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Wound healing is a staged process which involves the activity of leukocytes and platelets. For this process to work efficiently, the
platelets play a vital role. The growth factors present in platelets are important to guide the regenerating cells to the area of healing.
Platelet-rich-fibrin (PRF) is one such material that holds on to these growth factors enmeshed in the fibrin network resulting in
their sustained release over a period of time that can accelerate the wound healing process. With this knowledge, research has been
carried out for a past few years for the clinical application of PRF. Various platelet concentrates have been studied including the
platelet-rich-plasma (PRP). However, the short duration of cytokine release and its poor mechanical properties have resulted in
the search of a new material with adequate properties for clinical application and ease of preparation. PRF has found a place in the
regenerative field owing to its advantages over PRP. This review focuses on the properties and various applications of PRF in the
clinical practice.

1. Introduction

Excogitation in the concept of tissue engineering has brought
about a drastic improvement in the healing response of
tissues. Various pathological etiologies result in dysfunction
of the oral tissues and creation of bony defects, thus affecting
the quality of life in these patients. The pivotal goal in
periodontal and maxillofacial tissue regeneration is to recon-
struct these defects which led to the search of a biofuel [1].
Focus has constantly been on devising a “wonder material”
that is most effective in its regenerative potential. Various
platelet-derived products or platelet concentrates have been
introduced that act as biological mediators aiding the healing
response. Platelet-rich fibrin (PRF) is one such product that
has proved its worth and has edged past the others. The
Choukroun’s platelet rich fibrin has opened the flood-gates
in the field of dentistry, majorly focusing on the improved
healing and regeneration [2]. Thus PRF has also been tagged
as a healing biomaterial [2].

The world of medicine was acquainted with the regen-
erative potential of platelets in 1974. The platelet concen-
trates have been used for the improvement of reparation
and regeneration of the soft and hard tissues after various

periodontal surgical procedures. Using platelet concentrates
is a way to accelerate and enhance the body’s natural wound
healing mechanisms [2]. PRF is a second-generation platelet
concentrate widely used to accelerate soft and hard tissue
healing and is a strictly autologous fibrin matrix containing
a large quantity of platelet and leukocyte cytokines [3].
Ross et al. were amongst the pioneers who first described
a growth factor from platelets. Growth factors are released
after activation from the platelets trappedwithin fibrinmatrix
and have been shown to stimulate the mitogenic response in
the periosteum for bone repair during normal wound healing
[2]. Choukroun’s PRF has been the latest development among
the platelet concentrates. This paper intends to review the
potential of PRF in the field of periodontal regeneration.

2. Evolution of Various Platelet Concentrates

The healing of hard and soft tissue is mediated by a wide
range of intra- and extracellular events that are regulated
by signaling proteins. Although the knowledge about these
molecules remains incomplete, platelets have been found to
play a crucial role not only in hemostasis, but also in the
wound healing process [4].
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Platelets are anucleate cytoplasmic fragments contain-
ing 𝛼-granules that are spherical or oval structures with
diameters ranging from 200 to 500 nm [5]. They form
an intracellular storage pool of proteins vital to wound
healing, including platelet-derived growth factor (PDGF),
transforming growth factor (TGF 𝛽), and insulin-like growth
factor (IGF-I). Secretion of the active proteins follows the
fusion of the granules with the platelet cell membrane, which
subsequently bind to the transmembrane receptors of the
target cells [5].

Numerous techniques of autologous platelet concentrates
have been developed and applied in oral and maxillofacial
surgery. The first generation incorporates the platelet-rich
plasma while the second generation involves the platelet-rich
fibrin.

2.1. Platelet-Rich Plasma (PRP). Platelet-rich plasma was
introduced for the first time by Marx et al. in 1998 [6].
PRP was used in mandibular reconstructions along with
cancellous bone marrow grafts. The data reported by Marx
suggested that PRP addition accelerated the rate and degree
of bone formation [6]. PRPwas developed to combine the fib-
rins sealant properties with growth factor effects of platelets,
thus providing an ideal growth factor delivery system at
the site of injury. These Growth factors exhibit chemotactic
andmitogenic properties that promote andmodulate cellular
functions involved in tissue healing, regeneration, and cell
proliferation [7].

2.2. Clinical Applications [8, 9]
(1) In sinus lift procedures, PRP accelerates the healing

and reduces the healing time with stable bone gain.
(2) Ridge augmentation can be achieved with the use of

PRP.
(3) Socket preservation to maintain the alveolar bone

height is possible.
(4) Intrabony defects or osseous defects have shown bone

fill with the use of PRP.
(5) Jaw reconstruction surgeries.
(6) Soft tissue procedures like gingival grafts, subepithe-

lial grafts, and so forth, because of the property of PRP
of accelerating soft tissue healing.

2.3. Limitations [10]

(1) Lack of uniformity in PRP preparation protocol as
different platelet concentrations have different storage
time.

(2) Release of growth factors for a shorter period of time.
(3) Antibodies to bovine factor Va may cross react with

human factor Va and may produce coagulopathies
and rare bleeding episodes.

3. Platelet-Rich Fibrin (PRF)

3.1. Concept and Evolution of PRF: A Second-Generation
Platelet Derivative. Developed in France by Choukroun et al.

in 2001, PRF is a second-generation platelet derivative
because, unlike other platelet concentrates like PRP, this tech-
nique does not require anticoagulants nor bovine thrombin
or any other gelifying agent. PRF is a strictly autologous
fibrin matrix containing a large quantity of platelet and
leukocyte cytokines [3]. PRF represents a novel measure
in the therapeutic concept with elementary processing and
absence of artificial biochemical modification like the use of
bovine thrombin [11].

The crux of PRF synthesis lies in the attempt to accumu-
late platelets and release cytokines in a fibrin clot (Table 1).
The PRF clot is yielded by a natural polymerization process
during centrifugation, and its natural fibrin architecture
seems responsible for a slow release of growth factors and
matrix glycoproteins during ≥7 days [12]. Such a slow release
is unimaginable to point out in most PRP techniques because
of their brutal platelet activation, contiguous release of
growth factors, and very light fibrin network produced to
sustain the concentrate injection [13].

4. Biologic Features: Growth Factors Present
in PRF, Leucocyte Activation

PRF dwells among a new generation of platelet concentrate
that jump-starts the healing process to maximize predictabil-
ity. It consists of the platelets, cytokines, and the fibrinmatrix.
Platelets and leukocyte cytokines play an important part in
the biology of this biomaterial [5]. Degranulation of platelets
entails the release of cytokines able to stimulate cell migration
and proliferation within the fibrin matrix, launching the
first stages of healing [2, 3]. Fibrin matrix supporting them
constitutes the determining element responsible for the real
therapeutic potential of PRF.The biologic activity of the fibrin
molecule highlights its significant cicatricial capacity [2].

However, a detailed understanding of the constituents
of PRF and their biological role will help understand this
biomaterial from a clinical standpoint and subsequently
extend the fields of therapeutic applications.

5. Functions and Role of Fibrin Matrix

Fibrin is an activated form of fibrinogen molecule present
in plasma as well as the 𝛼-granules of platelets. It plays
a significant role in platelet aggregation and achievement
of hemostasis. The soluble fibrinogen is transformed into
insoluble fibrin that polymerizes to a cicatricial matrix
[18]. The slow and natural polymerization of fibrin results
in its homogenous 3-dimensional organization during the
centrifugation performed in PRF preparation. This leads to
the intrinsic incorporation of platelet cytokines and glycan
chains in the fibrin meshes [18]. The fibrin matrix present in
PRF is flexible, elastic, and very strong [19]. It consists of weak
thrombin concentrations which entails equilateral junctions.
These connected junctions permit the ecesis of a fine and
flexible fibrin network capable of supporting cytokines and
cellular migration that occurs. This results in an increase
in the life span of these cytokines as their release and use
will occur at the time of initial cicatricial matrix remodeling.
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Table 1: Cytokines present in PRF and their functions.

Cytokines present in PRF Functions

Transforming growth factor-𝛽 (TGF-𝛽)

(i) Released from 𝛼-granules of platelets
(ii) Stimulates proliferation of osteoblasts [14]
(iii) Synthesis of collagen type I and fibronectin
(iv) Enhanced woven bone formation
(v) Enhanced chemotaxis of osteoblast cells
(vi) Stimulates angiogenesis

Platelet-derived growth factor (PDGF) (i) Migration and proliferation of mesenchymal lineage cells [15]
(ii) Angiogenic effect on endothelial cells [16]

Vascular endothelial growth factor (VEGF) (i) Initiates angiogenesis [2]

Insulin growth factor-1 (IGF-1)

(i) Stimulates osteoblast proliferation [16]
(ii) Chemotactic effects towards human osteoblasts
(iii) Increased expression of osteocalcin
(iv) Enhances wound healing

Fibroblast growth factor (FGF)

(i) Stimulates osteoblast proliferation [16]
(ii) Chemotactic effects towards human osteoblasts
(iii) Increased expression of osteocalcin
(iv) Enhances wound healing

Epidermal growth factor (EGF) (i) Stimulation of cell proliferation and extracellular matrix turnover [17]
(ii) Chemotactic effect on periodontal fibroblast cells

Thus, the cytokines are made available for a mandatory
period required by the cells to initiate the healing [19].

Fibrin meshwork in PRF differs from that in PRP. In
PRP, there are bilateral junctions resulting in a rigid network
that does not honor the cytokine enmeshment and cellular
migration.The increased thrombin required for rapid setting
of the PRP leads to a rigid polymerized material [19].

5.1. Role of Fibrin in Angiogenesis. Entrapment of cytokines
in the 3-dimensional architecture of fibrin matrix results in
their sustained release which is monumental in initiation of
angiogenesis [20].

The cytokines responsible for this action include the FGF,
VEGF, angiopoietin, and PDGF within the fibrin gel. It is the
rigidity of the fibrinmatrix that is instrumental in the process
of angiogenesis in response to FGF and VEGF stimulation
[21].

Increased expression of 𝛼v𝛽3 integrin in response to
fibrin allows the binding of endothelial cells to fibrin itself,
fibronectin, and vitronectin [22].

5.2. Fibrin Assisted Immune Response. Increased expression
of CD11c/CD18 receptor on endothelial cells by fibrin aids in
enhanced adhesion to endothelial cells and fibrinogen, and
transmigration of neutrophils [23]. Fibrin and fibronectin
also modulate the wound colonization by the macrophages.

5.3. Effect of Fibrin onMesenchymal StemCells. Fibrinmatrix
acts as a scaffold for the undifferentiated mesenchymal cells
that facilitate the differentiation of these cells thus aiding in
tissue regeneration [13].

5.4. Effect of Fibrin on Osseous Tissue. Direct interaction
between fibrin and the osseous tissue lacks significant docu-
mentation. However, bone morphogenic proteins enmeshed

in fibrin matrix have the ability to be released consistently
highlighting the angiogenic, hemostatic, and osteoconduc-
tive properties [24]. Fibrin is accredited as a support matrix
for BMP. BMPs enmeshed in fibrin are progressively released
and are able to induce bone. Consistent release of VEGF, FGF
and PDGF helps in angeiogenesis. Hemostasis is achieved
through the ability of fibrin clot to trap circulating stem cells,
allowing vascular and tissue restoration [24].

6. Preparation

Preparation of PRF follows the protocol developed by
Choukroun et al. in Nice, France [25]. The protocol for PRF
preparation is very simple; however it has to bemanufactured
just prior to its application.

Requirements:

(i) table centrifuge,
(ii) 10-mL dry glass test tube (without anticoagulant),
(iii) blood collection armamentarium.

The main advantages in PRF preparation are the single-
stage centrifugation and absence of bovine thrombin. The
blood obtained from the subject is placed into the test tube
and centrifuged immediately for 10 minutes at 3000 rpm
[18]. Others have used 2700 rpm for 12 minutes with similar
findings [26].

The steps involved are as follows:

(1) blood specimen is collected or drawn from the
patient,

(2) the blood specimen is placed in the centrifuge and is
allowed to spin immediately for the stipulated time,

(3) following this the blood sample settles into various
layers.
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The absence of any anticoagulant grants the activation of
platelets to set off a coagulation cascade. Due to the absence
of the anticoagulant, the blood coagulates immediately upon
contact with the glass tube. Initially, fibrinogen occupies the
upper part of the tube, only till the circulating thrombin
transforms it into a fibrin network [3].

The layers that are formed are as follows:
(a) the lower fraction containing the RBCs,
(b) the middle fraction containing the fibrin clot,
(c) the upper fraction containing the straw-colored acel-

lular plasma.
The upper portion of the test tube containing the acellular

plasma is removed. The middle portion containing the
fibrin clot is then removed and is scrapped off from the
lower part containing the red blood cells. The natural and
progressive polymerization results in a fibrin clot formation
with substantial embedding of platelets and leukocyte growth
factors into the fibrin matrix [27].

7. PRF Membrane

The clot can be squeezed between two gauge pieces to obtain
an inexpensive autologous fibrin membrane [3]. The serum
exudate expressed from the clot is rich in proteins such as
vitronectin and fibronectin [28]. This exudate may be used
to hydrate graft materials, rinse the surgical site, and store
autologous graft [3].

The PRF Box (Process Ltd., Nice, France) is commercially
available to prepare the PRF membrane. The PRF clot is
placed on the grid in the PRF box and covered with com-
pressor lid which squeezes out the fluid from the clot. The
membranes formedusing thismethodhad constant thickness
which remain hydrated for several hours and have recovered
the serum exudate expressed from the fibrin clots.

8. Clinical Implications of PRF

8.1. Oral Applications

(1) PRF and PRFmembrane have been used in combina-
tion with bone grafts to hasten the healing in lateral
sinus floor elevation procedures [29].

(2) Protection and stabilization of graft materials during
ridge augmentation procedures [30].

(3) Socket preservation after tooth extraction or avulsion
[31].

(4) PRF membrane has been used for root coverage with
single and multiple teeth recession [32].

(5) Regenerative procedures in treatment of 3-walled
osseous defect.

(6) In the treatment of combined periodontic endodontic
lesion.

(7) Treatment of furcation defect [33].
(8) PRF enhances palatal wound healing after free gingi-

val graft [34].
(9) Filling of cystic cavity.

9. Extraoral Clinical Applications

Use of PRF in periodontology and oral and maxillofacial
surgery has been largely described.

(1) PRF promotes dentinogenesis by stimulating cell
proliferation and differentiation of Dental Pulp Cells
[35].

(2) To augment Achilles tendon repair [36, 37].

(3) PRFM can provide significant long-term diminution
of deep nasolabial folds [38].

(4) Application in facial plastic surgery [39, 40]:

(i) nasolabial folds,
(ii) facial volumization,
(iii) superficial rhytides,
(iv) acne scars,
(v) rhinoplasty,
(vi) facial esthetic lipostructure,
(vii) autologous fat transfer,
(viii) rhytidectomy,
(ix) depressed scar,
(x) dermal augmentation.

(5) Healing of severe nonhealing lower-extremity ulcers
[41].

(6) Repair of articular cartilage defects [42].

PRF membrane functionalized by incorporation alkaline
phosphatase induces the mineralization of PRF. Thus, PRF
can also be a suitable material for bone replacement [43].

9.1. Why Use PRF? PRF is an adjunct to the natural healing
process and has the following effects:

(a) the fibrin clot acts as a support through itsmechanical
properties which involve the protection of graftmate-
rials and also acts as a biological connector between
the bone particles,

(b) in addition to this the fibrin network is engaged in
cellular migration, mainly for the endothelial cells
necessary for the neoangiogenesis, vascularization,
and survival of the graft,

(c) the process of healing is carried along and aided by
the persistent release of various growth factors that
include PDGF, TGF-𝛽 and IGF-1,

(d) the presence of leukocytes and various cytokines
enables the self-regulation of the infectious and
inflammatory processes.

Table 2 enlists the advantages and shortcomings associ-
ated with the use of PRF.
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Table 2: Advantages and shortcomings of PRF.

Advantages of PRF Shortcomings of PRF

(i) No use of anticoagulants
(i) Rapid use of the PRF

without delay or short
handling time

(ii) Slow natural polymerization (ii) Low quantity of PRF is
obtained

(iii) 3D fibrin network forming a
matrix aiding in cytokine
retention for extended periods

(iv) Formulation of a PRF
membrane that possesses
elasticity and flexibility

(v) Simple and cost effective

9.2. Limitations of PRF

(1) Owing to the fact that PRF is an autologous product,
the availability of this biomaterial in larger amounts
is a concern. Hence, its usage in surgical procedures
should be well supervised [23].

(2) PRF possesses the circulating immune cells and anti-
genic molecules that prevent its use as an allogenic
material [23]. Also, there is an increased risk of
transmitting infectious agents.

10. Conclusion

The application of autologous platelet-rich fibrin could
present new possibilities for enhanced healing and functional
recovery. However, the effectiveness of PRF in regenerative
procedures should be evaluated in studies that involve a large
number of subjects. Moreover, the use of PRF in randomized
control trials has to be encouraged.
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