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Chapter 1

CURRENT KNOWLEDGE AND APPROACHES 
FOR THE USAGE OF PLATELET-RICH FIBRIN 

IN PERIODONTAL REGENERATION

Ece AÇIKGÖZ1

INTRODUCTION
Periodontal disease is a multifactorial and complex disease 

characterized by periodontal tissue destruction and the connec-
tive tissue attachment loss. The aim of periodontal therapy is to 
prevent the progression of periodontal disease by eliminating the 
existing inflammatory process and also to regenerate damaged 
periodontal tissues.

Periodontal regeneration is a difficult process that involves 
biological events such as adhesion, migration, proliferation, 
and differentiation1. Periodontal regenerative procedures in-
clude bone grafts, guided tissue regeneration, soft tissue grafts, 
and combinations of these procedures2. In addition to autogenic 
grafts, different biomaterials are used for periodontal tissue re-
generation, such as allografts, xenografts, or grafts derived from 
synthetically produced alloplastic. However, there is no single 
material which is considered as the gold standard in periodontal 
intra-bony defects treatment3. It is crucial to note that although 
most of these biomaterials are promising in different aspects of 
regenerative dentistry, all of them can lead to foreign body reac-
tion4. The generally accepted idea so far is that regenerative per-
iodontal treatments can only recover some of the tissue volume 
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and showed limited success for full periodontal regeneration2. 
Nevertheless, recently it was understood that true periodontal 
regeneration includes not only the periodontal ligament but also 
the alveolar bone, cementum, epithelium, and connective tissue. 
All the mentioned reasons lead us to look for new procedures 
based on new biomaterials, derived from autologous blood5.

Wound healing is a multifactorial biological process in which 
many cellular events occur simultaneously and lead to repair or 
regeneration of damaged tissues6. The healing process includes 4 
phases as hemostasis, inflammation, proliferation, and remode-
ling. These four aspects of wound healing have been identified as 
key ingredients for successful regeneration and various cell types 
are involved in each phase. One of the most important factors 
in these stages are platelets, cells that have been proven to be es-
sential regulators of homeostasis through fibrin clot formation7. 
Vascularization, which is impaired in the wound healing process, 
leads to platelet aggregation, formation of fibrin, and growth fac-
tors release from platelets into tissues through molecular signals 
mediated by cytokines3. Key growth factors that are present in 
thrombocytes are vascular endothelial growth factor (VEGF), 
transforming growth factorβ- 1 (TGFβ-1) and platelet-derived 
growth factor AB (PDGF-AB)8. Additionally, fibrin, fibronectin, 
and vitronectin are also secreted from platelets and function as a 
matrix for connective tissue and adhesion molecules for greater 
cell migration9. All these roles that platelets play during the heal-
ing process have raised the question of whether they can be used 
to improve tissue recover in periodontal regeneration.

FROM FIBRIN GLUES TO PLATELET 
CONCENTRATES
In 1970, the first article of Matras was published on usage of fi-

brin glue to improve wound healing on skin. The fibrin glues were 
applied as tissue sealants, with fairly good outcomes. However, 
favorable clinical outcomes were not enough to enhance the 
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advancement of this technique cause of economic concerns. 
The autologous fibrin glues were time-consuming and compli-
cated to prepare; therefore, these techniques were never widely 
developed10.

Evolving of the fibrin glue procedures into the platelet concen-
trates was a good chance to replace high priced fibrin glues with 
other autologous preparations. Since the presence of the autolo-
gous platelets reinforced with fibrin gel architecture, fibrinogen 
concentrates (fibrin glues) were impractical. Like fibrin glues, 
the procedure of platelet concentrate was first described for the 
treatment of skin ulcers11. But the usage of platelet concentrates 
in oral and maxillofacial surgery did not gain interest until Marx’s 
study. In this study, Marx et al. used a common name as Platelet 
Rich Plasma (PRP) and offered a new concept named plasma rich 
growth factors12.

In the last 20 years, platelet concentrates used alone or as a 
matrix for other graft materials and have been developed as a po-
tential autogenous biomaterial in regenerative dentistry. Platelet 
concentrates are blood extracts, provided from processing a 
blood sample, commonly through centrifugation13.

DEVELOPMENT OF PLATELET-RICH PLASMA

Platelet-rich plasma (PRP) is the first-generation scaffold and 
platelet concentrate derived from blood samples. The accepted 
mechanism of PRP therapy is to achieve the highest and larg-
est quantities of growth factors from alpha granules of platelets. 
When alpha factors activated through injury and clot formation, 
they release transforming growth factor, epithelial cell growth 
factor, vascular endothelial growth factor, fibroblastic growth 
factor, platelet-derived growth factor, and insulin-like growth 
factor14. According to many studies, PRP has been shown to have 
an advantage on the tissue healing and regeneration processes15.
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Platelet-rich plasma preparation requires the additional use 
of coagulation factors and two separate cycles of centrifugation 
to maintain proper platelet concentration. Two centrifuge cycles 
can take between 30 minutes to 1 hour. Furthermore, bovine 
thrombin and calcium chloride must be added to PRP to provide 
gel form. Weak fibrin network, short releasing time of growth 
factors, and all mentioned above reduce the regenerative poten-
tial and clinical effectiveness of PRP5, 7, 16.

Platelet-rich growth factor (PRGF) and platelet-rich plasma 
(PRP) contain secondary by-products known as both unnatural 
and inhibitors of wound-healing. Therefore, many studies have 
attempted to remove these anticoagulants (secondary products) 
and modify the centrifuge protocol. A few years later, platelet-rich 
fibrin (PRF) began to affect many medical fields significantly, in-
cluding dentistry4.

WHAT IS FIBRIN?
Plasma (55%) and cells (45%) are the main ingredients of blood 

and plasma contains soluble proteins, electrolytes, and metabolic 
wastes as well as water (92%). The most notable soluble ingredi-
ent of plasma is fibrinogen, a clotting protein17. When a vascular 
injury occurs, thrombin enzymatically converts fibrinogen to in-
soluble fibrin which acts as a matrix containing growth factors, 
structural glycoproteins, platelets, and cytokines. This three-di-
mensional structure acts as a network that seems favorable for 
the growth of periosteal cells and binds platelets and erythrocytes 
in clot formation. This first step is essential for wound healing 
and tissue regeneration16, 18. Currently, the natural fibrin scaffold 
formed at the initial stage of wound healing can be used alone or 
in combination with other biomaterials and grafts16.

PLATELET-RICH FIBRIN
In 2001, the second-generation platelet concentrates were pre-

sented by Choukroun and colleagues due to the inconsistent out-
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comes and preparation difficulties of PRP and PRGF19. The most 
common formulation of second-generation platelet concentrates 
contains leukocytes and platelet-rich fibrin and usually termed 
L-PRF (leukocyte-and PRF)16.

Three-dimensional matrix, locally harvested cells, and bio-
active growth factors are the essential components to enhance 
tissue repair and PRF meets all these components. Because, fi-
brin serves as a scaffold that includes leukocytes, platelets, mac-
rophages, and neutrophils, attracts regenerative cells to the dam-
aged sites, and acts as a reservoir for growth factors that may be 
released along 10 to 14 days. PRF releases growth factors for a 
prolonged period of time in comparison with PRP20. In addition 
to these superiorities, PRF increases the proliferation of osteo-
blasts, gingival fibroblasts, and periodontal ligament cells, while 
selectively suppressing the proliferation of epithelial cells21.

Another major superiority of this technique is the simplici-
ty of preparation. Blood samples in 10 ml tubes are immediately 
centrifuged for 12 minutes at 2700 rpm7. Furthermore, the pro-
cedure requires neither anticoagulant, calcium chloride nor bo-
vine thrombin like additives. The absence of anticoagulant means 
the activation of platelets that contact the tube walls and then the 
coagulation cascades start in a few minutes9. When entire blood 
is centrifuged at high spin without anticoagulants, three layers 
are obtained. These layers of tubes include platelet-poor plasma 
on the above, an intermediate layer named “buffy coat”, and red 
corpuscles at the base (Figure 1). The buffy coat is the layer where 
most leukocytes and platelets are concentrated and a fibrin clot 
obtained. It should be used immediately after its centrifugation 
to eliminate the risk of shrinkage of the fibrin clot through diffu-
sion22 (Figure 2).
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Figure 1. After centrifugation, three tube layers, consisting of PRP, 
buffy coat, and red corpuscles, are observed from top to bottom.

Figure 2. Platelet-rich fibrin obtained from the buffy coat should be 
applied to the defect sites quickly to prevent shrinkage that will occur 
over time.

The reduction in the centrifugation forces may lead to greater 
retention of cytokines and an increase in the number of leuko-
cytes. Moreover, the significant slow release of the main growth 
factors from 1 week to 28 days has important effects on the heal-
ing process23. In recent years, alternative procedures based on 
different relative centrifugation forces including sticky bone, in-
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jectable PRF (I-PRF), advanced PRF (A-PRF), and titanium-pre-
pared PRF (T-PRF) were improved upon to original Choukroun’s 
method24.

Advanced Platelet Rich Fibrin (A-PRF)
A-PRF and A-PRF+ have been improved over L-PRF to sup-

port more growth factor release in the wounded tissue (25). In 
2014, Ghanaati et al. reported that cells inside the original PRF 
scaffold were gathered at the bottom. In principle, less centrifuga-
tion time increases the total count of cells that remain within the 
top layer of PRF and enables an advanced number of leukocytes 
“trapped” within the matrix5.

Newer formulation of-PRF presented by Choukroun et al. 
(A-PRF+), does not only lower centrifugation speed but also 
centrifugation time (1300 rpm for 8 min). It increases the release 
of TGF-β1, PDGF-AB, PDGF-AA, PDGF-BB, VEGF, epider-
mal growth factor (EGF) and insulin-like growth factor (IGF) 
which are necessary for wound healing. Furthermore, A-PRF and 
A-PRF+ may indicate a significant increase in collagen1 synthesis 
which is the key factor during wound healing and remodeling26.

In a study which is conducted by Fujioka-Kobayashi et al.25, 
it is concluded that A-PRF demonstrates the highest values of 
growth factors at 1, 3, and 10th days. Additionally, it is claimed 
that the release of these factors after 10 days is three times higher 
when compared to L-PRF. A recently published study reported 
that the platelet distribution in A-PRF is more widespread and 
homogeneous compared with L-PRF27.

Titanium-Prepared Platelet Rich Fibrin (T-PRF)
Although successful results have been reported with L-PRF, in 

recent years, some researchers have begun to worry about possi-
ble health problems that may arise from silica activators in blood 
collection tubes28. Therefore, in 2013, Tunalı et al. modified the 
primary L-PRF method by changing the glass-evacuated tubes 
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with titanium which is more biocompatible material and named 
this modified technique as titanium-prepared PRF.

L-PRF and the T-PRF methods are very alike, but activation of 
the titanium-induced platelet provides prominent characteristics 
to T-PRF8. Based on scanning electron, light and fluorescence mi-
croscopy analysis, it was demonstrated that T-PRF has highly or-
ganized network throughout with sustained integrity, and fibrin 
network which may cover larger areas was thicker compared with 
L-PRF24. In a study conducted by Mitra et al.29, it is reported that 
T-PRF had a better fibrin mesh with strong cellular entrapment 
than L-PRF. Furthermore, in another study published in 2020, 
it is concluded that T-PRF has a greater cellular distribution for 
B-lymphocytes, T-lymphocytes, neutrophils, monocytes, and 
platelets than L-PRF30. In conclusion, it can be stated that T-PRF 
may be an alternative option for L-PRF.

Injectable Platelet Rich Fibrin (I-PRF)
In general, it can be admitted that there are two types of plate-

let-rich fibrin according to their solid or liquid form. The solid 
PRF includes the original form of PRF introduced by Choukroun 
et al. and other PRF types improved in years by other studies. 
However, the liquid form is called i-PRF20, 31.

Mourão et al.32 was developed an injectable platelet-rich fibrin 
(i-PRF) based on the idea of slow centrifugal force that preparing 
PRF at higher speed but in a shorter time. This procedure pro-
vides a liquid that can be injected directly into the tissue and per-
iodontal pockets or mixed with particulate bone grafts to increase 
an agglutinated “sticky bone”. Sticky bone maintains stabilization 
of the graft in the bone defects, allows the graft to be easily han-
dled and therefore, reduces bone loss during the healing period 
by supporting tissue healing24.

The most significant outcome of this technique is being a 
suspension that can be manipulated like PRP without anticoag-
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ulation. Nevertheless, this type of PRF retains the capability to 
configure a slow-release matrix once applied to the tissue31. In 
2017, Miron et al. have recommended that utilizing specific cen-
trifugation tubes at a low speed of 700 rpm (60 g) with a shorter 
centrifugation time (3 minutes). In this study comparing PRP 
and i-PRF, it is demonstrated that i-PRF has the capability to re-
lease higher numbers of various growth factors, induce migration 
of fibroblasts and increase expression of PDGF, TGF-ß, and col-
lagen1. Furthermore, they stated that PRP had dissolved entire-
ly following 10 days whereas a further release of growth factors 
could still be expected from i-PRF33.

The major advantages of i-PRF are forming fibrin clot, re-
maining an autologous product with the benefit, and sustaining 
comparable growth factor release. The only disadvantage of i-PRF 
is the requirement to apply within 15 minutes of collection26.

CURRENT CLINICAL APPROACHES OF PRF IN 
PERIODONTOLOGY

Regeneration of destroyed tissue as a result of periodontal 
disease is the ultimate goal of periodontal therapy. Periodontal 
regeneration can be defined as the thorough restoration of lost or 
injured tissues to their unique structure and function by repeat-
ing the wound healing events associated with tissue formation34.

PRF is an effective biomaterial for wound healing with native 
regenerative capacity that can be applied in various cases such as 
furcation involvements, periodontal intra-bony defects, peri-im-
plant defects, gingival recessions, and sinus lift procedures. Also, 
in the periodontal tissue engineering field, it can be utilized as a 
scaffold for periosteal cells24. In the literature, many studies are 
investigating the application areas of PRF in periodontology, pro-
posing new procedures, and stating the superiority of different 
techniques to another5, 8, 13.
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Recently, clinical trials about PRF have shown significant out-
comes of osseous growth in intra-bony defects. Since PRF is al-
ready a natural matrix for osteoblastic conduction, it can be used 
with or without bone graft materials and can also stimulate tis-
sue regeneration 3-6 months after application to the periodontal 
pocket. In two different studies, Thorat et al.35 and Sharma and 
Pradeep36 reported that PRF-treated sites had greater reduction 
in pocket depth, greater clinical attachment gain, and greater in-
tra-bony defect filling than only open-flap-debridemented sites. 
Furthermore, Mitra et al.29 demonstrated that noticeable clinical 
and radiographic improvements according to baseline values at 
both PRF and T-PRF treated intra-bony defects after 9 months. 
A recent meta-analysis is reported that conventional flap surgery 
with L-PRF compared to conventional flap surgery alone showed 
significant differences such as greater bone filling in intra-bony 
defects (1.7 mm), clinical attachment gain (1.2 mm), and probing 
depth reduction (1.1 mm). Besides, the positive effects of L-PRF 
on soft and hard tissue healing and reduction of postoperative 
discomfort were reported13. In a research that investigates the ef-
fect of PRF in extraction sockets treated with or without mem-
brane, Simon et al. found that sites treated with PRF alone or 
PRF with membrane showed more rapid healing and had osseous 
filling by 3 weeks37. Similar to intra-bony defects, many studies 
indicated that peri-implant defects treatment with PRF provides 
greater bone formation and better clinical outcomes than con-
ventional flap surgery38, 39.

In guided tissue regeneration, the membrane does not only 
act as a shield against penetration of epithelial cells but also can 
release growth factors that improve the osteoblasts activity and 
promote the healing of the gingival tissue. When PRF is flattened, 
it can be applied as a barrier membrane in bone grafting pro-
cedures31. L-PRF membranes do not have any contraindications, 
they can be recommended in all cases (even in patients under 
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anticoagulant therapy), they always promote soft tissue healing 
and reduce the necrosis risk of the flap after surgery. As opposed 
to other guided bone regeneration membranes, L-PRF mem-
branes act as competitive barriers, that’s why they should not be 
used as a cell-proof shield. L-PRF membranes let cells migrate 
through, and as a consequence promote angiogenesis and inter-
actions between the gingival flap and the bone10. The number of 
membranes within a site and the convenient blood volume may 
affect the clinical outcome13. Simonpieri et al. 40, 41, in a two-part 
publication, introduced an innovative technique with using PRF 
membranes, freeze-dried bone allografts, metronidazole solution 
(0.5%) together. In this technique, small quantity of 0.5% metro-
nidazole solution provides effective protection to the graft mate-
rial against bacterial contamination while the membrane compo-
nent of PRF preserves the surgical site and enhances soft tissue 
healing.

Furcation defects are considered difficult areas for the treat-
ment due to low accessibility to the operation region and anatom-
ical irregularities. Therefore, these defects are generally treated 
surgically to allow appropriate root planing, osseous recontour-
ing, and periodontal regeneration. In many studies, it is reported 
that the combination of PRF and bone grafts has remarkable out-
comes in periodontic-endodontic furcation defects. Especially 
with early grade II furcation treatment usually shows great re-
sults24, 42. A meta-analysis published in 2019 showed that autol-
ogous platelet concentrates may be advantageous in the treat-
ment of furcation defects in adjunct to bone graft or open flap 
debridement43. However, in another meta-analysis published in 
2020, Tarallo et al. stated that all the studies reported favorable 
results with the addition of PRF to conventional flap techniques 
for the treatment of grade 2 furcation defects. According to these 
meta-analyses, PRF has positive effects on soft tissue and hard 
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tissue healing such as reducing vertical furcation depth, vertical 
pocket depth, and vertical clinical attachment loss42. Additionally, 
in another meta-analysis, statistically significant differences are 
found in favor of L-PRF again13.

Manipulation of the tissue is the basic concept in soft tissue 
surgery. The L-PRF membrane can be adapted and sutured to 
soft tissue, therefore can open new horizons in gingival surgery. 
The slowly release of growth factors and blood proteins derived 
from the L-PRF membrane during root covering promotes two 
important biological mechanisms such as impregnation and in-
duction. Initially, the surface layer of the root is impregnated 
with blood proteins and secondly, the release of growth factors 
continues long enough to stimulate cell induction phenomenon. 
The short term outcome is a rapid wound closure with the re-
duction of post-surgical edema and pain. Subsequently, the long 
term result occurs not only as a firm root covering but also as 
thicker gingiva10, 44. Many studies have suggested the use of PRF 
membranes as an alternative approach to connective tissue grafts 
for the treatment of gingival recessions. Uzun et al.45 reported 
that T-PRF is a safe and effective material for the treatment of 
multiple Miller Class I and II gingival recession defects. Eren and 
Atilla46 treated gingival recessions with coronally advanced flap 
procedure by using PRF or subepithelial connective tissue graft 
and they announced development in all parameters with both 
techniques. In a meta-analysis conducted by Castro et al.13, stat-
ed that L-PRF may be an alternative to a connective tissue graft 
(CTG) when it was compared with a connective tissue graft and 
similar results were noted for pocket reduction, clinical attach-
ment level gain, gingival recession reduction and enhancement 
of keratinized tissue width. Also, in a recent study, the histolog-
ical assessment revealed earlier angiogenesis and tissue matura-
tion at PRF compared with CTG47. At the same time, in a study 
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published in 2020, a statistically significant difference was de-
tected in favor of subepithelial CTG only in keratinized mucosa 
width thus PRF membranes were decided to be a promising op-
tion to autogenous gingival grafts in the treatment of Miller class 
I and II gingival recessions48. Similarly, according to the results 
obtained from another meta-analysis, it is indicated that the use 
of PRF in combination with coronally advanced flap (CAF) sig-
nificantly improves relative root coverage when compared with 
CAF alone. However, it did not improve the keratinized mucosa 
width49. Considering all the studies mentioned above, PRF may 
be preferred as an alternative approach to connective tissue grafts 
for the treatment of gingival recessions and only in specific cases 
with narrow keratinized mucosa, the use of CTG might be select-
ed instead of PRF.

CONCLUSION
Platelet-rich fibrin has gain popularity in periodontal regener-

ation due to ease of application, low costs, and providing a com-
pletely autologous reservoir for growth factors. PRF is an effective 
healing biomaterial with native regenerative capacity that can be 
applied in various cases in periodontology such as furcation in-
volvements, periodontal intra-bony defects, peri-implant defects, 
and gingival recessions. T- PRF is recently developed by changing 
the glass-evacuated tubes with titanium which is a more biocom-
patible material. Furthermore, recent modifications of the cen-
trifugation speeds and times (A-PRF) improved the regenerative 
potential of PRF and provided a liquid formulation for injection 
(i-PRF). Nowadays, current knowledge and approaches are being 
developed continuously to improve the clinical results of regener-
ative procedures utilizing platelet concentrates but further stud-
ies are needed in order to achieve satisfactory outcomes.



Current Dental Studies

- 14 -

REFERENCES
1. Giannobile WV. The potential role of growth and differentiation factors in 

periodontal regeneration. J Periodontol.1996;67:545-53.
2. Greenwell H. Position paper: Guidelines for periodontal therapy. J Perio-

dontol. 2001;72(11):1624-8.
3. Preeja C, Arun S. Platelet-rich fibrin: Its role in periodontal regeneration. 

The Saudi Journal for Dental Research. 2014;5(2):117-22.
4. Choukroun, J., Miron, R.J. (2017). Platelet Rich Fibrin: A Second-Gener-

ation Platelet Concentrate. In Miron, R.J. & Choukroun, J. (Eds.), Platelet 
Rich Fibrin in Regenerative Dentistry: Biological Background and Clinical 
Indications (1st ed., pp. 1-14) United States of America: Wiley Blackwell.

5. Ghanaati S, Booms P, Orlowska A, Kubesch A, Lorenz J, Rutkowski J, et al. 
Advanced platelet-rich fibrin: a new concept for cell-based tissue engineer-
ing by means of inflammatory cells. J Oral Implantol. 2014;40(6):679-89.

6. Miron, R.J., Mealey, B.L., Wang, H.L. (2017). Use of Platelet Rich Fibrin 
for Periodontal Regeneration/Repair of Intrabony and Furcation Defects. 
In Miron, R.J. & Choukroun, J. (Eds.), Platelet Rich Fibrin in Regenera-
tive Dentistry: Biological Background and Clinical Indications (1st ed., pp. 
127-44) United States of America: Wiley Blackwell.

7. Miron RJ, Bishara M, Choukroun J. Basics of Platelet-Rich Fibrin Therapy. 
Dent Today. 2017;36(4):74-6.

8. Tunalı M, Özdemir H, Küçükodacı Z, Akman S, Fıratlı E. In vivo evalua-
tion of titanium-prepared platelet-rich fibrin (T-PRF): a new platelet con-
centrate. Br J Oral Maxillofac Surg. 2013;51(5):438-43.

9. Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJJ, Mouhyi J, et al. 
Platelet-rich fibrin (PRF): A second-generation platelet concentrate. Part 
I: Technological concepts and evolution. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2006;101(3): e37-44.

10. Del Corso M, Vervelle A, Simonpieri A, Jimbo R, Inchingolo F, Sammarti-
no G, et al. Current knowledge and perspectives for the use of platelet-rich 
plasma (PRP) and platelet-rich fibrin (PRF) in oral and maxillofacial sur-
gery part 1: Periodontal and dentoalveolar surgery. Curr Pharm Biotech-
nol. 2012;13(7):1207-30.

11. Knighton DR, Ciresi KF, Fiegel VD, Austin LL, Butler EL. Classification 
and treatment of chronic nonhealing wounds. Successful treatment with 
autologous platelet-derived wound healing factors (PDWHF). Ann Surg. 
1986;204(3):322-30.

12. Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE, Georgeff 
KR. Platelet-rich plasma: Growth factor enhancement for bone grafts. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 1998;85(6):638-46.

13. Castro AB, Meschi N, Temmerman A, Pinto N, Lambrechts P, Teughels 
W, et al. Regenerative potential of leucocyte- and platelet-rich fibrin. Part 
A: intra-bony defects, furcation defects and periodontal plastic surgery. A 
systematic review and meta-analysis. J Clin Periodontol. 2017;44(1):67-82.



Current Dental Studies

- 15 -

14. Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJJ, Mouhyi J, et al. 
Platelet-rich fibrin (PRF): A second-generation platelet concentrate. Part 
II: Platelet-related biologic features. Oral Surgery, Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2006;101(3): e45-50.

15. Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of plate-
let concentrates: from pure platelet-rich plasma (P-PRP) to leucocyte- and 
platelet-rich fibrin (L-PRF). Trends Biotechnol. 2009;27(3):158-67.

16. Marchetti E, Mancini L, Bernardi S, Bianchi S, Cristiano L, Torge D, et 
al. Evaluation of Different Autologous Platelet Concentrate Biomaterials: 
Morphological and Biological Comparisons and Considerations. Materials 
(Basel). 2020;13(10).

17. Karimi K, Rockwell H. The Benefits of Platelet-Rich Fibrin. Facial Plast 
Surg Clin North Am. 2019;27(3):331-40.

18. Choukroun J, Diss A, Simonpieri A, Girard MO, Schoeffler C, Dohan SL, et 
al. Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part 
IV: clinical effects on tissue healing. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2006;101(3): e56-60.

19. Choukroun J, Adda F, Schoeffler C, Vervelle A. Une opportunit?? en pa-
ro-implantologie: Le PRF. Implantodontie. 2001;42:55-62.

20. Kobayashi E, Flückiger L, Fujioka-Kobayashi M, Sawada K, Sculean A, 
Schaller B, et al. Comparative release of growth factors from PRP, PRF, and 
advanced-PRF. Clin Oral Investig. 2016;20(9):2353-60.

21. Tsai C-H, Shen S-Y, Zhao J-H, Chang Y-C. Platelet-rich fibrin modulates 
cell proliferation of human periodontally related cells in vitro. J Dent Sci. 
2009;4(3):130-5.

22. Su CY, Kuo YP, Tseng YH, Su CH, Burnouf T. In vitro release of growth 
factors from platelet-rich fibrin (PRF): a proposal to optimize the clinical 
applications of PRF. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2009;108(1):56-61.

23. Mazor Z, Horowitz RA, Del Corso M, Prasad HS, Rohrer MD, Dohan 
Ehrenfest DM. Sinus Floor Augmentation With Simultaneous Implant 
Placement Using Choukroun’s Platelet-Rich Fibrin as the Sole Grafting 
Material: A Radiologic and Histologic Study at 6 Months. J Periodontol. 
2009;80(12):2056-64.

24. Agrawal AA. Evolution, current status and advances in application of 
platelet concentrate in periodontics and implantology. World J Clin Cases. 
2017;5(5):159-71.

25. Fujioka-Kobayashi M, Miron RJ, Hernandez M, Kandalam U, Zhang Y, 
Choukroun J. Optimized Platelet-Rich Fibrin With the Low-Speed Con-
cept: Growth Factor Release, Biocompatibility, and Cellular Response. J 
Periodontol. 2017;88(1):112-21.

26. Fujioka‐Kobayashi, M., Miron, R.J. (2017) Biological Components of Plate-
let Rich Fibrin: Growth Factor Release and Cellular Activity. In Miron, R.J. 
& Choukroun, J. (Eds.), Platelet Rich Fibrin in Regenerative Dentistry: Bi-



Current Dental Studies

- 16 -

ological Background and Clinical Indications (1st ed., pp. 15-31) United 
States of America: Wiley Blackwell.

27. Aizawa H, Tsujino T, Watanabe T, Isobe K, Kitamura Y, Sato A, et al. Quan-
titative Near-Infrared Imaging of Platelets in Platelet-Rich Fibrin (PRF) 
Matrices: Comparative Analysis of Bio-PRF, Leukocyte-Rich PRF, Ad-
vanced-PRF and Concentrated Growth Factors. Int J Mol Sci. 2020;21(12).

28. Tunalı M, Özdemir H, Küçükodacı Z, Akman S, Yaprak E, Toker H, et al. 
A Novel Platelet Concentrate: Titanium-Prepared Platelet-Rich Fibrin. Bi-
omed Res Int. 2014; 2014:209548.

29. Mitra D, Potdar P, Prithyani S, Rodrigues S, Shetty G, Talati M. Compar-
ative study using autologous platelet-rich fibrin and titanium prepared 
platelet-rich fibrin in the treatment of infrabony defects: An in vitro and in 
vivo study. J. Indian Soc. Periodontol. 2019;23(6):554-61.

30. Bhattacharya HS, Gummaluri SS, Astekar M, Gummaluri RK. Novel meth-
od of determining the periodontal regenerative capacity of T-PRF and 
L-PRF: An immunohistochemical study. Dent Med Probl. 2020;57(2):137-
44.

31. Fan Y, Perez K, Dym H. Clinical Uses of Platelet-Rich Fibrin in Oral and 
Maxillofacial Surgery. Dent. Clin. N. Am. 2020;64.

32. Mourão CF, Valiense H, Melo ER, Mourão NB, Maia MD. Obtention of in-
jectable platelets rich-fibrin (i-PRF) and its polymerization with bone graft: 
technical note. Rev Col Bras Cir. 2015;42(6):421-3.

33. Miron RJ, Fujioka-Kobayashi M, Hernandez M, Kandalam U, Zhang Y, 
Ghanaati S, et al. Injectable platelet rich fibrin (i-PRF): opportunities in 
regenerative dentistry? Clin Oral Investig. 2017;21(8):2619-27.

34. Polimeni G, Xiropaidis AV, Wikesjö UM. Biology and principles of perio-
dontal wound healing/regeneration. Periodontol 2000. 2006;41:30-47.

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

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

37. Simon BI, Zatcoff AL, Kong JJ, O’Connell SM. Clinical and Histological 
Comparison of Extraction Socket Healing Following the Use of Autologous 
Platelet-Rich Fibrin Matrix (PRFM) to Ridge Preservation Procedures Em-
ploying Demineralized Freeze Dried Bone Allograft Material and Mem-
brane. Open Dent J. 2009;3:92-9.

38. Hamzacebi B, Oduncuoglu B, Alaaddinoglu EE. Treatment of Peri-im-
plant Bone Defects with Platelet-Rich Fibrin. Int J Periodont Rest. 
2015;35(3):415-22.

39. Jang ES, Park JW, Kweon H, Lee KG, Kang SW, Baek DH, et al. Restoration 
of peri-implant defects in immediate implant installations by Choukroun 
platelet-rich fibrin and silk fibroin powder combination graft. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod. 2010;109(6):831-6.



Current Dental Studies

- 17 -

40. Simonpieri A, Del Corso M, Sammartino G, Dohan Ehrenfest DM. The rel-
evance of Choukroun’s platelet-rich fibrin and metronidazole during com-
plex maxillary rehabilitations using bone allograft. Part II: implant surgery, 
prosthodontics, and survival. Implant Dent. 2009;18(3):220-9.

41. Simonpieri A, Del Corso M, Sammartino G, Dohan Ehrenfest DM. The rel-
evance of Choukroun’s platelet-rich fibrin and metronidazole during com-
plex maxillary rehabilitations using bone allograft. Part I: a new grafting 
protocol. Implant Dent. 2009;18(2):102-11.

42. Tarallo F, Mancini L, Pitzurra L, Bizzarro S, Tepedino M, Marchetti E. Use 
of Platelet-Rich Fibrin in the Treatment of Grade 2 Furcation Defects: Sys-
tematic Review and Meta-Analysis. J. Clin. Med. 2020;9:2104.

43. Panda S, Karanxha L, Goker F, Satpathy A, Taschieri S, Francetti L, et al. 
Autologous Platelet Concentrates in Treatment of Furcation Defects-A Sys-
tematic Review and Meta-Analysis. Int J Mol Sci. 2019;20(6).

44. Del Corso M, Sammartino G, Dohan Ehrenfest DM. Re: “Clinical evalua-
tion of a modified coronally advanced flap alone or in combination with a 
platelet-rich fibrin membrane for the treatment of adjacent multiple gingi-
val recessions: a 6-month study”. J Periodontol. 2009;80(11):1694-7; author 
reply 7-9.

45. Uzun BC, Ercan E, Tunalı M. Effectiveness and predictability of titani-
um-prepared platelet-rich fibrin for the management of multiple gingival 
recessions. Clin Oral Investig. 2018;22(3):1345-54.

46. Eren G, Atilla G. Platelet-rich fibrin in the treatment of localized gingi-
val recessions: a split-mouth randomized clinical trial. Clin Oral Investig. 
2014;18(8):1941-8.

47. Eren G, Kantarcı A, Sculean A, Atilla G. Vascularization after treatment 
of gingival recession defects with platelet-rich fibrin or connective tissue 
graft. Clin Oral Investig. 2016;20(8):2045-53.

48. Rodas MAR, Paula BL, Pazmiño VFC, Lot Vieira F, Junior JFS, Silveira 
EMV. Platelet-Rich Fibrin in Coverage of Gingival Recession: A Systematic 
Review and Meta-Analysis. Eur J Dent. 2020;14(2):315-26.

49. Miron RJ, Moraschini V, Del Fabbro M, Piattelli A, Fujioka-Kobayashi 
M, Zhang Y, et al. Use of platelet-rich fibrin for the treatment of gingi-
val recessions: a systematic review and meta-analysis. Clin Oral Investig. 
2020;24(8):2543-57.


