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ABSTRACT

The healing of hard and soft tissue is mediated by a wide range of intracellular and extracellular events that
are regulated by signaling proteins. Platelets can play a crucial role in periodontal regeneration as they are
the reservoirs of growth factors and cytokines which are the key factors for regeneration of bone and
maturation of soft tissue. PRF is a natural fibrin-based biomaterial prepared from an anticoagulant-free
blood harvest without any artificial biochemical modification that allows obtaining fibrin membranes
enriched with platelets and growth factors. The main aim of this review article is to briefly describe the
novel platelet concentrate PRF and its potential role in advanced surgical dentistry.
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Introduction

The prospect of having new therapies, biomaterials, and bioactive surgical additives available that will improve
the success and predictability of patient outcomes in soft and bone tissue healing and regeneration are key
treatment objectives in dental implantology, periodontology, and oral surgery. Wound healing is initiated by
clot formation, followed by proliferative stage which consists of epithelialization, angiogenesis, granulation
tissue formation, collagen deposition and finally collagen maturation and contraction.! The disruption of the
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vasculature during wound healing leads to fibrin formation, platelet aggregation, and release of several growth
factors into tissues from platelets through molecular signals which are primarily mediated by cytokines and
growth factors.2 There is evidence that the presence of growth factors and cytokines in platelets play key roles
in inflammation and wound healing.3 This has led to the idea of using platelets as therapeutic tools to improve
tissue repair particularly in periodontal wound healing. Platelet Rich Fibrin (PRF), a patient blood-derived and
autogenous living biomaterial are increasingly being investigated and used worldwide by clinicians as an
adjunctive autologous biomaterial to promote bone and soft tissue healing and regeneration. The gold standard
for in vivo tissue healing and regeneration requires the mutual interaction between a scaffold (fibrin matrix),
platelets, growth factors, leukocytes, and stem cells.* These key elements are all active components of PRF and
are involved in the key processes of tissue healing and regeneration, including cell proliferation and
differentiation, extracellular matrix synthesis, chemotaxis, and angiogenesis (neovascularization)s. PRF is
superior to other platelet concentrates like PRP due to its ease and inexpensive method of preparation and also
it does not need any exogenous compounds like bovine thrombin and calcium chloride. It is advantageous than
autogenous graft because an autograft requires a second surgical site and procedure.

Thus, PRF has emerged as one of the promising regenerative materials in the field of periodontics. This review
article explains the novel platelet concentrate PRF, its preparation, clinical applications and benefits, and
drawbacks over other biomaterials.

What is PRF?

PRF is an autologous fibrin-based (membrane, matrix, or scaffold), living biomaterial, derived from human
blood,¢ also referred to as an optimized blood clot.” In essence, PRF is a natural (autologous) composite
biomaterial, consisting of fibrin, platelets, growth factors, and various cell types including leukocytes and stem
cells. The blood concentrate which is obtained after centrifugation has three distinct layers: a red blood cell
(RBC) base at the bottom, a PRF clot in the middle, and an acellular plasma (platelet-poor plasma [PPP])
supernatant layer at the top. The PRF clot is composed of two main parts observable with the naked eye: a
fibrin yellow portion, constituting the main body, and a red portion located at the end of the clot (full of RBCs).
Between these two areas, a whitish layer “buffy coat” can be observed with the naked eye. PRF can be used
directly as a clot, or after compression, as a membrane or plug. Alternatively, the supernatant can be aspirated
from the vacutainer (i-PRF) and used in injectable form.

The purpose of PRF technology is to extract essential elements from patients’ blood samples, that could be used
to improve healing, promote tissue regeneration, and to prepare it in a clinically usable form as a membrane (A-
PRF, L-PRF or CGF) or injectable liquid (i-PRF). The key elements are the fibrin (serving as a supporting matrix),
the platelets (rich in growth factors), and cells (mostly the various populations of leukocytes, and stem cells for
their antibacterial, neo-vascularization and regenerative properties).8 The three-dimensional fibrin membrane
creates the scaffold for cells to function optimally during healing and regeneration. The fibrin matrix contains
the platelets, leukocytes, growth factors and stem cells that act in synergy to stimulate, improve and accelerate
tissue healing and to regenerate soft or bone tissue, including cell proliferation and differentiation, extracellular
matrix synthesis, chemotaxis, and angiogenesis.# The purpose of the PRF membrane is to connect the various
elements within the fibrin matrix with local tissues (bone and soft tissue), to accelerate neo-angiogenesis
thereby enhancing healing and regeneration.

Historical Background
One of the latest innovations in advanced surgical dentistry is the use of platelet concentrates for in vivo tissue
engineering applications. Two types of such platelet concentrates are available: (1) platelet-rich plasma (PRP)

17 | International Journal of Drug Research and Dental Science



International Journal of Drug Research and Dental Science
Volume 2 Issue 2 (Page: 16-22), 2020 ISSN: 2582-0826

and (2) platelet-rich fibrin (PRF). These are a concentrated suspension of growth factors found in platelets that
act as bioactive surgical additives when applied locally to induce wound healing.® Whitman et al.10 in 1997
introduced, the use of PRP in oral surgical procedures proved to enhance cellular proliferation but also carried
potential risk due to the generation of antibodies against factors V, XI, and thrombin, leading to coagulopathies
that may endanger life. In 2006, Choukroun and co-workers developed a novel technique with the aim of
simplifying the PRP preparation protocol and to eliminate Xeno factors (bovine thrombin).1! This led to the so-
called “second generation platelet-derived biomaterials” designated as platelet-rich fibrin (PRF) or Choukroun’s
PRF.

Choukroun’s PRF is derived from the patient’s own blood and contains a variety of blood cells — including
platelets, B- and T-lymphocytes, monocytes, stem cells, and neutrophilic granulocytes — as well as growth
factors.'2 Choukroun modified his PRF to produce A-PRF (leukocyte-enriched, advanced type) and i-PRF
(injectable PRF)!3.14 by reducing the centrifuge speed; leukocyte infiltration into the red blood cell fraction is
minimized. Both A-PRF and i-PRF preparations are characterized by platelets, leukocytes and circulating stem
cells, and endothelial cells concentrated in the fibrin clot. Leukocytes are enriched in A-PRF!* and L-PRF?5, to
exploit their antibacterial and osteoconductive activity.

Classification of Platelet Concentrates
Recently a full classification of platelet concentrate technologies was suggested!¢ that allowed classifying the
main available techniques in 4 families depending on their leukocyte content and fibrin architecture:

A. Pure Platelet-Rich Plasma (P-PRP) — Liquid suspension without leukocytes before activation. (Can

be activated and transformed into a gel form — P-PRP gel).

B. Leukocyte- and Platelet-Rich Plasma (L-PRP) — Liquid suspension with leukocytes before activation.
(Can be activated and transformed into a gel form — L-PRP gel).
Pure Platelet-Rich Fibrin (P-PRF) (i.e. Fibrinet) — Solid fibrin material without leukocytes.
D. Leukocyte- and Platelet-Rich Fibrini.e. Choukrouns PRF; Advanced PRF, (A-PRF), and injectable i-

PRF; L-PRF; and Concentrated Growth Factors (CGF) — Solid fibrin material with leukocytes.

o

Protocols for Platelet-Rich Fibrin Preparation

Blood Drawing

A major advantage of PRF is that it has a simple preparation protocol. Blood is drawn from the patient using a
sterile 10 ml vacutainer just before or during surgery. The tubes with collected blood samples are
immediately (within 2 minutes after collecting the blood sample) placed in the centrifuge and processed
using a single centrifugation step. The clinical success of the PRF protocol is dependent on a quick collection
of blood and its transfer to the centrifuge because blood will automatically start to coagulate after 1-2
minutes and make it difficult to obtain the required clot quality.1” Failure to accomplish the quick preparation
of PRF could cause a diffuse polymerization of fibrin, which is not ideal for tissue healing.

Centrifugations

The tubes should always be balanced by opposing two tubes to equilibrate the centrifugation forces and to
prevent vibrations during the centrifugation process. At the end of the centrifugation spin, the caps for A-PRF
or L-PRF (not i-PRF) are removed and the tubes placed in a sterile tube holder. The blood sample with the
clot is allowed to rest/mature for approximately 4-8 minutes before extracting the clot from the tube. The
centrifugation process activates the coagulation process and separates the blood sample into three different
layers: an acellular plasma at the top of the tube; a strongly polymerized fibrin clot is formed in the middle;
and blood cells (red corpuscle base) are gathered at the bottom of the tube.18 19
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Currently Used Centrifugation Protocols

%* Original Choukroun’s PRF protocol (standard protocol): 3,000 rpm/10 minutes.

%* Dohan Ehrenfest’s group (leukocyte- and platelet-rich fibrin [L-PRF]): 2,700 rpm/12 minutes.
Choukroun’s advanced PRF (A-PRF), enriched with leukocytes: 1,300 rpm/ 8 minutes.

* Choukroun’s i-PRF (solution/gel): 700 rpm/3 minutes.

X3

8

DS

Uses of Platelet Rich Fibrin in Advanced Surgical Dentistry

A form of PRF i.e fibrin plug or membrane is used as a filler material in extraction sockets to prevent
complications and to enhance socket healing. PRF can also be used as a protective barrier membrane to seal
off and promote healing of oroantral communications following extractions; to close a palatal connective
tissue harvesting site; or as sole grafting material in the sinus floor elevations or as a Vestibuloplasty wound
bandage.2021 PRF (membrane or liquid) can be added or mixed to bone substitutes like xenograft or biphasic
calcium phosphate (BCP) to enhance the formation of new bone.22

Periodontal Regeneration

Local application of growth factors promotes periodontal regeneration and healing. Yuchao et al.23 showed
that the use of PRF as the sole grafting material to be an effective modality of regenerative treatment for
periodontal intrabony defects. PRF could serve as a resorbable membrane for guided bone regeneration,
preventing the migration of nondesirable cells into a bony defect and providing a space that allows the
immigration of osteogenic and angiogenic cells, and permits the underlying blood clot to mineralize. The
concept of “natural bone regeneration” was proposed by Simonpieri et al.2* which includes regeneration of
gingival tissue and bone volume through PRF membrane.

Sinus Lift
A sinus floor elevation is a technique to increase the residual bone height of the posterior edentulous maxilla.
PRF can be used in sinus lift procedures in two ways, either as fragments mixed with different bone
substitutes like autogenous bone graft, xenogeneic, allogeneic, and some artificial materials or as a sole filling
material.2s

Gingival Recession

Coronally advanced flap procedure with sub-epithelial connective tissue is the most predictive plastic
procedure. Recently, PRF has been used along with conventional order to improve the efficiency of the root
coverage treatments and reduce the morbidity of the techniques. Aroca et al,?¢ stated that use of PRF
membrane cause an increase in the width of keratinized gingival at the test sites at 6 months compared to the
modified coronally advanced flap alone.

Perio-Endo Lesions

Perio-endo lesions develop by either periodontal lesion spreading apically with an already existing periapical
lesion or an endodontic lesion combining with an existing periodontal lesion. The prognosis of a true
combined perio-endo lesion is poor or even hopeless, especially if it is chronic in nature. The prognosis of
such affected tooth can be improved by increasing the bony support through bone grafting and guided tissue
regeneration and the application of polypeptide growth factors to the surgical wound.?? El-Sharkawy et al.28
suggested the administration of PRF along with tissue regeneration methods for the repair of intrabony
defects, furcations, and periapical cystic cavities.
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Drawbacks of PRF

The main shortcoming of PRF is its preparation and storage.?? The clinical benefit of PRF depends on the time
interval between the speed of handling between blood collection and centrifugation as PRF is prepared
without adding any anticoagulants. Also, PRF membrane is used immediately after preparation as it will
shrink resulting in dehydration altering the structural integrity of PRF. Dehydration also results in the
decreased growth factor content in PRF3° and leukocyte viability will be adversely affected altering its
biologic properties. PRF when stored in a refrigerator can result in the risk of bacterial contamination of the
membranes. These limitations with the use of PRF can be circumvented by sticking onto a standard protocol
for preparation and preservation.

Conclusion

PRF by Choukroun’s technique is a simple and inexpensive technique for the successful regeneration of
periodontal tissues. The main advantage is that PRF preparation utilizes the patient’s own blood reducing or
eliminating disease transmission through blood. In the future more studies and clinical trials are needed to
investigate potential applications of PRF in the field of periodontal regeneration and tissue engineering and to
extend its clinical applications.
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