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Abstract: Recent research on the use of platelet concentration in medicinal dentistry has enhanced
the potential for tissue regeneration. The ability of platelets to enhance tissue regeneration by using
different forms of platelet concentration (blood component) such as platelet-rich plasma (PRP),
platelet-rich fibrin (PRF), standard platelet-rich fibrin, advanced platelet-rich fibrin, etc. PRP became
widely used once its potential for tissue regeneration was discovered; however, the use of
anticoagulants restricted the easy use of PRP as compared to PRF; however, after the discovery of
PRF because of the easy formulation, it became widely used in medicinal dentistry. The purpose of
this review is to elaborate on the importance of platelet concentration in periodontal regeneration.
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1. Introduction

The periodontium regenerates continuously through physiological processes. Wear and tear repair
is the process of continuously forming new cells and tissues to replace those that mature and die under
normal circumstances. Periodontal disorders are chronic inflammatory conditions caused by
periodontal microorganisms and the toxins released by them, which cause the destruction of the
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periodontium.
The gingival epithelium is replaced by epithelium tissue, while the periodontal ligament and

supporting connective tissue are comprised of connective tissue, which is the precursor to both bone
and cementum, and it replaces them. Undifferentiated mesenchymal connective tissue cells transform
into the cementoblasts and osteoblasts that form cementum and bone, respectively.

Periodontal treatment helps with repair and regeneration by eliminating bacterial plaque.
Healing only involves re-establishing an adequate gingival sulcus at the root on the precise location
of the bottom of the prior periodontal pocket; this is referred to as scar healing. This stops bone
degradation but does not increase the attachment of the gingiva or the height of the bone. However,
complete regeneration occurs in the periodontium through the use of various materials like guided
tissue regeneration, platelet concentrates and bone grafts [1].

Regeneration is the process of regenerating damaged tissue from its precursor or a similar type
of tissue that has already been damaged. The process of a structure growing and differentiating new
cells and inter-cellular compounds to develop new tissue is known as regeneration [1].

The purpose of this review is to elaborate the importance of platelet concentrates in periodontal
regeneration.

2. Role of platelet concentrates in tissue regeneration in periodontology

Platelets’ ability to regenerate was initially discovered in 1974 [2]. Platelets are small blood
cells with a number of physiological tasks. They are critical to preserving adequate blood volume in
individuals with vascular injury through their clotting activities and stimulation of the coagulation
factors.

The α-granules contain large adhesive proteins (vWF, TSP1, vitronectin, fibronectin), mitogenic
factors (PDGF, VEGF, TGFβ), coagulation factors (factors V, VII, XI, XIII), and protease inhibitors
(protein C, PAI-1, TFPI), which are released immediately after platelet activation. [3]. Platelets are
produced by megakaryocytes in the bone marrow.

Schwertz et al. discovered that platelets outside of the bone marrow enhance the tissue
regeneration process [4]. Platelets are well known for their thrombotic function. Platelets, in addition
to reducing bleeding, contribute to various mechanisms such as inflammation, angiogenesis, cell
proliferation and differentiation.

Platelets can be utilized in tissue engineering in vivo and in vitro [5,6]. The significance of
platelets in long-term tissue healing has high clinical value. Aside from their ability to cover vascular
abnormalities in the event of tissue injury, platelets also contain a source of cytokines, chemokines
and growth factors, allowing platelets to potentially modulate tissue regeneration in a paracrine
fashion [7]. The utilization of platelet concentrates in in vivo tissue engineering is one of its most
recent advancements in dentistry [8].

3. Different types of platelet generation

Different types of platelets concentrates are described in Table 1 and their preparation according
to revolutions per minute (RPM) and time are described in Table 2.
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Table 1. Various generations of platelet concentrates.

First generation Second generation
Plasma rich in growth factors Platelet-rich fibrin (PRF)
Platelet-rich plasma (PRP) Leucocyte- and platelet-rich fibrin (L-PRF)

Advanced platelet-rich fibrin (A-PRF)
Injectable platelet-rich fibrin (I-PRF)
Titanium-prepared platelet-rich fibrin (T-PRF)

Table 2. Preparation of different types of PRF according to revolutions per minute (RPM) and time.

SR. NO Types RPM Time References
1 PRP 2000 10 min [10]
2 PRF 2700 12 min [8]
3 S-PRF 2700 12 min [8]
4 A-PRF 1500 14 min [8]
5 I-PRF 700 3 min [29]
6 L-PRF 2700 12 min [26]
7 T-PRF 3500 15 min [16]

3.1. Platelet-rich plasma

The first application of platelet-rich plasma (PRP) was used in oral and maxillofacial surgery by
Whitman et al. [9].

The potential of PRP is rapid tissue revitalization and wound healing, which includes new
vasculature and tissue regeneration [10]. PRP is a biological component prepared from the whole
blood of the subject that has a higher amount of platelets with anti-inflammatory and pro-
regenerative qualities that help the body to heal tissue wounds more quickly and effectively [10].

PRP stimulates angiogenesis, cell proliferation, chemotaxis and paracrine actions of neighboring
stem cells [10]. The two major PRP activators are calcium hydrochloride and thrombin, which trigger
growth factor release within an hour [11]. This second activator allows the growth factors to be
released gradually for up to 7 days following PRP injection. However, evidence suggests that PRP
uses an anticoagulant component, which causes normal wound healing to be delayed [12].

Thrombin, calcium or other biologically acceptable anticoagulants are frequently needed for
PRP preparation [13–15]. These components may interfere with the coagulation process and trigger
an immunological reaction. The presence of fibrinogen in platelet-rich fibrin (PRF), which is
transformed to fibrin under the effect of physiologically accessible thrombin, does not necessarily
necessitate the use of any additive. This considerably reduces the possibility of complications
following surgery.

3.2. Platelet-rich fibrin

In 2001, Choukroun et al. utilized PRF for the very first time. PRF has attracted a good amount
of attention recently, as it is widely used in dentistry and medicine [16–19]. This PRF has been
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extensively used in hard and soft tissue healing [12]. PRF has several benefits over PRP, including its
ease of preparation, low cost and lack of an additional anticoagulant or bovine thrombin, which
reduces biochemical alteration and the hazards associated with the application of bovine thrombin
[20]. Furthermore, unlike PRP, which creates a liquid end product with a short-term effect, the PRF
network forms a homogeneous three-dimensional organization that has a persistent influence on
tissue repair by gradually releasing cytokines.

3.2.1. PRF preparation

PRF is an autologous healing biomaterial containing the majority of leukocytes, platelets and
growth factors isolated out of a simple blood sample in an autologous fibrin matrix [21–24]. At the
moment, the PRF protocol is the simplest and least expensive method of producing platelet
concentrates. The blood sample is taken from the patient during the surgical procedure and treated
with a single centrifugation by using a specific centrifugation and collection kit, with no blood
manipulation. There is no anticoagulant used during blood collection, and no bovine thrombin or
calcium chloride was used for fibrin polymerization.

Three distinct fractions are produced at the end of the centrifugation process.
1) The red cells are concentrates at the test tube’s bottom (easily discarded).
2) The surface layer is a platelet-depleted plasma liquid serum.
3) The intermediate fraction is a dense PRF clot that can be used clinically as a membrane [25].
Preparation of advanced PRF:
10 ml of venous blood is taken into the tube without anticoagulant and centrifuged at 1500 rpm

for 14 minutes before being divided into the three layers described below:
Acellular plasma in the surface layer, PRF in the intermediate layer and red blood cells in the

tube’s base. The PRF is collected 2 mm below the lower dividing line after the above straw-colored
layer was removed.

3.2.2. Standard platelet rich fibrin

A solid fibrin clot with little interfibrous space was visible in the longitudinal slice of the S-PRF
clot, which was formed using the normal centrifugation process (2700 rpm, 12 minutes). Cells were
seen throughout the clot using the normal histochemical staining techniques, however they were less
visible in the more distant areas of the PRF clot.

3.3. Titanium-prepared platelet-rich fibrin

T-PRF denotes titanium-prepared platelet-rich fibrin. The basic idea behind the procedure is that
titanium tubes have a considerably greater ability to stimulate clotting factors than glass tubes,
contrary to Choukroun’s approach [6,16,20,21]. The above material would be utilized to remove
parched glass or crystal plastic tubes, as well as the long- or short-term detrimental consequences of
silicon-related problems. Researchers found that clots produced in titanium pipes were identical to
those generated in glass vials, and that co-aggregation caused by titanium had been analogous to that.
Because titanium particles, rather than silica particles, are used to activate platelets, T-PRF offers
unique features, such as enhanced biocompatibility.
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3.4. Leukocyte- and platelet-rich fibrin

One recently developed approach is to implant leukocyte- and platelet-rich fibrin (L-PRF)
immediately after tooth extraction. Previous studies have revealed that this autologous biomaterial
can help to reduce postoperative complications in third molar extractions [26]. L-PRF is an
autologous fibrin-based biomaterial that contains platelets, leukocytes and cytokines. L-PRF has
been demonstrated to enhance biological functions such as chemotaxis, angiogenesis and cell
proliferation and differentiation, all of which may aid in wound healing. Unlike PRP, L-PRF is an
additive-free biomaterial that does not require chemical platelet activation. In addition, unlike PRP,
L-PRF is a solid biomaterial that does not disperse soon after application. Solid-state L-PRF has been
demonstrated to dramatically embed platelet and leukocyte growth factors into the fibrin matrix,
resulting in an enhanced cytokine life span.

3.5. Injectable PRF

By altering spin centrifugation pressures, injectable PRF (I-PRF) was produced in 2014. Blood
centrifuged in non-glass centrifuge tubes at lower centrifugation speeds produced a flowable PRF
known as I-PRF [27]. I-PRF is a newly created platelet concentrate supplemented with leukocytes
that have the ability to promote both soft and hard tissue regeneration [27,28]. Because I-PRF is a
liquid for around 15 minutes, it will afford dental practitioners with another useful form of PRF [29].
After application, the human liquid fibrinogen in I-PRF gradually transforms into a PRF clot rich in
growth factors that release continuously for 10–14 days [30].

3.6. Concentrated PRF

Recent research has shown that using conventional I-PRF methods only slightly improves
platelet and leukocyte concentrates. New harvesting methods were recently created to obtain larger
concentrates of platelets and leukocytes from the buffy coat layer (i.e., concentrated PRF (C-PRF))
after using quicker centrifugation procedures. When compared to regular I-PRF, it was discovered
that C-PRF collected precisely from the buffy coat layer by using more stringent centrifugation
methods showed up to a threefold increase in growth factor release.

4. Horizontal centrifugation

Leukocyte and platelet counts and concentrates both significantly increased after horizontal
centrifugation (up to 3.5 times higher for either solid or liquid PRF). Compared to an angled or fixed
centrifuge (IntraSpin, i.e., a process for PRF). A relevant study demonstrated a novel/accurate
approach for counting cells using PRF protocols. In addition, PRF made by using horizontal
centrifugation gathered more platelets and leukocytes than PRF made by using fixed-angle
centrifugation. Due to a bigger difference in RCF values between the RCF-min and RCF-max, it
provides a superior capacity to distinguish between different cell types depending on density. When
compared to all other protocols, the horizontal centrifuge produced the most platelets and leukocytes,
with a roughly twofold increase in leukocyte numbers than the fixed-angle centrifuge.

There are two noted benefits for using horizontal centrifugation. First, the greatest disparity can
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be achieved by using a completely horizontal tube made from a swing-out bucket to produce the
smallest and largest radius that can be found inside a centrifugation tube. As a result, it is possible to
more easily distinguish between cell layers based on differences in the RCF-min and RCF-max
produced inside a tube. A fixed-angle centrifuge also causes more damage to cells. When employing
fixed-angle centrifuges, cell layer separation is always observed in angulated form since
centrifugation typically pulls cells outward and downward.

5. Biological actions of PRF

There are various biological effects of PRF, which include angiogenesis, immunomodulatory
effects, mitogenesis, osteogenic effect, entrapment of stem cells and wound recolonization [31].

5.1. Angiogenesis

Angiogenesis is mediated by basic fibroblast growth factor, VEGF, PDGF and angiopoietin. The
actions are migration, cell division and phenotypic changes in the proximity of the wound. It
increases the endothelial cells’ production of the α5β3 integrins, which then encourages the
adherence of endothelial cells to fibrin, fibronectin and vitronectin.

5.2. Mitogenesis

The action of PRF in mitogenesis is mediated by TGF-β (fine & flexible trimolecular/
equilateral junctions).

The action of prf in mitogenesis effect are as follows:
1. Faster cellular migration is encouraged through increased cytokine trapping.
2. Inhibitory effect on osteoclasts.

5.3. Immunomodulatory effects

The action of PRF in terms of immunomodulatory effects is mediated by fibrin and its
degradation products, IL-4, leukocytes and fibronectin, and the action is to stimulate, by
phagocytosis, migration and enzymatic degradation via neutrophils. The effects include the following:

• Enhanced neutrophil CD11C/CD18 receptor expression, which facilitates endothelial as well
as fibrinogen adhesion.

• Certain chemotactic factors are released, which govern macrophage wound colonization.
• Increased degranulation results in the production of numerous molecules, such as IL-1, IL-4,

IL-6 and TNFα.
• Coherent healing without inflammatory excess.

5.4. Wound recolonization

The action of PRF in terms of wound recolonization is mediated by fibrinogen, fibronectin,
vitronectin, tenascin and fibrin, and the actions degrade and facilitate epithelial cell migration at
wound edges. Would recolonization involves the following action
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• PRF binds to several molecules, including fibronectin, PDGF and TGF-β through the αVβ3
integrin

• Encourages fibroblast migration.

5.5. Osteogenic effect

PRF yields osteogenic effects, which include the following:
• Enhance the expression of phosphorylated extracellular signal-regulated protein kinase and

osteoprotegerin, as well as alkaline phosphatase activity.
• Alkaline phosphatase and osteoprotegerin expression may be increased.

5.6. Entrapment of stem cells

The fibrin clot has been hypothesized to function as a trap for circulating stem cells, allowing
them to congregate to a secretory phenotype and aid in vascular and tissue regeneration regardless of
the fact that stem cells have a lesser intrinsic composition.

6. Conclusion

PRF and its modifications have enhanced regenerative potential in the field of dentistry. The
PRF membrane develops, which supports the healing process. PRP and PRF are used or tested as
surgical adjuvants or regenerative medicine preparations in most medical fields. Platelet
concentrates naturally contain the growth factors that help physiological tissue healing.
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