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ABSTRACT
BACKGROUND

Many new procedures, including pulp implantation, revascularization, and postnatal stem cell
therapy, have been made possible by regenerative endodontics. These days, revascularization
is successfully applied in clinical settings, giving dentists amazing outcomes. When
administered in conjunction with a bone transplant or alone, platelet-rich fibrin (PRF)
stimulates bone development and vascularization.This matrix encourages osteoblast
migration, cell adhesion, and proliferation, which results in the production of bone. PRF is a
packed fibrin complex made up of leukocytes, cytokines, and glycoproteins like
thrombospondin. High success rates have been recorded when using PRF in surgical
instances such sinus lift surgeries, extraction socket healing, and periapical abscess therapy.
PRF is more cost-effective, simpler to make, and practical to employ in routine clinical
procedures than platelet-rich plasma. Revascularization made it more difficult to induce a
blood clot in the root canal space, a clinical victory. This further led to the use of platelet
concentrates as an autologous scaffold for revascularization.PRF has a wide range of uses in
regenerative endodontics, including revascularization of young permanent teeth with necrotic
pulps and repair of iatrogenic pulpal floor perforations. It serves as a matrix where new tissue
can grow.

There was documented evidence of apical closure, root lengthening, regression in the
periapical lesion, and gradual thickening of the dentinal walls. The current review seeks to
examine the existing applications of PRF in regenerative endodontics dentistry and its
application with future recommendations and limitations. More research is required to
elucidate the specific mechanism of action of PRF for dental pulp regeneration both in vitro
and in vivo.

INTRODUCTION

Regenerative procedures are those that use materials to promote the pulp dentin complex's
healing and restoration after the infected or damaged tooth tissue has been restored [1].
Regenerative therapy in dentistry claims that this procedure can restore a missing tooth to its
functional state. Many new procedures, including pulp implantation, revascularization, and
postnatal stem cell therapy, have been made possible by regenerative endodontics. These
days, revascularization is successfully applied in clinical settings, giving dentists astonishing
outcomes [2]. Regenerative endodontics plays a crucial role in overcoming posttreatment
problems and the increasing likelihood of root canal treatment failure). The goal is to prevent
aggressive invasive instrumentation and radiographic exposure [3]. This is performed by the
reimposition of B and T lymphocytes that aid in defense against the pathogens leading to pulp
damage. The canal is completely sealed, and the vitality of the tooth is sustained, leading to
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the prevention of tooth fracture and periapical reinfection [4]. Surgery is recognized to
require healing, which is accomplished by a cascade of processes including extracellular
matrix for tissue repair, chemical signaling, and cellular structuring [5]. When used alone or
in conjunction with a bone transplant, platelet-rich fibrin stimulates the growth and
vascularization of bone. Osteoblast migration, cell attachment, and proliferation are all
facilitated by this matrix, which ultimately results in the production of new bone [6].
Cytokines generated by PRF are important for the development of blood vessels and for
boosting the immune system's ability to combat foreign invaders [7]. Research indicates that
PRF prepared at low centrifugal strengths has an effective concentration of growth factors
and leukocytes comparable to that of PRF prepared at high centrifugal forces [8]. In patients
with cleft alveolar ridge defects, a study has demonstrated the improved outcomes of PRF
consumption in combination with iliac crest bone transplant; in contrast, results were
comparatively unsatisfactory when iliac crest graft alone was employed [9]. Similar to this,
an orthodontic surgery case was treated with metronidazole, bovine bone matrix, cancellous
bone allograft, and PRF, which resulted in full healing with no complications [10]. Based on
study results, the rejuvenation power of each replacement and its acceptance and suitability
for the damaged tissue space are enhanced when PRF is paired with biomaterials. Proper
assimilation of biomaterial is achieved through the development of cell-to-cell interaction by
PRF [11]. The purpose of the current review is to examine PRF's applications in regenerative
endodontics and dentistry, as well as its limits and potential future usage.

MATERIALS AND COMPOSITION

Platelet-rich fibrin (PRF), an unnatural biomechanical complex, is made from homologized
plasma through the formation of a fibrin clot that results from centrifuging blood derived
from humans. This clot later contains a large number of cytokines, growth factors, and
platelets that are the product of a polymerization reaction; aside from this, no additional
enzyme or anticoagulant is required for its production. The cytokines found in PRF that
support osteoblast proliferation, angiogenesis, wound healing, and collagen formation include
transforming growth factor-p (TGF-B), platelet-derived growth factor (PDGF), vascular
endothelial growth factor (VEGF), insulin growth factor-1 (IGF-1), fibroblast growth factor
(FGF), and epidermal growth factor (EGF) [5],

Classification of Plasma-Rich Fibrin

At first, the purpose of platelet concentrates in transfusion therapy was to treat and prevent
bleeding caused by a variety of ailments. Fibrin glues were once used to seal wounds and
encourage healing using blood-derived products.)Concentrated fibrinogen made up these
fibrin glues [6]. The danger of contamination is decreased by autologous origin [7]. As a
result, more research in the area led to the discovery that platelet concentrates might
substitute fibrin glue; Whitman et al. [8] initially reported this substitution.

As a result, in 2001, platelet-rich fibrin (PRF) was presented as a technique for tissue
regeneration in medicine [9].The first-generation platelet concentrate, or platelet-rich plasma
(PRP), served as the inspiration for this approach. Despite the disadvantage of blocking the
coagulation cascade due to an anticoagulant in the preparation, its effectiveness in a variety
of medical sectors was amazing [10-12]. As development progressed, Leukocyte PRF (L-
PRF) was created. The greater leukocyte count is the reason for its name. L-PRF has the extra
advantage of not containing anticoagulants in its formulation, acting as a three-dimensional
fibrin matrix that entraps growth factors [13-15]. Four categories were established for the
classification of platelet concentrates based on the leukocyte and fibrin concentration [16].
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1.Leucocyte-Poor or Pure Platelet-Rich Plasma (P-PRP).

Pure platelet concentrates were first developed for topical use as a supplemental application
to the classical platelet units, and their first clinical implementation was reported in
maxillofacial surgery [8, 17]. The method of producing platelet concentrates for topical use is
called plasmapheresis, which requires a cell separator that separates the blood into different
components such as platelets, leukocytes, and erythrocytes, which can then be used and
readministered to the patient [18].

2.Leucocyte- and Platelet-Rich Plasma (L-PRP).

The main objective of creating a more practical and alternative approach was to use platelet
concentrates in routine medical procedures without requiring a transfusion laboratory.
At first, there were a lot of leucocytes in the product that was collected, and they were
difficult to remove without a cell separator. But with more thorough testing, pure PRP
(leucocyte free) could now be obtained because to the changed collection parameters. This
technique's primary drawback is the necessity of purchasing pricey, sophisticated centrifuges
and preparatory Kits.
Moreover, the finished substance dissolves quickly, just like fibrin glue. As a result, L-PRP
becomes rare for everyday use [19].

3. Leucocyte-Poor or Pure Platelet-Rich Fibrin (P-PRF)

To produce pure platelet-rich fibrin, a small quantity of blood is collected into a collection
tube. After adding trisodium citrate as a separator gel and anticoagulant, the suspension is
centrifuged at a high speed for six minutes.Platelet-poor plasma (PPP) and the separated
buffy coat are put into a different tube. Centrifuged with calcium chloride. A stable clot is
then gathered and put to use. Since bovine thrombin was not added, the business that created
this technology stated that a "natural™ platelet formulation is produced. These assertions,
however, are dubious because the procedure uses synthetic substances (such as separator gel
and anticoagulant) [19].

4. Leucocyte- and Platelet-Rich Fibrin (L-PRF)

Choukroun et al. developed a simple technique for producing L-PRF in France [20]. Venous blood is
drawn into glass tubes and centrifuged at a low speed [21]. Platelet activation and polymerization of
fibrin are instantaneous due to the absence of anticoagulants. Je PRF clot produced has several
clinical applications in oral [22], maxillofacial surgery [23, 24], ENT [25], and plastic surgery [26]. )is
preparation has the advantage of gradual dissolution after application, and the three-dimensional
fibrin mesh slowly remodels, corresponding to the physiological blood clot. Moreover, the technique
is simple and efficient; higher quantities are obtainable, involving only natural constituents as
reactants. )us, L-PRF is most appropriate for everyday practices, and many countries such as France,
Israel, and Italy have already employed it [19].

MECHANISM OF ACTION OF PLATELET-RICH FIBRIN

A densely packed fibrin complex made up of leukocytes, cytokines, and glycoproteins such
thrombospondin makes up PRF. Leukocytes have a crucial role in both the release of growth
factors and the immune response in a compacted PRF scaffold. stimulation of tissue repair
and this concentrated solution of platelets rich in growth factors promotes wound healing. By
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inducing odontoblastic activity, transforming growth factor beta (TGF-B) quickens the
process of reactionary dentinogenesis [27]. Infection and inflammatory cascades are inhibited
by leukocytes, cytokines, and lymphocytes. Revascularization depends on angiogenesis,
which is aided by vascular endothelial growth factor (VEGF) [28].

1. Role of Fibrin in Angiogenesis:

Cytokines including FGF, VEGF, angiopoietin, and PDGF get entrapped into the fibrin
matrix’s three-dimensional structure, resulting in a slowly progressing release, which is
imperative in angiogenesis [29]. Fibrin causes the enhanced expression of avp3 integrin
which stimulates the binding of endothelial cells to fibrin, fibronectin, and vitronectin [30].

2. Fibrin-Assisted Immune Response:

Adhesion to endothelial cells, fibrinogen, and the transmigration of neutrophils is aided by
fibrin. Fibrin acts by heightening the expression of CD11¢/CD18 receptors on endothelial
cells [31]. The wound colonization by macrophages is modulated by fibrin and fibronectin.

3. Effect of Fibrin on Mesenchymal Stem Cells:

The fibrin matrix provides a scaffold for undifferentiated mesenchymal cells and promotes
differentiation, imperative for tissue regeneration [22].

4. Effect of Fibrin on Osseous Tissue:

Similarly, fibrin also acts as a scaffold for bone morphogenic protein, and its sustained
release from within the fibrin matrix induces bone formation. Steady release of VEGF, FGF,
and PDGF promotes angiogenesis. )e circulating stem cells get entrapped into the fibrin clot
resulting in hemostasis, thus enabling tissue restoration [32].

PRF in Dentistry

High success rates in surgical cases, like sinus lift surgeries, have been observed when PRF is
used. In addition to wound healing, bone height and width are preserved. When situations
When immediate implants are to be inserted, PRF and bone graft are known to have a
synergistic effect and have been shown to play a major role in the extraction socket's quick
healing. To achieve the clinical attachment loss, intrabony defects are treated with open flap
debridement and PRF [33]. A case report states that a triple antibiotic paste was applied until
the follow-up and that the canal of an avulsed tooth with a periapical abscess was shaped. In
exchange, the canal was irrigated and the antibiotic paste was taken out. Revascularization
was performed, and PRF was prepared and inserted in the canal, followed by biodentine and
glass ionomer cement placement. After 6 months of follow-up, PRF helped in the apex’s
closure and repair and thickening of radicular dentin [34].

Platelet-Rich Fibrin in Regenerative Endodontics.

Dental caries and pulpitis, which affect over two-thirds of the world's population, are among
the many disorders that call for endodontic intervention [35]. Furthermore, Children's oral
trauma causes damage to the pulpal tissue; this is particularly concerning for developing teeth
because there are few therapeutic options available when there is open apices [36]. However,
the survival rate of the tooth has increased since the introduction of the revascularization
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treatment approach. It has improved symptom management, and postoperative radiographs
verify the completion of the physiological root [37].

Revascularization has historically made it more difficult to induce a blood clot in the root
canal space [38, 39]. This has since been shown to be a clinical success.is ultimately directed
toward platelet concentrates as an autologous scaffold for potential revascularization [40].
There are several uses for platelet-rich fibrin (PRF) in regenerative endodontics. When
combined with MTA, it was utilized by Bains et al. as the agent for mending iatrogenic
perforation of the pulpal floor of the mandibular first molar [41]. Since PRF provides a
scaffold rich in growth factors, it is appropriate for revascularizing immature permanent teeth
with necrotic pulps. This process enhances cellular proliferation and differentiation.
For tissue ingrowth, it serves as a matrix [42].

Furthermore, the gradual release of growth factors as the fibrin matrix resorbs ensures a
steady healing process [43]. Evidence of progressive thickening of dentinal walls, root
lengthening, regression in the periapical lesion, and apical closure was reported by
Shivashankar et al., following the use of PRF on a tooth with pulpal necrosis and open apex
[44].

Similarly, autologous platelet-rich fibrin membrane used as an internal matrix and MTA used
as an apical barrier allowed for effective healing and apexification, reported in [45] by B.
Rugadi and Rudagi K. Furthermore, PRF induced a time-dependent increase in
osteoprotegerin expression, elevation of alkaline phosphatase activity, and dental pulp cell
proliferation [46]. Positive outcomes for pulpotomy with PRF in young permanent teeth have
been documented [47]. Furthermore, a preferable therapeutic option for quick healing is to
combine PRF with B-TCP, a biomaterial, rather than relying just on biomaterials for bone
augmentation after treating periapical lesions [48]. Its radiographic and clinical bone
regrowth is more consistent [49].

CONCLUSION

A major setback for clinical research on PRF is the difficulty and at times improbability of
obtaining histologic evidence for its success. However, clinical and radiographic evaluations
indicate a favourable tissue response to this material. When considering its versatility, ease of
preparation and excellent biocompatibility, PRF may be regarded as a very valuable adjunct
to endodontic procedures. Even though PRF is a member of a relatively novel class of
platelet concentrates, its considerable cicatricial capacity can be explained by the fibrin
molecule's biologic activity alone. The PRF membrane has a particularly advantageous
physiological architecture to aid in the healing process because of the slow polymerization
mode.

Further investigation into this biomaterial's platelet and inflammatory properties is now
required, nevertheless. We won't be able to fully comprehend the clinical outcomes and thus
expand the therapeutic application domains of this protocol unless we have a thorough
comprehension of each of its constituent parts and their respective roles.
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