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Abstract

The aim of any invasive procedure is the complete eradication and elimination of the infection and associated necrotic tissue followed by
repair and regeneration of the affected tissue. In order to achieve this goal various biological products have been introduced, among
which are present the platelet concentrates. Platelet concentrates with their higher concentration of platelets has been used in the field of
medicine since the 1990s in the form of the first-generation concentrates-Platelet Rich Plasma, and the second generation concentrated -
Platelet Rich Fibrin. Choukroun’s Platelet Rich Fibrin is one such material, which is used by itself and also as an adjunct with grafts. It
has been successful as it delivers high doses of growth factors and has anti-inflammatory properties. They have been shown to be of great
promise in the field of dentistry, ranging from implantology; Sinuses lift procedures, treating of endodontic and periodontal lesions to
regeneration of necrotic pulp. This novel technique has the potential to revolutionize the treatment mode in dentistry and help with reduc-
ing patient morbidity. We will be further looking into the specification and implications of this material in this review.
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1. Introduction

With the recent advances in tissue engineering, which is the study
of the growth of new connective tissues, or organs, from cells and
a collagenous scaffold to produce a fully functional organ for im-
plantation back into the donor host, there has been a vast im-
provement in the healing response of tissues (Bianco P etal.2001).
Oral lesions, both soft and hard tissue, lead to bony defects that
increase the morbidity (Albanese et al. 2013). So as to reduce the
healing time of such lesions, a lot of research has been going on in
the search for an ideal scaffold, a “biofuel” of sorts who can help
in the repair and reconstruction of these defects. As a result, plate-
let concentrates were found to enhance the healing response of the
body, with Platelet-Rich Fibrin showing promising results (Khiste
et al. 2013). Advancement in this field has helped to create a way
to use the patient’s own tissue to repair and regenerate various
bony and soft-tissue lesions (Zaky et al. 2009).

Platelet-Rich Fibrin (PRF) consists of a strictly autologous fibrin
matrix rich in platelets, leukocyte cytokines, and various growth
factors. This concept was described in France by Choukroun in
2001(Choukroun et al. 2006), it is a second-generation platelet
concentrate used for its ability to enhance tissue repair and regen-
eration. It was introduced as a replacement for the Platelet-Rich
Plasma (PRP), also known as the first-generation platelet deriva-
tives, as it is simple and safe compared to PRP (Choukroun et al.
2006, Chowdhury et al. 2013)

2. Platelet concentrates

Platelet concentrates have been in use for the past 30 years, and its
use stems from the ability of the fibrin glue to enhance healing.
Fibrin, the activated form of the plasmatic molecule fibrinogen,
plays a determining role in the platelet aggregation during hemo

stasis. Fibrin glue is a human-derived tissue adhesive that can be
used for hemostasis and healing of tissues, and is derived from
two components, the first containing human fibrinogen and coagu-
lation factors IX and varying amounts of plasma proteins, and the
second component containing the thrombin (Burnouf et al. 2008,
Choukroun et al. 2006)

The final step of the blood coagulation cascade is mimicked in the
process of preparation of fibrin glue during the mixing of fibrino-
gen and thrombin. This process results in the formation of a fibrin
clot of varying rigidity that acts as a fluid-tight sealing agent who
helps to stop the bleeding. Fibrin glue is donor-derived, and be-
cause of the low fibrinogen concentration, its stability and strength
was also low. Also Albrektsson et al. (1982) reported that the
fibrin sealant had a negative effect on bone healing (Guéhennec et
al. 2004, Inchingolo et al. 2010).Later, Later, the platelets from
the peripheral blood was identified to be a better autologous
source of growth factors which, when used with the growth fac-
tors, provided predictable outcomes.

3. Platelet rich plasma

The Platelet-Rich Plasma (PRP), an autologous product concen-
trating a large number of platelets in a small volume, was found to
be an easily accessible source of growth factors to enhance the
bone and soft-tissue healing. It was derived by methods that ena-
bled the concentration of autologous platelets in the fibrin clot; the
fibrin clots being the focus of initiating the healing and repair. It
differs from fibrin glue and other non-platelet tissue adhesives
because of the presence of platelets, which has a unique ability to
promote wound healing and enhance osteogenesis. PRP acceler-
ates endothelial, epithelial, and other tissue regeneration, stimu-
lates angiogenesis, supplements collagen synthesis, promotes soft-
tissue healing, and enhances the hemostatic response to injury.
And since it is an autologous blood product, it has no risk of
transmitting infectious disease (Albanese et al. 2013).
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PRP has an extremely broad range of clinical healing applications
in head and neck surgery, otolaryngology, cardiovascular surgery,
burns and wound healing, oral and maxillofacial surgery, cosmetic
surgery, and periodontics (Marx ER 1999).

But, there were potential risks associated with the use of PRP.
During the preparation of the PRP, after the blood is collected, it is
immediately mixed with an anticoagulant so as to prevent clotting,
and thus to neutralize this, bovine thrombin is added to bring
about the coagulation. Thus, the use of PRP may lead to the de-
velopment of antibodies to the factors V, XI and thrombin, result-
ing in the risk of occurrence of life-threatening coagulopathies.
Bovine-thrombin preparations containing factor V stimulate the
immune system when challenged with a foreign protein (Raja et
al. 2008).

Platelet Rich
Plasma

Platelet
concentrates

Platelet Rich
Fibrin

4. Classification of platelet concentrates

As per the current classification (2009), platelet concentrates can
be generally classified into four groups (Fig: 1) based on the pres-
ence of leucocytes and fibrin architecture (Ehrenfest et al. 2010,
Ehrenfest et al. 2014):

1) Pure PRP/Leucocyte-poor PRP: Absence of Leucocytes and
low density of fibrin network after activation. Used in two
forms - liquid solution or activated gel.

2) Leucocyte and platelet-rich plasma: Presence of Leucocytes
and low-density fibrin network after activation. Also used in
two forms - liquid solution or activated gel.

3) Pure platelet-rich fibrin PPRF/Leucocyte-poor PRF: Without
leucocytes but with high-density fibrin network. Used in
strongly activated gel form.

4) Leucocyte and Platelet-Rich Fibrin: With leucocytes but with
high-density fibrin network. Also used in strongly activated
gel form.

Pure
PRP/Leukocyte
Poor PRP

Leukocyte and
Platelet Rich

Plasma

Pure
PRF/Leukocyte
Poor PRF

Leukocyte and
Platelet Rich
Fibrin

Fig. 1: The Classification of Platelet Concentrates

5. Preparation of PRF

One of the advantages of PRF over PRP is the inexpensive and
easy protocol for the collection of the patient’s blood along with
the disuse of the Bovine thrombin and anticoagulants that are usu-
ally associated with the use of the PRP in surgical procedures
(Raja et al. 2008).

The process involves the collection of 10ml of venous blood that
is collected in a glass test tube. This is immediately followed by
the centrifugation process, 3000rpm for 10 minutes. If not imme-
diately centrifuged, diffuse polymerization of fibrin occurs, which
results in a clot of reduced quantity and quality (Kobayashi et al.
2012).

After the processing of PRF, the sample of blood in the test tube is
allowed to settle and in the process separates into three layers:

The acellular plasma, or platelet-poor plasma (PPP) that is the
topmost straw-colored layer, as the name suggests, is lacking in
platelet cells.

This is followed by the PRF Clot that is rich in fibrin and has the
growth factors and cytokines embedded in the polymerized struc-
ture.

The lower fraction that is red and has the RBC cells.

The blood, when collected and placed in the test tube, undergoes
the process of intrinsic coagulation on coming into contact with
the glass, thereby separating the blood into the clot and the plas-

ma. Hence, speedy blood collection and immediate centrifugation
is advised for successful preparation of PRF (Chowdhury et al.
2013).

During centrifugation, the fibrinogen in the plasma fraction com-
bines with the thrombin and forms the PRF region that is found
between the acellular plasma and the lower-packed RBC-rich
fraction.

The superficial acellular fraction is removed, and the middle PRF
fraction is then collected along with the attached RBCs from the
test tube using pliers. The fibrin clot is placed on a sterile surface,
and the RBCs are gently scraped off (Choukroun et al. 2006).

The PRF Box is a device which is used for producing PRF mem-
branes of uniform thickness in less than a minute. The compres-
sion procedure is performed with a slow gentle and homogenous
pressure, and the final membrane is always wet and soaked ho-
mogenously with the serum. There is no significant loss of extrin-
sic incorporated platelet growth factors and has no influence on
the intrinsic incorporated growth factor (Ehrenfest 2010). Also, it
helps in obtaining the serum exudate which is rich in fibronectin
and vitronectin (Ehrenfest et al. 2009).
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6. Architecture and composition of the PRF
membrane

Both, Fibronectin and Vitronectin are key proteins that play a very
important role in the adhesion and migration of the platelets and
play a vital role as a key component of the architecture of the fi-
brin clot. The strong architecture of the fibrin clot formed causes
the slow release of the fibronectin over a period of seven days, the
fibronectin released initially is the free fibronectin from the exu-
date and later is replaced by the fibronectin from the PRF mem-
brane. On the other hand, vitronectin is released from the PRF
membrane only during the first four hours followed by almost a
negligible release over the next seven days (Ehrenfest et al. 2012).
Although platelet growth factors play an important role in the
biology and functioning of PRF, the fibrin architecture and leuko-
cyte content are two key parameters that have not been looked into
in great detail. The fibrin architecture of the platelet derivatives
influences its biology (Albrektsson et al. 1982). The PRF clot is

obtained through the natural, polymerization process which occurs
during centrifugation, and hence it has natural fibrin architecture.
It is thought that this natural architecture is responsible for the
slow release of growth factors. Such a a slow release has not been
observed in PRP as it involves a very rapid and artificial platelet
activation and hence has a very light and weak fibrin network
(Kobayashi et al. 2012, Simonpieri et al. 2102).

The rate of release of the various growth factors also varies with
that of the TGF-b peaking around 5-7 days and that of VEGF and
PDGF around 1-2 days and 3-5 days respectively (Ehrenfest et al.
2012).

In a study by David M. et al, it was observed that after centrifuga-
tion and polymerization of the fibrin network, there were hardly
any platelets left within the RBC layer or the PPP, hence proving
that most of the platelets in the blood sample that was collected
were embedded in the fibrin network. It was also observed that
more than half of the leukocytes were trapped in PRF membranes.

Table 1: Growth Factors and Their Biological Functions

Growth Factor Source Cells

Biological Action

Platelet Derived Growth Factor
(PDGF)

Transforming Growth Factor
(TGF-b)

Platelets, Macrophages

Platelets, Lymphocytes

Insulin like Growth Factor 1 Osteoblasts, Macrophages

e  Migration and proliferation of mesenchymal stem cells.
e Angiogenic effect on endothelial cells.

Proliferation of osteoblasts

Collagen type 1 production

Woven bone formation

Stimulates angiogenesis

Osteoblast proliferation

(IGF-1) e  Enhances wound healing
Fibroblast Growth Factor e  Osteoblast proliferation
(FGF) e Enhances wound healing
Vascular Endothelial Growth Endothelial cells e Initiates angiogenesis
Factor (VEGF)
Table 2: Comparison of the Platelet Concentrates
SAMPLE Red Blood Cells Platelets (%) White Blood Cells
(RBC) (%) (WBC) (%)
Blood Clot 95 5 1
Platelet Rich Plasma (PRP) 4 95 1
Platelet Rich Fibrin (PRF) 2 97 1

The leucocytes that are found in the membrane not only act as
anti-inflammatory cells but also as anti-nociceptive, through the
release of chemokines and inti-inflammatory cytokines (IL-
4,1L10,1L-13) and opioid peptides, and thus help in pain control
also (Ehrenfest et al. 2014).

The most important feature of PRF is its ability to accumulate
platelets and the slow release of cytokines in the fibrin clot. Histo-
logic analysis revealed that the platelets accumulated at the lower
part of the fibrin clot, that is the junction between the fibrin clot
and red corpuscles. It was also found that the PRF matrix contains
heparin, hyaluronic acid incorporated within the fibrin polymers
which helps in supporting cell migration and healing process. The
natural polymerization which resulted in three-dimensional fibrin
architecture was found to be responsible for the slow release of
cytokines over seven days (Ehrenfest et al. 2010).

The first stage of healing is brought about by the slow release of
cytokines necessitated by the degranulation of platelets, thereby
stimulating the cell migration and proliferation within the fibrin
matrix. The fibrin matrix plays a pivotal role in the therapeutic
role of PRF. Fibrin, the activated form of fibrinogen, is present in
the alpha granules of platelets along with various growth factors.
The platelet cytokines were found to be trapped within the fibrin
matrix, intimately incorporated into the fibrin polymer molecular
structure (intrinsic cytokines). This makes sure that the cytokines
are available for a long term. Furthermore, the fibrin matrix con-
sists of weak thrombin concentrations resulting in equilateral junc-
tions. These junctions allow the formation of a fine fibrillary net

work which can support cytokine enmeshment and cell migration.
Moreover, this organization results in the formation of a flexible,
elastic, and very strong PRF matrix (Choukroun et al. 2006).

Of the different materials used in tissue engineering, PRF seems
most promising as the fibrin clot acts as a scaffold, thereby provid-
ing mechanical support and serving as biologic connectors. It also
facilitates cellular migration thereby increasing the vascularization
and survival of the graft. The presence of the leucocytes in the
fibrin network and the slow release of cytokines results in the self-
regulation of inflammatory and infectious process and the contin-
ued process of healing (Choukroun et al. 2006, Choukroun et al.

7. Applications

Since dentistry deals with teeth and its surrounding structures,
hard as well as soft-tissue lesions, PRF has immense use in this
field pertaining to its improved healing capacity, and better com-
patibility with the patient’s immune system as it is purely autolo-
gous. Following are some of the more common uses of PRF in
dentistry:

1) In the treatment of periodontal lesions such as infra bony de-
fects and regenerative procedures, along with Endo-Perio Le-
sions, PRF can be used as a biological scaffold material. PRF
promotes periodontal progenitor cell proliferation and migra-
tion in situ compared to GTR membranes. They also have in-
ductive effect on gingival tissue due to the slow release of
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growth factors and cytokines. Since the PRF membrane allows
cell migration, they act as a competitive barrier which stimu-
lates the regenerative properties of periosteum by allowing
neo angiogenesis and interactions between the gingival flap
and alveolar ridges. According to a study by Qi Li et al.
(2013) it was suggested that the fibrin component of the PRF
played a substantial role in the osteo-differentiation as com-
pared to the periodontal progenitors. The study also demon-
strated that the PRF augmented the periodontal regeneration in
two ways:

a) Promotes the soft tissue healing by modifying the progenitor
proliferation and migration.

b) Induction of alveolar bone facilitated by the fibrin mediated
effect on RUNX2 expression, osteoblast differentiation and
matrix mineralization along with the increase in alkaline
phosphatase activity (Shivashankar et al. 2013)

2) Sinus augmentation and in repair of Sinus perforation: Freeze
Dried Bone Allograft (FDBA) when used along with PRF is
found to accelerate the bone regeneration in cases of sinus
augmentation. The healing time was found to reduce consider-
ably. Also, the use of PRF increased the graft volume and re-
duced the amount of bone harvesting. Although there was no
considerable increase in cell proliferation, use of PRF did play
a great role in success of the graft by playing a vital role in re-
vascularization of graft by supporting angiogenesis (Chouk-
roun et al.2006). In a study conducted by Marco Tatullo et al.
on the effects of PRF in reconstructive surgery of atrophied
maxillary bones, it was found that there was a clinical success
rate of 87.5 to 100% in sinus lift by using PRF obtained fol-
lowing Choukroun’s protocol (Inchingolo et al. 2010) It was
also found that the use of PRF along with PIEZO Surgery re-
duced the healing time, thereby achieving good primary stabil-
ity of endosseous implants. The use of PRF allows us to avoid
the use of membranes and barriers, and hence reduce the risk
of possible exposure to the oral cavity and infection by the
oral flora (Toffler et al. 2006).

3) In certain aspects of surgical endodontics such as treatment of
periapical lesions and the regeneration of pulp (in a case of
tooth with a previously necrotic pulp with an open apex), PRF
is used as an ideal scaffold material for the repair and the re-
generation of the tissue since it acts a matrix for the migration
of cells. The PRF also promotes revascularization of teeth due
to the release of growth factors (Chowdhury et al. 2013).

The three criteria for the success of any regenerative procedures,

including regenerative endodontics, are stem cells, signaling mol-

ecules, and an ideal scaffold. From a study conducted by the

Huang et al, it was found that there was proliferation of the human

dental pulp cells and increased protein expression of osteoprogen-

in and alkaline phosphatase activity in cases where PRF was used.

Once the inflammation subsided, the dental pulp cells differentiate

into odontoblast-like cells under the influence of Hertwig’s epithe-

lial root sheath. It was reported that revitalization of a necrotic

infected immature tooth was possible when PRF was used as a

biomaterial for pulp dentin complex regeneration under conditions

of total canal disinfection (Shivashankar et al. 2012)

Cysts, associated with these endodontic lesions or present inde-

pendently, can be treated using a mixture of bone grafts and PRF

as it helps in the faster filling of the deficiencies with bone tissue

and also faster gingival regeneration. The PRF can be used as a

membrane to repair the grafted area in cases where the gingival

wound closure is impossible (Shivashankar et al. 2013, Yan et al.

2006). This material along with Biodentine has been used in the

successful treatment of cases wherein the anatomic defect-

palatogingival groove of the lateral incisor had caused a periodon-
tal pocked (approx. 9mm) and had caused the necrosis of the pulp

(Johns et al. 2014).

4) In the new and ever developing field of implantology, such as
reconstructive implant surgery, socket preservation, treatment
of fenestration defects around implants, when it comes to im-
planting placement, uneventful extraction is of utmost im-
portance along with bone regeneration around the implant site

and improved healing of the gingiva for the success of an im-
plant. In such cases, PRF due to its simple, inexpensive and
less time-consuming preparation is considered an ideal materi-
al to be used as plugs for filling of avulsion sockets even un-
der conditions of severe socket destructions due to cysts. It can
also be used along with bone substitutes, and can be used as a
protective biological barrier membrane, thus promoting gingi-
val healing in cases where gingival wound closure is difficult
to attain even with sutures. It was also found to reduce the risk
of flap necrosis by stimulating angiogenesis and promote the
impregnation of the surgical site with blood proteins, followed
by cell induction pertaining to slow release of the growth fac-
tors and cytokines. In addition, the material was seen to pro-
mote tissue remodeling in such a way that the time required
for healing and wound closure is minimized along with re-
duced post-surgical pain and edema (Choukroun et al. 2006).

Mazor (2009) assessed the relevance of autologous leukocyte-,
and platelet-rich fibrin (PRF) concentrate and membranes as the
sole filling material during a lateral sinus lift with immediate im-
plantation in a case series. From a radiologic and histologic point
of view at six months after surgery, the use of PRF as the sole
filling material during a simultaneous sinus lift and implantation
brought about a high volume of naturally regenerated bone in the
sub sinus cavity up to the tip of the implants. Further, they advo-
cated that Choukroun’s PRF is a simple and inexpensive bio-
material, and its systematic use during a sinus lift seems a relevant
option.

5) In post-surgical procedures to complement healing of donor
site, PRF membrane, which is obtained after compression of
PRF, can be used to reduce the healing time of the donor site.
The PRF membrane provides a solid, stable fibrin mesh which
is more rigid than the blood clot. The presence of growth fac-
tors such as PDGFs and TGFs accelerates the proliferation and
migration of fibroblasts inside the wound (Albanese et al.
2013).

8. Conclusion

Platelet concentrates as a whole have shown to have great scope in
the field of reconstructive and regenerative medicine and dentis-
try. And PRF being the more recent of the Platelet Derivatives is
safer and simpler than the previous PRP concentrates hence they
are easily used clinically. The healing and regenerative properties
of the PRF are attributed to its basic fibrin composition. This au-
tologous fibrin matrix has the ability to release cytokines over a
period of 7-11 days along with the slower release of growth fac-
tors, which helps in reducing the healing time. The three-
dimensional architecture of the fibrin matrix also helps in better
wound healing by an efficient direct stem cell migration. Also the
elastic nature of the fibrin matrix allows the clinician to manipu-
late the material according to the use. It also helps in reducing the
shrinkage and necrosis of flap, maintenance of the flap in a stable
position and wound coverage owing to the mechanical adhesive
property of the fibrin matrix. PRF was found to accelerate endo-
thelial, epithelial and endodermal regeneration along with neo-
angiogenesis and enhanced collagen synthesis. In dentistry, they
have been used most in conjuncture with membranes and grafts in
cases relating to sinus augmentation, implants placement and en-
do-perio lesions (including intra-bony defects, gingival recession)
and alveolar bone loss to increase the rate of healing and repair
owing to the release of various growth factors such as PDGF and
TGF. The property of PRF as an ideal scaffold material finds its
use in endodontic treatment of necrotic tooth by regeneration of
dental pulp cells.
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