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ABSTRACT
More than two decades ago, scientists discovered that human blood platelet concentrates might be useful as anti-
inflammatories. In order to better understand the advantages of employing human blood protein as a source of 
growth factor that assists in angiogenesis and tissue ingrowth, this model was created in consideration of the
multiple platelet concentrates such as PRP, PRF, and their various variants. For all its early success, PRP has 
had a slew of problems that have kept it from reaching its full potential. The method of collecting and 
processing the human blood was time consuming and therefore an additional anticoagulant such as calcium 
chloride or bovine thrombin to prevent blood from clotting was mandatory. To overcome these constraints, fresh 
methods of tissue regeneration have to be developed such as plasma rich fibrin and its variants, one of which is 
known as advanced-platelet rich fibrin (A-PRF). First and second-generation platelet concentrates as well as the 
recently introduced A-PRF are discussed in this article.

“Keywords: Platelet concentrates, Platelet Rich Plasma, Platelet Rich Fibrin, Advanced Platelet Rich Fibrin, 
Blood Derivatives, Growth Factors”

INTRODUCTION
In previous years, multiple techniques of tissue repair and regeneration have been put forward some of which 
includes application of methods such as guided bone and guided tissue regeneration. These methods over the 
time have been well accepted in regenerative dentistry. Furthermore, the concept of cell-based tissue 
engineering has enhanced the regenerative capacity of these biomaterials by accelerating the anastomosis and 
vascularization at the surgical site. However, isolation and cultivation of these cells required strict sterile 
environment and elaborated conditions. The key disadvantages for practical translation were the limited 
application of these approaches simultaneously with surgical intervention, as well as the extended duration and 
high cost. Thus, the need for novel tactics to address these challenges with less-complex approaches led to the 
discovery of the platelet as having tissue repair and regeneration potential.1

There are two distinct membrane structures in platelets: the surface linked canalicular system and the dense 
tubular system. Platelets are an anucleated cytoplasmic component of the blood formed from an individual's 
bone marrow megakaryocytes that are around 2–3 m in diameter. Grains are surrounded by an individual 
membrane that is cylindrical or oval in shape, with an average diameter of 200 to 500 nanometers. It includes 
platelet-derived growth factor (PDGF), IGF-I, and TGF-, which together create an intracellular protein pool 
critical to wound healing (TGFb). As a result of their restorative properties, blood-derived platelet concentrates, 
which include both platelets and growth factors, have been widely employed in both medicine and dentistry 
since 2001.2

When fibrin sealants were introduced in the late 1970s, platelet-rich plasma (PRF) and platelet-rich fibrin (PRF) 
were categorized as two separate generations of platelet concentrates. As autologous products platelet 
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concentrates (PC), platelet gels, and platelet rich plasma (PRP) were developed to combine the fibrin sealant 
properties of platelets with the growth factor effects of platelets. 3,4

French researchers Choukroun and colleagues created platelet-rich fibrin in 2000 and dubbed it leukocyte 
platelet-rich fibrin (L-PRF).2 Autologous blood drawn from a patient and promptly centrifuged to activate 
platelets and initiate fibrin polymerization is used in the vast majority of cases. Centrifugation concentrates the 
major broad-spectrum components, such as platelets, in a multidimensional three-dimensional structure. This 
second generation of platelet concentrate does not have any danger since it contains no bovine thrombin.5

As a consequence of Choukroun's improvements to the original L-PRF approach, which included increasing 
centrifugation duration and reducing g-force, a new procedure known as advanced PRF (A-PRF) has arisen.6

HISTORY OF PLATELETS’ EVOLUTION TO PRP
Cellular organization, extra-cellular matrix formation and chemical signaling are the process involved in healing 
and repair in a humanbeing.Platelets are responsible for hemostasis in the tissue and for the healing process after 
a wound has been cut. 7 Having this initial cell in activity at a wound site during tissue healing is crucial for the 
start of this process. “Pro-coagulant platelets are a rich source of growth factors such as vascular endothelial 
growth factor (VEGF), TGF-b1 and TGF-b2, as well as platelet-derived growth factor (PDGF) (PDGF). The 
wound healing angiogenic cascade includes all of them.”8

As a reference to the typical platelet concentration for blood transfusion, Kingsley and his colleagues coined 
"platelet-rich plasma."4 It was Whitman et al. who initially described PRP; Dohan et al. followed up with a more 
refined version in 2001.7 Autologous platelets are concentrated in a tiny amount of autologous plasma in PRP, 
which is also known as platelet-enriched plasma (PRP). With a typical human platelet count of 150,000/1 L to 
350,000/1 L, this is an abnormally high concentration of 1,000,000/1 L or more per milliliter of plasma, which 
is quite unusual.8 Thrombin and calcium chloride are added to the centrifuged autologous whole blood to 
generate the platelet-rich plasma gel.
To enhance recovery in many dental treatments, particularly in elderly patients, PRP has been shown to be a 
beneficial supplement.8 One of dentistry's most innovative ideas is to boost the body's natural regeneration 
process by using the patient's own blood.7 The use of PRP in surgical operations has a beneficial impact in terms 
of decreasing bleeding and speeding up bone regeneration along with soft tissue repair, since it includes growth 
factors that encourage healing.8The abundant growth factors, cytokines and signaling molecules of the platelets 
present in the PRP affects the inflammatory process, angiogenesis in the affected site, migration of the stem cell 
and cellular proliferation according to various studies. Upon activation, these P-granules are degranulated which 
leads to the release of these substances modifying the pericellular microenvironment. Of the growth factors (GF) 
present in the PRP released by the activated platelets include epidermal growth factor, insulin-like GF 1, 2 (IGF-
1, IGF-2), hepatocyte GF,  matrix metalloproteinases 2 &9, vascular endothelial GF, platelet-derived GF, 
fibroblast GF (FGF) and interleukin 8.9

However, in spite of the mountingaccomplishment and use of PRP in the early years, numerous limitations 
prevented its full potential. The addition of anticoagulants such as the bovine thrombin or CaCl2 (both of which 
are known inhibitors of wound healing) to prevent clotting of the collected blood was done to overcome the 
lengthy collecting and processing time duration. But as both of these are known wound healing inhibitors they 
delayed or prevented proper healing.10 Another disadvantage was its physical form i.e. its liquid nature which 
required its combination with other biomaterials to enhance its placement at the wound or surgical site. This 
caused it to be mixed with bone grafts obtained from human cadavers known as allografts or animal products 
such as xenografts, further combining its application with other “unnatural” products.11These limitations 
necessitated investigation of new modalities for successful tissue regeneration.10

THE BIRTH OF PRF
Platelet-rich fibrin (PRF), a second-generation platelet concentrate that does not need anticoagulant, was 
created, allowing for a quicker preparation period, enabling PRP to be regarded its first generation.10 This 2nd 
generation of platelet concentrate (PRF) was established in 2001 by France's Oral and Maxillofacial Surgeon 
Joseph Choukroun and his colleagues. 7

Because it was derived from a natural clot, it was totally autogenous, and no anticoagulant or clotting agent was 
employed, PRF (later called leukocyte PRF or L-PRF owing to its extra leukocyte component) quickly became 
the most widely used blood product in the world.11Leukocytes, proteins such as vitronectin and fibronectin, 
bone morphogenetic proteins (BMP), cytokines, and development elements make up the characteristic fibrin 
grid that is L-PRF. It also acts as a framework for angiogenesis, releases growth factors such as PDGF, IGF, 
VEGF, and TGF, and releases cytokines and growth factors. Developmental components may maintain their 
critical activity in the fibrin network throughout a time period of 7 to 11 days due to the inherent fibrin system 
features of L-PRF, which in turn animates tissue healing. 12

When it comes to a practical use of L-PRF, the speed at which a variety of blood tests may be performed and 
transferred to a centrifugation machine is critical. Even without using anticoagulants, blood drawn for testing 
begins to coagulate practically immediately after it is connected to the test tube's glass, and the centrifugation 
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cycle takes just a little time to pack the fibrinogen into the top and central portions of the test tube. For a 
therapeutically useful L-PRF clump, dealing with it quickly is the most important factor. As long as the time 
between collection of the blood and the start of the centrifugation process is, the perfect fibrin clump will not 
form. A very little coagulation with no consistency will be obtained after it has been diffusely polymerized in 
the cylinder. 13,14

Since L-limitations PRF's have been reached, other things like titanium organized platelet-rich fibrin (T-PRF), 
high levels of platelet-rich fibrin, concentrated development factors (CGF), and I-PRF have been developed to 
help advance the technology.12

CLASSIFICATION & FORMS OF PLATELET CONCENTRATES
Different authors such as D Ehrenfest et al, Mishra et al and the PAW system have tried to classify the platelet 
concentrates.15The various groups under which we presently classify the platelet concentrates and its different 
forms available are as follows7

“CLASSIFICATION OF PLATELET CONCENTRATES
ÿ Platelet concentrates 
∑ Platelet rich plasma (PRP) 
∑ Platelet rich fibrin(PRF) 
ÿ Pure form (leukocyte poor) 
∑ P-PRP
∑ P-PRF 
ÿ Rich in leukocytes 
∑ L-PRP
∑ L-PRF 
ÿ Other forms 
∑ Choukroun’s PRF or Advanced PRF (A-PRF)
∑ Injectable PRF (i-PRF): obtained by dropping the centrifuge speed and minimizing the red blood cell 

fraction of the leukocyte infiltration 
∑ Concentrated Growth Factors (CGF):found by Rodella et al in 2011 is larger, denser and richer in growth 

factors as compared to PRF
∑ Titanium PRF (T-PRF): Titanium is more effective in platelet activation than silica used in glass tubes. It 

has a highly organized fibrin network compared to L-PRF.
AVAILABLE FORMS OF PLATELET CONCENTRATES 

∑ P-PRF & L-PRF : obtainable in strong gel form and as solid material.
∑ P-PRP & L-PRP : available in both liquid or gel solution.

ADVANCED PLATELET-RICH FIBRIN (A-PRF)”
Over the last half a decade numerous modifications to the processing of PRF including its velocity and duration 
of centrifugation have led to the surfacing of a new concept called as “low-speed centrifugation concept
(LSCC).11PRF matrices with greater concentrations of platelets and inflammatory cells benefit from a reduction 
in the relevant centrifugation force (RCF).1

When Ghanaati and Choukroun et al. attempted to adjust the initial centrifugation time and the G-force of the L-
PRF in recent years, they created A-PRF. In order to make it, we slowed the rotation speed and increased the 
centrifugation duration (1500rpm, 14min). 16 Cell-based tissue engineering was initially mentioned in 2014 as a 
new idea. 17 There has been an improvement in L-clinical PRF's results due to enhanced mechanical and 
biological features of the product. In immunohistochemical tests, a lower g-force resulted in a distinct pattern of 
cell dispersion. Platelets and leukocytes were found to be spread throughout the blood clot in greater proportions 
than previously thought. To add to these findings, the use of this technique has shown that the produced 
supernatant contains far more granulocytic neutrophil populations than would have been expected from the use 
of such high centrifugation pressures. Studies have shown that the reticular and porous microstructure of A-PRF 
is what gives it its elasticity. Thus, the interfibrillar gaps of the membrane might be proposed as an 
encapsulating competency for an increased number of cell components due to these inherent features. The 
migration and proliferation of fibroblasts and the mRNA levels of collagen have also been shown to have 
risen.16

Study done by Ghanaati and his co-workers in 2014 found that time and velocity of centrifugation do not have 
an effect on the concentration of stem cells and monocytes but have a considerable influence on the 
concentrations of neutrophils and platelets. There are more platelets and neutrophils in A-PRF than in L-PRF, 
indicating a higher platelet concentration in the distal membrane region. Matrix metalloproteinase-9, an enzyme, 
is used to increase angiogenesis. Neutrophils added to the PRF membrane using A-PRF might be considered if 
angiogenesis is a target. Platelets constituted the bulk of the cells seen in the locations where blood had 
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coagulated in both the L-PRF and A-PRF groups. Fibrin seeded cell matrix, comprising monocytes, 
lymphocytes (B and T), stem and platelets and neutrophilic granulocytes, has been histologically described as 
A-PRF. All of these cells may produce growth factors.They also observed that A-PRF had antibacterial action 
against all the single species tested. A-PRF has a stronger ability to consistently restrict the development of 
C.albicans compared to a full blood clot. Platelet antimicrobial peptides are more effective against bacteria than 
against fungus, as Tan and his colleagues found in 2002, while C.albicans is more resistant to platelet 
antimicrobial peptides. “A-PRF also had a better chance of preventing Streptococcus mutans than spontaneous 
blood clot. However, as no other Human Platelet Concentrates (HPC) were tested against these bacteria, the 
inhibitory mechanism and its therapeutic potential must be studied further.”
In a fibrin meshwork, growth factors from active platelets are produced, which may alter the production of 
antimicrobial peptides in nearby tissues. The quality of A-PRF may be affected by a variety of patient-related 
variables. Comparing the A-PRF quality of old patients with that of young patients, researchers discovered that 
A-PRF in the elderly was better ordered generically than that of the younger people. A larger investigation is 
required to confirm the scope of this one. Within and between each blood clot, the plasma concentration, cell 
population, and cell type are all unique. There can be no two samples of the same research that are identical in 
any way.18

According to Masuki et al., in a research published in 2016 identified considerable levels of growth factors in 
both A-PRF and CGF samples, which acted as both scaffolding materials and reservoirs for C-reactive 
protein.As a result, it is expected that these two preparations will be more effective than PRP preparations in 
inducing angiogenesis, wound healing, and/or tissue regeneration.19

There are multiple reasons and advantages of developing and using this new-generation platelet concentrate
namely the A-PRF; a few of which includes the following reasons. Due to the reduction in the speed and 
duration of the centrifugation one can see a greater amount of monocytes trapped within the fibrin matrix which 
causes a positive stimulation of the bone tissue aiding the healing process. There are various histological studies 
done on the fibrin clot showing that the cellular component of the A-PRF was the same as the PRF, however it 
might be the structural changes and the differences in the concentration at the cellular level observed within the 
fibrin clot of A-PRF that alters the course of wound healing.In addition, the synergistic interaction between the 
macrophages and neutrophils causing them to stimulate each other leads to wound healing and regeneration of 
tissues. This makes the A-PRF a perfect material compared to the other present cells. A few studies comparing 
A-PRF with the standard PRF, have proved that its excellent tissue regeneration or repair is attributed to the 
difference in the dispersion of neutrophilic granulocytes in the blood clot which in turn is related to the duration 
and velocity of centrifugation.17

“ADVANCED PLATELET RICH FIBRIN+ (A-PRF+)”
A newer variation to the A-PRF put forward by Fuijoka-Kobayashi et al who experimented by further 
decreasing the rotation time to 1500rpm in 8 minutes while keeping the force unchanged led to the invention of 
a new product named as A-PRF+. An extra advancement in the A-characteristics PRF+'s may be expected with 
the smallest reduction in time, which is thought to have a particular benefit over A-PRF in terms of cell 
preservation in the formed blood clot and, therefore, an additional advancement in the A-features. “If the new 
biomaterial's development parameters are changed, cells trapped in the fibrin coagulation and its movement, 
expansion, and degradability cycles will experience a delayed influx. 16

Numerous studies have indicated that the A-PRF+ strategy resulted in a larger number of platelets and 
leukocytes in the fibrin network, as well as a more uniform distribution of these cells. This fibrin grid is more 
permeable than the L-PRF grid, allowing detained platelets and immune cells to distribute growth factors at a 
greater, more sustained pace. 20

Both Advanced Platelet Rich Fibrin (APRF) and Platelet Rich Fibrin (PRF) were shown to be suitable platforms 
for regenerative endodontic treatment of damaged juvenile non-vital permanent front teeth in a clinical study 
completed in 2021. They also suggested A-PRF over PRF because it produced higher root dentin thickness, 
which is critical for fortifying young teeth that are still” developing.21

CONCLUSION
The introduction of newer materials and techniques in the field of medicine is still in the growing phase in 
which multiple researches at the clinical level has to be done. Clinical application of various complex tissue 
engineering needs to be further evaluated. Thus our aim should be to establish a method that can be done rapidly 
within the planned regenerative surgical procedures. Affordability of PRP, PRF, and its variations has increased 
its usage in the dental field, since it promotes safe and natural healing in surgical treatment. There is no doubt in 
my mind that Choukroun's PRF and A-PRF have shown to be a near-perfect technology for "directed" tissue 
creation. Because of its high concentration of growth factors including transforming growth factor-1 and platelet 
derived growth factor-AB, this kind of PRF may aid in tissue regeneration by promoting the differentiation of 
precursor cells such as prekeratinocytes and gingival fibroblasts into osteoblasts. A-PRF is also an excellent 
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source of autologous cells, particularly neutrophils and macrophages, which allows the cells in the scaffold to 
stimulate one another, resulting in a beneficial synergy for tissue regeneration. A-PRF & A-PRF+ are only two 
of the PRF derivatives that have been studied for their antibacterial capabilities, and we still know very little 
about them.Thus, it’s the clinicians’ responsibility to achieve a thorough understanding of its physiology, 
mechanism, advantages, disadvantages and its usage in the correct and best possible manner in any given 
situation.
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