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ABSTRACT :

Platelet-rich fibrin (PRF) is a second-generation platelet concentrate that has significantly advanced the fields of oral and maxillofacial surgery, implant dentistry,
orthopedic, and plastic surgery. Developed by Choukroun et al., PRF utilizes the natural clotting properties of centrifuged blood without the need for anticoagulants.
Its unique fibrin matrix, enriched with platelets, leukocytes, and cytokines, plays a pivotal role in enhancing tissue regeneration and wound healing. PRF promotes
the proliferation of essential cells and facilitates angiogenesis, making it effective in various surgical applications, including socket preservation, sinus lift
procedures, and wound care. Despite its promising results, further research, particularly long-term clinical trials, is necessary to standardize PRF protocols and
optimize its therapeutic efficacy across diverse patient populations.
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INTRODUCTION :

Platelet-Rich Fibrin (PRF) has significantly advanced as a second-generation platelet concentrate, expanding its use across various medical fields,
particularly in dentistry. PRF, a novel technique developed by Choukroun et al. in France, is tailored for use in oral and maxillofacial surgery. Unlike
traditional methods, PRF requires neither anticoagulants nor bovine thrombin to induce clotting. Instead, it relies solely on the natural clotting properties
of centrifuged blood.* This progression includes improvements in extraction methods and the creation of injectable forms, which have increased its
therapeutic applications.? PRF is an immune and platelet concentrate that forms a single fibrin membrane, encompassing all components from a blood
sample that are beneficial for healing and immune response. While the cytokines from platelets and leukocytes are crucial to the biology of this
biomaterial, the fibrin matrix that supports them is the primary factor responsible for the therapeutic potential of PRF. As a biocompatible fibrin matrix,
PRF releases growth factors and cytokines that aid in tissue regeneration.® Advanced Platelet-Rich Fibrin (A-PRF) offers enhanced cellular characteristics
and growth factor release compared to other platelet concentrates. PRF is effectively utilized in treating advanced periodontitis, often in conjunction with
bone grafts and guided tissue regeneration, leading to improved clinical outcomes. The advent of injectable PRF (i-PRF) has further broadened its
applications in fields such as regenerative periodontology and wound care.* Current research focuses on optimizing PRF protocols and investigating its
potential as a drug delivery system for biomolecules, thereby enhancing its therapeutic effectiveness. While PRF has demonstrated promising results,
some studies indicate that its efficacy may vary based on individual patient factors and specific clinical settings, highlighting the need for further research
to standardize its applications.® This article provides an overview of Platelet-Rich Fibrin (PRF) and its potential applications in oral and maxillofacial
surgery.

FIBRIN AND ITS APPLICATIONS IN SURGICAL ADHESIVES

Fibrin is the activated form of fibrinogen, a soluble protein abundantly found in plasma and platelet granules. It plays a crucial role in platelet aggregation
during hemostasis, transforming into a biological adhesive that helps consolidate platelet clusters and form a protective barrier at vascular breaches.
Fibrinogen, as the final substrate in coagulation reactions, is converted into insoluble fibrin by thrombin, which then creates the initial scar tissue at injury
sites.® Despite advancements in hemostatic surgical techniques, the search for effective hemostatic agents continues. Various hemostatic agents, including
collagen sponges and synthetic adhesives, exist, but fibrin adhesives are notable as they mimic the natural fibrin polymerization process amplified
artificially.” Although blood-derived, products like Tisseel (from Baxter Healthcare) present minimal risk of viral contamination. Fibrin adhesives are
prepared through a process that mimics the final stages of coagulation. For example, the Tisseel kit contains a lyophilized fibrinogen concentrate,
thrombin, aprotinin (to inhibit proteases), fibronectin, and calcium chloride. The adhesive's polymerization rate depends on thrombin concentration, with
quick polymerization enhancing hemostatic activity.® Clinical applications of fibrin adhesives include controlling slow bleeding, lymphatic exudates, and
sealing wound borders, especially in cardiothoracic, vascular, and plastic surgeries. They are effective for accelerating healing and minimizing
postoperative hematomas, particularly in oral and maxillofacial surgery. While there is ongoing research in various surgical fields, results remain mixed,
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particularly in orthopedic and neurosurgery, where documentation is less comprehensive. Overall, fibrin adhesives serve as autologous fibrin glue with
significant clinical utility in various surgical disciplines.®

CONCENTRATED PLATELET-RICH PLASMA (CPRP) TECHNIQUES AND APPLICATIONS

Concentrated Platelet-Rich Plasma (cPRP) is a blood-derived product primarily used for managing hemorrhages caused by severe thrombocytopenia,
such as in conditions like medullary aplasia and acute leukemia. Although initially limited in use, cPRP has gained popularity in topical surgical
applications. The protocols for obtaining cPRP typically involve double centrifugation to increase platelet concentration, leading to suggestions of
alternative terminology, with cPRP being the most appropriate. The cPRP preparation process begins with blood collection just before a surgical
procedure, followed by immediate transformation into platelet concentrate using specialized cell separators.’® Soft Spin separates the blood into three
distinct layers: red blood cells at the bottom (55%), a platelet-poor plasma (PPP) layer at the top (40%), and a middle layer known as the "buffy coat,"”
which contains the concentrated platelets (5%). Hard Spin,the practitioner uses a sterile syringe to aspirate the relevant layers and then transfers them to
a second tube for a faster and longer centrifugation. This results in a separation of residual red blood cells, a larger acellular plasma layer (80%), and
another buffy layer rich in platelets, which is the PRP. Once the PRP is collected, it is mixed with bovine thrombin and calcium chloride to induce gelling.
The polymerization of fibrinogen during this process forms a fibrin matrix with notable hemostatic and adhesive properties. cPRP can be applied in gel
or spray form, completing fibrin polymerization within minutes. For denser applications or to create a cPRP membrane, additional products like Tisseel
can be included in the mixture. Overall, cPRP techniques represent a biotechnological approach to enhancing healing through the use of autologous
growth factors, leading to increased clinical interest and application in various surgical fields.*

BIOLOGICAL MECHANISMS OF PLATELETS AND THEIR ROLE IN PLATELET-RICH FIBRIN (PRF)

Platelets, derived from megakaryocytes in the bone marrow, are anuclear, discoidal structures with a lifespan of 8 to 10 days. They contain humerous
granules that release their contents upon activation, playing a crucial role in hemostasis. The a-granules include various proteins—both specific to platelets
(e.g., B-thromboglobulin) and non-specific (e.g., fibrinogen, fibronectin)—along with growth factors, fibrinolysis inhibitors, and immunoglobulins. Dense
granules store calcium and serotonin. The platelet membrane comprises a phospholipid bilayer with receptors for key molecules, facilitating platelet
aggregation at injury sites and interactions with coagulation pathways.*? Upon activation, platelets undergo degranulation, releasing cytokines that
stimulate cell migration and proliferation within the fibrin matrix, initiating the healing process. Transforming Growth Factor Beta-1 (TGFB-1) is a
powerful fibrosis agent, promoting the synthesis of matrix molecules like collagen and fibronectin by various cell types, particularly osteoblasts and
fibroblasts.*® Its complex regulation allows it to act as an inflammation regulator, facilitating fibrous healing. Platelet-Derived Growth Factors (PDGFs):
Essential for the migration and proliferation of mesenchymal cells, PDGFs play a crucial regulatory role during embryonic development and tissue
remodeling, contributing to physiological healing and various fibroproliferative diseases. These growth factors enhance cell proliferation and
differentiation, providing protective signals that regulate apoptosis. While they are released during platelet degranulation, they are also present in
significant amounts in the bloodstream.** Studies have shown that platelets do not remain in the platelet-poor plasma (PPP) or the red blood cell layer but
accumulate at the junction between the red thrombus and the PRF clot. This suggests that the red extremity of PRF may have enhanced clinical utility
compared to the upper fibrin layer. Moreover, the PRF matrix incorporates glycosaminoglycans (e.g., heparin, hyaluronic acid) that have a strong affinity
for circulating peptides and can significantly support cell migration and growth. The presence of these glycanic links within the fibrin polymers suggests
that PRF can further enhance healing through its structural and biochemical properties.'>16

APPLICATIONS IN OMFS

Platelet-rich fibrin (PRF) serves as a valuable filling material in dental procedures, particularly in extraction sockets. Its application in socket preservation,
often combined with bone grafts, has been shown to accelerate the healing process significantly. This is especially beneficial for diabetic and
immunocompromised patients, as PRF promotes rapid healing of oral and facial wounds.” Furthermore, PRF can enhance blood coagulation, especially
when used in conjunction with thromboplastin, making it an effective treatment option for patients undergoing anticoagulant therapy.'® Research has
demonstrated that PRF can be utilized independently or alongside other bone graft materials in sinus lift procedures. It is effective in various techniques,
including osteotome-mediated sinus floor elevation, bone-added sinus floor elevation, and minimally invasive antral membrane balloon elevation. These
applications highlight PRF's versatility and effectiveness in enhancing surgical outcomes in maxillofacial and dental surgeries. In cases where extraction
sockets are wide and primary closure is challenging, a PRF membrane can be employed as a protective covering.® This membrane not only promotes
reepithelialization of the extraction site but also aids in merging wound margins more quickly. The strength and elasticity of the PRF membrane allow
for easy suturing, making it a practical choice in guided bone regeneration (GBR) procedures, where it stabilizes and protects the underlying bone graft
material. Beyond dental applications, studies have indicated that PRF is effective in treating facial skin wounds, showing promising outcomes in wound
closure and healing velocity, particularly in avulsive injuries.? The placement of PRF membranes is a straightforward technique that concentrates platelets
and forms a natural blood clot at the wound site, promoting rapid and complete healing. The benefits of PRF membranes extend to three key aspects of
the healing process: enhancing immunity, stimulating angiogenesis, and providing an epithelial cover. These factors work together to protect open
wounds, accelerate healing, foster microvascularization, and guide the migration of epithelial cells to the wound surface.??

Additionally, PRF has been explored as a treatment for alopecia, a condition characterized by hair loss, particularly prevalent in males. While platelet-
rich plasma (PRP) has long been used in medical treatments for hair growth, studies suggest that the regenerative potential of PRF is superior. Injectable
PRF (i-PRF), a more advanced and liquid form of PRF, can be injected directly into the scalp.? This formulation contains stem cells with significant
regenerative capabilities. i-PRF has shown promising results, particularly in treating difficult forms of alopecia, such as Type VI and Type VII. Numerous
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case reports have highlighted the efficacy of i-PRF in promoting hair regeneration, indicating its potential as a groundbreaking treatment option in the
field of hair restoration. The unique properties of L-PRF, distinct from traditional PRP, enhance its effectiveness in clinical settings. Its solid structure
allows it to fill cavities effectively and provide robust structural support for tissue regeneration.? This capability is particularly advantageous when
addressing significant tissue loss, underscoring the value of PRF in both dental and medical applications. As research continues to evolve, the applications
of PRF and its variants like i-PRF and L-PRF are likely to expand, offering innovative solutions for enhancing healing and tissue regeneration in various
clinical scenarios.?®

ROLE OF PRF IN WOUND HEALING

Platelet-rich fibrin (PRF) plays a significant role in wound healing due to its unique composition and properties. It consists of a polymerized fibrin matrix
containing platelets, leukocytes, circulating stem cells, and various cytokines, which collectively stimulate the proliferation of osteoblasts, fibroblasts,
and periodontal ligament cells. The molecular structure of PRF facilitates the migration of endothelial cells and fibroblasts to the wound site, promoting
rapid angiogenesis and effective fibrin remodeling—key factors for optimal wound healing.?® At the wound site, PRF releases a range of growth factors
and cytokines over an extended period, supporting various stages of tissue regeneration. Activated platelets release alpha granules containing growth
factors such as transforming growth factor beta (TGF-beta) and platelet-derived growth factor (PDGF), which enhance the healing of both hard and soft
tissues by promoting collagen production.?” PDGF specifically stimulates mesenchymal cell activation and plays a crucial role in early wound healing
phases by enhancing chemotaxis and new gene expression in monocytes, macrophages, and fibroblasts. VVascular endothelial growth factor (VEGF) is
also present in PRF, facilitating angiogenesis by acting on endothelial and vascular smooth muscle cells. Additionally, TGF-beta-1 acts as a powerful
fibrosis agent, inducing significant collagen and fibronectin production from fibroblasts and osteoblasts. The mechanical adhesive properties of the fibrin
matrix function similarly to a fibrin glue, stabilizing soft tissue flaps with minimal shrinkage. Moreover, circulating stem cells trapped within the PRF
matrix further promote healing through initial neovascularization during the healing process. Overall, PRF significantly enhances wound healing and
tissue regeneration through its multifaceted biological mechanisms.?

ADVANTAGES AND DISADVANTAGES

Platelet-rich fibrin (PRF) offers several advantages that make it a valuable option in various clinical settings. The procedure involves a single-step and
simplified process that requires minimal manipulation of the autologous blood sample, thereby reducing the risk of contamination and complications.
Additionally, PRF promotes natural polarization with minimal immunological reactions, enhancing its biocompatibility and safety for patients. This
characteristic is particularly beneficial when used in conjunction with bone grafts, as it can improve healing outcomes and support tissue regeneration.
However, there are notable disadvantages associated with PRF that can impact its effectiveness. The success of the PRF protocol is highly dependent on
proper handling, particularly during blood collection and its transfer to the centrifuge. Furthermore, the use of a glass-coated tube is essential to achieve
effective clot polymerization, which may not always be readily available in every clinical setting. Lastly, the necessity for blood collection via a puncture
may lead to potential patient refusal of treatment, as some individuals may be apprehensive about the discomfort associated with the blood draw. These
advantages and disadvantages should be carefully considered when integrating PRF into treatment protocols.?*%

CONCLUSION :

In conclusion, platelet-rich fibrin (PRF) has demonstrated significant success across a range of surgical applications, particularly in oral and maxillofacial
surgery, implant dentistry, as well as in orthopedic and plastic surgery. Numerous studies have confirmed its ability to enhance both hard and soft tissue
healing, establishing PRF as a valuable adjunct in various clinical settings. Despite these promising outcomes, there is a pressing need for further research
to deepen our understanding of PRF's efficacy. Specifically, long-term clinical trials are essential to assess its performance over extended periods and to
determine optimal protocols for its use. Such studies would provide more comprehensive data regarding the effectiveness of PRF in different patient
populations and clinical scenarios, ultimately contributing to its integration as a standard practice in regenerative medicine and surgical techniques. By
exploring its mechanisms and applications in greater detail, the medical community can unlock the full potential of PRF, enhancing patient outcomes in
a variety of therapeutic areas.
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