and for this they adhere, aggregate and secrete a 
wide variety of metabolites and biologically active 
proteins. The latter are stored in organelles that 
undergo exocytosis when platelets are stimulated. 
Activated platelets may also become procoagu-
lant, participate in thrombin formation and help 
constitute a stable fibrin-based clot. They liberate 
microparticles (MPs) that act as drones participat-
ing in hemostatic and pathologic events far from 
the parent thrombus. Platelets are also major 
players in angiogenesis, innate and adaptive im-
munity and participate in inflammation and host 
defense. For this, they possess membrane glyco-
proteins that include receptors for leukocytes and 
store or synthetize a multitude of adhesive pro-

AUTHORS
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platelets themselves2. Anucleate discoid platelets 
circulate in large numbers; the normal range is 
150,000-400,000/μL of blood and their life span 
is 7 to 10 days. Their primary role is to assure he-
mostasis and to prevent bleeding (fig. 2). For this, 
they possess a unique range of receptors. For ad-
hesion these include glycoprotein Ib (GPIb) that 
has matrix-bound von Willebrand factor (VWF) as 
ligand and GPVI that recognizes collagen, a ma-
jor subendothelial matrix component. Platelet 
receptors for soluble agonists mostly belong to 
the seven transmembrane domain superfamily 
and include P2Y1 and P2Y12 that bind ADP while 
proteinase-activated receptor-1 (PAR-1) and PAR-
4 coordinate the response to thrombin. A more 
complete list of surface receptors is found in fig-
ure 3. Multiple intracellular signaling pathways 

1. INTRODUCTION

Platelets are produced in vast numbers from 
megakaryocytes (MKs), a large multinucleate cell 
formed from hematopoietic stems cells (HSC) in 
a multistep process regulated by thrombopoietin 
(TPO) in the bone marrow. After initial mononu-
clear cell proliferation, MKs undergo polyploidy: 
when mature, they migrate to the endothelial bar-
rier of the vascular sinus and extend long process-
es termed proplatelets into the blood stream (fig. 
1)1. Platelets either bud off directly or proplatelets 
are released as large fragments that break up in 
the circulation, particularly in the lungs. Inter-
mediate steps include the division of dumb-bell 
shaped preplatelets and even multiplication of 

FIG. 1
Schematic representation of the essential steps of megakaryocytopoiesis and platelet production. The process starts with pluripotent hemat-
opoietic stem cells (HSC) that migrate to the vascular niche within the bone marrow and first proliferate before undergoing a series of changes 
beginning with endoreplication and maturation, a process highly dependent on thrombopoietin (TPO). The chromosome content of mature mega-
karyocytes (MKs) can be as high as 64 or 128n, a step allowing the formation of the membrane systems and proteins required for platelet produc-
tion. Many transcription factors are involved in MK maturation with multiple interactions between MKs and their environment (stromal cells, ECM 
proteins). Finally, mature MKs migrate to the vascular sinus where intracellular signaling pathways favour the formation of long projections termed 
proplatelets that penetrate across endothelial cell junctions into the blood stream and either bud off platelets directly from their ends or break off 
as larger structures under the influence of shear and which themselves divide into platelets in the circulation. MEP, MK-erythroid precursors; MKP, 
MK precursors.
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After strong platelet activation, transport of phos-
phatidylserine (PS) from the inner to the outer 
leaflet of the phospholipid bilayer makes the 
platelet membrane procoagulant. Platelets in the 
central core of the aggregate (or thrombus) are 
more tightly packed and undergo more extensive 
changes than those in the outer shell; thereby reg-
ulating intra-thrombus solute transport and local 
thrombin activity, fibrin formation and thrombus 
stability3. Fibrin is essential for blood clotting and 
wound repair, entrapping other blood cells while 
platelet aggregates act as hubs within the fibrin 
network ultimately mediating clot retraction. 
ADP-related formation of stable platelet aggre-
gates, not fibrin, limits plasma extravasation and 
promotes tissue repair. In pathology, hyperactive 
platelets and spontaneous formation or uncon-
trolled embolization of platelet masses that se-
verely perturb or occlude the circulation are at the 
origin of arterial thrombosis and stroke4.

lead to conformational changes in integrin αIIbβ3 
enabling it to bind fibrinogen (Fg) or other adhe-
sive proteins that form platelet-to-platelet bridges 
in the final common step of platelet aggregation. 
Platelet-to-platelet contacts allow other mem-
brane GPs to interact and to consolidate the ag-
gregate (fig. 3). Endothelial cells form a protective 
barrier to blood and limit platelet reactivity by 
secreting nitric oxide (NO) and prostacyclin (PGI2) 
that dampen down platelet activation; or by ex-
pressing enzymes that degrade ADP. But after the 
loss of ECs or their structural modification (such 
as during atherosclerosis or inflammation), plate-
lets intervene. Attached and activated platelets 
spread on exposed extracellular matrix (ECM), 
particularly collagen, secrete metabolites and re-
lease the contents of storage organelles (dense 
granules, α-granules). These processes promote 
both flow-dependent thrombus formation and 
the ensuing tissue repair (fig. 2).

FIG. 2
Cartoon highlighting the biological roles of platelets. Platelets attach when they meet subendothelial elements, become activate and secrete 
metabolites and granule stores that promote stable aggregate formation at the injured site. Thrombus size is limited by blood flow and regulators 
secreted from endothelial cells (NO, PGI2). Thrombin generation within the aggregate promotes fibrin formation, consolidation of the hemostatic 
plug and the release of procoagulant MPs. Also highlighted are the α-granule secreted storage pools of biologically active proteins and the major 
non-hemostatic roles of platelets.
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2. PLATELETS AS A SOURCE OF 
BIOLOGICALLY ACTIVE PROTEINS 
AND METABOLITES

Certain features of the typical discoid anuclear 
platelet stand out (fig. 3A). These include an 
outer plasma membrane linked to an extensive 
intracellular open canalicular membrane system 
(OCS) that likens the platelet to a sponge. Under 
the membrane is a microtubular network that in-
teracts with an actin-rich cytoskeleton, while the 
cytoplasm contains mitochondria and a series 
of secretory organelles. Platelet activation after 
adhesion and/or the binding of soluble stimuli 
results in Ca2+ fluxes and the generation of a 
plethora of second messengers. Important is the 
production of lipid metabolites such as throm-
boxane A2 (TXA2) that act in feedback mecha-
nisms promoting platelet aggregation, a process 

Platelets are either used up in hemostasis or, 
when aged undergo glycosylation changes that 
promote removal from the circulation in the liv-
er, a process that stimulates TPO production in a 
feedback mechanism that masterminds platelet 
production5. Inherited or acquired defects (in-
duced by certain drugs, chemotherapy, viral or 
bacterial infections, autoimmune-mediated de-
struction) that result in a dramatic fall in plate-
let numbers (i.e. below 30,000/μL) and/or a loss 
of platelet function favor bleeding. In addition 
to their essential hemostatic role, platelets also 
intervene in inflammation and infection, tissue 
repair, metastasis and tumor growth, and innate 
immunity6-9. This short review will now largely 
concentrate on describing the role of platelets 
in non-hemostatic events and to providing the 
background to their therapeutic use in healing 
and combatting disease.

FIG. 3
Schema highlighting the surface structure of resting platelets showing many of the essential membrane GPs that mediate platelet adhesion and 
aggregation responses in hemostasis. By far the most abundant receptor is αIIbβ3 present at over 100,000 copies per platelet thereby reflecting 
its importance in platelet function. JAMs: junction adhesion molecules; α-G, α-granule; Db, dense body; Mio, mitochondria; Gl, glycogen store, Mt, 
microtubule ring; Ocs, open surface canalicular system.
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inhibited by aspirin. Sphingosine 1-phosphate, a 
metabolite able to stimulate mitogenesis and cell 
proliferation, is released from platelets during clot-
ting and favors fibronectin (Fn) matrix assembly, 
endothelial barrier integrity, and tissue factor (TF) 
expression in the vasculature6. Lysophosphatidic 
acid and platelet activating factor (PAF) are other 
released metabolites. A major early response of 
the platelet, and a primary subject of this review, 
is the release of the storage pools of biologically 
active agents from granules. 

(i) Dense granules
These small lysosome-related organelles (3 to 
8 per platelet) contain serotonin (actively taken 
up and stored by circulating platelets), ADP, ATP, 
polyphosphosphate, Ca2+ (itself a potential cen-
tral regulator of wound healing) as well as small 
amounts of other amines such as histamine and 
dopamine. The dense granule membrane con-
tains molecules associated with the uptake and 
storage of their contents such as two-pore chan-
nel 2 (for Ca2+ uptake), vesicular monoamine 
transporter 2 (serotonin) as well as membrane 
glycoproteins such as P-selectin that are shared 

with other organelles. Dense granule release from 
platelets requires a complex secretory mechanism 
involving SNARE (soluble N-ethylmaleimide sensi-
tive factor attachment protein receptor) proteins 
and a series of proteins involved in vesicular traf-
ficking and the late membrane fusion events re-
quired for exocytosis10. ADP has a universal role in 
assuring stable platelet aggregation by other ago-
nists3. Highly charged polyphosphate promotes 
coagulation and enhances fibrin clot structure; in 
so doing, it provides an early link between plate-
lets, coagulation and inflammation11. Released 
serotonin induces vasoconstriction while increas-
ing vascular permeability. Although the subject of 
debate, release from dense granules is thought to 
occur faster than from α-granules. 

(ii) α-Granules 
These are the principal storage organelles of bio-
logically active proteins (fig. 4, Table I). They are 
formed from intermediate multivesicular bod-
ies (MVB) originating from the trans-Golgi net-
work in maturing MKs and are numerous with 
50-80 α-granules per platelet10, 12. Some MVB and 
α-granules may contain smaller vesicular struc-

FIG. 4
Fluorescent detection of selected proteins in platelets. Parafarmaldehyde fixed and permeabilized resting human platelets were sequentially in-
cubated with monospecific primary antibodies and fluorochrome-labeled anti-IgG subtype antibodies prior to visualization of bound antibodies 
by fluorescence microscopy [see 16 for Methods]. Note the presence of the adhesion receptor, GPIb, as primarily a plasma membrane component 
whereas the aggregation mediator, αIIbβ3, is abundantly distributed throughout the different membrane systems of the platelet. The microtubule 
component, β-tubulin, is revealed with a sub-membranous distribution whereas selected α-granule components, VWF, TGF-β1, PDGF A/B, CTGF 
and NAP-2 are localized to discrete organelles within the platelet ready to be released on platelet activation.
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part, stored proteins are synthesized in MKs and 
traffic in endosomes to developing granules; how-
ever, some are captured by MKs or platelets from 
their environment by endocytosis (e.g. Fg, factor 
V (FV), albumin, immunoglobulin G (IgG))12. Ca2+ 
and Mg2+ are enriched in α-granules that also 
contain acidic glycosaminoglycans (mainly chon-
droitin-4-sulphate) localized to distinct domains 

tures called exosomes that are enriched in CD63 
and secreted intact; their significance is largely 
unknown. Proteomics show just how wide and 
diverse is the platelet protein content and sev-
eral hundred secreted proteins have been iden-
tified13. Table I highlights a selection of the more 
prominent proteins that are somewhat arbitrarily 
grouped into functional categories. For the most 

TABLE 1

Adhesive proteins
VWF + pro-peptide, Fg, Fn, Vn, TSP-1, TSP-2, laminin-8, oste-
onectin

Cell contact interactions, platelet function 
and clotting, wound healing, bone metabo-
lism, inflammation

Clotting factors and 
their inhibitors

FV (+ multimerin), FXI, FXIII, TF*, prothrombin, HMWK, 
protein S, protease nexin-2 (amyloid β/A4 protein precur-
sor (APP) (also see membrane glycoproteins)), C1 inhibitor, 
TFP1, protein C inhibitor, gas6**

Thrombin production and clotting, wound 
healing, inflammation

Fibrinolytic factors 
and their inhibitors

Plasminogen/plasmin, urokinase-PA, PAI-I, α2-antiplasmin, 
histidine-rich glycoprotein, thrombin-activatable fibrinolysis 
inhibitor (TAFI) 

Plasmin production and fibrinolysis. Vascular 
modelling

Other proteases and 
anti-proteases

Metalloprotease (MMP)-1-4, -9, -14, ADAMTS-13, ADAM-10 
(α-secretase), ADAM-17, TIMPs 1-4, α1-antitrypsin, α2-
antitrypsin, α2-macroglobulin, granzyme B

Platelet function, angiogenesis, vascular 
modelling, regulation of coagulation, inflam-
mation

Growth and mito-
genic factors

PDGF (A, B and C), EGF, FGF, HGF, IGF, VEGF (A-D), bone 
morphogenetic proteins, IGFBP3, CTGF, connective tissue 
activating peptides

Chemotaxis, cell proliferation and growth, 
angiogenesis, wound healing, bone metabo-
lism, cancer

Cytokines, 
chemokines and 
related compounds

TGF-β1, IL-1β���, IL-1α, Il-2, IL-4, TNF-α, CCL2 (MCP-1), CCL3 
(MIP-1α), CCL4 (MIP-1β), CCL5 (RANTES), CCL7 (MCP-3), 
CCL14, CCL15 (MIP-5), CCL17, CCL19 (MIP-3b), CCL20 (MIP-
3a), CXCL1 (GROα), CXCL2 (MIP-2α), CXCL3 (MIP-2β), CXCL4 
(PF4), CXCL4L1 (PF4alt), CXCL4L (PFAalt)CXCL5 (ENA-78), 
CXCL7 (β-thromboglobulin, platelet basic protein or CTAP-
III), CXCL8 (IL-8), CXCL12 (SDF-1α), TPO*, angiopoietin-1 

Regulation of angiogenesis, cellular pro-
liferation and differentiation, chemotaxis, 
vascular modelling, cellular interactions, 
immunity, bone metabolism, immune-regu-
latory and inflammatory processes, cancer

Anti-microbial 
proteins

Several chemokines and truncated derivatives often grouped 
globally as thrombocidins (from CTAP-III or NAP-2) and 
kinocidins (from the PF4 family)****, human β-defensin-1, -2, 
-3*****, thymosin-β4, fibrinopeptides A/B

Bactericidal and fungicidal properties, 
chemoattractants, inflammation, infections 
(sepsis) 

Others

Serglycin (secretory granule proteoglycan core), chondroitin 
4-sulfate, albumin, IgG, IgA and IgM, C3 and C4 precursor, 
properdin factor D, Factor H, bile salt-dependent lipase, au-
totaxin, lysophospholipase-2, clusterin, (+ APP), PDI******, 
HMGB1*, dickkopf-1, osteoprotegerin (OPG), substance 
P, brain-derived neurotrophic factor (BDNF)*, endostatin 
(proteolytic fragment of collagen), angiostatin (proteolytic 
fragment of plasminogen), angiogenin

Various functions including tissue remodel-
ling, inflammation, immunity and disease 
states including cancer

Membrane 
glycoproteins

αIIbβ3, αvβ3, GPIb, PECAM-1, ICAM-2, semaphorin 3A, 
semaphorin 4D, PLEXIN-B1, CD147, TLR-1-7, -9, Siglec-7, 
receptors for primary agonists, P-selectin, TLT-1, JAM-1, JAM-
3, claudin-5, PSGL, CD40L, Glut-3, TRAIL (Apo2-L), TWEAK 
(Apo3-L (TNF), APP (amyloid beta (A4) precursor), gC1qR, 
Fas ligand (CD95), beta-2-microglobulin, hyaluronidase-2 

Platelet aggregation and adhesion, endo-
cytosis of proteins, thrombin generation, 
platelet-leukocyte and platelet-vascular cell 
interactions, inflammation, wound healing, 
immune modulation, disease states
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(or cores) where they concentrate basic proteins 
such as platelet factor 4 (PF4, chemokine CXC mo-
tif ligand 4 (CXCL4)). The granule membrane con-
tains intrinsic GPs (e.g. P-selectin, Trem-like tran-
script-1 (TLT-1) and CD40L) as well as many of the 
plasma membrane receptors and the abundant 
presence of αIIbβ3. Their surface expression con-
fers new properties to the activated platelet pro-
moting platelet-leukocyte tethering or platelet in-
teractions with other cells as well as consolidating 
platelet interactions within the thrombus. 

Adhesive proteins are abundant in the α-granule 
storage pool (Table I); secreted VWF, Fg, Fn and vit-
ronectin (Vn) all participate in platelet-to-platelet 
interactions even if Fg plays the major role. Fibril-
lar cellular Fn in the vessel wall is an excellent 
substrate for thrombus formation. Special men-
tion should be made of thrombospondin-1 (TSP-
1), one of the most abundant α-granule proteins; 
TSP-1 plays an important role in thrombus stabil-
ity and clot retraction. Adhesive proteins may also 
act directly as mitogens or they may promote mi-
togen activity of growth factors. The α-granules 
are also a source of coagulation and fibrinolytic 
factors. However, they also contain inhibitors of 
coagulation (e.g. tissue factor pathway inhibitor 
(TFPI), protease nexin-2) and of fibrinolysis (plas-
minogen activator inhibitor type I, PAI-1). This 
illustrates the fundamental enigma of platelet 
α-granules that store proteins with contrasting ef-
fects and also of the corresponding roles of plate-
let as compared to plasma pools. 

Questions were raised on how stimulators and 
inhibitors of angiogenesis were stored. Italiano 
et al14 localized pro- (e.g. vascular endothelial 
growth factor (VEGF), basic fibroblast growth 
factor (bFGF)) and anti-angiogenic proteins (e.g. 
endostatin, TSP-1) to distinct granule sub-popula-
tions in platelets and in MKs; they also backed up 
earlier work that these cargos were released with 
different kinetics. Nevertheless, high-resolution 
and scanning transmission electron microscopy 
(STEM) suggested another explanation; that gran-
ule cargos are compartmentalized zonally but 
within the same organelle while three-dimension-
al images obtained by cryo-electron tomography 

showed α-granules with microvesicular and tubu-
lar internal structures consistent with structural 
heterogeneity10, 15. Tissue inhibitors of metallopro-
teases (TIMPs) were clearly stored separately from 
VWF as platelets from a donor with an inherited 
disorder of α-granule production failed to label for 
VWF while normally containing TIMPs that were 
organized in individual compartments16. Another 
granule cargo stored in specific granules (termed 
T-granules by some) is protein disulfide isomerase 
(PDI), a secreted protein that co-localizes with toll-
like receptor-9 (TLR9) and which on secretion sta-
bilizes a fibrin clot together with the cross-linking 
protein, FXIII17. The presence of TLR9 suggests a 
link with innate and adaptive immune responses 
as well as infectious inflammation.

Platelet release of α-granule constituents requires 
docking of the granule membrane with either 
the plasma membrane or the OCS followed by 
membrane fusion. Similarly to dense granules, 
exocytosis resolves around vesicle- and plasma 
membrane-bound SNARE proteins and their 
chaperones10, 18. STEM tomography further re-
vealed how α-granules can liberate their contents 
through tubular extensions reacting directly with 
the plasma membrane while OCS membranes join 
independently with the plasma membrane there-
by increasing platelet surface area15. Differential 
sorting of α-granules has also been shown, with 
granules labeling for VAMP-7 sorting to a more 
peripheral localization during platelet spread-
ing as compared to those expressing VAMP-3 or 
VAMP-818. Differentially packaged and segregated 
proteins may have different diffusion rates to the 
exterior while the spatial localization of the gran-
ules, determined by VAMP isoforms, and the size 
of the fusion pores may also influence secretion 
kinetics, as will the strength and nature of the 
stimulus initiating secretion.

(iii) Lysosomes
These contain enzymes such as cathepsins D 
and E, elastase, β-glucuronidase and acid phos-
phatase; while their membranes resemble dense 
granules in expressing CD63 and lysosome-asso-
ciated membrane protein-2. Platelets also contain 
a constitutively active autophagy pathway19.
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gradients through binding to matrix components 
or to newly generated fibrin. Transforming growth 
factor-β1 (TGF-β1) recruits inflammatory cells into 
the wound area and stimulates fibroblasts to pro-
duce connective tissue and the ECM; Fg itself can 
enhance wound closure by increasing cell prolif-
eration and migration while it forms matrix fibrils 
with Fn, a substrate for αvβ3 on fibroblasts22. PDGF 
particularly stimulates fibroblast migration. Fibrin 
is very important for wound healing, providing an 
additional meshwork for cells; but it is the platelet 
mass that limits plasma loss3. Fibrin degradation 
products also attract leukocytes and aid the transi-
tion between inflammation and tissue repair. 

Platelets favor angiogenesis by recruitment, pro-
liferation and differentiation of endothelial and 
other vascular cells. Growth factors such as VEGF, 
bFGF and PDGF, also enhance late events such as 
endothelial tube formation and sprouting of new 
vessels23. Yet we underline the apparent paradox 
that platelets also store and release anti-angio-
genic factors such as endostatin, PF4, TSP1 and 
the TIMPs that may counterbalance the effect of 
the pro-angiogenic mediators14. PF4 is perhaps 
the best studied of these. It binds with high af-
finity to heparin and to heparin-like molecules 
on the endothelial cell surface and is a negative 
regulator of angiogenesis by inhibiting VEGF and 
FGF as well as blocking the cell cycle making it a 
molecule with anti-cancer properties24. Stromal 
cell derived factor 1 (SDF-1) is an α-granule stored 
chemokine that through binding to CXCR4 and 
CXCR7 on progenitor or mesenchymal stem cells 
enhances their recruitment to the site of vascular 
lesions25. Platelets also are capable of modulating 
the balance between cell survival and apoptosis. 
SDF-1 acts with serotonin, ADP and sphingosine-1 
phosphate to favor cell survival. In contrast, a 
number of tumor necrosis factor-α (TNF-α) related 
apoptosis regulators secreted from platelets (e.g. 
CD40L, soluble Fas Ligand, TNF-related apoptosis-
inducing ligand (TRAIL)) can induce inflamma-
tory responses in fibroblasts, smooth muscle cells, 
neutrophils, monocytes and other cells as well as 
promoting apoptosis23. Not only biologically ac-
tive proteins participate in wound healing. Sero-
tonin plays an active role in liver regeneration26. 

3. OTHER PLATELET CHANGES 
ON ACTIVATION

PS expression on platelets allows the binding of 
coagulation factors (e.g. FVIII) and the rapid for-
mation of an activated FXa/Va complex. The latter 
transforms prothrombin into thrombin in a Ca2+-
dependent process. Thrombin itself is a powerful 
mitogen. However, its main immediate role is in 
the formation of the fibrin clot. PS expression is 
also essential for the release of membrane-bound 
MPs by platelets; these bud off from the platelet 
surface following calcium-dependent uncoupling 
of the underlying cytoskeleton from the plasma 
membrane. Procoagulant in nature, MPs inter-
vene in thrombotic disease and inflammation be-
ing, for example, active mediators of rheumatoid 
arthritis20. MPs express P-selectin and 12-lipoxy-
genase and the release of 12(S)-hydroxyeicosa-
tetranoic acid promotes their internalization by 
neutrophils. Quite surprisingly, platelets can also 
release mitochondria, both within MPs and as free 
organelles21. Degradation of the mitochondrial 
membrane by soluble phospholipase A2 leads to 
the release of inflammatory mediators while mito-
chondria themselves can bind to neutrophils.

4. PLATELETS AND WOUND HEALING
Platelets intervene at many stages of wound heal-
ing including restoring the integrity of blood ves-
sels after injury or after atherosclerotic plaque 
rupture. Collagens, proteoglycans and adhesive 
proteins such as Fn are major constituents of the 
ECM; providing a molecular scaffold for incoming 
platelets and migrating cells such as fibroblasts22. 
Thrombus growth at the injured site concentrates 
platelets to participate in tissue remodeling by 
secreting a variety of growth factors, cytokines, 
chemokines and other factors (Table I). For exam-
ple, VEGF, platelet-derived growth factor (PDGFa/b 
and c), fibroblast growth factor (FGF), hepatocyte 
growth factor (HGF), epidermal growth factor 
(EGF), connective tissue growth factor (CTGF) and 
insulin-like growth factor (IGF) form chemotactic 
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tory factor (MIF), growth-regulated oncogene-α 
(Gro-α), epithelial activating protein-78 (ENA-78) 
and monocyte chemoattractant protein-3 (MCP-3) 
(Table I)29. Platelet expression of adhesive proteins, 
membrane GPs and the surface exposure of P-se-
lectin helps stabilize the interaction between plate-
lets and endothelial or immune cells via interplay 
between surface receptor pairs. Significantly, many 
of these mechanisms are involved in atherosclerot-
ic plaque formation22. The importance of platelets 
is confirmed by the increased bleeding in inflam-
matory states when the platelet count is low30. The 
role of platelets extends well beyond the vascular 
system. For example, regardless of the blood-brain 
barrier, platelets influence central nervous system 
repair through leukocyte recruitment to inflamma-
tory sites and by promoting regenerative process-
es in the nervous system including the incoming of 
stem/progenitor cells31.

B) Antimicrobial proteins 
A special and increasingly recognized function of 
platelets is in host defense both in the circulation 
and at sites of vascular lesions such as in infectious 
endocarditis12, 32. Bacteria can bind to platelets in-
directly via adhesive proteins such as Fg or VWF 
that recognize receptors on platelets and the bac-
terial surface or they may even bind αIIbβ3 or GPIb 
directly. Platelets also contain FcγRIIA that recog-
nizes IgG bound to bacteria and a host of specific 
receptors for bacterial proteins including TLR1-7; 
9, whose occupancy leads to platelet release of 
microbicidal proteins and cytokines with recruit-
ment of circulating inflammatory cells and bacte-
rial destruction33. Bacteria can be internalized by 
platelets and they can promote apoptosis; plate-
let interactions with bacteria can modify platelet 
function with release of immunomodulators lead-
ing to falls in platelet count or even thrombosis. 
Taking a specific example, inflammation drives 
thrombosis in the liver after Salmonella infection 
and does so in a TLR4-dependent cascade via li-
gation of C-type lectin-like receptor-2 (CLEC-2) on 
platelets by the membrane glycoprotein, podo-
planin, on monocytes and kupffer cells34. As well 
as bacteria, platelets can directly bind and inter-
nalize many types of virus including human im-
munodeficiency virus; capture involves multiple 

Defining how platelets control the balance be-
tween cell proliferation and cell elimination at the 
wound site will be a key feature of future research.
Tissue factor (TF) is the initiator of the extrinsic 
pathway of coagulation; it also plays a key role 
in angiogenesis and wound healing. Whether 
circulating platelets intrinsically possess TF is un-
clear; however, they can (i) take it up by transfer 
from monocytes and their MPs by a P-selectin 
dependent mechanism and (ii) on activation, 
can synthetize it from preformed mRNA via their 
spliceosome. Platelets are a rich source of metal-
loproteases (MMPs) possessing MMP1-4, -9, -14, 
ADAMTS-13 (a disintegrin and metalloprotease 
with thrombospondin type I repeats-13), ADAM-
10 and -17 among others. MMPs have many bio-
logical roles that include tissue remodeling27.

5. PLATELETS AND INFLAMMATION

A) Inflammatory proteins 
Inflammation involves close interplay between 
platelets, leukocytes and cells of the immune sys-
tem. It is critically linked with thrombosis in many 
major acquired diseases. Some secreted platelet 
metabolites are pro-inflammatory including TXA2 
and PAF while dense granules are sources of sero-
tonin and histamine28. Platelet α-granules contain 
many proteins able to influence inflammation12, 28. 
Activated platelets within the growing thrombus 
recruit and bind immune cells by secreting che-
moattractants and expressing granule-derived 
P-selectin and other targets for leukocyte GPs. 
Monocytes, neutrophils and lymphocytes are all 
recruited and once present become activated as 
part of their inflammatory response9. Secreted 
chemokines and cytokines such as CXCL4, CXCL7 
and CCL5 (chemokine C-C motif ligand 5 (regulated 
upon activation normally T-expressed and secreted 
(RANTES)) favor immune cell recruitment and acti-
vation; specifically, neutrophil-activating peptide-2 
(NAP-2, a proteolytic derivative of CXCL7) induces 
immune cells to traverse the thrombus and enter 
the vessel wall29. Other chemokines of interest are 
interleukin-8 (IL-8), macrophage migration inhibi-
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Wnt/β-catenin signaling has a major influence in 
lung repair and activated platelets are seques-
tered in pulmonary vascular beds. Modulation of 
Wnt/β-catenin signaling by platelet-derived Dick-
opf-1 (Dkk1) is a major factor in promoting neu-
trophil trafficking and the inflammatory response 
in the lungs; Dkk1 is another example of a relative-
ly unknown α-granule protein39.

6. INNATE AND ADAPTIVE IMMUNITY

Platelets are now known to act as sentinel innate im-
mune cells40, 41. This role will now be illustrated with 
reference to three platelet α-granule proteins.

A) CD40L 
A much-studied platelet cytokine is CD40 ligand 
(CD40L, CD154), first identified on activated help-
er T cells and a member of the tumour necrosis 
factor (TNF) family41. It binds to CD40 on antigen-
presenting cells; other receptors include αMβ2, 
α5β1 and αIIbβ3 on platelets thereby also link-
ing it to thrombosis. In the immune system, the 
CD40L/CD40 interaction drives B-cell prolifera-
tion and antibody production; it plays a primary 
role in immunoglobulin (Ig) class switching and 
it has been implicated in autoimmune disorders. 
Platelets constitute the major reservoir for CD40L 
in blood; present in the α-granule membrane, it 
is transported to the platelet surface on platelet 
activation. Here, it is available to bind vascular and 
immune cells and participate in inflammation, in 
stimulating interleukin and cytokine production 
and in the release of reactive oxygen species. Sur-
face-expressed platelet CD40L is a substrate for 
MMP activity with release of the smaller but still 
biologically active soluble CD40L (sCD40L) that 
has become a plasma marker for inflammation.

B) TREM-like transcript-1
The triggering receptors expressed on myeloid 
cells (TREMs) contain a single V-set Ig domain, and 
are involved in cell activation within the innate im-
mune system with a key role in sepsis. A GP with 
significant homology to the TREMs, TLT-1, is ex-
clusive to the mouse and human megakaryocyte 

platelet receptors including CLEC-235. Some cy-
tokines released from platelets have direct micro-
bicidal activities (Table I) including CXCL4, CXCL7, 
thymosin-β4 and RANTES. Of particular impor-
tance are NAP-2 and thrombocidins (TC-1 and -2), 
small C-terminal proteolytic derivatives of CXCL7. 
Platelets also store and secrete from α-granules 
elements of the complement (C) cascade (C3, C4 
precursor) as well as proteins that regulate com-
plement activity. The ability of platelets to bind 
complement is another element in the interaction 
of activated platelets with bacteria32.

C) Sepsis
An extreme condition combining infection, an un-
controlled immune response and inflammation, 
sepsis is associated with a high degree of mortal-
ity. Platelet accumulation in inflamed tissues ac-
celerates immune cell recruitment and the exces-
sive response can promote organ dysfunction. The 
onset of disseminated intravascular coagulation 
can lead to a fall in platelet count and increased 
vascular permeability (aided by platelet VEGF and 
serotonin release) with edema, shock and organ 
failure. Sepsis is a progressive systemic inflamma-
tory condition and the kallikrein/kinin systems, 
elements of which can be secreted from platelets 
(Table I), can have a prominent role36. As discussed 
earlier, as well as secreting their granule contents, 
anucleate platelets entrapped in a clot can synthe-
size proteins such as Il-1β and TF from preformed 
mRNA. Il-1β can bind to fibrin where it retains its 
activity while TF favors thrombosis. Significantly, 
as well as producing inflammatory molecules, a 
major role for secreted ADP either from platelets 
and/or tissue cells, in systemic inflammation and 
sepsis, has been confirmed through the use of an-
ti-platelet P2Y12 drugs in man37. In inflammatory 
states, hepatic TPO production is upregulated by 
IL-6 leading to an overproduction of platelets; at 
the same time, platelet clearance in the liver may 
be part of the acute phase response and help in-
crease the chance of survival in sepsis5. Also, a 
highly inflammatory state can lead to an upregula-
tion of platelet production by caspase-dependent 
direct fragmentation of MKs, a process promoted 
by IL-1α/IL-1 type I receptor signaling38. 
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them within the vasculature by way of platelet ad-
hesive receptors (e.g. GPIb, integrins, P-selectin)8. 
Release of ADP and ATP, the expression of P-selec-
tin after platelet activation and the generation of 
thrombin on the now procoagulant platelet sur-
face may all favor metastasis within the vessel wall 
and help tumor stability. The release of α-granule 
proteins may promote angiogenesis and vasculari-
zation of the tumor; a novel enzyme secreted from 
platelets that liberates lysophosphatidylcholine 
and stimulates tumor cell mobility is autotaxin45. 

By acting as a major source of secretable pools of 
amyloid-β precursor, a substrate for α-secretase 
(ADAM10), and by being activated by amyloid-β 
in the walls of cerebral vessels leading to throm-
bus formation and granule release, platelets par-
ticipate actively in the progression of Alzheimer’s 
disease, an age-related neurodegenerative disor-
der46, 47. Amyloid-β binds directly to αIIbβ3 integ-
rin and stimulates release of ADP and the chap-
erone protein clusterin from platelets. The latter 
promotes the formation of fibrillar amyloid-β ag-
gregates while ADP further promotes αIIbβ3 acti-
vation and clusterin release in a feedback mecha-
nism. The pro-inflammatory potential of platelets 
and MPs lead to roles in acute lung injury, asthma, 
inflammatory bowel disease (with elevated lev-
els of RANTES) and migraine (through IL-1 and 
β-thromboglobulin) among many examples9. 

Yet in this context, studies using platelet-rich plas-
ma derivatives therapeutically confirm many in 
vitro studies showing how platelets stimulate the 
growth of many types of cell including osteogenic 
cells, brain and nerve cells and various cellular con-
stituents of muscles and tendons [see chapters 4 
and 14 in this book]. It will be exciting to see how 
these therapies advance and how the active play-
ers are identified. It will also be interesting to see 
the progression of alternative approaches such as 
using genetically modified progenitor cells or MKs 
so that platelets are produced with α-granules 
containing proteins of therapeutic benefit such as 
FVIII as a treatment for hemophilia; an approach 
that may also ultimately be of benefit in cardio-
vascular disease, cancer and Alzheimer’s disease48.

(MK) lineages where it co-localizes with P-selectin 
in the α-granule membrane. It is translocated to 
the platelet surface when platelet activation leads 
to secretion and supports platelet aggregation 
thereby protecting against bleeding during in-
flammation. Like CD40L (and P-selectin), TLT-1 can 
be the object of cleavage by MMPs with liberation 
of a soluble form that has a regulatory role in sep-
sis by modulating platelet-neutrophil crosstalk42. 

C) High mobility group box 1 (HMGB1) protein
HMGB1, principally known as a nuclear protein, 
is also secreted by immune cells when it acts as a 
cytokine-mediator of inflammation. It was recent-
ly recognized to be stored in platelet α-granules 
from which it is translocated both to the platelet 
surface and secreted on platelet activation in mul-
tiple inflammatory diseases43. As repeatedly stated 
by us, thrombosis and inflammation are insepara-
bly linked and in this context HMGB1 appears as a 
critical player in both processes. Mice specifically 
lacking HMGB1 in their platelets have increased 
bleeding risk, reduced thrombus formation and 
platelet aggregation, and reduced inflammation 
and organ damage during experimental trauma/
hemorrhagic shock43. HMGB1 offers yet another 
excellent example of a previously unrecognized 
platelet protein with multiple functions in health 
and disease. Activated platelets commit neutro-
phils to form neutrophil extracellular DNA traps 
(NETs) with released HMGB1 playing a key role by 
binding to neutrophils and through the induction 
of autophagy44. Platelets play a key role in NET for-
mation. NETs are important for the host response 
to infection and inflammation but can have harm-
ful effects such as promoting microvascular and 
deep vein thrombosis). 

7. CONCLUDING REMARKS

Space restrictions have necessitated that we make 
our review highly selective. Platelets participate in 
many major illnesses. For example, circulating tu-
mor cells may bind platelets and even aggregate 
them; an interaction that can protect tumor cells 
from the immune system and also help deposit 
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duced in at least four different formulations, de-
pending on coagulation and degree and type of 
activation. PRGF-Endoret technology is safe and 
versatile, and has a wide range of applications.

SUMMARY

Platelet-rich Plasma (PRP) is a set of autologous 
platelet products used to reduce pain and speed 
up recovery from injury while maintaining the 
tissue function. Its basic rationale is to mimic 
yet enhance the natural processes of healing by 
bringing to the injury site a set of molecules that 
will accelerate functional recovery, and even re-
generate the tissue. In the array of PRP-products, 
Plasma Rich in Growth Factors (PRGF)-Endoret is 
a pioneering autologous regenerative technology 
with multiple therapeutic potentials. It can be pro-
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peutic toolbox consists of platelets as both reser-
voir and vehicle of a large repertoire of proteins17,18. 
Recently, a proteomic dissection of PRGF scaffold 
was performed19. In this research, the authors 
studied those proteins that remained most closely 
bound to the fibrin network and that were there-
fore retained by the mesh itself, rather than being 
released into the supernatant. The high-through-
put proteomic techniques used in this characteri-
zation allowed us to produce a catalogue of these 
proteins and subsequently to classify them into 
families on the basis of their function and gene 
ontology. The results of this process showed that 
the fibrin network is enriched in proteins specifi-
cally involved in tissue regeneration and wound 
healing. Interestingly, there was found to be an 
enrichment in certain lipoproteins, which are in-
volved in regenerative processes, particularly by 
delaying degradation (fibrinolysis) of the fibrin 
network, thereby extending the controlled release 
of other molecules. Similarly, an important family 
of proteins involved in the acute phase reaction 
was found to be present. These proteins form the 
first line of defence in the immune system19.

In the last decade, several systems have been de-
veloped to produce a biologically active product, 
both commercially and in-house, but they differ 
in the presence of white blood cells, growth fac-
tors concentration, and architecture of fibrin scaf-
fold20-24. The different PRP commercial systems can 
be certified for various medical applications, but 
the therapeutic outcome will depend on the type 
of platelet-rich plasma used and the dosage em-
ployed. Establishing a proper classification of PRPs 
and identifying the biological differences among 
them is absolutely necessary to understand some 
of the controversial results obtained with these 
types of technologies so far25. 

One of the most relevant and controversial issues 
is the presence of leukocytes in the platelet-rich 
plasma. In order to distinctly define the PRGF tech-
nology, and thus be able to compare other PRPs, 
PRGF can be categorized according to three of 
the most cited classifications that have been pro-
posed for PRPs. The first and most widely used26 

classifies PRGF as pure-PRP (P-PRP) since it does 

1. POTENTIAL OF PLASMA RICH 
IN GROWTH FACTORS (PRGF-EN-
DORET): MIMICKING THE NATURAL 
HEALING PROCESS

The increasing number of musculoskeletal injuries 
has produced a concurrent stimulus in both the 
number and the effectiveness of different treat-
ments of these lesions, especially in the search 
for minimally invasive procedures or adjuvants1-3. 
One of these cutting-edge technologies is Plasma 
Rich in Growth Factors (PRGF-Endoret)1. This bio-
logical treatment mimics the natural pathways of 
wound healing4 by driving to the injury site the 
whole protein array of PRGF that is involved in 
the repair of damaged tissues. In this way, all the 
bioactive molecules (including growth factors and 
other proteins) necessary for tissue repair are ef-
ficiently and locally released.

The tissue repair process occurs naturally in a 
staged fashion5 and includes removal of dead 
cells, proliferation, migration of cells to the in-
jury site, production of new vascular structures, 
and other events. The organization of all these 
elements influences healing in a given injury, pre-
venting fibrotic elements that cause loss of func-
tional capacity in that tissue6,7 i Growth factors 
play an important role coordinating the whole 
process in an orchestrated fashion in all tissues of 
the musculoskeletal system, including muscle8, 
tendon9, bone10,11, and cartilage12. Growth factors 
act on other tissues as well, including skin13, oral 
soft tissue14,15, and cornea16 among others. 

PRGF-Endoret technology mimics the natural 
healing mechanisms, but with two special fea-
tures: avoiding loss of functionality (fibrous tissue) 
and shortening healing times. This is achieved in 
part by adjusting the PRGF-Endoret formulation 
and dosage to the type of tissue and injury.

PRGF-Endoret therapy accelerates and improves 
tissue healing by local delivery of autologous bio-
active molecules and hence, contributing a first 
line provisional scaffold1. This autologous thera-
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not contain WBC. The PRGF is classified as type 4-B 
(Minimal WBCs, activated with CaCl2, and platelet 
concentration below 5x) as has been proposed27 
for sports medicine classification. Finally, PRGF 
would fit in the P2-x-Bβ category (platelet count 
greater than baseline levels to 750,000 platelets/
μL, exogenous activation with CaCl2, with WBC 
-and specifically neutrophils- below to baseline 
levels) according to the PAW (platelets, activation 
and WBC) classification28.

2. UNDERSTANDING THE PROPER-
TIES OF PLATELET-RICH PLASMA 
PRODUCTS

Several key biological mediators are present in a 
PRP. The more studied growth factors contained 
in platelet-rich plasma that are important during 
tissue repair include IGF-I (Insulin-like Growth Fac-
tor type I), TGF-β1 (Transforming Growth Factor 
β type 1), PDGF (Platelet Derived Growth Factor), 
HGF (Hepatocyte Growth Factor), VEGF (Vascular 
Endothelial Growth Factor), EGF (Epithelial Growth 
Factor) and bFGF (basic Fibroblastic Growth Fac-
tor) among others (Table 1)29,30. Some of them 
(IGF-I and HGF) are plasmatic proteins, and their 
concentration does not depend on the platelet 
enrichment. However, most of the growth factors 
are indeed platelet proteins, both synthesized and 
adsorbed, and thus their quantity does depend 
on the platelet concentration. To understand the 
properties of platelet-rich plasma products, it is 
necessary to detail the different roles of molecules 
that it contains:

• IGF-I: This protein circulates in plasma as a com-
plex with binding proteins (IGFBP). This deter-
mines the bioavailability and regulates the in-
teraction between this IGF-I and its receptor31,32. 
IGF-I is involved in keratinocyte migration and 
wound healing33,34, stimulates bone matrix for-
mation and maintenance35 by promoting pre-
osteoblast proliferation36,37, and also is involved 
in striated muscle myogenesis38. Furthermore, 

knockout mice for IGF-IR in muscle exhibited 
impaired muscle regeneration and deficient 
myoblast differentiation39. Recently, It has been 
observed that IGF-1 promotes tissue repair of 
skeletal muscle without scar tissue formation by 
increasing fibre size and muscle size hypertro-
phy40. Also, and related to this, IGF-1 is consid-
ered a potent enhancer of tissue regeneration, 
and its overexpression in muscle injury leads 
to hastened resolution of the inflammatory 
phase41.

• TGF-β1: The role of TGF- β family proteins in 
wound healing has been recently reviewed42. 
TGF-β has different effects, depending on the tis-
sue and the cell type6. The release and posterior 
bioactivation of latent TGF-β contributes to the 
early cellular reparative responses, such as mi-
gration of cells and neovascularization and angi-
ogenesis43 into the wound area. In bone, TGF-β1 
induces osteogenic differentiation of mesenchy-
mal cells of the bone marrow, upregulating os-
teoblast differentiation markers44. TGF- β plays a 
crucial role in maintaining homoeostasis of both 
articular cartilage and subchondral bone45.

• PDGF: This growth factor is a mitogen and 
chemotactic factor for all cells of mesenchymal 
origin46. It is important in the repair of joint tis-
sue, including cartilage and meniscus47,48. Bone 
is also a target of PDGF, influencing its metabo-
lism and acting in repair mechanisms49,50, includ-
ing the recruitment of pericytes to stabilize new 
blood vessels51.

• HGF: Also called scatter factor, it regulates 
cell growth, migration and morphogenesis52 
and plays an important role in wound-healing 
through an epithelial-mesenchymal interac-
tion53. HGF modulates central inflammatory and 
immune events that are common to many dis-
eases and organ systems54. The antifibrotic effect 
of HGF has been shown in various tissues55,56, 
through induction of Smad7, and thus regu-
lates the myofibroblast phenotype, allowing the 
initial contraction of the wound, but gradually 
making the myofibroblast disappear57.
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• EGF: This protein promotes chemotaxis and mi-
togenesis in epithelial and mesenchymal cells63,64 
by acting on the regeneration of multiple tissues. 
It has an important role in skin, cornea, gastroin-
testinal tract and nervous system65-69.

• bFGF: This factor, also called FGF-2, is a potent 
inductor of cell proliferation, angiogenesis and 
differentiation70,71. Its role in the repair process 
has been observed in several tissues72, including 
bone73-75, tendon76,77, and periodontal tissue78-80.

• VEGF: This growth factor is a key mediator in 
wound healing58 and the main inducer of an-
giogenesis since it stimulates chemotaxis and 
proliferation of endothelial cells59. This protein is 
crucial in the sprouting of new capillaries from 
preexisting vasculature, mainly initiated by hy-
poxia in ischemic tissue60. Also, VEGF is involved 
in the regulation of many organ homeostases, 
such as brain, heart, kidney, and liver61, and its 
role may be crucial in cell-mediated tissue re-
generation62. 

Classification Protein Biological effects

Adhesive proteins Von Willebrand factor (vWF) propeptide, Fibrinogen, Fibronectin, 
Vitronectin, Thrombospondin 1 (TSP-1), laminin-8 (alpha4- and 
alpha5- laminin subunits), signal peptide-CUB-EGF domain contai-
ning protein 1 (SCUBE 1)

Cell contact interactions, homeos-
tasis and clotting, and extracellular 
matrix composition

Clotting factors and 
associated proteins

FactorV/Va, FactorXI-like protein, multimerin, protein S, high-
molecular weight kininogen, antithrombin III, tissue factor pathway 
inhibitor (TFPI)1

Thrombin production and its 
regulation

Fibrinolytic factors and 
associated proteins

Plasminogen, Plasminogen activator inhibitor-1 (PAI-1), urokinase 
plasminogen activator (uPA), alpha2-antiplasmin, histidine-rich 
glycoprotein, thrombin activatable fibrinolysis inhibitor (TAFI), 
alpha2-macroglobulin (α2M)

Plasmin production and vascular 
modelling

Proteases and anti-
proteases

Tissue inhibitor of metalloprotease 1–4 (TIMPs 1–4), metalloprotea-
se-1, -2, -4, -9, A disintegrin and metalloproteinase with a throm-
bospondin type 1 motif, member 13 (ADAMTS13), tumor necrosis 
factor-alpha-converting enzyme (TACE), protease nexin-2, C1 inhibi-
tor, serpin proteinase inhibitor 8, alpha1-antitrypsin

Angiogenesis, vascular modelling, 
regulation of coagulation, and 
regulation of cellular behaviour

Growth factors PDGF, TGF-beta1 and -beta2, EGF, IGF-1, VEGF (A and C), bFGF (FGF-
2), HGF, Bone morphogenetic protein (BMP)-2, -4, -6, connective 
tissue growth factor (CTGF)

Chemotaxis, cell proliferation and 
differentiation, and angiogenesis

Chemokines, cytokines 
and others

Regulated upon Activation - Normal T-cell Expressed, and Secreted 
(RANTES), Interleukin-8 (IL-8), Macrophage inflammatory protein-1 
(MIP-1) alpha, Epithelial Neutrophil-Activating Peptide 78 (ENA-
78), Monocyte chemotactic protein-3 (MCP-3), Growth regulated 
oncogene- alpha (GRO-alpha), angiopoietin-1, IGF-1 binding 
protein 3 (IGF-BP3), interleukin-6 soluble receptor (IL-6sR), Platelet 
factor 4 (PF4), beta-thromboglobulin (bTG), platelet basic protein, 
neutrophil-activating protein-2 (NAP-2), connective tissue-activa-
ting peptide III, high-mobility group protein 1 (HMGB1), Fas ligand 
(FasL), Homologous to lymphotoxins, exhibits inducible expression, 
and competes with herpes simplex virus (HSV) glycoprotein D for 
herpes virus entry mediator, a receptor expressed by T lymphocytes 
(LIGHT), Tumor necrosis factors (TNF)-related apoptosis-inducing li-
gand (TRAIL), Stromal cell-derived factor-1 (SDF-1) alpha, endosta-
tin-l, osteonectin-1, bone sialoprotein

Regulation of angiogenesis, vascu-
lar modelling, cellular interactions, 
and bone formation

Anti-microbial proteins Thrombocidins, defensins Bactericidal and fungicidal pro-
perties

Others Chondroitin 4-sulfate, albumin, immunoglobulins, disabled-2, 
semaphorin 3A, Prion protein (PrPC)

Human adipose-derived 
stromal cells

PRP releseate after thrombin activation Increased cell proliferation, ALP 
activity and mineralization

TABLE 1
Platelet protein classification and their biological role. A set of proteins present in platelets and its physiological role in the regeneration of tissues 
is shown. Reproduced with permission 126
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Growth factors classically promote several impor-
tant functions in the regenerative milieu: they are 
able to stimulate cell proliferation (mitosis), cellu-
lar migration (chemotaxis), differentiation (mor-
phogenic effect), angiogenesis, and the combi-
nation of several of these effects. These peptides 
exert the above-mentioned functions in the local 
environment, close to the site of the application.

However, it is difficult to dissect the contribution 
of each molecule contained in platelet-rich plasma 
and examine its effect separately, since many have 
multiple effects, some of which overlap with oth-
ers. Also, many molecules are activated in the pres-
ence of others, such as TGF-β, which is in a latent 
state81 and becomes functional after proteolytic 
activation or in the presence of other molecules, 
such as thrombospondin-182 or various integrins.

The idea that platelet-rich plasma contains only 
factors that stimulate angiogenesis and prolifera-
tion would be a little simplistic. In fact, another 
important property of the PRP is the bacteriostatic 
effect83. These antibacterial effects were observed 
against Staphylococcus aureus and Escherichia 
coli84. Classically, these properties have been 
shown in leukocyte-enriched platelet-rich plas-
ma. However, recently these antimicrobial prop-
erties have been evidenced in PRGF-Endoret85, 
which by definition has no white cells. Specifically, 
PRGF-Endoret has bacteriostatic effect against 
Staphylococcal strains. Moreover, the addition of 
leukocytes to the PRGF-Endoret preparation did 
not yield greater bacteriostatic potential than it 
already had. This data raise questions about the 
role that leukocytes may play in a platelet-rich 
plasma preparation, since they do not improve 
the bacteriostatic properties but, on the contrary, 
they might significantly increase the presence of 
pro-inflammatory molecules.

Platelet-rich products also act as anti-inflammato-
ry mediators by blocking monocyte chemotactic 
protein-1 (MCP-1), released from monocytes, and 
lipoxin A4 production86. HGF in PRP inhibits NF-kB, 
a key nuclear factor implicated in inflammatory re-
sponses, by activation of its inhibitor (ikBα). In this 
same study, it was also observed that PRP reduced 

FIG. 1
PRGF-Endoret technology overview. PRGF-Endoret aids in the 
preparation of different autologous therapeutic formulations from 
patient's own blood.

the chemotaxis of the monocytic line U93787. In 
addition, serotonin, a neurotransmitter and hor-
mone present in platelets, has been reported to 
directly mediate liver regeneration88.

3. PRGF-ENDORET: 
A PIONEERING TECHNOLOGY

For almost two decades our research group has 
characterized this technology and has studied its 
therapeutic potential in tissue repair and wound 
healing1. PRGF-Endoret contains a moderated 
platelet concentration, a two-third fold increase 
compared to peripheral blood, a dosage shown to 
induce optimal biological benefit89. In fact, lower 
platelet concentrations can lead to suboptimal ef-
fects, whereas higher concentrations might have 
an inhibitory effect90. PRGF-Endoret does not con-
tain leukocytes, and activation is performed only 
with CaCl2. 
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The process to produce PRGF-Endoret is easy, 
fast and reproducible (fig. 1). Blood collection is 
performed in tubes containing sodium citrate as 
anticoagulant. Thus, platelets are well preserved. 
Subsequently, centrifugation is achieved in a spe-
cifically designed centrifuge (PRGF System V). The 
centrifuge has specific parameters to maximize 
the production of platelets and keep the plasma 
leukocyte-free. Three typical layers are obtained 
after centrifugation: (i) a yellowish top layer, the 
plasma, which contains a gradient of platelets, 
with maximum concentration of those platelets 
above the buffy coat; (ii) the leukocyte layer, or 
buffy coat, is located below the plasma layer; and 
(iii) the bottom layer, that is the layer containing 
the red cells. Regarding the plasma volume, it is 
possible to empirically differentiate between two 
different fractions, depending on the respective 
concentration of platelets. The upper fraction will 
contain a similar number of platelets as peripheral 
blood whereas the lower fraction will contain 2 to 
3-fold the concentration of platelets compared 
with blood. However, depending on the applica-
tion, as in the case of PRGF eye drops, it is pos-
sible to collect the entire PRGF column without 
performing two fractions91. The basic characteris-
tics of PRGF (whole plasma column) are shown in 
Table 2.

With the aim of collecting these plasma fractions 
from PRGF-Endoret technology, we have recently 
developed an optimized device, the plasma trans-
fer device (PTD2) (fig. 2). The PTD2 is a disposable 
and sterile aspiration system that allows separat-
ing the different fractions obtained after centrif-
ugation. In contrast to the traditional pipetting 
system, the PTD2 system is faster, avoiding inter-
mediate pipetting steps. In addition, the plasma 
transfer device does not require maintenance 
of the pipetting system. Depending on clinical 
needs, the fractionation can be made in one or 
two fractions, achieving higher volume - lower 
concentration of platelets (a single fraction), or 
lower volume - higher concentration of platelets 
(two fractions, F1 and F2). After fractionation, 
PRGF-Endoret can be activated in a controlled 
way by the addition of CaCl2, providing a clot that 
mimics its natural structure. Moreover, the coagu-

FIG. 2
The plasma transfer device 2 (PTD2) is a disposable and sterile as-
piration system that allows the fractionation of PRGF. The device 
contains an ergonomic button that allows fine control of the suction 
flow. The suction is performed by the vacuum contained in the frac-
tionation tube (TF9). The aspiration needle is a blunt needle to pre-
vent accidental stab injuries. In this way, PRGF-Endoret is obtained 
directly in a fractionation tube, where it can be directly activated 
with calcium chloride. It is possible to perform the whole procedure 
without opening the extraction tubes, using an adapter needle.

N=30 Whole blood PRGF

Leukocytes (x 103/μL) 6.1 ± 1.4 0.3 ± 0.2

Erythrocytes (x 106/μL) 4.78 ± 0.41 0.01 ± 0.01

Platelets (x 103/μL) 235 ± 41 517 ± 107

Leukocyte concentration 
factor (LCF)

- 0.05 ± 0.03

Platelet concentration 
factor (PCF)

- 2.2 ± 0.2

Platelet yield (%) - 66 ± 7

TABLE 2
Summary of the characterization of whole blood and PRGF samples 
from thirty donors. The values for PRGF correspond to the whole 
plasma column. Leukocyte, platelet and erythrocyte concentration 
was measured in whole blood and PRGF. Leukocyte and platelet con-
centration factor (enrichment as fold increase) relative to the level of 
peripheral blood (LCF and PCF) and platelet yield (%) are also indicat-
ed. Data are expressed as mean ± SD. Reproduced with permission 95.
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4. PRGF-ENDORET TECHNOLOGY: 
A VERSATILE TOOLBOX WITH 
MULTIPLE FORMULATIONS

A key point that distinguishes the PRGF-Endoret 
technology from other platelet-rich plasma prod-
ucts is its versatility. Four different formulations 
(fig. 3) with therapeutic potential are obtained 
from the patient's blood, depending on the co-
agulation and activation degree of the samples. 
These formulations may be used for different 
therapeutic purposes:

PRGF-Endoret scaffold. This three-dimensional 
matrix encloses autologous growth factors, both 
plasma and platelet proteins. This scaffold can be 
used in various applications, such as the treat-
ment of ulcers100,101, wound closure and tissue 
engineering102. The three-dimensional structure 
of the fibrin mesh (fig. 4) allows cell proliferation, 
since, as mentioned, it contains factors necessary 
for growth and migration of cells. In addition, this 
formulation can be combined with other materi-
als103, such as autologous bone, demineralized 
freeze-dried bovine bone, and collagen, among 
others, fine-tuning the resulting characteristics of 
the scaffold102. 

lation is conducted at a speed that allows control 
of the whole process. Activation with CaCl2 avoids 
the use of exogenous bovine thrombin, a source 
of possible immunological reactions92-94. Recently, 
the PRGF obtaining protocol has been improved95 
in order to reduce both the amount of anticoagu-
lant and activator: the new blood extraction tubes 
(TB9) contain 400 μL of trisodium citrate as anti-
coagulant, and the new ratio of PRGF Activator 
would be 20 μL of calcium chloride / mL PRGF.

Another important feature of the PRGF-Endoret 
technology, when compared with other platelet-
rich plasma systems, is the absence of leukocytes, 
which categorizes it as a safe and homogene-
ous, because the values of leukocytes are highly 
variable between donors96, and within the same 
donor are highly dependent on small perturba-
tions of the body homeostasis. In addition, poly-
morphonuclear neutrophils (PMN) contain mol-
ecules designed to kill microorganisms, but can 
seriously damage the body tissues. For example, 
PMNs are important producers of matrix metal-
loproteinases (MMP), mainly MMP-8 and MMP-9, 
which can hamper the regeneration of damaged 
tissue. PMNs also produce free radicals, reactive 
oxygen species and nitrogen, which can destroy 
not only microorganisms but surrounding cells97. 
Of special concern would be to avoid leukocytes 
if muscle regeneration is required, as in vivo PMNs 
increase muscle damage98 and do not provide ex-
tra functionality. Therefore, it is recommended to 
use leukocyte-free platelet-rich plasma in infiltra-
tions of damaged muscle99.

FIG. 3
PRGF-Endoret technology formulations: (A) three-dimensional clot or scaffold, (B) elastic and dense autologous fibrin membrane. (C) liquid formu-
lation activated at the moment and deposited on the implant surface, and (D) the PRGF supernatant, ideal as eye drops or cell culture supplement.
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of leukocytes, activator type, and final volume 
among others. This great variability makes it diffi-
cult to standardize protocols and compare results. 
Furthermore, this large variability can engender 
confusion among clinicians and researchers125. It 
is, therefore, necessary to reach a consensus and 
better definition of each product. Our research 
team has spent more than 20 years developing 
this technology, which makes PRGF-Endoret one 
of the best characterized autologous platelet-rich 
plasma, with multiple and growing therapeutic 
applications, as result of a continuous research 
translation to the clinical setting.

1. Liquid PRGF-Endoret, activated at the time of 
use, is used in intra-articular104-106 and intraos-
seous107-109 injections, surgery110-112, treatment 
of skin disorders100,101,113, and implant surface 
bioactivation by producing a biologically ac-
tive layer on the titanium surfaces114,115.

2. The PRGF-Endoret supernatant contains plas-
ma proteins and platelet releasate and can be 
used as eye drops treatment for dry eye dis-
ease116 and other corneal defects117,118. Both in 
basic research studies and applied areas, this 
formulation can be used to supplement the 
cell culture medium102,119.

3. Autologous fibrin membrane. At the end of 
the process of coagulation, fibrin scaffold re-
tracts120. At that stage, the fibrin membrane 
can be shaped with tweezers or similar instru-
ments to obtain an elastic, dense and sutur-
able membrane. It is an excellent tool to seal 
the post-extraction tooth sockets121-123 and to 
promote the full epithelialization of other soft 
tissues124.

The autologous platelet products have a high 
therapeutic potential and can be used in various 
formulations and in various fields of medicine 
and tissue engineering. At present, there are over 
forty of these products with different characteris-
tics, in terms of enrichment of platelets, presence 

FIG. 4
Three-dimensional structure of PRGF-Endoret clot or scaffold. (A) PRGF scaffold observed with the naked eye. (B) Optical microscopy reveals a 3D 
network of fibrin with platelet aggregates scattered throughout the network (May-Grunwald-Giemsa staining, original magnification x 400). (C) 
Closer inspection reveals regular and interconnected intact fibrin strands in a leukocyte-free plasma rich in growth factors (PRGF)-Endoret scaffold 
(original magnification x 3500). Adapted, with permission,102.
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renewing kind of container in mammals. Drawing 
on the regenerative potential of platelets, plasma 
biomolecules and fibrin matrix, several systems 
of producing autologous platelets-and plasma 
derived products (APPDPs) have been developed 
and aimed at enhancing the natural in vivo tissue 
regenerative capacity of damaged tissues. How-
ever, in spite of skill and care in the elaboration 
and application of these blood products by medi-
cal staff, consistency in the surgical application 
of platelet rich plasma remains illusive due to a 
nonuniform approach in both the composition of 
these products and the modalities of their appli-
cation. As a consequence, there is both light and 
shadow in the outcomes of this treatment.

SUMMARY

Two conditions have challenged the survival of 
living beings with a closed circulatory system, 
namely trauma and infection. These conditions 
account for the primary life-threatening emer-
gencies, namely, bleeding and microbial invasion. 
Through natural selection and conservation, evo-
lution has shaped the biological defence system 
of vertebrates to cope with bleeding and micro-
bial invasion by systems consisting of several in-
terlinked modules such as coagulation, the innate 
immune system, and fibrogenesis. In humans, 
pivotal players in the biological defence system 
modules are platelets, leukocytes and fibrinogen, 
located within a connective tissue, namely, the 
blood, which acts as an incessantly dynamic and 
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anorexia, fatigue, and sleepiness) which appear to 
have only one purpose: survival3, 5, 6. Despite the 
pivotal role of systemic response in the survival 
function, this response is not in the scope of this 
chapter. The local response encompasses proco-
agulant and proinflammatory mechanisms which, 
together with the activation of platelets, endothe-
lial cells, tissue-resident macrophages, recruit-
ment of circulant monocytes and neutrophils, re-
lease inflammatory mediators in a quick autocrine 
and paracrine reaction (seconds to a few hours)6-8. 
While platelets manage to halt the bleeding pro-
cess through platelet aggregation, thrombin gen-
eration, and fibrin clot formation9, neutrophils 
and monocytes prevent the assault of microbial 
germ lines by killing them, thereby sterilizing the 
damaged area8, 10. Both processes of hemostasis 
and inflammation are triggered by the aforemen-
tioned disruptor, either trauma and/or infection. 

1. INTRODUCTION

Through natural selection and conservation, evo-
lution has shaped the biological defence system 
of vertebrates (figure 1) to cope with bleeding and 
microbial invasion, two conditions, which have 
challenged the survival of animals with a closed 
circulatory system1. The biological defence system 
of vertebrates consists of 3 interlinked modules 

namely, coagulation, the innate immune system, 
and fibrogenesis1, 2. Once tissue damage and/or 
pathogen invasion is detected, organisms mount 

both a systemic and a local host defence response2, 

3.  In humans, the systemic response stems mainly 

from the influence of locally produced prostaglan-
din E2 (PGE2) and other inflammatory mediators4 
on the central nervous system, producing the re-
sponse known as sickness behaviour (chiefly fever, 

FIG. 1
Biological defense system of mammals. Tissue 
repair is an open and condition-sensitive pro-
cess ruled by microenvironment cues. Depend-
ing on the balance of hemostasis and clotting, 
innate immune system, the sensory nervous 

 
(Adapted with permission from Padilla et al.110)

INJURY / AGGRESSION

system and fibrogenesis, parenchymal and 
stromal processes such as myogenesis, osteo- 
genesis, angiogenesis, and neurogenesis will 
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stage, but also the coordinated incorporation and 
action of other cell effectors such as macrophag-
es, lymphocytes, fibroblasts, EPCs and structural 
biomolecules aimed at promoting angiogenesis, 
parenchymal and stromal cell proliferation and 
differentiation, and extracellular matrix (ECM) syn-
thesis7, 8, 10, where the new formed fibrin clot acts 
as a transient scaffold. (Figure 2)13, 14. 

Immediately after this cascade module, where the 
pivotal players are platelets, leukocytes and fibrin-
ogen, a dramatic switch from killing to healing oc-
curs in the damaged area known as the resolution 
of inflammation6, 11, 12. As a continuum process, 
the biological defence program will later address 
reconstruction of the damaged area, which will 
require not only resolution of the inflammatory 

FIG. 2
Connecting the dots among the different modules of the biological defense system. Tissue reconstruction might be considered a byproduct of 
the mechanisms underlying the biological defense system.1,2,15,30,37 

(Adapted with permission from Padilla et al.110)
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mostasis and clotting, the innate immune system, 
and fibrogenesis, which are triggered in a se-
quential and intertwined spatiotemporal manner 
(figure 2)10, 28, 29. DAMPs and PAMPs are damage 
signals which are recognized by transmembrane 
toll-like receptors (TLRs) expressed by several tis-
sue cells that act as sensor elements including 
platelets, mast cells, macrophages, epithelial and 
endothelial cells, and neutrophils (figure 3)30-33. 
The interaction of DAMPs and PAMPs with TLRs 
brings about, in these sentinel cells, the activa-
tion of a highly conserved intracellular signalling 
pathway known as NFkB. Its activation will end up 
inducing the gene expression of growth factors 
and cytokines, a phenomenon known as inflam-
matory response (figure 3)6, 34. The acute storm 
of pro-inflammatory cytokines including but not 
limited to interleukin 1beta (IL-1B), interleukin 
6 (IL-6), tumor necrosis factor alpha (TNF-a), in-
terferon gama (IFN-j), transforming growth fac-
tor beta (TGFB), platelet derived growth factor 
(PDGF), vascular endothelial growth factor (VEGF), 
and connective tissue growth factor (CTGF), main-
ly coming from activated platelets, endothelial 
cells, pro-inflammatory macrophages, fibroblasts 
and mast cells, will attract, recruit, and activate 
circulating cells  such as platelets, neutrophils and 
monocytes into the injury site6. From the begin-
ning, platelets adhere to exposed collagen and 
tissue factor from damaged ECM, aggregate and 
facilitate blood clot and thrombin formation and 
polymerization of fibrinogen to fibrin, thereby 
halting the bleeding process9, 13. In addition to ac-
tivating platelets and inducing pro-inflammatory 
cytokines from immune and endothelial cells1, 35, 
thrombin performs other important roles as a po-
tent endothelial permeability enhancer, chemoat-
tractant of monocytes and neutrophils, inducer of 
expression of adhesive molecules and promoter 
of the degranulation of platelets, as well as influ-
encing  the cell cycle of several phenotypes1, 15, 36. 
Simultaneously neutrophils generate a cytotoxic 
microenvironment8 as a result of both degranu-
lation of anti-microbial molecules, proteases and 
metalloproteinases (MMPs), highly reactive oxy-
gen and nitrogen species (ROS and RNS), and by 
respiratory burst, induce microbial death and ster-
ilize the damaged area (figure 2)8, 10.  Neutrophils 

Drawing on the regenerative potential of plate-
lets, plasma biomolecules and fibrin matrix13, 15-17, 
several systems that produce autologous plate-
lets- and plasma-derived products (APPDPs) have 
been developed, aimed at triggering and enhanc-
ing both the natural in vivo tissue morphogenesis 
and the regenerative capacity of damaged tissues. 
Platelet-rich plasma (PRPs) are platelet concen-
trates within a plasma suspension whose compo-
sition is determined by the method used to obtain 
it. PRGF includes plasma and twofold-or-more in-
creases in platelet concentrations above baseline 
levels, and different collection methods mean the 
concentration of leukocytes and erythrocytes var-
ies widely, from a complete absence to a high con-
centration of them18. The therapeutic potential of 
PRPs19-21 and plasma rich in growth factors (PRGF) 
for in situ regenerative medicine has yielded ex-
tremely promising clinical and surgical outcomes 
in musculoskeletal system pathologies such as os-
teoarthritis and cartilage repair17, 21-27, in oral and 
maxillofacial surgery17, 19, as well as in the treat-
ment of diabetic ulcers19.

In an effort to connect the dots, this chapter is 
aimed at both clarifying the interactions  among 
coagulation, immune system, and fibrogenesis 
that may play important roles in tissue healing, 
and shedding light on some pitfalls in the applica-
tion of PRPs products as enhancers of tissue repair.

2. BIOLOGICAL DEFENCE SYSTEM: 
CONNECTING THE DOTS AMONG 
COAGULATION, IMMUNE SYSTEM, 
AND FIBROGENESIS

In mammals, the first step in tissue repair is the 
detection of tissue damage signals such as dam-
age-and pathogen-associated molecular patterns 
(DAMPs or PAMPs) released as a result of necrotic 
and apoptotic cell death and damaged microbial 
and (ECM) host products. These products act as 
inducers of a  complex cascade consisting of  he-
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intensify and address the already ongoing recon-
struction of the damaged area, which will require 
not only resolution of the inflammatory stage, but 
also the coordinated action of other cell effectors 
such as trophic macrophages (M2), lymphocytes, 
activated fibroblasts, EPCs and structural biomol-
ecules aimed at promoting angiogenesis, paren-
chymal and stromal cell proliferation and differen-
tiation, and ECM synthesis, (figure 2)10, 28, 48. 

As a result of local activation of the tissue plasmi-
nogen activator/plasminogen system, fibrinolysis 
will release the growth factors and cytokines pre-
viously trapped in the fibrin network through the 
cell surface heparan sulphate-binding domains45, 

49 such as SDF-1, PDGF, VEGF, hepatocyte growth 
factor (HGF), Brain-derived neurotrophic factor 
(BDNF), Fibroblast growth factor (FGF) among 
other previously released growth factors by plate-
lets, macrophages, endothelial cells, and newly 
activated fibroblasts, which will be freed up in the 
ECM13, 14, 43-45. The gradual  and sustained release of 
growth factors45 from fibrin controls morphogen 
gradients at the repair scenario50 and facilitates  
vascular, epithelial and mesenchymal reconstruc-
tion (figure 5)13, 14, 45. After the phagocytosis of 
apoptotic neutrophils, lymphocytes or inflamed 
parenchymal and stromal cells, inflammatory 
macrophages (M1) will turn into an anti-inflam-
matory phenotype and express pro-inflammatory 
cytokines, including TGF B1, IL-4, IL-10, and PGE212. 
These cytokines are involved in immunoregulato-
ry functions as well as in the resolution or progres-
sion of fibrogenesis28, 37 which, along with PDGF, 
and TGFB1, are released from fibrin matrix14, 45, 
and lead the switch in the injured area from tissue 
breakdown to tissue reconstruction12, 30, 38. These 
cytokines allow circulating fibrocytes, perivascular 
pericytes, and resident mesenchymal cells to dif-
ferentiate first into fibroblasts and later into alfa-
smooth muscle actin myofibroblasts (αSMA) (fig-
ure 2)31, 37, 41, 45.  Fibroblasts and myofibroblasts are 
highly synthetic and secretory cells that will par-
tially address the loss of tissue in the injured area 
by synthesizing fibrillar ECM components such as 
collagen, elastin, fibronectin, tenascin-C, and hya-
luronan. They will as well  release mitogenic and 
motogenic cytokines which, together with IL-33 

also attract circulating monocytes to the injured 
site, and activate dendritic cells and macrophag-
es. These resident and migratory mononucleated 
cells take on a pro-inflammatory phenotype (M1) 
releasing nitric oxide (NO) and citrulline, ROS, 
MMPs and a tissue inhibitor of metalloproteinases 
(TIMPs). Moreover, macrophages express IL-1, IL-
6, IL-12, and TNFa, induce Th1 cell infiltration and 
activation, and phagocytose apoptotic/necrotic 
cells and other ECM breakdown products, contrib-
uting together with the lipoxins (eicosanoids and 
platelet-activating factors)7 to  tissue repair6, 28, 37, 38. 
This first cell-and bacterial-killing, and matrix de-
stroying microenvironment stems from both the 
initial noxious agents and the collateral damage 
inflicted by the inflammatory effectors of the in-
nate immune system which can wreak havoc if the 
inflammatory process is too intense or too persis-
tent6, 12. In addition, platelets release Stromal cell-
derived factor (SDF-1), CTGF, TGFB, Platelet factor 
4 (PF4) and VEGF, which together with fibrin ad-
hesion cell receptors may well contribute to the 
resolution of inflammation by recruiting endothe-
lial progenitor cells (EPCs)39, preventing monocyte 
apoptosis, promoting trophic macrophages (M2)40 
and activating resident mesenchymal fibroblasts 
precursor cells41, 42. In doing so, these growth fac-
tors favour fibrogenesis30 and generate both a 
trophic microenvironment, and tissue angiogen-
esis in a context dependent manner43. The formed 
transient fibrin matrix traps several growth factors 
and cytokines, promotes adhesion of immune 
cells, and is chemotactic for phagocytic leuko-
cytes. This natural  fibrin scaffold mediates cellu-
lar attachment through P-selectin and integrins 
binding on platelets, monocytes, macrophages, 
neutrophils, adult stem and  hematopoietic pro-
genitor cell antigen (CD34) progenitor cells 1, 13, 14, 

43-45, and provides mechanical support and plastic-
elastic stiffness all of which have a drastic impact 
on  the fates of diverse cell types such as muscle 
stem cells46, 47. The resolution of inflammation is 
mainly driven by, but not limited to,  the plasticity 
and polarization of macrophages from phagocyt-
ic and pro-inflammatory phenotype (M1) to anti-
fibrotic and anti-inflammatory ones (M2)2, 6, 11, 12, 
and by the production of lipoxins7. In an uninter-
rupted process, the biological defence system will 
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the blood plays a central role in other physiologi-
cal processes such as the transport of gases by 
erythrocytes, caloric energy transport and body 
temperature regulation by water, communication 
of body systems by hormones, and transport of 
waste products, among other functions58. There-
fore, we no longer think of blood as an indivisible 
tissue-body whose functions reside in the blood 
as a whole, but rather as a tissue with cellular and 
acellular elements that carry out a myriad of inter-
actions and specific functions58, 59.

Platelets are circulating monitors, trackers and 
surveyors of the integrity of the vascular system 
and of the internal milieu as well as carriers of cy-
tokines, chemokines and growth factors,  taking 
part in the coordination of  coagulation and in-
flammation as the core of the biological defence 
system36, 60 (fig. 2)(see chapter 1). Platelets appear 
to be crucial in post-embryonic morphogenesis, 
and their activation in a biological context is car-
ried out by factors such as thrombin, serotonin, 
or other tissue constituents such as DAMPs1 (fig. 
3). These molecules activate the platelets thereby 
releasing, by degranulation, growth factors and 
cytokines which, along with the formation of 
thrombin, trigger cell migration and proliferation, 
regulating angiogenesis, chemoattracting circu-
lating progenitor cells, and guiding tissue remod-
elling and restoration of function9, 15, 36, 61.

In addition to many bioactive mediators, 
(α-granules: TGF-®, platelet-derived growth fac-
tor (PDGF), vascular endothelial growth factor 
(VEGF), fibroblast growth factor (FGF), epidermal 
growth factor (EGF), insulin-like growth factor 
(IGF-1), hepatocyte growth factor (HGF), bone 
morphogenic proteins (BMPs), brain-derived neu-
rotrophic factor (BDNF) and the dense granules: 
Histamine, Serotonin, Calcium (Ca) and ATP/ADP), 
there are other constituents in the plasma of APP-
DPs, namely IGF-1, HGF, prothrombin, fibrinogen, 
fibronectin and other proteins which, together 
with adhesive proteins expressed by activated 
platelets, play a central role in the cell signalling 
pathways which are involved in both tissue injury 
recognition and in repair of damaged tissues9, 61. 

released from the dying cells51 modulate cells in-
volved in mesenchymal and parenchymal healing 
response, and which are known as part of the Th2 
response30, 51, 52. In fibrogenesis (fig. 2), besides the 
chemical signalling pathways coming chiefly from 
profibrotic macrophages, the biomechanichal sig-
nalling will strongly influence the myofibroblast 
activity and fate, mainly through the presence of 
CTGF10, 41. 

These robust and flexible modules will be de-
ployed in many different arrays, and depending 
on their balance the structural outcome of the 
repair process will not resolve with a unitary out-
come53. Therefore, the repair process might be 
considered as a byproduct, or epiphenomenon 
of the mechanisms underlying the biological de-
fence system15, 54 and simply be the way inflamma-
tion and fibrogenesis are resolved28, 55. Therefore 
as a secondary outcome of the biological defence 
system55, the newly  formed tissue  often presents 
several structural and patterning differences from 
the original one, the fibrotic scarring being the 
most unsuccessful and nonfunctional secondary 
outcome (figure 1 and 2)10, 31, 56. The resolution of 
the trophic or reparative period will be followed 
by the remodelling stage provided that the ap-
optotic clearance of myofibroblasts by regulatory 
macrophages is carried out, thereby eliminating 
the stimuli inducing TGF- ß1 and other profibrotic 
factors which otherwise would lead to a persis-
tent fibrotic microenvironment10, 57. 

3. HARNESSING THE MORPHOGE-
NETIC POTENTIAL OF AUTOLOGOUS 
PLATELETS – AND PLASMA DERIVED 
PRODUCTS (APPDPS)

In mammals, pivotal players in the biological de-
fence system modules are platelets, leukocytes 
and fibrinogen, located within a connective tis-
sue, namely, the blood, which acts as an inces-
santly dynamic and renewing kind of container. 
In addition to the biological defence function, 
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vitro as a clot or in situ as an extracellular matrix, 
contains binding sites for cell adhesion as well as 
proteins such as thrombospondin-1 (TSP-1), α-1-
antitrypsin fibronectin, acute phase proteins or 
proteins related to lipid metabolism14, 16, 69. This 
fibrin-scaffold formed as a provisional EC serves as 
a highway for mechanical energy to transit from 
the environment to the cell, bridges cell-to-cell tis-
sue transition, promotes multi-cellular assembly, 
provides mechanical support and plastic-elastic 
stiffness which has a drastic impact on the fates of 
diverse cell types such as muscle stem cells46, 47, 70, 
and endows tissues with a suitable microenviron-
ment for biological restoration9. In addition, fibrin 
matrix, by heparin-binding domains, may seques-
ter growth factors such as PDGF, FGF, HGF, BBNF, 
and VEGF14, 45, 71 to gradually release them later.

 

For instance, several studies have reported an im-
portant HGF-mediated anti-inflammatory effect 
of platelet-rich plasma on tenocytes, macrophag-
es and chondrocytes62-64 by attenuating the trans-
activating activity of NF-kB62 a highly conserved 
intracellular signalling pathway whose activation 
induces tissue inflammation34. HGF, a plasmatic 
key growth factor within APPDPs, has been shown 
to have a remarkable anti-inflammatory and anti-
fibrotic effect on different tissues65-67.
 
PRGF (Plasma rich in growth factors) which is in-
cluded in APPDPs, conveys growth factors, cy-
tokines, and morphogens contained in the plate-
lets, as well as fibrinogen and other plasmatic 
proteins in a biologically balanced aggregate, 
managed and delivered in a pharmacological 
manner18, 21 which might account for two spe-
cial features: the resolution of inflammation and 
avoidance of fibrosis68. In addition, the three-
dimensional fibrin network, formed either in 

FIG. 3
Tissue repair in sterile conditions. Different types of signals reporting injury such as damage-associated molecular patterns (DAMPs) as well as 
toxins, minerals, crystals, chemical and antigens can trigger sterile inflammation. 29,33,34,80 

(Adapted with permission from Padilla et al.110)
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to pro-inflammatory cytokines, the addition of 
leukocytes to an autologous platelet- and plasma 
derived supernatant triggered over-expression of 
TGF-β1 and down-regulation of VEGF, an imbal-
ance which may favour the formation of fibrosis. 
This phenomenon is not observed with an autolo-
gous platelet- and plasma-derived product super-
natant which is leukocyte-free78. The presence of 
leukocytes in autologous platelet- and plasma-de-
rived product formulations tips the balance of ma-
trix synthesis towards catabolism79 which may very 
well lead to a nonresolving inflammation28. Filardo 
and colleagues22 compared the efficacy and safety 
of intra-articular injections of a leukocyte-free AP-
PDP with a leukocyte-APPDP in the management 
of osteoarthritis. Patients treated with the former 
had fewer side effects than those treated with 
Leukocyte-APPDP, who presented more pain and 
more swelling. Tissue injury and microbial infec-
tion appear to represent distinct stresses to the 
host and much of the collateral damage inflicted 
by neutrophils and macrophages during the he-
mostatic-inflammatory period might be unneces-
sary to repair sterile injuries80 such as musculoskel-
etal injuries (fig. 3). 

Although a less common element in PRPs, eryth-
rocytes too might be detrimental to the repair 
process, since their phagocytosis by macrophag-
es may induce inflammation, oxidative stress, and 
promote the persistence of myofibroblasts, there-
by leading to fibrosis57. 

B. Fibrogenesis: a double-edged sword
The concern about generating fibrosis has been 
present since the beginning of the therapeutic 
application of PRPs, mainly because of the TGF-β1  
content in PRP. The TGF-β1 family has been impli-
cated in the development of fibrosis in various tis-
sues10, 81, 82. Several studies were conducted both 
in vitro83-86 and in vivo85, 87, 88 to try to tease out the 
influence of leukocyte-free APPDP on fibrosis. 
These studies confirmed that, although the TGF-
β1family drives fibrogenesis, collagen synthesis 
and deposition, and it potentially might stimulate 
the formation of scar tissue30, 48, 52, the concurrent 
presence of TGF-β1, VEGF, and HGF in the same lo-

4. SOME CLARITY  IN THE APPLICA-
TION OF PLATELET RICH PLASMA

It is important to shed some light on inconsist-
ent  therapeutic application, and bring into focus 
some common pitfalls regarding the composi-
tion of autologous plasma-and platelet derived 
products (APPDPs) since the biological effects rely 
quite essentially on their composition and directly  
depend on  particular blood-spinning protocols, 
as well as  on the modalities of their application. 
They  can all deeply influence the success of  tissue 
repair— a process which is already unpredictable 
— in the abscene of a unitary mechanism (fig. 4)53.

A. Neutrophils as Engines of Destruction Al-
though Life- Saving cells
A first concern regarding the APPDPs, easily un-
derstandable though controversial, is leukocyte 
concentration. In a repair scenario, leukocytes 
may aggravate tissue damage and promote a 
pro-inflammatory microenvironment by releasing 
TNF-α, IL-6, IFN-γ cytokines which induce the over-
expression of MMPs, elastase and cathepsin G 
among others, thereby breaking down the ECM8, 

72, 73. The release of reactive oxygen species (ROS) 
by neutrophils facilitates the removal of necrotic 
tissue in the repair stage but may exacerbate the 
initial lesion74, 75. In vitro, neutrophils injure cul-
tured myotubes, and, in addition, can cause fur-
ther muscle injury and disrupt some of the pro-
cesses involved in skeletal muscle healing76. For 
instance, due primarily to a continual presence 
of offending elements in the damaged area, leu-
kocyte infiltration may give rise to a nonresolving 
inflammation28. These secretory cells may persist 
over time, leading to an excessive accumulation 
of ECM, ultimately producing a pathological and 
nonfunctional scar tissue (fig. 2)31, 77. Anitua et al78 
reported that the inclusion of leukocytes in a fibrin 
scaffold obtained from APPDPs, both peaked the 
amount of two molecules involved in inflamma-
tion, IL-1 and IL-16, and produced a de-structured 
and heterogeneous aspect of the fibrin mesh78. In 
the same work and as a way of mimicking patho-
logical conditions in a fibroblast culture exposed 
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phenotype to its original fate by protecting and 
inhibiting TGF-β1-induced myofibroblast differ-
entiation. In conjunctival fibroblasts, leukocyte-
free APPDP inhibits and reverses TGF-β1-induced 
α-SMA expression of fibroblasts as an expression of 
myofibroblast differentiation94, thereby prevent-
ing the generation of scar tissue. The outcomes 
of these two studies suggest that leukocyte-free 
APPDP modulates the fate of myofibroblasts in a 
way that might be determinant in resolving both 
inflammation and fibrogenesis, and driving the 
repair events towards mimicking original tissue, 
rather than to a tissue-fibrotic outcome10, 81.

C. APPDPs are not magic products
A third issue related to APPDPs efficacy in heal-
ing is the way they are applied in different fields. 
It has become commonplace to infiltrate APPDPs 
in the treatment of musculoskeletal injuries as 
a kind of scatter shot instead of adopting a well 
thought out and executed biological approach. 
For instance the application of  APPDP to rota-
tor cuff tears is intended to provide the damaged 
structure with growth factors and cytokines as 
signalling molecules, one of the three elements 
involved in the repair process (the two others are 
cells and 3-dimensional scaffolds). However, as in 
the case of some studies, it is not enough to add 
a storm of growth factors to a tendon which for 
years has been undergoing a degenerative pro-
cess, and, as a consequence, may have exhausted 
its healing capacity95. There should also be a sys-
tematic infiltration of the healthy peripheral tissue 
surrounding the injury, with the aim of recruiting, 
activating and mobilizing mesenchymal resident 
cells to contribute to tissue reparation processes 
and cell signalling pathways as well as activating 
endothelial cells and macrophages. A procedure 
has been developed for the arthroscopic repair of 
rotator cuff tears assisted by leukocyte-free APPDP 
which involves 5 infiltration sites, and ultrasound 
evaluations performed at the third and sixth week 
after the intervention, during which  a subsequent 
ultrasound-guided infiltration of leukocyte-free 
PRGF is administered  into the repaired tendon96.  

cal environment makes leukocyte-free APPDP an 
antifibrotic autologous system. In the molecular 
network of leukocyte-free APPDP, the fibrotic ef-
fect of TGF-β1 would be either modulated, coun-
terbalanced, or even hindered by the presence 
and local production of HGF, a remarkable antifi-
brotic regulator89 and the VEGF, as shown by our 
work on cells cultured on fibrin matrices83-86 thus 
suggesting the pleiotropic behaviour of TGF-β6. 
For instance, in sheep86 four intratendinous injec-
tions of a pre-clotted preparation of leukocyte-
free PRGF into the Achilles tendon fascicles trig-
gered a healing response which stemmed from 
an increase of cellularity, cell organization and an-
giogenesis. No signs of fibrosis were observed in 
the histological examination of the sheep Achilles 
tendons infiltrated with leukocyte-free APPDP86, 88. 
Likewise, the application of leukocyte-free PRGF 
fibrin matrices on the surgically repaired Achil-
les tendon tears on 6 athletes showed no wound 
complication and significantly shortened by 35% 
the functional recovery time, compared with the 
group that underwent the same surgical proce-
dure without leukocyte-free PRGF application90. In 
addition, the cross-sectional area of the repaired 
Achilles tendon, assessed a few years later by ul-
trasonography, was significantly greater, while mi-
nor complications including 1 superficial infection 
and 2 keloids occurred in the non-treated group90. 
In another study87, a comparison was made of the 
overall arthroscopic appearance and the gross 
morphology and histology of tendon grafts and of 
the joints of patients treated with leukocyte-free 
PRGF infiltration with those not treated during 
anterior cruciate ligament (ACL) surgery87. During 
the remodelling period (6-24 months) the treated 
group showed more signs of remodelling, matu-
ration, and a synthesis of new connective tissue 
which wrapped the infiltrated tendon graft with 
more and better-oriented cells, more akin to the 
native ACL than in the non-treated one87.

Recently two other studies assessed the biological 
effect of leukocyte-free PRGF on other cell line-
ages such as keratocytes, conjunctival fibroblasts91 
and gingival fibroblasts92 and synoviocytes93. Leu-
kocyte-free APPDP formulations promote the fi-
broblast phenotype and revert the myofibroblast 

55



Repair and regeneration: connecting the dots among coagulation, immune system, and fibrogenesis

3

pleiotropic-biological functions as members of a 
molecular network linking different modules or 
systems. Indeed, the results shown in this analysis 
suggest that applications concerning APPDPs are 
aptly framed within Nesse and Dawkins’ proposal 
that it is a mistake to seek single, uni-directional 
causal agents in biological processes; single spe-
cific biological factors do not exist for each func-
tion5. There are simply biological constituents 
which, in a particular tissue-cell environment, may 
act together as inhibitions/activations in so-called 
“genetic switch activities,” and induce the expres-
sion of cell phenotypes with various behaviours to 
promote tissue regeneration5. This concept, which 
has been discussed by Huang102, may account for 
biological findings that would otherwise appear 
contradictory, such as the fact that the same mol-
ecule, for instance TGF-β1 or a given cell type, 
such as macrophages, may exert diametrically op-
posed biological functions 6, 103 or that the same 
adult stem cell may express different cell pheno-
types in different microenvironments or tissue 
niches104.

Much scientific evidence, together with the foun-
dations of engineering biology, namely, standard-
ization, decoupling and abstraction105, has paved 
the way for several groups to use the blood as a 
raw material from which to obtain APPDPs as en-
dogenous regenerative technology19, 106, 107 instead 
of using the whole blood which conveys a multi-
plicity of cells and biomolecules whose role in the 
repair process is negligible or even detrimental 
(see chapter 4)57, 75, 76. At the same time, there are 
several crucial differences between autologous 
whole blood and autologous platelet- and plas-
ma derived products (APPDPs), and therefore it is 
quite inaccurate to infer clinical results from one 
product as applicable to the other, or to lump all 
these blood-derived products together18, 98, 108, 109. 

Moreover, we illustrate two examples of the treat-
ment of chronic Achilles tendinopathy97 in which 
the authors applied either a single injection of 
APPDP, following a local anesthetic injection, or 
two unguided peritendinous injections of au-
tologous whole blood, which showed a negligi-
ble clinical effect98. In the wake of these two poor 
clinical results and making inferences about other 
autologous platelet rich plasma products, some 
researchers have suggested that all these blood 
derived products are ineffective in the treatment 
of mid-portion Achilles tendinopathy. However, 
a recently published study99 by Charousset et al. 
showed clinical and radiological improvement of 
athletes with chronic Patellar tendinopathy who 
had been treated using three ultrasound-guided 
leukocyte-free APPDP infiltrations without any se-
dation or local injected anesthesia99.

5. PLEIOTROPY AND ROBUSTNESS 
OF MECHANISMS UNDERLYING PRP 
THERAPIES

Wound healing or tissue reconstruction might be 
considered a byproduct of the mechanisms un-
derlying the biological defence program that en-
tails a set of overlapping complex phenomena en-
compassing both the recruitment of competent 
cells to undergo spatiotemporal phenotype com-
mitment and the patterning of cell gene-products 
to generate ECM and thereby, new tissues (fig. 
1)15, 54. There is a high degree of self-organization 
in the regeneration-repair process which may be 
seen as an open conditon-sensitve process where 
the environmental cues, both biomechanical and 
physico-chemical, play a crucial role in influenc-
ing and modulating cell phenotypes, in the gene 
expression, and in patterning the new tissue to 
mimic the one to be replaced16, 37, 100, 101. 

As is the case in TGF- β1, VEGF and HGF, most of 
the growth factors and cytokines in PRPs act on a 
variety of tissues just as they do in any biological 
system. These proteins exert their regulatory and 
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6. CONCLUSIONS

A biological approach to the application of APP-
DPs is crucial to obtaining optimum functional re-
pair outcomes in addition to avoiding poor clini-
cal results and drawing misleading inferences. 
Attempting to optimize the degree of functional-
ity by producing a repaired tissue that is intended 
to be structurally identical to the damaged tissue 
might be considered an “artificial” goal imposed 
by human purposes. In other words, we are creat-
ing new goals and placing new demands on cell-
based biological programs (to regenerate rather 
than repair in quiescent and non-dividing tissues) 
which were selected and conserved over millions 
of years in different species with a single goal: 
survival.1, 36

Several unanswered questions remain, some re-
garding molecular mechanisms that give rise 
to the clinical benefits, and others encompass-
ing dosage aspects such as how many injections 
would be ideal in a first approach, the interval be-
tween them, and whether combining PRPs with 
stem cells might enhance the healing power of 
PRPs. 

The time has come when we should no longer 
compare the biological and therapeutic efficacy 
of very distinct products in musculoskeletal or-
thopaedic surgery by lumping all autologous 
platelet-and plasma-derived products together. 
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essentially governed by cytokines, growth factors 
and other biological mediators The present chap-
ter summarizes our current knowledge of effects 
of blood-derived biological drug delivery thera-
pies (BDDTs) on tissues of  the musculoskeletal 
system.

SUMMARY

An innovative approach to the treatment of acute 
and chronic sports injuries is the use of engineer-
ing biology assisted by the application of blood-
derived biological drug delivery therapies (BD-
DTs) in their different formulations.  The common 
ground of cartilage destruction and osteoarthritis 
(OA), tendinopathies, muscle and ligament strains, 
bone fracture or nerve compression or transec-
tion, among other tissue damage, is the sterile 
inflammation. Key processes in repairing the 
damaged tissues are inflammation, angiogenesis, 
macrophage activation and polarization, cell fates 
and progenitor stem cell differentiation, fibrogen-
esis as well as the active resolution of inflamma-
tion, angiogenesis, and fibrogenesis, which are 
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2. BLOOD-DERIVED BIOLOGICAL 
DRUG DELIVERY THERAPIES

Platelets constitute one of the essential biological 
elements within the blood-BDDT. They are the first 
cells that accumulate at sites of injury and, after 
activation, release dozens of biologically active 
mediators into the microenvironment, including 
well-known chemokines, cytokines, and growth 
factors4. The multitude of released cues exerts 
complex biological effects that drive tissue repair 
and regeneration. For example, platelet-derived 
factors modulate activation of fibroblasts, induce 
proliferation and migration of cells critically in-
volved in tissue repair, such as smooth muscle 
cells and mesenchymal stem cells (MSCs)5, regu-
late angiogenesis, a pivotal process for recovery of 
tissue function6, and may regulate apoptosis and 
survival of cells by means of released platelet mi-
croparticles7. Thus, blood-derived BDDTs, which 
are enriched in platelet secretome, may success-
fully be used as productive and autologous thera-
peutic tools, promoting the healing and repair of 
injured tissues.

The fibrin scaffold, which is generated from the 
blood-derived BDDT, consists primarily of en-
riched fibrinogen, thrombin, and calcium and 
coagulation factors (figure 1). Interestingly, it 
fulfills the critical capacities  that a scaffold must 
have, including form, fixation, and formation8. 
For a scaffold to have form, it should be able to 
fill the space it is designed to fill. Blood-derived 
BDDT is used therapeutically to fill gaps in ulcers, 
bone defects or dental alveolus among others9, 10. 
Another key property is fixation: the ability of a 
scaffold to integrate and attach to the surround-
ing microenvironment. Autologous fibrin scaf-
folds are biocompatible and biodegradable, and 
they serve as delivery vehicles and as scaffolding 
matrices. Furthermore, they contain dozens of ad-
hesive proteins, including fibronectin, vitronectin, 
and serpins, among others (all of them pivotal ele-
ments from the extracellular matrix). Following a 
high-throughput proteomic characterization and 
classifying the proteins into families and networks 
according to gene ontology, more than 40 pro-

1. INTRODUCTION

Through the design and construction of synthetic 
biological materials, tissue engineering provides 
us with the best technically available scaffolds and 
replacement devices.  However, the weakest point 
of the current orthopaedic surgical treatments lies 
not with these highly sophisticated biomaterials 
but with the quality of patient tissues at the site 
where the synthetic biomaterials will be attached 
or anchored. Therefore the field of regenerative 
medicine is moving away from more traditional 
synthetic biology toward increasingly complex 
and multimolecular biological drug delivery ther-
apies (BDDTs). In fact, blood itself contains the ba-
sic ingredients to biologically engineer drug deliv-
ery devices that provide spatiotemporal control 
over the presentation of a wide range of bioactive 
agents including small molecules, cytokines and 
growth factors1. 

Blood contains a wide range of biological ele-
ments that influence the development of func-
tional substitutes for damaged tissues. It contains 
the basic ingredients of the tissue engineering 
triad, that is, cells, growth factors and scaffold-
forming elements2. Significantly, blood provides 
fibrin as a provisional scaffold for tissue growth. It 
also contains cell-signaling elements both in plas-
ma and in platelets in the form of biochemical or 
environmental cues that affect the biological fate 
and phenotype of cells. Importantly, BDDTs need 
not be seeded with cells before administration, 
since blood-derived fibrin scaffolds are enriched 
in a patient´s own growth factors and cytokines 
providing cues to direct endogenous cells, includ-
ing stem cells, to sites of repair3. The present chap-
ter highlights our current knowledge of BDDTs in 
the  therapeutic potential of their use in different 
relevant musculoskeletal tissue injuries including 
tendon, ligament, cartilage, muscle, and nerve. 
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chemokines, emphasize the importance of this 
biology-mimicking delivery system (figure 1) .

Opponents to blood-derived BDDT hold that 
these therapies may show relevant but still poorly 
understood mechanisms of tissue repair. Howev-
er, our accumulating  knowledge of biology and 
molecular biology is alleviating some of these 
concerns12. For example, platelets within the 
BDDT release agents such as hepatocyte growth 
factor (HGF) and stromal-derived growth factor 1 
(SFD-1), which are known to control proliferation, 
recruitment, and activation of cell types critically 
involved in wound healing and tissue regenera-
tion (figure 1). In particular, HGF exerts antiapop-
totic13, proangiogenic14, and immunosuppressive 
activity15 and promotes recruitment of MSCs to 
human arterial endothelial cells5. SDF-1 stimulates 
progenitor cell recruitment to arterial thrombi 
and differentiation of the cells to endothelial pro-
genitors in vivo16, 17 .

teins specifically involved in tissue regeneration 
and wound healing have been identified11. Finally, 
the fibrin scaffold is able to drive the formation of 
the intended tissue. 

Interestingly, blood-derived biological drug de-
livery therapy is modernizing the ancient “art of 
healing” by providing dosage-form versatility 
over drug availability (Box 1). Current novel blood-
based therapies can be administered topically, as 
an eye-drop or by subcutaneous, intradermal, and 
intramuscular injections. In addition, they can ex-
ist as a pure liquid, an in-situ gelling liquid, or a 
three-dimensional fibrin scaffold, thus enabling 
novel therapeutic strategies1. In general, all of 
these therapeutic formulations are administered 
locally. Once situated, the fibrin scaffold acts as 
a depot of bioactive mediators at any injury site, 
temporally controlling their presentation. The 
short half-lives of the autologous biological me-
diators, including growth factors, cytokines, and 

FIG. 1
Blood-derived biological drug delivery therapies (BDDTs) are based on a combination of naturally derived biomaterials such as fibrin and a pool 
of growth factors. For example, the three-dimensional fibrin scaffold obtained from fractionated human plasma represents a physiologically 
inspired solution to control the release of the wide range of plasma and platelet-derived mediators64.
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The exposure of cells (tenocytes, chondrocytes, 
fibroblasts, myofibres) to a novel cytoplasmic and 
extracellular microenvironment can modify their 
gene on-off state (gene switches) which might 
induce them to turn on previously silent genes, 
thereby altering their gene expression and gene 
products such as metalloproteinases (MMPs) and 
other molecules of the ECM (figure 2)20, 21. 

The common ground of cartilage destruction and 
osteoarthritis (OA), tendinopathies, muscle and 
ligament strains, bone fracture or nerve compres-
sion or transection, among other tissue damage, 
is the sterile inflammation. Key processes in heal-
ing the damaged tissues are inflammation, angio-
genesis, macrophage activation and polarization, 
cell fates and progenitor stem cell differentia-
tion, fibrogenesis as well as the active resolution 
of inflammation, angiogenesis, and fibrogenesis, 
which are essentially governed by cytokines, 
growth factors and other biological mediators 
(figure 3)22.

3. MECHANICS RULES CELL BIOLOGY
 

Virtually all the cells of the musculoskeletal tissues 
are mechano-sensitive and experience mechani-
cal stress through the distortion of the extracellu-
lar matrix (ECM) complex. They respond to these 
stresses by changing their cellular biochemistry 
and physiology (mechanobiology and plastic ad-
aptation) (figure 2)18. Moreover, mechanical forces 
are required to maintain the physical integrity of 
anatomical structures and homeostasis of the tis-
sues by regulating cell functions, including gene 
induction, protein synthesis, and cell proliferation, 
differentiation, growth, survival and apoptosis19.

However, the exposure of musculoskeletal cells 
to nonphysiological stimuli, either mechanical or 
biochemical, leads to swings of the tissue pendu-
lum towards profound alterations of components 
of the extracellular matrix both cellular and acellu-
lar as well as the physical and chemical properties 
of the ECM. Such stimuli lead to cell microenviron-
ment damage, degeneration and disease20.

Chronic inflammation-Tendinopathy

Allostasis

Function

TISSUE-CELL HOMEOSTASIS

PLASTICITY

OVERUSE INJURY

Low turnover

MMPs

Lack of mechanical stress

SEDENTARISM

DISRUPTORS

Vascular imbalance

High turnover

Adaptatio
n

Degradation

Limitations to Adaptation

Cell/ECM Ratio

Macrophage activation 
and MMPs

Collagen type ICollagen type I

Temperature Lactate, Acidic pH Micro-ruptures

FIG. 2
The exposure of musculoskeletal cells to non-physiological stimuli, either mechanical or biochemical, leads to swings of the tissue pendulum 
towards profound alterations of cells and components of the extracellular matrix as well as the physical and chemical properties of the ECM. Such 
stimuli lead to cell microenvironment damage, low chronic inflammation and disfunction20, 39.
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FIG. 3
The common ground of cartilage destruction and osteoarthritis (OA), tendinopathies, muscle and ligament strains, bone fracture or nerve com-
pression or transection, among other tissue damage, is the sterile inflammation. B Tissue injury disrupts the chemical and physical composition of 
cell microenvironments, which prompts several cell lineages to respond with a pro-inflammatory gene expression through activation of the NFkB 
signaling pathway without any involvement of pathogens. C A hypothetical mechanism by which the concurrent presence and a balanced ratio 
between platelet-secreted TGFB1 and VEGF, and plasma growth factors such as IGF-1 and HGF all conveyed by blood-derived BDDT might exert 
some biological effects. D Blood-derived BDDT, GFs within it such us HGF, PDGF, IGF-1,TGFB1, and platelet microparticles have proven to exert an 
immunomodulatory effect and promote an antiinflammatory environment22.
(Reprinted with permission from Padilla et al.22)
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apy24, 28 (figure 4 B). They may be applied either 
alone, harnessing the proliferative, migratory, and 
chondrogenic effect on endogenous mesenchy-
mal progenitor cells30, or as a carrier of stem cells 
and/or extracellular components such as colla-
gens and hyaluronic acid31. Animal model studies 
suggest that autologous blood-derived biological 
drug delivery therapies, whose fibrin is embed-
ded with platelet-derived and plasmatic GFs, ei-
ther alone or seeded with MSCs, have potential as 
a gel-scaffold for focal cartilage and osteochon-
dral defects repair32-35. These BDDT products are 
minimally manipulated, conceived and prepared 
in situ and ready to be applied in the medical of-
fice or in the surgical theatre. Intraarticular injec-
tions of blood-derived BDDT have been proven 
to reduce pain and improve joint functionality in 
patients with knee or hip osteoarthritis36, 37 (Figure 
4 B, Box 2). Moreover, an increasing body of evi-
dence indicates that blood-derived BDDT serves 
as a bone marrow stimulating approach, or com-
bined with hydrogel, collagen and/or hyaluronic 
acid membrane, as a carrier of bone marrow-de-
rived mesenchymal stem cells, resulting in struc-
tural and functional improvement in human focal 
cartilage defects27, 30, 34. A new strategy to safely 
deliver blood-derived BDDT to the damaged syn-
ovial joint–a strategy which circumvents systemic 
toxicity, offers an excellent bioavailability and 
does not present molecular size limitation–is the 
combination of intraarticular and intraosseous in-
filtrations of blood-derived BDDT as an in situ bio-
logical “joint centric” approach to treat traumatic 
osteochondral defects, osteochondritis disecans, 
osteonecrosis, bone marrow edema-like lesions, 
and osteoarthritis. Such clinical application opens 
new therapeutic avenues in treatment of joints 
pathologies28, 38 (Box 2, Figure 4 B) (see chapter 9 
and 11). 

Tendon tissue
Musculoskeletal injuries are a growing medical 
problem associated with overuse and/or aged-
related tissue alteration with an estimated annual 
$30 billion spent on its management in the USA 
alone. Tendon and ligament represent 45% of 
these injuries and unfortunately none of the vari-
ous therapeutics– including exercise-based physi-

4. EFFECTS OF BLOOD-DERIVED 
BDDT ON MUSCULOSKELETAL 
CONDITIONS

Thanks to a deeper understanding of molecular 
and cellular processes going on in musculoskel-
etal pathologies, orthopaedic surgery is going 
through a serious paradigm shift: instead of sim-
ply removing and replacing damaged tissue with 
artificial devices and materials, blood-derived bio-
logical drug delivery therapy application is aimed 
at triggering and enhancing the natural in vivo 
tissue morphogenesis and regenerative capacity 
of damaged tissue23 (see chapter 3). 

With this in mind, blood has always been present 
in the equation of healing therapies. Several lines 
of evidence derived either from systemic or lo-
cal stem cell niche therapies, and represented by 
parabiosis or microfractures and tendon scarifica-
tions respectively, support the concept that fac-
tors stemmed from platelets or plasmatic proteins 
are candidates for mammalian tissue rejuvenation 
and healing24-28. 

Articular cartilage
The treatment of synovial joint pathologies such 
as traumatic osteochondral defects, osteochon-
dritis disecans, osteonecrosis, bone marrow ede-
ma-like lesions, and osteoarthritis, whose ultimate 
victim appears to be the articular cartilage, with 
the subchondral bone as the culprit, remains 
daunting29. Current therapeutic strategies are 
oriented towards harnessing the endogenous re-
pair response by stimulating bone marrow cells 
through drilling and microfracturing approaches, 
the transplantation of osteochondral autograft 
and osteochondral allograft, joint distraction, and 
the implantation of autologous chondrocytes. In 
this complex therapeutic landscape, blood-de-
rived biological drug delivery therapies emerge as 
a promising adjuvant autologous biomaterial with 
trophic-anabolic, antiinflamatory, immunomodu-
latory, antioxidative, and analgesic effects on joint 
tissues (Box 2)28. Versatility makes these products 
optimal biomaterial, to be applied at the dysfunc-
tional and deregulated injured site as a niche ther-
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with other highly specialized biological structures, 
tendons are extremely effective at performing the 
roles for which they have evolved while yet re-
maining particularly delicate. The fragile balance 
that their cells maintain with the extracellular 
matrix can be disrupted in different ways. This is 
the case, for instance, for high level sports activi-
ties with high performance demands and dam-
age from overuse, or, in the opposite sense, the 
case of a sedentary life style and the subsequent 
damage from disuse. Acute and chronic tendon 

cal therapy, corticosteroid injections, non-steroi-
dal anti-inflammatory drugs, extracorporeal shock 
wave therapy and surgical interventions–has pro-
vided a successful long-term solution39.Tendon is 
a hypo-cellular dynamic mechanosensitive com-
posite structure that harbors immunocompetent 
and tendon multipotent stem/progenitor cells 
(TDSCs)40, the key targets of blood-derived BDDTs 
(Figure 4 A, Box 3). The anabolic/catabolic balance 
of stromal and parenchymal cells shift according to 
its mechanical loading history (Figure 2). Together 

FIG. 4
Advances in regenerative orthopaedics based on the application of blood-derived BDDT. A) Intratendinous infiltrations and application of scaffolds 
obtained from blood-derived BDDT to assist surgical reconstruction of tendon ruptures. In chronic tendinopaties, intratendinous injections are 
applied under ultrasound guidance. B) A novel approach to treating severe knee osteoarthritis and osteochondral injuries by targeting synovial 
membrane, superficial articular cartilage, synovial fluid, and subchondral bone by combining intraarticular injections and intraosseous infiltrations 
of blood-derived BDDT. C) Blood-derived BDDT has been proposed as a bridge from spontaneity to molecular intervention in muscle tear repair. 
Early intramuscular injection performed with ultrasound guidance allocates the product into interfascicular and interfibrillar space, and into the 
injured site. Local fibrinolysis acts on fibrin scaffold gradually releasing GFs and cytokines. D) Peripheral nerve regeneration relies on angiogenesis 
and Schwann cell transdifferentiation, whose exploratory behavior drives spontaneous nerve regeneration. Ultrasound-guided intraneural infiltra-
tions of blood-derived BDDT combined with the application of a fibrin scaffold wrap the injured area and enhance nerve regeneration22.
(Reprinted with permission from Padilla et al.22)
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promoting multi-cellular assembly and target-
ing muscle stem and immunocompetent cells, 
providing chemical signals, mechanical support 
and plastic-elastic stiffness which not only has a 
drastic impact on fates of muscle stem cells, but 
also endows tissues with a suitable mechani-
cal and chemical microenvironment for biologi-
cal restoration49 (Figure 1, and 4 C). This dynamic 
sponge-like fibrin-matrix biological drug delivery 
therapy is autologous, bio-reabsorbable, and bio-
compatible12. The application of blood-derived 
BDDT has been shown to shorten the recovery 
time and even to reduce pain in the case of hu-
man application50. Notable here is another recent 
study which reported no benefit of this therapeu-
tic approach51. However, it is quite possible that 
the source of inconsistent clinical outcomes in 
muscle injuries treated with blood-derived BDDT 
could well be derived from the delayed adminis-
tration, low dosage, and the heterogeneity of the 
blood-derived BDDT  biological composition it-
self, for which there is yet no standard protocol52. 
In order to characterize, standardize, and tailor the 
composition of blood-derived BDDT to the specif-
ic cellular target and tissue repair processes, sev-
eral in vitro and in vivo efforts are ongoing with 
an emphasis on applying only plasmatic factors or 
modifying its composition53 by blocking TGFB as a 
fibrotic factor or depleting the myostatin (MSTN) 
with the goal of enhancing myoblast differentia-
tion54, 55.

In the management of peripheral nerve injury 
(PNI) and fuelled by the drawbacks posed by autol-
ogous nerve autografts, a great deal of biomedical 
engineering strategies have been applied, includ-
ing nerve guidance conduits and scaffolds, incor-
poration and delivery of neurotrophic factors56, in-
corporation of support cells into nerve guidance 
conduits (NGCs) or fibrin gels, and stimulation of 
target organs through intramuscular injections of 
GFs56, 57. In animals, platforms using fibrin scaffolds 
bathed in a cocktail of growth factors and injected 
or placed into the damaged area enhance the ax-
onal growth necessary to achieve optimal func-
tional recovery56, 58.(Box 4). In humans, the mo-
lecular intervention with blood-derived BDDT is 
partially bridging the gap between the basic and 

injuries result in pain, focal tenderness, and a de-
crease in strength and movement stemmed from 
an inflammed and/or ruptured tendon. Blood-
derived  autologous bio-scaffolds have been used 
for a number of years as a raw material in tissue-
engineered constructions, either alone in liquid or 
matrix formulations, or enriched with mechanical 
or chemical signals, and its application has been a 
product of in vitro and in vivo research which has 
provided a better understanding of tenocytes and 
TDSC response to blood-derived BDDT41-43 (Box 3, 
Figure 4 A).

Blood-derived BDDT has been applied either as 
US-guided intratendinous or intraligament in-
filtrations on chronic patellar tendinopathy and 
acute ankle sprain44, 45 respectively or as intraten-
dinous infiltrations combined with fibrin scaffolds 
intraoperatively on surgically repaired Achilles 
tendons tears43 (Figure 4 A). In both situations, 
results showed an improvement of symptoms 
and function, a return to normal architecture of 
tendon and syndesmosis assessed by MRI, and a 
shorter time in the recovery of motion and return 
to sporting activities43. Moreover, the application 
of blood-derived bio-scaffold on the tendon graft 
or the donor-site level after anterior cruciate liga-
ment reconstruction was found to significantly 
reduce clinical symptoms and accelerate the pro-
cess of remodelling and integration of the graft, 
in addition to satisfactorily filling the gap and re-
constructing patella tendon and tibial and patella 
bone gap46-48.

Muscle and Nerve tissues
Two other highly specialized tissues that form a 
functional unit in the musculoskeletal system are 
muscles and nerves, and several parallels can be 
drawn between their regeneration processes (Box 
4). In acute muscle injuries, blood-derived BDDT 
liquid is infiltrated into the injury site, adjacent 
areas and peripheral healthy muscle under ultra-
sound guidance. In the ensuing 1-3 minutes, this 
liquid-to-gel transition 3D injectable scaffold al-
lows a successful filling of the muscle gaps and 
defects and serves as a highway for mechanical 
energy to transit from the environment to the 
cell, thereby bridging cell-to-cell tissue transition, 
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properties of the autologous preparations. Efforts 
must continue to expand the science behind the 
current generation of blood-derived BDDT. The 
exploration of its potential for the ex vivo expan-
sion of mesenchymal stem cells, together with 
the value of fibrin scaffolds for stem cell handling 
and transplantation, may also reduce some of the 
challenges faced in the field. Finally, homologous 
blood-derived BDDT may become an alternative 
to patients whose blood components such as 
plasma, platelets, or fibrinogen lack several re-
generative key inductors. As a result of these and 
other advances, the safe clinical implementation 
of blood-derived BDDT is expected to accelerate 
and expand.

clinical application, and in a double-blind, rand-
omized, clinical trial, the application of US-guided 
blood-derived BDDT injections in tibial and ulnar 
nerves has shown sensory improvement in lep-
rosy peripheral neuropathy59. In addition, several 
case studies applying blood-derived biological 
drug delivery therapies either as a filler of nerve 
conduits across nerve gaps post trauma60 or by in-
filtrating intraneurally in a peroneal nerve palsy61, 
have reported neurological recovery (Figure 4 D). 
Therefore, blood-derived BDDT applied in a com-
binatorial strategy as a filler, suturable membrane, 
and scaffold, stand out as a promising candidate 
for an adjuvant nerve repair approach which can 
be harnessed by surgeons in the operating room 
and in the clinical setting.61, 62 (see chapter 16).

5. FUTURE DIRECTIONS

The daunting complexity of many musculoskel-
etal tissues targeted by blood-derived BDDT, cou-
pled with misleading factors associated with the 
regulatory, clinical and commercial contexts, adds 
up to multiple barriers to further product devel-
opment and progress. In the last few years, many 
aspects related to the technological, biological 
and pharmaceutical fields have been addressed, 
including strategies for in vitro characterization 
of drug release, regulatory processes for in-situ 
drug preparation63, minimizing manipulation, 
and preparing devices that enhance safety and 
versatility of blood-based biological drug delivery 
therapies. Moreover, efforts in academia and the 
biotechnology industry to rapidly translate basic 
to clinical applications tend to overtake our basic-
science understanding of the biological roles of 
this therapy. 

Fortunately, there are reasons for optimism. Novel 
formulations and fabrication methods are likely to 
help broaden the catalogue of blood-based BDDT 
applications. Designing operator-free technolo-
gies for BDDT fabrication together with the use 
of new technologies of additive manufacturing, 
or 3D bioprinting, may help to control the final 
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BOX 1

Biopharmaceutical considerations about biological drug delivery therapies

The therapeutic success of a medicine does not only rely on the type and number of drugs (biologically active mediators) but also 

on the manner and timing of their delivery to the tissue. When drugs are released without control over their location or rate of 

delivery, large doses are needed to achieve the desired biological effects, leading to increased toxicity or undesirable side effects. 

Blood-derived biological drug delivery therapies (BDDT) are based on a combination of naturally derived biomaterials such as 

fibrin and a pool of growth factors. For example, the three-dimensional fibrin scaffold obtained from fractionated human plasma 

represents a physiologically inspired solution to control the release of the wide range of plasma and platelet-derived mediators64. 

In practice, the release profile is a combination of diffusion and degradation of the matrix. Diffusion controls the release of the 

biologically active agents when it is slow compared with the rate of drug dissociation from the material, yet it happens much faster 

than material degradation65. Matrix degradation is preferentially regulated by hydrolytic cleavage of the carrier body and by enzy-

matic degradation. In this way, growth factors are progressively released and the fibrin scaffold acts as a temporary matrix for the 

new growing tissue (figure 1). 

BOX 2

Harnessing endogenous repair process of joint tissues

Articular cartilage (AC) is a tissue that is remarkably resilient to compressive and shearing forces. Yet it is highly fragile to altera-

tions of the synovial membrane (SM) and subchondral bone (SCB), two well-vascularized tissues from where systemic and local 

inflammation insults arise66. These aggressions are mediated by pro-inflammatory cytokines and inflammatory macrophages and 

synoviocytes, which damage articular cartilage as in the case of rheumatoid arthritis or osteoarthritis66. However, SM and SCB are 

also the egress point and source of nutrients and mesenchymal progenitor cells for mounting a chondrogenic reparative response, 

which is driven by the recruitment and chemotactic homing of synovium and bone marrow-derived stem cells mediated by SDF-1, 

TGFB, and fibronectin. This is the case in microfracture techniques and in the combined strategy using intraarticular (IA) and intra-

osseous (IO) infiltrations of blood-derived BDDT26, 28. In doing so, this novel local BDDT tackles the four synovial joint tissues—AC, 

SF, SM, and SCB—and acts as a dynamic autologous liquid scaffold that, in a sustained and gradual manner, conveys chemotactic 

endogenous MSC homing and chondrogenic factors such as SDF-1, TGFB, and fibronectin27, 28, 30, 67. In addition, this BDDT dampens 

inflammatory stress at the level of joint tissues, by both inhibiting the NFkB on chondrocytes and macrophages68 and up-regulating 

the antioxidant response element  NF-E2-related factor 2 (NrF2-ARE) pathway in osteoblasts69. Improvements of clinical outcomes 

in patients with knee and hip OA were reported applying this strategy28, 36, which might primarily be mediated by HGF, CTGF, IGF-1, 

PDGF, among others68-71, thereby paving the way to cartilage regeneration, however elusive it may remain (figure 3).
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BOX 3

Adaptation, inflammation, and homeostatic process in tendon.

There is increasing evidence showing that tendon and ligament adaptation, injury, and repair processes share several intracel-

lular pathways, and although it is difficult to draw the line between the cellular and molecular responses that lead to either tissue 

adaptation or tissue damage, inflammatory process appear to be at the interface of tendon adaptation and damage (figure 2)39, 

68. Repetitive mechanical loading, as is the case in early stages of tendinopathy, and tendon overuse induce the activation of NFkB 

and thereby the synthesis of matrix metalloproteinases (MMPs), two isoforms of cyclooxygenase (COX) COX-1 and COX-2, and PGE2 

by inflammatory tenocytes, mast cells and other immunocompetent cells39, 72-74. PGE2 is a major systemic and local inflammatory 

mediator that decreases the production of collagen and causes aberrant differentiation of TDSCs into adipogenic and osteogenic 

lineages [74], which might partially account for the presence of fibrocartilage, calcifications and adipose tissue in injured and 

chronic degenerative tendons39, 40, 72, 74. 

An excellent series of in vitro and in vivo studies demonstrated that blood-derived BDDT induced tenocyte proliferation, stimu-

lated the synthesis of type I collagen and the neovascularization [42], promoted differentiation of TDSCs into active tenocytes, but 

significantly, the addition of leukocytes into the releasate increased the synthesis of PGE2 and the gene expression of metallopro-

teinase-1 (MMP-1), MMP-13, interleukin-1B (IL-1B), and decreased the expression of alfa-SMA as a marker of active tenocytes73-75. 

Among the myriad mediators conveyed by blood-derived BDDT, hepatocyte growth factor (HGF), and lipoxin A4 (LX4) have been 

shown to exert an anti-inflammatory and pro-resolution of inflammation effect on injured tendons (Figure 1 D and Figure 2 A)73, 76.

BOX 4

Blood-derived BDDT application on muscle and nerve pathologies

Early inflammation, muscle satellite and stem cell-like myelinating Schwann cell activation, angiogenesis, and macrophage polari-

zation, are key drivers of full function recovery, where growth factors (GFs) and the fibrin scaffold are instrumental instructive and 

permissive factors77-80. In the full reconstruction of muscle tissue, endothelial and muscle satellite cells, together with macrophages 

and other myogenic progenitor cells, signal reciprocally primarily by VEGF, PDGF, IGF-1, and HGF, making angiogenesis, myogen-

esis and neurogenesis proceed concomitantly77, 80. In extensive in vitro and in vivo preclinical studies, the combination of the afore-

mentioned GFs or the use of blood-derived BDDT promoted an earlier regeneration of damaged muscles mainly by the modula-

tion of inflammatory response, a reliable angiogenic stimulus, a significant expansion of the myogenic pool, and a macrophage 

polarization from an inflammatory to a trophic phenotype79-81. These biological effects prevented the formation of aberrant repair 

and fibrosis, which would otherwise result in clinical muscle relapses (figure 4 C).

In the management of peripheral nerve injury (PNI) blood-derived BDDT has emerged as a novel and versatile adjuvant approach. 

Once infiltrated intraneurally as a liquid-to-gel injectable scaffold, or wrapped around the injured nerve gap as a matrix-like vis-

cous and malleable structure, or both, [58] (Figure 4 D) tissue fibrinolysis breaks the fibrin down, thereby releasing cell signalling 

molecules such as neurotrophic (NGF, BDGF, IGF-1, PDGF, VEGF, HGF) and neurotropic factors (fibrin, fibronectin, and vitronectin)82. 

These biomolecules govern early inflammation, stem cell-like myelinating Schwann cell activation, angiogenesis, macrophage 

polarization, as well as the active resolution of inflammation, angiogenesis, and fibrogenesis, thereby acting as key drivers of full 

nerve function recovery56, 77.
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therapeutic potential of platelet-rich plasma and 
growth factors for protective and regenerative 
treatment of muscle and cardiac ischemic pathol-
ogies. We discuss the experimental and clinical 
results obtained when PRP/PRGF were injected 
in animal models of limb ischemia and myocar-
dial infarction or angina patients, together with 
the mechanisms involved in such effects. Finally, 
the combination of platelet-derivatives with stem 
cells is also described as a novel protein/cellular 
delivery platform with improved potential for 
treating ischemic disease.

SUMMARY

Ischemic diseases remain the first cause of mor-
bidity and mortality worldwide. Current standard 
approaches based on drug-therapy or surgery 
have a palliative but not a repairing effect, which 
leads to chronification and worsening of the dis-
ease. Novel alternative approaches based on pro-
tein and stem cell therapy have been thoroughly 
assessed in the last two decades. Platelet-rich 
plasma has been shown to act as a rich depot of 
pro-angiogenic, pro-survival and pro-myogenic 
growth factors that can be locally released in 
the diseased tissues. This chapter focuses on the 
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tients with CLI have not only a high risk of amputa-
tion but also a high rate of cardiovascular death, 
often due to complications related to coronary 
artery (55%) and cerebrovascular atherosclerosis 
(10%)3. Despite the remarkable progress made in 
medical treatments and endovascular procedures 
for revascularization, patients with CLI have a very 
low quality of life. Nowadays, angioplasty, with or 
without stenting, and bypass surgery are widely 
used surgical interventions, and tangible results 
have been reported showing how they decrease 
mortality and limb loss while also increasing pa-
tency and improving wound healing4. 

Ischemic Heart Disease (IHD) is the leading cause 
of death in the developed world, representing 33% 
of deaths of patients aged over3, 5. It is estimated 
that each year cardiovascular diseases cause a to-
tal of about 4 million deaths in Europe alone, most 
due to coronary heart disease, representing 47% 
of all deaths. Worldwide, the annual incidence of 
heart failure has reached staggering numbers, cul-
minating in 20 million cardiac-related deaths per 
year worldwide. Indeed, decompensated heart 
failure is now the primary indication for repeated 
hospitalization, resulting in an annual expenditure 
of US$120 billion worldwide and a 5-year mortality 
of around 50% (reviewed in1,5).

Myocardial ischemia generally develops when 
deposits of cholesterol particles accumulate on 
the walls of heart blood vessels and form plaques, 
which narrow or block the arteries that supply 
blood to the heart. As in ischemic limbs, the lack of 
blood supply leads to cell death and tissue necro-
sis, which activates heart tissue inflammation and 
remodeling responses. By these processes, necrot-
ic cells are eliminated and replaced by a non-con-
tractile fibrotic scar mainly composed of activated 
fibroblasts and extracellular matrix components6. 
These compensatory mechanisms initially prevent 
cardiac rupture but, with time, become a maladap-
tive response, leading to contractile dysfunction, 
arrhythmias and ultimately, heart failure. 

Routine therapies driven to improve myocardial 
function in IHD include pharmacological treat-
ment, percutaneous intervention and surgery. 

1. EPIDEMIOLOGY AND PATHOLOGY 
OF CARDIOVASCULAR DISEASES

Ischemia defines a state in which blood flow is in-
sufficient to meet metabolic demands. This con-
dition occurs regularly but transiently in healthy 
humans, for example when they begin to exercise. 
On the pathological side, there are multiple me-
chanisms that impair the functional and structu-
ral responses of the vasculature to the metabolic 
demands of the muscle and cardiac tissue (among 
others), provoking ischemia. According to the 
World Health Organization, cardiovascular disea-
ses represent the first cause of morbidity and mor-
tality worldwide, with approximately 17 million 
deaths per year. Unfortunately, predictions are not 
favorable and it is estimated that by 2030 about 24 
million people per year will die from these disea-
ses, which represents 42% of deaths worldwide1. 
Risk factors associated with ischemia are multiple, 
the principal ones being hypertension, high cho-
lesterol, obesity, diabetes, aging, family history of 
cardiovascular disease, gender and ethnic origin. 
External factors like physical inactivity, tobacco 
and alcohol consumption also have a great in-
fluence on the progress of these diseases.

Peripheral Artery Disease (PAD) is a common cause 
of great disability and morbidity. The annual inci-
dence of this ischemic disease in Europe and the 
United States ranges from 500 to 1000 new cases 
per million people2. PAD is an occlusive atheroscle-
rotic disease caused by blockage of the arteries 
by cholesterol plaques that cause compromised 
blood flow in the limbs. Following atherosclero-
sis and blood flow limitation, adaptation, malad-
aptation and injury in the distal vascular bed and 
skeletal muscle contribute to exacerbate the dis-
ease. Symptoms of PAD include intermittent clau-
dication, which is defined as calf or buttock pain 
or cramping with walking caused by inadequate 
blood flow to the limb. The most severe symp-
tomatic manifestation of PAD is Critical Limb Is-
chemia (CLI), defined as pain at rest due to reduced 
blood flow to the limb. CLI may further result in 
ischemic ulceration and gangrene formation. Pa-
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However, these techniques are aimed at minimiz-
ing the symptoms and preventing the progres-
sion of the disease, but are not able to regener-
ate the tissue or to restore the heart function in a 
sustained manner. Therefore, the only real option 
for severe cases is heart transplantation with the 
concomitant limitations of the donor waiting lists 
and the need for an immunosuppressive regimen 
to prevent rejection. The failure of these therapies 
to rescue the damaged heart and the inconven-
ience of heart transplants have led to the emer-
gence of alternative treatments, including protein 
(reviewed in7) and stem cell (SC)–based (reviewed 
in8) therapies. These novel strategies are directed 
to induce tissue revascularization as well as to in-
tervene in the tissue remodeling processes, and 
are vital for treating IHC as well as PAD patients9. 
Protein-based therapies as examples of this type of 
treatment will be discussed in detail in the follow-
ing pages. 

2. TREATMENT WITH GROWTH 
FACTORS FOR RECOVERY OF
ISCHEMIC TISSUES

Since Dr. J. Folkman first described the process 
of angiogenesis in 1971, much has been learned 
about the cells, the extracellular factors, and the 
signaling pathways that modulate the neovas-
cularization process10. Neovascularization, the 
establishment of stable and functional blood ves-
sel networks, involves multiple complex events 
that require several angiogenic factors to induce 
sprouting of pre-existing resident endothelial 
cells (angiogenesis), maturation and enlargement 
of size of pre-existing small vessels through vas-
cular remodeling (arteriogenesis), and the recruit-
ment of endothelial progenitor cells (vasculogen-
esis)11. 

Angiogenesis, arteriogenesis, and vasculogenesis 
are critical to the process of ischemic muscle re-

generation, and they are closely related to inflam-
mation and extracellular matrix remodeling. Al-
though the complex interactions between these 
multiple cell types are still not totally understood, 
the major role that monocytes and macrophages 
play in the remodeling process is well known, as 
they are recruited at the injured sites and gener-
ate chemokines and growth factors that contrib-
ute to arteriogenesis and angiogenesis. These fac-
tors are important for the subsequent recruitment 
of leukocytes to the injured tissue as well as en-
dothelial and smooth muscle progenitor cells, and 
also play a critical role in the activation of muscle-
derived progenitor cells. 

In recent years, many growth factors and cytokines 
have been identified and their function analyzed 
in different animal models of ischemia, includ-
ing those for high limb ischemia and myocardial 
infarction. Among these factors, VEGF has been 
pointed out as a key stimulatory factor of angio-
genesis12, which strongly induces endothelial cell 
proliferation and migration. However, the com-
bined action of other factors is necessary in order 
to induce vascular maturation and stabilization, as 
VEGF by itself promotes the formation of leaky and 
unstable capillaries13. Factors like PDGF-BB are es-
sential for these processes, and the lack of this sin-
gle factor leads to fragile neovasculature14. Mor-
evoer, bFGF and HGF also cooperate with VEGF or 
PDGF-BB by acting as chemoattractans to smooth 
muscle cells and inducing their growth. Thus, their 
action favors the promotion and enlargement of 
collateral vessels, as it has been previously shown 
in several animal models of limb ischemia and my-
ocardial infarction15,16. Furthermore, the anti-in-
flammatory and anti-fibrotic role of HGF has also 
been demonstrated17. Other factors like SDF-1 
and IGF-1 have direct or indirect effects on endog-
enous angiogenesis. SDF-1 guides, together with 
VEGF, the recruitment and homing of endothelial 
progenitor cells to ischemic muscles, contributing 
to neovascularization18, and IGF-1 also stimulates 
angiogenesis19, although with a less potent effect 
than other angiogenic factors. Importantly, a ro-
bust anti-apoptotic and pro-myogenic role has 
been reported for IGF-120. 
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3. NOVEL TREATMENTS FOR THE IS-
CHEMIC MUSCLE: IS PLATELET-RICH 
PLASMA AN ALTERNATIVE OPTION?

3.1 Platelet-rich plasma

As previously discussed, successful reperfusion of 
the ischemic tissue depends on stimulation of an-
giogenic and arteriogenesis activities23. Platelets 
are critical to hemostasis and subsequent angio-
genesis in wound healing. Transfusion of platelets 
enhances the angiogenic recovery of blood flow 
in models of ischemia24, while their depletion sup-
presses this process25. Platelets contain more than 
20 growth factors that stimulate proliferation, 
survival, adhesion, and chemotaxis of different 
progenitor cells such as hematopoietic cells or en-
dothelial cells, affecting both angiogenesis, resto-
ration of blood flow and wound healing. Once ac-
tivated, platelets release pro-angiogenic and also 
anti-apoptotic and pro-myogenic factors, includ-
ing VEGF, SDF-1, PDGF, FGF-2, HGF, TGF and KGF 
(reviewed in26). Since platelets constitute a po-
tential source of multiple autologous growth fac-
tors, proteins and chemokines involved in tissue 
regeneration, a product enriched in platelets was 
designed, the platelet-rich plasma (PRP) product 
(also termed autologous platelet)27. The initial ra-
tionale for PRP products was to replace the blood 
clot with a preparation enriched in platelets, 
which could, once activated, secrete a large pool 
of proteins and factors to the local milieu, driving 
the tissue regeneration mechanism. Later on, an-
other technique was developed to obtain a type 
of plasma that is highly enriched with proteins 
and circulating growth factors and concentrated 
in a gelatinous form, which has been named PRGF 
(Plasma Rich in Growth Factor)28. PRGF presents 
the advantage over PRP that it does not need 
thrombin for coagulation, being produced by a 
simple calcium-based reaction. Finally, Platelet 
Rich Fibrin (PRF) has also been produced by a 
simplified preparation, with no manipulation of 
blood. A detailed description of the preparation 
of these three platelet-derived products and their 
main features and advantages for therapeutic use 
has been previously reviewed29. 

Positive results have been observed after treat-
ing different ischemic animal models with pro-
angiogenic growth factors. For example, on this 
basis, therapeutic angiogenesis was proposed as 
a good treatment for PAD and IHD patients. How-
ever, clinical trials of single and solution forms of 
pro-angiogenic agents have proven to have lit-
tle or no efficacy in patients with such disorders. 
Thus, despite Phase-I clinical trials demonstrating 
promising results in patients with either PAD or 
IHD treated with growth factors like FGF2, VEGF 
or HGF, multi-center, randomized, double-bind, 
placebo-controlled phase-II/III trials contradicted 
the previous results, showing no significant ben-
eficial effects in any of the groups of ischemic pa-
tients who received single doses of recombinant 
proteins such as FGF2 or VEGF, among others (re-
viewed in21). 

The major limitation found in these growth 
factors-based clinical trials is that a cocktail of 
growth factors and cytokines is likely to be re-
quired according to the complex intricacy of the 
angiogenic/arteriogenic and tissue remodeling 
processes; thus, administration of a single growth 
factor may not be sufficient to achieve a complete 
response13,15. In addition, the short half-life of the 
proteins due to their high instability and protease 
action when injected as a bolus may also counter-
act their beneficial effects. Also, the low local bio-
distribution and lack of dose control might reduce 
their possible benefit. To overcome these limita-
tions, several technologies have been explored to 
ensure more protected, controlled and localized 
release of the growth factors. These new tech-
nologies, which have been thoroughly reviewed 
by others22, include many biological and synthetic 
systems based on the preparation of functional-
ized scaffolds, liposomes, nano- or micro-parti-
cles, whose main function is to protect proteins 
from degradation and to preserve their bioactiv-
ity during their release into the damaged tissues. 
In that sense, the use of platelet-rich gels might 
be considered another release system for growth 
factors, and this will be described next.
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3.2 Application of PRP in ischemic peripheral di-
sease

Effective restoration of blood flow by augmenta-
tion of the number of capillaries and mature ves-
sels after PRP delivery has been demonstrated in 
mouse hind limb ischemia models30,31. Sustained 
release of PRP accelerates the homing of hemat-
opoietic progenitor cells to the ischemic site, 
which might be explained by the presence of VEGF 
and SDF-1 in the PRP, inducing the arteriogenesis 
process. Growth factors present in PRP play bioac-
tive roles in the proliferation and differentiation of 
endothelial cells and smooth muscle cells, which 
may contribute to the formation of functional col-
lateral vessels and facilitate their maturation32. 
The transient fibrin scaffold, which is formed after 
PRP activation and polymerization, in addition 
to contributing to angiogenesis by sequestering 
and releasing different growth factors, may favor 
cell survival in ischemic legs through cell adhe-
sion motifs33. Furthermore, this biological scaffold 
of fibrin contributes to wound healing of dermal 
tissue loss in patients affected by CLI. Platelet-de-
rived fibrin scaffold guides the mesenchymal cells 
to migrate from the base and the margins of the 
wound, eventually maturing into a granulation 
tissue34,35. They also contain anti-bacterial pro-
teins, which help to reduce bacterial colonization 
in foot ulcers36, as well as being less invasive, pain-
less, easier to apply, and tolerated better by the 
patients. In addition, in order to attain maximum 
therapeutic effects, the combination of platelet-
rich preparations with biomaterials has made it 
possible to develop novel therapeutic alterna-
tives, improving the preexisting ones and increas-
ing their versatility. In this sense, PRP-containing-
fragmin/protamine microparticles as a delivery 
system for proteins in PRP have been shown to 
induce local arteriogenesis and angiogenesis in a 
rabbit model of hind limb ischemia, suggesting its 
possible use as treatment for PAD and CLI32.

In the full reconstruction of ischemic limb mus-
cles, angiogenesis and myogenesis must proceed 
concomitantly. Vascular endothelial progenitor 
cells are probably essential for muscle repair, since 
satellite cells, the adult stem cells of the skeletal 

muscle, are pre-positioned near capillaries. Thus, 
satellite cells can easily interplay with endothelial 
cells to set up co-ordinated angio-myogenesis re-
sponse in a functional manner37. It has been shown 
that PRGF facilitates recruitment, activation and 
mobilization of myogenic progenitor cells and 
resident macrophages, contributing to muscle re-
pair process, in addition to the already activated 
endothelial cells, macrophages, and platelets in 
the injured area38. In an animal model of severe 
hind limb ischemia, PRGF increases blood perfu-
sion recovery, while improving the weight and 
caliber of affected myofibres. PRGF, in addition 
to preventing accumulation of fibrous tissue, im-
pedes the apoptotic response of endothelial and 
muscle progenitor cells to hypoxia, which may ex-
plain the angiogenic and myogenic activities af-
ter ischemia30. These results may be explained by 
the fact that upon activation, satellite cells accu-
mulate and proliferate close to capillaries, receive 
efficient support from endothelial cells for their 
growth, are pro-angiogenic, and co-localize with 
the new vessels during their myogenic differenti-
ation, which strongly suggests that angiogenesis 
and myogenesis signal reciprocally. In addition, 
myogenic cells undergoing differentiation secrete 
VEGF39, while endothelial cells produce a series of 
mitogens for myogenic cells 40. Thus, it is likely that 
angiogenesis and myogenesis share growth fac-
tors and cytokines contained in PRGF as co-regu-
latory factors. For example, VEGF effects extend to 
a variety of non-endothelial cell types, including 
myogenic cells41. VEGF stimulates myogenic cell 
growth and their migration42, protects them from 
apoptosis41,42, up-regulates myoglobin expression 
and promotes formation of regenerating myofib-
ers41. Similarly, bFGF, IGF1, HGF, and PDGF-BB 
influence muscle progenitor cells growth40. Fur-
thermore, SDF-1, as in endothelial cells, recruits 
satellite cells from their native position to dam-
aged areas for muscle repair43. Thus, harmonious 
increase of myofiber capillarization and caliber 
ensues, allowing larger myofibers to benefit from 
an appropriately enhanced blood supply. 
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progenitor cells20, greatly contribute to the regen-
eration of heart tissue. In that sense, the applica-
tion of PRP, which releases many of these factors, 
exerts a beneficial effect in the ischemic heart 
(Figure 1). Thus, in a first study performed in 2008 
by the group of Dr. Li and colleagues, thrombin-
activated PRP derived from rat blood was injected 
in a rat model of MI induced by the permanent li-
gation of the descendent coronary artery. A posi-
tive effect over tissue remodeling and accelerated 
healing was observed four weeks post-implant. In 

3.3 Application of PRP in ischemic heart disease

As well as in ischemic peripheral diseases, the ther-
apeutic potential of PRP has also been tested in 
diverse experimental models of myocardial infarc-
tion (Table 1). Similarly, the angiogeneic factors 
present in the PRP play a key role in rescuing the 
ischemic heart. Other factors like SDF-1 involved 
in the attraction of endogenous progenitors, or 
IGF-1, a potent factor that favors cell survival and 
induces the activation and proliferation of cardiac 

Animal 
Model Treatment Post-implant 

time analysis Analysis Plasma-derivatives Effect Reference

Rat AMI Rat Allogenic-PRP 4 weeks Histological
Angiogenesis activation
Limitation of ventricular expansion
Attenuation of myocardial hypertrophy

Li et al. (2008)

Mouse AMI
Mouse I/R Human-PRP (RevaTen) 3 weeks Functional (MR)

Histological
Functional improvement (higher EF)
Limitation of scar formation

Mishra et al. 
(2011)

Rat AMI Autologous Rat 
Platelet-gel 6 weeks Functional (Echo)

Histological

Preserved cardiac function
Limitation of ventricular expansion
Attenuation of myocardial hypertrophy
Angiogenesis activation
No immune-inflammatory reactions

Cheng et al. 
(2012)

Rabbit I/R Nanosecond Pulsed 
Rabbit-PRP 2 weeks Hemodynamics Improved LV function

Cardioprotection
Hargrave et al. 
(2012)

Sheep 
SubAcute MI Autologous PRGF 9 weeks Histological

No toxicity or Immune-inflammatory 
reactions
Angiogenesis activation

Gallo et al. 
(2013)

Pig AMI

Autologous PRP
+/- anti-oxidant & 
anti- 
  inflammatory 
agents
+/- Hidrogel

8 weeks

Functional 
(Echo)

Hemodynamics
Histological

Functional improvement (higher 
EF) and Limitation of ventricular 
expansion
Higher dp/dtmax
Angiogenesis activation
*Greater effects with combined 
treatment

Vu et al. (2014)

Rat AMI Rat Platelet Gel + 
CSC 3 weeks

Functional 
(Echo)
Histological

Functional improvement (higher EF)
Limitation of ventricular expansion
Angiogenesis and myogenesis 
activation

Cheng et al. 
(2012)

Rat AMI PRF + Autologous 
ADSC 6 weeks

Functional 
(Echo)
Histological / 
WB

Preserved LV function
Attenuated LV Remodeling
Angiogenesis activation

Sun et al. 
(2014)
Chen et al. 
(2015)

Rabbit 
dilated-CM
(Doxorubi-
cin-induced)

PRP + ADSC 15 days
Functional (Echo 
and Electro)
Histological

Impaired function and no remodeling 
improvement

Mosbacher et 
al. (2016)

Angina Class 
III/IV Patients

TMR + Autologous 
PRP 6 months Functional 

(Echo)
Lower/none angina episodes
Functional improvement

Wehberg et al. 
(2009)

TABLE 1 Summary of studies performed with platelet-rich derivatives in ischemic heart disease.
AMI: Acute Myocardial Infarction; SubAMI: Subacute Myocardial Infarction; I/R: Ischemia-Reperfusion; CM: Cardiomyopathy; TMR: Transmyocardial 
Rvascularization; MR: Magnetic Resonance; Echo: Echocardiography; WB: Western Blot; Electro: Electrocardiography; EF: Ejection Fraction.
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study performed by Chen and colleagues where 
an autologous platelet gel was also intra-myocar-
dially injected in infarcted rats46. Deterioration in 
the cardiac function was evidenced in the vehicle-
injected animals over the 6-week time course, 
while that was avoided in the platelet gel-injected 
animals. As in the previously described study, en-
hanced tissue protection together with an incre-
ment in capillary density and a lower compensa-
tory myocyte hypertrophy were evidenced. In 
addition, the gel did not exacerbate inflammation 
in the heart whereas recruitment of endogenous 
cells involved in tissue regeneration was observed 
as a consequence of the gel injection.

more detail, the limitation of ventricular expan-
sion, the attenuation of myocardial hypertrophy 
in the non-infarct region and the activation of the 
angiogeneic and arteriogeneic processes in the 
infarct area were also detected as consequence of 
the PRP-treatment44. Later on, another study was 
also performed in a rodent model of MI, induced 
either by permanent ligation or by 45 min-artery 
occlusion and following reperfusion45. Important-
ly, functional analyses performed by magnetic res-
onance were included in this study, demonstrat-
ing in both models a functional improvement 21 
days after injection of human PRP (RevaTen). These 
functional results were later corroborated by a 

FIG. 1 Therapeutic potential of Platelet-rich plasma and growth factors in the ischemic heart. 
Several mechanisms have already been described for PRP and PRGF action in ischemic diseases. The main one is by release of a cocktail of cy-
tokines and growth factors (VEGF, PDGF, HGF or IGF among others) responsible to trigger several responses involved in anti-apoptotic signaling, 
cell proliferation, angiogeneic processes, fibrosis regulation or recruitment and activation of resident stem cells/progenitors able to reconstitute 
the damaged tissue. Also, leukocytes can immunomodulate and more robustly secrete growth factors and proteins also involved in regulating the 
aforementioned processes. Furthermore, fibrin content can give a robust mechanical support to the injured heart. Thus, to better know the key 
factors and optimal dose involved in such processes would help to improve the beneficial effect of this therapy.
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tail of anti-inflammatory and anti-oxidant com-
pounds together with a hydrogel that provided 
mechanical support to the heart has been shown 
to greatly improve heart performance. A smaller 
left ventricle size and better contractile function 
were shown with this combined treatment, dem-
onstrating a boosting of PRP action.

Confirming all these experimental results, a clini-
cal trial has been performed in 25 patients with 
refractory class III/IV angina who had no conven-
tional revascularization options51. All patients un-
derwent trans-myocardial revascularization and 
received PRP intra-myocardial injections or not. 
Interestingly, the patients that were also treated 
with PRP presented a lower or negligible angina 
score and an increase in the ejection fraction 6 
months post-treatment, suggesting the clinical 
benefit of PRP treatment. 

4. PLATELET-RICH FACTORS AND 
STEM CELLS FOR THE TREATMENT 
OF ISCHEMIC DISEASES

As well as with protein-based therapies, many ef-
forts have been directed to develop novel thera-
pies based on application of stem cells. As early as 
1997, Asahara and colleagues isolated endothelial 
progenitor cells from human peripheral blood, 
and demonstrated that these cells retain the ca-
pacity to differentiate into mature and functional 
endothelial cells52. These findings had significant 
clinical implications and generated great opti-
mism regarding offering new treatments for is-
chemic diseases: stem cell based approaches to 
promote angiogenesis and improve tissue func-
tion. However, although much progress has been 
made since Asahara´s findings, stem cell therapy 
has been slow to come to clinical use. A number 
of stem and progenitor cells have been examined 
since then for boosting angiogenesis and com-
pensating the tissue remodeling processes within 

Interestingly, a new way to activate the platelets 
based on the use of nanosecond pulsed electric 
fields (instead of thrombin addition) has recently 
been described47,48. This method also allows re-
leasing growth factors stored in the platelets 
α-granules and has the advantages over the tra-
ditional PRP production that it can preserve the 
antioxidant properties of the platelets and avoid 
the putative adverse effects of thrombin. Moreo-
ver, an improvement in cardiac function at the 
mechanical and electrical level has been dem-
onstrated in an ischemia-reperfusion model of 
MI in rabbit when treated with nano-pulsed PRP. 
The mechanisms behind these effects have been 
related to cardiac protection as an increase in the 
expression of the cardioprotective proteins Hsp27 
and Hsp70, together with the stabilization of the 
mithocondria following diminished generation of 
free radicals has been demonstrated in vitro48.

In view of the positive experimental results, the 
protective/regenerative potential of PRP has also 
been tested in two large animal models. In a first 
study performed in a chronic sheep model of MI, 
the promotion of vessel formation was histologi-
cally determined, confirming the pro-angiogenic 
capacity of PRP49. In more detail, a recent study 
performed in a pig preclinical infarct model, has 
shown the therapeutic benefit of PRP not only 
at the tisular but also at the functional level50. In 
this last study, infarct was induced by permanent 
ligation of the left circumflex coronary artery in 
animals randomized for intra-myocardial injec-
tion of the different treatments. Pigs received 
autologous PRP alone or combined with a hyalu-
ronic acid-based hydrogel and anti-oxidant and 
anti-inflammatory factors, and the benefit then 
compared with a control group treated with sa-
line, with the hydrogel alone or the hydrogel 
combined with the anti-oxidant and anti-inflam-
matory factors. Eight weeks after MI, a functional 
improvement was detected by echocardiography 
when treated with PRP, revealing an increase in 
the ejection fraction, a reduced left ventricular 
dilation and greater cardiac contraction. Also, an 
attenuated reverse remodeling and a positive im-
pact in heart revascularization were evidenced. 
Interestingly, the combination of PRP with a cock-
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ischemic tissues, including endothelial progenitor 
cells, bone marrow-derived mononuclear cells, 
bone or adipose mechsenchymal cells and even 
pluripotent stem cell-derived endothelial cells. 
To date, more than 50 clinical studies have been 
reported on the treatment of PAD53 and more 
than one hundred for the treatment of IHD with 
stem/progenitor cells54, but with relatively limited  
success. 

One of the main limitations of stem cell therapy 
is the fact that most therapeutic donor cells do 
not engraft and survive in the injured host tissues. 
The environment of ischemic tissues may have a 
deleterious effect on engraftment and survival 
of donor cells, which in turn may influence their 
stem cell function. Thus, making a more favorable 
environment in ischemic tissues by reducing the 
fibrotic content and the accumulation of inflam-
matory cells while improving the angiogenesis 
response of donor cells should improve the ben-
efit of cell therapy for ischemic tissues. Therefore, 
a number of groups have developed approaches 
to enhance donor cell survival and function, along 
with paracrine factor delivery. In this sense, if the 
paracrine effects of growth factors can improve 
stem cell therapy, co-administering platelet-de-
rived products could be of great relevance in this 
type of approach. 

Few studies have been performed combining the 
platelet-derivatives with several populations of 
stem cells in order to boost the benefit of both 
treatments, but those that do exist hold consid-
erable interest (Table 1). In 2012, the group of 
Dr. Marban, a well known expert in the isolation 
and characterization of cardiac derived stem cells, 
in particular a population named cardiosphere-
derived cells (CDC), tested their potential in a rat 
model of acute MI when transplanted in a plate-
let-gel46. This study clearly showed the benefit of 
using transplanted cells pre-seeded in a platelet 
gel. A functional improvement three weeks post-
implant was indeed observed in the animals im-
planted with the cellularized gel in comparison 
with the platelet gel alone. Also, greater recruit-
ment of endogenous cells and the induction 
of neo-angiogenesis together with a positive 

impact on tissue remodeling were shown after 
treatment, in comparison with the control and 
only-gel implanted animals. This in vivo effect was 
explained by the fact that the cellularized-gel re-
leased a greater dose of “regenerative” cytokines, 
such as VEGF, IGF-1 and SDF-1, than the gel alone. 
Furthermore, although the contribution of CSC 
to heart tissue had been previously shown, the 
mechanism of action for tissue repair was mainly 
attributed to their trophic effect rather than to the 
exogenous cells’ contribution through their own 
differentiation towards cardiovascular cells. On 
the other hand, a group implanted only with CDC 
was not included in this study and even though 
the benefit of the combined therapy was clearly 
demonstrated, it is not possible to evaluate the 
real impact the gel exerts over the transplanted 
cells in order to elucidate whether its addition sig-
nificantly increases the benefit of the cells alone. 
In fact, the therapeutic benefit of the CDC has 
been experimentally (reviewed in55) and clinically 
demonstrated, as a Phase I/II clinical trial (CADU-
CEUS trial) was performed in patients with myo-
cardial infraction46. Even though positive results 
are expected, it would be interesting to be able 
to quantify the real impact of combining the cells 
with the gel. 

Also, the group of Dr. Yip, in two different studies, 
used a rat acute model of MI to test the potential 
of Platelet-rich fibrin (PRF)29 combined with autol-
ogous ADSC. In both studies, 1 million cells were 
embedded in the platelet gel (also derived from 
the rat blood) and implanted in the heart one hour 
after MI induction. Other groups of animals were 
implanted only with ADSC56 or only with PRF57. Six 
weeks after treatment, an improvement in cardiac 
function together with a reduction in ventricular 
remodeling and an induction of angiogenesis 
was detected in the animals implanted with the 
combined treatment when compared with a non-
treated group. A superior effect was also detect-
ed when compared either with the PRF alone or 
the ADSC alone. Thus the known therapeutic ef-
fect of ADSC58,59 was significantly boosted by the 
combination with PRF, probably due to greater 
engraftment and retention of the cells when im-
planted with the fibrin patch. Indeed, the advan-
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Moreover, safety is another advantage of this 
treatment. Low or negligible morbidity is associ-
ated with patient blood extraction for PRP/PRGF 
isolation and the autologous origin of the product 
avoids the viral risks of xenogeneic or allogenic 
products, antibody formation and risk of graft-
versus-host disease62. Furthermore, the quick, 
easy protocol for preparing these products makes 
them a potentially cost-effective alternative com-
pared to other novel therapies63,64.
 
Finally, in view of the demonstrated benefit of 
PRP not only in experimental animal models but 
also in angina patients, and the potential of vari-
ous stem cell populations like ADSC and CSC in 
infarcted patients, it would be of great interest 
to determine the therapeutic effect of PRP/PRGF 
in combination with stem cells and/or biomateri-
als, in these patients and in those suffering PAD  
diseases. 

In conclusion, the striking functional benefits, 
together with the simplicity of manufacture and 
the autologous origin of PRP, make it an excellent 
candidate for the treatment of ischemic patholo-
gies at the clinical level. Furthermore, since the 
actions of stem cells delivered in ischemic tissues 
are boosted when these are combined with PRP/
PRGF, this approach opens up new therapeutic 
avenues for synergic treatment. In the future, the 
effect of such treatments is likely to be enhanced 
still further by fruitful combinations with bioengi-
neering strategies.

tage of transplanting cells with a matrix or scaf-
fold has already been shown and explained as a 
consequence of their increased retention and the 
induction of adhesion-related survival pathways 
that increase their permanence in the tissue60. 
Moreover, the growth factors released by the PRF 
could exert a pro-survival effect (among other 
benefits) not only in the heart tissue but also in 
the implanted ADSC, heightening their beneficial 
effect even further.

Finally, a very recent manuscript has been pub-
lished in which PRP combined with ADSC has 
been tested for the treatment of dilated cardio-
myopathy. In this case, a rabbit model induced 
by doxorubicin was used. Surprisingly, a benefit 
was only observed after cell treatment alone, but 
not with the combination with PRP or PRP alone, 
when in fact, the disease was found to worsen. 
Functional examination was performed only 15 
days post-infarct, so longer-term functional analy-
ses to understand the impact of the treatment are 
missing. More detailed studies using this model 
would be of great interest in order to clarify the 
mechanisms behind these results61.   

5. CONCLUDING REMARKS AND 
FUTURE PERSPECTIVES

The therapeutic benefit of PRP/PRGF has already 
been demonstrated in several animal models of 
hind limb ischemia and myocardial infarction. The 
pro-angiogenic, pro-myogenic, immunomodu-
latory and anti-fibrotic effect induced by the re-
leased growth factors and the platelets/leukocyte 
action together with the mechanical support ex-
erted by the fibrin matrix, justifies its therapeutic 
action in the ischemic tissues. Elucidation of the 
optimal platelet-rich formulation, dosage and de-
livery route for each disease will improve the po-
tential benefits. 
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facial surgery. This review is evidence-based and 
provides guidelines for the use of the different 
therapeutic formulations of Endoret (PRGF). It will 
serve as a bridge of cross-talking between oral 
surgeons and orthopedic surgeons with the aim 
of approximating views and developing new ways 
of applying the various formulations in Endoret 
technology. In all its applications in oral and max-
illofacial surgery, Endoret (PRGF) has improved 
the patient's quality of life, the healing of soft tis-
sue and the regeneration of hard tissue. The pres-
ervation and handling of a grafting material has 
all improved once mixed with Endoret (PRGF). 

SUMMARY

In 1995 the first intraosseous application of En-
doret (PRGF) was reported in the regeneration of 
infected bone and soft tissue defect after tooth 
extraction. It is in the oral and maxillofacial sur-
gery where the clinical use of Endoret (PRGF) was 
initiated and where its therapeutic formulations 
was designed. The oral and maxillofacial surgery 
(non-steril surgical field) also allows for the design 
of a split-mouth clinical trial. The safety, efficacy 
and predictability of this biological preparation 
trigged then its use in various medical fields in-
cluding the orthopedics and sport medicine. In 
this chapter, we present a comprehensive review 
of the use of Endoret (PRGF) in oral and maxillo-

AUTHORS

Anitua E. 1,2,3,4, Piñas L.3,4, Alkhraisat H. M. 1,2,4

1 Eduardo Anitua Foundation for Biomedical Research. Vitoria-Gasteiz, Spain
2 BTI-Biothecnology Institute. Vitoria-Gasteiz, Spain
3 Private practice in oral implantology. Vitoria-Gasteiz, Spain
4 University Institute for Regenerative Medicine and Oral Implantology (UIRMI) from the University of Basque Country (UPV/EHU)

CHAPTER 6

Endoret® (PRGF®) Application in the 
Oral and Maxillofacial Field

99E. Anitua et al. (eds.), Platelet Rich Plasma in Orthopaedics and Sports Medicine, 
10.1007/978-3-319-63730-3_6https://doi.org/

© Springer International Publishing AG, part of Springer Nature 2018

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-63730-3_6&domain=pdf
https://doi.org/10.1007/978-3-319-63730-3_6


Endoret® (PRGF®) Application in the Oral and Maxillofacial Field

6

This chapter gives an overall view of Endoret 
(PRGF) applications in oral surgery. Oral surgery 
has been used as an experimental model where 
different aspects of wound healing with Endoret 
(PRGF) have been assessed. Many randomized 
clinical trials, some of them split-mouth designed, 
have been performed and published.

2. USE OF ENDORET® (PRGF®) IN THE 
TREATMENT OF EXTRACTION 
SOCKET

Extraction socket is the defect that remains in 
the alveolar ridge after tooth extraction. Endoret 
(PRGF) and autologous fibrin are optimal bio-
materials for the treatment of extraction socket. 
They are autologous, easy to prepare, completely 
re-absorbable, and cost-effective. The biological 
technique of Endoret (PRGF) has no side effects 
or harmful consequences. All these characteris-
tics are the basis on which Endoret (PRGF) is rec-
ommended even for the treatment of dry socket 
(inflammation of the extraction socket), the most 
common complication after tooth extraction. Var-
ious studies have reported that the use of platelet 
concentrates have been effective in reducing the 
occurrence of dry socket1,2. 

The protocol for the management of tooth extrac-
tion with Endoret (PRGF) include several important 
aspects3,4. Atraumatic tooth extraction minimizes 
trauma to the surrounding bone and gingival tis-
sue. The socket is filled with a clot prepared from 
the fraction 2 (F2) of the Endoret (PRGF). Then, the 
fibrin membrane, prepared from the fraction 1 (F1) 
of the Endoret (PRGF), is placed to cover the sock-
et. A suture is finally applied to retain the clot and 
membrane in the socket.
 
The outcomes of applying this protocol are less 
pain and inflammation after tooth extraction4. This 
has contributed to accelerate healing and regen-
eration of the extraction socket4. Figure 2 shows 
an example of an extraction socket that has been 
treated with Endoret (PRGF). Here we can observe 
the absence of inflammation, Endoret (PRGF) re-
modeling and the closure of the defect with a new 
keratinized mucosa.

1. INTRODUCTION

The development of Endoret (PRGF) technology 
started by the meticulous study of platelets and 
the optimal conditions under which they can be 
concentrated and maintain their properties unal-
tered. As a consequence, a simple, dynamic and 
versatile protocol has been developed that ena-
bles the clinician to obtain formulations of great 
therapeutic potential. Some of the properties that 
are peculiar to Endoret (PRGF) are:

- Endoret (PRGF) is autologous and biocompatible.

- It is more precise to speak of Endoret (PRGF) tech-
nology, as it is not a unique preparation, but rather 
a set of formulations with a therapeutic action, 
easily obtained from the patient's own blood. The 
formulations that constitute Endoret (PRGF) tech-
nology are:

• Endoret (PRGF) supernatant: this is an excellent 
culture medium to maintain primary cells and au-
tologous bone. It contains platelet- and plasma-
derived proteins and factors (fig. 1a).

• Activated liquid Endoret (PRGF): The activation of 
Endoret (PRGF) using calcium chloride as an acti-
vator starts the release of contents of the plate-
lets, giving rise to a liquid formulation rich in pro-
teins and growth factors. This formulation is used 
to inject Endoret (PRGF) in tissues such as muscle, 
tendon, skin and joints. It also used to biofunc-
tionalize implant surface (fig. 1b). 

• Endoret (PRGF) clot: In 3-5 minutes, the activated 
liquid Endoret (PRGF) becomes a three dimen-
sional matrix of fibrin rich in cellular components 
and growth factors. This formulation can be used 
in various applications, from the regeneration of 
extraction socket to the treatment of muscular, 
skeletal or vascular pathologies. (fig. 1c)

• Fibrin membrane: The retraction of the clot ob-
tained by the activation of fraction 1 (F1) of En-
doret (PRGF) results in a dense and elastic mem-
brane. This fibrin membrane is biocompatible 
and is used as a biological membrane. (fig. 1d)
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A
Supernatant.

C
Endoret (PRGF) clot.

B 
Activated Endoret (PRGF) liquid.

D 
Fibrin membrane.

FIG. 1
Therapeutic formulations of Endoret (PRGF).

FIG. 2
Treatment of contaminated extraction socket 
with Endoret (PRGF). The cone-beam CT (CBCT) 
scan shows periapical infectious lesion intrud-
ing into the maxillary sinus space. Several clini-
cal photographs showing the  soft tissue heal-
ing during 60 days after surgery. CBCT scan 
shows the proper healing of bone and the reso-
lution of the periapical lesion. Intraoral radio-
graph of the dental implant at the regenerated 
bone after 10 years of follow-up

DAY 2
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DAY 60

DAY 6

DAY 15

DAY 90

DAY 16

DAY 8
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Therapeutic potential of Endoret (PRGF) in the 
management of extraction socket: Preparation 
of future sites for dental implant and the first 
randomized controlled clinical study of a PRP in 
extraction socket

The first clinical study on the potential of Endoret 
(PRGF) to regenerate extraction socket for the fu-
ture insertion of dental implants was reported in 
1997, and published in 19994. In that study, 20 
patients in need of tooth extraction were recruit-
ed and randomized to receive Endoret (PRGF) or 
blood clot. The soft tissue healing of the defect was 
evaluated at day 3, day 7 and day 15 after tooth ex-
traction. A dental implant was inserted at the site 
of extraction site after 10-16 weeks of tooth extrac-
tion. Before implant site preparation, a 6 mm long 
bone biopsy was obtained from the centre of the 
socket with a trephine bur. 

Therapeutic potential of Endoret (PRGF) in the 
treatment of extraction socket: Experimental 
studies in animals

In 2000, we performed animal studies to inves-
tigate the regenerative potential of Endoret 
(PRGF)4,5. The experimental animal model was 
bone defect 5 mm in diameter produced in the tib-
ia of goats. These defects were filled with Endoret 
(PRGF) in the experimental group and blood clot 
in the control group. After 8 weeks, bone samples 
were harvested and prepared for histological and 
histomorphometric analysis.

The defects treated with Endoret (PRGF) showed 
the presence of newly formed trabecular bone that 
was surrounded by a dense and highly vascular-
ised connective tissue. The control defects were 
filled by a connective tissue with high cellularity 
and some small area of new bone formation (fig. 3).

FIG. 3
The histological images of bone biopsy obtained from: A) The socket treated with Endoret (PRGF). B) The socket treated with blood clot.

FIG. 4
Split-mouth design adopted to study the potential of Endoret (PRGF) in the treatment of extraction socket. Endoret (PRGF) was applied on the 
left side and the right side served as control. We can observe the differences in soft tissue healing between both groups after 14 days of surgery.

A B
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The soft tissue healing was excellent in the 10 pa-
tients treated with Endoret (PRGF). Three patients 
underwent bilateral tooth extractions, and thus a 
split-mouth study design was possible. This design 
permitted the comparison of the two treatments 
under the same biological conditions. Figure 4 
shows the difference in soft tissue healing in the 
same patient who received Endoret (PRGF) on one 
side, and blood clot on the other side. 

The histological analysis of the bone samples 
showed a difference in the degree of trabecular 
organization. More bone regeneration and better 
trabecular organization were observed at the sites 
treated with Endoret (PRGF) (fig. 5).

FIG. 5a
Radiographic image showing vertical fracture of the lower right first 
molar and the presence of periapical granuloma.

FIG. 5b
After flap elevation, atraumtic tooth extraction was performed and 
the socket was treated with Endoret (PRGF).

FIG. 5d
The clinical status of the dental implant after 4 years of insertion. 

FIG. 5c
The Endoret (PRGF) stimulation of bone regeneration permitted the 
insertion of dental implant after 14 weeks of tooth extraction.

FIG. 5e
The histological analysis of bone biopsy obtained 14 weeks post-
operatively. New formation of bone trabeculae with osteocytes was 
observed.

103



Endoret® (PRGF®) Application in the Oral and Maxillofacial Field

6

To measure the density, a cylinder resembling an 
implant was placed inside the defect. The visual-
izing software (BTI scan) gave two measurements 
of the density, one for the area located within the 
cylinder, and the second for area outside the limit 
of the cylinder. 

The values of both densities and the one meas-
ured at the centre of the defect were all statistically 
higher in the Endoret (PRGF) group (fig. 6). Figure 
7 shows a clinical case where complete soft tissue 
healing and bone regeneration were obtained in 
a patient in whom Endoret (PRGF) had been used.

Therapeutic potential of Endoret® (PRGF®) in the 
treatment of extraction socket: Split-mouth clin-
ical study to evaluate bone regeneration

In 2010, a split-mouth clinical study was performed 
to evaluate bone regeneration in the extraction 
socket treated with Endoret (PRGF)6. The study was 
performed in 14 patients and blood clot served as 
the control treatment. 

A cone-beam CT (CBCT) scan was obtained for 
each patient at 11-14 weeks postoperatively. 
These scans were later analyzed to retrieve data 
about the volume of regenerated bone as well as 
the bone density expressed in Hounsfield units. 

FIG. 7
The status of the extraction socket after application of the assigned treatment (Endoret (PRGF) or blood clot). A significant differences in soft tissue 
healing could be observed after 5 days of tooth extraction between both groups.

FIG. 6
Bone density in Hounsfield units meas-
ured on cone-beam CT scan obtained for 
extraction socket treated with Endoret 
(PRGF) and blood clot (control).
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preserved the boney septum, while 39% of the ex-
perimental groups had the septum. The compari-
son of the extraction sockets showed that sockets 
in the experimental group had higher initial vol-
ume than in the control group (fig. 8). 

Cone beam CT analysis has shown that the per-
centage of patients where the sockets are regener-
ated at ≥ 75% of the baseline volume was signifi-
cantly higher in the Endoret (PRGF) group (96.7%) 
than the control group (45.5%) (fig. 9). 

Therapeutic potential of Endoret (PRGF) in the 
treatment of extraction socket: assessor-blind-
ed, parallel group, randomized controlled clini-
cal trial

A single center, assessor-blinded, parallel group, 
randomized controlled clinical trial was conduct-
ed. Sixty patients with a simple one molar extrac-
tion in the mandible were randomized to receive 
Endoret (PRGF) or blood clot7. Thirty six patients 
were treated with Endoret (PRGF) and 24 with 
blood clot. A cross-stitch suture was placed in both 
groups. Clinical, radiographical and histological as-
sessments were performed during 10-12 weeks of 
follow-up. The primary outcome was the percent-
age of patients having their sockets regenerated 
by ≥ 75% (from baseline to week 10-12). For meas-
uring the primary outcome, CBCT scans at baseline 
and after 10-12 weeks of healing were imported 
into a software (BTI Scan II, BTI Biotechnology in-
stitute, Vitoria, Spain) and analyzed. The secondary 
variables were bone density, soft tissue healing in-
dex, thickness of regenerated keratinized mucosa, 
pain and inflammation. Additionally, histological 
analyses were performed for soft and hard tissue 
biopsies obtained before dental implant insertion. 

After tooth extraction, the socket was examined 
for the presence/absence of bone septum. About 
54% of the extraction sockets in the control group 

FIG. 8
Comparison of the volume of extraction socket between the Endoret 
(PRGF) group and blood clot group. 

FIG. 9
Bone regeneration by Endoret (PRGF) 
(violet) as compared to the control (grey). 
The percentage referred to the fraction 
of extraction socket having a bone fill of 
75% of the initial volume and a bone fill 
of 100%.
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Pain and inflammation (day 3 and day 7) were sig-
nificantly lower in the PRGF group than the control 
group, but not at day 15 (figs. 12 and 13). Soft tis-
sue healing scores were significantly higher in the 
test group at days 3, 7 and 15. Figure 14 showed 
the difference in tissue healing between the sock-
ets treated with Endoret (PRGF) and blood clot. 

Histological analysis indicated the presence of 
significantly higher newly formed bone in the 
Endoret (PRGF) group (63.08% Vs. 35.56%) (fig. 
10). No serious adverse events occurred in either 
group. Bone density was significantly higher in the 
Endoret (PRGF) group (450 HU Vs. 318 HU) (fig. 11). 

FIG. 10
Histological and histomorphometric analysis of newly formed 
bone in Endoret (PRGF) and control groups. 
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FIG. 11
Bone density in Hounsfield units for 
the Endoret (PRGF) group and the 
control group.
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FIG. 14
A) Tooth extraction in the control group.  
B) Socket regeneration in the control group 
after 15 days. C) Tooth extraction in the En-
doret (PRGF) group. D) Socket regeneration 
in the Endoret (PRGF) group after 15 days.
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FIG. 12
The evolution of pain as measured 
on days 3, 7 and 15 after tooth ex-
traction for Endoret (PRGF) and 
control groups.
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FIG. 13
The evolution of inflammation as 
measured on days 3, 7 and 15 after 
tooth extraction for Endoret (PRGF) 
and control groups.
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3. THE USE OF ENDORET® (PRGF®) IN 
MAXILLARY SINUS FLOOR  
AUGMENTATION

In 1970 Tatum8 described the first technique for si-
nus floor elevation through the removal of bone 
block from the lateral wall of the maxillary sinus. 
The Schneiderian membrane is then carefully el-
evated to create space above the alveolar ridge. 
This space was then filled with a bone graft. The 
objective of this technique was to obtain vertical 
bone augmentation in the posterior regions of the 
maxillary alveolar ridge. In 1980, the technique 
was modified by Boyne and James9 to extend their 
use to permit the insertion of dental implants. In 
1996, Anitua10 described the use of Endoret (PRGF) 
in combination with bone grafts obtaining very 
good results for graft integration and reduced 
post-operative inflammation. 

Lateral sinus floor elevation with Endoret® (PRGF®)

In this technique, a bone block is removed from 
the lateral wall of the maxillary sinus to produce a 
window and access the Schneiderian membrane. 

Histological analysis indicated the presence of 
significantly thicker keratinized epithelium in the 
Endoret (PRGF) group. The thickness was almost 
double in the Endoret (PRGF) group in comparison 
the control group (fig. 15).

The main conclusions we obtained from this  
study are:

1. The use of Endoret (PRGF) resulted in statistical 
significant differences for the following vari-
ables: 

  • Defect fill by ≥ 75% of the initial volume. 
  • Bone density
  • Histomorphometric analysis

2. Endoret (PRGF) produced statistically signifi-
cant better soft tissue healing and higher thick-
ness of the regenerated keratinized mucosa. 

3. The use of Endoret (PRGF) produced statisti-
cally significant lower pain and inflammation. 

4. The absence of surgical and post-operative 
complications indicates that Endoret (PRGF) is 
safe and effective. 

FIG. 15
Histological images of biopsies of the regenerated gingiva harvested at the centre of socket of the control (A) and Endoret (PRGF) (B) groups. The 
thickness was almost the double in the Endoret (PRGF) group.
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fill the created space below the membrane. The 
graft mixture with the Endoret (PRGF) will result in 
the formation of cohesive mass, facilitating its ap-
plication to the sinus. The procedure is completed 
by repositioning the bone block. For this, the block 
is rotated 30º. Endoret (PRGF) membrane prepared 
from F1 is then applied to cover the surgical area, 
and the flap is repositioned and sutured (fig. 16).  

Clinical outcomes of the use of Endoret® (PRGF®) 
in sinus floor elevation: A split-mouth clinical 
trial11

To study the advantages of Endoret (PRGF) use in 
lateral sinus floor elevation, 5 patients who need-
ed bilateral sinus floor elevation were recruited. 
The procedure on one side was performed using 
Endoret (PRGF) and on the other was performed 
without Endoret (PRGF). Endoret (PRGF) was mixed 
with bovine bone graft only on the experimental 
side. The survival of the implants placed after sinus 
floor elevation was 100% during the observation 
period. 

Conventionally, this window is produced using a 
tungsten carbide or diamond bur connected to 
a hand piece. Heating and vibration of the drill-
ing bur frequently resulted in perforations of the 
Schneiderian membrane that impaired the perfor-
mance of sinus floor elevation. We have pioneered 
in 1994-1995 the use of ultrasonic surgery to cre-
ate this window and avoid such complication. This 
new technique also avoided injury to the soft tis-
sues during cutting.

Once the bone block is removed, it is conserved in 
the Endoret (PRGF) liquid to increase the possibil-
ity of cell survival. This is motivated by the fact that 
after completing the sinus elevation procedure, 
the block is repositioned to cover the lateral win-
dow and enhance bone regeneration.

The Schneiderian membrane is then carefully el-
evated by angled periotomes. The angulation of 
these periotomes is specifically designed to permit 
access to all borders of the opened window. Once 
the membrane is elevated, bone graft mixed with 
activated F2 of the Endoret (PRGF) is implanted to 

FIG. 16
Lateral sinus floor augmentation: a) Creating a window to access the sinus floor. b) After finishing bone cutting. c) The removed bone block main-
tained in Endoret (PRGF) liquid. d) the bone block was repositioned after grafting the sinus floor. e) Fibrin membrane prepared from F1 of Endoret 
(PRGF) covering the surgical area. f ) The osseointegration of the bone block at the surgical re-entry. 
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Thus, the association of lateral sinus floor elevation 
with Endoret (PRGF) is safe and efficient for verti-
cal bone augmentation. Endoret (PRGF) resulted in 
greater new bone formation and better vasculari-
zation of the graft.

At clinical examination, there was greater tissue 
inflammation and pain in the control side. Histo-
logical analysis of bone biopsies obtained before 
implant insertion showed more new bone forma-
tion and more blood vessels in the Endoret (PRGF) 
group (fig. 17). 

FIG. 17c
Image at higher magnification of extraction socket treated with En-
doret (PRGF). The image was taken after 7 days of surgery to show 
the complete healing of the gingival tissue.

FIG. 17f
Histological image showing  the formation of less bone tissue in the 
control group. The low quality of the tissue could not preserve the 
biopsy during processing.

FIG. 17d
Image at higher magnification of tissue healing in the control side 
after 7 days of surgery. The healing was not complete due to the pres-
ence of dehiscence in the posterior region.

FIG. 17e
Histological image showing  the formation of more bone tissue in the 
Endoret (PRGF) group. The goof quality of the tissue preserved the 
biopsy during processing.

FIG. 17a
Clinical picture of split-mouth case showing more inflammation in 
the control group than the Endoret (PRGF) group. 

FIG. 17b
Comparison of soft tissue healing between Endoret (PRGF) and con-
trol groups.

Control
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of Endoret (PRGF) has significantly shortened the 
time required to achieve these fundamental goals.

• Patients in the control group still feel pain with 
a VAS ≥ 5 about a year after treatment and it 
took 18 months to get a VAS value close to 1, 
while patients in the Endoret (PRGF) group al-
ready have a pain VAS value ≤ 2 at 6 months af-
ter surgery.

• Considering the maximum opening, patients in 
the control group have taken 12 months to have 
a maximum opening ≥ 35 mm while patients 
treated with Endoret (PRGF) have achieved it in 
6 months.

• Another interesting aspect of the study is that 
the technique used has resulted in a significant 
improvement in osteoarthritis, since 12 patients 
no longer show signs of osteoarthritis in the 
MRI performed 2 years after the treatment. But 
10 of these 12 patients have been treated with 
Endoret (PRGF).

In another RCT18, the effectiveness of the injec-
tion of Endoret (PRGF) was compared to hyalu-
ronic acid (HA) following arthroscopic surgery in 
patients diagnosed with internal derangement of 
the temporomandibular joint (TMJ) with osteoar-
thritis (OA). In the study, 50 patients received an 
injection of Endoret (PRGF), and 50 received an in-
jection of HA. The pain intensity and the maximum 
mouth opening before and after the procedure 
were compared. Endoret (PRGF) resulted in better 
results than hyaluronic acid, with a significant re-
duction in pain at 18 months, compared with HA 
treatment. The study concluded that the injection 
of Endoret (PRGF) following arthroscopy is more 
effective than the injection of HA with respect to 
pain in patients with advanced internal derange-
ment of the TMJ.

Use of Endoret (PRGF) in the management of 
temperomandibular joint osteoarthritis and 
TMJ chronic pain

Temperomandibular joint (TMJ) disorders are a 
principal aetiological factor for chronic facial pain. 
TMJ disorders affect one third of adolescents and 
young adults and thus are not limited to older pa-
tients12. TMJ chronic pain would influence the pa-
tient's quality of life by limiting daily activities such 
as talking, smiling, and mastication. Generally, 
treatment of pain in such cases will be manifested 
in improving the functionality of TMJ and the pa-
tient's quality of life. 

Several randomized clinical trials have shown the 
efficacy of Endoret (PRGF) in the treatment of knee 
osteoarthritis and has been better than hyaluronic 
acid12-15. In a recent publication, the use of Endoret 
(PRGF) has been shown to be efficient in the treat-
ment of osteoarthritis of TMJ associated to chronic 
pain16. The visual analogue scale score of pain was 
7.69 ± 1.9 at baseline, 1.54 ± 1.74 at 1 months and 
0.23 ± 0.65 at 6 months. These differences in the 
results are statistically highly significant. In terms 
of maximum mouth opening, it was 30.15 ± 4.44 
mm at baseline, 37.54 mm ± 5.10 at 1 month, and 
39.54 ± 4.55 mm at 6 months. These differences 
were statistically significant (P < 0.0001 and P < 
0.01, respectively). For that, articular injections of 
Endoret (PRGF) in the TMJ represent a an effective 
tool to control pain and to improve TMJ mobility.

A recent randomized clinical trial17 analyzed the 
adjuvant use of Endoret (PRGF), in comparison to 
hyaluronic acid, in the surgical treatment of pa-
tients with anterior disc displacement without 
reduction who did not respond well to conserva-
tive treatment. These patients suffer pain and 
TMJ mobility limitations. The aims of the surgical 
treatment were to improve pain and TMJ function. 
Treatment success in this pathology (arthroscopic 
lavage and lysis and an anterior disc insertion co-
blation and part of the lateral pterygoid muscle) 
is based on reducing pain below 20 (on a visual 
analog scale from 0 to 100) and to get a maximum 
mouth opening of ≥ 35 mm. Based on these crite-
ria, the results of this clinical trial show that the use 
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on the third day after extraction. These patients 
necessitated additional surgery and systemic 
treatment (in one case the procedure had to be 
repeated on the seventh day) to control bleeding. 

In the group managed with Endoret (PRGF), 98 
extractions (23 retained third molars) were per-
formed. Secondary bleeding occurred in two 
patients (3.3%) on the first day after extraction. 
Bleeding was effectively controlled with surgery 
but without systemic treatment. 

Notably, 4 out of the five secondary bleeds oc-
curred in patients with hemophilia A. Concomi-
tant diabetes or liver disease significantly in-
creased the bleeding risk.

Endoret (PRGF) was as effective as the fibrin glue 
as a local haemostatic measure. Endoret (PRGF) 
has the advantages of the autologous origin, no 
need for additional systemic treatment in post-
extraction repair surgery, earlier onset of neo-an-
giogenesis and, overall, reducing patients' distress 
and costs to the health system.

Patients with insulin-dependent 
diabetes mellitus

Endoret (PRGF) has been tested in a RCT that re-
cruited patients affected by insulin-dependent 
diabetes mellitus20. The study was conducted in a 
split-mouth design and evaluated the healing In-
dex, residual socket volume, visual analogue scale, 
postsurgical complications, and outcome of a pa-
tient questionnaire. During follow-up period of 
21 days, patients were evaluated at 4 time points. 
Finally, 34 patients affected by insulin-dependent 
diabetes mellitus were included. Endoret (PRGF) 
resulted in significantly smaller residual socket 
volumes and better Healing Indices from days 
3 to 14. The patients' questionnaire outcomes 
were unanimously in favor of PRGF treatment. 
The study also reported that small sample of pa-
tients with glycemia values of at least 240 mg/dL 
showed worse healing index. The study conclud-
ed that Endoret (PRGF) is efficient in improving tis-
sue healing (closure of the extraction socket) and 

4. ENDORET® (PRGF®) IN MEDICALLY 
COMPROMIZED PATIENTS

Hematological diseases and coagulopathies

In a randomized controlled clinical trial19, Moz-
zati et al. have compared the effectiveness of au-
tologous Endoret (PRGF) to that of a fibrin glue 
(Tisseel) as local measure in the management of 
patients with bleeding disorders and in need of 
dental extractions. The study was motivated by 
the risk of secondary bleeding and the possible 
need of repeated surgical and hematological in-
terventions in these patients. Moreover, fibrin 
glue, with recognized efficacy, has the risk of viral 
infection transmission. 

The study sample included 120 patients with dif-
ferent blood disorders who needed dental extrac-
tion without hospitalization. All patients received 
systemic hematological treatment. The main 
outcome was the secondary bleeding after the 
7-day follow-up period or protracting after the re-
pair procedure. The systemic treatment included 
tranexamic acid as oral antifibrinolytic agents. The 
treatment was complemented with desmopressin 
(a dose of 0.3 mg/kg in single subcutaneous injec-
tion about 30-60 minutes before the dental proce-
dure) in patients with mild/moderate hemophilia 
A or type I von Willebrand's disease with a prior 
favorable response. However, in severe congenital 
bleeding disorders, desmopressin was replaced 
by a specific replacement therapy with a plasma-
derived or recombinant form of the deficient fac-
tor. The dosage of the deficient factor was calcu-
lated to ensure a peak value greater than 50% in 
the peri-operative period and in the 3 days follow-
ing tooth extraction. In patients with hemophilia 
A with inhibitors, recombinant activated factor 
VII (rFVIIa) was administered as a bolus dose of 90 
mg/kg in close temporal proximity with respect to 
the single dental extraction.

In the group managed with fibrin glue, 106 extrac-
tions (7 retained third molars) were performed. 
Secondary bleeding occurred 3/60 patients (5%) 

112



Endoret® (PRGF®) Application in the Oral and Maxillofacial Field

6

diagnosis of BRONJ, the following criteria should 
be fulfilled: the presence of exposed necrotic bone 
for more than 8 weeks, an evidence of treatment 
with bisphosphonates, and the absence of a his-
tory of radiotherapy. 

The first cases of BRONJ were described by Marx 
and Ruggiero23,24. Since then, the management of 
patients positive for treatment with bisphospho-
nates is a question of debate given the absence 
of effective protocol for the prevention and treat-
ment of BRONJ24. For this reason, dentists and max-
illofacial surgeons have a great interest in having 
such an effective protocol. An important reference 
in this aspect is the guide of the American Associa-
tion of Oral and Maxillofacial surgeons (AAOM)25. 
The main objective of this guide is to minimize the 
risk of development of BRONJ, alleviate the symp-
toms of BRONJ (pain and infection) and minimize 
the disease progression26. 

Several longitudinal studies have identified risk 
factors associated with the occurrence of BRONJ. 
Of the most important is dentoalveolar trauma 
(tooth extraction), prolonged time of treatment 
with bisphosphonates, and the use of intravenous 
potent bisphosphonates (0.8%-12%)27. Although 
the risk is low, BRONJ has been described in pa-
tients who received oral bisphosphonates (0.01%-
0.04%). 

Why Endoret® (PRGF®)?

Several theories have been suggested to explain 
the occurrence of BRONJ. Of these are the bacte-
rial infection, anti-angiogenic effect of bisphos-
phonates, accumulation of micro-fractures within 
the bone, and the effect of bisphosphonates on 
bone remodeling. 

The Endoret (PRGF) family presents several prop-
erties that could reduce the risk of MRONJ and be 
useful in its treatment. Endoret (PRGF) stimulates 
neo-angiogenesis, cellular proliferation and migra-
tion, and inhibits inflammation28. Endoret (PRGF) 
also has antimicrobial properties against Candida 
albicans, Entrecoccus Faecalis, Streptococcus aga-

the differences between PRGF and control groups 
have been statistically significant.

5. PREVENETION AND TREATMENT 
OF MEDICATION-RELATED  
OSTEONECROSIS OF THE JAW

Bisphosphonates

Bisphosphonates are analogues of pyrophos-
phate, and are used as medication to inhibit bone 
resorption in numerous pathologies such as os-
teoporosis, Paget disease, multiple myeloma, ma-
lignant hypercalcemia, and metastasis related to 
breast and prostate cancers21,22. They are seekers 
of bone, the tissue where they act and accumu-
late. Bisphosphonates are not metabolized, and 
are eliminated in the urine. 

The clinical use of bisphosphonates is based on 
the fact that the dose necessary to have an antire-
sorptive effect is several times lower than the dose 
needed to inhibit bone mineralization. Several 
studies have reported that bisphosphonates im-
prove the mechanical properties of osteoporotic 
bone and reduce the risk of bone fracture21,22. 

The potency of bisphosphonates depends on their 
affinity to hydroxyapatite and their potency to in-
hibit the enzyme farnesyl diphosphate synthase21. 
The inhibition of bone remodeling also varies be-
tween bone sites. This inhibition is higher in the 
trabecular bone than the cortical bone. It also 
seems that these drugs do not inhibit the bone 
remodeling at the periosteal surface of bone. The 
recovery of the bone remodeling rate is not im-
mediate after discontinuing the treatment with 
bisphosphonates.

Bisphosphonates-related osteonecrosis of the jaw 
(BRONJ) is the most relevant side effect of bisphos-
phonates in the oral and maxillofacial field. For the 
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The results showed the occurrence of BRONJ in 5 
patients in the control group where 267 tooth ex-
tractions were performed. Endoret (PRGF) was ef-
fective in preventing the occurrence of BRONJ in 
all patients where 542 extractions had been per-
formed31.

Scoletta et al. performed another clinical study 
where Endoret (PRGF) was used to manage the 
extraction socket in patients treated with intrave-
nous bisphosphonates32. The results showed cor-
rect soft tissue healing in 62 out of 63 patients. 
The radiographical analysis showed normal bone 
regeneration after 6 months of tooth extraction32. 

Treatment of medication-related osteonecrosis 
of the jaw by Endoret® (PRGF®)

We recently reported the outcomes of patient 
treatment with BRONJ by Endoret (PRGF)26. The pa-
tient was 50 years old and attended the clinic for 
the first time in April, 2008. Upon clinical examina-
tion, the presence of exposed necrotic bone was 
observed in the fourth quadrant. The lesion was 
associated with a history of tooth extraction and 
treatment with intravenous bisphosphonates. The 
patient was suffering from severe pain, halitosis, 
and difficulty to masticate and to open the mouth 
(fig. 18).

lactiae, Streptococcus oralis, Staphylococcus au-
reus and Staphylococcus epidermis29,30. The bio-
degradation of Endoret (PRGF) does not require 
osteoclastic activity but it is resorbed by circulat-
ing macrophages. 

6. ENDORET® (PRGF®) IN 
THE PREVENTION OF BRONJ

Tooth extraction is the main risk factor for the oc-
currence of BRONJ. This has motivated Mozzati et 
al. to study the efficacy of Endoret (PRGF) in the 
prevention of BRONJ in patients treated with zole-
dronic acid31. One hundred seventy six patients 
were recruited and randomized to Endoret (PRGF) 
group and control (blood clot) group. The Endoret 
(PRGF) group had 91 patients and the control 
group had 85. The Endoret (PRGF) clot prepared 
from the F2 of Endoret (PRGF) was first introduced 
into the socket after atraumatic tooth extraction. 
The socket was then covered by a fibrin membrane 
prepared from F1 of Endoret (PRGF). 

FIG. 18
The presence of soft tissue ulcer and bone exposure on the lower right posterior sector of the mouth. The lesion was associated with a recent tooth 
extraction. The diagnosis was bisphosphonates-related osteonecorsis of the jaw. 
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Facing this situation, we developed a protocol to 
resolve the problem of the patient. This protocol 
consisted of the resection of the necrotic bone area 
and the bio-stimulation of tissue regeneration with 
Endoret (PRGF). This protocol was applied using pi-
ezoelectric surgery to remove the necrotic bone. 
The defect was then filled by Endoret (PRGF) clot 
prepared from F2 and the surgical area was then 
covered by a fibrin membrane prepared from F1 of 
the Endoret (PRGF). The flap was repositioned and 
sutured. Activated F2 of Endoret (PRGF) was then 
injected at the incision borders (fig. 20). 

Following the AAMOS guide, conservative treat-
ment that included lesion cleaning with chlorhex-
idine, analgesics and antibiotics was undertaken. 
The patient was seen in April, June, and September 
2009. Hyperbaric oxygen treatment was also per-
formed. 

However, the progression of the lesion did not 
stop, with increase in the size of the ulcer and the 
occurrence of bone sequestration (fig. 19). The pa-
tient started to suffer from hemiparesthesia of the 
mandible at the side of the lesion26.

FIG. 19
The progression of the lesion of bisphosphonates-related osteonecorsis of the jaw. The lesion increased in size although a conservative approach 
and hyperbaric oxygen therapy were applied to control the pain and infection.

FIG. 20
The biological protocol developed to treat 
the bisphosphonates-related osteonecorsis 
of the jaw include the resection of necrotic 
bone, filling the defect with Endoret (PRGF) 
clot and covering the area with fibrin mem-
brane. Activated Endoret (PRGF) liquid were 
injected at the borders of the flap after su-
turing.
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observed after 6 months of treatment. The volume 
of the residual bone defect was 25% and 10% after 
12 and 18 months of treatment (fig. 23). The bone 
healing started from the borders of the defect and 
continued toward its centre as evidenced from se-
rial radiographs. Bone regeneration facilitated the 
elimination of tissue invagination initially seen at 
the centre of the defect. Figures 21 and 22 show 
the evolution of the soft tissue healing. 

After 32 months, the CBCT showed complete bone 
regeneration indicating the viability of bone de-
fect regeneration in patients having BRONJ (fig. 
23). Thus, the bio-stimulation of tissue healing 
with Endoret (PRGF) is effective in the regenera-
tion of hard and soft tissues lost from drug-related 
osteonecrosis of the jaw.

At follow-up, the patient reported suffering from 
less pain, and the recovery of inferior alveolar 
nerve function was apparent26. The application of 
Endoret (PRGF) was effective in the stimulation of 
soft tissue healing and the closure of the defect, al-
though bone filling is not evident at that time (fig. 
21). Recovery of nerve function and no pain was 
complete after one month of treatment. 

Bone regeneration was favorably progressing as 
evidenced by the recovery of tissue volume at the 
central area of the defect after 20 months of treat-
ment (fig. 22). 

Cone-beam CT scan was obtained at 1, 6, 12, 18 
and 32 months postoperatively to assess the bone 
regeneration (fig. 23). Reduction of the residual 
volume of the defect and bone regeneration were 

FIG. 21
The healing of the soft tissues after the application of Endoret (PRGF) treatment and the achievement of complete closure the ulcer. A) immediately 
after surgery. 
B) one week postoperatively. 
C) 3-4 weeks postoperatively. 
D) 6 months postoperatively.
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FIG. 22
Recovery of the volume of the residual alveolar ridge after 20 months of receiving PRGF (Enodret) therapy.

FIG. 23
The bio-stimulation with Endoret (PRGF) in the treatment of bisphos-
phonates-related osteonecorsis of the jaw improved the bone regen-
eration of the defect. Furthermore, it induced the complete recovery 
of inferior alveolar nerve function. Images from cone-beam CT scans 
obtained at: 
A) 1 month postoperatively. 
B) 6 months postoperatively. 
C) 12 months postoperatively. 
D) 18 months postoperatively. 
E) 32 months postoperatively.
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A surgery was planned to place 2 dental implants 
in the regenerated alveolar bone. Figure 24 shows 
the placed implants which were immediately load-
ed. Two biopsies were obtained at the implant sites 
before drilling with a trephine bur. The histological 
analysis confirmed the neoformation of bone tis-
sue in the area previously affected by BRONJ (fig. 
25). In the same surgery, the lower right second 
molar was extracted due to a vertical fracture. The 
extraction sockets were successfully regenerated 
by PRGF (Endoret). The patient follow-up indicated 
the absence of any adverse effects and the cor-
rect function and integration of the implants a 
year after the placement of the definite prosthesis  
(fig. 26).

FIG. 25
Histological analysis of the two biopsies from regenerated bone at the area previously affected by BRONJ (C and D at 10x; A and B at 5x).

FIG. 24
Panoramic radiograph after 24 hours of surgery showing the placed 
dental implants and the prosthesis for immediate loading. Also the 
extraction socket of the lower right second molar that was treated 
with Endoret (PRGF) without any complication.
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variables were assesed: residual socket volume 
(RSV), healing index (HI), pain, and postsurgical 
complications. The study period was 30 days after 
surgery and included 4 evaluation sessions. 

Endoret (PRGF) resulted in better values for RSV 
and HI at all checkups without any postoperative 
complications. However, in the control side, slower 
healing and 2 cases of bone exposure were ob-
served. Interstingly, these two cases were then ef-
fectively treated with Endoret (PRGF) application. 
In this light, Endoret (PRGF) could be effective in 
the management of patients with a history of head 
and neck radiotherapy, accelerating and foster-
ing mucosal healing and avoiding postextraction 
bone exposures.

In another study35, osteoradionecrosis (ORN) de-
fined as exposed necrotic bone, that not heal for 
at least 3 months. Ten patients with ORN were 
treated by debridement of necrotic bone using an 
ultrasound device followed by application of En-
doret (PRGF) to improve and accelerate soft-tissue 
healing. Patients were followed up to 1 year clini-
cally and radiographically. Visual analogue scale 
(VAS) was used to evaluate pain in the first week 
after surgery. A modified healing index assessed 
the clinical evolution of the cases.

The efficacy of Endoret (PRGF) in the treatment of 
Medication-related osteonecrosis of the jaw from 
intravenous bisphosphonates has been evaluated 
in 32 patients33. All patients had received intrave-
nous bisphosphonates for an average of 37 months 
when the BRONJ lesion had been diagnosed. 

The treatment protocol included the surgical re-
section of the necrotic bone and the bio-stimula-
tion of tissue regeneration with Endoret (PRGF)33. 
The patients had been followed for 48-50 months, 
confirming the efficacy of Endoret (PRGF) to stimu-
late the closure of the defect and the absence of 
intra- and post-operative complications33.

Prevention and treatment of osteoradionecrosis

In a controlled split-mouth clinical trial34, the ca-
pacity of Endoret (PRGF) in the prevention of oste-
oradionecrosis due to tooth extraction in patients 
who received radiotherpay. 

In the study, 20 patients in need of bilateral paired 
dental extraction were treated as following: On 
the side directly impacted by radiation, the ex-
perimental side, extraction sockets were treated 
with Endoret (PRGF), whereas, on the other side 
(control), sockets were left to heal naturally (blood 
clot). To measure the effectiveness, the following 

FIG. 26
Panoramic radiograph after 1 year of the placement of the prosthesis showing the proper healing of the extraction socket of the lower right second 
premolar and the well-osseointegration of the dental implants.
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Endoret (PRGF) was effective in the treatment of 
all patients with ORN without any intraoperative 
or postoperative complications. The authors have 
stated that the clinical and radiographic evalua-
tions showed no signs of persistent infection or 
exposed bone up to 12 months of follow-up. The 
maturity and quality of the regenerated tissues 
was excellent, surgical wounds always achieving 
complete closure. VAS scores and trismus were 
very low in all patients, who did not require anal-
gesics after the third day post-surgery.

These clinical findings recommend Endoret (PRGF) 
as effective tool not only for the treatment of os-
teoradionecrosis but also for its prevention. 

7. CONCLUSIONS

The plasma rich in growth factors is an autologous, 
versatile, leukocyte-free platelet concentrate. The 
Endoret (PRGF) results in the formation of a fibrin 
scaffold and the release of growth factors that 
pave the way for tissue regeneration. More than 
200 scientific papers evidence the safety and pre-
dictability of the Endoret (PRGF). Since its first in-
traosseous application in 1995, many randomized 
controlled clinical trials and observational studies 
have confirmed the properties of Endoret (PRGF)
as antimicrobial and anti-inflammatory agent. En-
doret (PRGF) improves the postoperative healing 
as patients experienced lesser pain, swelling, and 
hematoma than the control treatment (a blood 
clot). This has great impact on the patient's quality 
of life  and the healing of medically-compromised 
patients. Clinical and histological evaluation of soft 
tissue healing indicates an accelerated defect clo-
sure by the formation of  a thicker gingival tissue 
than the control treatment. Endoret (PRGF) alone 
or in combination with bone graft and/or bone 
substitutes has enhanced the bone tissue regen-
eration and results in a more mature bone tissue.
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This chapter is an attempt to shed more light on 
the molecular and cellular data in joint homeosta-
sis, pathophysiology, and to discuss some mecha-
nistic aspects that have been proposed which 
provide the rationale for using PRP in KOA.

SUMMARY

Knee osteoarthritis (KOA) is a mechanically in-
duced, cytokine and enzyme-mediated disorder 
with different biochemical, inflammatory, and ge-
netic signatures undergoing distinct phases and 
phenotypes, and encompassing all joint tissues, 
with pain and inflammation as the clinical and bi-
ochemical hallmarks of the disease.  In the daunt-
ing task of rebuilding a physiological-homeostatic 
network at the tissue level in synovial joint organ 
failure, as in severe KOA, a biologically inspired 
therapeutic approach consisting in intra-articular 
infiltrations of PRP has proven to substantially re-
duce pain in patients with KOA and to improve 
joint stiffness and physical function. 
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effects12-19, an analgesic effect8,9,11,20, and finally 
chondroprotective and anabolic-trophic effects 
(figure 1)21-24.

This chapter addresses current molecular and cel-
lular data in joint homeostasis and pathophysiol-
ogy, some mechanistic aspects that have been 
proposed, and provides the rationale for using 
PRP in KOA. 

2. JOINT TISSUE RESPONSES TO ME-
CHANICAL STIMULI: HOMEOSTASIS, 
ADAPTATION, AND INFLAMMATION

2.1. Joint homeostasis and mechanical stress

At a biomechanical level, knee components work 
as a network from which the joint´s functional 
property as an organ emerges, a property known 
as dynamic stability, whose equivalent at the tis-
sular and cellular level is termed tissue and cell 
homeostasis. Such identities do not imply biologi-
cal constancy but rather dynamic adaptability25. 
The phenotype of chondrocytes, synoviocytes, 
and osteoblasts is constantly adapting to its de-
pendence on the biochemical, biophysical and 
mechanical loading features of their microenvi-
ronment3,26-28. Signals and ligands from extracel-
lular matrix (ECM) drive cell responses and tightly 
fine tune the anabolic/catabolic balance in order 
to maintain or to adapt their ECM composition 
to the ongoing mechanical challenges3, thereby 
protecting against the deleterious effect of some 
supraphysiological stimuli29. Abnormal mechani-
cal stress and/or biochemical mediators variously 
stemming from trauma, obesity, lesion or disfunc-
tion of knee components, as well as from meta-
bolic diseases, break knee dynamic stability and 
trigger biological responses that disrupt the ho-
meostasis of cells and tissues of the joint in a local, 
sustained, low-grade inflammatory fashion lead-
ing to a matrix degradation (figure 2)6,30,31.

1. INTRODUCTION

The treatment of synovial joint injuries remains 
daunting despite advances in pharmacological 
management of the pain and inflammation, the 
refinement of surgical procedures and techniques, 
and the paramount contribution of the field of re-
generative medicine. Synovial joint is a complex 
mechanical organ that includes articular cartilage 
(AC), an avascular hydrated tissue functionally 
sandwiched between two highly innervated and 
vascularized tissues, namely, synovial membrane 
(SM), which produces synovial fluid (SF), and sub-
chondral bone (SB), ligaments, capsule, and peri-
articular muscles (PM)1. These tissues are highly 
specialized mechano-sensitive and/or load-bear-
ing tissues whose homeostasis relies on the pre-
cise interaction between biomolecules and cells 
when the latter are subjected to physiological 
loading2,3. Intraarticular joint tissues are endowed 
with very distinct load-bearing cellular responses, 
which are responsible for the organization of their 
specific extracellular matrix (ECM), which account 
for the bulk mechanical properties of the tissues 
in order to transfer, absorb and dissipate  the me-
chanical forces among them in a frictionless and 
pain-free movement1,4. Knee osteoarthritis (KOA) 
is a mechanically induced, cytokine and enzyme-
mediated disorder with different biochemical, in-
flammatory, and genetic signatures undergoing 
distinct phases and phenotypes, and encompass-
ing all joint tissues, with pain and inflammation 
as the clinical and biochemical hallmarks of the  
disease5-7. 

A biologically inspired therapeutic approach con-
sisting in intra-articular infiltrations of PRP has 
proven to substantially reduce pain in patients 
with KOA8-10 and to improve joint stiffness and 
physical function11. Unlike a single growth-factor-
delivered therapeutic strategy in a bolus manner, 
PRP conveys many bioactive mediators within 
an autologous fibrin network released gradually, 
which have  been shown to exert positive effects 
on reestablishing homeostasis of joint tissues 
through a breadth of actions such as antiinflam-
matory, immunomodulatory, and antioxidative 
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FIG. 1
The overall outcomes in basic science, preclinical, and clinical studies suggest four synergetic effects of PRGF application on the osteoarthritic 
joint. By modulating gene expression and gene products, PRGF may well influence cell behaviour which is conducive to maintaining the homeo-
static state of the joint tissues, thereby reducing pain and improving joint function and motion76. (Reprinted with permission from Anitua et al.76)
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compressive forces transferred from them to the 
underlying bone, and these aberrant new sus-
tained (chronic) abnormal forces prompt chon-
drocytes and osteoblasts to respond with a pro-
inflammatory gene expression through activation 
of the NFkB signalling pathway26,33 and increased 
osteoclastogenesis, thereby increasing bone re-
sorption and sclerosis28,34 respectively (figure 2). 
Nevertheless, evidence is accumulating about 

In the wake of this sterile matrix degradation of 
AC, there is a depletion of aggrecans and cleavage 
of collagen II, which leads to the erosion of car-
tilage, subsequently altering the nanostiffness of 
articular cartilage and weakening its load-bearing 
capacity1,32. Besides the release of matrix-degrad-
ing products, the ECM degradation deeply im-
pacts the micromechanical environment of chon-
drocytes and changes the magnitude of dynamic 

FIG. 2
Abnormal distribution of mechanical loading across joint cartilage breaks the homeostasis of articular cartilage and provokes adaptive or catabolic 
cell responses, which leads to an increased synthesis of matrix metalloproteinases (MMPs) and aggrecanases (ADAMTS), expression of proinflam-
matory cytokines and mediators such as interleukin-1B (IL-1B) and cyclooxygenase-2 (COX-2), high levels of reactive oxygen species (ROS), disrup-
tion of water tissue distribution, and matrix fragments1,7,32,45. Proinflammatory cytokines involved in OA, such as IL-1B and TNF-a, are major players 
in the destruction of AC by inhibiting the synthesis of aggrecans and collagen type II while at the same time stimulating the synthesis of MMPs in 
chondrocytes41. It has been reported that activation of TLRs of synovial macrophages and fibroblasts, and monocytes by DAMPs present in an in-
flammatory SF, is an important pathway in promoting synovitis in OA through the NFkB pathway7, cells that respond with the production of MMP-1, 
MMP-3, and MMP13, IL-1B, TNFa, and IL-6, among other catabolic mediators, promoting synovitis in OA7, 41, 42. 
(Reprinted with permission from Sanchez, M. et al.10)
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how alterations of SB induced by mechanical or 
vascular stresses might be the start point in the 
catabolic loop of AC degradation and extend to 
SM (figure A)5,35-37. Cartilage is an avascular tissue 
whose cells rely on synovial fluid and subchondral 
plate to obtain oxygen and a supply of nutrients, 
having the subchondral bone account as source 
for at least 50% of articular cartilage requirements 
in oxygen and glucose37,38. Therefore, despite 
the fact that tracking down the “first pathogenic 
event“ responsible for the initiation of KOA still 
proves an elusive quest, any induced mechanical 
or metabolic damage to joint tissues in combina-
tion with predetermined influences such as ge-
netic, obesity, and aging, paves the way to initiat-
ing a harmful joint environment involving AC, SM, 
and SB, and then it is difficult to establish who was 
first39. 

2.2. Synovial membrane and subchondral bone 
in cartilage homeostasis and inflammation

In recent years, a great deal of evidence has been 
accumulating in favour of seeing  as decisive the 
contribution of synovitis and SB on articular carti-
lage degradation and on the progression of KOA, 
where AC may after all be the victim, and not the 
culprit of catabolic inflammatory cytokines stem-
ming from SM and SB, and triggered by abnor-
mal mechanical stresses1,7,40-42. Hence, cartilage 
integrity is highly dependent on the underlying 
subchondral bed and vice versa, as well as on a 
healthy synovium and its product the SF35,43.

Evidence in basic science, preclinical and clini-
cal settings has been mounting for the role of 
synovium inflammation in the pathogenesis and 
progression of OA6,7. Matrix-degradation prod-
ucts such as fibronectin, tenascin C, high-mobility 
group protein B1 (HMGB1), and low molecular-
weight hyaluronic acid (LWHA) among others 
in the SF31,42 can act as Toll-like receptor (TLR) li-
gands or damage-associated molecular patterns 
(DAMPs) and activate TLR-2 and TLR 4 of synovial 
macrophages and fibroblasts, chondrocytes, and 
osteoblasts, leading to the activation of the intra-
cellular signaling pathway nuclear factor kappa 

B (NFkB) (figure 2)7,44. The activation of the NFkB 
signaling pathway mediates the expression of 
several inflammatory genes and the synthesis of 
interleukin 1beta (IL-1B), interleukin 6 (IL-6), inter-
leukin 10 (IL-10), nitric oxide (NO), prostaglandine 
E2 (PGE2), tumor necrosis factor alpha (TNF-a), 
interferon gama (IFN-j), and nerve growth factor 
(NGF) among other inflammatory cytokines (fig-
ure 2)7,41,44-46. Moreover, NFkB transcription factor 
has been postulated as a functional connection 
among the mechanobiological, developmental 
programming and stress-inflammatory respons-
es of AC, SM, and SB, making the NFkB signaling 
pathway a potential multi-faceted target in KOA 
disease26,44,47. Another pathway involved in KOA 
synovitis is the activation of complement as it has 
been shown by Wang et al.48 who reported that 
the expression and activation of complement is 
abnormally high in the human OA joint, where the 
presence of some products of dysregulated carti-
lage remodelling such as fibromodulin, cartilage 
oligomeric matrix protein (COMP), and osteoad-
herin in SF and SM might account for this activa-
tion7. 

Important clinical features of the inflamed synovi-
um (synovitis) are pain, swelling, and stiffness42, 
whereas histopathological changes are character-
ized by an uneven, abnormal cell infiltration and 
an aberrant proliferation of macrophages, fibro-
blasts, and blood and lymphatic endothelial cells 
that lead to a neofibroangiogenesis42. SM and SB 
are highly vascularized and innervated tissues 
endowed with heat receptors, chemoreceptors, 
and mechanoreceptors from where nociceptive 
stimuli, coming from a microenvironment under-
going non-physiological mechanical loading and/
or pro-inflammatory cytokines and damage-asso-
ciated molecular patterns (DAMPs), might initially 
lead to peripheral and eventually both peripheral 
and neuropathic pain by mechanisms yet to be 
fully identified7,49. In addition, proinflammatory 
cytokines may contribute to pain by stimulating 
hyperalgesia and sensitizing joint nociceptors to 
other stimuli7,42 thereby perpetuating a catabolic 
vicious circle among SM, AC, and SB. 
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2.4. The role of SB in  the pathophysiology 
of osteoarthritis

Subchondral bone is the layer of bone which lies 
immediately below the calcified cartilage (fig-
ure 2)63, and consists of two different anatomical 
entities, one called subchondral or cortical plate 
which is nonporous and poorly vascularized cor-
tical bone, and the SB which contains bone mar-
row (fatty) and trabecular bone38,64. Together with 
the AC, it forms the osteochondral functional unit, 
which undergoes mechanical stresses that trigger 
adaptive cell responses and establish a crosstalk 
among them to adjust their architecture to ongo-
ing physical and biochemical challenges61,65. The 
osteochondral unit in an OA joint undergoes sev-
eral structural changes including loss of articular 
cartilage, development of inflamed synovium, 
calcified cartilage thickening and tidemark dupli-
cation, undermineralization of bone, sclerosis and 
stiffness of SB, bone marrow lesions (BMLs), cysts, 
osteophyte, and a localized bone marrow replace-
ment by fibroneurovascular tissue27,60,61,66. 

There is now good evidence that even in a non-
diseased joint, naturally occurring pores and holes 
enable communication between SB and AC via 
diffusion of small molecules66-68. This communica-
tion may be exacerbated by structural changes 
seen early in the osteochondral unit in KOA (figure 
2) (Chapter 11 delves into this topic). 

3.  PLASMA RICH IN GROWTH 
FACTORS (PRGF) AS AN EFFECTIVE 
AND SAFE THERAPEUTIC APPROACH 
TO TREAT SYNOVIAL JOINT 
OSTEOARTHRITIS

Plasma rich in growth factors (PRGF) consists of a 
pool of autologous growth factors (GFs) and other 
bioactive mediators stemmed from platelets and 
plasma. Once PRP is activated, plasma fibrinogen 

2.3. Joint Inflammation and 
Mesenchymal stem cells

Aggression and inflammation to AC, SM, menisci, 
and ligaments has been reported to bring about 
an increase of mesenchymal stem cells (MSCs) 
in SF50,51, which is commonly interpreted as a tis-
sue response to injury52,53, equivalent to the re-
sponse of migratory chondrogenic progenitor 
cells from SB to injured cartilage54,55. Moreover, 
several studies have reported that the accumu-
lation of synovial fluid MSCs increases with the 
severity of osteoarthritis, joint damage and the 
disease duration51,56,57. Healthy human and os-
teoarthritic cartilage and SF contain a popula-
tion of cells with characteristics of mesenchymal 
progenitor cells52,58 with migratory and chondro-
genic potential52,54. According to these observa-
tions, endogenous mesenchymal stem cells have 
been postulated as a reservoir of repair cells and 
immunomodulatory drugstore cells to dampen 
inflammation59. Although the source of MSC in-
crease has yet to be determined, the most likely 
origin may be the SM51,52, the breakdown zone of 
superficial AC58, and the SB54,55,60,61. However, the 
SB origin of SF MSCs is less likely to occur for as 
some authors have suggested, the marrow of pa-
tients with severe OA is almost depleted in MSCs 
and the remaining MSCs are functionally deficient  
(figure 2)56.

Bone, like cartilage, responds to mechanical stress 
in an intensity-dependent manner and a tight 
regulation between the sequential processes of 
deposition and resorption at the same site. These 
processes are carried out by the coupling of os-
teoblast and osteoclast metabolic activities33 and 
unlike cartilage, when damaged, regenerates 
spontaneously due mainly to its highly elevated 
vascular and cellular network. Evidence is gath-
ering not only about the involvement of bone, 
and more particularly SB in the development and 
progression in OA but also about how these SB 
changes might even precede changes in AC of OA 
joints27,35,39,61,62. 
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liferation, differentiation, migration and correct 
orientation in the nascent tissue73. Once infiltrated 
into the joint and subchondral bone, this liquid-
to-gel ·3D injectable scaffold is converted into a 
matrix-like viscous and malleable structure, which 
adheres to SM, AC and SB, and covers them ( see 
chapter 11, figure 3) 74. When fibrinolysis begins, 
a gradual, sustained release of GFs and other bio-
molecules occurs, in contrast to a bolus delivery 
modality71,75.  Such a gradual yet sustained release 
of GF influence on cells, mimics the biological re-
pair process71,72,75, which is the topic of a review 
published by Anitua et al. 201376.

polymerizes into a three-dimensional transient 
fibrin scaffold, which contains heparan sulfate 
binding domains for growth factors (PDGF, FGF, 
HGF, BDGF, VEGF, IGF, TGF-B), cytokines (TNF-a, 
IL-2,3,4,5), chemokines (PF4), ECM components 
(fibronectin, thrombospondin, tenascin), cell ad-
hesion (L-selectin, N-CAM), acute phase proteins, 
and proteins related to lipid metabolism69,70. By se-
questering several growth factors, microparticles, 
and other biomolecules released from the de-
granulation of platelets and plasma70-72, this bio-
compatible and biodegradable scaffold provides 
plastic-elastic stiffness and generates growth fac-
tor gradients that are essential cues for cell pro-

FIG. 3
Intraarticular infiltration of PRGF helps restore SF homeostasis by stimulating the synthesis of hyaluronic acid and lubricin by synoviocytes and 
chondrocytes respectively16, 22, 23, dampening inflammation and suppressing the concentration chemoattractan cytokines in SF, which might con-
tribute to the inhibition of the MSC release and migration7, 10, 80. PRGF might favour a homing and chondrogenic-differentiation effect on MSCs of 
subchondral mesenchymal progenitor cells and SF-MSCs93-96. (Reprinted with permission from Sanchez, M. et al.10)
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a notable signal that suggests there is indeed an 
impact of leukocytes on the biologic effects of 
PRP. This repertoire of antiinflammatory respons-
es induced by PRP may break the catabolic loop, 
and dampen inflammatory response in SM and 
AC when these cells are exposed to proinflam-
matory cytokines and to abnormal mechanical 
stress and DAMPS, which is the significant OA 
context (figs. 3 and 4)31. One cellular process that 
accentuates the catabolic state of the AC and SB is 
the oxidative stress resulting from the imbalance 
between levels of reactive oxygen species (ROS) 
relative to antioxidant, which is amplified by ag-
ing29,86,87. Osteoblasts cultured in the presence 
of PRP supernatant showed an up-regulation of 
NrF2-ARE pathway and subsequent activation of 
antioxidant response element (ARE), an impor-
tant mechanism involved in detoxifying ROS and 
protecting chondrogenic and osteogenic precur-
sor cells17. Moreover, intraosseous infiltrations of 
PRP in mice can revert the decreased expression 
of SIRT1 in bone-marrow derived stem cells from 
aged animals, making stem cells more resistant to 
oxidative stress and maintaining their stemness, 
suppressing adipogenesis within the bone mar-
row and improving osteogenesis and bone min-
eral density18,19. Hence, PRP might additionally 
play a role as an anti-aging factor by stabilizing AC 
and protecting SB against oxidative stress17-19,84. 
However, as aging is one physiological risk factor 
for developing OA29,87, there are some age-related 
changes in the composition of PRP, such as the re-
duction of IGF-1 and PDGF in elderly people, two 
important chondrogenic mediators88, that might 
account for some contradictory outcomes in the 
application of this therapy.

3.2. OA and Pain

Pain is considered the clinical hallmark of KOA, 
and several clinical trials have been conducted 
to assess the efficacy of intraarticular injections 
of PRP for both pain and function of the knee. 
There are several relevant studies using the same 
type of PRP product (PRGF) demonstrating a sig-
nificant pain reduction and an improvement in 
knee joint physical function11 in patients with KOA 
treated by 3 weekly infiltrations of PRP8,9,11,89. The 

3.1. Inflammation and oxidative stress

In vitro and in vivo studies (Table I) have reported 
that PRGF and GFs within it such as HGF, IGF-1, 
PDGF, and TGFB, and platelet microparticles have 
proven to exert an immunomodulatory effect and 
promote an antiinflammatory environment. HGF 
and platelet microparticles have been reported 
to polarize macrophages from M1 to M2 pheno-
type15,77,78. IGF-I, PDGF, HG, and PRGF releasate 
modify the inflammatory status of chondrocytes 
by suppressing the NF-kβ signaling pathway12-14, 
which might lead to the decreased presence of 
IL-β, and TNF-α  and other  pro-inflammatory cy-
tokines in synovial fluid7,79,80 (figure 3 and 4). Rein-
forcing this interpretation, Anitua et al. reported 
that LPS-treated osteoblasts and fibroblasts which 
had been cultured in the presence of releasates 
obtained from PRP without leukocytes, showed 
an increased expression of Ikβα, an antiinflamma-
tory protein that anchors the transcription factor 
NFkβ to the cytoplasma and inhibits its activation, 
whereas releasates obtained from leukocyte-rich 
PRP induced a NFkβ activation81. In one recent 
study, Xie et al.82 reported that PRP attenuated the 
multiple-cyclic tensile strain mediated MMPs, NO, 
and PGE2 synthesis in chondrocytes, suggesting 
that PRGF may protect chondrocytes from me-
chanically induced injury. Connective tissue factor 
(CTGF), one of the most abundant growth factors 
released by platelet activation83 was reported to 
protect chondrocytes from age-related degen-
erative changes and from cellular stress, the lat-
ter mediated through NFkβ84.  On the other hand, 
synovial fibroblasts from osteoarthritic patients 
cultured in 20% PRP supernatant produced a sig-
nificant amount of HGF, even in the presence of 
IL-1β, which is known to inhibit the NFkβ on mac-
rophages 15 and to mediate the antiinflammatory 
effects of PRGF on fibroblasts53. In a recent work, 
Assirelli et al.85 observed that L-PRGF (leukocyte-
rich PRP)-treated human synoviocytes sustained a 
long-term upregulation of IL-β, IL-8 and FGF-2, to-
gether with a down-regulation of HGF and TIMP-4 
expression, two anti-catabolic mediators in car-
tilage, the former indicating a proinflammatory 
and procatabolic response.  These observations 
were not present when the culture medium was 
obtained by P-PRP (Pure PRP) or PPP (Poor PPP), 
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FIG. 4
This repertoire of antiinflammatory responses induced by PRP may break the catabolic loop, and dampen inflammatory response in SM and AC 
when these cells are exposed to proinflammatory cytokines and to abnormal mechanical stress and DAMPS, which is the significant OA context5-7. 
This sterile disruption of ECM homeostasis in osteoarthitic joint and an early inflammatory response has been suggested to resemble a chronic 
injury7. (Reprinted with permission from Sanchez, M. et al.10)

mechanism/s causing osteoarthritis pain remain 
yet to be fully identified49 as do the proposed 
mechanisms of PRP effectiveness. Two mecha-
nisms might likely link the pain reduction to PRP 
treatment. The first is the suppression of NFkβ on 
intraarticular inflamed cells, which leads to the 
reduction of proinflammatory cytokines that oth-
erwise might contribute to pain by stimulating 
hyperalgesia and sensitizing joint nociceptors to 

other stimuli7,42. The second is the reported signifi-
cant amount of endogenous cannabinoids within 
PRP 20 that might act as ligands for cannabinoid 
receptor 1 (CB1) and 2 (CB2) of chondrocytes, 
synovium cells, and bone cells 90 of OA patients, 
thereby supporting both a pain and inflammation 
reduction by targeting the endogenous cannabi-
noid systems  (Figure 3 and 4)20,90.
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Cell type/Animal 
model Intervention Outcome Reference

Immortalized human 
chondrocytes

PRP releseate after thrombin and 
CaCl2 activation and single centrifu-
gation

Reduction of transactivating activity of NFκB, 
decreased COX-2 and CXCR4 expression

Bendinelli P. 
2010

Human monocytic tumor 
cell line

PRP releseate after thrombin and 
CaCl2 activation and single centrifu-
gation

Decreased chemotaxis Bendinelli P. 
2010

Human osteoarthritic 
chondrocytes

10% PRP releseate after CaCl2 acti-
vation

Decreased IL-1β-related inflammation, inhibi-
tion of NFκB activation

Van Buul GM. 
2011

Primary canine chondro-
cytes

Medium supplemented with HGF and 
IGF-1

Inhibition of IL-1β-mediated activation of 
NFκB, decreased apoptosis in chondrocytes

Montaseri A. 
2011

Mouse bone marrow 
derived macrophages

Medium supplemented with HGF Decreased IL-6 production, increased IL-10 
production, reduction of transactivating 
activity of NFκB

Coudriet GM. 
2010

Human osteoarthritic 
synoviocytes

Autologous conditioned plasma Decreased TNF-α concentration, decreased 
MMP-13 expression, increased HAS-2 expres-
sion 

Sundman EA. 
2014

Human osteoarthritic 
chondrocytes

Autologous conditioned plasma Decreases TNF-α concentration, increased 
cartilage synthetic activity

Sundman EA. 
2014

Primary human osteo-
blast and osteoblast-like 
cell line

5% and 10% PRP releseate after acti-
vation and single centrifugation

Increased antioxidant response element ac-
tivity, increased Nrf2 accumulation, increases 
VEGF gene expression 

Tohidnezhad M. 
2014

Human adipose-derived 
stromal cells

PRP releseate after thrombin activa-
tion 

Increased cell proliferation, ALP activity and 
mineralization

Liu HY. 2011

Aged mouse bone 
marrow stem cells and 
adipose derived stem 
cells

PRP activated with bovine thrombin 
and single centrifugation

Increased cell proliferation, colony formation 
and osteogenesis, decreased adipogenesis, 
restoration cell senescence markers, resistan-
ce oxidative stress

Liu HY. 2014

Young-senescence-
accelerated prone mouse 
strain (SAMP38) mice

PRP activated with bovine thrombin 
and single spin; injection into the tibia 
bone marrow

Delayed mice aging, improved survival and 
body weight, recovered cellular potential of 
stem cells

Liu HY. 2014

Human keratinocyte cell 
line

PRP releseate after freeze-thaw cycle 
activation and single centrifugation

Increased endocannabinoids anandamide 
and 2-arachidonoylglycerol (2-AG) production

Descalzi F. 2013

Mouse model of acute in-
flammatory pain induced

PRP releseate after freeze-thaw cycle 
activation and single centrifugation

Reduced nociceptive behavior Descalzi F. 2013

Immortalized human 
chondrocytes cultured in 
a collagen scaffold

PRP activated with bovine thrombin 
and single centrifugation

Decreased IL-1β and TNF-α production, resto-
red collagen type II and chondrogenesis

Wu CC. 2011

Human osteoarthritic 
chondrocytes

5% PRP releseate after double freeze-
thaw cycle activation and single 
centrifugation

Increased cell proliferation, proteoglycan 
synthesis, Sox-9 and aggrecan expression, 
and chondrogenic differentiation proteins 
production

Spreafico A. 
2009

Human osteoarthritic 
synoviocytes

20% PRP and 20% PRP releseate after 
CaCl2 activation

Increased hyaluronic secretion and HGF 
production

Anitua E. 2007 
(Rheumatology)

Human synoviocytes, 
chondrocytes and ante-
rior cruciate ligament-
derived cells

Autologous conditioned plasma Increased cell proliferation and superficial 
zone protein production

Sakata R. 2015

Mouse macrophages cell 
line

Different formulations of human and 
mouse PRP

Decreased nitric oxide, TNF-α and inducible 
NO synthase

Renn TY. 2015

Human acute monocytic 
leukemia THP-1 cells

Platelet-derived micropartilces Promoted monocytes towards a resident 
phagocytic phenotype

Vasina EM. 2011

TABLE 1 (I)
Summary of in vitro and in vivo effects of Platelet-Rich Plasma and growth factors. (Reprinted with permission from  Sanchez et al.10)
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Cell type/Animal 
model Intervention Outcome Reference

Primary human gingival 
fibroblast and primary 
human alveolar fibro-
blast

Leukocyte-rich PRP Increased NFκB activation, decreased cell 
proliferation, increased pro-inflammatory 
cytokines production

Anitua E. 2015

Bovine chondrocytes PRP releseate after CaCl2 activation 
and single centrifugation

Increased type II collagen and aggrecan 
messenger RNA expression, decreased cyclic 
tensile strain-mediated catabolic and inflam-
matory response 

Xie X. 2015

Huma osteoarthritic 
synovial fibroblasts

Leukocyte-rich PRP Increased FGF-2, IL-1β and IL-8 production, 
decreased HGF and TIMP-4 production

Assirelli E. 2014

Human nasoseptal 
chondrogenic cells and 
human bone marrow 
mesenchymal stromal 
cells

PRP releseate after CaCl2 activation 
and single centrifugation

Promoted chondrogenic differentiation and 
their recommitment

do Amaral RJ. 
107

Human cortico-cpongius 
progenitor cells

PRP releseate after freeze-thaw cycle 
activation and single centrifugation

Stimulated cell migration, increased cartilage 
matrix formation, promoted chondrogenic 
differentiation

Kruger JP. 2012

Human subchondral 
progenitor cells in po-
lyglicol acid-hyaluronan 
scaffolds

PRP releseate after freeze-thaw cycle 
activation and single centrifugation

Induced collagen type II and IX, aggrecan and 
cartilage oligomeric matrix protein expression

Kruger JP. 2014

Human subchondral 
mesenchymal progenitor 
cells

Different PRP formulations Modulated chondrogenic differentiation by 
PRP formulation

Kreuz PC. 2015

Human tenocytes Different PRP releseate after CaCl2 
activation supplemented with PDGF 
and TGF-β1

Modulated cell proliferation and collagen 
type I, HGF and VEGF production by TGF-β1 
addition

Anitua E. 2007 
(Plast Reconstr 
Surg)

Primary human kerato-
cytes and conjunctival 
fibroblasts

PRP releseate after CaCl2 activation 
and single centrifugation

Stimulated cell proliferation and migration, 
inhibited TGF-β1-induced myofibroblast 
differentiation  

Anitua E. 2011

Human tenocytes PRP releseate after CaCl2 activation 
and single centrifugation

Stimulated cell proliferation and HGF and 
VEGF production

Anitua E. 2005

Human tenocytes and 
synoviocytes

PRP releseate after CaCl2 activation 
and single centrifugation

Stimulated cell migration Anitua E. 2012

Human type B fibroblast-
like synoviocytes

Different PRP formulations Increased cell death and IL-1 β , IL-6 and TNF-α 
production by formulations contained leuko-
cytes and red blood cells 

Braun HJ. 2014

Human osteoarthritic 
chondrocytes

Different PRP formulations Stimulated cell proliferation and chondro-
cyte anabolism by PRP, stimulated catabolic 
pathway by leukocyte-rich PRP

Cavallo C. 2014

Rabbit chondrocytes Pool of rabbit PRP loaded in hydrogel 
scaffold

Increased cell viability and cannabinoid recep-
tor CB1 and CB2 expression

Lee H-R. 2012

Male 4-month-old New 
Zeland white rabbits 
with induced articular 
cartilage defect in the 
groove of femur

Pool of rabbit PRP loaded in hydrogel 
scaffold

Enhanced cell proliferation and maturation of 
joint chondrocytes

Lee H-R. 2012

TABLE 1 (II)
(Reprinted with permission from  Sanchez et al.10)
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4. CONCLUSIONS

Intraarticular delivery is the conventional modal-
ity to deliver PRP in patients with KOA and it has 
been shown to be safe and efficacious in improv-
ing clinical symptoms. This route of drug delivery 
reaches the SM and the AC, which is sometimes 
inefficiently targeted by systemic drug delivery. 
Intraarticular delivery circumvents systemic toxic-
ity and its side effects, offers an excellent bioavail-
ability, and does not present molecular size limi-
tation, in contrast to the systemically delivered 
molecules entering the joint via capillaries of the 
subsynovium. However this route does not target 
subchondral bone, and some mechanistic and 
dosage aspects remain to be elucidated in order 
to determine, harness, and optimize the thera-
peutic potential of platelet-rich plasma products. 
Some of these issues will be tackled in the ensu-
ing chapters.

3.3. Trophic and anabolic effects

PRP has been shown to have a consistent in vitro 
proliferative effect on cultured human chondro-
cytes in a dose-and time-dependent manner22,24,91 
and on rabbit chondrocyte when GFs are deliv-
ered in a sustained manner through the upregula-
tion of CB1 and CB2 receptors92. Moreover, an in 
vitro and in vivo anabolic effect of PRP on chon-
drocytes has been reported by increasing the 
synthesis of proteoglycan and collagen type II21 

or decreasing catabolism by reducing MMP-13 ex-
pression and TNF-α concentration in synoviocyte 
and cartilage co-cultured systems with PRP media 
16. Another chondroprotective effect is based on 
the visco-inducing effect of PRP, which stimulates 
the synthesis of hyaluronic acid and lubricin by 
synoviocytes and chondrocytes respectively16,23,24, 
which help restore the SF homeostasis and func-
tion (figure 3), the latter preventing chondrocyte 
apoptosis, synovial cell overgrowth, cartilage 
breakdown, and inhibition of the MSC release and 
migration24,80,93.  On the other hand, platelet rich 
plasma obtained by apheresis, and characterized 
by a low platelet concentration and very few leu-
kocytes has been shown to exert positive effects 
on migration, proliferation and chondrogenic 
differentiation of cultured human subchondral 
mesenchymal progenitor cells93-95. Several solu-
ble morphogens embedded in a fibrin network 
such as IGF-I and -II, PDGF, SDF-1, TGF-β, CCL5 
and fibronectin, among other biomolecules, have 
been shown to be involved in the recruitment and 
homing, and in a chondrogenic-differentiation ef-
fect of PRP on chondroprogenitor or MSCs from 
subchondral mesenchymal progenitor cells93,96. 
Last but not least, dysregulated angiogenesis 
and fibroneurovascular tissue proliferation are 
two histological features of osteoarthritic SM and 
SB (figure 4). Despite the fact that PRP contains 
proangiogenic and profibrotic growth factors 
(VEGF, FGF, PDGF, and TGFβ) several in vitro and in 
vivo studies have reported no increase in the level 
of VEGF and TGFβ97 nor were tissular fibrosis or an 
aberrant angiogenesis induced97-100.
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subchondral bone is critical in its etiology such as 
osteonecrosis, osteochondral lesions, and bone 
marrow lesions. 

This chapter explores some of the recent insights 
and observations concerning the involvement 
of subchondral bone in the pathophysiology of 
osteoarthritis and additionally we will describe a 
new technique of platelet rich plasma infiltration 
for the treatment of severe knee osteoarthritis.

SUMMARY

This chapter deals with the scientific rationale 
which underpins a new procedure for the treat-
ment of severe knee osteoarthritis, namely, a 
combination of intra-articular and intraosseous 
injections of Platelet Rich Plasma. Intraarticular 
infiltration of platelet rich plasma is a promising 
treatment for knee osteoarthritis, but it still has 
some therapeutic limitations in severe osteoar-
thritis. Intraosseous infiltration delivers platelet 
rich plasma into the subchondral bone, acting on 
this tissue and consequently on cartilage-bone 
communication. Thus, this technique involves a 
new route of delivering platelet rich plasma that 
could be applied not only for severe osteoarthritis 
but also for other joint pathologies in which the 
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progressive replacement of the subchondral mar-
row with fibroneurovascular mesenchymal tissue 
(figure 1)5-8. As it is yet to be established precisely 
which of the joint tissues or structures is the pri-
mary driver of knee osteoarthritis (KOA), and 
therapeutic strategies targeting solely one cell or 
tissue target may well prove to fail9, it is advisable 
that approaches to severe KOA treatment should 
be aimed at reaching several joint tissues with the 
objective of reducing joint inflammation, control-
ling pain, improving joint functionality, and re-
storing  the homeostasis of joint tissues.

1. INTRODUCTION

Subchondral bone has always been present in the 
equation of the cartilage repair process and OA1-3 
but it has suffered neglect for decades as an im-
portant player in the etiopathogenesis of OA3,4. 
There is an increasingly recognized communica-
tion between the subchondral bone and articu-
lar cartilage based on the changes that the sub-
chondral bone undergoes in patients with severe 
OA, including microcracks and structural defects, 
vascularization of channels, nerve growth, and a 

FIG. 1
Targeting the osteoarthritic subchondral bone with Intraosseous infiltration of PRP. This schematic drawing illustrates the outside-in (AC-SB) and 
inside-out (SB-AC) flow of mediators and cells. SB as a point of egress of morphogens and cells, through the channels and vessels breaching the 
osteochondral junction, partially recruited by the osteoarthritic synovial fluid 3,7. This cartilage cell invasion might be facilitated by the loss of ag-
grecans, collagen II cleavage, and disruption of water tissue distribution 8 of the articular cartilage as well as by the secretion by MSCs of fibrinolytic 
enzymes 22. The excessive presence of TGFB1 and VEGF in OA subchondral bone 3, 7 could be a driving factor for changes in osteoblast-osteoclast 
coupling thereby leading to a bone remodelling imbalance 28, 30, 38, NGF expression, and fibroneurovascular growth, changes that addition-
ally might well contribute to overlying cartilage degradation, pain, and an osteoarthritic joint 25, 33, 47, 48, 49. (Reprinted with permission from 
Sánchez, M. et al. )16
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tis. Subchondral bone is the layer of bone which 
lies immediately below the calcified cartilage (fig-
ure 1)22, and consists of two different anatomical 
entities, one called subchondral or cortical plate 
which is nonporous and poorly vascularized corti-
cal bone, and the SB which contains bone marrow 
(fatty) and trabecular bone23,24. Together with the 
articular cartilage (AC), it forms the osteochon-
dral functional unit, which undergoes mechanical 
stresses that trigger adaptive cell responses and 
establish a crosstalk among them to adjust their 
architecture to ongoing physical and biochemical 
challenges7,25. In the functionality of the osteo-
chondral unit, articular cartilage provides an elas-
tic, gliding, smooth frictionless surface, while sub-
chondral bone, a very low viscoelastic structure, 
together with periarticular muscles and ligaments, 
acts as shock absorber structures, accounting for 
30% and 50% of the total absorbing energy and 
only 1-3% for the AC23,26. Besides the pivotal shock 
absorbing function, SB is a source of vessels whose 
perfusion rate enables an important nutritional 
route for AC but any damage to this microvascula-
ture affects venous bony circulation thereby alter-
ing cartilage and chondrocyte function5,23,27. 

2.2. SB turnover and structural changes in OA

The osteochondral unit in an OA joint undergoes 
several structural changes including loss of articu-
lar cartilage, development of inflamed synovium, 
calcified cartilage thickening and tidemark dupli-
cation, undermineralization of bone, sclerosis and 
stiffness of SB, bone marrow lesions (BMLs), cysts, 
osteophyte, and a localized bone marrow replace-
ment by fibroneurovascular tissue (figure 1)5-7,28. 

Despite the high turnover of SB in OA, an uncou-
pling between bone formation and resorption at 
the same site leads to an increase in bone volume 
without a concomitant increase in bone minerali-
zation pattern3,28,29. This SB sclerosis is character-
ized by an increase of the osteoid volume, and a 
decrease of calcium bound to collagen fibre, and is 
associated with a gain of trabecular thickness, loss 
of trabecular number, and a trabecular network 
more separated and less interconnected29,30. It has 

In recent years, several clinical trials using intra-ar-
ticular infiltrations of plasma rich in growth factors 
have shown promising results10-14 ; however, there 
are still some concerns about whether this form of 
administration is able to reach the deeper layers 
of the cartilage and subchondral bone, thereby 
possibly limiting the growth factors therapeutic 
potential especially in severe osteoarthritis11,15.

In light of recent studies reporting the impor-
tance of subchondral bone in the pathogenesis 
of osteoarthritis and cartilage-subchondral bone 
communication16,17 we proposed a combination 
of intra-articular and intraosseous injections to 
treat severe osteoarthritis18 In so doing, it is pos-
sible to expand the effective range of PRPs by not 
only acting on the subchondral bone and conse-
quently on its cartilage communications, but also 
on mesenchymal stem cells, to modulate the af-
fected tissue regeneration19,20. 

This chapter is based on two manuscripts pub-
lished recently16,18 an it will explore some of the 
recent insights and observations concerning the 
involvement of subchondral bone in the patho-
physiology of osteoarthritis.

2. THE ROLE OF SUBCHONDRAL 
BONE (SB) IN PATHOPHYSIOLOGY 
AND CLINICAL SYMPTOMS OF 
OSTEOARTHRITIS 

2.1. The subchondral bone-articular cartilage 
functional unit

Subchondral bone has always been present in the 
equation of OA pathogenesis, and more than 40 
years ago, partially inspired by the 1827 proposal 
by surgeon Dr. P.P. Physick on the SB as an effec-
tive shock absorber, Radin et al2,21 suggested a 
cause-effect connection among mechanical load-
ing, subchondral bone sclerosis, and osteoarthri-
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enable communication between SB and AC via 
diffusion of small molecules6,37,38. This communi-
cation may be exacerbated by structural changes 
seen early in the osteochondral unit in OA.The in-
creased osteoclastic activity in the OA subchondral 
plate 28 may increase the permeability of bone-
cartilage interface by inducing channel formation 
in the tidemark, in addition to the existent aber-
rant fibroneurovascular tissue and vasculature, 
and mechanical stress-induced microcracks7,24,39. 
Reinforcing this view, Pan et al.37 have demon-
strated the diffusion of small-size molecules be-
tween SB and AC by utilizing the FLIP method (Im-
aging method based on fluorescence loss, which 
quantifies diffusivity of small molecules) with so-
dium fluorescein in the distal femur of mice, and 
this communication is greatly increased in osteo-
arthritic joints of the mice model6. Therefore, the 
presence of these connections enables an elevat-
ed crosstalk among chondrocytes, osteoblasts, os-
teoclasts and MSCs through biological factors and 
signalling pathways (figure 1).

Several in vitro and in vivo studies have demon-
strated that osteoblasts from sclerotic subchon-
dral bone show an altered phenotype. In an in 
vitro study, Westacott et al 40 reported that osteo-
blasts in OA-affected bone exhibited a different 
phenotype, whose activity can degrade articular 
cartilage in vitro. Supporting this observation, 
Hilial et al.41 reported that osteoblasts from OA 
subchondral bone have an abnormal metabolism 
with increased levels of PGE2 and TGFβ (figure 
1). Using a co-culture model of OA subchondral 
bone osteoblasts with chondrocytes, Sanchez et 
al reported that osteoblasts induced a catabolic 
response of chondrocytes including a decrease 
in aggrecan, type II collagen and SOX-9, and an 
increase of MMP-3 and MMP-13 among other 
mediators42,43. Moreover, osteoblasts from scle-
toric subcondral bone have an elevated TGFβ 
expression29 and under cyclical compression ex-
press proangiogenic factors such as VEGF,FGF, 
and IL-844. Hepatocyte growth factor (HGF) is a 
pleiotropic morphogen present in articular car-
tilage but produced by osteoarthritic subchon-
dral bone osteoblats, osteoclasts, and MSCs45-47, 
with likely implications in both the chondrocyte 

been suggested that sclerotic subchondral bone, 
localized at subchondral plate, could decrease the 
load transfer to the underlying bone tissue lead-
ing to osteoporotic-like changes5. Moreover, SB 
can undergo microdamage, such as microcracks 
and clefts, that modify SB stiffness and reduce the 
shock-absorbing capacity of SB, thereby making 
chronic a microdamage context and perpetuat-
ing an accelerated bone remodelling, which im-
pairs normal mineralization of bone once it has 
been deposited, most likely by a modified os-
teoblastic phenotype5,24,31. Magnetic resonance 
imaging (MRI) has helped to detect subchondral 
bone marrow edema-like lesions (BMLs), which 
have been found to be associated with pain and 
disease progression in KOA32, and together with 
bone attrition, are strong indicators of a struc-
tural deterioration in knee and hip osteoarthri-
tis5,33.Several studies conducted in human knee 
and hip OA paralleling MRI bone marrow edema 
lesion (BMLs) studies with histological analysis 
of SB retrieved at the time of joint replacement, 
revealed microfractures and increased bone re-
modelling, subchondral ingrowth of fibrovascular 
tissue and increased vascularity, various types of 
bone marrow fibrosis32,34,35 as well as numeric and 
topographic alterations in native mesenchymal 
stem cells (MSCs)33. These observations were con-
firmed in rodent models of OA7,36.The increased 
activity of osteoclasts in OA cause channels to 
extend from SB to AC, passing across the calcified 
tissues into the noncalcified articular cartilage25. 
The neurovascular invasion of those new-formed 
channels is accompanied by a new fibroneuro-
vascular mesenchymal tissue within the channel 
along with cells such as macrophages, osteoclasts, 
osteoblasts, and endothelial cells, which interact 
to stimulate angiogenesis and growth of sympa-
thetic and sensory nerves7 and reach the noncalci-
fied cartilage (figure 1), a finding which has been 
supported by animal models of OA7.

2.3. Cellular interactions and molecular cross-
talk in osteochondral unit in OA 

There is now good evidence that even in a non-
diseased joint, naturally occurring pores and holes 
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anabolic state and the proliferation of an inva-
sive fibroneurovascular tissue in SB5,7,47, the latter 
when an uncoupling osteoclast-osteoblast activ-
ity may lead to an overexpression of HGF (figure 
1)45. The excessive presence of TGFB1 and VEGF 
in OA subchondral bone likely stemmed from a 
dysregulated osteocyte7,48 could be a driving fac-
tor for changes in osteoblast-osteoclast coupling 
thereby leading to a bone remodelling imbal-
ance5,30, NGF expression49, and fibroneurovascu-
lar growth changes that additionally might well 
contribute to overlying cartilage degradation30,48, 
pain7,24,25 and an osteoarthritic joint30,48. In a recent 
study, Zhen et al. showed that by inhibiting TGF-β 
signalling in a specific population of MSCs present 
at the SB (Nestin positive MSCs), the severity of OA 
was reduced, a change associated with improve-
ment of bone parameters, cartilage structure and 
joint function without affecting TGFB signalling in 
AC48. Moreover, in a recent study, Campbell et al 
(2016) reported functional and gene expression 
perturbations in native MSCs which could lead 
to further damage escalation33. These findings 
are in accordance with previous studies that have 
shown that the decrease of MSCs in the synovial 
fluid, in low degree OA, suggests clinical improve-
ment50. MSCs from osteoarthritic bone marrow 
have been reported to be substantially reduced in 
yield and proliferative activity besides showing a 
weakened chondrogenic and adipogenic activity 
and increased osteogenic activity51. However, in 
vitro studies indicate that the inclusion of growth 
factors, as a supplementary culture medium, can 
be beneficial in reverting their chondrogenic  
activity52. 

2.4. Subchondral bone as a tissue target 
in OA treatment

The realization of the biological and mechanical 
connection between AC and SB has lead to nu-
merous in vivo animal studies that have shown 
that targeting SB with some drugs can have pro-
tective structural effects on cartilage4. Blocking or 
limiting the bone remodelling with alendronate53, 
zoledronic acid54 or improving the microstructure 
and quality of subchondral bone in osteoarthritic 

and osteoporotic rabbits with parathyroid hor-
mone4, may prevent cartilage degradation and 
OA progression. Moreover, Sagar et al55 reported 
a reduction in pain behaviour after a subcutane-
ous treatment with osteoprotegerin in a mono-
sodium iodoacetate (MIA) rat model of OA pain, 
and Pelletier et al56 demonstrated that an oral 
strontium ranelate treatment in an experimental 
osteoarthritic dog model reduced the progression 
of structural changes including the subchondral 
bone. Despite the fact that the translation of these 
promising observations in preclinical research to 
human clinical trials has often failed, as indicated 
by a recent metaanalysis of clinical trial with rise-
dronate in knee osteoarthritis57, recent clinical 
trials are raising expectations. For instance, using 
zoledronic in patients with clinical KOA associat-
ed with bone marrow lesions (BMLs) assessed by 
MRI, Laslett et al58 reported a beneficial effect on 
pain and on BML evolution at 6 months. In partici-
pants from the osteoarthritis initiative, Laslett et 
al.59 demonstrated significant pain reduction dur-
ing the first 3 years of treatment with biphospho-
nates. Two more clinical trials have shown positive 
structural effects of strontium ranelate on KOA, 
one improving the joint space narrowing 60 and 
the other reducing the loss of cartilage volumes 
concurrent with the decrease of BMLs at 3 years 
of follow up61.

Infiltrations of platelet rich plasma (PRP) into the 
bone marrow cavity of femur of young and old 
ovariectomized-SAMP8 age-related osteoporotic 
female mice have been reported to up-regulate 
osteogenesis and down-regulate adipogenesis62. 
The increase of fat tissue mass in BM is correlat-
ed with decreased bone mineralization in aged 
SAMPS8 mice62,63, bone demineralization that oc-
curs in osteoarthritic subchondral bone together 
with cysts24. Moreover, improvement of bone 
mineral density in PRP-treated osteoporotic mice 
concurred with both histological sections of the 
bone samples showing more trabecular bone 
areas and more intense calcium staining and a 
suppression of bone resorption process as evi-
denced by the decrease of RANKL transcript62. In 
a trial on 13 healthy volunteers, Philippart et al64 

reported fatigue on the first day as the only clini-
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the surgery, we took this sample of cartilage and 
subchondral bone from the femoral condyle in 
which 5cc of PRGF had been infiltrated intraos-
seously. Part of the biopsy showed a good gross 
appearance, with pearly areas similar to the origi-
nal hyaline cartilage, though histological study re-
vealed a fibrocartilage repair tissue. Another area 
showed nearly exposed bone.

cal adverse effect after a self-stimulation of BM 
of the iliac crest by injected autologous platelet 
rich plasma64. Supporting these findings, Figure 2 
shows the histological analysis of cartilage and SB 
from a patient suffering from severe KOA who un-
derwent intraosseous infiltrations of PRGF. Eight 
months later, the patient had not improved clini-
cally and underwent a knee replacement. During 

FIG. 2
Fibrocartilage repair tissue after intraosseus PRGF infiltrations in the treatment of human knee osteoarthritis: a histological study. (A) Macroscopic 
morphology of the sample. The sample was divided into two pieces. The fragment on the left corresponds to fibrocartilage repair tissue (B to F) 
while the right-hand fragment shows osteoarthritic cartilage (G to K). B and G show panoramic images of the sample (Masson's trichrome stain-
ing). In photomicrographs C and H, details of the structure of articular cartilage are observed (Masson's trichrome staining). The presence of elastic 
fibres is demonstrated by Orcein staining (D and I). These fibres can be seen in D, while they are absent in I. An immunohistochemical study was 
performed to detect the presence of type I (E and J) and type II (F and K) collagen. In all samples (E to K), both subchondral bone (always positive 
for type I and negative for type II collagens) and cartilage are observed. In fibrocartilage (E and F) both types of reactivity are observed, while in the 
degenerated cartilage, only type II collagen positivity is shown (K). Histologically, the pearly area (the left-hand side of the sample) is fibrocartilage 
repair tissue, while the right-hand side of the sample displays an osteoarthritic area with loss of cartilage surface integrity. (Reprinted with permis-
sion from Sánchez, M. et al. )16
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arrived at the strategy of combining another drug 
delivery route, namely, the intraosseous infiltra-
tions combined with intraarticular infiltrations of 
PRP18-20,66,67. (Figure 3)

The procedure is carried out in the operating 
room under a 4-5 degree of sedation of the pa-
tient. In addition, local anesthesia is conducted 
into the periosteum of condyle and tibial plateau 
by injecting 2mL of 2% mepivacaine. Intraosseous 
infiltrations are performed with a 13G trocar used 

3. INTRAOSSEOUS INFILTRATIONS 
OF PLASMA RICH IN 
GROWTH FACTORS

In light of the aforementioned research and oth-
ers not mentioned here due to space limitation, 
and the significant clinical improvement obtained 
in some but not all patients with KOA treated with 
intraarticular infiltrations of PRP11,13,14,65 our group 

FIG. 3
Depiction of a new strategy to treat severe knee OA by targeting different knee joint structures such as synovial membrane (SM), synovial fluid (SF), 
articular cartilage (AC), noncalcified cartilage (NCC) and calcified cartilage (CC), and subchondral bone (SB) with intra-articular injections (IA) and in-
traosseous infiltrations (IO) of platelet rich plasma (PRP). This procedure reduces pain and mesenchymal stem cells (MSC) in SF, besides significantly 
improving knee joint function of patients with severe OA (Reprinted with permission from Sánchez, M. et al.) 19 
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for bone biopsy, and the control of trocar place-
ment is facilitated using a fluoroscope (Figure 4, 
5, and 6)18. The first treatment includes one PRP 
intraarticular infiltration and two PRP intraosse-
ous infiltrations (in femoral condyle and tibial 
plateau).Two more weekly intraarticular infiltra-
tions are performed. The group of Sanchez et al. 
have found after a 6 month follow-up, a significant 
pain reduction and decrease of MSC and CFU-F 
in synovial fluid with no adverse effects19,20,66. We 
have been performing intraosseous infiltrations 
of PRGF since 2003 applying them regularly at the 
condyle and tibial tunnels in the arthroscopic re-
construction of anterior cruciate ligament, and in 
osteochondral injuries and osteonecrosis of the 
hip and knee68.

4. DISCUSSION AND 
FUTURE PERSPECTIVES

Intraarticular delivery is an alternative modality to 
convey PRP in patients with KOA and it has been 
shown to be safe and efficacious in improving 
clinical symptoms11,13,65. This route of drug delivery 
reaches the synovial membrane (SM) and the AC, 
which is sometimes inefficiently targeted by sys-
temic drug delivery. Intraarticular delivery circum-
vents systemic toxicity and its side effects, offers an 
excellent bioavailability, and does not present mo-
lecular size limitation, in contrast to the systemi-
cally delivered molecules entering the joint via 
capillaries of the subsynovium69,70. Nevertheless, 
intraarticular therapy faces other challenges when 
treating chronic nonsystemic sterile-inflammatory 
conditions as in the case of KOA. One significant 
challenge is a short joint dwell time of drugs, since 
the lymphatic drainage clears proteins in a few 
hours. This is not the case of PRGF, since it acts 
as a dynamic liquid scaffold with a fibrin network 
from where GFs are gradually released into the tis-
sue71,72. Moreover, the increasingly recognized role 
of SB in the pathophysiology of OA3,7,24,28 might 
make the intraarticular route insufficient to tackle 
all the joint tissues involved in KOA. 

FIG. 4
(A) The platelet-rich plasma (PRP) intraosseous infiltration of a knee 
with severe femorotibial osteoarthritis is performed into the medial 
tibial plateau (1) and medial femoral condyle (2). (B) If the patient 
presents with femoropatellar osteoarthritis, the approach is external 
and the patella (3) and trochlea (4) are infiltrated. Before these in-
traosseous injections are performed, conventional knee intraarticu-
lar infiltration of PRP is conducted. (Reprinted with permission from 
Sánchez, M. et al.) 18
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Intraosseous delivery strategy for local, pro-
longed, and sustainable release of GFs has been 
proven to be efficacious in some musculoskeletal 
pathology, non-union fractures, osteoporosis, and 
bone fracture healing among them73,74. Over the 
past 30 years, surgical experience in cartilage de-
fect has revealed that only when the subchondral 
bone is involved through bone marrow stimulat-
ing procedures such as transcortical Pridie drill-
ing and microfractures, is a temporary functional 
fibrocartilage tissue synthesized, with no serious 
adverse effect reported75. There is good in vitro 
and in vivo evidence that events in the subchon-
dral bone concur with and have a direct effect on 

the overlying articular cartilage4,27,29,76. Moreover, 
although the titles and much of the text of Liu et 
al63 and Philippart et al64 papers are not focused 
on osteoarthitis, these studies shed important 
light on the role that intraosseous infiltrations of 
PRGF might play in subchondral bone homeosta-
sis by targeting both osteoblast-osteoclast cou-
pling and mesenchymal stem cell responses, as 
well as in its safety.

The combination of intra-articular and intraosse-
ous injections of PRP is an in situ local biological 
“joint-centric” approach to treat severe KOA ad-
dresses the SM, SF and superficial zone of AC by 

FIG. 5
After the patient is positioned supine on the operating room table, (A) intra-articular infiltration is performed into the joint through the external 
patellar wing, centred in the central region of the patella in the craniocaudal plane; (B) the infiltration is directed into the midpoint area of the 
femoropatellar region using an external approach and preventing infiltration into the synovial membrane, (asterisk). (C, D) Intraosseous tibial 
plateau infiltration is conducted into the medial tibial plateau, just to its middle area. The arrow indicates the trocar. (E, F). With respect to intraos-
seous femoral condyle infiltration, a trocar (arrow) is applied to the thickness of the medial femoral condyle, as far as the middle area of the medial 
condyle. (Reprinted with permission from Sánchez, M. et al.) 18

FIG. 6
(A) Communications between cartilage and subchondral bone are more pronounced in degenerated cartilage. (B) The platelet-rich plasma 
infiltrated into subchondral bone flows through the degenerated zones, and because of its viscous consistency, (C) it remains in the area, creating 
a matrix (asterisk). (Reprinted with permission from Sánchez, M. et al.) 18
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intraarticular injections of PRGF, and deep zones 
of AC and SB through PRGF intraosseous infiltra-
tions (figure 3)18-20.These PRGF infiltrations convey 
a mimetic biomaterial embedded with a pool of 
growth factors acting as a smart scaffold77 which 
might sustain a gradual delivery of growth fac-
tors at the dysfunctional and deregulated tissues 
as a niche therapy. Rebuilding a physiological-
homeostatic network at knee organ failure tissue 
level, as is the case of severe knee OA, must be an 
orderly process, which entails a daunting thera-
peutic task. Our hypothesis is that the concurrent 
presence and a balanced ratio between platelet-
secreted TGFB-1 and VEGF, and plasma growth 
factors such as IGF-1 and HGF78-81, all conveyed by 
PRGF intraosseous infiltrations, might reduce or 
buffer the excess of TGFB in SB and restore HGF 
activity synthesized by subchondral bone cells. 
This modulatory effect of PRGF on TGFB-1 signal-
ing pathway might shrink the fibroneurovascular 
tissue that replaces the bone marrow of OA sub-
chondral bone, an explanation which parallels the 
antifibrotic mechanism already reported to be ex-
erted by PRP on several cell phenotypes79-81. This 
new reestablished homeostatic balance between 
TGFB1 and HGF39,48 would reduce the synthesis 
of NGF, VEGF and other inflammatory mediators 
thereby contributing as well to modulate the ab-
errant fibroneurovascular tissue and to alleviate 
pain and hyperalgesia82. 

In spite of a wealth of preclinical and clinical 
publications on PRP, many uncertainties remain 
regarding the ultimate molecular mechanism/s, 
the variability in its composition mainly due to 
the presence/absence of leukocytes, the platelet 
concentration, the donors age, and the manner in 
which PRPs are applied to the damaged tissues83. 
Moreover, we need to delve into the particular ef-
fect of PRP on MSCs in addition to the systemic 
effect that this procedure might entail since few 
human studies have been carried out regarding 
PRP treatments and systemic effects84,85.
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termine this worse response such as the variance 
of level of degeneration, age, and the presence 
of alterations in terms of both platelet concen-
tration and function. There is no straightforward 
agreement on the treatment to be followed. One 
of the options for improving the response could 
be to increase the number of infiltrations to get 
an effective response. Of late, there are no stud-
ies that determine the standard for the frequency 
and number of cycles that must be performed for 
the treatment of OA. Treatment with two cycles of 
PRGF show improved of quality of life in patients 
with knee OA, with greater reduction in pain and 
stiffness compared with one cycle, although these 
results are not statistically significant. In those pa-
tients with poor response to treatment an option 
is the application of intraosseous PRGF.

SUMMARY

Knee Osteoarthritis is a degenerative disease that 
produces an inflammatory response of the syno-
vial membrane, cartilage and subchondral bone, 
and consequently produces pain and functional 
disability. Despite the enormous effort made to 
seek an early therapeutic intervention aimed at 
preventing progressive destruction of joint tis-
sues or reversing the initial articular cartilage 
and bone damage, there is still a lack of disease-
modifying osteoarthritis therapy. The application 
of the biological therapy PRGF has allowed signifi-
cant improvement in the quality of life of patients, 
delaying implantation of prosthesis. According to 
the results shown in the various published stud-
ies, there are approximately 20% of patients do 
not respond to treatment with platelet rich plas-
ma or the response is significantly lower than in 
other patients. There are several factors that de-
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of PRP. Platelets contain growth factors, cytokines, 
chemokines and lysosomal granules. The release 
of these may play a special role in cartilage repair 
including modulating inflammatory processes, 
cell proliferation, chemotaxis, migration, differen-
tiation and syntheses of matrix. It has been shown 
that platelet rich plasma, PRGF, has a chondropro-
tective effect from both the hyaluronic acid secre-
tion by synoviocytes14 and the arresting of type 
II collagen, cleavage by the combination of TGFß 
and FGF. PRGF has been revealed as a mighty anti-
inflammatory response that might be mediated 
on the basis of the high concentration of HGF 
present in PRP, besides being secreted by several 
cells, thereby inhibiting the intracellular signaling 
regulator of the inflammatory and stress-induced 
response pathway NF-kß. Some growth factors 
present in platelets such as PDGF and TGFß have 
been shown to promote the proliferation of oste-
oblasts15,16. PRP preparations facilitate bone repair 
by expressing the pro-osteogenic and angiogenic 
functions of endothelial cells, recruiting osteo-
blast precursors, and promoting expression of ad-
hesion molecules (osteoprotegerin)17.

The current molecular interventions mainly tar-
get the clinical hallmark of OA, namely, pain and 
subsequent loss of knee function. In fact, cur-
rent studies on the application of platelet-rich 
plasma point to the efficacy of this treatment in 
the improvement of pain, stiffness and functional 
capacity compared to other conservative treat-
ments10-13,18-23. There are several possible mecha-
nisms that might likely link the pain reduction 
to PRP treatment. PRP and growth factors within 
it such as HGF, IGF-1, and PDGF suppress mac-
rophage and fibroblast, and modifying the in-
flammatory sate of chondrocytes activation by 
inhibiting the NFκB pathway, thereby dampening 
the synovial and articular cartilage inflammatory 
response, and this could lead to decreased IL-β, 
TNF-α concentration and other proinflammatory 
cytokines in synovial fluid24-26. Another mecha-
nism that has been reported is the significant 
amount of endogenous cannabinoids within PRP 
that might act as ligands for cannabinoid receptor 
1 (CB1) and 2 (CB2) of chondrocytes, synovial cells 
and bone cells of OA patients, thereby support-

1. INTRODUCTION

Knee osteoarthritis (OA) is one of the most fre-
quent causes of pain and loss of function in pa-
tients over 65 years, with an increasing prevalence 
given the increase in the older population itself. 
Osteoarthritis (OA) is a mechanically induced, cy-
tokine and enzyme mediated clinicopathological 
syndrome, and characterized by the involvement 
of inflammatory events in early stages of the joint 
condition1. Inflammation affects joint tissues with 
neurovascular structures such as menisci, synovial 
membrane (SM), subchondral bone (SB), joint cap-
sule, and ligaments2-4 and where synovial fluid (FS) 
plays an important role in perpetuating a vicious 
cycle among knee joint`s tissues by maintaining a 
detrimental pro-inflammatory microenvironment 
for cells from SM and superficial articular cartilage 
to deep layers of articular cartilage, and to SB as 
well2,5,6. SM and SB are endowed with heat recep-
tors, chemoreceptors, and mechanoreceptors 
from which the nociceptive stimulus may lead to 
peripheral pain. Indeed, this is the case in approxi-
mately 60% to 80% of patients with knee OA7. At 
the early and mild stages of OA, the pain is trig-
gered by physical activity and relieved by rest8. 
Also included in the clinical assessment of OA 
patients is joint stiffness, and in conjunction with 
pain may well contribute to knee disability, ulti-
mately resulting in a drastic reduction in patient 
quality of life. 

Despite the enormous effort made to seek an 
early therapeutic intervention aimed at prevent-
ing progressive destruction of joint tissues or 
reversing the initial articular cartilage and bone 
damage, there is still a lack of disease-modifying 
osteoarthritis therapy, making joint replacement 
the only solution for these patients9. Based on 
the biological theory of OA, various therapies to 
modify the disease have been developed in recent 
years. Among the different biological therapies, 
the application of platelet-rich plasma has been 
an advance in the treatment, becoming a safe and 
effective autologous therapy10-13. With this biologi-
cal approach, there is an increasing interest in au-
tologous growth factor treatment such as the use 
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ing both a pain and inflammation reduction by 
targeting the endogenous cannabinoid systems27.

In recent years there are many published studies 
have assessed the effectiveness of PRGF in pa-
tients with knee OA21-23. The results obtained are 
encouraging showing an improvement of qual-
ity of life in patients after long-term application 
compared with other conservative treatments. It 
is, however, complex to perform a meta-analysis 
due to the considerable heterogeneity of the PRP 
applied and the demographic differences of the 
patients. Variability in the OA degree including 
in the different studies, the significant difference 
of age groups, scales used, and PRP preparation 
themselves, conspire to make it difficult for us to 
reach a consensus on the standardization of treat-
ment with PRP. However, it is clear that the stud-
ies performed by authors such as Sánchez et al 
show how the intra-articular application of PRGF 
improves patients' quality of life compared to ac-
cepted conservative treatments such as hyaluron-
ic acid10,12,13,18. All papers show a significant reduc-
tion of pain and other symptoms such as stiffness, 
functional capacity, and mobility as measured ac-
cording to the results of the WOMAC scales (West-
ern Ontario McMaster Universities Osteoarthritis 
Index &), KOOS or Lequesne. This improvement 
was statistically significant. In addition, according 
to the OMERACT-OARSI clinical evaluation criteria, 
more than 80% of the patients presented a favora-
ble response with reductions of over 50% in the 
scores12,18. As an autologous product, PRP is a safe 
treatment. In this regard, treatment with PRGF had 
no higher rate of adverse events than other treat-
ments, all of which were related to injection tech-
nique. One of the problems of OA treatment is the 
limited effect over time, sometimes deriving ad-
verse effects from chronic administration. In this 
sense the application of PRGF has not only shown 
effectiveness during the first 6 months, a benefi-
cial effect has persisted for at least 12 months. The 
level of knee degeneration in all studies was one 
of the inclusion criteria. On the basis of this level, 
some studies reported more promising results 
with the use of PRP in knees with a lower level of 
joint degeneration. Although the response in pa-
tients over 65 years as well as in severe degrees 

of OA has been less studied, the work of Vaquer-
izo et al12 shows that this improvement is lower in 
these patients although the patients were satis-
fied with the results obtained. According to the 
results reported in the various published studies, 
there are approximately 20% of patients do not 
respond to treatment with platelet rich plasma or 
the response is significantly lower than in other 
patients. There are several factors that determine 
this poor response such as the variable levels of 
degeneration, age, the presence of functional al-
terations, and in terms of preparations of platelet 
concentrations. In addition to this, there is no clear 
standard in the treatment to be followed. One of 
the options for improving the response could be 
to increase the number of infiltrations to get an 
adequate response. At the present, there are no 
studies, which determine the frequency and num-
ber of cycles that must be performed for the treat-
ment of OA. In the light of this terra incognita, it 
was worth considering increasing the number of 
cycles to improve the symptoms of osteoarthri-
tis such as pain, stiffness and functional capacity. 
We aimed to evaluate the effectiveness of two cy-
cles of PRGF in the treatment of OA. The goal of 
this study was to assess, the clinical efficacy and 
safety of one cycle (OC) versus two cycles (TC) of 
intra-articular injections of PRGF on patients with 
knee OA. As in other studies we used WOMAC and 
Lequesne scores as outcomes measures. Our hy-
pothesis was that treatment with 2 cycles of PRGF 
might add a greater clinical efficacy than a single 
cycle of PRGF in patients with OA, thus TC thera-
peutic dosage to improve associated symptoms 
of knee OA, pain stiffness and functional capacity.
This study was performed during a second thera-
peutic open phase of the same randomized clini-
cal trial12, in the same centre in accordance with 
current law and regulatory rules, and the inter-
national guidelines for Good Clinical Practice (In-
ternational Conference on Harmonization, June 
1996), Declaration of Helsinki in its latest revised 
version (Fortaleza, 2013) was also followed. The 
study protocol was previously reviewed and ap-
proved by the institutional review board. All pa-
tients signed the informed consent prior to in-
clusion in the RCT. In the first blind phase of the 
RCT, an experimental group treated with PRGF (3 
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The efficacy outcome measures were a reduction 
in the global score of the WOMAC Index (Western 
Ontario and McMaster University Osteoarthritis 
Index), as well as in the different sub-scales for 
pain, stiffness and physical function of this score, 
as well as the reduction, and in global LEQUESNE 
Index and its pain, MWD and ADL sub-scales, from 
baseline and at 6 and 12 months (48 weeks) of 
follow-up after treatment. At the end of the clini-
cal trial and as a secondary objective, according to 
the guideline for Good Clinical Practice, all com-
plications and/or adverse events were recorded at 
each patient visits. Severity grade, received treat-
ment and evolution of all adverse events were as-
sessed and documented. The use of rescue medi-
cation was also recorded daily in the patient’s 
diaries.

In order to avoid bias in the analysis, an intention 
to treat (ITT) statistical analysis was performed for 
all variables, including all patients who received 
one or two cycles of intra-articular injections of 
Endoret (PRGF), and with at least one efficacy or 
safety assessment. Qualitative variables were ex-
pressed as absolute or relative frequencies and 
quantitative variables by either the mean and 
standard deviation or alternatively the median 
and its interquartile range in cases where normal 
distribution was not met. All comparisons be-
tween OC and TC groups were performed using 
the Student t-test or alternatively, with the Mann-
Whitney U non-parametric statistical test for dis-
tributions other than normal. All statistical analy-
sis was performed using the statistical program 
SPSS version 16.0.

90 patients were included in the study. Forty-
eight patients had received one cycle of PRGF 
(OC group), while 42 patients received two cycles 
of PRG separated by 6 months (TC group) in this 
open phase. The mean age in the OC group was 
63.55 years, and the mean body-mass index was 
30.12, whereas in the two-cycle group (TC) mean 
age was 67.95 years and the mean body-mass in-
dex was 30.77. Comparing baseline values in both 
groups, no significant differences were observed 
in Kellgren grade or body mass index between 
groups, whereas a significant higher age was re-

injections on a weekly basis) was compared with a 
control group receiving Viscous-supplementation 
with a follow-up of 48 weeks. In this posterior 
open phase of the RCT, after a washout period of 
6 months at the end follow-up period, patients 
of the control group received treatment with 2 
sequential cycles of PRGF (6 months separately), 
while patients in the control group previously had 
received a single cycle of three intra-articular infil-
trations of PRGF (OC group).

The objective of this second phase was to com-
pare the efficacy of these two different thera-
peutic regimens (one cycle of treatment vs. two 
cycles) of treatment with Endoret (PRGF) in OA. 
The study selection criteria were: over 50 years, 
osteoarthritis of the knee confirmed by radio-
graphic (Kellgren-Lawrence classification grade 
II-IV), no severe mechanical deformity, no sys-
temic autoimmune rheumatic disease or blood 
disorders, values of body mass index < 35, and no 
viscous-supplementation treatment in the past 6 
months. Each patient also received a booklet that 
contained detailed instructions for the study and 
the Western Ontario and McMaster Universities 
Osteoarthritis Index WOMAC questionnaire.

PRGF was prepared following the technique de-
scribed by Sanchez et al18. At each visit blood vol-
ume from each patient ranged from 36 to 72 mL, 
depending on the knees to be treated. Blood was 
collected in sterile conditions with a Sodium Cit-
rate buffer. The blood was centrifuged for 8 min-
utes at 580g in a BTI System centrifuge. After cen-
trifugation the BTI Plasma Transfer Device® was 
used to aspirate fractions of plasma enriched in 
platelets immediately above the buffy coat, taking 
care to avoid disturbing the buffy coat. Following 
activation of the PRGF with 50 microliters of Cl2Ca 
10% for every mL of plasma, the PRGF was infil-
trated intraarticularly.

Clinical and demographic variables were analyzed 
(gender, age, body mass index (BMI), OA degree 
with Kellgren-Lawrence score, laterality and com-
plications were collected at the beginning of the 
study. 
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corded in TC group. Moreover, a significantly high-
er Lequesne index and all WOMAC scores (global, 
pain, stiffness and function) were observed in pa-
tients of TC group (Table 1).

At 6 months of follow-up, all patients had a signifi-
cant reduction in both scales (P <0.001). In both 
groups there was a clinical improvement of more 
than 30% in all subscales. Patients presented the 
best results at pain level (45%) and mobility (37%). 

FIG. 1
Comparative Outcomes WOMAC score.

TABLE 1. Demographic parameters and baseline values.

FIG. 2
Comparative Outcomes Lequesne score.

Results after both treatments showed a signifi-
cant reduction at the end of follow-up (48 weeks) 
compared with the baseline values (p<0.001) for 
both treatment OC and TC groups. Patients in the 
OC group had a clinical worsening compared with 
the results obtained at 6 months in WOMAC and 
Lequesne score (Figure 1 and 2). This clinical wors-
ening was not significant. On the other hand, pa-
tients in the TC group continued to improve at the 
end of follow-up, exceeding the results obtained 
by the OC group.

60

40

20

0
TC

*
*

*
*

OC

WOMAC Total 0M

WOMAC Total 6M

WOMAC Total 12M

p<0.05

p<0.05

15,0

20,0

10,0

5,0

0,0
TC

*
*

*

*

OC

Lequesne Total 0M

Lequesne Total 6M

Lequesne Total 12M

WOMAC AND LEQUESNE SCORE
OC TC P value

Patients 48 42

Gender
Male 21 15 0.23
Female 27 27 0.007*

Age (years) 63.6 ± 6.7 68 ±8.3 0.65

Laterality
Left 13 11
Right 22 17
Bilateral 13 14

Kellgren-Lawrence 2.9 ± 0.7 2.9 ± 0.8 0.86
Body mass Index (kg/m2) 30.1 ± 4 30.8 ±4.4 0.46

WOMAC scale

Pain score 9.7 ±2.5 11.01 ±3.4 0.024*
Stiffness score 3.7 ±1.7 4.6 ±2 0.04*
Function score 32.7 ±9.9 39.7 ± 12.2 0.005*
Global 46 ± 12.7 55.4 ± 16.7 0.004*

Lequesne global Index 12.8 ± 3.8 15 ± 2.4 0.001*
*Statistical significance (P<0.05).

*

*
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the LEQUESNE score than in the WOMAC score 
as shown in Table 3. Regarding WOMAC score, 
patients of TC group showed a significantly high-
er reduction from baseline in WOMAC stiffness 
subscales compared with patients of OC group 
(P<0.05). In WOMAC global score and in pain and 
function sub-scales, despite a better response to 
treatment at the end of follow-up no significant 
differences between groups were detected. Re-
garding LEQUESNE index, a significantly higher 

This reduction was observed for all WOMAC and 
Lequesne scales and sub-scales (Table 2). This 
substantial reduction from baseline was at least 
24.6% (WOMAC stiffness score) for both groups 
and scores at the end of follow-up (48 weeks) as 
observed in Table 3.

Comparing the results in outcome measures in 
both OC/TCs treatment groups globally, the dif-
ferences between groups were more relevant in 

WOMAC AND LEQUESNE OUTCOMES
OC TC

Mean ± SD P value Mean ± SD P value 

WOMAC
Score

Pain score
9.7 ±2.5

<0.001
11.01 ± 3.4

<0.001
6.3 ±3.3 6.7 ± 3.7

Stiffness score
3.7 ±1.7

<0.001
4.6 ±2

<0.001
2.6 ± 1.4 2.7 ±1.6

Function score
32.7 ±9.9

<0.001
39.7 ± 12.2

<0.001
21.9 ± 11.3 23.8 ± 12.8

Global
46 ± 12.7

<0.001
55.4 ± 16.7

<0.001
30.8 ± 15.5 33.2 ± 17.5

Lequesne 
Score

Pain score
5.6 ±1.4

<0.001
6.2 ± 1

<0.001
4.1 ± 1.6 4.2 ± 1.9

MWD
2.8 ± 1.9

<0.001
3.3 ±1.6

<0.001
1.5 ± 1.3 1.0 ± 0.9

ADL
4.5 ± 1.5

<0.001
5.6 ±0.9

<0.001
3.3 ± 1.6 3.4 ± 1.7

Global
2.8 ± 3.8

<0.001
15 ± 2.4

<0.001
8.9 ± 3.7 8.6 ± 3.7

COMPARATIVE RESULTS
OC TC P value

WOMAC
Score

Pain score 33.5 ± 30.9 33.5 ±30.9 0.96

Stiffness score 24,7 ± 40.4 18.7 ±60.8 0.04*

Function score 33.7 ± 28.7 37.1 ± 31.4 0.59

Global 34 ± 27.6 36.5 ± 32.6 0.71

Lequesne 
Score

Pain score 25.3 ± 29 30.9 ±31.9 0.29

MWD 29.7 ± 60.1 61.5 ± 53.6 0.006*

ADL 25 ±30.7 39.7 ± 28.4 0.04*

Global 30.2 ± 23 442 ± 24.7 0.02*

TABLE 2. WOMAC and Lequesne outcomes.

TABLE 3. Comparative results of outcome measures (%) between OC/TC groups. 48 weeks respect baseline.
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with the results reported previously by Sanchez 
et al10,13,18 and Vaquerizo et al12. PRP has proven to 
significantly reduce pain and joint stiffness, and to 
improve physical function in patients with knee 
OA21,23. In the absence of pertinent studies, how-
ever, there is evidence that application of PRGF 
indirectly slows the progression of osteoarthritis, 
delaying surgery11-13,18-23.

There are several potential mechanisms by which 
intraarticular injections of PRGF might reduce OA 
knee pain. Although pain is the clinical hallmark 
of OA, tissue inflammation and degeneration 
appear to underlie the molecular, cellular, and 
clinical phenomena characterizing the cluster of 
degenerative joint conditions known as OA29. In 
patients with severe knee OA, extracellular matrix 
fragments stemming from the degrading proteo-
glycans and cleaved collagen I may act as DAMPs 
(damage-associated molecular patterns)30-32, 
and activate the intracellular signalling pathway 
known as nuclear factor kappa B (NFkB) on cells 
such as nociceptors, chondrocytes, synovial fibro-
blasts and macrophages2,30-32. This NFkB activation 
induces the gene expression of pro-inflammatory 
cytokines such as interleukin 1beta (IL-1B), inter-
leukin 6 (IL-6), and tumor necrosis factor alpha 
(TNF-a). These are not only the major mediators 
of joint inflammation, they also contribute to gen-
erating and perpetuating inflammation-evoked 
pain by eliciting hyperalgesia and sensitizing joint 
tissue nociceptors for mechanical stimuli24,25. 

In vitro and in vivo studies have reported that PRP 
and growth factors within it such as HGF, IGF-1, and 
PDGF suppress macrophage, fibroblast, and chon-
drocyte activation by inhibiting the NFkB signaling 
pathway15,16 and thereby breaking the catabolic 
loop, to dampen the synovial and articular carti-
lage inflammatory response when these cells are 
exposed to pro-inflammatory cytokines, abnormal 
mechanical stress and DAMPs, comprising the OA 
context5. In addition, the significant amount of 
endogenous cannabinoids within PRP might act 
as ligands for cannabinoid receptor 1 (CB1) and 
2 (CB2) of chondrocyte and synovial cells of OA 
patients thereby supporting a pain reduction by 
targeting the endogenous cannabinoid system5,7,9. 

reduction from baseline either in global score, in 
MWD sub-scale (maximum walking distance), in 
ADL (Activities of daily living) sub-scale, was ob-
served. The improvement rate was 31.8 % higher 
for the TCs PRGF group compared with OC PRGF 
group (P<0.01) in MWD sub-scale. Specifically, in 
patients receiving two cycles of PRGF- (TC group), 
the improvement for the Lequesne global score 
was 11.84% higher than in the OC group (P<0.05), 
whereas in Lequesne MWD and ADL subscales the 
improvement compared to the OC group reached 
the 31.8% and 14.66% respectively (P<0.05). For 
pain assessment on the WOMAC scale, in Lequesne 
pain sub-scale patients in the TCs group had a 
greater pain reduction than patients in the OC 
group, although this difference was not significant.

Patients who have been treated with two cycles 
of PRGF (TC group) showed a higher pain reduc-
tion, compared with OC group, although this dif-
fer- ence was not significant. The reason might be 
related to the significant difference in baseline 
values observed for WOMAC and LEQUESNE pain 
score values between both groups (higher base-
line values in TC group) among other reasons.

At the end of the study, there were no significant 
differences in rescue medication used in both 
groups. Only 7 patients in both groups presented 
pain during the first 24 hours. All of these events 
were related to post-injection pain. No new ad-
verse events or complications in TC group were 
reported during this second therapeutic phase.

Biological therapies improve symptoms of OA, 
this is an obvious fact, but at present it is difficult 
to adopt a mechanism-based approach to pain 
management for several reasons, including the 
heterogeneity of the OA syndrome28, the poor un-
derstanding of mechanisms underlying joint pain, 
the different tissue sources of pain, and the dual 
central and peripheral features of OA pain2,28.

If we compare the results obtained in this clini-
cal trial, assessed by both Lequesne and WOMAC 
scores in patients with severe knee OA treated 
with one or two cycles of intraarticular injections 
of PRGF, the significant improvement is consistent 
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mum walking distance (MWD), activities of daily 
living (ADL) and Lequesne global sub-scale com-
pared with patients of the OC group. This increase 
in tolerable physical load might entail a positive 
chondroprotective and anti-inflammatory effect 
since as several lines of evidence suggest, mod-
erate mechanical loading of joints prevents car-
tilage degradation by suppressing the activation 
of NFkB 33. It is worth mentioning that the appli-
cation of intraarticular infiltrations of PRGF does 
not entail any reduction in physical activity and 
patients resume their daily activities immediately 
after the procedure is performed. It can then be 
surmised that the increased physiological loading 
may well work in synergy with the anti-inflamma-
tory effect of PRGF treatment, to reinforce as well 
as strengthen the periarticular muscles and con-
tribute to a reduction in knee joint stiffness. 

A limitation of this study includes the differ-
ent WOMAC-Lequesne baseline values of both 
groups, which results are unfavorable for the TC 
group. Patients with worse degrees of osteoarthri-
tis showed better results at the end of follow-up 
in TC group, although due to the initial differences 
these results were not significant. This fact was 
observed when comparing the results according 
to the patient age. However, in order to overcome 
this pitfall, the clinical improvement of WOMAC 
and Lequesne outcomes were shown in % rela-
tion from the baseline values for both treatment 
groups. 

On the other hand, as with previous published 
studies, there are no biochemical data analyzing 
the synovial fluid composition. A more ideal study 
would entail a close examination of synovial fluid 
in terms of inflammatory mediators and lubricant 
components, as well as assessing peri-articular 
muscle to reveal the real impact on quality of life 
and improvement of knee stability.

This study indicates that although two cycles of 
PRGF treatment does not produce a measurable 
higher pain reduction compared with one cycle 
of PRGF treatment on patients, both modalities 
of treatment (OC and TCs groups) were safe and 
clinically effective, which significantly reduce all 

The greater degree of degeneration of structures 
may produce a lower initial response of patients 
to treatment. The fact that two cycles of PRGF 
treatment (TC group) did not add a significantly 
higher pain reduction in patients, compared with 
OC group treatment, might be related to the sig-
nificant difference in baseline values observed for 
WOMAC and Lequesne pain score values between 
both groups (higher baseline values in TC group) 
among other reasons (Table 1). 

However, patients treated with two cycles of En-
doret (PRGF) underwent a significantly higher im-
provement in WOMAC stiffness, maximum walk-
ing distance, activities of daily living and both 
global sub-scales than patients receiving only 
one Endoret (PRGF) cycle (OC group) (p<0.05) at 6 
months and at the end of follow-up. The sensation 
of knee stiffness is one of the six criteria evaluated 
in the WOMAC questionnaire, and although it is a 
symptom whose origin is complex, factors such 
as synovial fluid lubrication and composition, and 
periarticular muscle conditions play an important 
role in this symptom since these two joint ele-
ments are the most important shock absorbers at 
knee level. The anti-inflammatory effect of PRP on 
synovial membrane and articular cartilage of knee 
osteoarthritis patients may well reduce knee swell-
ing which otherwise would trigger a spine reflex 
and inhibit the activation of periarticular muscle, 
thereby leading to muscle weakness and atrophy, 
and eventually contribute to knee stiffness. On the 
other hand, it has been shown by in vitro studies 
that PRP enhances the synthesis of hyaluronic acid 
by osteoarthritic synoviocytes even in the pres-
ence of IL-B 14. Moreover, another key component 
in knee lubrication and chondrocyte protection is 
lubricin, whose production by synovial cells and 
superficial zone chondrocytes decreased with age 
and after injury, and in knee OA is significantly 
enhanced by the application of PRP. Overall, the 
secretion of HA and lubricin together with a re-
duction in inflammatory synovial fluid, might well 
contribute to a reduction in knee stiffness. 

In this study, patients undergoing two cycles of 
PRGF treatment showed a significantly higher 
improvement in efficacy outcomes such as maxi-
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assessed variables with WOMAC and LEQUESNE 
scores at the end of the follow-up period (48 
weeks) compared with baseline values. In addi-
tion, patients treated with two cycles of PRGF 
showed a significant improvement in stiffness, 
maximum walking distance and activities of daily 
living, clearly indicating an improvement in life 
quality. Despite the best results obtained there are 
still other lines of research that may improve pa-
tient symptoms, and for this purpose the applica-
tion of intraosseous PRGF can be a clear advance 
for the treatment of refractory cases. The applica-
tion of intraosseous PRGF is explained below.
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Ankle ligament injuries are also very common 
amongst young athletes. The front and middle 
bands of the lateral ligament are the ligaments 
commonly injured in a sprain. Recent epidemiol-
ogy studies have revealed that ankle sprains have 
a high incidence among athletes, and are particu-
larly common in those who practice team sport. 
The benefit of using PRFG in ligament injuries is 
widely studied, over knee and ankle. These stud-
ies have shown that the PRGF seems to play an 
important role during the regeneration of the low 
healing potential ligament tissue, when applied. 
It also helps to restore the biomechanical prop-
erties of the tissue. It is important to restore the 
anatomy, recover function and to have a good bi-
ological environment so as to avoid degenerative 
processes in the cartilage joint.

SUMMARY

Ligament injuries have a high incidence among 
young athletes and they occur most often in 
contact sports. Treatment of these injuries has a 
profound impact not only for athletes but also 
for everyone who engages in recreational sports 
practice.

Knee injuries are common and potentially career 
ending in amateur and professional sports. There 
are two ligaments on the knee cavity, anterior cru-
ciate ligament (ACL) and posterior cruciate liga-
ment (PCL). PCL injuries happen far less often than 
ACL injuries, because PCL is stronger than ACL 
and most commonly occurs in combined knee 
ligament injuries. The other two ligaments in the 
knee are the lateral collateral ligament (LCL) and 
the medial collateral ligament (MCL) which are lo-
cated on both sides of the knee. 
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Growth Factors are substances whose biochemi-
cal signals are capable of modulating the cellular 
response. These substances can be vitamins or 
hormones with the main function of stimulating 
cell growth and differentiation. They are involved 
in a large number of other very important biologi-
cal functions such as cellular proliferation, cellular 
survival, migration and even apoptosis.

Growth factors are cellular mediators synthetized 
by many different types of cells. The connective 
tissues are known to contain many of the signal-
ling proteins that play a very important role in the 
remodelling and repair of the different types of 
connective tissue.

Growth Factors carry out their function at very low 
concentration, in the region of pico or nanograms. 
They bind to a cellular receptor; this receptor is 
specific for a second messenger where a tyrosine-
kinase protein acts. This activation starts the sig-
nalling cascade, ending in the nucleus where the 
transcription factors activate one or more genes.
The most important Growth Factors acting in liga-
ment healing are PDGF, TGF-β, IGF, FGF, EGF and 
VEGF, but also NGF and HGF in a smaller propor-
tion.

The PDGF has mitogenic properties as a very 
strong mesenchymal cell activator1, modulates 
important processes as endocytosis or cell migra-
tion2, and also plays a very important role in re-
paration and regeneration processes. TFG-β has 
many different functions such as proliferation, 
migration and cell metabolism. It stimulates or in-
hibits cell differentiation and proliferation depen-
ding on its concentration, tissue environment and 
cell type2. The functions of IGF are cellular repli-
cation, synthesis of glycogen, proteins and glyco-
saminoglycan, and the transport of glucose and 
amino acids throughout the cell membrane2. IGF 
also plays an important role in increasing cartila-
ge, bone formation, and decreasing extracellular 
matrix degradation3. The main FGF biological acti-
vity is the mitogenic, chemotactic and angiogenic 
capacity over many cells2. EGF stimulates mitoge-
nesis, increasing DNA, RNA and protein produc-
tion in fibroblasts and in endothelial cells. VEGF 

1. INTRODUCTION

Since the emergence of regenerative medicine, 
a range of studies has demonstrated the efficacy 
of new biological treatments. During the tissular 
healing process, angiogenesis, tissular prolifera-
tion and extracellular matrix formation occurs. 
These processes are based on biological events 
controlled by a series of growth factors and  
proteins.

Until the emergence of PRGF therapies, it has not 
been possible to initiate healing in the same ther-
apeutic agent using the necessary cell scaffold 
and molecular signals. 

To understand the complexity of PRGF therapies, 
knowledge about platelet biology is fundamental. 
The primary and best-known function of platelets 
is their contribution to hemostasis. However, more 
functional facets of the platelets have been identi-
fied, and we now know that they play an impor-
tant role in inflammatory and proliferative events, 
and also a critical role in tissue remodelling and 
wound healing; and furthermore, we now recog-
nize their angiogenic power to deliver proteins to 
areas where tissue is damaged.

For these reasons, PRGF is a good vehicle to de-
liver GFs to the injured site, where it can mimic the 
physiological process of tissue repair. 

Platelet Rich Growth Factor, PRGF, is a source of 
autologous Growth factors obtained by different 
methods. Depending on the system, the prod-
ucts obtained have different chemical and cellular 
composition, which consequently lead to differ-
ent results after application. For that reason, it is 
very important to know the composition of the 
product administered.

There are studies suggesting that leukocytes in 
PRGF contribute to inflammatory cytokine pro-
duction. But even more significant than simply 
minimizing inflammation is the maximizing plate-
let role to decrease inflammation and enhance 
matrix gene synthesis.
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is fundamental in tissue reparation-regeneration 
processes, and it plays an important role in early 
migration and proliferation phases, but is more 
active after the inflammatory process as a deter-
minant in proliferation and the remodelling pha-
se, where it is a great stimulant of angiogenesis4. 
NGF contributes to accelerate the cicatrization 
processes by modulating inflammatory phases, 
migration, angiogenesis and tissue remodelling5. 
HGF is a protein with mitogenic properties in en-
dothelial cells which stimulates cell migration, 
and has a powerful synergic activity with VEGF in 
endothelial cells6.

2. KNEE

ANATOMY AND FUNCTION

The knee is a large and complex joint, formed by 
two units:

A. The tibiofemoral joint, constituted by the dis-
tal end of the femur with the proximal end of 
the tibia, belonging to the bi-condylar group.

B. The patellofemoral joint, a trochlear diarthro-
sis genre-type, formed by the femoral troch-
lea and the back of the patella.

The knee has four major ligaments that help it 
avoid luxation. There are two positioned on the 
extra-articular side, called the Medial Collateral 
Ligament (MCL) and Lateral Collateral Ligament 
(LCL). There are two intraarticular ligaments 
crossed and located in the centre of the tibiofem-
oral joint, called the Anterior Cruciate Ligament 
(ACL) and Posterior Cruciate Ligament (PCL).

The other ligaments or capsular reinforcements 
are the following:

On the extra-articular of the anterior side: The Pa-
tellar Ligament connecting the patella to the tibia.
On the extra-articular of the posterior side: The 
Oblique Popliteal Ligament or Recurring Tendon 

connecting the tendon of the semimembranous 
muscle to the external condyle of the femur. The 
Arched Popliteal Ligament connects the external 
condyle of the femur with the margin of the head 
of the tibia.

On the extra-articular of the inner side is the Me-
dial Patellar Femoral Ligament (MPFL), which 
connects the border of the patella to the internal 
femoral condyle. The MPFL connects the patella to 
the medial meniscus. The Medial Collateral Liga-
ment (MCL) is an extracapsular band-like ligament 
located in the inner side of the knee. The proximal 
end is inserted into the tuberosity of the medial 
femoral condyle and the distal end is inserted into 
the inner side of the tibia.

MCL function is to prevent lateral movement of 
the knee avoiding excessive genu valgum de-
formity. It also collaborates with the ACL.

On the extra-articular of the outer side is the Lat-
eral Patellar Femoral Ligament (LPFL), which con-
nects the patella to the edge of the lateral femo-
ral condyle. The LPFL connects the patella to the 
lateral meniscus. The Lateral Collateral Ligament 
(LCL) or Fibular Collateral Ligament is a cordoned 
extracapsular ligament which is located in the out-
side of the knee. The proximal end is inserted into 
the external femoral condyle and the distal end is 
inserted in the outer zone of the fibular head.

As well as the MCL, its function is to prevent lateral 
mobility of the knee, avoiding, if necessary, exces-
sive genu valgum. It also collaborates with the 
PCL and to a lesser degree with the ACL.

The intraarticular ligaments are the following: 
The Yugal Ligament or Transverse Ligament that 
connects the front face of both menisci; the Me-
niscofemoral Posterior Ligament or Humphrey 
Ligament which goes from the periphery of the 
posterior horn of the lateral meniscus to the medi-
al femoral condyle; the Posterior Meniscofemoral 
Ligament or Wrisberg Ligament which goes from 
the periphery of the posterior horn of the lateral 
meniscus to the medial femoral condyle, located 
behind the Anterior Meniscofemoral Ligament. 
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The epidemiology of knee injuries in the Mutuali-
tat Catalana de Futbolistes, MCF, may differ from 
epidemiology in the general population. Soccer 
players from the MCF are highly active athletes 
whose knees suffer higher stress than the non-
athlete population.

Medial Collateral Ligament (MCL)

   Conservative Treatment
In acute isolated grade II and III injuries, as well as in 
chronic injuries with mild or moderate grade of in-
stability, conservative treatment is recommended:
1. Ultrasound-guided infiltration with Fraction 2 

(Platelet Rich) of PRGF leukocyte-free, 4 - 7 cc 
in the ligament and its insertions.

2. Anti-valgus brace placed for 3 weeks with free 
movement, unblocked.

3. Physiotherapy.
4. Rehabilitation program.
5. Regular medical and ultrasound controls.

Repetition of infiltration should be performed, if 
needed, according to the recovery evolution. Usu-
ally, from one to three infiltrations administered 
with an interval of 7-10 days is sufficient for healing.

Normally, there is a return to sport at 4-6 weeks in 
Grade II but 8-10 weeks in Grade III. (Figs. 1-2)

   Surgical Treatment with Biological Augmentation
Surgical treatment is performed in acute grade III 
injuries associated with other injuries such as ACL 
and chronic injuries that cause instability. In these 
cases, surgery corrects the defect of anatomy and 
then biological treatment is applied with Fraction 
2 PRGF. Since PRGF improves the quality of repair-
ing tissue, and helps to have a more comfortable 
postoperative experience, it shortens the recov-
ery process. Return to sport is estimated to be 6 
months. (Fig. 3)

The ACL is an intraarticular ligament located in the 
central area of the knee. It consists of few fascicles. 
The proximal end is inserted into the intercondy-
lar area, specifically, in the postero-medial area of 
the lateral femoral condyle, and the distal end is 
inserted between the tibial spines on the antero-
inner area of the tibia, adjacent to the anterior 
root of the medial meniscus.

The function of the antero-medial bundle is to 
avoid anterior displacement of the tibia relative to 
femur. Its injury results in Lachman Test positive 
and Pivot Shift negative.

The function of the postero-lateral bundle is to 
avoid the antero-lateral rotatory subluxation 
of the tibia relative to femur. Its injury produces 
Lachman Test negative and positive Pivot Shift.

The PCL is an intraarticular ligament located in the 
central area of the knee. It consists of several fas-
cicles. The proximal end is inserted into the front 
area of the lateral face of the medial femoral con-
dyle and the distal end is inserted in a depression 
of the posterior intercondylar area of the tibia and 
in the peripheral area of the posterior third of the 
lateral meniscus.

Its function is to prevent rear sliding of the tibia 
relative to femur, and with the ACL controls rota-
tional stability of the knee.

INJURIES

When a ligament is injured, three important areas 
are altered: the anatomy, function and biology. 
This is why it is important to act on each one to 
solve the problem.

Epidemiology of knee injuries.

Time reviewed Season 2014-15
Medial Colateral Ligament (MCL) 573

Lateral Colateral Ligament (LCL) 280

Anterior Cruciate Ligament (ACL) 926

Posterior Cruciate Ligament (PCL) 42
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FIG. 1
MCL MRI. A) MCL rupture. Pre-treatment. B) Recovered MCL. Post- treatment with PRGF.

FIG. 2
Ultrasound follow-up in MCL injury with PRFG injection.

FIG. 3
Treatment of ACL and MCL ruptures: Arthroscopic ACL reconstruction with Bone- Patellar Tendon-Bone (BPTB), intraarticular injection and MCL 
infiltration of PRGF 

A B C D
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Lateral collateral ligament (LCL)

The injury can be minimal and isolated or associ-
ated with a cascade of injuries after the LCL break-
down: avulsion of the Bicep Tendon, the Ilio-Tibial 
Tract and the Popliteus Tendon, traction of the 
internal popliteal sciatic nerve, lesion of the pos-
tero-lateral capsule and of the lateral meniscus, 
rupture of the ACL / PCL and internal popliteal sci-
atic nerve traction with or without popliteal vessel 
injury.

When the injury is partial, conservative treatment 
is recommended, as described previously for MCL:
1. Ultrasound-guided infiltration with Fraction 2 

(Platelet Rich) of PRGF leukocyte-free, 4 - 7 cc 
on the ligament and its insertion.

2. Anti-varus brace placed for 4-7 weeks with 
free movement, unblocked.

3. Physiotherapy.
4. Rehabilitation program.
5. Regular medical and ultrasound controls.

Repetition of infiltration should be performed if 
needed, according to the evolution of healing. 
Usually, sufficiency comes from one to three infil-
trations administered with an interval of 7-10 days.

Normally, the patient is back to sport at 8-10 
weeks. (Fig. 5)

In chronic injuries in which there is a major insta-
bility, reconstruction of the ligament by open sur-
gery is mandatory. At the end of the procedure, 
infiltration of the new structure with Fraction 2 
(Platelet Rich) of PRGF leukocyte-free, 4-6cc is rec-
ommended. After this, the Rehabilitation program 
is started and return to sport is estimated at be-
tween 12-16 weeks after the surgery. (Fig. 4)

FIG. 4
MCL reconstruction surgery. A) Reconstruction with semitendinousus tendon (ST) and gracilis. B) PRGF clot after the the tendon suture. C) Articular 
capsule sutured.

A B C

Grade II 
Isolated Injury

• 4 – 6 cc PRGF: 1-2 Injections
• Cryotherapy
• Antivalgus Brace 
• Physiotherapy
• Flexo-Extension Exercises immediately 
and without pain
• Re-education Quadriceps & Hamstrings
• Return to sport at 4-6 weeks

Grade III 
Isolated Injury

• 5 - 7 cc PRGF: 3 Injections
• Cryotherapy
• Antivalgus Brace 
• Physiotherapy
• Flexo-Extension Exercises (without pain)
• Re-education Quadriceps & Hamstrings
• Return to sport 8-10 weeks

Grade II or III 
& ACL Injury

• ACL Arthroscopic reconstruction
• 5 - 7 cc PRGF: 1 - 2 Injections
• Perform Flexo-Extension with Antivalgus 
Brace
• Re-education Quadriceps & Hamstrings
• Return to sport starting at 6 months

Chronic Injury

• MCL Reconstruction
• 4 - 6 cc PRGF: 1 -  2 Injections
• Re-education Quadriceps & Hamstrings
• Return to sport 12-16 weeks
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If the injury is complex, surgical treatment is ad-
vised. There are many surgical techniques that 
can be performed, and in all cases, after surgery 
infiltration into the repaired area with a Fraction 2 
(Platelet Rich) of leukocyte-free PRGF, 4 to 7 cc. is 
recommended. (Fig. 6)

Isolated 
Injury

• 4 - 7 cc PRGF: 1 - 3 Injections
• Cryotherapy
• Antivarus Brace 
• Physiotherapy
• Flexo-Extension Exercises (without pain)
• Re-education Quadriceps & Hamstrings
• Return to sport between 8-10 weeks

Complex 
Injury

• LCL reconstruction & other injured structures 
• 5 - 7 cc PRGF: 1 - 2 Injections
• Physiotherapy
• Rehabilitation program
• Return to sport starting at 7-8 months

Anterior cruciate ligament (ACL)

Injuries causing only anteroposterior instability 
(Lachman Test + and Pivot Shift -) can be solved 
with a conservative therapy:
1. Infiltration should be performed under ar-

throscopic control of the Fraction 2 (Platelet 
Rich) of leukocyte-free PRGF, 3-4 cc, into the 
ligament and 5-6cc intraarticularly. Or alterna-
tively, an intraarticular infiltration of the Frac-
tion 2 (Platelet Rich) of the PRGF leukocyte-
free, 7-8 cc. may be done. 

FIG. 5
A) LCL injury treated with PRGF. B) Ultrasound follow-up of the treated injury.

FIG. 6
Surgical Treatment of the LCL and Biological augmentation with 
PRGF clot.

BA

2. Immobilization for 3-4 weeks.
3. Physiotherapy.
4. Rehabilitation program.
5. Regular medical controls between 8-12 weeks. 

(Fig. 7)

According to the recovery evolution, infiltration is 
repeated if needed. Usually, from one to three in-
jections administered with an interval of 7-10 days 
is sufficient.
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Posterior Cruciate Ligament (PCL)

In acute Grade I and II isolated injuries, a conserva-
tive treatment is recommended:
1. Infiltration under ultrasound control of the 

Fraction 2 (Platelet Rich) of the leukocyte-free 
PRGF, 3-4 cc, into the ligament and 5-6cc in-
traarticularly. If it is a grade II injury, more infil-
trations may be needed.

2. 3-4 weeks (grade I) or 6-8 (grade II) of PCL 
brace placed, unblocked.

3. Physiotherapy.
4. Rehabilitation program.
5. Regular medical controls.

Depending on the recovery evolution of the pa-
tient, more infiltrations will be done. Usually, from 
one to three infiltrations administered with an in-
terval of 7-10 days will suffice. (Figs. 9-10)

However, injuries that cause rotational instability 
(Pivot Shift +), isolated or combined, the treat-
ment performed is surgical with Biological aug-
mentation with PRGF.
1. Arthroscopic ACL reconstruction and treat-

ment of other structures if needed.
2. Intraarticular infiltration of Fraction 2 (Platelet 

Rich) of the PRGF leukocyte-free, 7 to 8 cc.
3. Physiotherapy.
4. Rehabilitation program and return to sport 

starting at 6 months. (Fig. 8)

Partial 
Rupture with 

Lachman 
Test +

• 3 – 4 cc PRGF ligament: 1 - 2 Injections
• 5 – 6 cc PRGF intraarticular: 1 – 2 injections
• Cryotherapy
• Physiotherapy
• Re-education Quadriceps & Hamstrings
• Return to sport between 8-12 weeks

Injury with 
Pivot Shift +

• ACL arthroscopic reconstruction & surgical 
treatment to the other injured structures if it 
is necessary
• 7 - 8 cc PRGF intraarticular
• Physiotherapy
• Rehabilitation program
• Return to sport starting at 6 months

FIG. 7
A) ACL partial rupture. B) Infiltration with PRGF in the healthy postero-
lateral (PL) band of the ACL.

FIG. 8
A) Arthroscopic view, 7 weeks post ACL reconstruction and PRGF injec-
tion. B) Arthroscopic view, 14 weeks post ACL reconstruction and PRGF 
injection.

A AB B
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Return to sport is at 3-4 months in the grade I iso-
lated injury, and at 4-5 months in the grade II iso-
lated injury.

In acute Grade III injuries and chronic injuries, a 
surgical treatment is recommended:
1. Arthroscopic PCL reconstruction and surgical 

reconstruction of other structures if necessary.
2. Infiltration of the Fraction 2 (Platelet Rich) of 

the leukocyte-free PRGF, 3-4 cc, in the liga-
ment and 5-6cc intraarticularly. 

3. 2-3 weeks after surgery, a PCL brace for 3-4 
months, free and not blocked.

4. Physiotherapy.
5. Rehabilitation program 

FIG. 9
A) Telos exam of both knees. D-Right (healthy knee) and I-Left (injured knee). B) X-ray profiles of both same knees. D-Right normal and I-Left with 
PCL brace which reduces the posterior tibial translation.

FIG. 10
PCL injury. Brace, PRGF intraarticular infiltration and PRGF ultrasound guided injection in the PCL.

Grade I 
Isolated 

Injury

• 3 – 4 cc PRGF ligament: 1 - 2 Injections
• 5 – 6 cc PRGF intraarticular: 1 – 2 injections
• Cryotherapy
• PCL Brace: 3 – 4 weeks
• Physiotherapy
• Re-education Quadriceps & Hamstrings
• Return to sport 3-4 months after injury

Grade II 
Isolated 

Injury

• 3 - 4 cc PRGF ligament: 3 Injections
• 5 – 6 cc PRGF intraarticular: 3 injections
• Cryotherapy
• PCL Brace: 6 – 8 weeks
• Physiotherapy
• Rehabilitation program
• Return to sport 4-5 months after injury

Grade III 
Injury

• PCL arthroscopic reconstruction & surgical recon-
struction to other injured structures if it is necessary
• 3 - 4 cc PRGF intra-substance ligament & 5 - 6 cc 
PRGF intraarticular
• 2 - 3 weeks postsurgery, PCL Brace: 3 – 4 months
• Physiotherapy
• Rehabilitation program
• Return to sport 6-8 months after surgery

Complex 
Injury

• PCL arthroscopic reconstruction & surgical recon-
struction to other injured structures if it is necessary
• 3 - 4 cc PRGF intrasubstance ligament & 5 - 6 cc 
PRGF intraarticular
• 2 - 3 weeks postsurgery, PCL Brace: 4 – 5 months
• Physiotherapy
• Rehabilitation program
• Return to sport 8-10 months after surgery

BA
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The ligament of the anterior syndesmosis and the 
ligament of the posterior syndesmosis maintain 
the tibiofibular arch with the correct interosseous 
distance.

The movements of the tibiofibulotalar joint are 
plantar flexion or “flexion” and dorsal flexion or 
“extension”.

INJURIES

Epidemiology of ligament injuries of the ankle.

Time reviewed Season 2014-15

Anterior Talo-Fibular Ligament 1.355

Deltoid Ligament 233

The epidemiology of ankle injuries in the Mutu-
alitat Catalana de Futbolistes, MCF, may well differ 
from general population epidemiology. Players 
from the MCF are highly active athletes in sports 
practise whose ankles suffer higher stress than 
normal.

Deltoid ligament

The injury diagnosis is confirmed with radiology 
(Stress Rx), MRI and static and functional ultra-
sound.
1. Infiltration of the Fraction 2 (Platelet Rich) of 

the leukocyte-free PRGF, 3-4 cc, in the liga-
ment tissue and 5-6cc intraarticularly.

2. Placement of taping for 4-6 weeks.
3. Physical therapy.
4. Rehabilitation program.
5. Back to sport at 10-12 weeks. (Figs. 11-12)

Deltoid ligament 
Injury

• 3 - 4 cc PRGF intrasubstance ligament 
& 2 - 3 cc PRGF intraarticular
• Taping for 4 – 6 weeks
• Physiotherapy
• Rehabilitation program
• Return to sport 10-12 weeks

3. ANKLE

ANATOMY AND FUNCTION

The ankle joint is made of three bones: Tibia and 
Fibula are the proximal while Talus is the distal 
bone.

The lower end of the tibia and fibula make an arch 
in which the trochlea of the talus is articulated. 
The peroneal malleolus, which is lateral, is bulkier 
than the tibial or medial malleolus. 

This structure is surrounded by a fibrous capsule 
with ligaments, muscles and tendons. The mus-
cles and tendons provide the movement.

Ligaments: 
Internal Lateral Ligament or Deltoid Ligament 
is located in the medial part of the ankle joining 
the tibia with the talus and the calcaneus. It has 
two levels: deep and superficial. The deep one has 
two bands: anterior tibiotalus band and posterior 
tibiotalus band. The superficial one is larger with 
a triangular shape, connecting the tibia to the na-
vicular in its lower edge and with the medial edge 
of the glenoid and the minor process of the cal-
caneus.

Lateral Collateral Ligament has three fascicles. 
The anterior bundle or the Anterior Talofibular 
Ligament joins the anterior edge of the peroneal 
malleolus to the talus. The medial band or Calca-
neofibular Ligament (CFL) extends from the most 
prominent point of the peroneal malleolus to the 
lateral part of the calcaneus. The posterior band 
or Posterior Talofibular Ligament (PTFL) connects 
the medial side of the peroneal malleolus with 
posterioexternal tubercle of the talus.

The Anterior Ligament is a capsular thickening 
which is inserted into the talus.

The Posterior Ligament is a capsular thickening 
which is inserted into the talus.
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FIG. 11
Deltoid Ligament injury. Treatment with PRGF infiltration

FIG. 12
Deltoid Ligament injury. Ultrasound follow-up control.
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4. REHABILITATION / RETURN TO 
SPORT

In ligament injuries the role of the physiotherapist 
is very Important. The main objective is to elimi-
nate pain and decrease the swelling, then regain a 
good range of motion and finally re-establish the 
muscle mass.

The main objective of the first days is to diminish 
the swelling and pain, and next is to work with the 
physiotherapist on the range of motion to reestab-
lish it, and then strength exercises must be con-
ducted to maintain and restore good muscle tone.

FIG. 13
Anterior Talo-Fibular Ligament injury. Treatment with PRGF injection.

FIG. 14
Anterior Talo-Fibular Ligament injury. Follow-up control with Ultrasound.

Anterior Talofibular ligament

The injury diagnosis is confirmed with radiology 
(Stress Rx), MRI and static and functional ultra-
sound.
1. Infiltration of the Fraction 2 (Platelet Rich) of 

leukocyte-free PRGF, 3-4 cc, in the ligament 
substance and 5-6cc intraarticularly.

2. Placement of taping for 4 weeks.
3. Physical therapy.
4. Rehabilitation program.
5. Back to sport at 4-7 weeks. (Figs. 13-14)

Anterior
talofibular 

Injury

• 3 - 4 cc PRGF intrasubstance ligament & 
2 - 3 cc PRGF intraarticular
• Taping for 4 weeks
• Physiotherapy
• Rehabilitation program
• Return to sport 4-7 weeks
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surgical treatment which is favoured to prevent 
concomitant articular injuries and an early return 
to play, can increase risk of re-injury and should be 
met with caution in this age group7. Conversely, 
Werner et al. demonstrated that paediatric and 
adolescent patients who underwent ACL recon-
struction had significant increases in incidences 
of concomitant meniscal and cartilage proce-
dures8. Similarly, the Vavken et al. study showed 
that more than half of the children and the adoles-
cents treated for ACL tear have concurrent menis-
cal or chondral injury9.

On the other side, the major problem years after 
the retirement of an elite athlete is osteoarthritis, 
OA, which he or she may develop in the injured 
joints. Therefore, a treatment to prevent a post-
traumatic OA is fundamental to the normal be-
haviour of the injured joint after recovery. 

PRGF treatment is not only positive and useful 
during an acute injury, it is also positive in the long 
term. PRGF injection avoids or diminishes the ap-
parition of bone edema and early OA in ligament-
injured joints. Some studies have concluded that 
not only are PRGF injections beneficial in treating 
injury, they are a good treatment to prevent OA.

When a brace is needed, the rehabilitation must 
be adapted to this circumstance. 

If the injury requires surgical treatment, the recov-
ery process could be longer and more delicate. 
(Fig. 15)

INJURIES IN EARLY AGE POPULATION – 
DEVELOPMENT IN ADVANCED AGE

Nowadays, increasing sports practise among chil-
dren is a serious matter of concern. They practice 
sport as entertainment, training and taking part in 
championships, so the level of requirements has 
increased. It is very important to respect a young 
person’s physical moment and age. The values, 
health and formative stage should be a priority. 
The physical formative stage is between 12 and 15 
years. At that time, foundations must be created 
in mobility, strength, flexibility and endurance, in 
order to prevent a non-normal development dur-
ing sports practice.

Severe injuries at an early age are becoming more 
common and the consequences are a subject of 
study. There are some studies that discuss this 
problem, and Dekker et al. conclude that early 

FIG. 15
Rehabilitation exercises in the gym and outdoor (in a more advanced stages of the recovery).
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treat tendon injuries in patients regardless of the 
conditions of tendon injury or patient’s age, gen-
der or treatment history. This “one-size-fits-all” ap-
proach would diminish the efficacy of PRP treat-
ment and as a result, would create contradicting 
clinical outcomes. Thus, a “personalized approach” 
is necessary where PRP- and patient-related fac-
tors should be taken into account prior to PRP 
treatment. These may include selecting an ap-
propriate PRP and also considering patients’ age, 
gender, injury type, disease history, pre-injury ac-
tivity level and post-treatment rehabilitation pro-
tocol. It is expected that such “personalized medi-
cine” approach would enhance the efficacy of PRP 
treatment in clinics.

SUMMARY

Chronic tendon injuries or tendinopathy are prev-
alent among athletes and non-athletes world-
wide. However, current treatment of tendinopathy 
in clinical settings is largely palliative. Platelet-rich 
plasma (PRP) is now a popular option to treat ten-
dinopathy in orthopaedic surgery and sport medi-
cine although some clinical studies cast doubt on 
the efficacy of PRP treatment for tendinopathy. 
Based on the findings from most basic science 
studies it seems clear that PRP can reduce pain 
and promote healing in tendinopathic tendons. 
However, the application of PRP treatment in clin-
ics needs optimization. Currently, PRP treatments 
use a “one-size-fits-all” approach where a pre-
determined dose of a PRP preparation is used to 
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commonly observed in tendinopathic tendons1. 
Sterile inflammation is characterized by the pres-
ence of PGE2, an inflammatory mediator, in injured 
tendons.  Studies have reported higher PGE2 lev-
els in the Achilles tendons of humans subjected 
to mechanical loads in vivo4 and in human tendon 
cells after mechanical loading in vitro5. Similar ef-
fects were also observed in animal models where 
intensive treadmill running increased PGE2 in 
the patellar and Achilles tendons of mice in vivo6. 
While low levels of PGE2 may increase tenocyte 
gene expression, high levels of PGE2 in the ten-
don may increase non-tenocyte gene expression  
and result in the formation of non-tendinous tis-
sues by causing differentiation of TSCs into non-
tenocytes6 thus leading to tendinopathy (Fig. 1).  
The high levels of PGE2 production in injured 
tendons is the rationale behind using non-steroid 
anti-inflammatory drugs (NSAIDs) to treat tendi-
nopathy; NSAIDs inhibit COX, which catalyze the 
conversion of arachidonic acids to PGE27. Thus, in-
hibiting COX by NSAIDs reduces the levels of PGE2 
in injured tissues like tendons thereby decreasing 
inflammation.  

1. TENDINOPATHY

Tendons are connective tissues that link muscles 
to bones, and are mainly made of cells, collagen 
fibers and small amounts of proteoglycans that 
form the tendon extracellular matrix (ECM).  The 
primary function of tendons is to transmit mus-
cular forces to bones, enabling joint movements. 
Therefore, tendons like patellar and Achilles ten-
dons are in general subject to large mechanical 
loads. Many studies have indicated that excess 
mechanical loading may induce chronic tendon 
injury or tendinopathy1. More recent studies have 
implicated tendon stem/progenitor cells (TSCs) 
in the mechanical loading-induced degenera-
tive tendinopathy2. When exposed to mechanical 
overloading, TSCs were shown to differentiate not 
only into tenocytes, the dominant resident cells 
in the tendons, but also into non-tenocytes (adi-
pocytes, chondrocytes and osteoblasts)3 that may 
disrupt tendon structure and integrity. 

Moreover, mechanical overloading is also impli-
cated in inducing sterile tendon inflammation 

FIG. 1
(A) In tendon cells in vitro, PGE2 modulates the expression of tenocyte and non-tenocyte related genes in a dose-dependent manner. Specifically, 
at 0.01 ng/ml concentration, PGE2 induces a high level of expression of collagen type I (Collagen I) and Tenascin C, two tenocyte-related genes. 
(B) On the other hand, high concentrations of PGE2 increase non-tenocyte related genes, PPARγ (fat tissue marker, Sox9 (cartilage marker) and 
Runx2 (bone marker). 

* P < 0.05 compared to 0ng/ml PGE2 concentration. For full description of the findings, refer to the paper[78].

High levels of prostaglandin E2 (PGE2) may induce the development of tendinopathy
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old mice9. TSCs isolated from aging mice also ex-
pressed higher amounts of non-tenocyte genes, 
LPL, Sox9 and Runx29 that have the potential to 
induce the development of lipids, proteoglycans 
and calcium, respectively.  Moreover, the quality 
of TSCs in aging mice is evidently poor with lower 
proliferation rate and reduced expression of stem 
cell markers ( Oct-4, Sca-1, and SEEA-1) (Fig. 2)9, 
which may likely impair the healing of tendino-
pathic tendons because TSCs are necessary for the 
maintenance of intact tendons and repair of in-
jured tendons by differentiating into tenocytes to 
replace cells and matrix proteins lost due to injury. 

Besides mechanical overloading, another com-
mon but less addressed causative factor of tendi-
nopathy is aging, which affects a majority of the 
aging population. Typically, aging reduces the 
quality of human tendons by decreasing tendon 
cell numbers, protein synthesis and water content.  
Apart from these, non-tendinous tissues such as 
lipid deposition, proteoglycan accumulation, and 
calcification that are often observed in tendino-
pathic tendons8 are also noticed in aging tendons. 
Using a mouse model, our study showed that 
tendons in aging mice (9 months old) had high-
er amount of lipids, proteoglycans and calcium 
deposits in comparison with young 2.5 months 

FIG. 2
Almost all tendon stem/progenitor cells (TSCs) from young, 2.5 months old mice express robust amounts of stem cell markers, Oct-4 (pink, A), 
Sca-1 (green, B) and SSEA-1 (green, C). But in 9 months old mice, fewer cells express these stem cell markers (D-F) and in 24 months old mice, 
none of the cells express these markers (G-I). Bar – 50μm. For full description of the results regarding the effects of aging on the quality and num-
ber of TSCs in mice, see the original paper [9].

Aging causes tendinopathy by deteriorating tendon stem cells
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pain and improvement in tendon function, which 
have been reported by patients treated for a va-
riety of tendinopathy such as patellar tendinopa-
thy12, Achilles tendinopathy13, elbow tendinopa-
thy14, and chronic plantar fasciitis15.

In the PRP treatment of tendinopathy, the main 
factor to be considered is the PRP composition. 
The major PRP components are as follows. 

Platelets
Platelets are present in large amounts because 
PRP is prepared with blood drawn from patients 
by centrifuging at low speed so they are re-sus-
pended in a small volume of plasma. Platelets are 
anucleate cytoplasmic fragments produced in the 
bone marrow by megakaryocytes16. In the event of 
an injury, they are also the first responder cells that 
migrate to the wounded site and are well-known 
to play an important role in tissue healing17,18. 

It has been recognized that tissue wound healing 
is driven by growth factors, which are present in 
high amounts in PRP17,18. The main growth fac-
tors in PRP include platelet-derived growth fac-
tor (PDGF), transforming growth factor-β (TGF-β), 
vascular endothelial growth factor (VEGF), epi-
dermal growth factor (EGF), insulin-like growth 
factor-I (IGF-I), fibroblast growth factor (FGF) and 
hepatocyte growth factor (HGF). These growth 
factors have been shown to enhance tendon heal-
ing17,18. Depending on the platelet concentration 
in PRP, the amount of growth factors released into 
a treated site may vary. While the rationale behind 
using PRP is to deliver concentrated amounts of 
growth factor-containing platelets to heal an in-
jured tissue, studies have shown that very high 
levels of platelets may not be useful to treat ten-
don injuries19 because they do not induce tendon 
cell proliferation20. In fact, the platelet concentra-
tion in most clinical and basic science studies is 
only 3-5-fold higher than in whole blood. At this 
concentration, PRP has been shown to  increase 
the number of tendon cells20,21, enhance colla-
gen synthesis20-22, improve fiber arrangement23, 
and enhance tendon strength24. However, when 
the platelet concentration was more than 10-

2. TRADITIONAL TENDINOPATHY 
TREATMENT

Tendon and ligament injuries are one of the most 
prevalent musculoskeletal problems with mil-
lions of patients treated in orthopaedic clinics in 
the United States every year. Among the several 
tendons in a body, patellar, Achilles, and rotator 
cuff are the three tendon types that are more sus-
ceptible to injury than others due to mechanical 
overloading/overuse. Patients with tendinopathy 
experience inflammation and pain, and in many 
cases tendon rupture due to degenerative chang-
es in the tendon. Currently, these patients receive 
only palliative care in clinics where pain and in-
flammation are treated mostly with NSAIDs, corti-
costeroids, physical therapy, shock wave therapy, 
or even rest with the last option being surgery.  Al-
though NSAIDs offer a short term pain relief, they 
have a negative impact on the structure of injured 
tendons, and are also reported to cause serious 
side effects such as abdominal discomfort, and 
gastrointestinal, cardiovascular and renal prob-
lems7. Besides, the use of corticosteroids itself may 
lead to tendon rupture by decreasing tendon cell 
proliferation and inducing degenerative changes 
in the tendon10.  The other modalities often yield 
inconsistent results. Thus, alternative treatment 
options are in need for the safe and effective treat-
ment of tendinopathy.

3. PLATELET-RICH PLASMA (PRP) 
TREATMENT OF TENDINOPATHY

Currently, PRP therapy is widely used as a promis-
ing option for tendinopathy treatment in ortho-
paedic/sports medicine across the United States 
and other countries11. Intuitively, the use of PRP 
for healing tendon injuries is reasonable, because 
in the event of an injury, platelets are indeed the 
“first responders” and thus PRP treatment may 
mimic the natural wound healing process. The 
primary benefits of PRP are a reduction in tendon 
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fold higher than in whole blood, improvement in 
tendon function was not evident in patients with 
Achilles tendon ruptures19. Therefore, it is perti-
nent to regulate the platelet concentration in PRP, 
which are currently prepared using commercial 
kits in clinical settings.

Plasma
The majority of plasma is made of water (90%) and 
other components such as proteins. Plasma is nec-
essary for the fluidity of the blood, and allows the 
flow of cells and other factors around the body. 

Leukocytes 
Another important component in PRP is the leu-
kocyte, which has gained attention only recently 
in basic PRP research and clinical applications. 
Depending on the preparation method, PRP may 
contain a few or high amounts of leukocytes; PRP 
with no or only a few leukocytes are termed pure-
PRP or P-PRP and those with high amounts of leu-
kocytes are called leukocyte containing or leuko-
cyte rich PRP both referred to as L-PRP. 

Fibrinogen
PRP also contains abundant fibrinogen, which is 
a soluble plasma protein. When PRP is activated 
with thrombin or calcium chloride, fibrinogen is 
converted into polymeric fibrin, which forms a 
gel-like substance. In this gel form, PRP can act 
as a conducive bio-scaffold/matrix that facilitates 
the interaction between the components of PRP, 
tendon tissue and other migrating stem cells that 
are recruited to the healing site25. Because of this, 
PRP can also be used as an excellent carrier of 
cells or a bio-compound in wound repairs using 
tissue engineering approaches.  For example, PRP 
was used as a carrier to deliver autologous adi-
pose derived-stem cells (ASCs) to repair Achilles 
tendon defects in rabbits26. Our own studies have 
also used PRP as an effective carrier of kartogenin, 
a small bio-compound, to promote fibrocartilage 
formation in the tendon-bone interface27. 

Because PRP is a natural source and has a unique 
composition, it has a number of advantages that 
promote its use to treat tendon injuries. 

1. PRP is safe because it is an autologous prod-
uct derived from a patients’ own blood and 
also contains physiological proportions of the 
growth factors; 

2. PRP preparation in orthopaedic clinics is 
straightforward with many commercial kits 
available; 

3. PRP can be easily applied via injections in clin-
ical settings and therefore it is non-surgical 
and allows athletes to quickly return to sport 
activities; 

4. PRP serves as a reservoir of numerous growth 
factors that can enhance tendon healing; and 
its fibrin gel can be used as a natural scaffold 
that is conducive to tendon healing; and  

5. PRP can function as an anti-inflammatory 
“drug” to reduce tendon inflammation and 
hence pain. Such beneficial effects of PRP are 
better than the currently used steroid treat-
ment that induces serious side effects. 

4. CLINICAL STUDIES ON PRP

The findings of laboratory science become fruitful 
when validated by clinical studies such as rand-
omized clinical trials (RCTs), which are considered 
as gold standards for clinical studies. Thus, a num-
ber of RCTs have been conducted to determine 
the efficacy of PRP to heal tendinopathic tendons 
with many reporting the beneficial effects of PRP 
in patients. For instance, significant pain reduction 
was observed in an RCT that included 14 patients 
with chronic lateral elbow epicondylitis 6 weeks 
after PRP treatment when compared to the 14 pa-
tients treated with autologous blood28. Similarly, 
pain reduction was realized 6 months after PRP 
treatment of patellar tendinopathy in an RCT with 
12 patients12. In yet another larger double-blind, 
prospective, multicenter RCT, PRP treatment of 
chronic tennis elbow in 116 patients improved 
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12 weeks33.  However, at 26 weeks, the improved 
treatment effects of PRP were slightly lower than 
the dry needling treatment33.

Thus, it is clear that while PRP appears to exert 
beneficial effects, such as reducing pain and im-
proving tendon function, in some clinical trials, 
others reported no effects thus creating contro-
versies in the efficacy of PRP to treat tendinopa-
thy. Since RCTs are the gold standard for clinical 
studies, results from RCTs are considered highly 
relevant and important for judging the effective-
ness of PRP treatment for tendinopathy. But it is 
important to note that while positive results from 
RCTs provide evidence for the efficacy of PRP 
among human participants, the negative results 
should be interpreted with caution taking into 
consideration the common factors that may lower 
PRP efficacy. A common weakness with RCTs is the 
small number of participants. In the RCTs men-
tioned above, except except for some with a few 
hundred participants the remaining had relatively 
small sample size (n < 25). Considering extreme 
variability among humans receiving the treat-
ments, such a small sample size could reduce the 
statistical power such that the treatment effects of 
PRP may not be detected. 

Another variable in the clinical trials of PRP treat-
ment is the variations in PRP composition in the 
different preparations that may contribute to 
the controversy surrounding PRP efficacy. More 
importantly, the responses of study participants 
to PRP treatments may vary greatly and may not 
qualify to score as a positive effect. Conducting 
an RCT is highly complex where many factors 
such as age, gender, disease/treatment history 
and patient management protocols can affect the 
outcome. However, before evaluating these vari-
ables it is essential to understand whether there 
is any scientific basis for the use of PRP to treat 
tendinopathy. Below, we provide an analysis of 
basic science studies performed on cell (in vitro) 
and animal (in vivo) models under well-controlled 
conditions. 

pain and function 6 months after treatment 
when compared to an active control group with 
114 participants29. Furthermore, PRP also caused 
long-term pain-reduction effects. In a double-
blind RCT that included 100 patients with chronic 
lateral epicondylitis, PRP treatment significantly 
reduced pain and improved elbow function in 
the 51 patients in this group in 1-year and 2-year 
follow-up studies when compared to corticoster-
oid injections given to 49 patients14. Besides, PRP 
has been used in conjunction with stem cells to 
improve PRP treatment efficacy. An animal RCT 
administered a combination of adipose derived 
mesenchymal stem cells and PRP, and found that 
the combination curtailed lesion progression, en-
hanced collagen fiber organization and decreased 
the presence of inflammatory cells30. Other clini-
cal studies have also reported beneficial effects 
of PRP in patients with chronic plantar fasciitis15, 
elbow tendinopathy14,28,29, chronic Achilles tendi-
nopathy13 and patellar tendinopathy12. 

Despite the encouraging findings in these RCTs, 
others have reported the opposite results of PRP 
treatment; i.e. PRP did not produce beneficial ef-
fects when compared to the control. In fact, PRP 
did not significantly improve symptoms in pa-
tients (n = 27) with chronic Achilles tendinopa-
thy when compared to the saline treated group 
up to 1 year after the treatment19. Similar results 
were also obtained in another RCT where PRP 
was used to treat rotator cuff tendinopathy in 20 
patients; PRP treatment was similar to the saline 
treated group after a 1 year follow-up31. However, 
the study by Schepull et al.19 used PRP with unu-
sually high platelet concentration; 10-fold higher 
than in whole blood, while basic science studies 
use PRP with only 3-5 fold higher platelets level, 
which showed beneficial effects at the cellular 
and molecular levels20,21. Similarly, treatment of 
elbow tendinopathy with L-PRP or autologous 
whole blood yielded similar pain scores in 76 pa-
tients (n=38 per group) in a one year follow-up 
study32. Interestingly, using L-PRP to treat patel-
lar tendinopathy in 10 patients in an RCT signifi-
cantly improved pain and tendon function (VISA 
scores) in the PRP treated group when compared 
to the dry needling treatment group (n = 13) at 

196



Tendinopathy and its Treatment - The Rationale and Pitfalls in the Clinical Application of PRP

11

may explain why PRP can promote healing of ten-
dinopathic tendons. Moreover, our in vitro study 
showed that PRP increased collagen production 
and did not induce non-tenocyte differentiation 
of TSCs into chondrocytes, adipocytes, or osteo-
cytes that may lead to degenerative changes in 
the tendon21. This finding suggests that PRP treat-
ment does not increase the risk of non-tendinous 
tissue formation in tendons that may compromise 
tendon structure and function. The main compo-
nents in PRP that cause catabolic effects are the 
leukocytes. While leukocytes can be beneficial 
because they can promote chemotaxis, cell pro-
liferation and differentiation38, they can also be 
detrimental because they release pro-inflamma-
tory cytokines such as interleukin-1 β (IL-1β) and 
IL-6, tumor necrosis factor- α (TNF-α) and reac-
tive oxygen species that can induce inflammation 
thereby exacerbating the tissue injury20. In rabbit 
TSCs cultured in vitro, L-PRP increased the levels 
of inflammatory and catabolic proteins, IL-1β, IL-6 
and PGE2, and matrix metalloproteinase (MMP)-1, 
MMP-13 while P-PRP increased anabolic proteins 
including alpha-smooth muscle actin (α-SMA), 
and collagen types I and III20. Similar differential 
effects were also observed in chondrocytes; L-PRP 
induced catabolism while P-PRP induced anabo-
lism by increasing collagen type II and aggrecan 
expression39. Interestingly, leukocytes in PRP did 
not decrease tendon cell proliferation in vitro20. 
While platelets increase collagen type I expres-
sion, leukocytes promote collagen type III expres-
sion36. This information is of high value because a 
high collagen type I/collagen type III ratio is ex-
pected in normal healthy tendons while the re-
verse with high collagen type III/collagen type I ra-
tio indicates injured tendons or tendons with scar 
formation40. Besides, L-PRP also increased MMP-1 
and MMP-3 in tendon cells20,36 while PRP without 
leukocytes decreased these MMP levels20,22. In ad-
dition, platelets increase the tendon matrix pro-
teins, COMP and decorin, while leukocytes exert 
the opposite effects36. Thus, leukocytes mostly 
induce catabolic effects on tendons and tendon 
cells. Considering the above, it may be appropri-
ate to use P-PRP or PRP with a low level of leuko-
cytes in the clinical treatments of tendinopathy. 

5. IN VITRO STUDIES OF PRP

Because in vitro studies are conducted in well-
controlled experimental conditions it is possible to 
measure specific treatment effects of PRP. Below 
are some cellular events that are influenced by PRP.

Tendon cell proliferation
Studies have shown that PRP treatment of tendon 
cells in vitro increased their proliferation signifi-
cantly in a dose-dependent manner21,34. However, 
a 10-fold higher platelet concentration in PRP 
did not benefit tendon healing19 suggesting that 
a high concentration of platelets in PRP may not 
promote cell proliferation. Therefore, it is critical 
to use the optimal concentration of PRP (3-5-fold 
higher than in whole blood) to induce tendon cell 
proliferation20,21.  Not only can PRP increase the 
proliferation of tendon cells it can also increase 
the proliferation of mesenchymal stem cells 
(MSCs), bone-marrow stem cells (BMSCs) and adi-
pose derived stem cells (ADSCs) that may migrate 
into the injury site to promote tendon healing24,34. 

TSC differentiation into tenocytes
Like other adult stem cells, TSCs are also multi-
potent; i.e., they have the ability to differentiate 
into multiple cell types in the presence of appro-
priate induction factors. In the presence of PRP, 
rabbit TSCs differentiated into tenocytes but not 
non-tenocytes20,21. Moreover, PRP also increased 
the expression of tenocyte related genes, scler-
axis and tenascin C35, and matrix proteins, COMP, 
decorin and tenascin-C in tendon cells36.The new-
ly formed tenocytes were also active because they 
upregulated total collagen production21, specifi-
cally collagen I and III20. 

Anabolic and catabolic effects of PRP
Collagen is the most abundant protein in the ten-
don ECM and many studies have shown that PRP 
can significantly promote the expression of col-
lagen type I20,22. Specifically, TGF-β increased col-
lagen I synthesis in tendon cells in vitro37. So the 
anabolic effects caused by PRP treatment on cells 
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Combining PRP with other approaches
As mentioned above, once activated, PRP forms 
a gel; therefore, PRP can be combined with other 
tissue engineering modalities by mixing stem cells 
with PRP gel to treat tendinopathy. Combining 
PRP with BMSCs or TSCs to treat tendon wound 
healing induced synergistic effects43. Moreover, 
adding PRP to dexamethasone (corticosteroid) 
or ciprofloxacin treatment of human TSCs sup-
pressed the non-tenocyte differentiation of cells 
and also reversed the reduction in cell senescence 
and cell death, induced respectively by the two 
drugs44. Similarly, a decrease in human tenocyte 
viability induced by methylprednisolone (steroid) 
was reversed by the addition of PRP45. Thus, PRP 
can serve as a better alternative to steroid treat-
ments for the treatment of tendinopathy and may 
improve clinical outcome when combined with 
drugs to treat tendinopathy.

Anti-inflammatory effects of PRP
The popularity of PRP is primarily due to its abil-
ity to reduce pain and inflammation in tendi-
nopathy patients in clinical trials. However, the 
mechanisms of these effects were only recently 
discovered. In an in vitro study conducted in our 
laboratory, PRP reduced the levels of the pro-in-
flammatory mediators, COX-1, COX-2 and PGE2 
in TSCs. Similar effects were obtained under the 
same conditions when the cells were treated with 
HGF. Moreover, in a series of in vivo experiments 
anti-HGF antibodies reversed these effects; i.e., 
COX-1, COX-2 and PGE2 levels were not lowered 
in the presence of anti-HGF antibodies indicat-
ing that HGF, in part, exerts the anti-inflammatory 
effects of PRP (Fig. 3)41. In a previous study, HGF 
treatment also decreased the production of the 
pro-inflammatory cytokine, IL-6, but increased the 
anti-inflammatory cytokine, IL-1042. 

FIG. 3
In wounded mouse tendons, the concentration of PGE2, a tendon inflammation marker, increases on days 1-5 after wounding. However, treat-
ment of the wounded area with PRP injection significantly reduces the levels of PGE2. In contrast, injecting HGF antibody along with PRP com-
pletely negates the PRP effects and as a result, PGE2 levels return to the levels in wounded tendons. AB, anti-HGF antibody. 

* P < 0.05 when compared to the respective values on day 0. For complete results on the anti-inflammatory properties of PRP, see the original 
paper [41].

HGF in PRP is an anti-inflammatory factor
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7. FACTORS THAT MAY CONTRIBUTE 
TO THE PRP CONTROVERSY

As described above, findings from basic science 
studies provide support for the use of PRP to treat 
tendinopathy because PRP can increase cell pro-
liferation, induce high expression of anabolic pro-
teins, induce tenocyte differentiation, decrease 
inflammation and thus pain, which is of high clini-
cal relevance. However, findings from some clini-
cal trials do not align with basic science studies 
thus creating the well-known controversies in the 
PRP treatment efficacy for tendinopathy. We be-
lieve that the major factors that attribute to the 
inconsistent results observed in clinical trials are 
PRP-related factors, patient-related factors and in-
sufficiencies of many clinical trials.

8. PRP-RELATED FACTORS 

PRP treatment efficacy can be affected by a num-
ber of PRP associated factors including PRP com-
position, platelet concentration, activation, and 
application methods among others. 

PRP composition
In current clinical practices, PRP is mostly prepared 
using various commercial kits, which do not yield 
“one-type” of PRP with the same composition. In 
contrast, PRP prepared from the kits vary in their 
composition. For example, PRP prepared from the 
same blood sample using three different kits (MTF 
Cascade, Arteriocyte Magellan and Biomet GPS III)58 
or three different preparation methods (apheresis-
derived platelets, buffy coat-derived platelets and 
tube method-derived platelets)59 had the same 
platelet concentration but had variable amounts 
of leukocytes. The potential negative effects of us-
ing L-PRP on tendon healing have been mentioned 
above. Therefore, it is suggested that PRP without 
leukocytes or with only small number of the leu-

6. IN VIVO STUDIES OF PRP

In vivo studies have also shown the positive influ-
ence of PRP on tendon wound healing.

Intra-tendinous injections of PRP to treat tendi-
nopathy in rat patellar and Achilles tendons in-
creased joint mobilization and improved tendon 
fiber organization 25 days after treatment46. PRP 
gel injections into freshly ruptured patellar ten-
dons also significantly increased the mechanical 
properties of tendons including stiffness, load at 
failure and ultimate stress over the saline treated 
control only 2 weeks after the treatment47. PRP 
also induced better cell orientation and tissue 
maturation in addition to increasing the expres-
sion of IGF-I in healed tendons48. Furthermore, in-
dividual growth factors including IGF-I49, PDGF50, 
FGF51 or TGF-β52 in PRP were demonstrated to in-
crease cell proliferation and collagen production 
in tendon explants or when injected into horse, 
rabbit or rat tendons. Besides, combining plate-
let gel with a collagen implant effectively healed 
a rabbit Achilles tendon defect53 and administer-
ing PRP with low-level laser therapy increased 
collagen type I and enhanced regeneration of the 
tendon tissue54. Thus, a number of in vivo stud-
ies have demonstrated that PRP treatment can 
enhance the healing of tendinopathic tendons. 
Lastly, our own studies in a wounded mouse 
Achilles tendon model established that PRP’s anti-
inflammatory function was mediated via HGF by 
suppressing the levels of COX-1, COX-2, and PGE2 
production. The anti-inflammatory effects of PRP 
is of clinical relevance because high levels of PGE2 
have been shown to increase pain55, decrease cell 
proliferation and collagen production56, and in-
duce non-tenocyte differentiation of TSCs21 that 
caused degenerative changes in rabbit tendons57. 
Therefore, PRP’s ability to reduce PGE2 production 
is expected to benefit the healing of injured ten-
dons. 
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components were shown to be released selective-
ly after activation by using agonists to proteinase 
activated receptor-1 or -4 (PAR-1 or PAR-4)60. Fur-
ther research on this topic is warranted. 

These variations in PRP suggest the need for a 
universal PRP labeling system describing the PRP 
components present in the preparations used in 
clinical trials18,61.  An example would be the use of 
PAW that includes Platelet concentration, Activa-
tion method and presence of White blood cells/
leukocytes on the label18 or DEPA that describes 
the platelet Dose, Efficiency of production, PRP 
Purity and Activation on the label61.

Lastly, the frequency of PRP treatment, and the mode 
of PRP application via injection or implantation of 
PRP gel should be studied more for optimization.

9. PATIENT-ASSOCIATED FACTORS

A number of variables related to patients also con-
tribute to controversial PRP treatment outcomes. 
These may include patient’s age, patient’s gender, 
injury type, patient’s disease and treatment his-
tory, and post-recovery plans. 

Patient’s age
Currently, there is no data from clinical trials that 
compared the efficacy of PRP treatment in young 
vs old patients. Almost all clinical trials conducted 
thus far (see above) have included patients both 
young and old with their ages ranging from 18 - 
70 years. Thus, while PRP treatment for tendinopa-
thy may work in young patients, it may not work 
in older patients. One biological reason for this is 
that with increased age, TSC number and quality 
decreases9. Specifically, it was also shown that ag-
ing decreased the numbers of human MSCs in the 
bone marrow62; moreover, the proliferation rate of 
some stem cells including ADSCs63, BMSCs63 and 
ACL-derived cells64 were higher in young than in 
older animals. Furthermore, the differentiation 

kocytes should be used to maximize anabolic ef-
fects of PRP on the healing of tendinopathic ten-
dons thus enhancing treatment efficacy. Moreover, 
different commercial PRP preparation kits yield 
variable levels of growth factor. For instance, PRP 
prepared from MTF Cascade, Arteriocyte Magellan 
or Biomet GPS III PRP preparation systems varied 
widely in their PDGF and VEGF levels58. Therefore, 
optimization of PRP composition is critical to im-
prove the PRP treatment efficacy in clinics.

Platelet concentration
The growth factors containing platelets vary con-
siderably based on the type of kit used to prepare 
PRP. Platelet concentration could be 1- fold (Auto-
lo Gel System, Secquire), 3-5-fold (Biomet GPS, Cell 
Saver Based Systems, Sorin Angel, Harvest Smart 
Pre BMC, Depuy Symphony, Arteriocyte Medi-
cal Magellan) or even 10-fold (GenesisCS) higher 
than in whole blood. Therefore, it is pertinent to 
choose the PRP preparation with optimal platelet 
levels because the presence of too many platelets 
may not benefit tendon wound healing. In at least 
one RCT, a 10-fold higher platelet concentration 
in PRP over that in whole blood did not improve 
treatment outcomes19, and most clinical and ba-
sic science studies only use PRP with platelet con-
centrations 3-5-fold higher than in whole blood. 
At these levels, PRP has been shown to exert ben-
eficial effects; decrease pain, increase tendon cell 
proliferation, and improve collagen synthesis and 
organization20,21.

Activation of PRP
Regarding PRP activation there seems to be no 
consensus in the method used for activation, 
which is essential for the release of growth factors 
from the platelets59. Traditionally, both basic sci-
ence studies and clinical trials have used throm-
bin or calcium chloride to activate PRP externally 
prior to treatment. However, non-activated PRP 
can also be used to treat tendinopathy because 
platelets can become activated when they come 
in contact with collagen in vivo28. Recently, plate-
lets in PRP were shown to contain different com-
ponents; specifically, pro- and anti-angiogenic 
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Post-treatment recovery
Rehabilitation exercises after PRP treatment may 
benefit patients as shown in an RCT where pa-
tients were allowed eccentric exercise after PRP 
treatment of lateral elbow epicondylitis28. Besides, 
moderate mechanical loading can reduce inflam-
mation75 and excessive mechanical loading can 
increase inflammation by increasing PGE2 pro-
duction6. Therefore, it is essential to understand 
the patient history to recommend the appropriate 
time and level of rehabilitation protocols that may 
be recommended after a PRP treatment. While 
some recommend rehabilitation along with any 
repair treatment76 others suggest that resuming 
exercises a few days after any treatment may im-
prove tendon’s mechanical and biological param-
eters better than immediate loading or prolonged 
post-operative immobilization77. Currently, such 
recommendations in clinical trials are mostly sub-
jective and are based on the practitioner. Howev-
er, these recommendations should be based more 
on the patient and aim towards the “personalized 
medicine” approach.

Robustness of clinical trials 
As mentioned earlier, in most current clinical tri-
als investigating the efficacy of PRP treatment, the 
number of patients is relatively small (see above), 
which reflects the difficulties in recruiting a suffi-
cient number of patients to participate in studies. 
A larger sample size in both control and treatment 
groups may likely increase the statistical power to 
detect the PRP treatment efficacy in clinical trials. 
These trials should take into consideration age, 
gender and other variables to minimize the in-
consistent results obtained in PRP efficacy studies. 
Another variable that could affect PRP treatment 
efficacy is the measurement of PRP treatment out-
come. Currently, various scoring systems are used 
as outcome measures; these include VAS (Visual 
Analog Scale), DASH (Disabilities of the Arm, Shoul-
der, and Hand), and VISA-A (Victorian Institute of 
Sport Assessment-Achilles) scale scores, which may 
be subjective because they are based on patients’ 
assessment of pain intensity. Variations in these 
subjective scores can also be minimized by increas-
ing the sample size in clinical trials and better yet, 

potential of TSCs from older animals were found 
to be abnormal; i.e., TSCs from aging mice or rats 
could aberrantly differentiate into non-tendon 
cell types including adipocytes, chondrocytes and 
osteocytes9,65 that develop into fat, cartilage-like 
and bone-like tissue in tendons and lead to ten-
don degeneration, which is a characteristic fea-
ture of degenerative tendinopathy8. In addition, 
some growth factors, for example in equine PDGF, 
had higher concentrations of PRP derived from 
younger horses than from older ones66. Thus, the 
increased number of TSCs, the higher TSC prolif-
eration rate and higher amounts of growth factors 
in young individuals may result in a better PRP 
treatment efficacy than in older individuals.  More 
importantly, the ability of aging TSCs to differen-
tiate into non-tenocytes indicates how this stem 
cell characteristic could decrease the PRP treat-
ment efficacy in older patients. Therefore, the PRP 
treatment efficacy in aging patients is expected to 
be low and if a clinical trial includes both young 
and old patients, it is expected that variations in 
clinical outcome of PRP treatment would be huge, 
which effectively reduces the statistical power to 
reveal the PRP treatment effects.  

Patient’s gender
Similar to age, clinical trials have not investigated 
the variations in PRP treatment efficacy based on 
patient’s gender. Most clinical trials group males 
and females together and include more males 
than females. However, indirect evidence points 
to the likelihood of gender impacting PRP treat-
ment efficacy in clinical trials. For instance, the 
levels of all human growth factors particularly 
EGF, HGF, IGF-1 and PDGF were found to be high-
er in females than males67. Besides, viscoelastic 
properties of tendons68, and the incidences of 
Achilles tendon ruptures69 and wound healing70 
are known to differ between genders. Moreover, 
among females PRP treatment efficacy can vary 
significantly between menopausal and post-men-
opausal women because estrogen impacts VEGF71 
and IGF-172 expression and lower estrogen levels 
decrease tensile strength73 and diminish wound 
healing response of dermal fibroblasts74.
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er rate and differentiate into tenocytes. This ap-
proach may also be effective when treating early 
stage tendinopathy, which is characterized mostly 
by inflammation and pain because PRP is known 
to have anti-inflammatory effects41. However, PRP 
may not effectively treat advanced stage tendi-
nopathy, which is characterized by degenerative 
changes such as lipid deposition, proteoglycan 
accumulation and calcification in tendon lesions8.  
Besides, the number of TSCs in these degenerate 
tendons is also small and will not allow effective 
PRP treatment; i.e. PRP can promote the prolifera-
tion of only the few existing TSCs, which may not 
be sufficient for an effective healing and repair. 
Therefore, it is recommended that degenerate tis-
sues be removed by wound debridement prior to 
PRP treatment; this procedure will eliminate the 
non-tenogenic environment in advanced stage 
tendinopathic tendon and allow TSCs to prolif-
erate at a higher rate17. It should be noted that 
when PRP is used to treat injured tendon-bone in-
terface, a fibrocartilage zone which is more com-
plex than tendon alone27, additional “materials,” 
like a bio-compound, together with PRP may be 
required to improve treatment outcome (Fig. 4). 
Finally, selective release of pro- or anti-angiogenic 
components in PRP using specific activators may 

using objective measures such as ultrasound imag-
ing technology to reveal tendon structure before 
and after PRP treatment.  Lastly, guidelines should 
be established so that the results obtained from 
different studies that administered PRP are uniform 
and easier to compare. 

Changing the PRP treatment approach
The controversies surrounding the use of PRP in 
clinical trials are well-known. This issue can be 
best addressed by optimizing the application of 
PRP treatment in clinics. Currently, clinical trials 
employ a “one size-fits-all” approach where “any” 
PRP preparation is used at a “pre-determined 
dose” to treat all types of tendon injuries in pa-
tients regardless of patient age, gender or history. 
This means that PRP containing higher amounts 
of leukocytes or too many platelets may also be 
used to treat tendinopathy in older patients. All 
these variables can individually decrease the PRP 
treatment efficacy and therefore should be avoid-
ed. Thus, a “tailored” approach is necessary. For 
example, PRP efficacy may be higher when leuko-
cyte free PRP is used to treat younger patients par-
ticularly athletes who may have large number of 
“good-quality” TSCs that may proliferate at a high-

FIG. 4
Injection of PRP into the tendon-
bone tunnel interface in a mouse 
model does not result in the forma-
tion of the fibrocartilage zone as evi-
denced by the lack of proteoglycan 
(A) and collagen type II (Col-II, B). 
In contrast, injection of KGN along 
with PRP induces robust formation 
of proteoglycan (pink, D), and abun-
dant collagen type II (Col-II, brown, 
E). In both PRP and KGN+PRP groups, 
moderate amounts of collagen type 
I (Col-I, C, F) are formed. T - tendon; 
I – tendon-bone interface; B – bone. 

For more detailed description of the 
results, see the original paper [27].

PRP alone is not sufficient to promote the formation of fibrocartilage zone in the tendon-bone interface
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improve healing outcomes. All these converge on 
one point; i.e. if not monitored carefully, variations 
can occur easily during PRP treatment in clinical 
trials and may contribute to the reported incon-
sistent results.

10. CONCLUSION

PRP is an alternative option to traditional treat-
ments of tendinopathy. PRP has a number of ad-
vantages; it is relatively safe and easy to use in 
clinics to treat tendinopathy. Findings from basic 
science studies have been consistent in demon-
strating the beneficial effects of PRP including 
increased tendon cell proliferation, increased 
expression of anabolic genes and proteins, and 
reduced tendon inflammation among others. 
However, the efficacy of PRP in clinical trials is still 
controversial most likely driven by inconsistent 
protocols that use a “one-size-fits-all” approach. To 
obtain consistent results it is essential to use an 
individualized approach and optimize the varia-
bles related to PRP preparation and patients. Such 
efforts may improve the efficacy of PRP for the 
treatment of tendon injuries and may effectively 
address the controversies on PRP treatment effi-
cacy in clinics. 
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novel, with few reported studies in the literature. 
Because of the increasing awareness of PRP’s ben-
eficial effects on musculoskeletal healing and thus 
the growing number of indications for its use, this 
review also describes some novel applications for 
PRP, including osteitis pubis, post-microfracture of 
the hip, tears of the rectus femoris, and avulsion of 
the sartorius muscle.

SUMMARY

In recent years, platelet-rich plasma (PRP) has 
gained popularity within the orthopaedic com-
munity as a treatment modality to enhance tissue 
healing. This chapter aims to concisely present 
the current indications for PRP injections in the 
treatment of hip and pelvic pathologies and to 
describe some novel applications for PRP which 
have not yet been reported in the literature. With 
regard to hip and pelvic pathologies, PRP injec-
tions are used most commonly as a non-operative 
intervention, and have been described in the lit-
erature to treat osteoarthritis of the hip joint as 
well as tendinopathy of the hamstrings, adduc-
tor longus, and gluteus medius. In contrast, most 
of the surgical applications of PRP for the hip are 
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ticular platelet-derived growth factor (PDGF) and 
transforming growth factor-β (TGF-β)15. Thus, PRP 
is theorized to replace the hematoma with a high 
concentration of platelets and growth factors to 
promote healing. Furthermore, PRP has been 
shown to promote angiogenesis through activa-
tion of PRP-releasate (PRP-r)16. In comparison to 
tendon and muscle healing, little is known on 
the mechanisms of PRP in promoting healing of 
articular cartilage, though this likely involves mul-
tiple biological processes including apoptosis, 
extracellular matrix synthesis, angiogenesis, and 
inflammation17. Because of the increasing aware-
ness of PRP’s beneficial effects on musculoskeletal 
healing and thus the growing number of indica-
tions for its use, we present a chapter of the cur-
rent indications for platelet-rich plasma injections 
to augment the conservative and surgical treat-
ment of hip and pelvic ligament and tendon pa-
thologies and describe some novel applications 
for PRP18. Although several studies have described 
the use of PRP for some of these pathologies, 
other indications for PRP discussed in this chap-
ter have not been published previously. As such, 
these indications are not yet evidence-based.

2. DECISION-MAKING

After performing an appropriate patient history 
and physical examination, advanced imaging is 
typically obtained to better characterize the sus-
pected pathology. With muscle or tendon tears, 
magnetic resonance imaging (MRI) or ultrasound 
(US) should be used to determine the exact loca-
tion and extent of the injury. Depending on the pa-
thology, PRP may be used as a conservative treat-
ment measure or as adjunctive treatment during 
surgery. When used as a conservative treatment 
option, PRP may be applicable for tendinopathic 
changes or partial tendon tears in which the ten-
don ends are not retracted1.

The cost of platelet-rich plasma treatment is cer-
tainly a factor in the decision-making process. In-

1. INTRODUCTION

Platelet-rich plasma (PRP) has gained popularity 
within the last decade among the orthopaedic 
community as a treatment modality to enhance 
tissue healing. The term platelet-rich plasma may 
be applied to any fraction of autologous blood 
that contains a higher concentration of platelets 
than baseline1. Thus, this term is non-specific and 
factors such as the concentration of platelets and 
leukocytes as well as centrifugation methods have 
differed between studies. DeLong et al2 developed 
the PAW classification system to aid in comparing 
different protocols of PRP preparation. This classi-
fication system is based on the absolute number 
of platelets (P), the method of platelet activation 
(A), and the presence/absence of white cells (W).

Recently, PRP has been utilized for numerous 
musculoskeletal indications such as rotator cuff 
repair3,4, patellar tendinopathy5, knee osteoar-
thritis6, lateral epicondylitis7, osteochondral le-
sions of the talus8,9, and many other orthopaedic 
conditions. PRP induces musculoskeletal healing 
through a number of effects. As a treatment mo-
dality for tendon healing, PRP enhances the mo-
bilization of circulation-derived cells10. This may 
include inflammatory cells that secrete cytokines 
and growth factors as well as fibroblast-like cells 
that synthesize matrix. Compared to serum, PRP 
has been shown to significantly increase the depo-
sition of a collagen-rich extracellular matrix11, with 
higher collagen I content compared to placebo12. 
Interestingly, PRP-treated tendon tears have actu-
ally been shown to contain fewer blood vessels 
compared to placebo12, possibly indicating a more 
physiological healing process. Once PRP enhances 
the early phase of regeneration, mechanical stim-
ulation is required to promote organized collagen 
synthesis and remodeling during new tendon de-
velopment13.

With muscle strains or contusions, the hematoma 
that originates contains approximately 94% red 
blood cells, 4% platelets, and < 1% leukocytes14. 
Compared to whole blood, PRP contains higher 
concentrations of certain growth factors, in par-
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surance companies still do not recognize PRP as 
standard of care, and thus PRP must be paid by pa-
tients out of pocket. It has been estimated recently 
that the cost of PRP is $500 to $1,500 per applica-
tion19. It is important to have an open discussion 
regarding the cost of PRP injections, given that it 
may be prohibitively expensive for some patients.

3. PREPARATION AND APPLICATION 
TECHNIQUES

A sample of whole blood is collected in a sodium 
citrate tube in order to delay clotting of the blood 
sample. Once the whole blood sample is collect-
ed, centrifugation allows separation of the sample 
into its component cells and serum. Either one or 
two centrifugation steps may be used depending 
on the final product desired. A “soft” spin sepa-
rates the whole blood sample into three layers: 
an upper layer consisting mainly of plasma and 
platelets, a very thin middle layer known as the 
“buffy coat” that is highly concentrated in WBCs, 
and a bottom layer consisting mainly of red blood 
cells (RBCs)20. A second, “hard” spin may be used 
to further concentrate the platelets20,21. Following 
centrifugation, approximately 10% of the initial 
whole blood volume remains as PRP concentrate1. 
The platelets in the PRP concentrate are activated 
with calcium chloride and/or autologous or bo-
vine thrombin. These additions are used to initiate 
the clotting cascade, the release of growth factors 
from the platelets, and the formation of a fibrin 
scaffold21. Autologous thrombin has been shown 
to have a lower clot strength compared to bovine 
thrombin or calcium chloride, with bovine throm-
bin having the quickest clot initiation time22. In 
an equine model, calcium chloride activation of 
PRP has been shown to result in greater release 
of platelet-derived growth factor compared to au-
tologous or bovine thrombin23. Calcium chloride 
also provides the advantage of not using bovine 
or other non-autologous materials.

Therapeutic doses of PRP require 2.5-5 times the 
baseline concentration of platelets24,25, though 
higher concentrations than this have an inhibi-
tory effect on healing26. The white blood cell 
concentration may also be controlled, with leu-
kocyte-rich PRP (L-PRP) and leukocyte-poor PRP 
(P-PRP) both being used in the literature. For pro-
duction of L-PRP, the entire layer of the buffy coat 
and few RBCs are transferred to an empty sterile 
tube, while the upper layer and only the super-
ficial buffy coat are transferred for production of 
P-PRP20. Plasma rich in growth factors (PRGF) is a 
term used to describe a leukocyte-poor PRP which 
is separated manually (direct visualization using a 
fine pipette) from the lower fraction of the plasma 
containing the highest concentration of platelets 
and growth factors, avoiding the thin WBC layer. 
PRGF techniques have been shown to produce 
lower concentrations of growth factors compared 
to standard PRP kits by 3-4 fold 27 which, according 
to many studies, may serve as the optimal ratio for 
tissue healing.

When a tendon or muscle is injured, healing pro-
ceeds through three processes: inflammation/de-
generation, regeneration, and fibrosis1. Although 
L-PRP has been shown to contain the highest lev-
els of growth factors and cytokines28, it induces 
catabolic effects and a significantly greater acute 
inflammatory response and thus may actually pro-
long the healing process28-31. Thus, the inclusion of 
white cells defeats the purpose of PRP. On the oth-
er hand, P-PRP induces mainly anabolic changes, 
and while this is generally a beneficial outcome, 
it could also result in scar tissue formation due to 
these anabolic effects28,31. Still, no randomized or 
prospective clinical studies have been performed 
to compare outcomes between leukocyte-rich 
versus leukocyte-poor PRP.
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Hamstring tendinopathy

Chronic tendinopathy or partial tears of the proxi-
mal hamstring tendons are common injuries 
among athletes. These injuries often occur while 
running, particularly when accelerating. Follow-
ing severe hamstring injuries, many high level ath-
letes may struggle with sitting on a bike or return-
ing to running. Corticosteroid injections should 
be avoided as they may result in further tendon 
weakening and progression to high-grade tear-
ing. PRP injections can be used to facilitate heal-
ing when there is partial thickness involvement or 
tendinosis without retraction. Complete tears, es-
pecially if chronic and retracted, are best treated 
with surgical repair.

A Hamid et al33 conducted a randomized con-
trolled trial to compare PRP therapy plus a reha-
bilitation program versus rehabilitation alone 
in patients with acute hamstring injuries (table 
1). Patients in the PRP group were given a single 
intra-lesional injection of PRP, without addition of 
an activating agent, under US guidance at an av-
erage of 4.6 days following injury. Time to return 
to play was significantly lower in the PRP group 
(mean 26.7 days) versus the control group (mean 
42.5 days). In addition, the PRP group had signifi-
cantly lower pain severity scores at all time points 
up to 7 weeks following intervention.

4. NON-OPERATIVE APPLICATIONS

Platelet-rich plasma injections are used most com-
monly as an adjunct to conservative treatment. In 
cases of chronic tendinopathy or osteoarthritis, 
PRP is typically indicated when first-line treatment 
(physical therapy, rest) fails. For professional ath-
letes, in-season PRP may be used to reduce pain 
and improve function as an interim solution until 
the offseason when the athlete can undergo sur-
gical intervention. This is particularly true for hip 
labral tears and chronic tendinopathies.

As detailed below, PRP injections have been used 
to treat tendinopathy of the hamstrings, adduc-
tor longus, and gluteus medius. These injections 
are typically performed under US guidance in the 
clinic. The number of injections used differs by 
study, though most reports describe the use of a 
single PRP injection for a variety of hip patholo-
gies. Prior to injection, patients should fast for a 
minimum of three hours and should limit water 
intake to 8 ounces. In addition, patients should 
avoid the use of non-steroidal anti-inflammatory 
drugs (NSAIDs) for at least two days prior to and 
five days following injection, as these medications 
have been shown to impair platelet function32.

TABLE 1.CLINICAL STUDIES ON PRP TREATMENT FOR HIP AND PELVIC PATHOLOGIES.
VAS = visual analog scale, NSAIDs = non-steroidal anti-inflammatory drugs, NPRS = Nirschl Phase Rating Scale, MHHS = Modified Harris Hip Score, 
ADL = activities of daily living, IHOT-33 = International Hip Outcome Tool 33, WOMAC = Western Ontario and McMaster Universities Osteoarthritis 
Index, OA = osteoarthritis, HA = hyaluronic acid, HHS = Harris Hip Score, AVN = avascular necrosis.

STUDY LEVEL OF 
EVIDENCE PATHOLOGY CONTROL GROUP(S) OUTCOMES MEASURED

A Hamid et al, 201433 II Acute hamstring injuries Rehabilitation without PRP Return to play time, pain severity 
score, pain interference score

Hamilton et al, 201534 I Hamstring injuries Platelet-poor plasma, no 
injection Return to play time, reinjury rate

Fader et al, 201535 IV Chronic proximal hamstring 
tendinopathy N/A VAS pain

Wetzel et al, 201336 III Proximal hamstring injuries NSAIDs, physical therapy VAS, NPRS

Davenport et al, 201537 I Proximal hamstring 
tendinopathy Autologous whole blood MHHS, Hip Outcome Score-ADL, 

IHOT-33

Dallaudière et al, 201439 IV Upper and lower limb 
tendinopathy N/A WOMAC, ultrasound lesion size

Mautner et al, 201342 IV Chronic tendinopathy N/A VAS, assessment of functional pain, 
overall satisfaction
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In another randomized controlled trial, Hamilton 
et al34 compared PRP, platelet-poor plasma (PPP), 
and no injection in professional athletes with MRI-
positive hamstring injuries. All patients under-
went a standardized rehabilitation program. Time 
to return to sport was found to be significantly 
lower in the PRP group (mean 21 days) compared 
with the PPP group (mean 27 days). No significant 
difference in re-injury rate was noted between the 
three groups at 2 months or 6 months following 
intervention.

Fader et al35 performed a retrospective case series 
of 18 patients with chronic proximal hamstring 
tendinopathy. Each patient received a single PRP 
injection by US guidance. Patients had chronic 
hamstring pain symptoms for an average of 32.6 
months prior to their injection and all patients had 
attempted other non-surgical treatments such as 
cortisone injections and physical therapy prior to 
injection. Based on a visual analog scale (VAS) for 
pain, patients had an average improvement in 
pain of 63% at 6 months following PRP injection.

In another study, Wetzel et al36 performed a ret-
rospective cohort study comparing twelve cases 
of proximal hamstring injuries treated by a single 
PRP injection and five patients treated with tradi-
tional conservative treatment (TCT) consisting of 
NSAIDs and physical therapy. Patients in the PRP 
and TCT groups presented at an average of 9.6 and 
7.8 months after injury, respectively. At an average 
follow-up of 4.5 months, the PRP group demon-
strated significantly improved VAS (p < 0.01) and 
Nirschl Phase Rating Scale (NPRS) scores (p < 0.01) 
compared to pre-treatment. At an average follow-
up of 2 months, the TCT group did not show the 
same degree of improvement in VAS (p = 0.06) or 
NPRS scores (p = 0.06). However, due to the small 
sample sizes and differences in follow-up times, it 
is difficult to discern these outcome differences.

Davenport et al37 conducted a double-blind, ran-
domized controlled trial comparing a single injec-
tion of PRP versus autologous whole blood (WB) 
for the treatment of proximal hamstring tendi-
nopathy. At follow-up times of 2, 6, and 12 weeks 
and 6 months, no significant differences were ob-

served between groups with regard to the Modi-
fied Harris Hip Score, Hip Outcome Scores for 
activities of daily living (ADL) and sport-specific 
function, and International Hip Outcome Tool 33 
(IHOT-33). However, compared to baseline, the 
PRP group demonstrated significant improve-
ments in ADL and IHOT-33 scores, whereas the WB 
group showed significantly decreased pain with 
15-minute sitting at 6 months.

Although conflicting results exist, the majority of 
published studies have reported successful out-
comes of PRP injections for hamstring injuries. The 
authors use PRP injections for acute hamstring in-
juries including, in rare cases, complete tears with 
a small amount of retraction in patients with low 
activity levels or when patients opt out of surgery.

Adductor tendinopathy/athletic pubalgia

Adductor tendinopathy typically presents with 
groin pain and is often seen in soccer players due 
to the frequency of running and cutting move-
ments involved in this sport38. Athletic pubalgia is 
a more general term involving groin pain, often in 
athletes, with adductor tendinopathy being a fre-
quent concomitant pathology in these patients. 
Good outcomes have been shown following ad-
ductor tenotomy with and without hernioplasty38, 
though PRP provides a non-operative treatment 
option for this pathology.

Adductor longus tendinopathy is a common in-
dication for PRP treatment. Dallaudière et al39 
performed a retrospective case series of 408 con-
secutive patients treated by a single ultrasound-
guided PRP injection for tendinopathy of upper 
(medial and lateral epicondylar tendons, i.e. golf-
er’s and tennis elbow, respectively) and lower (pa-
tellar, Achilles, hamstring, adductor longus, and 
peroneal tendons) limbs. Patients with hamstring 
and adductor longus tendinopathy demonstrated 
significantly improved Western Ontario and Mc-
Master Universities Osteoarthritis Index (WOMAC) 
scores at 6 weeks and a mean 20.2 months follow-
ing injection (p < 0.001). Ultrasound was also used 
to assess lesion size at baseline and 6 weeks post-
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When electing to perform PRGF injections for ad-
ductor tendinopathy, it is important to have the 
patient shave the groin area a few days prior to 
injection for ease of US guidance. These injections 
can be very painful, though due to the superficial 
location of the pathology, lidocaine cannot be 
used. It is recommended that nitric oxide be used 
as an inhaled anesthetic if possible.

Gluteus medius tendinopathy

The literature is currently lacking in reported out-
comes of PRP injection for gluteus medius tendi-
nopathy. However, in a multicenter, retrospective 
review of 180 patients with chronic tendinopa-
thy42, 16 patients underwent US-guided PRP in-
jections for gluteus medius tendinopathy with 13 
patients demonstrating moderate improvement 
to complete resolution of symptoms at an aver-
age follow-up of 15 months post-injection. How-
ever, the PRP injection methodology of this study 
was non-uniform in that 60% of all patients re-
ceived one injection, 30% received two, and 10% 
received three or more injections.

The authors use a series of three injections of PRGF 
for chronic indications8 such as gluteus medius or 
minimus tendinopathy (fig. 2). It is important to 

injection, with hamstring and adductor longus 
tendon lesion size decreasing from an average of 
21.2 mm to 2.6 mm during this time (p < 0.001).

Interestingly, there is a high incidence of athletic 
pubalgia symptoms in patients with symptomatic 
femoroacetabular impingement (FAI)40. Ham-
moud et al40 showed that 39% of professional 
athletes presenting with concomitant AP and FAI 
experienced symptom resolution with surgical 
treatment of FAI alone. Larson et al41 demonstrat-
ed a return to unrestricted activity in 89% of pa-
tients with surgical management of both athletic 
pubalgia and intra-articular hip pathologies, com-
pared to only 25% in patients undergoing surgical 
treatment of athletic pubalgia alone.

The authors inject the origin of the adductor lon-
gus (AL) tendon for chronic tendinopathy or acute 
tears (fig. 1). We first exclude the pubic symphysis 
as the source of the pain (using a lidocaine test) 
due to its anatomical proximity to the AL. It is also 
important to conduct full range of motion (ROM) 
evaluation of the hip joint to exclude concomitant 
FAI. FAI results in reduced ROM which in turn plac-
es increased stress on the AL origin and may result 
in chronic microtears and tendinopathy. In these 
cases, PRGF may not be a beneficial long-term so-
lution as the offending mechanism is still present.

FIG. 1
Ultrasound-guided PRP injection of the adductor longus near its ori-
gin on the pubic body.

FIG. 2
Ultrasound-guided PRP injection of the gluteus medius near its inser-
tion on the greater trochanter.
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Sartorius avulsion

The sartorius originates on the anterior superior 
iliac spine (ASIS) apophysis, which begins to ossify 
between the ages of 13-15 years and fuses with 
the ilium between the ages of 21-25 years. An ASIS 
apophyseal avulsion injury occurs most common-
ly during running with the hip in extension and 
knee in flexion, or during a kicking motion43. Pain 
and a tearing sensation are the most common 
symptoms.

Recently, a 16 year old male presented to our 
clinic with anterolateral left hip pain following a 
lacrosse injury in which the patient made a cut 
while sprinting and felt and heard a pop around 
his hip. MRI showed a proximal sartorius avulsion 
with a few millimeters of distraction and signifi-
cant soft tissue and bone edema in the surround-
ing area (fig. 3). The patient underwent US-guided 
PRGF injection (fig. 4) and reported complete res-
olution of symptoms within a week. He returned 
to full activity with our clearance at five weeks 
post-injection. A similar technique can be used for 
other apophyseal avulsion injuries such as that of 
the hamstrings or rectus femoris.

conduct a comprehensive physical examination 
to determine that the reported pain is not referred 
from the lower back or hip joint. In some cases, a 
lidocaine test can help to confirm or exclude the 
gluteus as the primary pathology. It is instrumen-
tal to review a high resolution MRI of the region 
and to determine pre-injection if gluteal bursitis 
is causing the patient’s pain or if tendinopathic 
changes/tears are present. It is also important to 
note which tendons are involved, as the minimus 
tendon is deeper and thus requires proper US 
guidance during injection. From our experience, 
the majority of gluteal tendon tears are in the me-
dial/deeper side of the tendon.

As mentioned with hamstring tendinopathy, 
many practitioners would use steroid injections 
for greater trochanteric bursitis. However, this is 
usually a misdiagnosis or a secondary pathology 
as gluteal tendon tears are often the primary pain 
source. Although steroid injections can improve 
pain for a few months, they can also result in atro-
phy and weakening of the gluteal tendons.

FIG. 3
MRI demonstrating avulsion of the sartorius muscle from its origin 
on the anterior superior iliac spine (ASIS, top images). CT images 
comparing a normal sartorius origin on the ASIS (bottom left) and a 
sartorius avulsion (bottom right).

FIG. 4
Ultrasound-guided PRP injection of  Hamstrings near its origin on the 
anterior superior iliac spine.

Normal Sartorius
Sartorius avulsion

MRI done 2 days 
after injury

CT done 4 weeks days 
after injury and a week 

after PRP injection
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6. CONCLUSIONS

This chapter describes some of the established as 
well as novel applications of platelet-rich plasma 
or plasma rich in growth factors (PRGF) for the 
treatment of hip and pelvic pathologies. Although 
the outcomes of many of these applications have 
not been described in the literature, particularly in 
high-level studies, from our experience we have 
found that symptomatic and functional outcomes 
are successful in the majority of patients. As indi-
cations for PRP continue to expand, it will become 
increasingly important for future studies to state 
specific methodologies used in the preparation of 
PRP in order to recognize ideal preparation tech-
niques and the ideal number of PRP injections for 
each pathology. Leukocyte-poor PRP has the ad-
vantages of a reduced inflammatory response and 
mainly anabolic changes compared to leukocyte-
rich PRP, though further, high quality studies are 
necessary to determine outcome differences be-
tween these two PRP preparations.

5.SURGICAL APPLICATIONS

As described above, when used in a non-operative 
setting, platelet-rich plasma is applied as a liquid 
injectable. However, in an intraoperative setting, 
PRP may be injected as a liquid or gel44, or deliv-
ered as a fibrin matrix (platelet-rich fibrin matrix, 
PRFM)45. Most of the surgical applications of PRP 
for hip and pelvic pathology are novel, with few 
studies currently in the literature.

Adjuvant therapy for tendon repair 

Platelet-rich plasma has been shown to improve 
healing in patients with acute ruptured Achilles 
tendons12,46. Sánchez et al46 showed an earlier re-
covery of range of motion, return to gentle run-
ning, and return to training activities in 12 athletes 
who underwent open suture repair of a complete 
Achilles tendon rupture with PRP versus standard 
open suture repair. Alsousou12 compared biopsy 
samples of acute ruptured Achilles tendons treat-
ed with PRP versus a control group receiving no 
treatment. The PRP group demonstrated signifi-
cantly higher collagen I content and a significantly 
lower modified Bonar score, which indicates im-
proved early tendon healing.

The authors use PRGF injections in patients un-
dergoing surgical repair of the hamstring ten-
dons when the tendon tissue is found to be of low 
quality and enhancement of the surgical repair is 
required. Another common indication for PRGF 
within our practice is in professional athletes for 
whom there is a need for an expedited recovery 
and return to play. This is most commonly indi-
cated for the hamstrings, rectus femoris, or a sar-
torius avulsion.
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This chapter addresses current molecular and cel-
lular data in intrinsic nerve repair processes and 
describes a new strategy to harness and enhance 
these processes by using biochemical and biome-
chanical cues. In particular, it focuses on autolo-
gous fibrin, plasma and platelet-derived growth 
factors as filler or scaffolds that can synergize with 
the gold standard therapy and other nerve guid-
ance conduits.

SUMMARY

In mammals, axons of injured peripheral nerves 
(PNI) can and do regenerate, but often the func-
tional recovery is incomplete or suboptimal. In re-
cent years in vivo tissue engineering approaches 
through molecular intervention and scaffolding 
are offering promising outcomes. In this sense, 
evidence is accumulating in both preclinical and 
clinical settings, indicating that platelet rich plas-
ma (PRP) products, and fibrin scaffold obtained 
from this technology, hold an important thera-
peutic potential as a neuroprotective, neurogenic 
and neuroinflammatory therapeutic modulator 
system, as well as enhancing the sensory and mo-
tor functional nerve muscle unit recovery.
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2. NEUROBIOLOGY OF PERIPHERAL 
NERVE INJURY AND REPAIR 

After injury, approximately 30-40% of sensory 
neurons die, and these numbers increase as the 
nerve injury gets closer to the neuron body25. Per-
sisting neurons switch their state from a signalling 
to a growing phenotype through the expression 
of genes involved in cell survival and axon out-
growth25,26. Concomitantly, injured or dying axons 
signal to Schwann cells (SCs) through their loss of 
contact, by an as yet poorly understood mecha-
nism, and SCs respond with a radical phenotypic 
change known as activation or transdifferentia-
tion27,28. In addition, supportive stromal cells such 
as endothelial cells, fibroblasts, and macrophages, 
will play a key role in the guidance and support 
of Schwann cell-growing axon regenerative units 
across first the nerve bridge and then the distal 
segment to eventually reconnect with their origi-
nal targets at a rate of about 1mm per day in hu-
mans (fig. 1)25,29.

SCs act as masters and servants in PNI repair, and 
show a striking chameleonic response to the 
biological battlefield they are exposed to inside 
a damaged nerve and are the early detectors 
of damage (fig. 1). Recent studies have shown 
that SCs express a variety of Toll-like receptors 
(TLRs2/3/4) through which SCs recognize these 
DAMPs, together with resident macrophages also 
endowed with TLRs, thereby playing a sentinel 
role to identify nerve injury and hence, activate an 
inflammatory response known as neuroinflamma-
tion30,31. In a context-and time-dependent man-
ner, dedifferentiated SCs perform a variety of cell 
repair tasks from phagocytosing myelin debris to 
secreting neurotrophic and neurotropic factors 
(laminin),  proliferation and migration, which re-
sults in the formation of SC cords and Bungner 
Bands in the proximal and distal nerve segment, 
respectively27,30,32. Although SCs have the repu-
tation of being the engine of peripheral nerve 
repair, in the nerve repair complex process they 
are fuelled by axon growth cones and supportive 
stromal cells such as macrophages and fibroblasts, 

1. INTRODUCTION

Every year, 350,000 patients are affected by trau-
matic peripheral nerve injuries, which accounts 
for $150 billion in annual health care costs1. Di-
rect tension-free microsurgical repair and/or the 
transplantation of a nerve autograft to bridge 
the gap are the gold standard treatments aimed 
at enhancing the intrinsic regenerative potential 
of injured axons2. However, such treatments fail 
to recreate the suitable cellular and molecular 
microenvironment of peripheral nerve repair3 in 
addition to creating, as in the case of autografts, 
a second iatrogenic injury and morbidity in the 
donor site4. In recent years, biologic strategies to 
treat peripheral nerve injury (PNI) combined with 
in vivo tissue engineering approaches through 
molecular intervention and scaffolding are offer-
ing promising outcomes2,5,6. Among them, plate-
let rich plasma (PRP) products hold an important 
therapeutic potential as a neuroprotective, neuro-
genic, and neuroinflammatory therapeutic modu-
lator system5,7-11 and as enhancer of sensory and 
motor functional nerve-muscle unit recovery12-14. 
PRPs are emerging as an adjuvant biologic in the 
treatment of peripheral nerve injuries (PNIs) and 
neuropathies12-14. These autologous products are 
applied either as a filler of nerve conduits or vein-
muscle grafts across nerve gaps post trauma by 
Ultrasound-guided perineural and intraneural in-
filtrations , or as scaffolds to bridge or wrap the in-
jured nerve stumps15-18. Moreover, there are non-
traumatic peripheral injuries such as compression, 
adhesion and fibrosis, (as in the case of carpal 
tunnel syndrome and fibrotic post-surgical side 
effects)19, where this novel approach applied may 
additionally diminish undesirable consequences 
such as fibrotic scars and denervated organ atro-
phy, since this adjuvant therapy can speed up the 
functional recovery of the nerve-muscle unit20-24. 

Considerable progress has been made in under-
standing the molecular and cellular events of pe-
ripheral nerve regeneration after injury, and this 
chapter will discuss our current knowledge, and the 
particular application of plasma rich in growth fac-
tors for improving repair and regeneration in PNI.
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collagen type VI, modulating the proliferation and 
migration of SCs, and influencing the resolution of 
inflammation through the polarization from M1 to 
M2 phenotype34-36. Cattin et al 34 confirmed  an 
idea suggested by Chen et al37 that blood ves-
sels might provide substrate or signalling for axon 
growth guidance and SC migration, by showing 
that macrophages selectively sense hypoxia in the 
area of nerve bridge and drive angiogenesis via 
the VEGF-secretion pathway at the nerve bridge 
(fig. 1). In addition, these SCs come into direct 
contact with resident fibroblasts that accumulate 
in large numbers at the site of injury influencing 
SC migration and dedifferentiation27,28,33 (fig. 1). 

the very elements of Wallerian degeneration as a 
neuroinflammatory process (fig. 1)27,30,33-35. The 
macrophages acting as “jack of all trades” will col-
laborate with the activated-dedifferentiated SCs 
in clearing the myelin and other tissue debris. 
Moreover, these SCs come into direct contact 
with resident fibroblasts that accumulate in large 
numbers at the site of injury influencing SC migra-
tion and dedifferentiation27,28,33 (fig. 1). Moreover, 
emerging evidence suggests that macrophage 
plasticity contributes to peripheral nerve regener-
ation via distinct mechanisms: by phagocyitosing 
myelin debris, synthesizing trophic factors such 
as VEGF and promoting angiogenesis, producing 

FIG. 1 SPONTANEOUS PERIPHERAL NERVE REGENERATION IS A MULTICELLULAR AND PLEIOTROPIC PROCESS
Schwann cells are the master and servant in peripheral nerve regeneration while macrophages act as ”Jack of all trades”. The partnership between 
the transdifferentiated SCs and macrophages induce the latter to synthesize VEGF. In addition to stimulating the proliferation of endothelial cells, 
and thereby promoting new vessels that guide the axon growth, thereby serving as tracks for migrating and proliferating SCs to from a Band of 
Bungner, VEGF enhances the survival, migration and proliferation of SCs, all of which contribute to the outgrowth of axons, restoration of basal 
lamina and facilitation of the formation of Band of Bungner at both nerve stumps. (reprinted with permission from Sanchez, M. et al.29
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3. PLASMA RICH PLASMA: 
AN INJECTABLE SCAFFOLD 
TO ASSIST IN NERVE REPAIR

Platelet rich plasma (PRPs) are blood-derived bio-
logical drug delivery products that have emerged 
as a novel and versatile formulation to enhance re-
pair and regeneration in the treatment of muscu-
loskeletal conditions including osteoarthritis and 
chondral pathologies, non-union fractures, acute 
and chronic tendinopathies, muscle strains, and 
peripheral nerve injuries and neuropathies12,40-42.

These varied products consist of a pool of growth 
factors (GFs), microparticles, and other bioactive 

Despite the robust repair capacity to regrow pe-
ripheral nervous axons shown in the adult mam-
mal30,34 and meticulous microsurgical nerve re-
pair techniques there are some limiting factors, 
including the poor vascularization, the patients 
age, the chronic denervation of SCs, the endoneu-
rial and perineurial fibrosis, the misguided axonal 
growth, the vast distance that axon growth cones 
must cover to reinnervate target organs/tissues, 
as well as their atrophy, and the rate of regenera-
tion25,32,38,39.  Therefore, three key events signifi-
cantly contribute to axonal outgrowth, namely, 
angiogenesis, axon-SC partnership, and a permis-
sive and inductive microenvironment where as 
important as the absence of inhibitory molecules 
is the presence of nerve guidance, and neurotrop-
ic and neurotrophic factors. 

FIG. 2
Illustration of some biological mediators of platelet-rich plasma (PRP) that govern tissue repair by still poorly undestood mechanisms.
There are biomolecules and several growth factors which come either from platelet activation and plasma or both. Several of these bioactive me- 
diators and other growth factors or proteins remain trapped through fibrin heparan sulfate-binding domains, in a three-dimensional transient 
fibrin matrix to be released later by tissue fibrinolysis. ADAMTs: A disintegrin and metalloprotease with thrombospondin motifs; ADP: adenosine 
diphosphate; BDNF: brain-derived neurotrophic factor; BMPs: bone morphogenetic proteins; CTGF: connective tissue growth factor; EGF: epider- 
mal growth factor; FGF: fibroblast growth factor; GFs: growth factors; HGF: hepatocyte growth factor; HMGB1: high mobility group box 1; IGF: 
insulin-like growth factor; IL-β1: interleukin-β1; MMPs: matrix metalloproteinases; NGF: nerve growth factor; PDGF: platelet-derived growth factor; 
PF4: platelet factor 4; RANTES: regulated upon activation, normal T cell expressed and presumably secreted; SDF-1α: stromal cell-derived factor-
1α; TGFB: transforming growth factor beta; TIMPs: tissue inhibitors of metalloproteinases; TSP-1: thrombospondin-1; VEGF: vascular en- dothelial 
growth factor. (reprinted with permission from Sanchez, M. et al.29
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signalling molecules such as neurotrophic (NGF, 
BDGF, IGF-1, PDGF, VEGF, HGF) and neurotropic 
factors (fibrin, fibronectin, and vitronectin)9.

Growing in vitro and in vivo evidence suggests 
that the biomolecules conveyed by PRPs are in-
strumental agents that modulate early inflamma-
tion, stem cell-like myelinating Schwann cell ac-
tivation, macrophage polarization, as well as the 
active resolution of inflammation, angiogenesis, 
and fibrogenesis, thereby acting as key drivers of 
full nerve functional recovery27,34,44-46 (Table I and 
II)6. 

mediators stemmed from platelet activation and 
plasma (fig. 2)29. Many of these biomolecules are 
trapped, through fibrin heparan sulfate-binding 
domains, in a three-dimensional transient fibrin 
matrix generated from the polymerization of plas-
matic fibrinogen, thereby regulating the tissue 
concentration of GFs, as is the case in biological 
repair43. 

Once PRP is infiltrated intraneurally as a liquid-
to-gel injectable scaffold, or wrapped around the 
injured nerve gap as a matrix-like viscous and mal-
leable structure, or both,12 (fig. 3) tissue fibrinoly-
sis breaks the fibrin down, thereby releasing cell 

FIG. 3 
Six lines of evidence suggest the therapeutic potential use of PRPs on neural tissue repair and regeneration. 
These include the prevention of cell apoptosis and neuroprotection, the stimulation of angiogenesis, the modulation of inflammatory microenvi-
ronment, the enhancement of axonal outgrowth and nerve guidance, the dampening of both denervated muscle atrophy and scarring that fol-
low peripheral nerve trauma and damage, and the improvement of neurologic parameters in humans. (reprinted with permission from Sanchez, 
M. et al.29
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Cell type/Animal model Intervention Outcome Reference

Human bone marrow stem cells Cells cultured with PRP scaffolds en-
riched with NGF, BDGF and retinoic acid.

Prevention of cell apoptosis and 
differentiation in neural phenotype.

Zurita et al. 
2010

Bone marrow stromal cells and 
Wistar rats with intracerebral 
hemorrhage

Intracerebral administration of cells 
embedded in PRP scaffold

Increment of cell viability and biological, 
neurological and functional activity 

Vaquero et al. 
2013 

Sprague-Dawley rats with 
bilateral cavernous nerve crush

Injection of 200μL of PRP into the corpus 
cavernosum immediately after crush 
injury

Preservation of myelinated axons and 
prevention of cell apotosis Wu et al. 2012

Albino guinea pigs with facial 
nerve transection

Injection of 5mL of PRP and perineural 
microsuture

Improvement in function, increment of 
neurotrophic factors and preservation of 
axons and myelin

Cho et al. 2010 

Primary cortical and hippocampal 
neurons from Wistar rat embryos 
cultured with amyloid-β peptide

Cell incubation with 7% and 10% PRP 
during 48 hours. Increment of cell survival in primary neurons Anitua et al. 

2013

Double-transgenic APP/PS1 mice 
(model of Alzheimer disease) 

Intranasal administration of 3μL of PRP, 3 
times per week for 4 weeks.

Decrease in brain Aβ deposition, neuroprotec-
tion and reduction of inflammation

Anitua et al. 
2014

BALB/c mice with hind limb 
sichemia

Inyection of 6-18μL of PRP into the 
adductor and quadriceps region 
24 hours after surgery

Enhancement of reperfusion  and reduction 
of fibrotic tissue 

Anitua et al. 
2015

Sprague-Dawley rats with 
10-mm sciatic nerve gap

Inside-out vein graft filled with 0.15-2 
mL of PRP

Increment of neoangeogenesis, number of 
myelinated axons and diameter of axons and 
myelin sheat.

Kim et al. 2014

Schwann cells from sciatic 
nerves of Sprague-Dawley rats

Cells cultured with different 
concentrations of PRP

Stimulation of cell proliferation, migration and 
neurotrophic function in a dose-dependent 
manner

Zheng et al. 
2016

Brain cortex and spinal cord cocul-
ters from Sprague-Dawley rats

Coculters incubated with medium con-
taining 5%-10% of PRP durin 14 days Promotion of axon growth  and number Takeuchi et al. 

2012 

New Zeland White rabbits with 10 
mm sciatic nerve defect

Implantation of poly (lactic-co-gly-
colic acid) conduit filled with PRP and 
Schwann cells in the defect

Increment of the number of regenerating 
nerve fibers, thickness of the myelin sheath, 
muscle action potential and nerve conduction 
velocity

Ye et al. 2012

Rabbit and dog with sciatic 
nerve cut

“Fibrin suture” with coagulated blood 
plasma previously enriched with 
fibrinogen

Growth of new fibers across the junction Young et al. 
1940

Isogenic spontaneous hyperten-
sive rats with sciatic nerve gap

Implantation of vein grafts injected with 
PRP. Increment of sciatic functional index Sabongi et al. 

2014

Sprague–Dawley rats 15-mm long 
sciatic nerve defects

Implantation of acellular nerve allografts 
loaded with PRP in the nerve gap

Improvement of electrophysiology response 
for amplitude and conduction velocity , diam-
eter, thickness and numbers of regenerating 
nerve fiber

Zheng et al. 
2014

Wistar rats with 1-cm long sciatic 
nerve defects

Implantation of collagen nerve conduit 
with Platelet gel

Improvement of functional and structural 
outcomes

Kaplan et al. 
2011 

Wistar albino rats with 
cross-sectioned sciatic-nerve

Implantation of sutured PRP-membrane 
sutured around sciatic nerve 

Improvement of amplitude and frequency 
spectrum in the electromyographic data

Giannessi et al. 
2014 

Sprague-Dawley rats with 
facial nerve transection PRP added to perineural sutures Improvement of functional activity and neuro-

trophic effect
Farrag et al. 
2007 

Wistar rats with 1 sciatic 
nerve transection PRP added to epineural sutures Increment of myelin thickness and reduction 

of latency time in electromyography
Sariguney et al. 
2008 

Latxa sheep with common 
peroneal nerve crush injury

PRP membrane placed around the nerve 
lesion and 3 intraneural injection of 3 mL 
of PRP, one injection every two weeks.

Earlier electrophysiological response, incre-
ment of axonal density and reduction of 
muscle atrophy 

Sánchez et al. 
2015 

C5tBL/6J mice lesioned with 
1-methyl-4phenyl-1,2,3,6-tetrahy-
dropirydine (Parkinson’s disease 
model).

Intranasal administration of 3μL of PRP, 
3 times per week for 2 weeks.

Increment of neuroprotection, improvement 
of motor performance and reduction of 
inflammatory response, nuclear transcription 
factor-κβ, nitric oxide, cycloxignase-2 and 
tumor necrosis factor-alpha.

Anitua et al. 
2015

New Zeland white rabbits with 
carpal tunnel syndrome dextrose- 
induced median nerve injury

Injection of 0.3 mL of PRP into the carpal 
tunnel

Improvement of electrophysiological param-
eters and reduction of nerve swelling Park et al. 2014

Wistar albino rats with sciatic 
nerve crush injury

Injections of  15μg of IGF-1 or 0.125 mL 
of Leukocyte rich-PRP into the 
crush-injured site

Improvement of functional and sensory recov-
ery of  animals treated with IGF-1 Emel et al. 2011

TABLE 1 Summary of in vitro and in vivo effects of Platelet-Rich Plasma (reprinted with permission6) 
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Neuroprotection and prevention 
of cell apoptosis

Several GFs present in PRP including, NGF, BDNF, 
PDGF, VEGF, IGF-1, TGFB alone or in combination 
have been shown to exert an antiapoptotic and 
neuroprotective effect on mesenchymal stem 
cells (MSCs), neurons, SCs, and human neural stem 
cells45,47-51. PRP fibrin scaffolds enriched with NGF, 
BDGF, and retinoic acid and loaded with bone mar-
row stromal cells (BMSCs), enhance their survival 
and differentiation into the neural phenotype52. In 
addition, when this PRP scaffold was transplanted 
into the brain the viability and biologic activity of 
allogenic BMSC increased53. Moreover, neuropro-
tective and antifibrotic beneficial effects22,54 were 
reported with the injection of PRP into the corpus 

4. THE SCIENTIFIC RATIONALE BE-
HIND THE USE OF PRPS TO ASSIST 
PNI REPAIR

Six lines of evidence suggest the therapeutic po-
tential of PRPs on neural tissue repair and regen-
eration (table I and II)6. These include the preven-
tion of cell apoptosis and neuroprotection, the 
stimulation of angiogenesis, the modulation of in-
flammatory microenvironment, the enhancement 
of axonal outgrowth and nerve guidance, the 
dampening of both denervated muscle atrophy 
and scarring that follow peripheral nerve trauma 
and damage, and the improvement of neurologic 
parameters in humans (fig. 3)29.

Type of 
study Clinical cases Intervention Outcome Reference

Case Report
n=1

Ulnar nerve trauma at the 
elbow, with neuropathic 
pain and nerve dysfunction

12-cm-long nerve gap bridged with a 
collagen tube filled with autologous 
platelet-rich fibrin during the surgery at 
3.25 years post trauma

Sensory and motor recovery 
across nerve gap and reduction of 
neuropathic pain.

Kuffler et al. 
2011

Case series
n=27

Patients under 58 years with 
2-16-cm-long nerve gap in 
their extremities

Nerve gaps bridged with collagen tubes 
filled with PRP during the surgery at 0.5-
3 years post trauma

Functional recovery Kuffler et al. 
2014 

Randomized 
control study

n=20

Patients with benign parotid 
gland tumor presenting 
facial muscles and nerve 
deficit

Superficial parotidectomy using PRP gel Significant improvements in seve-
ral clinical parameters

Sacala et al. 
2014 

Double blind, 
randomized, con-

trol clinical trial 
n=60

Patients with leprosy 
peripheral neuropathy

One injection of  perineural injection 
of 1mL of PRP in the posterial tibial and 
ulnar nerves

Significant two-point discrimina-
tion test reduction and significant 
VAS improvement in week 2. 

Anjayani et al. 
2014 

Retrospective 
analysis

n=10

Patients with persistent 
pudendal neuralgia after 
neurolysis and transposition

One injection of PRP around the 
pudendedal nerve after a transgluteal 
decompression enclosing the nerve in 
NeuroWrapNerve Protector

Significant pain reduction Hibner et al. 
2012 

Case series
n=14

Patients with median nerve 
injury suffering from carpal 
tunnel syndrome for over 3 
months

One US-guided injection of  1-2 mL of 
PRP into the region around the median 
nerve at the proximal edge of carpal 
tunnel

Pain almost disappeared and up-
per limb function improved at 1 
month after treatmen

Malahias et al. 
2015

Case Report
n=1

Patients with peroneal 
nerve palsy with drop foot 
after multiple ligament 
injuries of the knee

Serial US-guided intraneural and peri-
neural infiltrations of 3-8 mL of PRP.

Significant pain and function re-
covery with EMG signs of reinner-
vation for the peroneus longus 
and the tibialis anterior.

Sánchez et al. 
2014

Case Report
n=1

6-year-old boy with perina-
tal cerebral palsy On intravenous injection of 25 mL of PRP Clear improvement in cognitive 

and language spheres.
Alcazar et al. 

2015 

TABLE 2 Summary of clinical studies of Platelet-Rich Plasma and nerve (reprinted with permission6)

231



A Novel and Versatile Adjuvant Biologic Therapy in the Management of Neuropathies

13

ies in acute nerve injury model in guinea pig and 
rabbits applied PRP and seeded the acellular car-
rier with either MSCs or SCs, reporting beneficial 
effects on axonal counts, myelination and electro-
physiological parameters21,54. One example of the 
use of PRP as a filler of acellular nerve allografts 
(ANA PRP) is the work of Zheng et al7 which, having 
previously shown a dose-dependent effect of PRP 
on the proliferation, migration and, neurotrophic 
function in rat SCs cutured with PRP, subsequently 
showed significant improvements in diameter, 
thickness, and numbers of myelinating axons as 
well as an enhancement of electrophysiological 
parameters in sciatic nerve injury repaired with 
autografts and ANA PRP in a rat model44. Using a 
simple inside-out vein autograft or an inside-out 
vein autograft filled with PRP to bridge the sciatic 
nerve gap in a rat model, Kim et al.17 observed that 
the number of myelinated axons, the axon diam-
eter and myelin sheath were significantly superior 
when PRP was used as a filler. These results are in 
accord with the work of Kaplan et al., who used 
platelet gels as filler of collagen nerve conduit 
with improvement in functional and structural 
outcomes in an injury model of rat sciatic nerve60. 
Using platelet-rich fibrin (PRF) as a filler of silicon 
nerve guidance61 or nerve grafts62 in a rat model, 
animals treated with PRP improved functional re-
covery and showed a superior sciatic functional 
index compared with non-treated animals. How-
ever, the researchers did not find morphometric 
or structural improvements61,62. The application 
of PRP as a suturable membrane to wrap the neu-
rorraphy in an acute injury model of sciatic nerve 
neurotmesis showed diverse positive effects. Gi-
anessi et al. observed a stronger EMG signal, a sig-
nificantly larger axonal density, and a lower scar 
tissue in animals treated with PRP suturable mem-
branes, and remains of PRP membranes were still 
present after 6 weeks post-surgery15. In this sense, 
two studies reported the positive effects of using 
PRP as adjuvant in nerve suture. Farrag et al18 re-
ported that PRP may enhance the myelin thick-
ness and increase the axon counts when injured 
nerve is sutured and assisted with PRP, whereas 
Sariguney et al24 found no positive effects on 
axonal size in sutured nerves assisted with PRP. 
However, they showed a better functional out-

cavernosum in a bilateral cavernous nerve injury 
rat model and applying PRP in a facial nerve su-
ture in a guinea pig model. A recent in vitro study 
on neuronal cultures of mouse model of Alzhei-
mer disease8, showed that the neurotoxicity in-
duced by aggregated β-amyloid added in primary 
neuronal cultures was significantly reduced, and 
the living cell number after the co-treatment with 
PRP increased. In addition, in the chronic intrana-
sal administration of PRP on Alzheimer´s disease 
mouse model, this treatment elicits neuroprotec-
tion which is likely mediated by the activation of 
the antiapoptotic PIEK/Akt signalling pathway55.

Stimulation of angiogenesis

Despite the crucial role that blood vessels play 
as trackers of the axonal growth cones across 
the injury site, and the meaningful evidence that 
PRP promotes angiogenesis in bone, tendon, and 
muscle11,56-58 there is still a scarcity of studies as-
sessing angiogenesis in nerve repair. Borselli et al 
48 showed in an ischemic limb rodent model with 
a loss of neuromuscular junction (NMJ) innerva-
tion that an injectable scaffold loaded with VEGF 
and IGF-1 accelerated regeneration of damaged 
NMJs together with an enhancement of angio-
genesis. In a rat model it has been reported that 
sciatic nerve gaps of 10 mm repaired with vein 
graft filled with PRP exhibited a more prominent 
early neoangiogenesis than sciatic nerve gaps 
treated with nerve autograft alone17. In this re-
gard, it should be taken into account that fibrin is 
a pivotal element within PRP that provides extra-
cellular matrix tissue with a robust and permissive 
3-D matrix for angiogenesis59.

Enhancing axonal outgrowth capacity

The crucial role played by GF within the PRP has 
been highlighted in a rat brain-spinal cord cocul-
tured system, where the addition of PRP superna-
tant promoted an increase in the size and number 
of axons, a positive effect that was significantly 
suppressed when antibodies against IGF-1 and 
VEGF were added23. As a cellular carrier, two stud-
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addition, another recovery burden in nerve repair 
is scarring, which has been reported to be mini-
mized by the repair of sciatic injured nerve assist-
ed with PRP15. Anitua et al11 showed that intramus-
cular injection of PRP 24 hours after the induction 
of limb ischemia in mice, mitigates fibrosis and 
muscle atrophy. These results are in agreement 
with the reduction of atrophy in denervated mus-
cle reported when muscle was infiltrated with 
cells64, effects suggested to be mediated by the 
IGF-165. Moreover, TGFB, an important GF within 
PRP, attenuates the adverse effects of chronically 
denervated Schwann cells, and reactivated SCs 
support axon regeneration in vivo66. 

The improvement of neurologic 
parameters in humans

In the wake of promising results in animal experi-
mentation, PRP has been applied either as filler 
of nerve conduits across post traumatic nerve 
gaps5,67, as a liquid dynamic scaffold infiltrated 
perineurally13,16,68, intraneurally, or both (as in the 
case of a peroneal nerve palsy20 (and other dam-
aged nerves). Furthermore, it has also been ap-
plied as scaffold or fibrin membranes5,67,69 with 
beneficial outcomes and better functional recov-
ery. Kuffler applied autologous platelet rich fibrin 
as a filler of a collagen tube, proceeding to bridge 
the 12 cm nerve gap 3.25 years after an ulnar 
nerve trauma, and to recovery of both muscle and 
sensory function67. In a recent series of cases of 
surgical nerve repair, Kuffler5 reported functional 
recovery in patients under 58 years whose nerve 
gaps of 2-16 cm were treated with collagen tube 
filled with PRP, after  0.5-3 years of trauma. 

In a double-blind, randomized, clinical trial, the 
application of perineural PRP injections in tibial 
and ulnar nerves has shown sensory improve-
ment in leprosy peripheral neuropathy13. In a ret-
rospective analysis of 10 patients with persistent 
pudendal neuralgia, who underwent a second 
trans-gluteal decompression of the pudendal 
nerve, they injected activated PRP around the 
coated nerve, reporting a significant reduction in 
pain68. In a case series of fourteen patients with 

come associated with improvement in the myelin 
thickness and the onset latency. In applying PRP 
as both filler of the injured nerve and as a scaffold 
to coat the nerve crush on sheep, Sanchez et al.12 
reported an earlier electrophysiological response, 
a higher axonal density, and lower muscle atro-
phy in treated animals compared with the saline 
or spontaneous regeneration groups.

Overcoming the inflammatory 
microenvironment

Though indirect, two important pieces of evi-
dence in neural tissue support the antiinflam-
matory effect of PRP. Anitua et al reported that 
astrocytes cultured with β-amyloid expressed 
proinflammatory cytokines, but this effect was 
completely blocked when the culture was sup-
plemented with PRP, an effect mediated by the 
suppression of the nuclear transcription factor-
κB (NF-κB) on astrocytes55. In a mouse model of 
Parkinson´s disease, Anitua et al10 showed that the 
neuroinflammatory process, mediated by micro-
glia, was reduced, together with an improvement 
in motor performance, responses that were asso-
ciated with a robust reduction in NF-kB activation, 
nitric oxide, cyclooxygenase, and tumor necrosis 
factor expression in the brain10. In a rabbit model 
of dextrose-induced median nerve injury, the in-
jection of PRP into the carpal tunnel of rabbits in-
jured 4 weeks before, exerted a significant reduc-
tion in nerve swelling compared with the control 
group63.

Dampening the denervated target 
muscle atrophy

Several animal studies have demonstrated that 
the application of PRP as a filler, a suturable mem-
brane, or both, induce an earlier axonal regen-
eration and functional recovery12,15,17,18,22,24,47. This 
is the case reported by Sanchez et al12 on sheep, 
where nerves repaired with PRP were associated 
with an earlier electrophysiological recovery and 
lower muscle atrophy, suggesting that PRP appli-
cation may dampen the target muscle atrophy. In 
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rally13,16,68,69. We have applied PRP perineurally and 
intraneurally both in animal and humans (table I 
and II). We have implemented this combination 
after  having already ascertained, in a sheep mod-
el, that intraneural injections of PRP previously 
stained with methylene blue diffused homog-
enously across the nerve with no adverse effects6. 
Second, when we treat nerve palsy or neuropa-
thies such as the common peroneal nerve or car-
pal tunnel syndrome, the only way to accurately 
place PRP at the site of injury is by ultrasound-
guided injections that confirm accuracy by direct 
visualization of US imaging. Third, we recommend 
performing a combination of intraneural and peri-
neural injections, several times depending on the 
clinical evolution of the patient in case of nerve 
palsy or carpal tunnel syndrome. In the case of 
assisting surgical repair by PRP as in the case of 
end-to-end neurorrhaphy, nerve compression, or 
nerve entrapment, we recommend combining 
intraneural and perineural infiltrations of liquid 
PRP with the application of a PRP membrane as 
scaffold, which wraps the injured area as indicated 
in figure 3. These modifications affecting the way 
PRP is currently used might in our opinion pro-
duce significant functional benefits.

carpal tunnel syndrome, a single ultrasound-guid-
ed injection of PRP around the median nerve led 
to the disappearance of pain in eight patients, and 
pain alleviation in three patients at three months 
of follow-up16. Another case report, in this case ap-
plying sequential proximal and distal ultrasound-
guided PRP injections intraneurally and perineu-
rally (fig. 3) in a common peroneal nerve palsy, 
Sanchez et al reported a significant functional 
recovery assessed by electromyographic signs of 
reinnervation for both peroneus longus and tibi-
alis anterior muscles as well as almost full recovery 
of sensitivity12. It has been reported that the intra-
venous injection of 25cc of concentrated platelet-
rich plasma in a 6-year-old-boy with perinatal cer-
ebral palsy is safe, and significantly improved the 
cognitive and language spheres70. 

5. CONCLUDING REMARKS 
AND FUTURE DIRECTIONS

The ultimate goal of any peripheral nerve repair 
strategy is the restoration of nerve-target organ 
function, while minimizing therapeutic side ef-
fects. PRPs are versatile and safe biological prod-
ucts to be harnessed by surgeons and clinicians 
as an adjuvant therapeutic tool to enhance the 
robust intrinsic nerve repair processes and over-
come post-traumatic and neuropathic inhibitory 
microenvironment by the combinatorial strategy 
of delivering neurotrophic and neurotropic fac-
tors. They may assist nerve conduit guidances and 
grafts as a filler, as a liquid in intraneural and peri-
neural ultrasound-guided injections in nerve en-
trapments and fibrosis, and as a scaffold to bridge 
or wrap the injured nerve gap. 

There are several areas in which the application of 
PRPs might be modified to improve the functional 
outcomes in assisting neuropathies and nerve re-
pair techniques. So far, in the majority of studies 
on animals (Table I) and humans (Table II), PRP has 
been applied around the nerve, namely, perineu-
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tors (PRGF) in intramuscular infiltrations. PRGF 
delivers growth factors, cytokines and adhesive 
proteins present in platelets and plasma, as well 
as other biologically active proteins conveyed by 
the plasma such as fibrinogen, prothrombin, and 
fibronectin among others. But the application of 
this autologous mimetic biomaterial embedded 
with a pool of growth factors, acting as a smart 
dynamic scaffold, must be carried out [taking into 
account a] using a particular biological approach. 

SUMMARY

Muscle injuries are some of the most common 
sport injuries, accounting for between 10% and 
55% of all such lesions. Although the skeletal 
muscle is a plastic organ capable of efficiently 
responding to environmental changes, the ap-
propriate treatment of muscle injuries remains 
a daunting clinical challenge in sports medicine. 
There is a great deal of evidence in basic science 
pointing towards growth factors such as TGFB, 
HGF or IGF and fibrin matrix as the key players in 
cellular events required for muscle repair and re-
generation process, namely, myogenesis, angio-
genesis, and fibrogenesis. An innovative biologi-
cal approach to the treatment of muscle injuries 
is the application of Plasma Rich in Growth Fac-
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knowledge and insight gained in both basic sci-
ence about the role of growth factors and fibrin 
matrix in muscle tissue repair process13-18 and in 
the promising results yielded by this approach in 
musculoskeletal system pathologies11,19,20.

2. TISSUE-BASED PHENOMENA 
IN SKELETAL MUSCLE INJURY 
AND REPAIR

Although it is tempting to refer almost exclusively 
to myogenesis as the pivotal parenchymal cell 
process in muscle repair and regenerations, there 
is a great deal of evidence showing that muscle re-
pair and functional recovery21,22 also rely on other 
stromal cell events such as inflammation involv-
ing monocytes and macrophages23-27, angiogen-
esis28, fibrogenesis2,29, reinnervation30-32 and physi-
cal stress1,33,34 (figs. 1-2). 

Immediately following muscle tear, the massive 
entry of calcium into the damaged myofiber and 
subsequent activation of complement and pro-
teases such as calpains, will lead to myofiber ne-
crosis and destructuring of the constituents of 
ECM17,32,35,36. Moreover, the disruption of vessels 
and acute injury will both generate a haemato-
ma and activate satellite cells (SCs), platelets, en-
dothelial cells (ECs), fibro/adipogenic progenitor 
(FAPs) and muscle connective tissue (MCT) fibro-
blasts37-39. The haematoma that fills the gap cre-
ated between the already necrotic and retracted 
myofiber stumps2,17,35 will turn into a fibrin clot and 
will temporarily serve as provisional extracellular 
matrix (ECM) that will house the development of 
stromal and parenchymal cell events such as an-
giogenesis, myogenesis, fibrogenesis and inner-
vation of the new-formed tissue2,29,40. Platelets and 
endothelial cells release cytokines and growth 
factors that, together with the injured tissue dam-
age-associated molecular patterns (DAMPs)25,41,42, 
recruit, attract, and activate neutrophils, resident 

1. INTRODUCTION

Muscle injury is one of the most common traumas 
in sports irrespective of the level of sport practiced, 
accounting for 10% to 55% of all such injuries1 and 
encompasses contusions, strains, and lacerations. 
The most common mechanism of skeletal muscle 
strain in elite sportsmen is the concentric/eccen-
tric muscle movements associated with high lev-
els of explosive force in response to sharp changes 
in direction and speed. This is the case in sprinting 
and jumping, where the excessive tensile force 
generated in response to sharp changes in direc-
tion and speed2 leads to muscle injury causing 
tears in the blood vessels of the muscle tissue. The 
severity of these types of injuries is measured by 
the athlete´s functional inability to train and com-
pete, in addition to the increased risk of recurrent 
injury. In many cases this functional loss or com-
promise may last 30–40 days. 

In spite of the fact that skeletal muscle may be 
seen as the paradigm of tissue plasticity which 
conserves and shares modules of regulatory path-
ways and transcription factors of embryonic myo-
genesis and development, to be redeployed for 
tissue repair after muscle injury3,4, the appropriate 
treatment of muscle injuries remains a daunting 
clinical challenge in sports medicine1,5,6. 

There is a great deal of evidence in basic science 
pointing towards growth factors such as TGFB, 
HGF or IGF and fibrin matrix as the key players in 
cellular events required for muscle repair and re-
generation process, namely, myogenesis, angio-
genesis, and fibrogenesis7. Drawing on the regen-
erative potential of platelets, thrombin, plasma 
biomolecules and fibrin matrix8-10, several systems 
of producing autologous Platelet Rich Plasma 
(PRP) derivates have been developed and aimed 
at triggering and enhancing the natural in vivo tis-
sue morphogenesis and regenerative capacity11 
by targeting “the stem cell zone” microenviron-
ment of damaged and healthy tissue-areas12. 

This novel biological approach could be an im-
portant option to treat muscle tears in light of the 
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Once they have undergone necrosis myofibers 
have a poor potential to regenerate themselves 
given that they are postmitotic cells40. However, 
new muscle tissue can be formed partially from 
the activation of SCs32,45,46. These precursor mus-
cle stem cells16,17,47 lie sandwiched between sarco-
lemma and the basal lamina (BL), which is a highly 
specialized interstitial connective tissue within 
the ECM. In spite of an impaired basal lamina and 
the toxic milieu brought about primarily by infil-
trated neutrophil, inflammatory macrophages48, 
and ECM fragments , satellite cells along with oth-
er survivor cells, are activated and migrate to the 
site of injury within 2h after injury, though some 
of them undergo self-renewal for replenishing the 
SC pool45,49. Once at the site of injury, SCs prolifer-
ate and differentiate into fusion-competent myo-

macrophages, and circulating monocytes to the 
injured area. Whereas neutrophils appear to play 
a minor role in the repair process besides exacer-
bating myofiber damage24,43,44, monocyte-derived 
cells are the main players of the innate immune 
system in muscle repair process, and adopt, in 
this sterile though necrotic microenvironment, 
a proinflammatory phenotype M1 (macrophage 
type 1)39. These M1 phagocytose tissue debris, 
clean the necrotic zone and release growth fac-
tors, cytokines and cell adhesion molecules that, 
together with those coming from the degranula-
tion of activated platelets and through influenc-
ing the cell fates and behavior of SCs, monocytes, 
ECs, pericytes and fibrobasts, will support muscle 
tissue homeostasis and repair25,26,38,39,41.

FIG. 1
The most important cell-based phenomena during the repair of muscle injuries. (Reprinted with permission from Sanchez et al7).
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involved in mechanical support, myogenesis, and 
synaptogenesis. Moreover, the molecular compo-
sition of the muscle BL endows it with adhesive 
and inductive functions for a variety of cell fates 
during muscle repair4,36,54.

Innervation is essential for growth and maturation 
of newly formed myofibres as well as for the re-ex-
pression of myosin heavy chains4,40. It is important 
that the newly formed granulation tissue which 
joins the damaged fibers together does not form 
a barrier to the axon´s progression from neigh-
boring nerve endings2,33 nor surround them with 
fibrotic tissue resulting from an excess collagen 
synthesis or defective metalloproteinase (MMPs) 
synthesis33,51. This progression of axons leads to-
ward the old synaptic site where the original neu-
romuscular junction (NMJ) was located or to the 
basal lamina of new myotubes17, thereby allowing 
the restoration of full muscular function, a process 
which might take months2. 

During the repair process, the existence of a me-
chanical stimulus causes integrins to laterally bind 
the edges of muscle cells to the extracellular ma-
trix via laminins, thereby preventing them from 
retracting and thus contributing to the repair pro-
cess33. Controlled physical stress helps to reorient 
type I collagen, thereby enhancing the penetra-
tion and alignment of myoblasts and stimulating 
remodeling1,21,56. 

All these biological defense system modules 
are tightly coordinated through the secretion of 
growth factors and cytokines primarily but not ex-
clusively released by SCs, macrophages, platelets, 
ECs , and myofibroblasts16,38,47,49,57 (fig. 2). 

blasts which will differentiate and fuse with one 
another to form myotubes and new myofibers by 
about 7 days in injured mouse muscle40,49, or with 
existing damaged myofiber to repair them21,32. 

Angiogenesis is carried out by the activation of 
quiescent ECs that in mammalian skeletal muscle 
show a potential to rapidly proliferate after being 
activated by angiogenic stimuli coming from the 
injured area such as DAMPs and growth factors, 
namely, VEGF and PDGF28. The sprouting of small 
blood vessels takes place in this fibrous callus that 
now joins the ends of the various broken fibers 
while the fibrin matrix continues to be infiltrated 
with macrophages. These new capillaries will later 
undergo a maturation and stabilization process 
which involve pericytes, to eventually end up 
generating a structured network of capillaries21,50. 
Moreover, neovascularization appears to be cru-
cial in functional and structural muscle regenera-
tion, furnishing the new tissue with oxygen and 
other nutrients as well as with blood-derived cells, 
at the same time as removing carbon dioxide and 
other tissue-waste products2,21.

Fibrogenesis is another key component of toolkit-
defense system that (see chapter 3) has evolved 
to rapidly fix and replace the necrotic areas and 
the initial formed fibrin clot with new ECM and 
connective tissue2,38,39 in order to address the loss 
of connective tissue, to seal off the injured area, 
and repair or generate the BL29,38. When the asep-
tic yet hypoxic and necrotic microenvironment 
lingers over time, or when neovascularization is 
compromised, the M1 phenotype persists, which 
leads to a non-resolving fibrogenesis where a my-
ofibroblast profile and fibrogenesis will take over 
myogenesis thereby generating an excessive and 
persistent deposition of ECM which results in a 
fibrotic scar tissue26,29,36,40,51-53. For myogenesis, an-
giogenesis and innervation to develop function-
ally, the integrity of the BL and the 3D structure 
provided by the fibrin adhesive protein matrix 
that support ECM and cell-cell adhesion is of par-
amount importance17,54,55. Repair of the BL is the 
first key step in reconstruction of the neural canal 
since BL not only ensures subsequent compart-
mentalization of the repair phenomena54, it is also 
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of proliferation. But SCs and ECs can, in response 
to environmental cues such as mechanical injury 
through DAMPs16,17,38,47,50, undergo a boost in mi-
totic, migratory, and secretory activity. Following 
muscle injury, a short inflammatory stage ensues 
(in the first 24-48 hours after injury)27,49, primar-
ily stemming from the presence of DAMPs that 
are first recognized by transmembrane toll-like 
receptors (TLRs) of platelets, ECs, and resident 
macrophages, and then activated58. These activat-
ed cells located at the fibrin clot will secrete TNF, 
IL-6, MCP1 (monocyte chemoattractan protein 

3. CELLULAR AND MOLECULAR 
MECHANISMS REGULATING MUSCLE 
REPAIR AND REGENERATION

Mammalian muscles are made up of tissues with 
quite different proliferative activity of their cell; 
cells that have left the cell cycle and do not un-
dergo mitotic division in postnatal life such as 
neurons or myofibers and quiescent cells such 
as fibroblasts, SCs, and ECs with low or no level 

FIG. 2
The key role played by satellite cells (muscle stem cells) in muscle repair under the control of various growth factors. (Reprinted with permission 
from Sanchez et al7).
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the resolution of inflammation, and macrophag-
es, that exhibit a remarkable ability to reprogram 
their gene expression profile25,61,67, will switch from 
a pro-inflammatory macrophage (M1) to a healing 
or trophic macrophage profile (M2)24,25,53 releasing 
mainly TGF-β and IL-1025,52. The fibrin matrix gener-
ated as a transient ECM along with other biomole-
cules of the ECM may retain several growth factors 
such as FGF, HGF, TGFB, VEGF, BDNF previously re-
leased by platelets, macrophages, ECs and newly 
activated fibroblasts21,36,68 through the cell surface 
heparan sulphate binding domains of heparin 
sulfate proteoglycans (HSPGs)68,69 to be gradually 
freed up later 68 thereby controlling morphogen 
gradients at the repair scenario70,71. IGF-I released 
by myoblasts, endothelial cells and now trophic 
M2, will stimulate the proliferation and differentia-
tion of myoblasts, promote cell survival16,36,47,59 and 
modulate inflammation through the suppression 
of macropage MIF and transcription factor NF-kB, 
thereby reducing fibrosis and myonecrosis 14. In 
addition, the release of platelet factor 4 (PF4) re-
leased by platelets prevents monocyte apoptosis, 
promotes trophic M260 and may restore cells to a 
noninflammatory phenotype. Overall, these stro-
mal and parenchymal events will favour a trophic 
microenvironment as well as dampen inflamma-
tion, and may well contribute to the resolution 
of inflammation, and thereby shorten the repair 
process5.

Quiescent endothelial cells will enter the cell cy-
cle in the presence of microenvironmental stimuli 
such as DAMPs and VEGF, the latter as a hierarchi-
cally superior master switch of the angiogenic cas-
cade50. The anatomical proximity among endothe-
lial cells (ECs), pericytes and satellite cells make 
this area work as a stem cell zone, mainly through 
the cross-talking through VEGF, HGF, IL-6, and 
Angiopoietin-1(Ang1)29 which are, together with 
PDGF and FGF, pivotal in generating, organizing, 
and maintaining the microvasculature21 as well 
as in the development of myogenesis28,55. Moreo-
ver, this close association of many quiescent cell 
types (SCs, ECs and Neural stem cells (NSCs)) with 
the vasculature allows the modulation of these 
cell-fate decisions via metabolic cues, circadian 
rhythms, temperature, mechanical stress as well 

1) which along with VEGF59, attract blood mono-
cytes and more epimysium/perimysium resident 
macrophages to the damaged area25,27,32,43. Simul-
taneously, at the injured site, the presence of HGF 
coming from inflammatory macrophages (M1), 
and activated platelets and ECs, promote cell cy-
cle reentry of quiescent SCs, and FGF, TGFB, IGF1, 
PDGF and VEGF will stimulate their proliferation 
and promote the migration of activated SCs and 
myoblasts to the repair area as well as protect 
stromal cells and myofibres from an apoptotic 
fate13,18,22,40,49. Moreover, stromal-derived factor 
1 (SDF1) released by platelets and fibroblasts, is 
a mitogenic and motogenic factor for stem and 
progenitor cells as well as for circulant monocyte 
and resident macrophages which will migrate to 
the injury sites and modulate their phenotype in 
a context sensitive manner10,22,24,25,60,61. This SDF1 
(known as CXCL12) also plays an important role in 
angiogenesis by recruiting endothelial progenitor 
cells (EPCs) from bone marrow through a CXCR4 
dependent mechanism62. TGFB with pleiotrophic 
effects will promote SCs proliferation and FAP ac-
tivation, proliferation and differentiation towards 
fibroblasts, at the same time inhibiting myoblast 
differentiation29,40,63-65. Moreover, skeletal muscle, 
like many other musculoskeletal tissues, con-
tain multipotent mesenchymal progenitor cells, 
termed fibro/adipogenic progenitors (FAPs) and 
muscle connective tissue (MCT) fibroblasts37,38,66, 
and they rapidly enter the cell cycle in response 
to acute muscle damage, and might be at the 
origin of fat accumulation and fibrosis in skeletal 
muscle66. The antiapoptotic effect on parenchy-
mal and stromal cells is mainly driven by IGF-I and 
II, HGF, FGF, VEGF, and it appears to be crucial for 
myogenesis to be redeployed as in embryo de-
velopment4,49 although doing so in a hostile and 
necrotic tissue-injured microenvironment, and 
sometimes with impaired or with no basal lamina 
as an instructive scaffold that in embryonic myo-
genesis acts as template27,32.

In the wake of phagocitic activity of M1 and the 
new microenvironment created within this callus 
by the secretory activity of M1, fibroblasts, myo-
blasts, and ECs, a pivotal event in the muscle re-
pair will occur 48-72 hours after injury25,53, namely, 
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lin-like growth factor-1 expressed in autocrine 
and paracrine manner, and coming from the cell 
environment, might well complement each oth-
er14,73. It should also be noted that the presence 
of tenascin C in the extracellular matrix, the syn-
thesis of which is induced by mechanical stress, is 
a prerequisite for muscle reinnervation36,64. In the 
clinical setting, early gradual mechanical loading 
stimulates gene expression of trophic factors and 
signals such as cyclooxygenase-1 (COX-1), FGFb, 
hypoxia-inducible factor (1HIF-1), and BDNF influ-
encing maturation and the correct patterning of 
myotubes, collagens and tenascin-C32,33. Both the 
gradual and controlled mechanical stimulus that 
induces IGF synthesis by muscle cells (by endo-
crine and paracrine activity)32,63 and the paracrine 
and autocrine synthesis of growth factors such 
as HGF and TGF-β by fibroblasts during the final 
remodeling phase, appear to be essential, since 
both these signals may have a synergistic effect on 
the activity of the fibroblasts that are remodeling 
the ECM36,75 and repaired tissue. Moderate sus-
tained mechanical load modulates the fusion and 
ensuing alignment of myoblasts into myofibres21 

and may minimize or even avoid the formation 
of scar tissue by inhibiting the NF-kB of muscle 
cells76 among them fibroblasts which can promote 
fibrotic scar77. The aforementioned events, which 
play a crucial role in balancing tissue remodeling 
versus fibrotic scar in injured muscle32,33 imply that 
what is true for an isolated myofiber is not neces-
sarily true for the entire muscle22. 

as providing a feedback with humoral factors and 
cells from the immune system12. Another early 
event in the stromal cell response to muscle in-
jury is the activation, migration and proliferation 
of fibroblasts that, in presence of TGFB and PDGF, 
take on a myofibroblast phenotype29,38 and are, in 
cooperation with myofibers, responsible for tissue 
homeostasis, and synthesis and secretion of ECM 
components such as collagens, laminins, tenascin 
C, metalloproteinases (MMPs), tissue inhibitors 
of metalloproteinases (TIMPs), and TGFB2,29,36,38 

among others. These activated fibroblasts, under 
the stimulation of TGFB, are highly secretory and 
synthetic cells2,29,33,41, and infiltrate the fibrin clot 
that now joins the ends of the various broken 
fibers. The mechanical and biochemical features 
of the newly secreted ECM along with the provi-
sional fibrin matrix play a role as adhesive cell con-
tacts, and serve as reservoir of growth factors such 
as VEGF, PDGF, TGFB that will be release gradually, 
thereby modulating macrophages, myofibro-
blasts, and survival and fate of myotubes22,29,38,72,73. 
After muscle injury, the absence or disruption of 
innervation is the major cause of poor restoration 
of tissue, leading to compromised function32,33. 
Reinnervation and the creation of a new neuro-
muscular junction (NMJ) in the repaired or regen-
erated fibers, via the basement membrane, may 
be driven by growth of new axons from adjacent 
nerves47. These events, often absent from in vitro 
studies, might well be mediated by nerve growth 
factor (NGF) and IGF-1, both present in the dam-
aged tissue and synthesized by muscle cells and 
fibroblasts under paracrine influence47 in addition 
to biomechanical signaling (Brain-derived neuro-
trophic factor BDNF, Glial growth factor GGF) and 
ECM stiffness which modulates the phenotype 
and fate of several types of cells such as SCs, ac-
tivated resident fibroblasts (myofibroblasts), ECs, 
macrophages and Schwann cells21,73,74.

Regulating the gene expression products (TGF-β1, 
IGF-1, IL-10, BDGF, VEGF, collagens, fibronectin, 
tenascin-C) of SCs, activated resident fibroblasts, 
ECs, macrophages and Schwann cells appears to 
be essential in the success of muscle repair1,21,27,29 
and mechanical and chemical signals such as 
mechanogrowth factor (MGF or CTGF) and insu-
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dered PRP treatment ineffective88. In an elegant 
study conducted by Dimauro et al81 on animal 
model of muscle injury, the authors showed that 
the early PRP application, namely, immediately af-
ter the injury, exerted a multi-directional effect on 
myogenic regulators and growth factors involved 
in inflammation and myogenesis. 

Two main challenges remain unresolved when it 
comes to muscle injury treatment: the slow down 
of the functional recovery and the relapses, both 
linked to fibrotic scar after the muscle tear. These 
concerns have prompted some researchers to 
conduct intense research to customize PRPs us-
ing antibodies to neutralize TGFB and myostatin 
in order to reduce fibrosis and optimize myogen-
esis51,82,89. However, and due both to the dynamic 
nature of fibroblast-satellite cell interaction and to 
the pleiotrophism of growth factors, therapeutic 
interventions aimed at minimizing fibrosis after 
muscle injury will need to be carefully controlled 
in order to avoid interfering with the early pro-re-
generative crosstalk among FAPs, MCT fibroblasts, 
and satellite cells37,38.

5. PRGF PROTOCOL USED 
IN MUSCLE INJURIES

An optimal treatment for muscle injury repair 
should convey a mimetic biomaterial embedded 
with a pool of growth factors acting as a smart 
scaffold21 which might sustain a gradual delivery 
of growth factors as a niche therapy12 at the dys-
functional and deregulated injured site instead of 
a bolus delivery modality18,68,90. This biomaterial 
must promote myogenesis, angiogenesis and in-
nervation as well as modulate immune response 
and fibrogenesis in order to generate a functional 
muscle repair18,21,38,39,51.

We propose the following general principles in 
the application of PRGF as a local molecular inter-
vention to the muscle injury treatment91.

4. AN INNOVATIVE BIOLOGICAL 
APPROACH TO THE TREATMENT OF 
MUSCLE INJURIES: PLASMA RICH 
IN GROWTH FACTORS

There is an increasing body of evidence in basic 
science pointing out that growth factors and fi-
brin matrix are instrumental in the muscle repair 
and regeneration process13,18,20,21,36,40,57,78. 

One innovative biological approach is the applica-
tion of Platelet Rich Plasma (PRP) in intra-muscular 
infiltrations5. Autologous blood-derived products 
convey growth factors, cytokines, and morpho-
gens contained in the platelets, as well as fibrino-
gen and other plasmatic proteins in a biologically 
balanced aggregate, managed and delivered in a 
pharmacological manner11 which may account for 
two special features: the resolution of inflamma-
tion and avoidance of fibrosis. In addition to con-
veying GFs, PRGF provides the damaged tissue 
with a transient biological fibrin scaffold which 
stems from the polymerization of fibrinogen, a 
pleiotropic blood protein that regulates coagula-
tion, inflammation, and tissue regeneration10,79. 

Our group has been designing rigorous and well-
defined protocols for the application of different 
PRGF-based formulations in several acute and 
chronic-degenerative pathologies, yielding ex-
tremely promising clinical and surgical outcomes 
in oral and maxilofacial surgery11, in musculoskele-
tal system pathologies78,80 as well as in other medi-
cal fields11. A wealth of preclinical works suggest 
that PRP early intervention in muscle injury sig-
nificantly improves several molecular and cellular 
events involved in muscle regeneration15,51,81-83. Al-
though several clinical studies seem to shed light 
on the effect of PRP on muscle damage repair with 
promising functional outcomes5,6,19,20,84-86, it is fair 
to say that so far the only clinical trials conducted 
so far have shown no improvement of muscle inju-
ries treated with PRP 87. However, it is worth high-
lighting that the delayed administration, and the 
low dosage of GF conveyed by 3 ml of PRP injec-
tion in the Reurink clinical trial may well have ren-
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5.2. Injured area preparation

While the nurse is obtaining the PRGF (centrifuga-
tion, separation of fractions F1 and F2), the patient 
is clinically examined to correctly assess and mark 
the area of maximum tenderness and /or swelling. 
After pinpointing the injured site, the area of skin 
to be infiltrated is prepared and demarcated with 
disposable cloths as a sterile field and antiseptic 
solution is applied (fig. 3a). By using an ultrasound 
longitudinal 8.0-13.0 MHz multi-frequency linear 
probe which is wrapped with a sterile cover (fig. 
3a), the injury and, if applicable, the possible he-
matoma associated with the muscle tear (seromas, 
fibrosis and degenerated areas in case of chronic 
injuries), are located (fig. 3b). We choose the ana-
tomical location of injection based on utrasound 
and clinical criteria. The use of local anesthesia 
must be avoided. 

5.1. The process to produce PRGF 

The patients are advised not to eat fatty food in 
the 6 hours prior to the blood extraction. Thirty-
six mL of peripheral venous blood is withdrawn 
into 9-mL tubes containing 3.8% (wt/vol) sodium 
citrate. Occasionally, due to the size of the lesion, 
it may be necessary to extract further amounts of 
blood. Once the blood is centrifuged (BTI technol-
ogy, Vitoria, Spain), the upper volume of plasma 
F1 is collected in a tube. The 2-mL plasma fraction 
located just above the sedimented white and red 
blood cells (buffy coat), is collected in another 
tube but without aspirating the buffy coat. This 
plasma fraction F2 presents a moderate enrich-
ment in platelets (2-3 fold the platelet count of 
peripheral blood) with scarce leukocytes.

FIG. 3
Preparation of the sterile field (A) required to perform ultrasound control (B) with which we identify the damaged areas, and evacuation of hema-
toma if exists (C and D). (Reprinted with permission from Sanchez et al7).
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PRGF muscle infiltrations are aimed at recruiting, 
activating and mobilizing satellite cells and resi-
dent macrophages25 which contribute to muscle 
reparation processes by cell signaling soluble fac-
tors16,17,49,57 besides the already activated ECs, mac-
rophages, and platelets in the injured area. Once 
the activated PRGF is injected, this liquid-to-gel 
transition 3D injectable scaffold allows a successful 
filling of the muscle gaps and defects. With a local 
and gradual activation (“in vitro” and “in vivo”) and 
a homogeneous distribution through and interac-
tion with the ECM of tissue, it is converted into a 
matrix-like viscous and malleable structure11,90. 
This fibrin-scaffold formed “in situ” as a provi-
sional extracellular matrix and containing binding 
sites for cell adhesion as well as proteins such as 
thrombospondin-1 (TSP-1), alpha-1-antitrypsin 
fibronectin, acute phase proteins or proteins re-
lated to lipid metabolisms10,90, serves as a highway 
for mechanical energy to transit from the environ-
ment to the cell, thereby bridging cell-to-cell tis-
sue transition, promoting multi-cellular assembly, 
providing mechanical support and plastic-elastic 
stiffness which has a drastic impact on fates of di-
verse cell types such as muscle stem cells92,93, and 
endowing tissues with a suitable mechanical and 
chemical microenvironment for biological restora-
tion. In addition, fibrin matrix, by heparin-binding 
domains, may sequester growth factors such as 
PDGF, FGF, HGF, BDNF, and VEGF18,68,70 and gradu-
ally release them later, exerting a synergistic ac-
tion on tissue repair 18,68. Finally, ice is applied to 
the infiltration area for about 10 minutes.

5.3. Muscle injury site infiltration procedure

Hematoma, seroma, or cysts, if present, are punc-
tured/evacuated using a 18-G needle (figs 3c and 
d) always under ultrasound guidance (figs 3c and 
d). Once the hematoma is evacuated, the F2 of 
PRGF is activated with calcium chloride (10% wt/
vol). PRGF-Endoret activated liquid formulation is, 
in the ensuing 1-3 minutes, injected into the inju-
ry site under ultrasound guidance (figs. 4a and b). 
Although the amount of PRGF infiltrated should 
be the maximum possible and is usually around 8 
mL, this volume could reach 10–12mL depending 
on the size of the muscle and extent and sever-
ity of the damaged area. Once the injury site has 
been infiltrated, areas adjacent to the site must be 
systematically infiltrated as well. Therefore, we al-
locate PRGF infiltration into the peripheral healthy 
muscle surrounding the injury, including interfas-
cicular and interfibrillar regions (a source of resi-
dent macrophages and FAPs), by redirecting the 
needle in all directions— ventral, lateral, medial, 
and dorsal, thereby reaching the injury/stump, 
proximal-stump, distal-fascia, or deep and proxi-
mal interfascicular zone (fig. 4b) in order to truly 
conduct a deregulated area niche therapy17. In 
figure 5, we summarize the most important steps 
of our procedure. We primarily make use of the F2 
fraction, and only when high volumes of PRGF are 
required, do we draw on the F1 to infiltrate the pe-
ripheral areas applying the same activation proce-
dure as with the F2. 

FIG. 4
A)PRGF infiltration at the site injury with correct orientation of the needle, always performed with ultrasound guidance. B)Ultrasound scheme 
showing the allocation of liquid activated PRGF at the injury site and into surrounding interfascicular and interfibrillar areas. (reprinted with 
permission from Sanchez et al7).

a) b)
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gressive manner2,33,56, physiotherapy and rehabili-
tation treatment are mandatory. The generated 
mechanical stimulus achieves a proper recovery 
of these patients, since it acts in synergistic con-
cert with the biological effects of PRGF56. Compli-
cations such as seromas, cysts, or muscle fibrosis, 
have to be approached based on the same princi-
ples used in acute ruptures.

5.4. Post-infiltration protocol

The patient is advised to apply cold therapy 2-3 
times and restrict physical activities during the 
first 24 hours. Both clinical and ultrasonographic 
monitoring are performed weekly during patient 
follow-up in order to evaluate the potential need 
for more infiltrations. In general, we recommend 
2-3 infiltrations, on a weekly basis (relying on 
the myogenesis and myoblast replication pro-
cess)32,35,40. This decision is based on ultrasound 
images and pain that the patient presents during 
the period of treatment, and more than three in-
jections are not normally required. Since muscle 
tissue is a complex mechano-sensitive tissue, eve-
ry pharmacological and surgical therapy should 
be assisted by mechanotherapy. In this respect, 
and as a clinical application of cell mechanotrans-
duction, a post-infiltration rehabilitation program 
must be included in a synergistic manner which 
would play a crucial role in promoting the repair 
and remodeling of injured tissue. Therefore, since 
the limb has to be mobilized in an early and pro-

FIG. 5
A summary of the most important phases during percutaneous intramuscular infiltration of liquid activated PRGF. (Reprinted with permission 
from Sanchez et al7).
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pain associated with degenerative disc pathology 
and arthrosis. In patients with chronic low back 
pain, plasma rich in growth factors (PRGF) has 
been shown to be an efficient new procedure to 
reduce lumbar and joint pain after intradiscal, 
intra-articular facet and transforaminal epidural 
infiltration under fluoroscopic guidance-control 
in the operating theatre setting.

SUMMARY

Low back pain is a complex and disabling condi-
tion and its treatment is a challenge. Traditional 
surgery to treat lumbar spine pathology has 
unwanted and suboptimal results. There is now a 
primary medical and clinical research motivation 
to put into practice minimally invasive therapies, 
particularly in support of regenerative medicine, 
in the treatment of spinal pain and degenera-
tive diseases. Infiltrations of autologous platelet 
rich plasma (PRP) have been widely used as an 
effective technological approach to tissue repair 
and improvements in numerous clinical condi-
tions. Lately, PRP has been included in therapies 
in specific spinal structures to treat spinal lumbar 

AUTHORS

Kirchner F.1, Anitua E.2,3,4 

1 Barcelona Traumatology Institute, Mataró, Spain
2 Eduardo Anitua Foundation for Biomedical Research, Vitoria, Spain
3 BTI-Biothecnology Institute, Vitoria, Spain
4 University Institute for Regenerative Medicine and Oral Implantology (UIRMI) from the University of Basque Country (UPV/EHU)

CHAPTER 15

Minimally Invasive PRGF Treatment for 
Low Back Pain and Degenerative Disc 
Disease

259E. Anitua et al. (eds.), Platelet Rich Plasma in Orthopaedics and Sports Medicine, 
10.1007/978-3-319-63730-3_15https://doi.org/

© Springer International Publishing AG, part of Springer Nature 2018

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-63730-3_15&domain=pdf
https://doi.org/10.1007/978-3-319-63730-3_15


Minimally Invasive PRGF Treatment for Low Back Pain and Degenerative Disc Disease

15

anatomical structures with LBP12, 13. The degree of 
lumbar disc degenerative changes can be classi-
fied by various grading systems based on changes 
in type of disc degeneration, signal intensity (such 
as discal degeneration degree-Pfirrmann Classifi-
cation), and IVD (IVD height (IDH), vertebral body 
height (VBH), and lumbar disc pathology) or VSB 
(endplate degeneration degree-Modic Changes, 
and total endplate damage Score-TEPS) param-
eters from MRI scans14, 15. 

A remarkable clinical motivation for reducing pain 
and treating spinal degenerative disease arises 
from the need to return patients to their daily 
routines and improve their life quality. The appro-
priate treatment remains a daunting challenge 
despite advances in the management of pain, in-
flammation and degeneration by pharmacologi-
cal and surgical procedures. Before a conventional 
and surgical procedure is performed, the patient 
should be offered an incrementally progressive 
treatment plan, beginning with a minimally inva-
sive interventional therapy16-23 for symptomatic 
disc herniation and degeneration, and lumbar FJ 
arthrosis. 

2. SPINAL ANATOMY AND BIOLOGY: 
INTERVERTEBRAL DISC AND FACET 
JOINT

Intervertebral disc (IVD), vertebral subcondral 
bone (VSB), and facet joints (FJs) are important 
anatomical elements of a spinal column multivari-
ate system affected by pain and degenerative pa-
thology (vertebral arthrosis or osteoarthritis (OA) 
of the spine)24. Intervertebral disc is composed of 
distinct anatomical regions including the central 
gel-like nucleus pulposus (NP), the peripheral fi-
brous annulus fibrosus (AF), and cartilaginous 
endplates (CEP) at the cranial and caudal interface 
of one side of the disc25-27. IVDs provide stable sup-
port to contiguous spinal vertebrae and permit 

1. INTRODUCTION

Low back pain (LBP) is a highly frequently occur-
ring musculoskeletal disorder involving the mus-
cles, nerves (Luschka plexus), ligaments (such as 
posterior longitudinal ligament) and bones of the 
spine1, often related to a lumbar Degenerative 
Disc Disease (DDD) with multifactorial and multi-
disciplinary effects, that affects a large global pop-
ulation2. LBP is ranked among the top ten causes 
of worldwide morbidity and disability according 
to the latest Global Burden of Disease Study 2015, 
representing an elevated cost for the health sys-
tem in general2. LBP is a complex, personal expe-
rience encompassing multidimensional phenom-
ena with physiologic, sensory, affective, cognitive, 
behavioral, and sociocultural affects3, 4. Although 
in most patients low back pain is self-limiting, 
there is a subset of patients, whose symptoms 
will reemerge, labeling the condition as non-spe-
cific, chronic low back pain lasting longer than 3 
months of evolution. The pain is primarily related 
to mechanical factors which mediate in muscular 
strain, intervertebral disc degeneration (IVDD), 
facet-mediated pain, and radiculopathy, though 
the precise mechanisms remain to be elucidated. 
Two fundamental spinal structures specialized in 
both shock-absorbing and load-bearing are in-
tervertebral discs (IVDs) and facet joints (FJs). In 
response to mechanical stress, inflammatory syn-
ovitis, and degenerative arthritis, these structures 
undergo chronic degenerative process, which 
leads to chronic low back pain5. Aging is another 
factor that produces elements of spinal degen-
erative changes which are the predominant cause 
of back pain and sciatica in adult population6, 7. 
Magnetic Resonance Imaging (MRI) scan is usually 
employed as a valuable tool to identify anatomi-
cal abnormalities and determine structural and 
functional degenerative changes of the spine8-11. 
MRI findings change over time on IVDs (such as 
disc herniations and annular tears), vertebral sub-
chondral bone (VSB, for example Modic changes 
and intravertebral herniated disc called Schmorl´s 
nodes) and arthrosis, which are generally used to 
determine structural and functional regeneration 
of the spine and the relationship of these patho-
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spine as a result of their geometry and mechani-
cal function33. Facet joints are anatomically and 
functionally distinct from the fibrocartilaginous 
articulation of the IVD35. The posterior and medial 
aspects of lumbar facets resist forward displace-
ment and rotation. At L4-S1segment, angle varies 
from 30 to 90 degrees, creating more resistance 
to forward displacement of the superior articular 
process during flexion and extension but allowing 
more rotation as the lumbar spine transitions to 
sacrum34. Joint alignment and load distribution 
are thought to be major factors in the develop-
ment and progression of FJ OA. Functionally, the 
three joints in each motion segment are highly 
interdependent, such that changes in one affect 
the other two and vice versa32, 35. In the majority of 
individuals, degenerative pathology begins in the 
disc and is followed by changes in the facet joints 
affecting the biomechanics of the 3D complex35. 
As a result of biomechanical changes at one level, 
pathological changes can occur in the motion 
segment at surrounding spinal levels. In support 
of the IVD and FJ interdependence concept, FJ OA 
in the lumbar spine occurs at the levels mainly af-
fected by disc degeneration (L4–S1)35. With DDD, 
the approximation of the vertebral bodies in-
creases the compression on the FJ and changes 
the relative position of the matching FJ surfaces. 
The resultant increase in joint compression accel-
erates wear of the articular facet, producing OA 
changes33.

3. PRGF TREATMENT TO REDUCE 
LOW BACK PAIN

PRP application is a biological and technological 
approach to tissue repair which has been shown 
to be an efficient treatment to attenuate and im-
prove several clinical conditions by reducing pain 
and regenerating tissue36-40. Over the past few 
years, PRP has been used in clinical studies for 
treatment of vertebral FJ, surrounding ligaments, 
nerves and IVD to treat pain related to DDD17-22.

movement to the vertebral bodies, in that way af-
fecting plasticity of the spine9. Disc cells (such as 
NP, AF and CEP cells) take part in the production 
and sustaining of disc matrix macromolecules 
(mainly proteoglycans and collagens) that finally 
control the biomechanical function of the IVD26-28. 
The normal adult human IVD is mainly avascular 
and only innervated in the outermost layer of the 
annulus fibrosus1, 26. Nutrients are necessary to 
support disc cell activity, viability and function. 
Nutrient diffusion into the disc represents a bal-
ance between rate of nutrient supply (capillary 
density and transport) and rate of cellular demand 
(disc cell density and metabolic rate)26, 29. In addi-
tion, metabolic wastes from IVD cells are removed 
by the reverse route before they accumulate in-
side the disc26. 

In adults, at the ends of each IVD is located a end-
plate bilayer of cartilage (CEP) and bone (VSB)29 

that takes apart the vertebral bone from the IVD it-
self and prevents the vastly hydrated nucleus pul-
posus from bulging outward to the neighboring 
vertebrae30. In contrast to IVDs, mainly the central 
endplate of VSB is well innervated as is the adja-
cent vertebral marrow30, 31. It is known that the VSB 
plays an important role in spinal function, main-
taining IVD integrity and disc nutrition supply24. 

At almost every spinal level, lumbar facets or zyga-
pophyseal joints are three-joint complexes with 
biomechanical capacity as osseous stabilizers of 
the posterior spinal column facilitating vertebral 
articulation32-34. The three-dimensional (3D) struc-
ture is formed by the three articulations between 
adjacent vertebrae: one anteriorly situated IVD 
and a pair of small FJs that interact to form a spinal 
segmental movement complex32, 35. At each spinal 
level, the bilateral FJs are positioned symmetrical-
ly relative to the mid-sagittal plane in the postero-
lateral regions of the vertebral column33, 35 and are 
the only true synovial joints between adjacent spi-
nal levels in humans35. Facet is a diarthrodial syno-
vial joint with opposing articular cartilage surfac-
es that provide a low friction environment and a 
ligamentous capsule that encloses the joint space. 
Together with the disc, the bilateral FJs transfers 
loads and guides and constrains motions in the 
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4. NEW INTRADISCAL PLUS INTRA-
ARTICULAR FACET JOINT PRGF 
TECHNIQUE 

In the surgical room of the health centre, low back 
PRGF protocol (Figure 1A) setup (Kirchner & Anit-
ua, 2016) is performed by a qualified orthopaedic 
clinical team under international standards from 
the latest “World medical association declaration 
of Helsinki” (Brasil, 2013) revised. 

Patients are placed in either prone or lateral po-
sition depending on patient circumstances. Us-
ing sterile technique, intra-articular facet, IVD, 
and peridural percutaneous PRGF infiltration is 
performed under X-ray fluoroscopy with a C-arch 
(BV Libra, Philips, Eindhoven, The Netherlands). 
Briefly, the percutaneous IVD infiltration approach 
is used at an oblique angle between 30 and 35 de-
grees along the lateral margin of the inferior ar-

Since the concept of PRGF (PRGF-Endoret) has 
been developed and characterized41-45 the appli-
cation of PRGF-Endoret40 has been shown to be an 
efficient treatment to attenuate knee and hip pain 
of patients with OA and to improve their clinical 
condition by reducing joint pain46, 47. Recently, it 
has also been reported in an observational ret-
rospective pilot study that fluoroscopy-guided 
infiltrations of IVDs and vertebral FJs with PRGF-
Endoret in patients with chronic LBP resulted in 
significant radicular and LBP reduction18. 

In light of prior promising results in basic sci-
ence48, 49, in preclinical trials, and in osteoarthritic 
patients whose chronic pain was significantly re-
duced after PRGF treatment47, 50-53, results suggest 
four synergetic effects of PRGF-Endoret on syno-
vial joint diseases, namely, a chondroprotective, 
anti-inflammatory, cell-phenotype modulation, 
and joint pain attenuation. These effects make 
PRGF a strong candidate for treatment of verte-
bral FJs and IVDD54. 

FIG. 1
PRGF preparation and infiltration of disc and lumbar facet joint. (a) Illustrative representation of PRGF obtaining process. Before the percutaneous 
infiltration, the fraction 2 of PRGF was activated with PRGF activator. (b) Illustration and fluoroscopic-guided lumbar intervertebral disc (insert 1 and 
2) images and peridural infiltration (insert 3). (c) Drawing and fluoroscopic-guided lumbar facet joint infiltrations of PRGF showing an intradiscal 
(insert 1) and intra-articular (insert 2) position of the needle tip (Figure from Kirchner & Anitua, 2016. JCVJS).
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ticular process of the vertebrae (Figure 1B, inserts 
1 and 2) and through the neuroforamen, while 
preserving the nerve root. The position of the nee-
dle (Quincke needle, 22Ga:178 mm-lenght), which 
had a manually bent-shaped end, is guided and 
confirmed under antero-posterior (AP) and lateral 
fluoroscopic view. Once the needle end is locat-
ed at the bulging or herniated disc, and checked 
by infiltrating a little bit of activated PRGF under 
fluoroscopy, 3 ml of activated PRGF is injected 
into the NP and the surrounding dehydrated ar-
eas while paying careful attention not to allocate 
more than this PRGF quantity. When the needle is 
removed from the disc, using the same technical 
procedure, a peridural infiltration is performed, in-
jecting 1-2 ml of activated PRGF (Figure 1B, insert 
3). The spinal FJ infiltration is carried out using the 
same procedure (Figure 1C, inserts 1 and 2). While 
the patient lies prone, the joints to be injected are 
located and marked. After cleaning and draping, 
the 22-Ga spinal needle is inserted until it con-
tacts the capsule of the joint, and then with care-
ful and refined movements the needle tip enters 
the joint. Once the needle position is confirmed 
under fluoroscopy, 1 ml of activated PRGF is in-
jected into each of the zygapophysial or FJs.

5. RESULTS

Intradiscal and facet joint PRGF infiltrations: 
pain evaluation using VAS outcome 

In the retrospective study performed by Kirchner 
& Anitua 201618, the pain assessment was deter-
mined using a visual analog scale (VAS) outcome 
where 0 score denotes “no pain” and a score of 
10 denotes “pain as bad as it could be”3, 55. The 
VAS score was evaluated at the first visit before 
(baseline) and after the procedure at 1, 3, and 6 
months. Reduction in VAS score was considered 
the measure of outcome of interventional thera-
py with PRGF. The pain reduction after the PRGF-
Endoret injections showed a statistically signifi-
cant drop after the treatment with respect to all 
the time evaluations. The analysis of the VAS over 
time showed that at the end point of the study 
(six months) 91% of patients showed an excel-
lent score (VAS 0-3), 8.1% showed a moderate 
improvement (VAS 3.1-6.5), and 1.2% were in the 
inefficient score (VAS 6.6-10) (Figure 2). 

FIG. 2
Analysis of the visual analog scale. At the end 
point of study (after 6 months), 90.7% of patients 
revealed an excellent score (visual analog scale 
0–3), 8.1% had a moderate score (visual analog 
scale 3.1–6.5), and 1.2% of patients showed an 
ineffective score (visual analog scale 6.6–10) 
(Figure from Kirchner & Anitua, 2016. JCVJS)
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In the treatment of spine pathology PRGF-Endoret 
therapy, is highly recommended as an additional 
and specific reinforcing therapy to complete the 
spinal regenerative process in all patients.

Intradiscal PRGF therapy: Case Report using 
imaging technique MRI results.

Following an overexertion, a 33 year-old male 
patient presented to the Traumatology clinic in 
March 2014 with three months evolution of LBP 
and symptoms of lumbago and sciatica radiating 
to the right lower leg and into the foot fingers.

An initial MRI examination in January 2014 re-
vealed decrease of T2-weighted (T2W) discal sig-
nal at L5-S1 IVD level indicative of a certain degree 

Taking into account the limitations and draw-
backs addressed at the preliminary study just 
mentioned18, and the evidence of other clinical 
and case reports related to PRP infiltration to treat 
low back pain16, 17, 19-22, the authors are confident 
that infiltrations of IVDs and FJs with PRGF should 
be considered a valuable therapy in patients with 
chronic LBP. 

Another important point to be considered is the 
fact that a standardized protocol for PRP infiltra-
tion is still not established, and variation of PRP 
preparation and procedures necessarily results in 
wide inconsistencies. In addition, the volumes of 
PRP infiltrations, platelet concentrations, and time 
differences between injections are still under dis-
cussion. 

FIG. 3
MRI scan at the lumbar spinal level L5-S1 showing pre and post-PRGF intradiscal treatment T2-weighted (T2W) axial and sagittal section. Red circle 
delineate extrusion size. (2014) Pre-treatment sagittal (A) and axial (D) MRI scan sections. (2016) Post-treatment MRI sagittal (B) and axial (E) sec-
tions. (2017) Final MRI sections at sagittal (C) and axial (F) levels.
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L5 and L5-S1 levels. One year after the first PRGF 
application, the patient received his last PRGF 
therapy at the same levels as the previous outpa-
tient PRGF infiltrations. 

Table 1 reviews the measurements (Figure 4) and 
findings from MRI scan analysis of the patient be-
fore and after PRGF treatment. 

A second MRI scan performed approximately two 
years later (Figure 3B, 3E) revealed a Pfirrmann 
grade III of degeneration at L5-S1 disc space that 
was unchanged from the previous posterior lum-
bar spine MRI examination. The height of L5-S1 
disc (Figure 4A) space (IDH) remained decreased 
compared to the other levels and was slightly vari-
able from the earlier and later lumbar spine MRI 

of degeneration (Pfirrman degree degeneration 
grade III), and a significant right-sided postero-
paramedial (PP) and preforaminal spinal herni-
ated disc (extrusion) (Figure 3A, 3D) at the L5-S1 
IVD space causing compression of thecal sac and 
right S1 traversing nerve root. 

The patient agreed to receive a minimally invasive 
treatment and underwent three bilateral PRGF 
applications during his complete therapy. A first, 
fluoroscopic-guided intradiscal L5-S1, peridural 
and root percutaneous disc infiltration approach 
was performed in a surgical suite setting in April 
2014. Later, second and third PRGF therapies were 
completed in an adapted outpatient operating 
room. The second PRGF infiltration was carried 
out 20 days after the first PRGF application at L4-

FIG. 4
T2-weighted (T2W) axial and sagittal sections at the lumbar spinal level L5-S1 showing MRI measurements (in mm) using medical imaging remote 
Workstation AW 4.3 (GE Healthcare). (A) Sagittal measurements of Intervertebral Disc Height (IDH) at Right Anterior (RA), Right Middle (RM), Right 
Posterior (RP), Centre Anterior (CA), Centre Middle (CM), Centre Posterior (CP), Left Anterior (LP), Left Middle (LM) and Left Posterior (LP) sections; 
(B) Sagittal measurements of Vertebral Body Height (VBH) at L5-Upper Anterior (UA), L5-Upper Posterior (UP), S1-Lower Anterior (LA), S1-Lower 
Posterior (LP) sections; and (C) Sagittal and Axial dimension of lumbar disc extrusion diameter at Craneo-caudal (CC), Latero-lateral (LL), and Antero-
posterior (AP) sections.
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6. DISCUSSION

Kirchner & Anitua18 showed that a minimally inva-
sive therapy consisting of PRGF-Endoret infiltra-
tions of IVD, FJs and peridural space in patients 
with chronic LBP resulted in significant pain re-
duction assessed by VAS outcome. PRGF-Endoret 
is a treatment without any side effects and no 
complications were experienced by the patient, 
so the therapy could be carried out as many times 
as necessary within the period up to completing 
the treatment. 

At the end of sixth month follow-up period, 91% 
of patients showed a pain value of 0-3 in the VAS 
score, which is considered “excellent” in the litera-

examination. However, an important extrusion 
resorption (Table 1) was found showing a smaller 
right-sided PP extrusion diameter (ED) (Figure 4C) 
at the L5-S1 IVD level evidencing a 42% decrease 
at latero-lateral (LL) axial section and 22.5% re-
duction at sagittal AP section without changes at 
sagittal craneo-caudal (CC) section. No evidence 
of compression of thecal sac and nerve root on 
T2W images (T2WI) were observed. Parameters 
analysed over time for VBH (Figure 4B) showed 
minimum measurement variation (Table 1). A last, 
MRI study carried out in January 2017, showed 
little change with respect to the 2016 MRI report 
(Table 1, Figure 3C, and 3F). In particular the ED 
remained diminished and almost the same size as 
the MRI scans of 2016.

MRI parameters: 
Spine Level L5-S1

Pre-MRI 
2014

Post-MRI 
2016

Post-MRI 
2017

Intervertebral Disc Height (IDH) mm

  Right Anterior (RA)
  Right Middle (RM)
  Right Posterior (RP)

1.23
0.80
0.52

1.35
0.95
0.61

1.42
0.95
0.52

 Centre Anterior (CA)
 Centre Middle (CM)
 Centre Posterior (CP)

1.49
1.11
0.55

1.45
1.14
0.65

1.51
1.02
0.49

  Left Anterior (LP)
  Left Middle (LM)
  Left Posterior (LP)

1.40
1.10
0.66

1.19
0.89
0.66

1.32
0.94
0.54

Vertebral Body Height (VBH) mm

 L5-Upper Anterior (UA)
 L5-Upper Posterior (UP)

2.95
2.93

2.91
2.72

2.86
2.76

 S1-Lower Anterior (LA)
 S1-Lower Posterior (LP)

3.29
2.74

3.20
2.47

3.24
2.49

Lumbar Disc Pathology Hernia-
Extrusion

Hernia-
Extrusion

Hernia-
Extrusion

Extrusion diameter (ED) mm

  Craneo-caudal (CC)
  Latero-lateral (LL)
  Antero-posterior (AP)

1.06
1.74
1.02

1.06
1.01
0.79

1.04
1.10
0.69

Discal Degeneration Degree

  Pfirrmann Classification Grade III Grade III Grade III

TABLE 1
A pre and post-treatment Nuclear Magnetic 
Resonance (NMR) analysis performed at the L5-
S1 discal space and corresponding vertebrae 
level. According to T2-weighted axial and sagit-
tal sections of the lumbar spine, the networked 
medical imaging remote Workstation AW 4.3 
(GE Healthcare) was used to import, interpret 
and process DICOM images from MRI scans to 
categorize and obtain measurements of the fol-
lowing parameters: Intervertebral Disc Height 
(IDH); Vertebral Body Height (VBH); Lumbar 
disc pathology; and discal degeneration de-
gree (Pfirrmann Classification).
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ture23. This result is consistent with the values pub-
lished by Sanchez et. al.47 for the treatment of OA 
of the hip with PRGF infiltration, and comparable 
to the values reported by Becker and colleagues56 
using epidural perineural injections of autologous 
conditioned serum (ACS) on patients with lumbar 
radicular compression, and substantially better 
than the pain relief shown by infiltrating metyl-
prednisolone in the lumbar FJs57, triamcinolone in 
epidural perineural injections56 or betametasone 
in periganglionar infiltration23 in patients with LBP. 
Nevertheless, the course of treatment reported 
by Chatuverdi and coauthors57 reached a peak of 
93% of responders at fourth week of treatment 
and then declined to 62.5% at third month of 
treatment, an outcome which is not consistent 
with our results.

The report of Kirchner & Anitua is one of the few 
in the clinical literatures regarding the use of PRP 
injections of IVD and FJs as a minimally invasive 
therapy to treat LBP and IVDD. 

Until now, the large number of PRP studies per-
formed on the spine to study pain management 
and disc pathology have been focused using in 
vitro (cell cultures) or in vivo (animal model) sys-
tems which have produced promising positive re-
sults58-62. In contrast, so far only two prospective 
clinical trials have been reported16, 20, 21 and three 
papers exist in the literature describing case re-
ports17, 19, 22 showing positive statistical and clini-
cal improvements based on pain and functional 
outcomes. 

Focusing on clinical studies, at the beginning of 
2016, Tuakli-Wosurnu and colleagues reported for 
the first time pain, function and participant satis-
faction outcomes for patients subjected to lum-
bar intradiscal PRP (Harvest PRP kit, Plymounth, 
MA, U.S) injection for discogenic LBP20. Related 
to pain outcome, these authors used a Numeric 
Rating Scale (NRS) to describe pain intensity. Af-
ter two months follow-up, they reached the maxi-
mum mean NRS-pain reduction with statistically 
significant improvements showing for the par-
ticipant who received the PRP therapy. Using an 
approximate comparison of VAS and NRS as two 

different systems of pain evaluation, higher pain 
reduction values were registered for Kirchner & 
Anitua although the maximum mean-VAS score 
was obtained at six months18, 20. However, Levi et. 
al.21 using a PRP Harvest Smartprep kit (Harvest, 
Plymounth, MA, U.S) similar to that used by Tu-
akli-Wosurnu and coauthors, achieved maximum 
VAS improvement only in 47% of patients after 6 
months with an even lower percentage of patient 
improvement and VAS score values than Kirchner 
& Anitua. Levi and colleagues reported as categor-
ical success at least 50% decrease in VAS sore after 
PRP treatment. 

In offering a serviceable comparison, it will be 
helpful to have three considerations in mind in 
interpreting the effective differences reported 
by the above authors: (1) the authors have used 
two different PRP preparation kits which include a 
red blood cell-rich and leukocyte PRP preparation 
(Harvest) and a PRGF formulation without leuko-
cytes (PRGF-Endoret), (2) distinct amounts of PRP 
volumes to the infiltrated disc were used, and (3) 
different protocols of PRP total volume infiltration, 
including the injection of other compounds at the 
same IVD level, were also performed. 

Also notable are the case reports such as Aufiero 
and colleagues22, Monfett et. al.19 and Mascarinas 
and coauthors17 which report high VAS and NRS 
values of pain relieve at different times post- au-
tologous PRP intradiscal procedure. 

To date, limited scientific literature exists regarding 
clinical information on the effect of PRP treatment 
follow-up and the structural spinal regenerative 
process. In some cases, a well-known phenome-
non for spontaneous regression of herniated lum-
bar disc material has been documented63, 64 but the 
exact mechanism responsible for the regression of 
herniated IVD is still controversial. Mascarinas and 
coauthors17 are the first to have mentioned for a 
case report of a MRI improvement in disc regener-
ation after 1 year of intradiscal PRP injection that 
correlates with improvement in LBP. On the same 
basis that MRI provides more detailed informa-
tion about disc herniations, a case report is pre-
sented in this chapter showing considerable MRI 

267



Minimally Invasive PRGF Treatment for Low Back Pain and Degenerative Disc Disease

15

in part responsible for the inflammatory response 
of stressed cells such as chondrocytes, tenocytes, 
fibroblasts and macrophages. In addition, both, 
IVD and FJs share many developmental, function-
al, and biological features with articular cartilage 
and synovial joints67. 

In vitro, several of the GFs present in PRP such as 
TGF-β, IGF-1, and CTGF have been shown to exert a 
powerful effect on extracellular matrix (ECM) syn-
thesis and proliferation in IVD68, 69. Furthermore, 
PDGF and IGF1 have been shown to exert a cell 
survival action on IVD cells70. In addition, through 
TGF-β or as a PRP whole product, PRP has been 
shown to promote the synthesis of ECM compo-
nents such as proteoglycans and collagen in hu-
man NP cell cultures67, 71. More importantly, PRP 
administration using biodegradable gelatin hy-
drogel microspheres into degenerated IVD animal 
model resulted in a preservation of water and IDH, 
suppression of the IVD degeneration progression, 
and a synthesis of proteoclycans 8 weeks after the 
treatment, highlighting the importance of both 
delivering GFs in a sustained and gradual manner 
and the effectiveness for early IVDD intervention72, 

62. Similar regenerative effects have been reported 
applying PRP to DDD in animal models61, 73, 74. 

Inflammation is a term that encompasses clinical, 
physiological, cellular, and molecular phenom-
ena, with pain being the hallmark or the tip of the 
iceberg underlying pro-inflammatory cytokine re-
lease, ECM catabolism, and cell death. Thus, pain 
and inflammation are flip sides of the same coin, 
namely, tissue damage. Data coming from animal 
studies strongly suggest that proinflammatory cy-
tokines such as tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and interleukin-6 (IL-6) are 
pivotal for the onset and maintenance of pain 
mainly stemmed from the damaged peripheral 
tissues75. In contrast, anti-inflammatory cytokines 
such as interleukin-4 (IL-4) and interleukin-10 (IL-
10) have analgesic properties75. Some compo-
nents present in PRGF-Endoret (HGF, lipoxin A4 
(LXA4), platelet factor 4 (PF4), IGF-1, PDGF, and 
TGF-β)48, 76-79 inhibit the NF-kB signaling pathway 
in several cell lineages including macrophages, 
chondrocytes, and fibroblasts. NF-kB plays an im-

improvements in IVD resorption after 2 years post 
PRGF treatment. As biological strategy developed 
for regeneration of the IVD, PRP may contribute to 
understanding of the mechanisms underlying the 
regression of protruded disc herniation. This case 
description could illustrate the need to achieve re-
sults using imaging techniques for lumbar spine 
such as conventional radiology, MRI or Comput-
erized Tomography-CT65, 66 in order to correlate 
improvements of pain and functional outcomes 
with vertebral related-structure regeneration in 
the field of spinal regenerative medicine. 

Although the relative contribution of various 
structures in chronic LBP is varied, the pain source 
is commonly attributed to inflammatory response 
of FJs and/or IVDD and herniation of cells due to 
mechanical stress stimuli57. FJs and IVDs undergo 
chronic degenerative process in response to non-
physiological mechanical stresses, bringing about 
collagen and aggrecan cleavage, a decrease of 
collagen and proteoglycan synthesis, an increase 
of proteases and cell death which parallels articu-
lar cartilage degeneration in OA and whose clini-
cal hallmark is joint pain35.

There are several potential mechanisms by which 
PRGF-Endoret infiltrations might either suppress 
or slow down the progress of IVD and facet de-
generation. PRGF- Endoret is an autologous prod-
uct that conveys a mimetic biomaterial, namely 
fibrin, which is embedded with a pool of growth 
factors (fibroblast growth factor (FGF), platelet-
derived growth factor (PDGF), insulin-like growth 
factor-1 (IGF-1), vascular endothelial growth fac-
tor (VEGF), transforming growth factor-β (TGF-β), 
hepatocyte growth factor (HGF), connective tis-
sue growth factor (CTGF), and nerve growth fac-
tor (NGF)) stemmed from activated platelets and 
plasma, and acting as a biological scaffold from 
which a sustained and a gradual delivery of GFs 
is released at the dysfunctional and degenerate 
sites instead of as a bolus delivery modality. Fur-
thermore, a proteomic characterization study of 
PRGF fibrin matrix44 reported a significant repre-
sentation of acute-phase proteins, a strong net-
work of interconnected proteins linked to the 
nuclear factor kB (NF-kB) pathway. This pathway is 
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sult of local activation of the tissue plasminogen 
activator/plasminogen system. This fibrinolytic 
remodeling process overlaps with the homing of 
survival fibrochondrocytes and migratory mesen-
chymal stem cell (MSCs), which might have been 
attracted by chemoattractans such as SDF-1, HGF, 
IGF-1, TGFβ or bFGF sequestered within the fibrin 
matrix and gradually released during the fibrino-
lytic-remodelling process82. 

Further case studies and clinical trials using stand-
ardized methods are necessary if we are to under-
stand the efficacy of PRGF as a minimally invasive 
regenerative treatment for spinal pathologies 
where improvements are reliably measured with 
respect to pain reduction and recovery of struc-
ture and function.

portant role in mediating the gene expression of 
proinflammatory cytokines such as TNF-α, IL-1β, 
prostaglandin E2 (PGE2) and cyclooxygenase 1 
(COX-1) and cyclooxygenase 2 (COX-2)80. 

As a consequence, it is reasonable to consider that 
PRGF-Endoret could exert an antiapoptotic, ECM-
protective, antiinflammatory and pain reduction 
effect in a similar manner as in knee and hip syno-
vial joints52, 53, 81. In macrophages, the inhibition 
of the NF-kB might contribute to the polariza-
tion from M1 to M2 phenotype, thereby favoring 
the resolution of inflammation and generating a 
switch in the ECM from a proinflammatory and 
algesic milieu to an anti-inflammatory and anal-
gesic context. Furthermore, the in situ generated 
fibrin matrix would be gradually removed as a re-
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is limited throughout the field as a whole, larger 
randomized trials are emerging for the earlier 
generations showing therapeutic efficacy for ten-
dinopathies and joint osteoarthritis. As the field of 
Orthobiologics continues to rise, early investiga-
tors in the field have a responsibility to strive for 
cohesiveness and standardization in an attempt 
to provide the highest level of safety and thera-
peutic efficacy for patients. In order to satisfy this 
responsibility and progress in the field of Ortho-
biologics, it is important to establish a common 
definition of current Orthobiologic options, im-
prove access to continuing education, and facili-
tate research collaboration throughout the global 
medical community.

SUMMARY

Since the beginning of Orthobiologics, the field 
has continued to evolve and grow, creating a 
preliminary framework for clinical application in 
musculoskeletal injuries. With increasing demand 
from an aging population, and numerous phy-
sicians incorporating the techniques into their 
existing practice, Orthobiologics have started to 
develop into almost a subspecialty of their own. 
However, the boom of Orthobiologics has not 
been matched with an equal surge in high level 
of evidence studies, leaving much of the field 
under researched. To date, four generations of 
Orthobiologics have been identified: Hyaluronic 
acid (HA), Platelet rich plasma (PRP), Bone mar-
row concentrate (BMC), and Adipose derived mes-
enchymal stem cells (aMSC). Although research 
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classified by 4 generations: hyaluronic acid (HA), 
platelet rich plasma (PRP), bone marrow concen-
trate (BMC) and adipose derived mesenchymal 
stem cells (aMSC) or lipoaspirate. 

2. HYALURONIC ACID

The first generation of Orthobiologics is consid-
ered to be hyaluronic acid (HA), which has been 
used as an intra articular injectable in the treat-
ment of Osteoarthritis since the late 1990s. Hya-
luronic acid is a naturally occurring protein in the 
body with viscoelastic properties which help to 
decrease frictional forces within synovial joints4. 
During joint degradation with Osteoarthritis, the 
natural concentration of HA within synovial fluid 
decreases and HA distribution shifts toward low-
er molecular weight variants, which leads to in-
creased wear and tear on the joint5. In addition, 
intraarticular low molecular weight HA has also 
been associated with increased pain with OA6. 
The goal of intraarticular HA administration has 
been to restore the native HA concentration to its 
nonpathological concentration. However, many 
other theorized therapeutic mechanisms of HA 
have been postulated including shock absorp-

1. INTRODUCTION

Over the past 10 years, the field of Orthobiologics 
has grown rapidly and started to establish a foun-
dation as a potentially safe and efficacious alter-
native for a variety of musculoskeletal injuries, 
including osteoarthritis and chronic tendinopa-
thies. With life expectancy on the rise, and an ag-
ing population of baby boomers, the demand for 
viable minimally invasive options is at an all time 
high. The increased demand has led to scores of 
physicians attempting to integrate regenerative 
options into their practices. However, as the ex-
ponential growth of Orthobiologics continues to 
skyrocket, coordinated research efforts haven’t 
been able to match the same trajectory, resulting 
in a paucity of high level of evidence studies. As 
the volume of physicians utilizing Orthobiologics 
continues to rise, the burden is bestowed to early 
investigators in the field to strive for cohesiveness 
and standardization in an attempt to provide the 
highest level of safety and therapeutic efficacy for 
patients. In order to satisfy this responsibility and 
progress in the field of Orthobiologics, it is impor-
tant to establish a common definition of current 
Orthobiologic options, improve access to continu-
ing education, and facilitate research collabora-
tion throughout the global medical community. 

Orthobiologic treatments, as they pertain to the 
musculoskeletal field, are defined as any treat-
ment modality that utilizes cellular components 
within the body’s native cells, and redirects their 
use towards damaged or diseased tissues1,2. They 
are often concentrated versions of the body’s 
natural occurring fluids, such as blood, bone mar-
row, or adipose tissue. Most commonly, they are 
utilized as an injectable treatment for joints, ten-
dons, or ligaments. Most Orthobiologic injections 
are performed under image guidance, with either 
musculoskeletal ultrasound (fig. 1) or fluoroscopic 
guidance3. However, arthroscopy may also be uti-
lized to provide high definition color visualization 
for accurate cellular deployment. Since the birth of 
the term Orthobiologics, the field has continued 
to expand underneath this umbrella term, how-
ever the core of Orthobiologic treatments can be FIG. 1

Right suprapatellar bursae injection under ultrasound guidance.
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3. PLATELET RICH PLASMA

The second generation of Orthobiologics, platelet 
rich plasma, was the first autologous Orthobio-
logic. Although platelet rich plasma (PRP) didn’t 
appear in the sports medicine literature until ap-
proximately 2006, it was first used by Ferrari et al 
in 1987 following open heart surgery18, and has 
been used in many other medical fields includ-
ing ENT, maxillofacial surgery, ophthalmology, 
urology, dentistry, cosmetic and neurosurgery 
and wound healing for quite some time. Theoreti-
cally, the potent concentration of platelets are in-
jected into soft tissue, tendons, or intraarticularly 
to stimulate an inflammatory response, as they 
are comprised of an undifferentiated cocktail of 
anti-inflammatory, pro-inflammatory, anabolic, 
and catabolic mediators, in an attempt to elicit 
the body’s natural healing response. The alpha 
granules within platelets act as the primary stor-
age center for an array of growth factors includ-
ing transforming growth factor beta (TGFbeta), 
vascular endothelial growth factor (VEGF), plate-
let-derived growth factor (PDGF), and epithelial 
growth factor (EGF) which are thought to be one 
of the main reasons for its regenerative poten-
tial19,20. Newer theories on the mechanism of PRP 
suggest that intraarticular application may poten-
tially alter the entire joint environment through 
its effects on the signaling cascade, creating a 
more advantageous inflammatory environment 
for healing21. Changes in the cellular milieu may 
potentially exert therapeutic benefits by acting on 
localized joint tissue cells such as synoviocytes or 
meniscal cells, promoting chemoattraction of the 
body’s native healing cells to damaged tissue22,23, 
or through direct analgesic effect24. Although re-
search continues to investigate such theories, 
the specific mechanism of action for PRP’s clini-
cal benefits is unknown. However, the etiology of 
its therapeutic effects are likely multifactorial and 
potentially variable across different tissue types. 

To date, most of the literature on PRP consists of 
small case series with mixed results and an under-
whelming volume of high-level evidence studies. 
However, as of late, larger randomized controlled 

tion, joint lubrication, anti-inflammatory effects, 
chrondroprotection, proteoglycan synthesis, and 
cartilage matrix alterations5,7. Although many in-
trinsic mechanisms have been shown, much of 
the chrondroprotective and anti-inflammatory 
mechanisms are correlated with HA binding to 
cluster of differentiation44 (CD 44)8, which inhibits 
the pro-inflammatory effects of interleukin-1beta, 
resulting in down regulation of many MMPs asso-
ciated with cartilage degradation9. 

Although HA is native to intraarticular synovial 
fluid, the available injectable versions do not 
currently exist in autologous form, and specific 
formulations can differ depending on manufac-
turer and production technique. Some evidence 
suggests larger molecular weight HA to provide 
greater anti-inflammatory effects, proteoglycan 
synthesis, joint lubrication and viscoelastic main-
tenance compared to lower molecular weight 
HA counterparts5. In addition, avian-derived HA 
has shown a less favorable safety profile with in-
creased risk for localized intraarticular pseudo 
septic reactions when compared to HA derived 
from biological fermentation10. 

The efficacy of intra-articular HA for the treatment 
of painful symptoms associated with osteoarthri-
tis has been demonstrated in many clinical tri-
als7, while also providing a superior safety profile 
when compared to continuous NSAID use for pain 
control11-13. It has also been shown to lengthen the 
time from diagnosis of OA to time of knee arthro-
plasty in Medicare (generally senior) patients14. 
Recent OARSI guidelines for the treatment of os-
teoarthritis suggest “good” level of evidence for 
the treatment of OA with intraarticular hyaluronic 
acid15. However, previous metaanalyses have il-
lustrated between-study heterogeneity in the 
efficacy of HA for osteoarthritis, with lower qual-
ity studies revealing more efficacious results16,17, 
which provides further support for the necessity 
of high level of evidence studies in the field. 
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As of late, more clinicians are utilizing point of care 
cellular cytometry to analyze blood products and 
establish more cellular standardization of inject-
able PRP (fig. 3). In an attempt to facilitate uniform 
PRP classification, researchers have established 
the PLRA PRP classification, which classifies PRP 
based on the concentration of platelets, leuko-
cyte, red blood cells, and activation technique33. 
Routine classification usage will lead to more cus-
tomized PRP formulations to maximize therapeu-
tic efficacy for specific musculoskeletal disorders 
and aide with interpretation of clinical trials. Initial 
research suggests that leukocyte poor- PRP may 
have stronger efficacy with intraarticular applica-
tion34,35. As research continues to expand in the 
area of PRP, the newest generations of Orthobio-
logics are also beginning to establish a therapeu-
tic framework. 

trials have demonstrated superior efficacy in areas 
such as chronic tendinopathies25,26 and knee oste-
oarthritis27. Research has also been published sug-
gesting therapeutic benefits of combining PRP 
with other Orthobiologic treatments such as HA28 

or MSCs29,30, as well as utilizing multiple Orthobio-
logics in a specific sequence as a treatment pro-
tocol for Osteoarthritis31. Furthermore, protocols 
have been established for post-PRP recovery and 
rehabilitative exercises establishing a preliminary 
framework for doctors and therapists to provide 
optimal treatment for return to sport32. 

Platelet rich plasma is derived from a patient’s ve-
nous blood. Blood is drawn from a patient’s vein, 
processed in a centrifuge, and a cellular concen-
trate, including the buffy coat, which contains the 
highest concentration of platelets20, is extracted 
and used as an injectable treatment (fig. 2). Many 
researchers have started to emphasize that not all 
PRP is created equally. Currently, there are multi-
ple cellular processing techniques for extracting 
PRP. Some practitioners utilize standardized PRP 
processing kits, which widely differ by manufac-
turer in regard to cellular composition and deliv-
ery methods. While other practitioners perform 
more individualized techniques, utilizing single 
and double spin centrifugation cycles and more 
precise laboratory procedures 32. 

FIG. 2
After venous blood in processed in a centrifuge, it is separated into 
three layers: Plasma, Buffy coat, and Red blood cells. The buffy coat 
layer contains the Platelets, which store a variety of potent growth 
factors, thought to be a primary mechanism of PRP. (Photo courtesy 
of Ted Sand PhD)

FIG. 3
This is a Cell cytometry analysis of venous blood using the Beckman 
Coulter ACT 5 DIFF CTL PLUS. This sample is an example of pre-
centrifugation data, noted by the normal concentration of platelets. 
The cytometry data is used to classify PRP based on the PLRA PRP 
classification system. 
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5. ADIPOSE DERIVED MESENCHYMAL 
STEM CELLS (AMSCS) 

As the field of Orthobiologics continues to de-
velop, research efforts continue to refine our 
scientific understanding, opening possibilities 
for future generations of Orthobiologics. Recent 
literature has suggested a perivascular origin of 
MSCs, in the form of pericytes40, which has led to 
exploration of other autologous sources of mes-
enchymal stem cells, including the most recent 
fourth generation of orthobiologics: Lipoaspirate/
Adipose Derived Mesenchymal Stem Cells (or 
now termed “Medicinal Signaling Cells.)”. Com-
pared with BMC, processed lipoaspirate/adipose-
derived MSCs (aMSCs) has advantages, in that it is 
procured in much larger quantities, and with less 
invasive techniques under local anesthesia and 
vacuum-assisted lipectomy. Similar to BMC, pro-
cessed lipoaspirate has exhibited differentiation 
into chondro¬genic, osteogenic, adipogenic, my-
ogenic, and neurogenic lineages in the presence 
of lineage-specific induction factors41,42. Although, 
some research has illustrated that aMSCs actually 
possess larger numbers of MSCs40, data is mixed 
as to whether aMSCs have equivalent osteogen-
ic potential as BMC43,44. In addition, aMSCs have 
been shown to be a more potent immunomodu-
lator compared to bone marrow-derived MSCs, al-
beit the clinical benefit of such difference has yet 
to be determined45. Preliminary research suggests 
that aMSCs exhibit an anti-inflammatory effect on 
chrondrocytes and synoviocytes in patients with 
Osteoarthritis46. In addition, one study examined 
the combination of BMC with aMSC, although an 
additive effect was not detected38. 

4. BONE MARROW CONCENTRATE

Bone Marrow Concentrate (BMC) is considered 
the 3rd generation of Orthobiologic treatment. It 
has a potent mixture of mesenchymal stem cells 
(MSCs), hematopoietic cells, platelets, and cy-
tokines noted for possessing anti-inflammatory, 
immunomodulatory, and chondrogenic proper-
ties, which act as the foundation for its regenera-
tive potential36. Although the exact mechanism is 
unknown, it is hypothesized that the bone mar-
row concentrate milieu either induces differen-
tiation and proliferation of resident stem cells, 
or possesses innate chondrogenic potential36. 
Bone Marrow is most commonly aspirated from 
the posterior iliac crest, utilizing ultrasound or 
fluoroscopic guidance. The bone marrow aspirate 
undergoes cellular processing via similar centrifu-
gation mechanisms as platelet rich plasma. Physi-
cians currently have multiple options for marrow 
concentration, either via standardized manufac-
turer kits or individualized laboratory techniques, 
very similar to the PRP options. Similar to PRP, the 
wide variability with bone marrow aspiration and 
concentration amongst physicians has added to 
the ambiguity with standardized treatments and 
research efforts. As one of the newer generations 
of Orthobiologics, BMC has a paucity of high-lev-
el studies or randomized trials. Although much 
of the early research has been mixed, some pre-
liminary studies have demonstrated significant 
patient safety and efficacy with joint Osteoarthri-
tis31,36-39. Select practitioners have started to utilize 
cell cytometry with BMC procedures, similar to the 
PLRA PRP classification, however no standardized 
classification exists currently. 
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Rather than providing small breakout sessions 
as part of a larger broad-spectrum orthopaedic 
conference, the most comprehensive events in 
the field of Orthobiologics provide physicians 
and surgeons with a one-stop-shop for all things 
Orthobiologics. Most noticeably, The Orthobio-
logic Institute (TOBI) has established itself as the 
premier annual event, focusing solely on PRP, 
BMC, Lipoaspirate, and emerging areas of Ortho-
biologics. Starting with its first annual symposium 
just 8 years ago, and a small group of 25 physi-
cians, the annual meeting has swelled to over 500 
attendees, representing more than 30 countries, 
encompassing physicians and surgeons from a 
myriad of synergistic specialties. The TOBI annual 
symposium not only provides the most up to date 
research, but also offers world-class hands-on 
training at one of the largest cadaver labs in the 
world, taught by leaders in the field. 

In the future, conferences and national organiza-
tions that provide continuing education in the 
field of Orthobiologics may potentially collabo-
rate to form a board certification or certificate of 
competency for such specialties. Although most 
physicians are learning Orthobiologic principles 
after residency training through conferences and 
workshops, it is likely that the younger generation 
of physicians will start to gain earlier exposure 
to Orthobiologics in certain medical specialties 
such as Physical Medicine and Rehabilitation, Pain 
Management, Sports Medicine, or Orthopaedic 
Surgery. In addition, numerous non-accredited 
fellowship opportunities have started to form as 
of late, providing new residency graduates with 
more specialty training underneath an Orthobio-
logic mentor. 

Because of the extensive treatment diversity 
across the industry, future research efforts for Or-
thobiologics will incorporate international data 
registry software to monitor patient outcomes, 
track patient safety, and analyze cellular compo-
sitions for biologic formulations. Recently, a not 
for profit foundation, the Regenerative Orthobio-
logics Registry, was started by the coauthors of 

6. FUTURE GENERATIONS

An emerging allogeneic Orthobiologic option, 
amniotic tissue, has also been shown to be a 
source of MSCs47,48. However, it does not possess 
the same resident cell volume as BMC and aM-
SCs40. Few human trials exist for human amniotic 
membrane applications, but small case studies 
have shown efficacy for elbow tendinopathy49 and 
plantar fasciitis50, while preliminary animal studies 
have suggested potentially positive applications 
for tendon injuries51 and Osteoarthritis52. To date, 
this source of MSCs is the most under researched 
and one of the newest on the horizon. 

7. FUTURE DIRECTIONS

The field of Orthobiologics is faced with the bur-
den of balancing immense growth and diversifica-
tion with a firm scientific foundation. And, as the 
separation widens, the lack of standardization and 
uniformity amongst practitioners is becoming sig-
nificantly more apparent. All the more, the field as 
a whole continues to expand at a paramount rate, 
risking dilution of the core principles of Orthobio-
logics, if not matched by coordinated research ef-
forts and continuing education. Currently, there 
are many national organizations and medical soci-
eties that have started to integrate orthobiologics, 
most noticeably AAOSM, Isokinetics, ICRS, as well 
as many other spine and orthopedic societies. In 
addition, educational conferences and workshops 
are beginning to form, teaching practitioners 
about emerging treatment options, cellular pro-
cessing, and injection techniques. However, at the 
moment, the educational environment for Ortho-
biologics is disjointed, making it difficult for clini-
cians to not only stay up to date with emerging 
research, but also gain the hands-on skills needed 
to safely execute the treatments in their practices. 
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this chapter to provide a framework for collecting 
patient data to elevate the field as a whole and 
improve the safety and quality of Orthobiologic 
treatments. Larger amounts of PRP, BMC, and 
Lipoaspirate data will allow for improved efficacy 
and standardization of treatments, with higher 
power research studies and more treatment spec-
ificity. It is also possible that predictive analytics 
and integrating Precision Medicine, a medical 
model that proposes customization of healthcare 
to each individual, may help guide research efforts 
and formulate treatment protocols in the future. 

As a whole, the field of Orthobiologics is far from 
where it started. Although, even with some two 
decades worth of expansion and scientific dis-
covery, the four distinct generations of Orthobio-
logics lack a true definition as to what they are, 
and how they should be used. As of now, we can 
confidently state that hyaluronic acid, platelet rich 
plasma, bone marrow concentrate, and adipose 
tissue have established a place for themselves in 
the future of Orthobiologics. However, investiga-
tion into their therapeutic applications, optimal 
cellular compositions, and treatment protocols lag 
behind their widespread use. With more commer-
cial biologic options rapidly surfacing, it behooves 
the industry to establish a proper framework for 
preexisting biologic options, before moving onto 
to newer injectables. As the current state of Or-
thobiologics would have it, the burden lies with 
the physician to increase their education through 
annual conferences, such as The Orthobiologic 
Institute (TOBI), and pursue more collaborative 
research efforts. Although we cannot predict 
where the field will be in another 10 years time, 
by establishing more opportunities for physician 
education and coordinated research, we can help 
increase Orthobiologic’s credibility and insure its 
longevity as a minimally invasive tool to combat 
musculoskeletal disease.
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