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Abstract
Platelet-rich plasma (PRP) is commonly used in many medicinal fields and the interest in 
its application for management of numerous pathologies is recently growing. Platelets (PLT) 
contain physiologically active proteins called growth factors (GFs) that accelerate tissue regene-
ration. This process of tissue regeneration is stimulated through application of PRP prepared 
from autologous blood according to special protocol. The purpose of the protocol is to achieve 
high concentration of platelets within a small volume of plasma. PRP is a biological product 
with a platelet concentration above the baseline for the patient’s peripheral blood. The PRP 
therapy is based on autologous procedures therefore the risk of infection is remote although 
some clinical conditions preclude the use of PRP as it may induce adverse reactions. The 
procedure of PRP preparation is relatively inexpensive and can be performed quickly in the 
patient’s presence.
In the literature of the subject there are wide variations in PRP definitions with reference to 
protocols of preparation, platelet concentration and activation as well as in the manner of 
application to injured tissue and finally in the assessment of therapy outcome. It is therefore 
difficult to compare and confirm the efficacy of PRP therapy used for the management of va-
rious diseases. Authors clearly emphasize the urgent need for standardizing protocols of PRP 
preparation and application in various disorders. Although in general PRP therapy is consi-
dered a promising method for treatment of tissue injuries, the lack of standardized preparation 
procedures and ways of PRP application raises numerous questions and controversies.
The aim was to present review of literature related to the use of PRP and the mechanism of 
action of this blood derivative. 
Key words: platelet-rich plasma (PRP), PRP preparation, platelets (PLT), growth factors 
(GFs), tissue regeneration
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Introduction

The term platelet-rich plasma (PRP) was first 
created by hematologists in the ‘70s to describe 
plasma with a platelet count higher than that of 
peripheral blood. It was initially used for treat-
ment of thrombocytopenia. Ten years later, PRP 
was applied in maxillofacial surgery and then in 
sports medicine [1]. In 1974, Kohler and Lipton 
found platelets to be the source of fibroblast 
growth-promoting activity [2]. In the subsequent 
years, platelets were demonstrated as the source 
of many growth factors (GFs). The most impor-
tant growth factors are: platelet derived growth 
factor (PDGF), transforming growth factor b1 
(TGF-b1), transforming growth factor b2 (TGF-
b2), insulin-like growth factor (IGF), epidermal 
growth factor (EGF), vascular endothelial growth 
factor (VEGF), fibroblast growth factor (FGF) and 
hepatocyte growth factor (HGF) [3–5]. In 1987, 
the first clinical application of autologous PRP was 
reported by Ferrari et al. in Italy. They described 
the procedure of PRP application during open heart 
surgeries. Administration of autologous platelet 
concentrates and red blood cells required no 
intraoperative autologous blood transfusions and 
therefore the cost of procedure was low [6]. Since 
then the interest in these components has mark-
edly increased and their application was extended 
onto other medicinal fields. In 1994, Tayapongsak 
et al. first used PRP in mandibular reconstruction 
[7], and since 1997, PRP has been applied in oral 
and maxillofacial surgery [8, 9]. Simultaneously, 
there appeared reports on advancement in the use 
of fibrin glue. Fibrinogen concentrates containing 
factor XIII and sometimes aprotinin as antifibri-
nolytics were applied for renewal of damaged 
peripheral nerves first on animal models (1972) 
then in humans (1974). Commercially available 
fibrin glues have been widely used in Europe since 
the 1970s. In the United States however, the first 
fibrin glue had not been approved by the Food 
and Drug Administration (FDA) until 1998 due to 
concerns about possible viral transmission [10]. 
In 1997, Whitman et al. were the first to describe 
the method of preparing platelet rich plasma. As 
result of activating substances (eg. thrombin) ad-
ded to platelet rich plasma, platelet gel is obtained 
which is an alternative to fibrin glue [8]. The first 
and second decades of the 21st century brought 
about increased interest in the application of PRP 
for management of sport injuries, especially ten-
dinopathy [11–14], also in dermatology, mainly for 
scar revision, skin rejuvenation and alopecia [1]. 

Various types of platelet products used  
in regenerative medicine

In literature, many terms are alternately used 
in reference to platelets applied in regenerative 
medicine. This only brings about confusion in medi-
cal terminology. While describing surgical proce-
dures, authors most often refer to the term PRP in 
the sense of platelet-rich plasma. PRP is a product 
in which platelet activation has not yet occurred. 
In order to obtain a clinical effect, platelets must 
be stimulated either by external activators (e.g. 
bovine thrombin, calcium chloride) or in a natural 
way — with no external stimulation — through 
stimulation of collagen in the injured tissue. With 
platelet activation, the clotting process is initiated 
and release of growth factors from platelet granules 
occurs. The product has a gel-like consistency 
and is called platelet-rich gel (PRG). With regard 
to preparation method and mechanism/pathway 
of platelet activation, we distinguish platelet rich 
plasma (PRP) and platelet rich fibrin (PRF). Ap-
plication of PRP requires activating substances, 
while for PRF application no external activators 
are required and the clotting process occurs natu-
rally. The method of platelet activation has impact 
on fibrin structure and the rate of growth factor 
release (gradual or rapid). The clinical mechanisms 
of action for PRP and PRF are therefore slightly 
different. Scientific literature comes forward with 
many suggestions regarding the classification of 
these products. According to one, the products are 
classified into 4 categories with regard to leukocyte 
concentration and fibrin structure: pure platelet 
rich plasma (P-PRP), leukocyte- and platelet-
rich plasma with high leukocyte count (L-PRP), 
pure platelet-rich fibrin (P-PRF), leukocyte- and 
platelet-rich fibrin (L-PRF) [15]. In some literature 
reports another terminology is used such as: au-
tologous platelet-rich plasma (aPRP) [16], plasma 
rich in growth factors (PRGFs) [17], platelet-rich 
concentrate (PRC) [18], advanced platelet rich 
fibrin (A-PRF) and injectable platelet-rich fibrin 
(i-PRF) [19].

There is no one definition of PRP. In scien-
tific literature however the product is most often 
referred to as plasma with platelet concentration 
several fold higher than that in peripheral blood 
(baseline). In 2001, Marx reported 1 million plate-
lets in 1 μl of the product (i.e. platelet concentration 
4–5 fold higher than in whole blood) [20]. Jungbluth 
et al. suggested to apply PRP at platelet concentra-
tion 3–5 fold higher than baseline [21]. Cho et al. 
proposed platelet concentration 3–7-fold higher 
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[22], while Franchini et al. applied PRP at platelet 
concentration even 14-fold higher than baseline 
[23]. On the other hand, Anitua et al. achieved 
good clinical effects with platelet concentration of 
300 thousand/μl [24].

In 2006, Graziani et al. studied the effect of 
various PRP concentrations on the in vitro pro-
liferation on human osteoblasts and fibroblasts. 
The maximum effect was achieved with platelet 
concentration 2.5 x higher than baseline, while 
PRP with still higher platelet concentration was 
found to reduce cell proliferation [25].

In 2004, Weibrich et al. compared the effect of 
PRP at three different platelet concentrations on 
bone regeneration in rabbits. After 3 and 4 weeks of 
applying PRP with platelet concentrations 2–6 fold 
higher than baseline, a 90% increase of bone mass 
was reported as compared to the control group. No 
stimulation effect was observed at platelet concen-
trations lower than 2 x baseline, while at platelet 
concentrations 6–11 fold higher than baseline, bone 
formation was inhibited [26].

Depending on the preparation protocol, the 
PRP content may significantly differ in terms of 
platelet and leukocyte count and growth factor con-
tent [27]. In 2014, Ehrenfest et al. suggested a sys-
tem of PRP classification with regard to leukocyte 
count into: leukocyte-rich platelet-rich plasma(LR-
PRP) and leukocyte-poor platelet -rich plasma 
(LP-PRP). LR-PRP is obtained from buffy coat with 
higher centrifugation speeds or double centrifu-
gation of whole blood, while LP-PRP is obtained 
at lower speeds and with single centrifugation 
[28]. Some authors point out that leukocytes are 
a source of pro-inflammatory cytokines, which may 
negatively affect tissue healing. Others indicate 
that LR-PRP accelerates healing of infected soft 
tissues. Apart from their immunological functions, 
leukocytes release additional quantities of growth 
factors and manifest anti-nociceptive properties 
due to released anti-inflammatory cytokines (IL-4, 
IL-10 and IL-13) and opioid peptides (b-endorphin, 
met-enkephalin and dynorphin-A) [29].

Application

PRP is a therapeutic option for different pa-
thologies in such medicinal fields as: surgery, 
orthopedics, dermatology (cosmetic medicine 
included), dentistry, urology, ophthalmology, oto-
laryngology, sports medicine, as well as veterinary 
medicine. PRP is used in general surgery, maxil-
lofacial surgery, major vascular surgery, obstetrics 
and gynecological surgery (i.e. hysterectomy, ce-

sarean section), cardiothoracic surgery, cosmetic 
and facial plastic surgery and neurosurgery. It is 
applied in procedures such as: bone reconstruc-
tion (e.g. jaw reconstruction) or tooth extraction. 
In sports medicine, PRP is used for management 
of tendons (tendinopathy), muscles, ligaments 
and meniscical tears; in dermatology it is used for 
treatment of chronic ulcers and burn wounds. It 
is also used in skin grafting [7, 9, 11, 24, 30–37].

Aesthetic medicine offers micro-needling 
procedures (mesotherapy) which consist in per-
forming numerous fine needle punctures of the 
skin with special devices such as Derma Pen® or 
Derma Roller®. Micro-wounds are then formed in 
which platelets and neutrophils release additional 
amounts of growth factors inducing inflamma-
tory processes. As result, new collagen fibres are 
formed. Mesotherapy is also paired with platelet-
rich plasma for treatment of acne scars, baldness 
as well as the so-called “vampire facelift”. Growth 
factors stimulate fibroblast activity to boost colla-
gen and elastin production. Wrinkles are smoothed 
out and the symptoms of erythema or edema are 
reduced [38, 39].

Platelet rich plasma as source of growth 
factors that stimulate tissue repair 

Wound healing is a complex process usually 
initiated in the blood clot, hence the interest in 
blood as source of platelets and platelet-released 
substances that accelerate healing [40]. It is com-
mon belief that for tissue regeneration to occur it 
is recommended to apply biomaterial containing 
the so-called Lynch triad. The components of the 
Lynch triad are: 1) a synthetic or natural tissue 
matrix; 2) mediators affecting target cells of the 
injured tissue (growth factors, cell adhesion factors 
[adhesins], hormones, vitamins); 3) cells mediated 
by mediators: undifferentiated stem cells, partially 
differentiated cells (preosteoblasts, fibroblasts, 
chondroblasts) or differentiated cells (fibrocytes, 
osteocytes). PRP meets two requirements of the 
Lynch triad — it is both the matrix and contains 
mediator-releasing platelets; it has no cell medi-
ated cells [41].

Following activation, platelets change shape 
and develop cytoplasmic projections (pseudopodia) 
which enable movement within the clot matrix for 
more effective regeneration of the injured tissue. 
Like other cells, platelets have various intracellular 
structures such as a granules which release growth 
factors crucial for tissue repair and hemostasis. 
Growth factors are signaling cells (ligands) which 
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affect specific receptors and act like hormones 
through autocrine, paracrine or endocrine signaling. 
Growth factors regulate expression of other growth 
factors and are controlled by a feedback mechanism 
[4, 30, 40, 42, 43]. Table 1 presents the classifica-
tion of growth factors and their biological functions. 

Other growth factors to be found in PRP are: 
brain-derived neurotrophic factor (BDNF), b-nerve 
growth factor (b-NGF), ciliary neurotrophic factor 
(CNTF) belonging to the IL-6 family, connective 
tissue growth factor (CTGF), granulocyte colony-
stimulating factor (G-CSF), macrophage colony-
stimulating factor (M-CSF), granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and growth dif-
ferentiation factors (GDFs), a TGF-b subfamily [49].

Intensive growth factor release begins in 
platelets within the first 10 minutes of initiation of 
the clotting process; the vast majority of growth 
factors (> 95%) is released within the first hour 
of platelet activation. Over the next several days, 
platelets synthesize and release additional amounts 
of growth factors [18, 31].

PRP is not only the source of growth factors 
but also of adhesins, i.e. osteo-conductive proteins 
responsible for epithelial cell migration [50].

The mechanism of action of PRP is well illu-
strated on a model of jaw reconstruction developed 
by Marx et al. in the late 1990s following transplant 
of substantia spongiosa (spongy bone). In 2007, in 
their review article Wrotniak, Bielecki and Gaździk 
presented the following description of the process. 
They observed that the difference in oxygenation 
between the site of bone defect and the healthy 
tissue is crucial for bone repair. At defect-site, 
oxidation is 5–9 fold lower as compared to normal 
and pH is 4–6. These conditions are chemotactic for 
wound-cleaning macrophages that are an additional 
source of growth factors. Following PRP application 
the process of bone reconstruction begins when 
PDGF, TGF-b1 and IGF are released from platelet 
granules. PDGF stimulates mitogenesis of osteo-
genic cell and bone marrow stem cell. As result, 
the number of cells markedly increases. PDGF 
also stimulates angiogenesis through division 
of endothelial cells and budding of new capillary 
branches within the graft. TGF-b initially stimu-
lates fibroblasts and pre-osteoblasts to cell division 
(mitosis), which results in the increase in number 
and differentiation into mature osteoblasts. TGF-b 
stimulates osteoblasts to bone matrix formation 
and fibroblasts to collagen synthesis. Capillary 
ingrowth is thus supported. IGF affects osteoblasts 
and stimulates bone trabeculae formation within 
the transplanted spongy bone. Approximately on 

day 3, the appearance of graft-penetrating capillar-
ies is observed and complete graft vascularization 
occurs on day 14–17. The initially high cellular 
activity is mostly due to PDGF, TGF-b and IGF and 
in a lesser degree to other growth factors. Platelet 
survival time in injured tissue as well as the growth 
factor effect lasts approximately 5 days. The process 
of bone repair may then continue either through 
increase in the number of stem cells and their differ-
entiation into osteoblasts (which then release TGF-b 
and IGF into the bone matrix) or through a more 
dominant mechanism based on chemotaxis and 
activation of macrophages. After 3 days, the effect 
of platelet PDGF weakens and macrophages take 
over the function of releasing growth factors. The 
newly formed bone is an immature woven structure 
devoid of Haversian canals and structural integrity. 
This is bone formation-phase I which occurs during 
the first 4 weeks after transplant. Approximately 
4 weeks later, the oxygen gradient disappears and 
the immature bone undergoes gradual resorption 
and transformation into mature form with a micro 
fibrous lamellar structure. This is the so called bone 
— phase II with Haversian canals, intraosseous and 
periosteum. Responsible for this process are IGF 
and BMPs which bind to the bone matrix and are 
released by osteoclasts during the process of bone 
remodeling [35].

It is believed that the evolutionary goal of 
growth factor- induced regenerative processes 
is to save energy and to use it effectively. From 
this perspective, it would be most ineffective to 
maintain a large population of repair cells with no 
other function to perform. The number of repair 
cells decreases with age. If necessary, the growth 
factor-based system can rapidly increase the pool 
of such repair cells and to stimulate their activity 
during the healing process [35].

The amount of released growth factors is cor-
related not only with the number of activated plate-
lets but also with the method of blood collection, 
centrifugation spin, speed, time and temperature, 
the overall preparation time, type of anticoagulant 
and platelet activators added to PRP. The choice 
of preparation protocol is of key importance as it 
may affect premature platelet activation and growth 
factor release [31].

Advantages of autologous platelet rich 
plasma 

The main advantage of autologous PRP is 
safety. PRP from autologous blood is safer than 
allogenic agents burdened with higher risk of im-
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Table 1. Growth factors in platelet rich plasma — classification and functions [3–5, 18, 32, 41, 44–48]

Growth factor Classification and functions

Platelet derived 
growth factor 
(PDGF)

• 5 homo- or heterodimeric forms: PDGF-AA, PDGF-BB, PDGF-AB, PDGF-CC, PDGF-DD

• Acts through a-receptors of target cell membrane and affects their gene expression. Damage to 
PDGF a-receptor results in disorders of craniofacial and skeletal embryogenesis

• Released by platelets, fibroblasts and keratinocytes. In the later regeneration phase, also produced 
by smooth-muscle cells, activated macrophages or vascular endothelial cells

• Mitogenic and chemotactic for mesenchymal cells: fibroblasts, smooth-muscle cells, glial cells, 
neutrophils and macrophages

• Angiogenesis stimulator

• Stimulates epithelial formation

• Stimulates osteocyte and chondrocyte proliferation

• Accelerates effect of other GFs on target cells, e.g. macrophages

• Controls bone resorption and remodeling through increased number of osteoclasts 

Transforming 
growth factors-b 
(TGFs- b)

•This growth factor family includes: TGF-b1, TGF-b2 and TGF-b3, bone morphogenetic proteins 
(BMPs) and activins

• Mitogenic for fibroblasts, osteoblasts, smooth muscle cells; regulates their metabolism

• Stimulates extracellular matrix formation and angiogenesis through vascular endothelial cell  
activation

• Stimulates osteoclast apoptosis; bone formation has advantage over bone resorption

• Major role in wound healing

Vascular endo-
thelial growth 
factors (VEGFs)

• The growth factor family includes: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth 
factor (PlGF)

• Stimulates angiogenesis, enhances mitogenesis and vascular permeability (mostly endothelium)

• Anti-apoptotic properties: induces IAP proteins (inhibitors of apoptosis)

• One of major GFs during embryogenesis and vascular endothelial cell proliferation

• Responsible for reorganization of the extracellular matrix through inducing expression  
of plasminogen activators and their inhibitors as well as metalloproteinases

• Participates in neurogenesis and neuroprotection of the central and peripheral nervous system; 
stimulates growth of Schwann cells, proliferation and migration of astrocytes as well as  
endothelium to produce neurotrophic substances

Epidermal gro-
wth factors 
(EGFs)

• The family of growth factors includes: epidermal growth factor (EGF), heparin binding EGF  
(HB-EGF), transforming growth factor a (TGF-a), epiregulin, amphiregulin, betacellulin, epigene, 
neuregulin-1 (NRG-1), NRG-2, NRG-3, NRG-4, NRG-5 and NRG-6

• Released by platelets, macrophages and fibroblasts

• Mitogenic for fibroblasts, keratinocytes and endothelial cells

• Stimulates epithelial cell differentiation, keratinocyte migration and epithelial angiogenesis 

• Boost collagen activity; chemotactic for endothelial cells

Fibroblast gro-
wth factors 
(FGFs)

• FGF-2, FGF-7 and FGF-10 — crucial for wound healing

• FGF-2, also referred to as basic fibroblast growth factor (bFGF), affects granulation and tissue re-
modeling. Regulates synthesis and deposition of various extracellular matrix components, boosts 
keratinocyte mobility and stimulates fibroblast migration and collagen production

• FGF-7, also called keratinocyte growth factor-1 (KGF-1), crucial for tissue neo-vascularization

• FGF-7 (together with FGF-10) mitogenic for keratinocytes, stimulate their differentiation and 
migration which is crucial for tissue re-epithelialization. Protect keratinocytes against apoptosis, 
increase transcription of factors that remove reactive oxygen species

Insulin-like gro-
wth factor-1 
(IGF-1)

• Modulator of apoptosis

• Together with PDGF, promote bone regeneration through osteoblast proliferation  
and differentiation

• Chemotactic for fibroblasts

• Affect keratinocyte migration

Æ
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Growth factor Classification and functions

Hepatocyte gro-
wth factor (HGF)

• Stimulate angiogenesis 

• Mitogenic for hepatocytes and endothelial cells

• Key factor for tissue self-repair in animal models

 Protect liver, kidneys, lungs, heart, brain and gastrointestinal mucosa, due to anti-apoptotic  
and anti-inflammatory properties (as demonstrated on animal models)

 HGF neutralization at embryonic stage leads to hypoplasia

• Cytotoxic effect on some cancer cells

• One of glucose controlling factors — preventive against hyperglycaemia, stimulates insulin  
secretion

• Increases hair growth

Platelet factor-4 
(PF-4)

• Anti-heparin effect, stimulates clot formation

• Chemotactic for fibroblasts

• Stimulates initial neutrophil influx into injured tissue

Human platelet-
-derived endo-
thelial growth 
factor (PDEGF)

• Accelerates wound healing, stimulates proliferation of keratinocytes and cutaneous fibroblasts

Platelet-derived 
angiogenesis  
factor (PDAF)

• Stimulates angiogenesis 

Table 1 cont. Growth factors in platelet rich plasma — classification and functions [3–5, 18, 32, 41, 44–48]

munogenic reactions or microbial transmission 
from other donors [18, 40, 51].

Another advantage are antimicrobial [52, 53] 
and antifungal [54] properties. Dense granules of 
activated platelets release not only growth factors 
but also a number of biologically active substances 
such as proaccelerin, serotonin, catecholamines 
and antimicrobial proteins. Thrombin-activated 
human platelets release 7 proteins which belong 
to the group of antimicrobial peptides (HPAPs): 

 — fibrinopeptide A (FP-A); 
 — fibrinopeptide B (FP-B); 
 — thymosin b-4 (Tb-4); 
 — platelet basic protein (PBP); 
 — connective tissue activating peptide 3 (CTAP-3); 
 — RANTES protein; 
 — platelet factor 4 (PF-4) [24, 54]. 

In their microbiological in vitro studies per-
formed in 2002, Tanga et al. confirmed the anti-
microbial and antifungal efficacy of these proteins 
against: Escherichia coli, Staphylococcus aureus, 
Candida albicans and Cryptococcus neoformans. 
The higher the peptide concentration, the larger 
the bacteria and fungi inhibition zone. The optimal 
antimicrobial and antifungal efficacy of each protein 
of the HPAPs group is observed at slightly different 
pH; antifungal activity is greater at acidic pH, while 
the optimum of antimicrobial activity is observed 
at slightly alkaline pH [54].

An interesting, though not yet fully investigat-
ed phenomenon is the relation between sensitivity 
of some bacterial strains and the type of platelet-
activating thrombin (bovine or human) [55].

Application of autologous PRP has also been 
observed to have an analgesic potential which con-
tributes to reduction of the amount of prescribed 
pain killers as well as blood loss after surgical pro-
cedures [34, 56, 57]. In their studies on analgesic 
properties of PRP, Fanning et al. assessed pain 
perception of 55 women after major gynecologic 
surgery. In the study group the women were given 
PRP and experienced less, short-lasting pain and 
therefore the amount of prescribed analgesics 
could be reduced [34]. In 2009, Johal et al. per-
formed a meta-analysis of 78 randomized placebo-
controlled trials (RCTs) which comprised 5308 
patients subjected to orthopedic surgery with PRP. 
Up to date this is the largest RCT review in this 
topic field. A statistically significant reduction in 
pain perception was recorded for humeral epicon-
dylitis and knee osteoarthritis, while for muscle 
injuries, rotator cuff repair or reconstruction of 
anterior cruciate ligament, the analgesic effect 
was negligible or statistically insignificant. As 
matter of interest, neither the leukocyte or plate-
let count nor the platelet activators had effect on 
the results. The authors also analyzed 3 attempts 
at management of humeral epicondylitis where 
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application of whole blood or the so-called dry 
needling procedures brought about a similar effect 
as PRP application. The authors offer two explana-
tions. The use of whole blood or mere stimulation 
of inflammatory processes and local bleeding in 
injured tissue may have induced release of suf-
ficient amounts of therapeutic agents to achieve 
an analgesic effect (though not comparable to that 
following PRP application). The other explanation 
is that a placebo effect may have occurred. The 
authors emphasize the need for further research 
in order to determine the differences between the 
two treatment protocols [58].

Equally important advantages of PRP are the 
relatively easy preparation procedure and short 
preparation time (about 30 minutes from blood 
collection to application) as well as low cost [59].

Risk associated with application of 
platelet rich plasma

Although the advantages of PRP therapy are 
undisputable, there are also risk factors that need 
to be considered one of which is microbial infection. 
PRP is prepared from blood collected by venipunc-
ture and stored at room temperature; such condi-
tions may promote bacterial proliferation [60]. It 
should be noted that in treatment protocols based 
on PRP injections, skin is punctured and there is 
the risk of infection and mechanical tissue injury. 
However, if appropriate procedures are followed 
and the medical personnel maintains sterility re-
gime, the risk is minimized [30, 61].

PRP initiates the coagulation process, there-
fore — if applied inadequately — it may trigger an 
intravascular coagulation process. 

In some cases, application of PRP may induce 
adverse reactions, as it stimulates the body’s defense 
mechanism. In the past, bovine thrombin added to 
PRP for platelet activation was found responsible 
for eliciting immune responses in some patients. 
Bovine thrombin administered together with bovine 
factor Va was responsible for life-threatening coagu-
lopathies due to development of antibodies against 
human coagulation factors such as thrombin, factor 
XI and in particular factor V. Since 1997, factor Va 
has been eliminated from the manufacturing process 
of bovine thrombin [8, 18, 62, 63].

In the course of growth factor-rich therapies 
it is crucial to avoid skin exposure to sun light 
because it is not entirely clear what effect UV 
radiation may have on the expression and func-
tion of TGF-b. UV radiation interferes with the 
transduction of the TGF-b-mediated signal to the 

cell nucleus, which may have carcinogenic effect 
on developing skin cancer [64].

Application of PRP is not recommended for 
patients with blood coagulation disorders and 
co-existing thrombocytopenia or hypofibrinogen-
emia [18], for nursing or pregnant women, cancer 
patients or patients with infectious diseases. 
Moreover, application of local anaesthetics (such 
as lidocaine or bupivacaine (Marcaine) prior to 
PRP injections may put patients at additional risk, 
particularly those who are allergic to these drugs. 
Prior to procedure patients should therefore be 
informed of the possible adverse reactions [61]. 

Another controversial issue is the leukocyte 
content in PRP. Leukocytes release catabolic en-
zymes, such as matrix metalloproteinases, which 
may delay the healing process [65]. In addition, 
neutrophils may contribute to tissue injury by 
releasing reactive oxygen species [66].

Limitations vs effectiveness of applying 
platelet rich plasma 

A vast majority of studies on the application of 
PRP were conducted on small groups of patients. 
Few of such studies were randomized, hence their 
low value as compared to the outcome of evidence-
based medicine (EBM). In their randomized clinical 
trials (in small groups of patients) of bone implants, 
Gołos and Treliński (2014) report no benefit of PRP 
for the healing process as compared to control. Rag-
hoebar et al. (2005) also demonstrated no statistical 
differences between control and patients subjected 
to autologous bone transplant during surgery of 
the maxillary sinus wall following PRP application. 
Results of randomized studies on the treatment 
of anterior cruciate ligament injuries showed no 
advantage of platelet rich plasma treatment [30]. 
In 2018, in the literature review of the topic, 
Šumanovac reported differences in the clinical 
efficacy of PRP in various orthopedic procedures. 
According to the author, most literature reports 
suggest that the effect of PRP in knee osteoarthri-
tis lasts for up to 12 months. Current studies on 
the effectiveness of PRP are inconclusive but some 
have demonstrated greater therapeutic efficacy of 
PRP as compared to placebo or hyaluronic acid. 
Some concern about the quality of publications as 
well as high risk of work-bias should however be 
considered as well as difficulties in assessment of 
clinical efficacy of PRP. Difficulties in comparing 
results of different studies are an additional chal-
lenge due to the lack of standardization of PRP 
preparation protocols [67].
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On the other hand, the clinical efficacy of PRP 
has been demonstrated in 2010 by Alissa et al. in 
a dental study which confirmed accelerated wound 
healing following tooth extraction, also in 2012 by 
Simonpieri et al. who reported good therapeutic 
outcome of bone-defect management as well as by 
Patela et al. for knee osteoarthritis in a random-
ized study of 150 patients [30, 36]. In 2017, Miron 
et al. in their review of the impact of PRF on soft 
tissue healing, reported that in 27 out of 31 (87%) 
clinical trials, the application of PRF brought about 
a statistically significant improvement in various 
medical procedures, including dental procedures 
[68]. In 2018, Chen et. al in their systematic re-
view of 8 randomized and 16 cohort studies (24) 
on PRP in androgenic alopecia therapy, reported 
21 studies with positive clinical results (88%) and 
3 with no clinical improvement following surgery 
[69]. The beneficial effects of PRP application 
have also been demonstrated after bone implants 
and surgical treatment of periodontal defects, in 
plastic surgery in the treatment of chronic wounds 
(including diabetic foot), in facial reconstructive 
surgery or after gynecologic procedures. Several 
randomized clinical trials on chronic tendinopathy 
management reported a beneficial though delayed 
effect of PRP. A meta-analysis of research on PRP 
application is therefore a challenge due to variety 
of anatomical structures under study, demographic 
differences (professional athletes, amateurs), dif-
ferences in PRP preparation protocols, in injection 
technique, post-surgical rehabilitation, and evalu-
ation of therapy outcome [30].

The PRP therapy is now more advanced and 
more frequently relied on in various medicinal fields 
for treatment of both people and animals. Since 
2015, PRP has been used for endometrial growth 
promotion (thin endometrium disorders) [70], and 
in the recent years attempts have been made at 
PRP management of carpal tunnel syndrome [71], 
empty nose syndrome [72], Sjögren’s syndrome 
[73] or management of dry eye syndrome through 
application of platelet rich plasma in form of eye 
drops [74]. In 2019, studies were performed on 
Alzheimer’s mice which were applied plasma rich 
in growth factors. The study aim was to assess the 
impact of growth factors on disruption of blood-brain 
barrier integrity and functions and the effect on 
amyloid b deposition. Although the results of initial 
in vitro studies were promising, in vivo studies dem-
onstrated increased disease-related pathology [17].

More recent attempts are directed at application 
of platelet-rich plasma in the management of erectile 
dysfunction [75] and cosmetic gynecology, e.g. for 

vaginal rejuvenation [76] or the so-called “O-shot” 
[77] treatments aimed at restoring pleasure in sex 
life by revitalization of female intimate areas. 

Preparation, application and 
classification of platelet rich plasma 

PRP is obtained by differential centrifuga-
tion of whole blood collected into special tubes or 
commercially available sterile kits from different 
manufacturers. Blood draw occurs with the addi-
tion of an anticoagulant, e.g. ACD-A (Anticoagulant 
Citrate Dextrose Solution, Solution A) and it is then 
centrifuged at different speeds depending on the 
manufacturer’s instructions. Red blood cell frac-
tion is separated from platelet rich plasma (PRP) 
and platelet-poor plasma (PPP) fractions [40]. It 
should be noted that the centrifugation procedure 
may cause lysis and fragmentation of some platelets 
which results in premature release of bioactive 
growth factors. Choice of optimal centrifugation 
parameters is therefore of crucial importance 
[18]. PRP preparation through centrifugation is 
such a simple procedure that it can be performed 
in the physician’s office or the operating room. 
Centrifugation must take place under sterile con-
ditions and the parameters should be adjusted so 
as to separate platelet mass from red blood cells 
without causing platelet lysis. Following centrifuga-
tion, the platelet layer is extracted together with 
a small volume of plasma [50].

Depending on the system, the volume of blood 
collected from the patient varies from 9 to 120 ml 
[30]. Blood is collected into special containers or 
syringes with anticoagulant which contains sodium 
citrate at a volume ratio of 10: 1. The most com-
monly used anticoagulant is ACD solution (Acid 
Citrate Dextrose) which is optimal for maintaining 
platelet viability [48]. The properties of CPD solu-
tion (Citrate Phosphate Dextrose) are similar but 
10% less effective for maintaining platelet viability 
[20]. On the other hand, EDTA solution (ethylene-
diaminetetraacetic acid) is a potentially harmful 
anticoagulant which may cause platelet injury [48]. 
Blood is subjected to one or two centrifugations. 
After initial centrifugation, blood is separated into 
three fractions: RBC, PRP and PPP. The layer of 
PRP is syringe-removed from above other layers 
and subjected to second centrifugation to obtain 
higher platelet yield. The final volume of the pro-
duct ranges from 3 to 32 ml and also depends on 
the system used [30].

Immediately before PRP application to the 
target site, platelet activators are added (usually 
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bovine thrombin, less often recombinant as well as 
10% solution of CaCl2 at a volume ratio of 6: 1 or 
10: 1) in order to stimulate platelet degranulation 
and to initiate the clotting process. When PRP is 
applied by way of injection, apart from standard sy-
ringes also special two-cannula syringe are in use. 
The applicator structure allows the components to 
mix immediately before application to the target 
tissue [18, 48, 78–80]. Ultrasound, X-ray or MRI 
imaging are used during PRP application as well 
as in follow-up examinations [40, 81].

Platelet activation may also occur without the 
help of additives. Platelet-rich fibrin (PRF) is a new 
generation platelet concentrate predominantly 
used in dentistry, oral and maxillofacial surgery. 
Application of PRF is simpler as it requires no 
substances such as anticoagulants or activators. 
Clot formation occurs naturally and has a more 
flexible fibrin network, as compared to activated 
PRP. Within this network cells can migrate and 
growth factor release is prolonged [78]. In 2018, 
Du et al. described an innovative, temperature-
dependent method of PRP preparation and acti-
vation which they called temperature controlled 
PRP (t-PRP). They obtained t-PRP as result of 
double centrifugation of whole blood at 4°C and 
activation was induced by heating the product 
to 37°C. Platelet-rich plasma obtained with this 
technique was found to have better physiological 
characteristics as compared to conventional PRP 
activated with additional substances. The process 
of growth factor release occurred more slowly and 
was prolonged [82]. Harrison et al. demonstrated 

the effect of the method of platelet activation 
on the dynamics of growth factor release. Dur-
ing platelet activation with thrombin or calcium 
chloride, growth factors are released immediately, 
while during natural activation (contact of target 
tissue with collagen) the process occurs gradu-
ally and is extended over a longer period of time 
[83]. An interesting method of platelet activation 
still under investigation is photo activation with 
polychromatic (near infrared band) light at a wave-
length of 600–1200 nm [84]. Another alternative 
method is pulse electric field stimulation licensed 
in 2019 by Neculaes et al. Modifications of these 
methods allow to achieve the effect of prolonged 
and controlled process of growth factor secretion. 
Optimization of these methods leads to higher 
concentrations of growth factors at no clot forma-
tion which would make PRP application difficult. 
This is an advantage over conventional methods 
which rely on activating substances [85].

There are various commercial systems for 
PRP production available on the market (Table 2) 
[86]. They differ with regard to volume of collected 
blood (9–120 ml), number of centrifugations (1–2), 
spin speed and temperature as well as platelet 
yield [30].

Worldwide there is a variety of commercially 
available methods used for preparation of PRP. 
In their 2019 review of 876 papers, Fadadu et al. 
identified as many as 33 systems and protocols 
for PRP production which differed with regard to 
preparation conditions and platelet yield in the 
final product. The authors emphasized the need 

Table 2. Characteristics of commercial systems used for PRP preparation [86]

System Blood  
volume 

[ml]

Centrifugation Time 
[min.]

Final PRP 
volume 

[ml]

Multiple of  
baseline PLT  

concentration

Leukocytes Activator

ACP-DS (Arthrex, 
Naples, FL)

9 Single/one 5 3 × 2–3 Absent Absent 

Fibrinet (Cascade; 
Musculoskeletal Tis-
sue Foundation)

9–18 Single for PRP 

Double for PRFM

6 for PRP

15 for 
PRFM

4–9 × 1–1.5 Absent CaCl2

GPS (Biomet) 27–110 Single 15 3–12 × 3–8 Present TA/CaCl2
Magellan (Medtro-
nic, Minneapolis, 
MN)

30–60 Single 4–6 6 × 3–7 Present CaCl2

PRGF (BTI Biotech-
nology Institute)

9–72 Single 8 4–32 × 2–3 Absent CaCl2

SmartPrep (Harvest 
Technologies, 
Plymouth, MA)

20–120 Single 14 3–20 × 4–6 Present TB/CaCl2

CaCl2 — calcium chloride; PRFM — platelet-rich fibrin matrix; TA — autologous thrombin; TB — bovine thrombin
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for standardization of PRP separation protocols for 
better understanding of treatment methods based 
on platelet-rich plasma [87]. In their review of sci-
entific literature covering 105 studies performed in 
the years 2006–2016, Chahla et al. found that only 
11 papers (10%) presented a detailed description 
of reproducible preparation protocols and only 
17 (16%) included a quantitative measurement 
of the chemical composition of final PRP product 
[88]. In response to the call for standardization of 
PRP preparation and application protocols, in 2012 
DeLong et al. came forward with the PAW clas-
sification system based on: 1) absolute number of 
platelets, 2) mechanism of platelet activation and 3) 
the presence or absence of white cells. With regard 
to platelet concentration the authors classify PRP 
into: P1 (concentration lower or equal baseline 
platelet value in peripheral blood), P2 (higher than 
baseline — 750,000 PLT/μl), P3 (> 750,000 — 
1,250,000 PLT/μl ) and P4 (> 1,250,000 PLT/μl) [89].  
In the same year, Mishra et al. developed a clas-
sification system which distinguished 4 types of 
PRP: I. LR-PRP; II. LR-PRP gel; III. LP-PRP; IV. 
LP-PRP gel. The system took into account leuko-
cyte presence (types I and II) or absence (types III 
and IV) and use of platelet activators (types II and 
IV) or no activators (types I and III). This system 
also included the criterion of platelet concentra-
tion: lower (type A) or higher (type B) than 5 fold 
baseline platelet value in peripheral blood [81]. In 
2015, Mautner et al. developed a more accurate 
classification system based on: PRP concentra-
tion (PLT/μl), presence or absence of leukocytes 
(% of neutrophils) and RBCs, and the presence 
or absence of activators. They named the system 
PLRA for Platelets, Leukocytes, Red blood cells 
and Activation [90]. In 2016, Magalon et al. devel-
oped a similar classification system — DEPA based 
on factors such as: 1) dose of injectable platelets,  
2) efficiency of production expressed as percentage 
of platelet recovery, 3) purity of PRP — percent-
age of platelets against RBC and white blood cell 
count, 4) mechanism of PRP activation — factor 
or mixture of factors used for platelet activation. 
These classification systems are helpful for com-
paring different protocols of PRP preparation [91]. 
Lana et al. (2017) emphasized the special role 
of peripheral blood mononuclear cells (PBMCs) 
that may be present in PRP. The pool of PBMCs 
includes monocytes and lymphocytes involved 
not only in the immune response, but also in the 
process of regeneration through cytokine release. 
Cytokines perform various functions: chemotactic, 
pro and anti-inflammatory, proliferation-promoting 

or modulating the release functions of other cells. 
In view of the above, the authors point to the need 
of quantification of PBMCs in PRP and propose 
still another classification system- MARSPILL. 
The system also includes the parameters of PRP 
preparation and application such as: 1) method 
of obtaining PRP — automated (M, machine) or 
manual (H, handmade); 2) number of spins ( Sp1 or 
Sp2); 3) presence of red blood cells (RBC-R, RBC-
P); 4) platelet concentration (multiple of baseline 
platelet yield): PL: 2–3, PL: 4–6, PL: 6–8 and PL: 
8–10); 5) presence of leukocytes (Lc-R, Lc-P) and 
leukocyte count; 6) platelet activation (A+, A–); 
7) photo activation (L+, L–) and imaging guidance 
during PRP application (G+, G–). The authors de-
fine low-erythrocyte PRP as a product with RBC 
content 15x lower as compared to the patient’s 
peripheral blood, while LR-PRP and LP-PRP are 
defined as having a higher or lower leukocyte count 
respectively, as compared to baseline. Moreover, 
the MARSPILL classification system requires the 
use of a hematology analyzer for more accurate 
differentiation and quantification of cells in PRP. 
The MARSPILL acronym is derived from: method 
(M), activation (A), red blood cells (R), spin (S), 
platelets (P), image guidance (I), leukocytes (L), 
light/photo activation (L). The authors found it 
justified to include photo-activation of PRP as one 
of the parameters of the newly created classifica-
tion system in view of the new, promising reports 
regarding positive effects of light-activated PRP in 
the management of knee osteoarthritis [92]. 

Summary

Up to date publications allow to consider PRP 
therapy as relatively safe for the reason that the 
product is autologous [18, 40, 51]. The preparation 
procedure is simple, inexpensive and quick, often 
to be performed at the patient’s bed side [59]. PRP 
has antimicrobial, antifungal properties [52–54] as 
well as analgesic impact, which allows to econo-
mize on the use of narcotic analgesics [34, 58].

Despite numerous studies and promising 
treatment effects, there is still the need for large-
scale randomized studies to confirm the therapeu-
tic properties of PRP [26].

Great hope is also associated with combined 
therapy, where the effect of PRP is supported by mes-
enchymal stem cells (MSC) and gene therapy [79, 93].

In the literature review on PRP preparation 
protocols by Dohan Ehrenfest, Rasmusson and Al-
brektsson (2009) the world market of platelet con-
centrates is perceived as a “jungle” of commercial 
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offers and products of doubtful standardization [94]. 
The large number of currently available protocols 
of PRP preparation and application is a challenge 
to the scientific environment in the sense that 
efforts should be made to develop international 
guidelines for standardization of PRP preparation 
and clinical application with regard to specific pa-
thologies and disorders. Most authors acknowledge 
that platelet-rich plasma is a promising method of 
tissue repair but at the same time they emphasize 
the importance of standardization [30, 42].
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