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Abstract

In periodontology, platelet-rich fibrin (PRF) has become a useful add-on therapy with the goal of
accelerating periodontal tissue regeneration and repair. PRF is a concentrated form of platelets,
growth factors, and cytokines, an autologous preparation made from the patient's own blood. Due to
its distinctive makeup, PRF can successfully encourage tissue regeneration and healing after a variety
of periodontal procedures. It can enhance the results of treatments like guided tissue regeneration and
bone grafting by acting as a natural scaffold to assist with the growth of new bone and connective
tissue. PRF has been shown to accelerate soft tissue healing, lessen postoperative pain, and reduce
swelling and inflammation. Its use in procedures including implant placement, gingival recession
coverage, and flap surgeries have demonstrated enhanced wound healing and aesthetic results. The
ability of PRF to create an advantageous milieu rich in cytokines and growth factors aids in improving
the results of different periodontal procedures.
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INTRODUCTION

Periodontal disease is a complex, multifaceted illness characterized by connective tissue attachment
loss and periodontal damage. Periodontal therapy targets to reduce inflammation, prevent the
progression of periodontal disease, and repair damaged periodontal tissues. Periodontal regeneration
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PRF: Empowering Periodontal Regeneration From Within

is a complex multifactorial process that orchestrates physiologic events such as cell migration,
adhesion, differentiation, and proliferation.* Bone grafts, soft tissue grafts, guided tissue regeneration,
root biomodifications, and combinations of these procedures are examples of periodontal
regenerative techniques.? According to current thinking, regenerative periodontal therapies can only
restore a percentage of the original tissue volume? and have a limited possibility for total periodontal
restoration.® In addition, many biomaterials have been employed for periodontal tissue regeneration.
Interactions between epithelial cells, gingival fibroblasts, periodontal ligament cells, and osteoblasts
are required for periodontal wound healing. During wound healing, vascular disruption causes fibrin
formation, platelet accumulation, and the release of multiple growth factors into tissues from platelets*
via molecular signals mediated mostly by cytokines and growth factors. There is evidence that
platelets embrace growth factors and cytokines that play a significant role in inflammation and wound
repair.® Platelets also release fibrin, fibronectin, and vitronectin, which serve as connective tissue
matrix and adhesion molecules for more efficient cell movement.6This has given rise to the concept
of employing platelets as therapeutic agents to enhance tissue repair, notably in periodontal wound
healing.
Platelets’ regenerative potential was introduced in the 70s’; it was observed that they comprise growth
factors that are liable for boosted collagen production, blood vessel growth, cell mitosis, recruitment
of other cells that relocate to the site of injury, and cell differentiation induction, among others.®
The use of platelet concentrates for in vivo tissue engineering applications is one of the most recent
innovations in oral surgery:
1) Platelet-rich plasma (PRP) and
2) Platelet-rich fibrin (PRF). Platelet concentrates are a concentrated dispersion of platelet growth
factors that are bioactive surgical additives used locally to promote wound healing.®

Whitman et al.® were the first to employ platelet-rich plasma in oral surgical operations, demonstrating
significant benefits because it stimulates osteoprogenitor cells in the host bone and bone transplant.
However, there is a risk of utilizing it because bovine thrombin, which is used to handle PRP, can
creatcsa antibodies against factors V, XI, and thrombin, which can cause coagulopathies that can be
fatal.

PRF, on the other hand, was initially used by Choukroun et al.% in 2001 and is now considered a new
generation of platelet concentrate, made up of an autologous fibrin matrix'! and having various
advantages over PRP, including quicker preparation and the absence of chemical modification.
Platelets constitute the second most abundant corpuscles in the blood*?, consisting of cytoplasmic
fragments that lack a core derived from megakaryocytes.3* With a lifespan of 7 to 10 days** and a
normal peripheral blood concentration of 150-450 109/L'? are often biconvex discoid structures
shaped like lenses with dimensions of roughly 2.0-4.0 by 0.5m and a mean volume of 7-11 fl.1>
Platelets formed in the periphery correspond to a phospholipid membrane, a series of microtubules.
A very extensive canalicular system connects the surface to the cytoplasm®® with the most important
elements (leukocytes and growth factors, the latter of which are polypeptides) to achieve healing and
repair processes that participate in differentiation migration, proliferation, and cell metabolism.*®
Platelet-derived growth factors activate and recruit stem cells to the site of damage, boosting cell
mitosis and triggering angiogenesis and osteogenesis!’ have also revealed periosteum cell mitogenic
response to bone repair.® Platelets also generate cytokines and are responsible for shaping platelet
activation and leukocyte proliferation and differentiation, playing a vital role in immunology,
specifically in the inflammatory mechanism.’

Furthermore, fibrin, as a bridge molecule, allows for a sequence of cell contacts and acts as a
provisional matrix in which cells can proliferate, organize, and carry out their duties, primarily in
areas of injury or inflammation®®, creating a substrate for fibroblast and endothelial cell movement,
important in angiogenesis and tissue repair.
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PLATELET-RICH FIBRIN

PRF is an autologous leukocyte-platelet-rich fibrin matrix''", possessing a tetra molecular structure
that includes platelets, cytokines, and stemcells?®?! and serves as a biodegradable scaffold?® that
fosters micro vascularization and can direct epithelial cell migration to its surface.?*?® Additionally,
PRF may act as a vehicle for transporting cells involved in tissue regeneration®* and tends to have an
extended release of growth factors 2° over 1 to 4 weeks, boosting the environment for wound healing
in a significant time.?® It is slowly remodeled and has a complex architecture of a strong fibrin matrix
with desirable mechanical properties analogous to a blood clot.?

Some studies?’-*° have proven that PRF is a healing biomaterial with tremendous potential for bone
and soft tissue regeneration, lacking inflammatory reactions, and may be used alone or in conjunction
with bone grafts, promoting hemostasis, bone growth, and maturation. In vitro, investigations revealed
that this autologous matrix has a high potential to enhance cell attachment?* and osteoblast
proliferation and differentiation.?® According to Dohan et al.?>®, PRF possesses immunological and
antimicrobial capabilities, can cause leukocyte degranulation, and contains certain cytokines that
stimulate angiogenesis and pro/anti-inflammatory responses.

The difference between a natural blood clot and PRF is that the latter is more homogeneous, stable,
and easy to handle and place in the indicated local area.!

CLASSIFICATION OF PLATELET-RICH CONCENTRATES

Dohan Ehrenfest et al.3233 in 2009, proposed the first classification, which is now widely accepted.
The classification is simple, based on the presence or absence of leukocytes and the fibrin architecture
density in platelet concentrates. Based on the differences in these criteria, it can be categorized into
four major types: pure platelet-rich plasma, pure platelet-rich fibrin (PRF), leukocyte and platelet-rich
plasma, and leukocyte and PRF, which are detailed in figure 1.

PURE PLATELET-RICH PLASMA (P-PRP) — OR LEUCOCYTE-POOR PLATELET-RICH PLASMA

[y - Preparations without leukocytes and with a low-density fibrin network after activation.
- Used as liguid solutions or activated gel form.

PURE PLATELET-RICH FIBRIN (P-PRF) - OR LEUKOCYTE-POOR PLATELET-RICH FIBRIN

|——— - Preparations without leukocytes and with a high-density fibrin network.
- Strongly activated gel form, and cannot be injected or used like traditional fibrin glues.

LEUKOCYTE-AND PLATELET-RICH PLASMA (L-PRP)

—— . Preparations with leukocytes and with a low-density fibrin network after activation.
« Used as liquid solutions or in an activated gel form.
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LEUKOCYTE- AND PLATELET-RICH FIBRIN (L- PRF)

- Preparations with leukocytes and with a high-density fibrin network.
- Strongly activated gel form, and cannot be injected or used like traditional fibrin clues

Figure 1- Description of different types of platelet-rich concentrates
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Pure Platelet-rich Fibrin (P-PRF) is a new generation of platelet concentrates that uses a simplified
approach and does not require biochemical blood handling. Dr. Joseph Choukroun directed the PRF

research. 34 3
To obtain the correct amount and quality of fibrin matrix, platelets, and growth factors, a consistent

technique for PRF production should be followed.

C/ Plasma

l < I ‘- I— - 55% of whole blood
/ ,§ - Least dense component
¢ .
| ' —’g\ 1,‘ N — | Buffy Coat
/\ R 7| - Leukocytes and platelets
\'. < . - <1% of whole blood
’ ll . I~ Erythrocytes
1. Withdraw 2. Centrifuge the - 45% of whole blood
blood and place blood sample | - Most dense component
in tube

Figure 2 - Platelet Concentrate

A needle is used for 10mL blood collection in sterile glass-coated plastic tubes without anticoagulants
that are directly centrifuged at 3000 revolutions per minute for ten minutes once the blood comes into
contact with the test tube.

‘ jx/ Acellular Plasma Layer
: 3!
\

Platelet Rich Fibrin Layer

Red Blood Cell Layer

Figure :3 Layers obtained after centrifugation

(Courtesy: Mohan SP, Jaishangar N, Devy S, Narayanan A, Cherian D, Madhavan SS. Platelet-rich
plasma and platelet-rich fibrin in periodontal regeneration: a review. Journal of pharmacy & bioallied
sciences.)

The uppermost layers of the test tube are made up of one-celled PPP (platelet deficient plasma), RBCs
at the bottom, and a PRF clot.

The fibrin clot formed when action was eliminated from the tube, and therefore the tangled-up red
blood cells scraped off and discarded.

PRF can even be formed as a membrane by compressing and draining the fluids trapped within the
fibrin clot.2®3" wall, the platelet is activated, and the action cascade is initiated. Types of PRF and
their mode of preparation * are given in Table 1
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TABLE -1 — Types of PRF

Centrifugal speed | Centrifugal time | Tube type Nature of the
obtained PRF
Platelet rich fibrin (L-PRF) 2700rpm 12 mins glass tube solid
Titanium platelet-rich fibrin (T-PRF) 2700rpm 12mins titanium tube | solid
Advanced platelet-rich fibrin (A-PRF) 1300rpm 14mins glass tube solid
Albumin platelet-rich fibrin (Alb-PRF) 1300rpm 8 mins glass tube solid
Injectable platelet-rich fibrin (I-PRF) 700rpm 3 mins plastic tube liquid

ADVANTAGES OF PRF *°

Completely an autologous product

Limits blood manipulation while avoiding biochemical manipulation
As polymerization occurs naturally, no bovine thrombin is required.

PRF fibrin matrix contains growth factors, leukocytes, and cytokines that aid in healing.
When compared to other platelet concentrates, it exhibits prolonged growth factor release.
The PRF membrane is extremely flexible and elastic.

Low-cost, easy method that requires only one centrifugation stage.

SHORTCOMINGS OF PRF *
e The success of PRF preparation is primarily determined by the speed with which blood is handled
e Considering the structural integrity of PRF membrane changes over time, it should be employed

immediately.

e Due to the risk of bacterial infection and dehydration, storing PRF membrane is impossible.
Being an Autologous product, the quantity of PRF is limited and cannot be used in general surgery.

PROPOSED MECHANISM OF ACTION
Choukroun's PRF is based on mechanical concentration. Hence, the properties of platelet concentrates
depend on the procedures used.**! PRF is a platelet-derived condensation of suspended growth
factors*>4® These growth factors are tissue regeneration enhancers that have ramifications in wound
healing. PRF clinical utilization can be optimized using elaborated growth factors from PRF.4647

TRANSFORMING GROWTH FACTOR BETA 1

Responsible for massive synthesis of
fibronectin and collagen.

INTERLEUKIN 4 (IL-4)
Supports proliferation and differentiation of
activated B cells and healing by moderating
inflammation.

INTERLEUKIN 6 (IL-6)
Activates T lymphocytes and differentiates B
lymphocytes. Stimulates antibody secretion
and supports chain reaction.

INTERLEUKIN 1 (IL-1)

PRF

GROWTH

FACTORS

Mediates inflammation control and stimulates T

helper cells.

INSULIN LIKE GROWTH FACTORS 1 & 2

Function as a cell multiplication mediator in

apoptosis.

lineages.

PLATELET DERIVED GROWTH FACTORS
Responsible for regulation of proliferation,
survival & migration of mesenchyme cell

CYTOKINE VASCULAR ENDOTHELIAL GROWTH FACTOR
Responsible for starting of angiogenesis

Figure — 4 Role of platelet-rich fibrin growth factors and cytokines in tissue regeneration and
wound healing*. Transforming growth factor R1, insulin-like growth factors 1 and 2, platelet-
derived growth factor, cytokine vascular endothelial growth factor, and interleukin 1, 4, and 6
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(Courtesy - Verma UP, Yadav RK, Dixit M, Gupta A. Platelet-rich fibrin: a paradigm in periodontal
therapy—a systematic review. Journal of international society of preventive & community dentistry.
2017 Sep;7(5):227.)

PRF IN PERIODONTICS

In surgical procedures, PRF could be used as a resorbable membrane for guided bone regeneration
(GBR) #°, preventing undesirable cells from migrating into the bone defect and providing a space for
osteogenic and angiogenic cells to migrate and the underlying blood clot to mineralize.>

Simonpieri et al.>* introduced the notion of "natural bone regeneration” (NBR), which comprises bone
volume and gingival tissue regeneration via PRF membranes.

PRF membrane has shown promising clinical outcomes in the treatment of periodontal infrabony
defects®, in the protection of open wounds from the oral environment when sutures cannot bind the
mucosal borders!"?14%51 ‘and in the acceleration of hard and soft tissue healing.?***°2 PRF membrane
was utilized as the only grafting material in a few clinical investigations53,54 to achieve maxillary
sinus floor augmentation, with encouraging outcomes.

Tofler et al.>® suggested using a PRF to seal a previously undiscovered sinus membrane perforation
during a lateral window osteotomy in a maxillary sinus lift technigue.

PRF membrane promotes soft tissue repair and wound healing by protecting the surgical site.>2%°
When mixed with bone graft, it may act as a "biological connector,” attracting stem cells, promoting
the migration of osteoprogenitor cells to the center of the graft, and providing neo-angiogenesis.>
Furthermore, the inclusion of PRF in the bone transplant can reduce the volume of bone replacement
utilized and appears to promote graft revascularization by boosting angiogenesis.>®

Simonpieri et al.>® proposed employing a PRF-bone graft mixture to fill bone deficiencies or, in the
event of immediate implants, covering it with many PRF layers, with good clinical results.

Yilmaz et al.>” evaluated the histological and stereological healing effects of -TCP and PRF alone and
in combination in standardized bone defects in pig tibiae. When -TCP and PRF were administered
together, the newly produced bone was much greater than when utilized separately.

Furthermore, PRF may act as a biological adhesive to hold the particles together, making manipulation
of the bone grafts easier.>’

CONCLUSION

In vitro and in vivo investigations on using PRF alone or combined with other biomaterials have
yielded safe and encouraging outcomes, with no contradicting findings. It offers various advantages
and potential applications in medicine and dentistry. Platelet-rich fibrin is a well-accepted, minimally
invasive method with low risks and good clinical outcomes.
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