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Platelet-rich fibrin(PRF), developedinFrance
byChoukrounetal(2001), isasecond gen-
eration platelet concentrate widely used to

accelerate soft and hard tissue healing. Its advan-
tages over the better known platelet-rich plasma
(PRP) includeease ofpreparation/application,min-

imalexpense, and lack of biochemical modification
(no bovine thrombinor anticoagulant is required).
PRF is a strictly autologous fibrinmatrixcontaining
a large quantityof platelet and leukocyte cytokines.
This article serves as an introduction to the PRF
“concept” and its potential clinical applications.

Michael Toffler,DDS1•NicholasToscano,DDS, MS2 •DanHoltzclaw,DDS, MS3
MarcoDelCorso,DDS, DIU4•DavidDohanEhrenfest, DDS,MS, PhD5

1. Private Practice limitedto Periodontics, New York,NY, USA
2.Private Practice limitedto Periodontics,WashingtonDC, USA
3. Private Practice limitedto Periodontics,Austin,TX, USA

4.Private Practice, Department of Periodontics, TurinUniversity, Turin,Italy
5.Researcher, Departmentof Biomaterials, InstituteforClinical Sciences,

TheSahlgrenska Academy at Universityof Gothenburg,Gothenburg, Sweden

Abstract

KEY WORDS: Platelet rich fibrin,platelet richplasma,autologousgrowthfactors

TheJournal of Implant &Advanced ClinicalDentistry • 21

JIACDContinuingEducation
IntroducingChoukrounʼsPlatelet Rich
Fibrin(PRF) totheReconstructive

SurgeryMilieu

Thisarticle provides 2hours of continuing education credit.
Please click here fordetails and additional information.



22 • Vol. 1,No. 6 • September 2009

JIACDContinuingEducation

After reading this article, the reader should be
able to:
1.Discuss the science behind
Platelet Rich Fibrin.

2.Discuss howPlatelet Rich Fibrinis prepared.
3.Discuss howPlatelet Rich Fibrin
mightenhance surgical healing.

LearningObjectives

INTRODUCTION
Reconstructive dental surgeons are constantly
looking for an “edge” that jumpstarts the healing
process to maximizepredictability as well as the
volume of regenerated bone. Is it bone morpho-
genetic protein-2 (BMP-2), recombinant platelet
derived growth factor-BB (rhPDGF-BB), plate-
let rich plasma (PRP), plasma rich in growth fac-
tors (PRGF), or a combinationof all four? Let
me say from the outset, “I don t̓ know” and this
report will not provide the answer, but it will serve
to introduce a second generation platelet con-
centrate, platelet-richfibrin (PRF). PRF is easy
to obtain, less costly, and a possibly very ben-
eficial ingredient to add to the “regenerative mix.”
Pre-implantreconstruction of thedeficient alve-

olar ridge facilitates ideal prosthetic positioningof
implants and improves the long-termsuccess of
implant-supportedrestorations.1-3Regardless ofthe
choiceofgraftmaterial(autograft,allograft,xenograft
or alloplast) ormembraneselection (bioresorbable
or nonresorbable), predictable bone regeneration
is dependent upon4majorbiologic principles: pri-
marywound closure, blood supply, space mainte-
nance, andwoundstability.4 Bone graftingismost
successful when itoccurs ina contained,well vas-

cularizedenvironment,stressing the importance of
primaryclosure and thepromotionofangiogenesis.
Blood supply provides the necessary cells,

growth factors, and inhibitors to initiate the osteo-
genic biomineralizationcascade.5 Injury to blood
vessels during oral surgical procedures causes
blood extravasation,subsequent platelet aggrega-
tion, and fibrin clot formation. The major role of
fibrin inwound repair is hemostasis, but fibrin also
provides a matrix for the migration of fibroblasts
and endothelial cells that are involved in angiogen-
esis and responsible for remodelingof new tissue.
Platelet activation in response to tissue damage
and vascular exposure results in the formation of
a platelet plugand bloodclot as well as the secre-
tion of biologically active proteins.6 Platelet alpha
(α) granules form an intracellular storage pool of
growth factors (GF) including platelet-derived
growth factor (PDGF), transforminggrowth factor
β (TGF-β, including β-1and β-2-isomers),vascular
endothelial growth factor (VEGF), and epidermal
growth factor (EGF).7 Insulin-likegrowth factor-1
(IGF-1), which is present in plasma, can exert
chemotactic effects towards humanosteoblasts.8
After platelet activation, α granules fuse with the
platelet cell membrane transforming some of the
secretory proteins to a bioactive state.9,10 Active
proteins are secreted and bind to transmembrane
receptors of target cells to activate intracellular
signaling proteins.11 This results in the expression
of a gene sequence that directs cellular prolifera-
tion, collagen synthesis, and osteoid production.12

Platelet Rich Plasma
Several studies have shown thatbone regenera-
tive procedures may be enhanced by the addi-
tion of specific growth factors.13,14 Platelet-rich
plasma (PRP) was proposed as a method of
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introducingconcentrated growth factors PDGF,
TGF-ß, and IGF-1 to the surgical site, enrich-
ing the natural blood clot in order to expedite
wound healing and stimulate bone regenera-
tion.15 A natural human blood clot contains
95% red bloodcells (RB Cs), 5% platelets,less
than1% white blood cells (WB Cs), and numer-
ous amounts of fibrin strands. A PRP blood
clot, on the other hand, contains 4% RB Cs,
95% platelets, and 1% WB Cs.16 The classic
PRP productionprotocol requires blood collec-
tion with anticoagulant, 2 steps of centrifuga-

tion, and artificial polymerization of the platelet
concentrate using calcium chloride and bovine
thrombin.17,18 Since its introduction, PRP has
been used in conjunction with different grafting
materials in bone augmentation procedures.19-23
Todate, the results fromthese studies are con-
troversial and no conclusions can be drawn
regarding the bone regenerative effect of PRP.6

Figure 1: Process®centrifuge.

Figure 2: PRFcollectionkit including24gaugebutterfly
needle and9mlbloodcollection tube.

Figure 3: Singlespinproduces3layers:top isplatelet poor
plasma,middleisPRF, andbottomlayer containsredblood
cells (RBCs̓).
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Platelet Rich Fibrin
Platelet-richfibrin(PRF) represents a new step in
the platelet gel therapeutic concept with simpli-
fied processing minus artificial biochemical modi-
fication.24 Unlike other platelet concentrates,17,18
this technique requires neither anticoagulants nor
bovine thrombin (nor any other gelifying agent),
making it no more than centrifuged natural blood
withoutadditives. Developed in France byChouk-
rounet al in 2001,25 the PRF productionprotocol
attempts to accumulate platelets and released
cytokines ina fibrinclot. Thoughplatelets and leu-
kocyte cytokines play an important part in the biol-
ogy of this biomaterial, the fibrinmatrixsupporting
themcertainly constitutes thedeterminingelement
responsible for the real therapeutic potential of
PRF.24-28 Cytokinesarequicklyusedanddestroyed
in a healing wound. The synergy between cytok-

ines and their supporting fibrin matrix has much
more importance than any other parameter. A
physiologic fibrin matrix(such as PRF) will have
very different effects than a fibrin glue enriched
with cytokines (such as PRP), which will have a
massively uncontrollable and short-term effect.

Preparation and Clinical Applications
of PRF
PRF preparationrequiresanadequate table centri-
fuge(figure1), (PC-02,Process Ltd.,Nice, France),
and collection kit including: a 24 gauge butterfly
needle and 9 mlblood collection tubes (figure 2).
The protocol for PRF preparation is very simple:
whole blood is drawn into the tubes without anti-
coagulant and is immediatelycentrifuged. Within
a fewminutes,the absence ofanticoagulantallows
activation of the majority of platelets contained
in the sample to trigger a coagulation cascade.
Fibrinogen is at firstconcentrated inthe upperpart
of the tube, until the effect of the circulating throm-
bin transforms it intoa fibrinnetwork. The result is
a fibrinclot containing the platelets located in the

Figure 4: Pliersareinsertedintothetubetogentlygrab
the fibrinclotwithattachedRBCʼs.

Figure 5: Fibrinclotsaretransferredtosterilemetal
surfaceandRBCsaregentlyscrapedawayanddiscarded.
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middleof the tube, just between the red blood cell
layer at thebottomandacellular plasmaat the top
(figure3). UnlikePRP, thePRF results froma nat-
ural and progressive polymerizationwhich occurs
duringcentrifugation. Thisclot is removedfromthe
tube and the attached red blood cells scraped off
and discarded (figures 4,5). The PRF clot (figure
6) is then placed on the grid in thePRF Box® (fig-
ure 7) (Process Ltd., Nice, France), and covered

with the compressor and lid. This produces an
inexpensive autologous fibrinmembrane inapprox-
imatelyoneminute(figure 8). The PRF Box® was
devised to produce membranesof constant thick-
ness that remainhydrated for several hours and to
recover theserumexudateexpressed fromthefibrin
clots which is rich in the proteins vitronectin and
fibronectin.26 The exudatecollected at the bottom
of the boxmay be used to hydrate graft materials,
rinse the surgical site, and store autologous grafts.
Concerning specific procedures, PRF mem-

branes may be utilized in combination with graft
materials to expedite healing in lateral sinus floor
elevation.29 Choukrounet al29 evaluated thepoten-
tial of PRF in combinationwith freeze-driedbone
allograft (FDBA) to enhance bone regeneration
in lateral sinus floor elevation. Nine sinus floor
augmentations were performed with 6 sinuses
receivingPRF + FDBA particles (test group) and
3 sinuses receiving FDBA without PRF (control
group). Fourmonthsafter implantation(test group)
and8monthslater (control), bone specimenswere

Figure 6: PRFisplacedonthegridinthePRFBox®.

Figure 7: CompletePRFBox®setup.
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harvested with a 3mm diameter trephine during
implant insertion. Histologic evaluations revealed
thepresence ofresidualboneparticles surrounded
by newly formed bone and connective tissue. At
4 months, the histologic maturation of the test
group appeared identical to that of the control
group after a period of 8 months with the quan-
tities of newly formed bone equivalent between
the two protocols. The use of PRF in combina-
tion with FDBA to perform sinus floor augmenta-

tion seemed to accelerate bone regeneration.
When performing ridge augmentation, PRF

membranes are used to protect and stabilize the
graft materials (figures 9-11). The membranes
act as fibrin bandages, accelerating the healing
of the soft tissues, facilitating the rapid closure of
the incision despite a substantial volumeof added
bone (figures 12-14). In a two-part publication,
Simonpieri et al30,31 reported on a new technique
for maxillary reconstruction using FDBA, PRF
membranes and 0.5% metronidazole solution. A
small quantity of a 0.5% metronidazole solution
(10 mg) was used to provide an efficient protec-
tionof the bonegraftagainst unavoidable bacterial
contamination.32 PRF membraneswere used to
protect the surgical site and foster soft tissue heal-
ing and PRF fragmentswere mixedwith the graft

Figure 8: PRFBox®isusedtocreatePRFmembranes.
Serumexudatecollectsin thebottomoftheboxbeneath
thegrid.

Figure 9: Residualdefectafterextractionoffractured#8.
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particles. Themembranesmaybe cut into few-mil-
limeter fragments andmixedwith the graft material
(figures 15,16), functioning as a “biological con-
nector” between the differentelements ofthe graft,
andas amatrixwhich favors neo-angiogenesis, the
capture of stem cells, and the migrationof osteo-
progenitorcells to the center of the graft.5,6 Using
the reported protocol, they consistently observed
a high degree of gingival maturation after healing
with a thickeningof keratinizedgingival tissues that
improvedthe esthetic integration andfinal result of
their prosthetic rehabilitations. In addition, all their
clinicalexperiencesemphasizedthattheuseofPRF
seemed to reduce postoperative pain and edema,
and limited even minor infectious phenomena.31
Toget thicksmalldiscs or “plugs” of PRF, use-

ful in protecting extraction sites, the PRF clot is

placed intothecylinderinthePRF Box® andslowly
compressed with the piston (figures 17-19). The
smalldiscs measure1cm indiameterandare easily
inserted intoresidual extractiondefects to expedite
soft tissue healing in site preservation procedures
permitting ideal prosthetic implant placement (fig-
ure 20). PRF plugs are also positioned in the
implant osteotomy to facilitate sinus floor eleva-
tion using a crestal core elevation (CCE) proce-
dure33orosteotome-mediatedsinus floor elevation
(OMSFE) with simultaneousimplantplacement.34
Diss et al35 documented radiographic changes
in the apical bone levels on 20 patients with 35
microthreaded implants placed using OMSFE
with PRF as the sole grafting material. Despite
a limited residual subantral bone height (RSBH)
of 4.5 to 8 mm, a healing period of 2-3months

Figure 10: DefectgraftedwithRegenaform(RTIBiologics,
Alachua, FL).

Figure 11: Graft iscoveredwith2to4PRFmembranes.
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was found to be sufficient to resist a torque of 25
Ncm applied during abutment tightening. One
implant failed during the initial healing, but at one
year, 34/35 implantswere clinically stable and the
definitiveprostheses were infunction,resultingina
survival rate of 97.1%. Themean endosinus bone
gain was 3.2 mmwith radiographic documenta-
tion of apical displacement of the sinus floor. Not

only can PRF be used in lieu of particulate graft-
ing to predictably elevate the sinus floor using a
crestal approach, but the PRF membrane can
provide protection for the sinus membrane during
the use of an osteotome, and in case of perfora-
tion, the fibrinmatrixcan aid inwound closure.35,36
The authors always utilizePRF membranes in the
lateral window osteotomy procedure to line the

Figure 12: Narrowalveolarridgeinanteriormaxilla. Figure 13: BuccaldefectsgraftedwithFDBA(LifeNet,
VirginiaBeach,VA).

Figure 14: Completecoverageofgraftandcrestwith4to
6PRFmembranes.

Figure 15: PRFmembranehasbeenfragmentedtomix
easilywithgraftmaterial.
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Figure 17: PRFhasbeenplacedintocylindersinthePRF
Box®.

Figure 16: “ExtractionMix”– PRFfragments+FDBA+
calciumsulfate(AceSurgical, Brockton,MA).

Figure 18: Pistonsareusedtogently compressPRF. Figure 19: Compressionresultsinthe formationofaPRF
plug.

membrane prior to grafting as “membrane insur-
ance” possibly sealing an undetected perforation
which can lead to serious postoperative sequelae.

DISCUSSION
PRF is a matrixof autologous fibrin, in which are
embedded a large quantity of platelet and leu-
kocyte cytokines during centrifugation.24,25 The

intrinsic incorporationofcytokineswithinthefibrin
mesh allows for their progressive release over
time (7-11days), as the network of fibrindisinte-
grates.30 Theeasily applied PRF membraneacts
muchlike a fibrinbandage,5 serving as amatrixto
accelerate the healingof woundedges.11 It also
provides a significant postoperative protection
of the surgical site and seems to accelerate the
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integration and remodelingofthe graftedbiomate-
rial.25-27 According to Simonpieri et al,31 the use of
this platelet and immuneconcentrate during bone
graftingoffersthefollowing4 advantages: First, the
fibrin clot plays an importantmechanical role, with
the PRF membranemaintainingandprotecting the
grafted biomaterials and PRF fragments serving
as biological connectors between bone particles.
Second, the integration of this fibrin network into
the regenerative site facilitates cellular migration,
particularly for endothelial cells necessary for the
neo-angiogenesis,24 vascularization and survival of
thegraft. Third,theplateletcytokines(PDGF, TGF-
β, IGF-1) are gradually released as the fibrinmatrix
is resorbed, thus creating a perpetual process of
healing.20,30 Lastly, thepresence of leukocytes and
cytokines in the fibrin network can play a signifi-
cant role in the self-regulationof inflammatoryand
infectious phenomenawithin thegraftedmaterial.21

CONCLUSION
Early publications and clinical experience seem
to indicate that PRF improves early wound
closure, maturation of bone grafts, and the
final esthetic result of the peri-implant and
periodontal soft tissues. Additional reports
are forthcoming, highlighting the many clini-
cal applications and healing benefits of this
second generation platelet concentrate. ●
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1. Predictable bone regeneration is
dependent upon whichmajor biologic
principles?
a. Primarywoundclosure
b. Blood supply
c. Space maintenanceandwoundstability
d. All of the above

2. Themajor role of fibrin in wound repair
is hemostasis.
a. True
b. False

3. Platelet activation in response to tissue
damage and vascular exposure results
in the formationof a platelet plug and
blood clot as well as the secretion of
biologically active proteins.
a. True
b. False

4. Platelet alpha (α) granules forman
intracellular storage pool of growth
factors which include all the following
except?
a. Platelet-derivedgrowth factor
b. Bone morphogeneticprotein
c. Vascular endothelialgrowth factor
d. Epidermal growthfactor

5. ThePRF technique requires
anticoagulants in order to process it.
a. True
b. False

6. PRF preparation requireswhichof the
following?
a. Adequate table centrifuge
b. 24 gauge butterflyneedle
c. 9mlblood collection tubes
d. All of theabove

7.Theprotocol for PRF preparation
requires immediate centrifugation after
blood collection.
a. True
b. False

8. ThePRF Box® was devised to produce:
a. Membranesof constant thickness
b. Recovery of serumexudate
c. All of the above
d. None of the above

9. PRF membraneacts like a fibrin
bandage, servingas a matrix to
accelerate healing of soft tissues.
a. True
b. False

10.PRF is a matrixof autologous fibrin, in
whichare embedded a large quantity of
platelet and leukocyte cytokines during
centrifugation.
a. True
b. False
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