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Abstract

Objectives Research across many fields of medicine now

points towards the clinical advantages of combining regener-

ative procedures with platelet-rich fibrin (PRF). This system-

atic review aimed to gather the extensive number of articles

published to date on PRF in the dental field to better under-

stand the clinical procedures where PRF may be utilized to

enhance tissue/bone formation.

Materials and methods Manuscripts were searched systemat-

ically until May 2016 and separated into the following cate-

gories: intrabony and furcation defect regeneration, extraction

socket management, sinus lifting procedures, gingival reces-

sion treatment, and guided bone regeneration (GBR) includ-

ing horizontal/vertical bone augmentation procedures. Only

human randomized clinical trials were included for

assessment.

Results In total, 35 articles were selected and divided accord-

ingly (kappa = 0.94). Overall, the use of PRF has been most

investigated in periodontology for the treatment of periodontal

intrabony defects and gingival recessions where the majority

of studies have demonstrated favorable results in soft tissue

management and repair. Little to no randomized clinical trials
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were found for extraction socket management although PRF

has been shown to significantly decrease by tenfold dry

sockets of third molars. Very little to no data was available

directly investigating the effects of PRF on new bone forma-

tion in GBR, horizontal/vertical bone augmentation proce-

dures, treatment of peri-implantitis, and sinus lifting

procedures.

Conclusions Much investigation now supports the use of PRF

for periodontal and soft tissue repair. Despite this, there re-

mains a lack of well-conducted studies demonstrating con-

vincingly the role of PRF during hard tissue bone regenera-

tion. Future human randomized clinical studies evaluating the

use of PRF on bone formation thus remain necessary.

Clinical relevance PRF was shown to improve soft tissue

generation and limit dimensional changes post-extraction,

with little available data to date supporting its use in GBR.

Keywords Platelet-rich fibrin . Tissue regeneration . Bone

augmentation . Soft tissue regeneration

Introduction

Regenerative therapy in dentistry involves the replacement and/

or regeneration of oral tissues altered as a result of disease or

injury. One of the reported aspects complicating this endeavor

has been the complex nature of the tissues found in the oral

cavity. These include bothmineralized tissues such as the cemen-

tum, alveolar bone, and dentin, as well as soft tissues connected

by ligaments (periodontal ligament), each comprising distinct

cell populations from various tissue origins (ectodermal and me-

sodermal). These cell populations reside in specialized extracel-

lular matrices organized in complex fashions [1, 2]. In the past, a

variety of regenerative procedures utilizing highly sophisticated

biomaterials were introduced to attempt their regeneration. These

included ambitious attempts with barrier membranes to perform

guided tissue/bone regeneration and the use of a variety of bone

grafting materials from human, animal and synthetic sources, as

well as bioactive growth factors such as bone morphogenetic

proteins (BMPs) and enamel matrix derivative (EMD). Other

investigators proposed that the use of three-dimensional scaffolds

fabricated from the patient’s own peripheral blood could be uti-

lized [2]. This new approach is based on the concepts that were

introduced over a decade ago consisting of a platelet concentrate

without the use of anticoagulants. Platelet-rich fibrin (PRF) was

therefore developed as an improved formulation of the previous-

ly utilized platelet-rich plasma (PRP) [3].

Unlike PRP, which requires the addition of anticoagulants

such as bovine thrombin during initial blood collection, PRF

is obtained simply by centrifugation without anticoagulants

and is therefore strictly autologous. This fibrin matrix contains

platelets and leukocytes as well as a variety of growth factors

and cytokines including transforming growth factor-beta1

(TGF-β1), platelet-derived growth factor (PDGF), vascular

endothelial growth factor (VEGF), interleukin (IL)-1β, IL-4,

and IL-6 [4]. Furthermore, fibrin that forms during the final

stages of the coagulation cascade, combined with cytokines

secreted by platelets, makes PRF a highly biocompatible ma-

trix especially in damaged sites where the fibrin network acts

also as a reservoir of tissue growth factors [5]. These factors

act directly on promoting the proliferation and differentiation

of osteoblasts, endothelial cells, chondrocytes, and various

sources of fibroblasts [6, 7]. Despite this, many questions

remain about the actual clinical performance of PRF.

Therefore, the purpose of the present systematic review is to

report the current state of knowledge and clinical potential of

PRF in regenerative dental therapy when compared to both

standardized controls and well-established standard regenera-

tive biomaterials from human clinical randomized trials.

Brief history of platelet concentrates

The original concept leading towards the preparation of plate-

let concentrates was that concentrated platelets and autologous

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-rich plasma^ (PRP), introduced in the late 1990s

[10–12]. PRP is composed of over 95% platelets, a cell type

that actively secretes growth factors for initiating wound

healing and secreting factors responsible for enhancing cell

adhesion, proliferation, and migration of various cell types

[10, 13]. Around the same time period, Anitua et al. formulat-

ed a second platelet concentrate also utilizing anticoagulants

termed platelet-rich growth factor (PRGF) [14, 15].

Despite this, several factors have been shown to limit the use

of PRP and PRGF. Their preparation requires the additional use

of bovine thrombin or CaCl2 in addition to coagulation factors.

Furthermore, the preparation must be centrifuged in two separate

stages in order to increase platelet concentration without incor-

poration of leukocytes (sometimes requiring 1 h). It has further

been reported that the liquid nature of PRP also complicates its

handling and reduces its potential application since it must be

utilized in combination with other biomaterials. Lastly, the clin-

ical potential for bone regeneration with PRP is limited having a

very short release of growth factor profile [16–18]. All these

limitations have led to the emergence of a second-generation

platelet concentrate termed PRF fabricated from 100% autolo-

gous sources [19].

Advantages of PRF over PRP

PRF differs from its predecessor (PRP/PRGF) by several pa-

rameters which can be summarized as follows: the simplicity
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of its preparation and its implementation. The time of prepa-

ration and cost of preparation are both significantly lower as

PRF does not necessitate the direct activation with additional

factors such as bovine thrombin or extrinsic anticoagulants

[3]. Because of its fibrous structure, PRF retains a larger num-

ber of cytokines and growth factors in a supportive three-

dimensional fibrin scaffold for cell migration [20]. In tissue,

PRF dissolves more slowly than PRP, forming a solid fibrin

matrix slowly remodeled in the style of a natural blood clot.

Platelets and cytokines are then effectively retained and re-

leased gradually over time [18]. The PRF scaffold allows a

continuous slow release of growth factors and cytokines over

a period of 10 days, in contrast to PRP which has been shown

to release the majority of its growth factors within the first day

[18]. Therefore, migrating cells in near proximity to PRF scaf-

folds are in an environment with fibrin and growth factors

throughout their entire growth cycle [21].

Once blood is collected (in the absence of anticoagulants),

samples must be centrifuged immediately to avoid the activa-

tion of the coagulation cascade. During centrifugation, fibrin-

ogen is concentrated to the top of the collection tube until the

circulating thrombin transforms it into a fibrin network. This

results in a fibrin clot rich in platelets, trapped between an

acellular plasma layer and erythrocytes. The solid fibrin clot

is found between the supernatant and the reddish background

formed by red blood cells. The clot may then be removed

immediately and condensed in a metal box so as to obtain a

solid covering membrane or a filling cylinder (Fig. 1). The

resulting exudate may be cut and used to hydrate graft mate-

rials if required (Fig. 1) [19, 20].

Implications of PRF in wound healing

Although leukocyte and platelet cytokines play an important

role in the PRF healing capacity, it has often been suggested

that it is the fibrin matrix supporting these elements which is

actually responsible for its therapeutic potential [20]. The keys

to tissue regeneration lie in their angiogenic potential, their

immune system control, their potential to recruit circulating

stem cells, and their ability to ensure undisturbed wound

closure/healing by epithelial tissues [20]. The angiogenic

properties of PRF may therefore be explained by the three-

dimensional structure of the fibrin matrix which holds a num-

ber of growth factors and cytokines simultaneously embedded

in the matrix including PDGF, TGF-β1, IGF, and VEGF. The

regenerative potential of these cytokines has been abundantly

studied in tissue wound healing and regeneration [4, 12,

22–33]. Furthermore, the fibrin matrix stimulates the expres-

sion of integrin avb3 which allows cells to bind to fibrin,

fibronectin, and vitronectin [33]. This cascade of events is of

utmost importance to initiate the process of angiogenesis and

thus tissue wound healing [33].

Moreover, the fibrin degradation products directly stimu-

late neutrophil migration and facilitate transmigration into the

vascular endothelium. This neutrophil activation causes secre-

tion of proteases that facilitate their penetration in the base-

ment membrane of blood vessels, in addition to their contri-

bution to degrade the fibrin clot. Neutrophils trapped within

the fibrin clot act to eliminate incoming bacteria and patho-

gens in the wound site by phagocytosis and the production of

toxic free radicals and digestive enzymes. This contributes

towards the prevention of bacterial contamination within the

surgical site [34]. PRF also contains macrophages that are

involved in the healing and repair process by playing a key

role in the transition between inflammation and wound repair

during osteogenesis [33, 34].

Methods

Development of a protocol

This review was conducted and reported according to the

PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) [35]. A protocol including all

aspects of a systematic review methodology was developed

prior to initiation of this review. This included definition of the

focused question; a PICO (patient, intervention, comparison,

outcome) question; a defined search strategy; study inclusion

criteria; determination of outcome measures; screening

methods, data extraction, and analysis; and data synthesis.

PICO question

P: Do patients in need of clinical bone, cementum, soft

tissue, and/or PDL gain

I: Undergoing to dental treatments (i.e., guided bone/

tissue repair/regeneration or pulp repair/regeneration)

using defined non/surgical approaches combined with

the use of PRF as sole/combined biomaterial

C: Defined regenerative/reparative approaches without

the use of PRF

O: Soft and/or hard tissue reconstruction of the periodon-

tium, alveolar bone, peri-implant tissues, or tooth

structure

Defining the focused question

The following focused question was defined: BWhat indica-

tions has platelet rich fibrin (PRF) been shown effective for

tissue repair/regeneration of either soft or hard tissues in

dentistry?^

Clin Oral Invest (2017) 21:1913–1927 1915



Search strategy

Electronic and manual literature searches were conducted in-

dependently by two authors (RJM and MFK) in several data-

bases, including MEDLINE (OVID), EMBASE (OVID),

Cochrane Central Register of Controlled Trials (Cochrane

Library), Cochrane Oral Health Group Trials Register

(Cochrane Library), Web of Science (Thomson Routers),

and SciVerse (Elsevier). The electronic literature was searched

for articles published up to and including May 14, 2016: com-

binations of several search terms and search strategies were

applied to identify appropriate studies (Supplemental

Tables 1–4). These include search strategies to identify the

effects of PRF on (1) intrabony defect regeneration, (2) furca-

tion defect regeneration, (3) management of gingival reces-

sions, (4) guided bone regeneration and extraction socket

healing, and (5) sinus floor elevation procedures. Reference

lists of review articles and of the included articles in the pres-

ent review were screened. Finally, a hand search of the

Journal of Clinical Periodontology, Journal of Dental

Research, Journal of Periodontal Research, Journal of

Periodontology, Clinical Oral Implants Research, Clinical

Implant Dentistry and Related Research, Clinical Oral

Investigations , and The International Journal of

Periodontics and Restorative Dentistry was performed from

January 2000 to May 2016.

Criteria for study selection and inclusion

Study selection considered only articles published in English,

describing the human clinical evaluation of PRF for the

above-indicated search strategies. Only human studies evalu-

ating the comparative effects of PRF to an appropriate control

or to another regenerative modality in human studies were

included. All human studies evaluating PRF in a case report

or case series were excluded if controls were not present. All

animal and in vitro studies were also excluded.

Outcome measure determination

The primary outcome of interest was to determine the

regenerative/reparative potential of PRF in a variety of clinical

settings utilized in dentistry. For each of the investigated clin-

ical indications, different primary outcomes were considered.

For studies dealing with intrabony defect regeneration, prob-

ing pocket depth (PPD) and clinical attachment levels (CAL)

were measured. For studies dealing with gingival recessions,

root coverage was calculated as percentage. Studies investi-

gating the use of PRF for furcation defect regeneration quan-

tified CAL gains as a primary outcome measure. For studies

dealing with bone regeneration, dimensional change/density

of hard tissues was compared. Similarly, sinus floor elevation

procedures quantified new bone formation and/or implant suc-

cess rates following sinus lifting procedures with/without

PRF. Outcomes were summarized in Supplemental

Tables 1–4 for the various clinical studies accordingly.

Screening method

Titles and abstracts of the selected studies were independently

screened by three reviewers (RJM, MFK, and VG). The

screening was based on the question: BDoes platelet rich fibrin

(PRF) have the ability to affect primary outcomes measured

across a variety of procedures commonly performed in

dentistry?^ Full-text articles were obtained if the response to

the screening question was Byes^ or Buncertain.^ The level of

agreement between reviewers was determined by kappa

scores. Disagreement regarding inclusion was resolved by

discussion between authors. For necessary missing data, the

authors of the studies were contacted.

Fig. 1 Fabrication of various PRF membranes from 10 mL autologous blood. Thereafter, two PRF clots were mixed with a bone grafting material

accordingly (clinical images were kindly provided by Dr. Michael A. Pikos)
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Data extraction and analysis

The following data were extracted: general characteristics (au-

thors and year of publication), defect type, number of patients,

healing period, treatment groups, primary outcome measure-

ments, and significant value. Due to the size of the study and

the number of treatment procedures compared using PRF, no

meta-analysis was performed. Instead, the data is reported in a

systematic fashion with an overview of all studies fitting the

search descriptions. Thereafter, data was extracted from the

collection of articles and summarized in separate tables and

discussed accordingly.

Results

Search outcomes

In total, the initial search strategies generated 152 articles that

were separated accordingly into intrabony, furcation, gingival

recession, guided bone regeneration (GBR)/extraction socket,

and sinus lift accordingly (Fig. 2). Of the initial searches, 45

abstracts were retained for further investigation. In total, 10

articles were excluded primarily based on their lack of con-

trols or appropriate endpoints matching our search criteria. In

total, 35 articles were kept for further evaluation. This section

aims to present viable treatment options utilizing PRF and

evaluate its performance according to published studies.

Intrabony defect regeneration with PRF

One of the main uses for PRF has been for the repair/

regeneration of periodontal intrabony defects [36–45]. To

date, 11 randomized clinical trials (RCTs) have reported the

use of PRF for intrabony defect regeneration, most often com-

paring PRF to open flap debridement alone (Table 1). Clinical

improvements were reported via PPD reductions as well as

CAL gains following regenerative periodontal therapy. All

seven studies found that the additional use of PRF increased

PPD reductions and CAL gains when compared to open flap

debridement (OFD) alone (Table 1). One study comparing the

regeneration of intrabony defects utilizing either PRF or a

bone grafting material (demineralized freeze-dried bone allo-

graft (DFDBA)) found no significant differences between

treatment groups [42]. Two studies reported the effectiveness

of PRF in combination with a bone grafting material when

compared to bone grafting material alone [36, 38]. In both

these studies, the additional use of PRF enhanced the filling

of intraosseous defects. Most recently, Panda et al. most re-

cently found that the supplemental use of PRF for intrabony

defect regeneration in combination with a barrier membrane

also led to statistically better results [39]. In summary, the

collected RCTs have demonstrated that the use of PRF leads

to statistically superior periodontal repair of intrabony defects

when compared to OFD alone and may further be combined

with regenerative biomaterials such as bone grafts or collagen

barrier membranes to further enhance periodontal regenera-

tion of intrabony defects. Despite the widespread use of PRF

demonstrating the reduction of PPD and CAL gains, it re-

mains of interest to note that no histological findings have

yet been utilized to demonstrate true histological periodontal

regeneration in human subjects. Therefore, future research to

characterize intrabony defect regeneration versus repair utiliz-

ing PRF as a biomaterial remains necessary.

Furcation defect regeneration with PRF

Similarly, PRF has also been utilized in three studies investi-

gating periodontal regeneration of class II furcation defects

(Supplemental Table 5) [46–48]. In all studies, PRF was com-

pared to OFD alone, thereby fully characterizing its regenera-

tive potential utilizing appropriate well-designed controls in

all human clinical studies. In all three studies conducted by

Sharma et al. 2011, Bajaj et al. 2013, and Pradeep et al. 2016,

the use of PRF led to a significant improvement in CAL gains

when compared to controls [46–48]. These findings report a

gain in vertical CAL of 2.33, 2.87, and 4.17 mm in test PRF

groups when compared to 1.28, 1.37, and 1.82 mm, respec-

tively, in OFD controls [46–48]. These results demonstrate the

potential for tissue repair utilizing PRF for furcation defects.

One remaining issue to address is that the results have not

confirmed the regenerative potential of PRF via histological

evaluation and therefore the process can solely be defined as

tissue Brepair.^ Furthermore, to date, no study has compared

the use of PRF to other effective regenerativematerials such as

bone grafting materials or other regenerative bioactive growth

factors. In the future, its clinical performance could be better

assessed if compared to other leading regenerative agents.

Root coverage of gingival recessions with PRF

PRF has also been widely utilized as a bioactive matrix in

numerous studies for root coverage of gingival recessions

(Table 2, Fig. 3) [49–61]. Of the 13 listed studies, six studies

compared the use of coronally advanced flap (CAF) to CAF +

PRF. Of these studies, three found that PRF induced a signif-

icant increase in root coverage [49, 51, 58] whereas the other

three found no significant differences [52, 54, 60]. Of the

remaining studies, one study compared PRF to EMD and

found no differences in the reported root coverage [56]. Four

studies compared CAF + PRF to CAF + connective tissue

graft (CTF) and also found no difference in average root cov-

erage [50, 53, 55, 61]. One study compared CAF + CTG with

CAF + CTG and PRF and found a significant increase in root

coverage for the combination approach utilizing both CTG

with PRF [57]. Rajaram et al. utilized a double lateral sliding
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bridge flap with and without PRF for the treatment of gingival

Miller class II defects and found no significant differences

between control and test groups [59]. These results seem to

hint at the fact that the use of PRF favors a slight gain in root

coverage when compared to CAF alone but does not lead to

better results when compared to EMD or to CTG.

Furthermore, several reports show that CAF in combination

with CTG leads to more width in keratinized tissue when

compared to PRF.

Interestingly, two reports commented on the added advan-

tage of PRF in pain management [55, 56]. Jankovic et al.

found in two separate studies comparing PRF to either EMD

or CTG that PRF led to lower morbidity and faster wound

healing [55, 56]. In a similar study investigating the wound

healing properties of PRF, the palatal donor site of the

epithelialized CTG was treated with PRF or a gelatin sponge

on the healing of palatal donor sites [62]. It was reported that

the PRF-enriched palatal bandage significantly accelerated

palatal wound healing and reduced the patient’s morbidity

[62].

In summary, the use of PRF for the treatment of gingival

recessions is limited. Evidence from another systematic re-

view from 2016 concluded that the additional use of PRF for

the treatment of gingival recessions did not lead to any addi-

tional benefit in root coverage or CAL (P = 0.57 and P = 0.50,

respectively) [63]. Furthermore, the reported keratinized mu-

cosa width (KMW) gain was significantly greater in the sub-

group treated with CTG when compared to PRF for studies

greater or equal to 6 months in duration [63]. The results of

that meta-analysis suggest that the use of PRF does not im-

prove the root coverage, KMW, or CAL ofMiller class I and II

gingival recessions compared with other treatment modalities

including EMD or CTG but can be obtained easily at low cost

when compared to other regenerative modalities [63].
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Guided bone regeneration and extraction socket

management with PRF

One area of research that has gained tremendous popularity in

recent years is the management of dimensional changes of the

alveolar bone directly following tooth extraction [64–66].

These changes have been reported to occur within 8 weeks

following extraction [67] as a consequence of decreased blood

supply following tooth removal (periodontal ligament ab-

sence). Several advantages have been reported when filling

extraction sockets with PRF (Supplemental Table 6)

[68–71]. Hauser et al. found in a study of 23 patients that

PRF reduced dimensional changes prior to implant placement

when compared to natural socket healing [71]. Furthermore, it

was reported that raising a peri-mucosteal flap reduced the

effectiveness of PRF [71]. Girish Rao et al. found that follow-

ing third molar extractions, the filling of sockets with PRF led

to a non-significant increase in bone volume [68]. Hoaglin

et al. reported that filling third molar extraction sockets with

PRF led to a nearly tenfold decrease in osteomyelitis infec-

tions when compared to natural healing. This study was con-

ducted bilaterally in 200 patients, thus providing some of the

highest scientific evidence for the reduced rate of infection

following use of PRF [70]. Lastly, Suttapreyasri et al. found

that PRF reduced dimensional changes in premolar extraction

sites when compared to blank controls [69].

Despite the limited number of studies, the use of PRF acts

as an ideal material post-extraction by improving bone

healing/regeneration, preserving the quality and density of

the residual ridge, reducing infection, and decreasing the time

of surgery when compared to the use of a covering membrane.

These benefits are increasingly associated with a low cost of

operation and a minimal risk of infection. PRF may further be

utilized around immediate implant placement to pack gaps or

additionally to speed soft tissue wound healing (Fig. 4). There

remains however a great necessity to further evaluate dimen-

sional changes utilizing PRF in various clinical situations

using appropriately designed studies. Future clinical research

Table 1 Effects of PRF on

intrabony defect regeneration 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 <0.001 both

treatment groups

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 probing periodontal depth, CAL clinical attachment level, OFD open flap debridement, PRF platelet-rich

fibrin, DFDBA demineralized freeze-dried bone allograft, MF metformin, HA hydroxyapatite
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is therefore necessary. Furthermore, it remains unknown what

effect PRF may play in combination with GBR techniques.

While a collagen barrier membrane is routinely used during

such procedures, additional use or replacement with PRF may

provide further regenerative advantages when compared to

collagen barrier membranes alone. Future studies are thus

necessary to validate these potential advantages.

Sinus elevation procedures with PRF

The use of PRF for sinus elevation is relatively new with little

comparative studies or standardized protocols available.

Although the success rate of surgeries utilizing the addition

of PRF is very high, it is difficult to compare the results be-

tween various treatment methods. Three authors using PRF

alone as a graft material for sinus lift concluded that PRF

significantly promoted bone healing with bone gains of

7.52 mm [72], 10.1 mm [73], and 10.4 mm [74] between the

sinus floor and the top of the alveolar ridge. No controls were

utilized in these studies. Nevertheless, no implants were lost at

6 months, 1 year, and 6 years in their respective studies

[72–74]. Some authors further claim that the use of PRF alone

may be a valid treatment protocol for the majority of sinus lift

cases although the lack of controls and limited number of

studies have thus far limited its use [73].

Other studies compared the use of a bone grafting material

with and without the additional use of PRF [75–78]. The re-

sults show that despite the large bone gains observed with

PRF, no statistically significant differences were reported.

One reported plausible advantage of combining PRF with a

bone grafting material seems to 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 2016 by Ali et al. found that of 290 initial publications

searched, only eight met the inclusion criteria with approxi-

mately half not utilizing controls [79]. It was reported that the

identified studies showed great heterogeneity regarding surgi-

cal technique, grafting material, implant placement time, sur-

gical protocols, outcome measures, healing time for biopsy,

implant placement, and follow-up periods [79]. In summary,

although the results do not seem to confirm that PRF is better

than other biomaterials, its ease of use, combined with its

Table 2 Effects of PRF on root coverage of gingival recessions

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

Aroca 2009 Split-mouth; Miller class I or II 20 6 CAF 91.5 <0.004

CAF + PRF 80.7

Jankovic 2010 Split-mouth; Miller class I or II 20 12 CAF + EMD 70.5 n.s.

CAF + PRF 72.1

Aleksic 2010 Split-mouth; Miller class I or II 19 12 CAF + CTG 88.6 n.s.

CAF + PRF 79.9

Jankovic 2012 Split-mouth; Miller class I or II 15 6 CAF + CTG 88.7 n.s.

CAF + PRF 92

Padma 2013 Split-mouth; Miller class I or II 15 1, 3, and 6 CAF 68.4 <0.0001

CAF + PRF 100

Eren 2014 Split-mouth; Miller class I or II 22 6 CAF + CTG 94.2 n.s.

CAF + PRF 92.7

Tunaliota 2015 Split-mouth; Miller class I or II 22 12 CAF + CTG 77.4 n.s.

CAF + PRF 76.6

Thamaraiselvan 2015 Split-mouth; Miller class I or II 20 3 and 6 CAF 65 n.s.

CAF + PRF 74.2

Gupta 2015 Split-mouth; Miller class I or II 26 3 and 6 CAF 86.6 n.s.

CAF + PRF 91

Keceli 2015 Split-mouth; Miller class I or II 40 3 and 6 CAF + CTG 79.9 <0.05

CAF + CTG + PRF 89.6

Dogan 2015 Split-mouth; Miller class I or II 20 6 CAF 82.1 n.s.

CAF + PRF 86.7

Rajaram 2015 Split-mouth; Miller class II 20 12 and 24 DLSBF 80 n.s.

DLSBF + PRF 78.8

Agarwal 2016 Split-mouth; Miller class I or II 30 3 and 6 CAF 33 <0.05

CAF + AM 36

CAF + PRF 56

CAF coronally advanced flap,PRF platelet-rich fibrin,EMD enamel matrix derivative,CTG connective tissue graft,DLSBF double lateral sliding bridge

flap, AM amniotic membrane
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minimal costs and high success rates, seems to illustrate that

high success rates with minimal costs can be obtained by

using PRF during sinus lifting procedures. Nevertheless,

much further research is needed to support the beneficial ef-

fect of PRF.

Discussion

In this systematic review, all randomized clinical studies using

PRF in dentistry were selected without discrepancies as com-

pared to controls or commonly utilized surgical methods. The

aim was to evaluate the current literature with respect to the

clinical indications where PRF has been investigated for

wound healing and/or tissue regeneration/repair. As was

observed in the analysis of its clinical applications, the perfor-

mance of PRF was often compared either to conventional

treatments such as OFD during intrabony/furcation defects

or to naturally healing Bblank^ defects during extraction sock-

et management. The analysis of the generated publications

revealed a great heterogeneity of results with a general lack

of conclusive evidence in large part due to the lack of study

number with appropriate controls. Therefore, only guidelines

can be drawn from the sum of these general conclusions with

an obvious need for further research.

One factor that has been frequently reported in this system-

atic literature search was the ability for PRF to stimulate re-

generation over a wide range of tissues. PRF has been shown

to quickly stimulate tissue healing by significantly increasing

the recruitment and proliferation of a variety of cells including

Fig. 3 a Multiple gingival

recessions from the canine to the

molar in the upper jaw. A frontal

view. B–D Lateral views (case

performed by Dr. Giovanni

Zucchelli). b Surgical technique:

A A flap for multiple gingival

recessions has been elevated with

a split-full-split thickness

approach. B A-PRF prepared. C

A-PRF has been applied to cover

all teeth affected by gingival

recessions. Multiple layers have

been applied. D, E Lateral view

showing the thickness of A-PRF

material applied to the root

exposures. F, G Lateral view

showing the flap coronally

advanced and covering

completely the A-PRFmaterial.H

Frontal view showing the flap

covering in excess all gingival

recessions (case performed by Dr.

Giovanni Zucchelli). c Six

months follow-up. A Complete

root coverage with increase in

keratinized tissue height has been

achieved in all treated gingival

recessions. B–D Lateral view

showing the increase in gingival

thickness at all teeth previously

affected by gingival recessions

(case performed by Dr. Giovanni

Zucchelli)
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endothelial cells, gingival fibroblast, chondrocytes, and oste-

oblasts, thereby heavily promoting tissue repair and angiogen-

esis at the site of injury [80, 81]. These processes are regulated

by local concentrations of cytokines and growth factors

trapped within the fibrous scaffolding, most notably derived

from autologous sources. In comparison, the growing use of

two of the main growth factors approved by the FDA are

PDGF and BMP derived from recombinant sources [82–85].

While these products sell for hundreds of dollars and are fab-

ricated in mammalian cells or bacteria, the use of PRF are

growth factors harvested purely from autologous sources via

low-cost methods. It is therefore of interest to determine the

benefit of using high supra-physiological concentrations of

growth factors in recombinant form (i.e., BMP and PDGF)

versus lower concentrations from autologous form (PRF).

Although recombinant proteins have a regenerative potential

well documented in the literature [86–88], many biological

limitations to their use (swelling and edema), coupled with

their low stability in vivo [89, 90], remain a limiting factor.

Therefore, future research should target the comparison of the

half-life and bioactivity of the growth factors found in PRF in

comparison to commercially available recombinant growth

factors.

Another interesting aspect that requires further study is to

determine the regenerative/reparative potential of PRF on soft

versus hard tissue formation. Thus far, this systematic review

seems to point to the fact that the reparative potential of PRF

favors soft tissue formation/ligament regeneration.

Periodontitis is known to be one of the most common diseases

with breakdown at the periodontium, causing destruction of

the cementum and periodontal ligament and intrabony defects

[91]. The use of PRF specifically for intrabony defect repair

showed significantly higher PPD reductions and CAL gains

when compared to control OFD in all seven studies.

Furthermore, a bone grafting material (DFDBA) could be

combined with PRF to further generate statistically better

CAL gains and PPD reductions [36]. Therefore, these findings

demonstrate that PRF is able to support periodontal ligament

repair as effective or potentially more effectively than com-

monly utilized biomaterials. Despite these positive findings, it

remains of interest to determine if the reparative potential of

PRF leads to true periodontal regeneration in humans.

Therefore, future human histological studies are needed.

With respect to treatment and management of gingival re-

cessions, PRF has been studied in 13 randomized human clin-

ical studies. In general, it was found that PRF had similar

advantages in root coverage of Miller class I and II defects

when compared to CTG. Noteworthy, it was however com-

monly reported that significantly higher keratinized tissue

width was found with CTG when compared to PRF. While

it is difficult to evaluate significant differences in these treat-

ment procedures due to the high success rates (generally ob-

served over 80% root coverage for all treatment groups), one

area of research that remains to be determined is precisely

under which clinical situations should one expect similar re-

sults between PRF and CTG. Since CTG procedures are as-

sociated with high patient morbidity, it may be that in the

future, such procedures could be substituted with PRF to pre-

vent high morbidity. Furthermore, the technical ability of the

clinician plays a more prominent role during CTG harvesting

Fig. 4 Immediate implant

placement in combination with

the use of PRF. a, b Maxillary

right cuspid fracture, extraction. c

PRF placed into fresh extraction

socket. d Dental implant

placement with PRF fragments

visible following placement

(arrow in e). f Three-week

follow-up, excellent soft tissue

wound healing. g Three-year

follow-up (case performed by Dr.

Michael A. Pikos)
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when compared to PRF. Future studies are therefore needed to

present updated clinical guidelines.

Another reported advantage to the use of PRF is its ability

to decrease bacterial infections following surgery such as os-

teomyelitis commonly reported following third molar extrac-

tions [70]. In that study, a 9.5-fold significant decrease in

reported cases of osteomyelitis was observed in a clinical trial

with 100 patients [70]. Therefore and most likely due to the

increase in white blood cells and macrophages capable of

fighting infection, the use of PRF offers some antibacterial

defense against incoming pathogens. Furthermore, macro-

phages have been shown to be key implicators in new bone

formation both during bone modeling and remodeling, as well

as in association with bone biomaterials [92–94]. Despite this,

it remains interesting to point out that no human clinical study

to date has investigated the effects of PRF in a controlled

manner during 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 procedures with PRF was also observed whereby a lack

of well-designed studies with appropriate controls or end-

points was commonly found. Therefore, the effect of PRF

on pure bone regeneration remains questionable and requires

more validating studies. Similarly, various reports have now

supported the use of PRF for pulp regeneration, cystic bone

defect, and papilla augmentation under various clinical indi-

cations to improve healing [95–103]. While these reports are

rare and anecdotal, future research aimed at better character-

izing the regenerative potential of PRF for various other dental

procedures remains necessary.

Very recently, a team of researchers has convincingly

shown that lower centrifugation speeds and time resulted in

higher leukocyte concentrations and release of growth factors

[104–108]. Ghanaati et al. demonstrated via histological pro-

cessing of PRF scaffolds that at higher centrifugation speeds,

the majority of leukocytes were found at the bottom of PRF

scaffolds [104]. By reducing centrifugation g-force, leuko-

cytes were more evenly distributed throughout the PRF scaf-

folds [104]. In addition, regenerative growth factors released

and gingival fibroblast activity are increased when utilizing

slower centrifugation speed and time [108]. While reports

from these studies support modifications to centrifugation pro-

tocols, the impact these may have on clinical outcomes in the

various indications highlighted throughout this review article

remains to be investigated. Future clinical study is therefore

needed.

In conclusion, this systematic review demonstrates the

widespread use of PRF in dentistry in various clinical settings.

Although this regenerative modality remains unfamiliar to

many clinicians, the evidence supporting its use has accumu-

lated over the years, demonstrating its ability to improve tissue

regeneration. The combination of PRF with regenerative

therapy has been shown to be most promising for periodontal

repair of intrabony and furcation defects, as well as soft tissue

root coverage of gingival recessions. Furthermore, evidence

from the literature suggests that PRF is able to decrease infec-

tion following tooth extraction and may further limit dimen-

sional changes following tooth loss. It was also concluded that

regeneration of bone defects (GBR procedures and sinus ele-

vation) necessitates more study with focused endpoints.

Nevertheless, its ease of use, combined with its low cost and

autologous source, makes it an ideal biomaterial worth further

investigation across a variety of surgical procedures in

dentistry.
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