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Abstract: -

Platelet rich fibrin (PRF) is a fibrin matrix in which platelet cytokines, growth factors and cells are trapped and may be
released after a certain time and that can serve as a resorbable membrane. In the present review article, the evolution,
preparation of PRF has been described. Autologous PRF is considered to be a healing biomaterial, which has its
numerous applications in various disciplines of dentistry.
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INTRODUCTION

Regeneration of lost periodontal tissue has become the primary therapeutic goal in periodontics. The objectives of
periodontal regenerative therapy is to regenerate new bone, cementum, and periodontal ligament on a previously diseased
root surface. Numerous therapeutic modalities for regeneration of periodontal defects have been investigated®. Periodontal
regeneration is a multifactorial process and requires an orchestrated sequence of biological events including cell adhesion,
migration, proliferation, and differentiation.? Significant progress in the understanding of periodontal wound healing has
been made. Although complete regeneration of the periodontal attachment apparatus, including bone, periodontal
ligament, and cementum is possible, it is still not predictable.® Currently, there are variety of treatment modalities available
for periodontal regenerative therapy, which include autografts,*® demineralized freeze-dried bone allografts (DFDBAS),®
bovine-derived xenografts,'? barrier membranes,'-*4 and combinations of membranes and bone grafts.'>1¢ Although these
regenerative materials are still used today, the introduction of biomimetic agents, such as enamel matrix derivatives,*’
platelet rich plasma (PRP),8 platelet-derived growth factor,®2! and bone morphogenetic proteins,'” have shown better
outcomes for periodontal regeneration.

Recently, polypeptide growth factors which are biological mediators that have the ability to regulate cell proliferation,
chemotaxis and differentiation have been introduced. Several polypeptide growth factors have been identified in human
periodontal tissues by immunohistochemistry and in situ hybridization.?? Therefore, polypeptide growth factors have a
potential application in periodontal wound healing by promoting regeneration of periodontal tissues. Polypeptide growth
factors have been shown to promote cell growth and differentiation in vitro and to induce periodontal regeneration in
animals.?*32 Human periodontal regeneration studies examining the effectiveness of polypeptide growth factors, used
alone or in combination with other materials and techniques, have been conducted with autologous platelet-rich plasma
and recombinant platelet-derived growth factor and reported favorable results.

Autologous blood concentrates constitute a safe and convenient approach to deliver high concentrations of polypeptide
growth factors to periodontal surgical wounds. Among platelet concentrates, platelet-rich fibrin (PRF) belongs to a group
of second-generation blood autologous preparations that was originally described by Choukroun et al (2001).% Platelet-
rich fibrin is obtained by gentle centrifugation of peripheral blood and is characterized as being leukocyte and platelet rich
and fibrin dense,®*-% besides not requiring the addition of any anticlotting agent. Dohan Ehrenfest et al (2010)3” showed
that approximately 97% of platelets and 50% of leukocytes of the original blood volume were concentrated and three
dimensionally distributed in the PRF clot, which is one of the three layers resulting from the centrifugation process. After
its preparation and collection, PRF can be used directly as a filler agent or compressed into a membrane. In either of those
applications, PRF is believed to release polypeptide growth factors, such as transforming growth factor-bl, platelet-
derived growth factor, vascular endothelial growth factor and matrix glycoproteins such as thrombospondin, into the
surgical wound in a sustained fashion for at least 7 days in vitro.®

PRF looks like a fibrin network and leads to more efficient cell migration and proliferation, and thus
cicatrization.®® This unique structure may act as a vehicle for carrying cells that are essential for tissue regeneration. A
latest, study has demonstrated that the PRF membrane has a very significant slow sustained release of key growth factors
for at least one week and up to 28 days,* which means that the membrane stimulates its environment for a significant
time during wound healing. In addition, PRF has been shown to act as suitable scaffold for breeding human periosteal
cells in vitro, which may be suitable for bone tissue engineering applications.**

The application of PRF in fields of plastic surgery, 42 oral and maxillofacial surgery “® and implant surgery ** has
demonstrated successful and rapid results in terms of bone regeneration. The field of periodontal therapy has just started
to explore the vast benefits of PRF for management of various types of periodontal defects. Recently various investigators
have examined efficacy of PRF for the regeneration of various types of periodontal defects " including alveolar ridge
preservation “¢-°0 and sinus augmentation.5->2 Therefore, attempt has been made to present update literature on present
status of PRF in regeneration of various types of periodontal defect and effectiveness of PRF for regeneration of bone
during adjunctive implant therapy. In addition, the current evidence for the role of PRF in tissue engineering has been
added.

Evolution of Various Platelet Concentrates

Platelets are anucleate cytoplasmic fragments containing a-granules that are spherical or oval structures with diameters
ranging from 200 to 500nm.5° They form an intracellular storage pool of proteins vital to wound healing, including platelet-
derived growth factor (PDGF), transforming growth factor (TGF ), and insulin-like growth factor (IGF-I). Secretion of
the active proteins follows the fusion of the granules with the platelet cell membrane, which subsequently bind to the
transmembrane receptors of the target cells.>® Numerous techniques of autologous platelet concentrates have been
developed and applied in oral and maxillofacial surgery. The first generation incorporates the platelet-rich plasma while
the second generation involves the platelet-rich fibrin. Platelet-rich plasma was introduced for the first time by Marx et al
in 1998.%° PRP was used in mandibular reconstructions along with cancellous bone marrow grafts. The data reported by
Marx suggested that PRP addition accelerated the rate and degree of bone formation. PRP was developed to combine the
fibrins sealant properties with growth factor effects of platelets, thus providing an ideal growth factor delivery system at
the site of injury.

These growth factors exhibit chemotactic and mitogenic properties that promote and modulate cellular functions involved
in tissue healing, regeneration, and cell proliferation.5! However, lack of uniformity in PRP preparation protocol as
different platelet concentrations have different storage time, release of growth factors for a shorter period of time and
antibodies to bovine factor Va may cross react with human factor VVa and may produce coagulopathies and rare bleeding
episodes.®?
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PRF

Concept and Evolution of PRF: A second-generation platelet derivative developed in France by Choukroun et al because,
unlike other platelet concentrates like PRP, this technique does not require anticoagulants nor bovine thrombin or any
other gelifying agent. PRF is a strictly autologous fibrin matrix containing a large quantity of platelet and leukocyte
cytokines.®® PRF represents a novel measure in the therapeutic concept with elementary processing and absence of
artificial biochemical modification like the use of bovine thrombin.%* The crux of PRF synthesis lies in the attempt to
accumulate platelets and release cytokines in a fibrin clot. The PRF clot is yielded by a natural polymerization process
during centrifugation, and its natural fibrin architecture seems responsible for a slow release of growth factors and matrix
glycoproteins during >7 days.® Such a slow release is unimaginable to point out in most PRP techniques because of their
brutal platelet activation, continous release of growth factors, and very light fibrin network produced to sustain the
concentrate injection.®® The PRF clot forms a strong natural fibrin matrix, which concentrates almost all the platelets and
growth factors of the blood harvest®”-% and shows a complex architecture as a healing matrix with unique mechanical
properties which makes it distinct from other platelet concentrates. PRF enhances wound healing and regeneration and
several studies show rapid and accelerated wound healing with the use of PRF than without it.®*7° 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 addition
of exogenous compounds like bovine thrombin and calcium chloride. It is advantageous than autogenous graft also
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.

Biological Features

PRF dwells among a new generation of platelet concentrate that jump starts the healing process to maximize predictability.
It consists of the platelets, cytokines, and the fibrin matrix. Platelets and leukocyte cytokines play an important part in the
biology of this biomaterial.”* Degranulation of platelets entails the release of cytokines, able to stimulate cell migration
and proliferation within the fibrin matrix, launching the first stages of healing.”>"® Fibrin matrix supporting them
constitutes the determining element responsible for the real therapeutic potential of PRF. The biologic activity of the fibrin
molecule highlights its significant cicatricial capacity. However, a detailed understanding of the constituents of PRF and
their biological role will help understand this biomaterial from a clinical standpoint and subsequently extend the fields of
therapeutic applications.

Functions of platelet rich fibrin (PRF)

Fibrin is an activated form of fibrinogen molecule present in plasma as well as the a-granules of platelets. It plays a
significant role in platelet aggregation and achievement of hemostasis. The soluble fibrinogen is transformed into insoluble
fibrin that polymerizes to a cicatricial matrix.®® The slow and natural polymerization of fibrin results in its homogenous
3-dimensional organization during the centrifugation performed in PRF preparation. This leads to the intrinsic
incorporation of platelet cytokines and glycan chains in the fibrin meshes. The fibrin matrix present in PRF is flexible,
elastic, and very strong.” It consists of weak thrombin concentrations which entails equilateral junctions. These connected
junctions permit the ecesis of a fine and flexible fibrin network capable of supporting cytokines and cellular migration
that occurs. This results in an increase in the life span of these cytokines as their release and use will occur at the time of
initial cicatricial matrix remodeling. Thus, the cytokines are made available for a mandatory period required by the cells
to initiate the healing. Fibrin meshwork in PRF differs from that in PRP. In PRP, there are bilateral junctions resulting in
a rigid network that does not honor the cytokine enmeshment and cellular migration. The increased thrombin required for
rapid setting of the PRP leads to a rigid polymerized material.”™

Preparation of PRF-
Preparation of PRF follows the protocol developed by Choukroun et al. in Nice, France.”® The protocol for PRF
preparation is very simple; however, it has to be manufactured just prior to its application.

The materials required for preparation of PRF are:

Table centrifuge, 10-mL dry glass test tube (without anticoagulant), Blood collection armamentarium.

The main advantages in PRF preparation are the single stage centrifugation and absence of bovine thrombin. The blood
obtained from the subject is placed into the test tube and centrifuged immediately for 10 minutes at 3000 rpm.®8 Others
have used 2700 rpm for 12 minutes 8 with similar findings. The steps involved are as follows:

Blood specimen is collected or drawn from the patient, The blood specimen is placed in the centrifuge and is allowed to
spin immediately for the stipulated time, following this the blood sample settles into various layers.

The absence of any anticoagulant grants the activation of platelets to set off a coagulation cascade. Due to the absence of
the anticoagulant, the blood coagulates immediately upon contact with the glass tube. Initially, fibrinogen occupies the
upper part of the tube, only till the circulating thrombin transforms it into a fibrin network.”

The layers that are formed are as follows: The lower fraction containing the RBCs, the middle fraction containing the
fibrin clot, The upper fraction containing the straw-colored acellular plasma.

The upper portion of the test tube containing the acellular plasma is removed. The middle portion containing the fibrin
clot is then removed and is scrapped off from the lower part containing the red blood cells. The natural and progressive
polymerization results in a fibrin clot formation with substantial embedding of platelets and leukocyte growth factors into
the fibrin matrix.2
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Preparation of PRF Membrane:

The clot can be firmly pressed between two-gauge pieces to obtain an inexpensive autologous fibrin membrane. The serum
exudate expressed from the clot is rich in proteins such as vitronectin and fibronectin.®” This exudate may be used to
hydrate graft materials, rinse the surgical site, and store autologous graft. The PRF Box (Process Ltd., Nice, France) is
available to prepare the PRF membrane. The PRF clot is placed on the grid in the PRF box and covered with compressor
lid which squeezes out the fluid from the clot. The membranes formed using this method had constant thickness which
remain hydrated for several hours and have recovered the serum exudate expressed from the fibrin clots.

Growth factors present in PRF82;

2. The functions of Platelet-derived growth factor (PDGF) Migration and proliferation of

1. Function of Transforming growth factor-8 (TGF-f) Released from a-granules of platelets,Stimulates proliferation of
osteoblasts, Synthesis of collagen type | and fibronectin ,Enhanced woven bone formation, Enhanced chemotaxis of
osteoblast cells. mesenchymal lineage cells, angiogenic effect on endothelial cells.

3. Vascular endothelial growth factor (VEGF) initiates angeogenesis

Clinical applications-

4.Insulin growth factor-1 (IGF-1) Stimulates osteoblast proliferation, Chemotactic effects towards human osteoblasts,
Increased expression of osteocalcin, enhances wound healing.

5.Fibroblast growth factor Stimulates osteoblast proliferation, Chemotactic effects towards human osteoblasts, increases
expression of osteocalcin, enhances wound healing

[ERN

. Oral surgery:

As filling material in extraction sockets. 0 To improve wound healing in immunocompromised and diabetic patients.

o Stimulates coagulation (with thrombospondin) and wound closure, it can be used as an adjuvant in patients on
anticoagulant therapy.

o Sole filling material during sinus lift and implantation o Combination of PRF with bone substitutes and other adjuncts
may be necessary in residual defects where one or several walls are missing or damaged in order to provide an adequate
reconstruction of bone volume.

o Increases the cohesion between the graft materials as fibrin act as physiological glue between the wound tissues.

o In cases of wide sockets and lesions where primary closure is difficult, PRF membrane can be used as a covering and

protective membrane that promotes re-epithelialization of the site and accelerates the merging of the wound margins

(@]

2. Periodontics:

o To treat gingival recession, intra-bony defects and periapical lesions.

o Use of a combination of PRF gel, hydroxyapatite graft and guided tissue regeneration (GTR) membrane to treat Intra
Bony Defect o PRF gel and PRF membrane in combination with a bone graft for treating a tooth with a combined
periodonticendodontic lesion

o Promote the healing of osseous defects®

w

. Endodontics:

o PRF can be used as a scaffolding material in an infected necrotic immature tooth for pulpal regeneration and tooth
revitalization.

o It can be used with the combination of PRF membrane as a matrix and MTA in apexification procedures prove to be
an effective different for creating artificial root-end barriers and to induce faster periapical healing in cases with large
periapical lesions.

o PRF is used to fill in the bony defects after periapical surgeries like root end resection.8

4. Tissue engineering:
0 Gassling et al. reported that PRF appears to be superior to collagen as a scaffold for human periosteal cell
proliferation and PRF membranes can be used for in vitro cultivation of periosteal cells for bone tissue engineering.®

Conclusion-

O Regeneration is a viable treatment modality that allows continued root development of immature teeth with open apices
and necrotic pulps. Platelet-rich plasma appears to be a suitable scaffold for regeneration of vital tissues in teeth with
a necrotic pulp and an associated periapical lesion. Regenerative endodontic procedures may offer an effective
treatment option to save teeth with compromised structural integrity.

References

[1].Bender SA et al Evaluation of demineralized bone matrix paste and putty in periodontal intraosseous defects.
Periodontol 2005; 76:768-77.

[2].Giannobile WV. The potential role of growth and differentiation factors in periodontal regeneration. J Periodontol
1996; 67:545e53.

[3].Garret S. Periodontal regeneration around natural teeth. In: Newman MG, ed. Annals of Periodontology. Chicago: The
American Academy of Periodontology, 1996:621e66

Vol. 4 No. 3 (2018) 4



Journal of Advance Research in Medical and Health science (ISSN: 2208-2425)

[4].Schallhorn RG et al Iliac transplants in periodontal therapy. J Periodontol 1970;41:566580.

[5].Schallhorn RG. Present status of osseous grafting procedures. J Periodontol 1977;48:570576.

[6].Bowers GM et al; Histologic evaluation of new attachment apparatus formation in humans. Part Il1. J Periodontol

1989;60:683-693.

[7].Bowers GM et al; Histologic evaluation of new attachment apparatus formation in humans. Part 1l. J Periodontol

1989;60:675-682.

[8].Bowers GM et al; Histologic evaluation of new attachment apparatus formation in humans. Part 1. J Periodontol

1989;60:664-674.

[9].Tsao YP et al; Effects of a mineralized human cancellous bone allograft in regeneration of mandibular Class Il

furcation defects. J Periodontol 2006;77:416-425.

[10]. Mellonig JT. Human histologic evaluation of a bovine derived bone xenograft in the treatment of periodontal osseous
defects. Int J Periodontics Restorative Dent 2000;20:1929.

[11]. Murphy KG et al; Guided tissue regeneration for the treatment of periodontal intrabony and furcation defects. A
systematic review. Ann Periodontol 2003;8:266-302.

[12]. Machtei EE et al; Guided tissue regeneration in smokers: Effect of aggressive antiinfective therapy in Class Il
furcation defects. J Periodontol 2003;74:579-584.

[13]. Flanary DB; The use of a synthetic skin substitute as a physical barrier to enhance healing in human periodontal
furcation defects: A follow-up report. J Periodontol 1991;62: 684-689.

[14]. Lekovic V et al; The use of autogenous periosteal grafts as barriers for the treatment of Class Il furcation
involvements in lower molars. J Periodontol 1991;62:775-780.

[15]. Lamb JW et al; A comparison of porous and non-porous Teflon membranes plus demineralized freeze-dried bone
allograft in the treatment of Class Il buccal/lingual furcation defects: A clinical reentry study. J Periodontol
2001;72:1580-1587.

[16]. Simonpietri-C JJ et al; Guided tissue regeneration associated with bovine- derived anorganic bone in mandibular
Class Il furcation defects. 6-month results at re-entry. J Periodontol 2000;71:904-911.

[17]. Hoffmann T et al; A randomized clinical multicentre trial comparing enamel matrix derivative and membrane
treatment of buccal Class Il furcation involvement in mandibular molars. Part 1ll: patient factors and treatment
outcome. J Clin Periodontol 2006;33:575-583.

[18]. Pradeep AR et al; A randomized clinical trial of autologous platelet-rich plasma in the treatment of mandibular
degree Il furcation defects. J Clin Periodontol 2009;36:581-588.

[19]. Nevins M et al; Periodontal regeneration in humans using recombinant human plateletderived growth factor-BB
(rhPDGF-BB) and allogenic bone. J Periodontol 2003; 74:1282-1292.

[20]. Camelo M et al; Periodontal regeneration in human Class Il furcations using purified recombinant human platelet-
derived growth factor-BB (rhPDGF-BB) with bone allograft. Int J Periodontics Restorative Dent 2003;23:213-225.

[21]. Meyle J. Periodontics: Current concepts and emerging trends. Int J Dent Hyg 2006;4(Suppl. 1):43-49, discussion 50-
52.

[22]. Giannobile WV. The potential role of growth and differentiation factors in periodontal regeneration. J Periodontol
1996;67:545-553

[23]. Wang HL et al; The effect of platelet derived growth factor on the cellular response of the periodontium: an
autoradiographic study on dogs. J Periodontol 1994;65:429-436.

[24]. Lynch SE et al; A combination of platelet-derived growth factor and insulin-like growth factor enhances periodontal
regeneration. J Clin Periodontol 1989;16:545-548.

[25]. Lynch SE et al; The effects of short-term application of a combination of platelet derived and insulin-like growth
factors on periodontal wound healing. J Periodontol 1991;62: 458-467.

[26]. Giannobile WV et al; Comparison of canine and non-human primate animal models for periodontal regenerative
therapy. Results following a single administration of PDGF/IGF-1. J Periodontol 1994;65: 1158-1168.

[27]. Rutherford RB et al; Platelet-derived and insulin-like growth factors stimulate periodontal attachment in monkeys.
J Periodontal Res 1992;27:285-290.

[28]. Rutherford RB et al; Platelet-derived growth factor and dexamethasone combined with a collagen matrix induce
regeneration of the periodontium in monkeys. J Clin Periodontol 1993;20: 537-544.

[29]. Sigurdsson TJ et al; Periodontal repair in dogs: recombinant human bone morphogenetic protein-2 significantly
enhances periodontal regeneration. J Periodontol 1995;66:131— 138.

[30]. Ripamonti U et al;Bone morphogenetic proteins induce periodontal regeneration in the baboon (Papio ursinus). J
Periodontal Res 1994;29:439-445,

[31]. Sigurdsson TJ et al; Periodontal repair in dogs: evaluation of rhBMP-2 carriers. Int J Periodontics Restorative Dent
1996;16:524-537.

[32]. King GN et al; Recombinant human bone morphogenetic protein-2 promotes wound healing in rat periodontal
fenestration defects. J Dent Res 1997;76:1460-1467.

[33]. Choukroun J et al; An opportunity in perio-implantology: the PRF. Implantodontie 2001;42:55-62.

[34]. Dohan Ehrenfest DM et al; Classification of platelet concentrates: from pure platelet-rich plasma (P-PRP) to
leukocyte- and platelet- rich fibrin (L-PRF). Trends Biotechnol 2009;27:158-167.

[35]. Dohan DM et al; Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part 11: platelet-related biologic
features. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101:45-50.

Vol. 4 No. 3 (2018) 5



Journal of Advance Research in Medical and Health science (ISSN: 2208-2425)

[36]. Dohan DM et al;Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part 111: leukocyte activation: a
new feature for platelet concentrates? Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101: 51-55.

[37]. Dohan Ehrenfest DM et al; Three-dimensional architecture and cell composition of a Choukrouns platelet-rich fibrin
clot and membrane. J Periodontol 2010;81:546-555.

[38]. Dohan Ehrenfest DM et al;Slow release of growth factors and thrombospondin-1 in Choukrouns platelet-rich fibrin
(PRF): a gold standard to achieve for all surgical platelet concentrates technologies. Growth Factors 2009;27:63—69.

[39]. Dohan Ehrenfest DM et al; Three-dimensional architecture and cell composition of a Choukroun’s platelet-rich fibrin
clot and membrane. J Periodontol 2010;81:546-555

[40]. He L et al; A comparative study of platelet-rich fibrin (PRF) and platelet-rich plasma (PRP) on the effect of
proliferation and differentiation of rat osteoblasts in vitro. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2009;108:707-713.

[41]. Gassling V et al; Platelet-rich fibrin membranes as scaffolds for periosteal tissue engineering. Clin Oral Implants
Res 2010; 21:543-549

[42]. Sclafani AP. Applications of platelet rich fibrin matrix in facial plastic surgery. Facial Plast Surg 2009;25(4):270-6.

[43]. Choukroun J et al; Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part V: histologic evaluations
of PRF effects on ; bone allograft :maturation in sinus lift. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006
b ; 101: 299-303.

[44]. Mazor Z et al; Sinus floor augmentation with simultaneous implant placement using Choukroun’s platelet rich fibrin
as the sole grafting material: a radiologic and histologic study at 6 months. J Periodontol 2009; 80: 2056-64

[45]. Pradeep AR, Sharma A. Autologous platelet rich fibrin in the treatment of mandibular

Degree 11 furcation defects: a randomized clinical trial. J Periodontol. 2011;82:1396-1403

[46]. Kanakamedala A et al; Platelet-rich-fibrin: A novel root coverage approach. J Indian Soc Periodontol 2009; 13: 50-
54

[47]. Pradeep AR, Sharma A. Treatment of 3-Wall Intrabony Defects in Chronic Periodontitis Subjects With Autologous
Platelet Rich Fibrin - A Randomized Controlled Clinical Trial. J Periodontol 2011;82:1314-9

[48]. Simon B | et al; Quantitative Evaluation of Extraction Socket Healing Following the Use of Autologous Platelet-
Rich Fibrin Matrix in Humans. Int J Periodontics Restorative Dent 2011;31:285-295.

[49]. Peck M T et al; Alveolar Ridge Preservation Using Leukocyte and Platelet-Rich Fibrin: A Report of a Case. Case
Reports in Dentistry Volume 2011, Article ID 345048, 5 pages.

[50]. Gupta: Socket Preservation at Molar Site using Platelet Rich Fibrin and Bioceramics for Implant Site Development.
J Contemp Dent 2013;3(2):102-107.

[51]. Steigmann M, Garg AK. A Comparative Study of Bilateral Sinus Lifts Performed with Platelet-Rich Plasma Alone
Versus Alloplastic Graft Material Reconstituted with Blood. Implant Dentistry 2005; 14 (3):261-266.

[52]. Sumit Narang et al; Modified osteotome sinus floor elevation using combination platelet rich fibrin, bone graft
materials, and immediate implant placement in the posterior maxilla: Journal of Indian Society of Periodontology -
Vol 19, Issue 4, 2015

[53]. Giannobile WV. The potential role of growth and differentiation factors in periodontal regeneration. J Periodontol
1996;67:545€e53.

[54]. Greenwell H. Committee on research, science and therapy, American Academy of Periodontology. Position paper:
guidelines for periodontal therapy. J Periodontol 2001;72:1624-8.

[55]. Sander L, Karring T. Healing of periodontal lesions in monkeys following the guided tissue regeneration procedure.
A histological study. J Clin Periodontol 1995;22:332—7.

[56]. Deodhar AK, Rana RE. Surgical physiology of wound healing: a review. J Postgrad Med 1997;43:52-6.

[57]. Giannobile WV. Periodontal tissue engineering by growth factors. Bone 1996;19(Suppl. 1):23S-37S.

[58]. Dohan DM et al; Platelet-rich fibrin (PRF): a second-generation platelet concentrate, part I: techno-logical concept
and evolution. Oral Surg Oral Med Oral Path Oral Radiol Endod 2006;101:E37-44.

[59]. S. Prakash and A. Thakur, “Platelet concentrates: past, present and future,” Journal of Oral and Maxillofacial
Surgery, vol. 10, no. 1, pp. 45-49, 2011.

[60]. R. E.Marx et al; “Platelet-rich plasma: growth factor enhancement for bone grafts,” Oral Surgery, OralMedicine,
Oral Pathology, Oral Radiology, and Endodontics, vol. 85, no. 6, pp. 638646, 1998.

[61]. E. Anitua et al; “The potential impact of the preparation rich in growth factors (PRGF) in different medical fields,”
Biomaterials, vol. 28, no. 31, pp. 4551- 4560, 2007.

[62]. R. E.Marx, “Platelet rich plasma: evidence to support its use,” Journal of Oral and Maxillofacial Surgery, vol. 64,
pp. 489-496, 2004

[63]. M. Toffler et al; “Introducing Choukroun’s platelet rich fibrin (PRF) to the reconstructive surgery milieu,”TheJournal
of Implant and Advanced Clinical Dentistry, vol. 1, no. 6, pp. 21-32, 20009.

[64]. D. M. Dohan, J. Choukroun, A. “Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part I:
technological concepts and evolution,” Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and
Endodontology, vol. 101, no. 3, pp. E37-E44, 2006.

[65]. D. M. Dohan Ehrenfest et al; “Slow release of growth factors and thrombospondin- 1 in Choukroun’s platelet-rich
fibrin (PRF): a gold standard to achieve for all surgical platelet concentrates technologies,” Growth Factors, vol. 27,
no. 1, pp. 63-69, 2009.

Vol. 4 No. 3 (2018) 6



Journal of Advance Research in Medical and Health science (ISSN: 2208-2425)

[66]. J. Choukroun, A. Diss, A. Simonpieri. “Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part IV:
clinical effects on tissue healing,” Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology,
vol. 101, no. 3, pp. E56— E60, 2006.

[67]. Dohan DM, Choukroun J, Diss A. Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part I1: platelet
related biologic features. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101:E45-50.

[68]. Dohan DM, Choukroun J, Diss A. Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part I1l:
leucocyte activation: a new feature for platelet concentrates? Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006;101:E51-55.

[69]. Sharma A, Pradeep AR. Treatment of 3-wall intrabony defects in patients with chronic periodontitis with autologous
platelet rich fibrin: a randomized controlled clinical trial. J Periodontol 2011;82(12):1705-12.

[70]. Thorat M, Pradeep AR, Pallavi B. Clinical effect of autologous platelet-rich fibrin in the treatment of intra-bony
defects: a controlled clinical trial. J Clin Periodontol 2011;38(10):925-32.

[71]. S. Prakash and A. Thakur, “Platelet concentrates: past, present and future,” Journal of Oral and Maxillofacial
Surgery, vol. 10, no. 1, pp. 45-49, 2011

[72]. V. Gupta et al; “Regenerative potential of platelet rich fibrin in dentistry: literature review,” Asian Journal of Oral
Health and Allied Sciences, vol. 1, no. 1, pp. 22-28, 2011.

[73]. M. Toffler et al; “Introducing Choukroun’s platelet rich fibrin (PRF) to the reconstructive surgery milieu,”The
Journal of Implant and Advanced Clinical Dentistry, vol. 1, no. 6, pp. 21-32, 2009.

[74]. M.W.Mosesson et al; “The structure and biological features of fibrinogen and fibrin,” Annals of the New York
Academy of Sciences, vol. 936, pp. 11-30, 2001.

[75]. T. R. Appel et al; “Comparison of three different preparations of platelet concentrates for growth factor enrichment,”
Clinical Oral Implants Research, vol. 13, no. 5, pp. 522-528, 2002

[76]. N. K. Kiran et al; “Platelet concentrates: a promising innovation in dentistry,” Journal of Dental Sciences and
Research, vol. 2, no. 1, pp. 50-61, 2011.

[77]. M. Toffler et al; “Introducing Choukroun’s platelet rich fibrin (PRF) to the reconstructive surgery milieu,”TheJournal
of Implant and Advanced Clinical Dentistry, vol. 1, no. 6, pp. 21-32, 2009

[78]. D. M. Dohan Ehrenfest, L. Rasmusson, and T. Albrektsson, “Classification of platelet concentrates: from pure
platelet-rich plasma (P-PRP) to leucocyte- and platelet-rich fibrin (L-PRF),” Trends in Biotechnology, vol. 27, no.
3, pp. 158-167, 2009

[79]. Jang E-S et al; Restoration of peri-implant defects in immediate implant installations by Choukroun platelet-rich
fibrin and silk fibroin powder combination graft. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010; 109;
831-836.

[80]. Shobha P et al; Platelet Concentrates: Past, Present and Future Journal of Maxillofacial Oral Surg. Jan-Mar 2011
10(1):45-49

[81]. Khiste S Tari R et al;Platelet-Rich Fibrin as a Biofuel for Tissue Regeneration ISRN Biomaterials VVolume 2013,
Acrticle ID 627367, 6 pages

Vol. 4 No. 3 (2018) 7



