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INTRODUCTION  

First use of platelets was documented in hemorrhagic 

disorders. William Duke, in 1910, proved that bleeding 

was provoked by thrombocytopenia and treatable with 

whole fresh blood transfusion, procedure that reversed 

the decreased number of platelets. Since then, platelets 

received increasing attention, starting with platelet 

concentrate for thrombocytopenic conditions and ending 

with the various types of platelet rich plasma for wound 

healing. 

 

In the present day medicine, platelets are used in 

different domains of health, from orthopedic, surgery, 

dermatology, aesthetic medicine and dentistry. Their 

utility is sustained by the discovery of different factors 

that reside inside platelets. 

 

In 2009, Ehrenfest
[1,2]

 proposed a classification of four 

types of PRP products, according to cell content 

Pure Platelet-Rich Plasma, P-PRP, is a leucocyte-poor 

product with high density of platelets and low-density 

fibrin network after activation. 

 

Leucocyte- and PRP, L-PRP, contains platelets, 

leucocytes and low-density fibrin network after 

activation; this category is largely available, easy to use.  

 

Pure Platelet-Rich Fibrin, P-PRF, contains no leucocytes, 

a high density of platelets and a high-density fibrin 

network; they have special recommendation to use. 

 

Leucocyte- and Platelet-Rich Fibrin (L-PRF) are second-

generation PRP and contains leucocytes and a high 

density-fibrin network. 

 

We will refer in our review on the second category, as it 

is highly available and studied.  

 

L-PRP without activation is injected immediately after 

preparation and the effect is local. Platelets slowly 

release their content from granules through exocytosis 

during several days.
[3]

 

The components are platelets, leucocytes and plasma.  

 

Circulating platelets count 150 – 400 x 10
3
/L, in PRP 

they count around 1000 x 10
3
/L; lower concentrations 

are impotent and higher concentrations may be harmful. 

Platelets are activated by endogenous and exogenous 

factors. Activation means exocytosis and degranulation. 

Platelets contains many types of granules. Alpha 

granules contain various types of bioactive molecules: 

clotting factors, fibrinolytic factors, membrane 

glycoproteins and growth factors (GF).
[4,5]

 The most 
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ABSTRACT 

Since the first use of platelets for hemoragic conditions, in 1910, platelets received a continuous attention, giving 

their roles in hemoastazis, coagulation, and wound repair. There are four different catheories of blood preparation, 

L-PRP being by far the most available, easy to use and, consequently, studied. The regenerative action of platelets 

concentrate is based on the growth factors from the intracellular granules, associated with soma plasmatic 

bioactive proteins. There are also other presumed effects of PRP, analgesic and anti-inflammatory, that necessitate 

further documentation. Studies revealed a clear regenerative action when injected intraarticular into the 

osteoarthritic knee. Other conditions that respond to PRP local administration are some tendinopathies, like tennis 

elbow and ”harvesting” patellar tendinopathy. Surgery for ligament reconstruction or nerve suture, in the presence 

of PRP, offered better outcomes. Discogenic low-back pain was treated with intradiscal PRP and showed promise 

as for reducing recurrence and improving function.   
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seven known GF are PDGF (platelet-derived growth 

factor), TGF- (transforming-growth factor beta 1, 2 and 

3), vascular endothelial growth factor (VEGF), basic 

fibroblast growth factor (bFGF), and epidermal growth 

factor (EGF), connective tissue growth factor (CTGF), 

insulin like growth factor 1 (IGF-1).
[6,7]

 Additional GF 

are platelet-derived angiogenesis factor (PDAF), platelet 

factor 4 (PF-4), epithelial cell grow factor (ECGF), 

others cytokines. Growth factors bind to transmembrane 

receptors of target cells and regulate different 

pathways.
[8]

 Target cells are mesenchymal stem cells, 

fibroblasts, osteoblasts, epidermal cells, endothelial cells.  

 

Plasma contains three proteins: fibrin, fibronectin and 

vitronectin, which play in important role in cell 

adhesion
[9]

 and other biologically active proteins: growth 

factor IGF-I and hepatocyte growth factor (HGF). 

 

These regulated pathways promotes the expression of 

gene sequences that activate cellular proliferation, 

osteoid production, matrix formation, collagen synthesis. 

These processes lead to cell migration, proliferation and 

differentiation, angiogenesis, modulation of coagulation, 

vascular repair. The final process is tissue repair and 

regeneration.
[10]

 

 

The role of the GF in PRP was studied in various 

situation. First, most GF were studied independently, on 

an individual use, rather than in the combination, as they 

exists in PRP. The separate molecules were followed in 

animal models. Second, the natural combination of all 

the GF from platelets together with plasma components 

were analyzed in animal and human models.  

 

In fracture healing, PDGF promotes osteoblast migration 

through chemotaxis, as the cell express a PDGF-receptor. 

Blocking the activity of PDGF with an antibody results 

in blocking the osteoblast migration and, consequently, 

delaying the callus formation.
[11]

 

 

TGF- is a superfamily of GF that regulates cell 

proliferation, differention and growth. From this group, 

three potent members were investigated: TGF-1, bone 

morphogenetic protein-2 (BMP-2), and BMP-7 (also 

known as osteogenic protein-1 [OP-1]). 

 

Alongside with PDGF, they promote expression of 

collagen and cartilage matrix protein.
[12]

 TGF- 

influence fibroblasts, endothelial cells, preosteoblasts; 

thus increases angiogenesis and chondrogenesis and 

stimulates connective tissue production of fibronectin, 

glycosaminoglycans and collagen.
[13]

 It sustains long-

term healing and bone regeneration. A first study, from 

1990, revealed the stimulative effects on new bone 

formation when injected subperiosteally in rat femur.
[14]

 

The expression of TGF-1 was higher in the PRP-treated 

rat Achilles tendon than in control, the result being a 

tendon with more rapid healing and better mechanical 

properties.  

 

On the chondrocytes, TGF-1 activates synthesis and 

reduces catabolic activity of IL-1,
[15]

 accelerating 

cartilage defect repair.
[16]

 In some studies, deleterious 

effects of TGF-1 were noted: synovial proliferation, 

fibrosis and inflammation, osteophyte formation.  

 

BMP-7 / OP-1 seems to be the gold standard GF for 

cartilage repair, as it increases anabolism and reduces 

catabolic activity of cytokines.
[17]

 BMP-7 activity is not 

affected by the age of osteoarthritis,
[18] 

unlike other 

chondrogenic GF.   

 

BMP-7 acts synergic ally with insulin-like growing 

factor 1 (IGF-1), a molecule that is found the plasma 

component of PRP. IGF-1 has the same anabolic 

properties on cartilage, reducing the catabolic activity of 

lytic agents, but its action on ageing cartilage is 

diminished.
[19]

 

 

VEGF is known to regulate vascular function and 

angiogenesis. Animal model studies revealed that 

prolonged and repetitive mechanic stress applied to 

tendons (particularly Achilles tendon) lead to high 

amount of VEGF production by the outer regions of the 

tendon.
[20]

 This was considered a protective and repairing 

mechanism. As vascular hyperplasia is a characteristic 

feature of tendinosis, it is assumed that VEGF may have 

a central role in tendinosis pathogenesis. Exposing the 

rats Achilles tendon to VEGF-111 (a biologically active 

form of VEGF-A) post surgery accelerates healing. In 

the same direction, using VEGF-165 (another form of 

this GF) in an allograft reconstruction of rat anterior 

cruciate ligament improved revascularization, augmented 

mechanical properties and reduced recovery period.
[21]

 

There are also controversies around VEGF, as some 

researchers reported negative effect on tendon healing by 

means of vascular network formation in detriment of 

collagen network and by decreasing the mechanical 

properties of the tendon.
[22,23]

 

 

Basic fibroblast growth factor (bFGF) is present in the 

cartilage matrix. Animal model studies revealed the 

reversal of osteoarthritic changes secondary to overload 

under bFGF administration
[24]

 with an anabolic activity 

on chondrocytes. Controversy exists on its role within 

the cartilage, as researchers reported synovial 

inflammation and osteophyte formation when injecting 

intraarticular the factor alone.
[25,26]

 The use of bFGF 

alone, as a synthetic product, is questionable, since it has 

deleterious effects on cartilage.   

 

On an individual basis, GF may have positive and 

negative effects on the connective tissue. The natural 

activation sequence and quantitative rapport between 

these known factors and other factors not entirely studied 

is responsible for the regenerative effect of PRP. There is 

also another mechanic advantage of PRP, as it forms a 

three-dimensional network which fills the cartilage 

defect and promotes the neochondrogenesis. 
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Cartilage exposed to PRP showed increased cell 

proliferation and extracellular matrix synthesis. In the 

same time, synoviocytes exposed to PRP increased 

hyaluronic acid production. The combined action favors 

cartilage repair, protection and lubrication.
[27]

 

 

In addition to the anabolic mechanism, there are other 

two presumed effects of PRP on the joint: analgesic and 

anti-inflammatory. There may be a direct analgesic effect 

of PRP, by augmenting cannabinoid receptors CB1 and 

CB2.
[28]

 The anti-inflammatory activity may be due to 

inhibition of the nuclear factor-kB (Nf-kB) pathway.
[29]

 

Reducing inflammation might be more important for 

leucocyte-poor PRP than for leucocyte-rich PRP.
[30]

 The 

subject requires further research. 

 

Clinical studies are inhomogeneous; there is no 

standardized method for obtaining PRP, the 

concentration of platelets may differ according to 

original whole blood composition and to other 

physiologic factors (moment of the day, hydration status, 

lipid ingestion etc.).  

 

A recent study
[31]

 (published 2019) on a adequate sample 

size of patients, compared the result of three weekly 

intraarticular injections (knee) of PRP, hyaluronic acid 

(HA) and normal saline (NS)(control). At one month, all 

three groups showed improvement of WOMAC 

(Western Ontario and McMaster Universities 

Osteoarthritis Index) score and of IKDC score 

(International Knee Documentation Committee - a 

subjective knee evaluation form), an unexpected result, 

which might be the result of a placebo effect. The 2, 6 

and 12 months evaluation showed a significant 

improvement of objective and subjective knee evaluation 

for PRP group, with no improvement for the HA and NS 

groups.  

 

Debate exists regarding the influence of patient age, 

severity of knee osteoarthritis, BMI and gender on the 

PRP results.  

 

The American Academy of Orthopedic Surgeons admits 

that” treatment with PRP could hold promise”, that the 

risks are minimal, equal to cortisone intra-articular 

injections. 

 

As for Achilles tendon rupture, studies are debating on 

the utility of PRP use. Open surgical repair of the tendon 

associated with intraoperatory administration of PRP led 

to better results concerning the healing time, local 

complication and the risk of rerupture.
[32]

 Another study 

revealed no difference between tendon surgery with PRP 

and without PRP regarding the biomechanical properties 

of tendon (maximum height with the Squat Jump test and 

maximum height with the Counter Movement Jump).
[33]

 

 

Based on the encouraging results in animal models,
[34]

 

PRP was used for graft augmentation in anterior cruciate 

ligament reconstruction. When the donor site is the 

patellar tendon, PRP assures better healing.
[35]

 For the 

graft maturation process, adding PRP intraoperatory 

accelerates and improves it.
[36]

 

 

The category of tendinopathies, more recently known as 

tendinosis, lies on the morphologic aspect of 

degeneration rather than inflammation, hence the poor 

results on cortisone injections. PRP was thought to 

address the degenerative and vascular changes. For 

tennis elbow (lateral epicondylitis), PRP offered better 

result comparative with local anesthetic
[37]

 (lidocaine), 

cortisone
[38]

 and autologous blood.
[39]

 In all studies local 

treatment was part of a complex rehabilitation program, 

centered on physical therapy. 

 

For patellar tendinopathy PRP injection into the defect, 

together with a training program, improved algo-

functional parameters.
[40]

 It is important to note that most 

studies were done on severe and refractory patellar 

tendinopathies.
[41]

  

 

Less encouraging results offered PRP on Achilles 

tendinopathy. Similar results were reported after PRP or 

saline injection, followed by physical exercise.
[42]

 

Sonographic evaluation revealed no difference between 

two treatments.
[43]

 

 

Plantar fasciitis, especially refractory cases, are subject 

to local infiltration, cortisone or PRP, as part of 

rehabilitation program. For short-term (2 – 4 weeks) and 

intermediate-term (4 – 8 weeks), there were no 

differences between corticosteroid and PRP. For long-

term, PRP was superior in pain suppression. Long-term 

effect of PRP and the potential deleterious effect on local 

cortisone may recommend PRP as a preferred 

treatment.
[44]

 

 

The regeneration effect of PRP was used in reparative 

nerve surgery. The animal model studies promises a 

better outcome in the facial transected nerves, sutured 

and  treated locally with PRP.
[45]

 The conduction studies 

revealed better functional outcome when PRP was 

injected into the suture place.
[46]

 Neurorrhaphy is 

essential for nerve continuity and is not replaceable by 

PRP administration, but the latter could accelerate 

repairment.
[47]

 

 

Chronic discogenic low back pain has, as morpho 

pathogenic changes, intervertebral disc degeneration. In 

2011 a study focused on PRP intervention on lumbar disc 

disease,
[48]

 a group of 6 patients received one injection of 

PRP into the center of lumbar disc and reported the 

procedure was safe and improved pain and functional 

scores at one month, with persistence at 6 months 

follow-up. Since then, a few studies followed this line of 

treatment, reporting good clinical outcome. Only one 

randomized double-blind study
[49]

 found statistically 

significant improvement in pain score and functional 

scales (Functional Rating Index FRI, Numeric Rating 

Scale NRS-best pain, the Short Form SF-36, modified 
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North American Spine Society NASS) at 6 weeks after 

treatment, with persistence after one year.  

 

The therapy needs standardization, as the number and 

interval of injections, the method of obtaining PRP, the 

possible association with cell therapy, the place in the 

management of low back pain.  

 

CONCLUSION 
Intra-articular use of PRP in osteoarthritis is safe, with 

minimal risk and may be an option together with other 

therapies. PRP is most effective in the treatment of 

chronic tendon injuries, especially tennis elbow.
[50]

 

Promise exists for other chronic tendon lesions (Patellar 

and Achilles). Further studies will explain the 

mechanism of action and will establish clear indications. 
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