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Abstract
Objectives Research acrossmany fields of medicine now
pointstowardstheclinical advantagesof combiningregener-
ative procedureswithplatelet-richfibrin (PRF). This system-
atic review aimedto gathertheextensive numberof articles
publishedto dateon PRF in thedental field to betterunder-
standtheclinical procedureswhere PRF may be utilized to
enhancetissue/boneformation.
Materials andmethodsManuscripts weresearchedsystemat-
ically until May 2016andseparatedinto the following cate-
gories: intrabony andfurcation defectregeneration,extraction

socketmanagement,sinus lifting procedures,gingival reces-
sion treatment,andguidedboneregeneration(GBR) includ-
ing horizontal/vertical bone augmentationprocedures. Only
human randomized clinical trials were included for
assessment.
Results In total,35articles wereselectedanddivided accord-
ingly (kappa=0.94). Overall, theuseofPRF hasbeenmost
investigatedin periodontologyforthetreatmentofperiodontal
intrabony defectsandgingival recessionswherethemajority
of studies have demonstratedfavorable results in soft tissue
managementandrepair.Little tonorandomizedclinical trials
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were found for extraction socketmanagementalthoughPRF
has been shown to significantly decrease by tenfold dry
socketsof third molars. Very little to no datawas available
directly investigating theeffectsofPRF onnewboneforma-
tion in GBR, horizontal/vertical boneaugmentationproce-
dures, treatment of peri-implantitis, and sinus lifting
procedures.
Conclusions Much investigationnowsupportstheuseofPRF
for periodontal and soft tissue repair. Despite this, there re-
mains a lack of well-conducted studies demonstratingcon-
vincingly the role of PRF duringhard tissueboneregenera-
tion. Futurehumanrandomizedclinical studiesevaluating the
useof PRF onboneformationthusremainnecessary.
Clinical relevance PRF was shown to improve soft tissue
generation and limit dimensional changes post-extraction,
with little available datatodatesupportingitsusein GBR.

Keywords Platelet-richfibrin .Tissueregeneration .Bone
augmentation .Soft tissueregeneration

Introduction

Regenerative therapyin dentistry involves thereplacementand/
or regeneration of oral tissues altered as a result of disease or
injury. One of the reportedaspectscomplicating this endeavor
has been the complex nature of the tissues found in the oral
cavity. Theseincludebothmineralizedtissuessuchasthecemen-
tum,alveolar bone,anddentin,aswell assoft tissuesconnected
by ligaments (periodontal ligament), each comprising distinct
cell populationsfromvarious tissueorigins (ectodermalandme-
sodermal). Thesecell populationsresidein specialized extracel-
lular matricesorganizedincomplexfashions[1,2]. In thepast,a
variety of regenerativeproceduresutilizing highly sophisticated
biomaterialswereintroducedtoattempttheir regeneration.These
included ambitious attemptswith barrier membranestoperform
guidedtissue/boneregenerationandtheuseof avariety of bone
graftingmaterials fromhuman,animalandsynthetic sources,as
well as bioactive growth factors such as bonemorphogenetic
proteins(BMPs) andenamelmatrixderivative (EMD). Other
investigators proposedthattheuseofthree-dimensionalscaffolds
fabricated fromthepatient̓s ownperipheral bloodcould beuti-
lized [2]. This newapproachis basedontheconceptsthatwere
introducedover adecadeagoconsistingofaplatelet concentrate
withouttheuseof anticoagulants.Platelet-richfibrin (PRF) was
thereforedevelopedasanimproved formulationof theprevious-
ly utilizedplatelet-richplasma(PRP) [3].
Unlike PRP, which requirestheadditionof anticoagulants

suchasbovine thrombinduringinitial bloodcollection, PRF
is obtainedsimply by centrifugation without anticoagulants
andisthereforestrictly autologous.Thisfibrin matrixcontains
plateletsandleukocytesaswell asavariety of growthfactors
and cytokines including transforming growth factor-beta1

(TGF-β1), platelet-derivedgrowthfactor (PDGF), vascular
endothelialgrowthfactor(VEGF), interleukin(IL)-1β,IL-4,
and IL-6 [4]. Furthermore, fibrin that formsduringthe final
stagesof the coagulation cascade, combinedwith cytokines
secretedby platelets,makesPRF ahighly biocompatiblema-
trix especially in damagedsiteswherethefibrin networkacts
also asa reservoir of tissuegrowthfactors [5]. Thesefactors
actdirectly onpromotingtheproliferation anddifferentiation
of osteoblasts, endothelial cells, chondrocytes, and various
sourcesof fibroblasts [6, 7]. Despite this, many questions
remain about the actual clinical performanceof PRF.
Therefore, thepurposeof thepresentsystematicreview is to
report thecurrentstateof knowledgeandclinical potentialof
PRF in regenerative dental therapy when comparedto both
standardizedcontrols andwell-established standardregenera-
tive biomaterials fromhumanclinical randomizedtrials.

Brief history of plateletconcentrates

Theoriginal conceptleadingtowardsthepreparationofplate-
let concentrateswasthatconcentratedplateletsandautologous
growth factors could be collected in plasma solutions that
could then be utilized in a surgical site to promote local
healing [8, 9]. It was given the popular working name
Bplatelet-richplasmâ (PRP), introduced in the late 1990s
[10–12]. PRP is composedofover95% platelets,a cell type
that actively secretes growth factors for initiating wound
healing and secreting factors responsible for enhancing cell
adhesion,proliferation, andmigration of various cell types
[10,13]. Aroundthesametimeperiod,Anitua etal. formulat-
eda secondplatelet concentratealso utilizing anticoagulants
termedplatelet-richgrowthfactor (PRGF) [14,15].
Despite this, several factorshavebeenshowntolimit theuse

of PRP andPRGF. Their preparationrequirestheadditionaluse
of bovine thrombinorCaCl2 in addition tocoagulation factors.
Furthermore, thepreparationmustbecentrifugedin twoseparate
stagesin order to increase platelet concentrationwithout incor-
porationof leukocytes (sometimesrequiring 1h). It hasfurther
beenreportedthattheliquid natureof PRP also complicates its
handling and reduces its potential application since it mustbe
utilized in combinationwith otherbiomaterials.Lastly, theclin-
ical potentialforboneregenerationwith PRP is limitedhavinga
very shortrelease of growth factor profile [16–18]. All these
limitations have led to the emergenceof a second-generation
platelet concentratetermedPRF fabricated from100% autolo-
goussources[19].

AdvantagesofPRF overPRP

PRF differs fromits predecessor(PRP/PRGF) by several pa-
rameterswhich canbesummarizedasfollows: thesimplicity
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of its preparationandits implementation.The timeof prepa-
ration andcostof preparationarebothsignificantly lower as
PRF doesnotnecessitatethedirect activation with additional
factors such as bovine thrombin or extrinsic anticoagulants
[3]. Becauseof its fibrousstructure,PRF retainsa largernum-
ber of cytokines and growth factors in a supportive three-
dimensionalfibrin scaffold for cell migration[20]. In tissue,
PRF dissolvesmoreslowly thanPRP, formingasolid fibrin
matrix slowly remodeledin thestyle of anaturalblood clot.
Platelets and cytokines are theneffectively retainedand re-
leasedgradually over time [18]. The PRF scaffold allows a
continuousslow releaseof growthfactorsandcytokines over
aperiodof10days, incontrasttoPRP which hasbeenshown
toreleasethemajority of itsgrowthfactorswithin thefirst day
[18].Therefore,migratingcells innearproximitytoPRF scaf-
folds are in an environmentwith fibrin and growth factors
throughouttheir entiregrowthcycle [21].
Oncebloodis collected (in theabsenceof anticoagulants),

samplesmustbecentrifugedimmediately toavoid theactiva-
tionof thecoagulationcascade.During centrifugation,fibrin-
ogenis concentratedtothetopofthecollection tubeuntil the
circulating thrombintransformsit into afibrin network.This
results in a fibrin clot rich in platelets, trappedbetweenan
acellular plasmalayer anderythrocytes.The solid fibrin clot
is foundbetweenthesupernatantandthereddish background
formed by red blood cells. The clot may then be removed
immediately andcondensedin ametal boxso asto obtain a
solid covering membraneor a filling cylinder (Fig. 1). The
resulting exudatemaybe cut andusedtohydrate graft mate-
rials if required(Fig. 1)[19, 20].

ImplicationsofPRF in woundhealing

Although leukocyte andplatelet cytokines play an important
role in thePRF healing capacity, it hasoftenbeensuggested
thatit is thefibrin matrixsupportingtheseelementswhich is
actually responsiblefor its therapeuticpotential[20]. Thekeys
to tissue regeneration lie in their angiogenic potential, their
immunesystemcontrol, their potential to recruit circulating
stemcells, and their ability to ensureundisturbedwound
closure/healingby epithelial tissues [20]. The angiogenic
propertiesof PRF may thereforebe explained by the three-
dimensionalstructureof thefibrin matrixwhich holdsanum-
berofgrowthfactorsandcytokines simultaneously embedded
in thematrixincludingPDGF, TGF-β1, IGF, andVEGF. The
regenerative potential of thesecytokines hasbeenabundantly
studied in tissue wound healing and regeneration [4, 12,
22–33]. Furthermore, thefibrin matrix stimulatestheexpres-
sion of integrin avb3 which allows cells to bind to fibrin,
fibronectin, andvitronectin [33]. This cascadeof events is of
utmostimportanceto initiate theprocessof angiogenesisand
thustissuewoundhealing [33].

Moreover, the fibrin degradationproductsdirectly stimu-
lateneutrophilmigrationandfacilitate transmigrationintothe
vascular endothelium.This neutrophilactivation causessecre-
tion of proteasesthatfacilitate their penetrationin the base-
mentmembraneof blood vessels, in addition to their contri-
butionto degradethefibrin clot. Neutrophils trappedwithin
the fibrin clot act to eliminate incoming bacteria andpatho-
gensin thewoundsite by phagocytosis andtheproductionof
toxic free radicals and digestive enzymes.This contributes
towardstheprevention of bacterial contaminationwithin the
surgical site [34]. PRF also containsmacrophagesthat are
involved in thehealing andrepair processby playing a key
role in thetransitionbetweeninflammation andwoundrepair
duringosteogenesis[33, 34].

Methods

Developmentofa protocol

This review was conductedand reported according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews andMeta-Analyses) [35]. A protocol including all
aspectsof a systematic review methodologywas developed
priortoinitiationof thisreview.This includeddefinitionofthe
focusedquestion;a PICO (patient, intervention, comparison,
outcome)question;adefinedsearchstrategy; studyinclusion
criteria; determination of outcome measures; screening
methods,dataextraction, andanalysis; anddatasynthesis.

PICO question

P: Do patients in needof clinical bone,cementum,soft
tissue,and/orPDL gain
I: Undergoing to dental treatments(i.e., guided bone/
tissue repair/regeneration or pulp repair/regeneration)
using defined non/surgical approaches combined with
theuseof PRF assole/combinedbiomaterial
C: Defined regenerative/reparativeapproacheswithout
theuseofPRF
O: Soft and/orhardtissuereconstructionoftheperiodon-
tium, alveolar bone, peri-implant tissues, or tooth
structure

Defining the focusedquestion

The following focusedquestionwas defined: BWhat indica-
tions hasplatelet rich fibrin (PRF) beenshowneffective for
tissue repair/regenerationof either soft or hard tissues in
dentistry?̂
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Search strategy

Electronic andmanualliterature searcheswere conductedin-
dependentlyby twoauthors(RJM andMFK) inseveraldata-
bases,includingMEDLINE (OVID), EMBASE (OVID),
CochraneCentral Register of Controlled Trials (Cochrane
Library), Cochrane Oral Health Group Trials Register
(Cochrane Library), Web of Science (Thomson Routers),
andSciVerse (Elsevier). Theelectronicliteraturewassearched
forarticles publisheduptoandincludingMay 14,2016:com-
binations of several search termsand search strategies were
applied to identify appropriate studies (Supplemental
Tables 1–4). These include searchstrategies to identify the
effectsofPRF on(1) intrabonydefectregeneration,(2) furca-
tion defect regeneration, (3) managementof gingival reces-
sions, (4) guided bone regeneration and extraction socket
healing, and (5) sinus floor elevation procedures.Reference
lists ofreview articles andofthe includedarticles in thepres-
ent review were screened. Finally, a hand search of the
Journal of Clinical Periodontology,JournalofDental
Research, Journal of Periodontal Research, Journal of
Periodontology,Clinical Oral ImplantsResearch, Clinical
Implant Dentistry and Related Research, Clinical Oral
Investigations,andThe International J ournal of
Periodontics and Restorative Dentistry was performedfrom
January 2000toMay 2016.

Criteria for study selectionand inclusion

Study selectionconsideredonly articles publishedin English,
describing the humanclinical evaluation of PRF for the
above-indicatedsearchstrategies.Only humanstudiesevalu-
atingthecomparativeeffectsofPRF toanappropriatecontrol
or to another regenerative modality in humanstudies were
included.All humanstudiesevaluatingPRF in a casereport

orcaseserieswere excludedif controlswere notpresent.All
animalandin vitro studieswerealso excluded.

Outcomemeasuredetermination

The primary outcome of interest was to determine the
regenerative/reparativepotentialofPRF inavariety ofclinical
settingsutilized in dentistry.For eachoftheinvestigatedclin-
ical indications, different primary outcomeswereconsidered.
For studiesdealingwith intrabony defect regeneration,prob-
ingpocketdepth(PPD) andclinical attachmentlevels(CAL)
weremeasured.For studiesdealingwith gingival recessions,
root coverage was calculated as percentage.Studies investi-
gating theuseofPRF for furcation defect regenerationquan-
tified CAL gainsasa primary outcomemeasure.For studies
dealing with bone regeneration, dimensional change/density
ofhardtissueswascompared.Similarly, sinusfloor elevation
proceduresquantified newboneformationand/orimplantsuc-
cess rates following sinus lifting procedureswith/without
PRF. Outcomes were summarized in Supplemental
Tables1–4for thevariousclinical studiesaccordingly.

Screening method

Titles andabstractsof theselectedstudieswereindependently
screenedby threereviewers (RJM, MFK, and VG). The
screeningwasbasedonthequestion:BDoesplateletrichfibrin
(PRF) have the ability to affect primary outcomesmeasured
across a variety of procedures commonly performed in
dentistry?̂ Full-text articles were obtainedif theresponseto
thescreeningquestionwasByeŝ orBuncertain.̂ The level of
agreement between reviewers was determined by kappa
scores. Disagreement regarding inclusion was resolved by
discussion betweenauthors. For necessarymissing data, the
authorsof thestudieswere contacted.

Fig. 1 Fabrication of various PRF membranesfrom10mL autologousblood.Thereafter, two PRF clots weremixedwith a bonegraftingmaterial
accordingly (clinical imageswerekindlyprovidedbyDr.Michael A. Pikos)
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Data extractionand analysis

Thefollowing datawereextracted:generalcharacteristics(au-
thorsandyearof publication), defecttype,numberofpatients,
healing period, treatmentgroups,primary outcomemeasure-
ments,andsignificant value. Due tothesizeof thestudyand
thenumberof treatmentprocedurescomparedusingPRF, no
meta-analysiswasperformed.Instead, thedatais reportedin a
systematic fashionwith anoverview of all studiesfitting the
search descriptions. Thereafter, data was extracted from the
collection of articles and summarizedin separatetables and
discussedaccordingly.

Results

Search outcomes

In total, theinitial searchstrategiesgenerated152articles that
wereseparatedaccordingly intointrabony,furcation, gingival
recession,guidedboneregeneration(GBR)/extraction socket,
andsinuslift accordingly (Fig. 2). Of theinitial searches,45
abstractswere retained for further investigation. In total, 10
articles were excludedprimarily basedon their lack of con-
trols orappropriateendpointsmatchingoursearchcriteria. In
total,35articleswerekeptforfurtherevaluation.This section
aims to present viable treatmentoptionsutilizing PRF and
evaluate its performanceaccordingto publishedstudies.

Intrabony defectregenerationwith PRF

One of the main uses for PRF has been for the repair/
regenerationof periodontal intrabony defects [36–45]. To
date,11randomizedclinical trials (RCTs) have reportedthe
useofPRF forintrabonydefectregeneration,mostoftencom-
paringPRF toopenflapdebridementalone(Table1). Clinical
improvementswere reportedvia PPD reductionsas well as
CAL gains following regenerativeperiodontaltherapy.All
sevenstudiesfoundthat theadditional useof PRF increased
PPD reductionsandCAL gainswhencomparedtoopenflap
debridement(OFD) alone(Table1). Onestudycomparingthe
regenerationof intrabony defectsutilizing either PRF or a
bonegraftingmaterial (demineralized freeze-driedboneallo-
graft (DFDBA)) found no significant differences between
treatmentgroups[42]. Two studiesreportedtheeffectiveness
of PRF in combinationwith a bonegraftingmaterial when
comparedto bonegrafting material alone [36, 38]. In both
thesestudies, theadditional useof PRF enhancedthefilling
of intraosseousdefects. Most recently, Panda et al. mostre-
cently foundthatthe supplementaluseof PRF for intrabony
defect regenerationin combination with a barrier membrane
also led to statistically better results [39]. In summary,the
collected RCTs have demonstratedthattheuseof PRF leads

tostatistically superiorperiodontalrepairof intrabonydefects
whencomparedtoOFD alone andmayfurther becombined
with regenerativebiomaterialssuchasbonegraftsorcollagen
barrier membranesto further enhance periodontal regenera-
tionof intrabonydefects.Despite thewidespreaduseofPRF
demonstratingthe reductionof PPD andCAL gains, it re-
mains of interest to note that no histological findings have
yet beenutilized todemonstratetruehistological periodontal
regenerationin humansubjects. Therefore, future researchto
characterizeintrabonydefectregenerationversusrepairutiliz-
ingPRF asabiomaterial remainsnecessary.

Furcation defectregenerationwith PRF

Similarly, PRF hasalso beenutilized in threestudiesinvesti-
gating periodontal regenerationof class II furcation defects
(SupplementalTable5)[46–48]. In all studies,PRF wascom-
paredtoOFD alone,therebyfully characterizingitsregenera-
tive potential utilizing appropriatewell-designedcontrols in
all humanclinical studies. In all threestudies conductedby
Sharmaetal. 2011,Bajaj etal. 2013,andPradeepetal. 2016,
theuseof PRF ledtoasignificant improvementinCAL gains
when comparedto controls [46–48]. These findings reporta
gain in vertical CAL of 2.33,2.87,and4.17mmin testPRF
groupswhen compared to 1.28, 1.37, and1.82mm,respec-
tively, inOFD controls[46–48]. Theseresultsdemonstratethe
potential for tissue repairutilizing PRF for furcationdefects.
One remaining issue to address is that the results have not
confirmed the regenerativepotential of PRF via histological
evaluation andthereforetheprocesscansolely bedefined as
tissue Brepair.̂ Furthermore, to date, no study hascompared
theuseofPRF toothereffective regenerativematerialssuchas
bonegraftingmaterialsorotherregenerativebioactive growth
factors. In the future, its clinical performancecouldbebetter
assessedif comparedtootherleading regenerative agents.

Root coverageof gingival recessionswith PRF

PRF hasalso beenwidely utilized as a bioactive matrix in
numerousstudies for root coverage of gingival recessions
(Table2, Fig. 3)[49–61]. Of the13listedstudies,sixstudies
comparedtheuseofcoronallyadvancedflap (CAF) toCAF +
PRF. Of thesestudies,threefoundthatPRF inducedasignif-
icant increasein rootcoverage[49,51,58]whereastheother
three found no significant differences [52, 54, 60]. Of the
remaining studies, one study comparedPRF to EMD and
foundnodifferences in thereportedrootcoverage[56]. Four
studiescomparedCAF +PRF to CAF +connective tissue
graft (CTF) andalso foundnodifferenceinaveragerootcov-
erage[50,53,55,61].OnestudycomparedCAF +CTG with
CAF +CTG andPRF andfoundasignificantincreasein root
coverage for the combination approachutilizing bothCTG
withPRF [57]. Rajarametal. utilizedadoublelateral sliding
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bridgeflapwith andwithoutPRF for thetreatmentofgingival
Miller class II defects and foundno significant differences
between control and test groups[59]. These results seemto
hint at thefact thattheuseofPRF favorsaslightgain in root
coveragewhen comparedtoCAF alonebutdoesnot lead to
better results when compared to EMD or to CTG.
Furthermore,several reportsshow thatCAF in combination
with CTG leads to morewidth in keratinized tissue when
comparedtoPRF.
Interestingly, two reportscommentedontheaddedadvan-

tageof PRF in pain management[55, 56]. Jankovic et al.
foundin twoseparatestudiescomparingPRF toeither EMD
or CTG that PRF led to lower morbidity and fasterwound
healing [55, 56]. In a similar study investigating thewound
healing properties of PRF, the palatal donor site of the
epithelializedCTG was treatedwith PRF or agelatin sponge
onthehealingof palatal donorsites [62]. It wasreportedthat

the PRF-enriched palatal bandagesignificantly accelerated
palatal wound healing and reduced the patient̓s morbidity
[62].
In summary,theuseof PRF for the treatmentof gingival

recessions is limited. Evidence from anothersystematic re-
view from2016concludedthat theadditionaluseofPRF for
thetreatmentof gingival recessionsdidnot lead toany addi-
tionalbenefitin rootcoverageorCAL (P =0.57andP =0.50,
respectively) [63]. Furthermore, the reportedkeratinizedmu-
cosawidth (KMW) gainwassignificantly greaterin thesub-
grouptreatedwith CTG whencomparedto PRF for studies
greateror equal to 6monthsin duration [63]. The results of
thatmeta-analysissuggestthat the useof PRF doesnot im-
provetherootcoverage,KMW, orCAL ofMiller classI andII
gingival recessionscomparedwith othertreatmentmodalities
includingEMD orCTG butcanbeobtainedeasilyat lowcost
whencomparedtootherregenerativemodalities [63].
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Guided boneregenerationand extraction socket
managementwith PRF

Oneareaof researchthathasgainedtremendouspopularity in
recentyears is themanagementofdimensional changesof the
alveolar bonedirectly following tooth extraction [64–66].
These changeshave beenreported to occur within 8 weeks
following extraction[67] asaconsequenceofdecreasedblood
supply following tooth removal (periodontal ligament ab-
sence). Several advantageshave beenreportedwhen filling
extraction sockets with PRF (Supplemental Table 6)
[68–71]. Hauser et al. found in a study of 23 patients that
PRF reduceddimensionalchangespriorto implantplacement
whencomparedtonaturalsockethealing[71]. Furthermore, it
was reported that raising a peri-mucostealflap reduced the
effectivenessofPRF [71].Girish Raoetal. foundthatfollow-
ing thirdmolarextractions,thefilling ofsocketswithPRF led
to a non-significant increase in bonevolume [68]. Hoaglin
etal. reportedthat filling thirdmolarextractionsocketswith

PRF led to a nearly tenfolddecreasein osteomyelitis infec-
tionswhen comparedtonatural healing. This studywas con-
ductedbilaterally in 200patients, thusproviding someof the
highestscientific evidence for the reducedrate of infection
following useof PRF [70]. Lastly, Suttapreyasriet al. found
thatPRF reduceddimensionalchangesin premolarextraction
siteswhen comparedtoblank controls [69].
Despite the limitednumberofstudies, theuseofPRF acts

as an ideal material post-extractionby improving bone
healing/regeneration,preserving the quality and density of
theresidualridge, reducinginfection, anddecreasingthetime
ofsurgerywhencomparedtotheuseofacovering membrane.
Thesebenefitsare increasingly associatedwith a low costof
operationandaminimal riskof infection. PRF mayfurtherbe
utilized aroundimmediateimplant placementtopack gapsor
additionally tospeedsofttissuewoundhealing(Fig. 4). There
remainshowever agreatnecessity tofurther evaluate dimen-
sional changesutilizing PRF in various clinical situations
usingappropriatelydesignedstudies.Futureclinical research

Table 1 Effects of PRF on
intrabony defectregeneration Author Defect

no.
Healing time
(months)

Groups ΔPPD
(mm)

CAL gain
(mm)

P value

Thorat
2011

32 9 OFD 3.56 2.13 ΔPPD <0.01
CAL <0.01OFD +PRF 4.56 3.69

Sharma
2011

56 9 OFD 3.21 2.77 ΔPPD 0.006
CAL n.s.OFD +PRF 4.55 3.31

Pradeep
2012

90 9 OFD 2.97 2.67 ΔPPD 0.002
GAL n.s.OFD +PRF 3.90 3.03

Pradeep
2012

90 9 OFD 2.97 2.83 ΔPPD 0.018
GAL n.s.OFD +PRF 3.77 3.17

Shah
2015

40 6 OFD +
DFDBA

3.70 2.97 n.s.

OFD +PRF 3.67 2.97
Pradeep
2015

120 9 OFD 3.01 2.96 ΔPPD <0.001
CAL <0.001both
treatmentgroups

OFD +PRF 4.01 4.03
ORF +1% MF 3.93 3.93
OFD+1% MF
+PRF

4.9 4.9

Ajwani
2015

40 9 OFD 1.60 1.3 PPD <0.001
CAL <0.001OFD +PRF 1.90 1.8

Elgandhy
2015

40 6 OFD +HA 3.42 3.55 PPD <0.02
CAL <0.027OFD +HA +

PRF
3.82 3.9

Agawal
2016

60 12 OFD +
DFDBA

3.60 2.61 PPD <0.05
CAL <0.05

OFD +
DFDBA +
PRF

4.15 3.73

Panda
2016

32 9 Barrier
membrane

3.19 3.38 PPD 0.002
CAL =0.001

Membrane+
PRF

3.88 4.44

PPD probingperiodontaldepth,CAL clinical attachmentlevel, OFD openflap debridement,PRF platelet-rich
fibrin, DFDBA demineralizedfreeze-driedboneallograft,MF metformin,HA hydroxyapatite
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is thereforenecessary.Furthermore,it remainsunknownwhat
effect PRF may play in combinationwith GBR techniques.
While a collagen barrier membraneis routinely usedduring
suchprocedures,additionaluseorreplacementwith PRF may
provide further regenerative advantageswhen comparedto
collagen barrier membranesalone. Future studies are thus
necessarytovalidate thesepotential advantages.

Sinus elevationprocedureswith PRF

Theuseof PRF for sinuselevationis relatively newwith little
comparative studies or standardized protocols available.
Although the successrate of surgeriesutilizing the addition
of PRF is very high, it is difficult tocomparethe resultsbe-
tween various treatmentmethods.Three authorsusing PRF
alone as a graft material for sinus lift concluded that PRF
significantly promotedbone healing with bone gains of
7.52mm[72], 10.1mm[73], and10.4mm[74] betweenthe
sinusfloor andthetopof thealveolar ridge.No controlswere
utilized inthesestudies.Nevertheless,noimplantswerelostat
6 months, 1 year, and 6 years in their respective studies

[72–74]. SomeauthorsfurtherclaimthattheuseofPRF alone
maybeavalid treatmentprotocol forthemajority ofsinuslift
cases although the lack of controls and limited numberof
studieshavethusfar limited its use[73].
Other studiescomparedtheuseofabonegraftingmaterial

with andwithout theadditionaluseof PRF [75–78]. There-
sults show that despite the large bone gains observed with
PRF, no statistically significant differenceswere reported.
One reportedplausible advantageof combiningPRF with a
bone grafting material seemsto result in a decrease in the
overall healing time and better graft material handling
[75–78]. A recent systematic review on the topic published
in 2016by Ali et al. found thatof 290 initial publications
searched,only eightmetthe inclusion criteria with approxi-
matelyhalf notutilizing controls [79]. It wasreportedthatthe
identified studiesshowedgreatheterogeneityregardingsurgi-
cal technique,graftingmaterial, implantplacementtime,sur-
gical protocols, outcomemeasures,healing time for biopsy,
implant placement,and follow-up periods [79]. In summary,
althoughtheresultsdonotseemtoconfirm thatPRF is better
than other biomaterials, its ease of use, combinedwith its

Table 2 Effects ofPRF onrootcoverageofgingival recessions

Author Study type Patient no. Healing period(months) Treatmentgroups Root coverage(%) P value

Aroca 2009 Split-mouth;Miller classI or II 20 6 CAF 91.5 <0.004
CAF +PRF 80.7

Jankovic 2010 Split-mouth;Miller classI or II 20 12 CAF +EMD 70.5 n.s.
CAF +PRF 72.1

Aleksic 2010 Split-mouth;Miller classI or II 19 12 CAF +CTG 88.6 n.s.
CAF +PRF 79.9

Jankovic 2012 Split-mouth;Miller classI or II 15 6 CAF +CTG 88.7 n.s.
CAF +PRF 92

Padma2013 Split-mouth;Miller class I or II 15 1, 3, and6 CAF 68.4 <0.0001
CAF +PRF 100

Eren 2014 Split-mouth;Miller classI or II 22 6 CAF +CTG 94.2 n.s.
CAF +PRF 92.7

Tunaliota2015 Split-mouth;Miller class I or II 22 12 CAF +CTG 77.4 n.s.
CAF +PRF 76.6

Thamaraiselvan2015 Split-mouth;Miller class I or II 20 3and6 CAF 65 n.s.
CAF +PRF 74.2

Gupta2015 Split-mouth;Miller class I or II 26 3and6 CAF 86.6 n.s.
CAF +PRF 91

Keceli 2015 Split-mouth;Miller class I or II 40 3and6 CAF +CTG 79.9 <0.05
CAF +CTG +PRF 89.6

Dogan2015 Split-mouth;Miller class I or II 20 6 CAF 82.1 n.s.
CAF +PRF 86.7

Rajaram2015 Split-mouth;Miller class II 20 12and24 DLSBF 80 n.s.
DLSBF +PRF 78.8

Agarwal 2016 Split-mouth;Miller class I or II 30 3and6 CAF 33 <0.05
CAF +AM 36
CAF +PRF 56

CAF coronally advancedflap,PRF platelet-richfibrin,EMD enamelmatrixderivative,CTGconnectivetissuegraft,DLSBF doublelateralslidingbridge
flap, AM amnioticmembrane
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minimal costsandhigh successrates, seemsto illustrate that
high success rates with minimal costs can be obtained by
using PRF during sinus lifting procedures.Nevertheless,
muchfurther research is neededtosupportthe beneficial ef-
fectof PRF.

Discussion

In thissystematicreview,all randomizedclinical studiesusing
PRF in dentistrywereselectedwithoutdiscrepanciesascom-
paredtocontrolsor commonlyutilized surgical methods.The
aimwas to evaluate the current literature with respectto the
clinical indications where PRF has been investigated for
wound healing and/ortissue regeneration/repair. As was

observedintheanalysisof itsclinical applications, theperfor-
manceof PRF was often comparedeither to conventional
treatmentssuch as OFD during intrabony/furcation defects
ortonaturally healingBblank̂ defectsduringextractionsock-
et management.The analysis of the generatedpublications
revealed a greatheterogeneity of results with a general lack
of conclusive evidence in large partdueto thelack of study
numberwith appropriatecontrols. Therefore, only guidelines
canbedrawnfrom thesumof thesegeneralconclusions with
anobvious needfor further research.
Onefactor thathasbeenfrequently reportedin thissystem-

atic literaturesearchwastheability for PRF tostimulatere-
generationoverawide rangeof tissues.PRF hasbeenshown
toquickly stimulatetissuehealingbysignificantly increasing
therecruitmentandproliferationofavariety ofcells including

Fig. 3 aMultiple gingival
recessionsfrom thecanine tothe
molarin theupperjaw.A frontal
view. B–D Lateral views(case
performedbyDr. Giovanni
Zucchelli). bSurgical technique:
AA flap formultiplegingival
recessionshasbeenelevatedwith
asplit-full-split thickness
approach.B A-PRF prepared.C
A-PRF hasbeenapplied tocover
all teethaffectedbygingival
recessions.Multiple layershave
beenapplied.D, E Lateral view
showingthethicknessof A-PRF
material appliedto theroot
exposures.F,G Lateral view
showingtheflap coronally
advancedandcovering
completelytheA-PRF material.H
Frontal view showingtheflap
covering in excessall gingival
recessions(caseperformedbyDr.
GiovanniZucchelli). c Six
monthsfollow-up. AComplete
rootcoveragewith increasein
keratinized tissueheighthasbeen
achieved in all treatedgingival
recessions.B–D Lateral view
showingtheincreasein gingival
thicknessatall teethpreviously
affectedbygingival recessions
(caseperformedbyDr. Giovanni
Zucchelli)
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endothelial cells, gingival fibroblast, chondrocytes,andoste-
oblasts,therebyheavily promotingtissuerepairandangiogen-
esisatthesiteofinjury [80,81]. Theseprocessesareregulated
by local concentrations of cytokines and growth factors
trappedwithin thefibrous scaffolding, mostnotably derived
fromautologoussources. In comparison, thegrowing useof
two of themain growth factors approvedby the FDA are
PDGF andBMP derived fromrecombinantsources[82–85].
While theseproductssell for hundredsof dollars andarefab-
ricated in mammaliancells or bacteria, the useof PRF are
growthfactors harvestedpurely fromautologoussourcesvia
low-costmethods. It is therefore of interest to determinethe
benefit of using high supra-physiological concentrations of
growth factors in recombinantform(i.e., BMP andPDGF)
versus lower concentrations fromautologous form (PRF).
Although recombinantproteinshave a regenerative potential
well documentedin the literature [86–88], many biological
limitations to their use (swelling andedema), coupledwith
their low stability in vivo [89, 90], remaina limiting factor.
Therefore, futureresearchshouldtargetthecomparisonof the
half-life andbioactivity of thegrowthfactorsfoundinPRF in
comparisonto commercially available recombinantgrowth
factors.
Another interesting aspectthatrequires further study is to

determinetheregenerative/reparativepotentialofPRF onsoft
versushardtissueformation.Thusfar, this systematicreview
seemstopoint tothefact that thereparativepotential of PRF
favors soft tissue formation/ligament regeneration.
Periodontitis isknowntobeoneofthemostcommondiseases
with breakdownat the periodontium, causing destruction of

thecementumandperiodontal ligamentandintrabony defects
[91]. Theuseof PRF specifically for intrabonydefectrepair
showedsignificantly higherPPD reductionsandCAL gains
when compared to control OFD in all seven studies.
Furthermore,a bonegraftingmaterial (DFDBA) could be
combinedwith PRF to further generatestatistically better
CAL gainsandPPD reductions[36]. Therefore,thesefindings
demonstratethatPRF is able tosupportperiodontal ligament
repair aseffective or potentially moreeffectively thancom-
monlyutilizedbiomaterials.Despitethesepositive findings, it
remainsof interest to determineif thereparative potential of
PRF leads to true periodontal regeneration in humans.
Therefore, futurehumanhistological studiesareneeded.
With respectto treatmentandmanagementof gingival re-

cessions,PRF hasbeenstudiedin13randomizedhumanclin-
ical studies. In general, it was found that PRF hadsimilar
advantagesin rootcoverageof Miller class I and II defects
whencomparedto CTG. Noteworthy, it was however com-
monly reported that significantly higher keratinized tissue
width was foundwith CTG when comparedto PRF. While
it is difficult toevaluatesignificant differences in thesetreat-
mentproceduresduetothehigh successrates(generally ob-
servedover 80% rootcoverageforall treatmentgroups),one
area of research that remains to be determined is precisely
underwhich clinical situationsshouldoneexpectsimilar re-
sults betweenPRF andCTG. Since CTG proceduresare as-
sociated with high patient morbidity, it may be that in the
future,suchprocedurescouldbesubstitutedwith PRF topre-
venthighmorbidity. Furthermore,the technicalability of the
clinician playsamoreprominentroleduringCTG harvesting

Fig. 4 Immediateimplant
placementin combinationwith
theuseof PRF. a, b Maxillary
right cuspidfracture, extraction.c
PRF placedinto freshextraction
socket.dDental implant
placementwith PRF fragments
visible following placement
(arrow in e). f Three-week
follow-up,excellent softtissue
woundhealing. gThree-year
follow-up(case performedby Dr.
Michael A. Pikos)
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whencomparedtoPRF. Futurestudiesarethereforeneededto
presentupdatedclinical guidelines.
Another reportedadvantageto theuseofPRF is its ability

todecreasebacterial infections following surgerysuchasos-
teomyelitis commonlyreportedfollowing thirdmolarextrac-
tions [70]. In that study, a 9.5-foldsignificant decrease in
reportedcasesofosteomyelitiswasobservedin aclinical trial
with 100patients [70]. Therefore andmost likely dueto the
increase in white blood cells andmacrophagescapable of
fighting infection, the useof PRF offers someantibacterial
defense against incoming pathogens.Furthermore, macro-
phageshave beenshownto bekey implicators in new bone
formationbothduringbonemodelingandremodeling,aswell
asinassociationwithbonebiomaterials[92–94]. Despitethis,
it remainsinterestingtopointoutthatnohumanclinical study
to datehas investigated the effects of PRF in a controlled
mannerduring GBR procedures,and only three studies on
extraction socket healing have investigated dimensional
changes following tooth extraction utilizing PRF
(Supplemental Table 6). A similar trend investigating sinus
lift procedureswith PRF was also observedwhereby a lack
of well-designed studies with appropriate controls or end-
points was commonly found. Therefore, the effect of PRF
onpureboneregeneration remainsquestionable andrequires
morevalidating studies.Similarly, various reportshave now
supportedtheuseof PRF for pulp regeneration,cystic bone
defect, andpapilla augmentationundervarious clinical indi-
cationsto improvehealing [95–103]. While thesereportsare
rare andanecdotal, future researchaimedat bettercharacter-
izingtheregenerativepotentialofPRF forvariousotherdental
proceduresremains necessary.
Very recently, a teamof researchers has convincingly

shown that lower centrifugation speedsandtime resulted in
higherleukocyte concentrationsandreleaseof growthfactors
[104–108]. Ghanaati etal. demonstratedvia histological pro-
cessingofPRF scaffolds thatathighercentrifugationspeeds,
themajority of leukocytes were foundat thebottomof PRF
scaffolds [104]. By reducingcentrifugation g-force, leuko-
cytesweremoreevenly distributedthroughoutthePRF scaf-
folds [104]. In addition, regenerativegrowthfactors released
andgingival fibroblast activity are increasedwhenutilizing
slower centrifugation speedand time [108]. While reports
fromthesestudiessupportmodifications tocentrifugationpro-
tocols, theimpactthesemayhaveonclinical outcomesin the
various indications highlightedthroughoutthisreview article
remainstobe investigated. Future clinical study is therefore
needed.
In conclusion, this systematic review demonstratesthe

widespreaduseofPRF indentistryinvariousclinical settings.
Although this regenerative modality remainsunfamiliar to
manyclinicians, theevidence supportingits usehasaccumu-
latedovertheyears,demonstratingitsability toimprovetissue
regeneration.The combination of PRF with regenerative

therapy hasbeenshowntobemostpromising for periodontal
repairof intrabony andfurcationdefects,aswell assofttissue
root coverage of gingival recessions. Furthermore, evidence
fromtheliteraturesuggeststhatPRF isabletodecreaseinfec-
tion following toothextractionandmay further limit dimen-
sionalchangesfollowing toothloss. It wasalsoconcludedthat
regenerationofbonedefects(GBR proceduresandsinusele-
vation) necessitatesmore study with focused endpoints.
Nevertheless, its easeofuse,combinedwith its low costand
autologoussource,makesit anideal biomaterial worthfurther
investigation across a variety of surgical procedures in
dentistry.
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