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Objective To systematically review the randomized clinical trials (RCTs) on the effect of Platelet Rich Fibrin (PRF) concentrate on the tissue
regeneration of intra-oral defects.

Methods An electronic search was performed in PubMed/Medline and Cochrane Library using relevant keywords until June 2018. RCTs
which used PRF concentrate for treatment of intrabony defects, sinus augmentation, furcation involvement, endo-periodontal lesions,
gingival recession, and ridge preservation were included in the present review.

Results In total, 79 studies that were used PRF either solely or mixed in human trials were included and divided based on the defect type.
Most of the studies used PRF to treat intra-bony defects showed that it would improve treatment outcomes. In case of furcation involvement,
the application of leukocyte-PRF in addition to open flap debridement improved the bone regeneration in grade Il mandibular furcation
involvement. In case of ridge preservation and sinus floor augmentation, the results were controversial.

Conclusion The result of the current systematic review implied that the treatment outcome of PRF application for periodontal and soft
tissue repair depends on the treatment strategies and type of the defect. It was shown that PRF application is a practical approach to
accelerate and enhance new bone formation in human studies in intrabony defects and furcation involvements. However, further clinical

trials for evaluation of other types of intra-oral defects are required.
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Introduction

The second generation of platelet concentrate, platelet-rich
fibrin (PRF) was introduced by Choukroun et al.' to accelerate
the healing procedures. PRF can be easily prepared following
the centrifugation of non-coagulated blood without requiring
additional anticoagulants such as bovine thrombin.>’ The
obtained product would be an autologous matrix of dense fibrin
which is rich in platelets, growth factors and platelet cytokines.**

Various growth factors and cytokines were detected in
PRF including platelet-derived growth factor (PDGF), vas-
cular endothelial growth factor, insulin-like growth factors,
transforming growth factor-beta 1 (TGF-p), interleukin-1p
(IL-1pB), interleukin-4 (IL-4), and interleukin-6 (IL-6).%” The
PRF concentrate is highly biocompatible. As no anticoagu-
lants are used in this system, PRF forms a fibrin matrix in the
later stages of the coagulation. This formed fibrin matrix con-
tains platelets which are gradually releasing mentioned
cytokines and growth factors, following the fibrin fabrication.®
As a result of these features, the fibrin network of PRF can be
used as the source of autologous growth factors especially in
damaged tissues.® The biological characteristics of PRF was
shown to positively influence the differentiation and prolifera-
tion of osteoblasts, fibroblasts, endothelial cells, and chondro-
cytes’'! and facilitate the osteointegration process.'? All these
procedures may initiate and accelerate the healing and regen-
eration process."

170

Over the course of many years, platelets were identified to
promote bone repair and the bone healing."*" It has also been
shown by various studies that growth factors may stimulate
the bone regeneration in the intra-oral bone defects.'® PRF
provide an autologous concentrate of fibrin, platelets, leuko-
cytes and their growth factors. Based on the previous data, it
can be expected that the application of the platelet concen-
trates in the intraoral defects may lead to clinical success in
less duration of time in addition to reduced postoperative
symptoms.'”'*

Platelet-rich fibrin, as a type of platelet concentrate, has
been used widely in the various studies solely or in combina-
tion with other approaches in case of maxillofacial defects,
such as facial plastic surgery,"”” maxillary sinus augmentation
in combination with bone substitute materials,”® root cov-
erage with assistant of coronally displaced flap,”’ and the
treatment of furcation defects.”” These studies suggested that
PRF can be used as the treatment or supplement in the bone
defects of oral region. However, the additional benefit of PRF
in clinical trials did not present as clinically significant in
every situation.

The aim of the present systematic review is to investigate
the effect of PRF on bone regeneration and healing in the
intra-oral region including ridge preservation, sinus augmen-
tation, endodontal and periodontal defects.
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Materials and Methods
Study Design

This systematic review was conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.”” The search protocol was considered
based on the patient, intervention, comparison, outcome
(PICO) question of the study (Table 1).

Clinical studies regarding PRF application for acceler-
ating tissue regeneration of the selected periodontal defects
(intrabony defects, sinus augmentation, furcation involve-
ment, endo-periodontal lesions, root coverage, gingival reces-
sion, and ridge preservation) were included. In this review
only randomized clinical trials (RCTs) with parallel or split-
mouth design were included. Inclusion criteria was English
papers, more than 10 patients, and comparison of the effect of
treatment with the control group (conventional treatment).
Case reports and series, animal studies and review articles
were excluded.

Search Strategy

A comprehensive electronic search was conducted in PubMed/
Medline and Cochrane Library from January 2009 to June
2018 using the following terms: “platelet rich fibrin”, “bone
regeneration”, “bone augmentation’, “periodontal defect’,
“apical lesion”, “maxillofacial surgery”, and “gingival recession”
Related published papers were found using the various combi-
nations of the related search terms based on the PICO ques-

tion (Table 1).

Study Selection and Data Extraction

Study selection was performed by two independent reviews.
Disagreements were resolved by discussion. The initial paper
selection was done by assessing the titles and abstracts. The

Table 1 Study question and related keywords based on pa-
tient, intervention, comparison, outcome format

Question of the review Search keywords

Periodontal defects,
intrabony defects,
sinus augmentation,
furcation
involvement, endo-
periodontal lesions,
root coverage,
gingival recession,
ridge preservation

PRF, L-PRF, A-PRF

Patients need bone

or tissue regeneration

for their defects
(intrabony defects,

sinus augmentation,
furcation involvement,
endo-periodontal lesions,
gingival recession, and
ridge preservation)

Population (P)

Intervention (I)  Application of platelet
concentrates including
platelet-rich fibrin (PRF),
leukocyte-PRF (L-PRF),
and advanced PRF (A-PRF)
alone or beside other
conventional approaches

as a supplement

Various kind of intra oral -
regenerative treatment
approaches

Comparison (C)

Outcome (O) Regeneration of bone and

the periodontal tissue

Tissue regeneration,
bone regeneration,
new bone formation,
healing
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full texts of the potentially suitable articles were obtained for
final assessment according to the inclusion and exclusion
criteria.

To perform the study, the following data were extracted:
study design, study groups, the number of patients and sam-
ples, variables, data evaluation methods, the follow-up periods,
and the treatment outcomes. Extracted data from selected
articles were summarized in the tables for each defect type and
compared in a qualitative manner. Due to the variety of defect
types and various protocols for using PRF meta-analysis could
not be performed.

Results

Study Selection

After removing duplicate topics, a total of 370 articles were
found in the electronic search. Following the initial screening
of titles and abstracts, 106 studies were chosen for further
evaluations as relevant for the aim of the study. Finally, 79
records completely fulfilled the inclusion criteria of the present
study. Figure 1 demonstrated the details of the search strategy
and study selection. Selected studies were categorized based
on their defect type: intrabony defect, ridge preservation,
sinus augmentation, endo-periodontal defect, furcation
defect, and gingival recession. Because of the various
approaches for the PRF application and different type of
defects, conducting the meta-analysis was not possible.

PRF Application on the Treatment of Intrabony
Defects

Totally, 29 clinical trials used PRF concentrates in the treat-
ment of intrabony defects (Table 2). PRF concentrates were
used solely”” or in combination with other treatment
approaches including demineralized freeze-dried bone allo-
graft (DFDBA),* nanocrystalline hydroxyapatite (NcHA),”
metformin,* bovine porous bone mineral (BPBM),*" demin-
eralized bone matrix (DBM),*” rosuvastatin,” alendronate,"

etc. (Table 2). The follow-up period was varied from 3 to 12

37 Duplicated records

407 Records found in the initial research
were excluded

in various databases

Identification

||
-

264 Records were

b excluded based on

exclusion criteria after
reading abstracts

370 Records were screened

Screening

||
-

26 Records were excluded
after reviewing the full-
texts

Eligibility

106 Full-texts assessed for Eligibility

| |
-

79 Studies were included for qualitative
assessment

Included

|
-

4 4 4 ! |

16 Gingival
Recession Articles

8 Furcation
Defects Articles

2 Endo-Periodontal
Lesions Articles

29 Intrabony
Defects Articles

17 Ridge
preservation Articles

7Sinus Augmentation
Articles

Fig. 1 Flow diagram of study selection strategy.
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months. All the studies evaluated the treatment outcomes
through clinical improvement including periodontal pocket
depth (PPD) reductions and clinical attachment loss (CAL)
gains. Most of them also did the radiographic assessment for
further evaluations (Table 2).

Most of the studies showed that the application of PRF
improved treatment outcomes at least in one measured param-
eter (Table 2). Only, Ajwani et al.** reported that additional use
of L-PRF did not lead to improving the treatment outcome in
comparison with open flap debridement (OFD) alone. More-
over, Shah et al.*» and Chadwick et al.* compared the effect of
PRF in combination with OFD versus DFDBA in combination
with OFD. In both studies, no advantages were observed by
both treatment approaches. Also, Mathur et al.”” and Galav et
al.”” showed that PRF has no advantage in comparison with
autogenous bone graft (ABG). Only Thorat et al.* selected
patients with aggressive periodontitis. They reported that the
additional use of PRF in comparison to Kirkland flap alone
improved both clinical and radiographic outcomes.

PRF Application in the Ridge Preservation

A total of 17 clinical trials used PRF approach for the ridge
preservation (Table 3). PRF concentrates were used solely™
or in combination with plaster of paris® and DFDBA.®” Only
one study used advanced platelet-rich fibrin (A-PRF) in addi-
tion to FDBA for ridge preservation.®® The follow-up period
was varied from 1 week to 6 months. Unlike intrabony defects,
various methods including scintigraphic evaluation,’**” serial
radio visio-graphic analysis,’* and histomorphometric evalua-
tion®** were used to evaluate the treatment outcome other
than clinical and radiographic assessment.

In all the studies with radiographic evaluation, improve-
ment in the bone filling was observed in the ridge preserved by
PRF concentrates. In case of the additional application of PRF
concentrates in the socket when compared with not using any
intervention, the results were controversial. In this case,
approximately half of the clinical trials shows the advantage of
using PRE.>***6263% Thakkar et al.”” showed that using addi-
tional PRF besides DFDBA enhanced ridge preservation pro-
cess in comparison to DFDBA alone. Furthermore, the
effectiveness of PRF when compared with beta-tri-calcium
phosphate with collagen was observed in Das et al.” study. In
the case of A-PRF, Clark et al.”® showed the supplemental use
of A-PRF for the ridge preservation in combination with
FDBA did not lead to better results.

Sinus Floor Augmentation

Similarly, PRF concentrates has been evaluated in seven clinical
trials with the aim of the sinus floor augmentation (Table 4). Six
studies utilized supplemental L-PRF besides Bio-Oss*’*"* or
NanoBone™ in a two-stage method for sinus augmentation.
Only Kanayama et al.” used sole L-PRF in the crestal approach
of sinus floor elevation. The measured outcomes and follow up
periods were varied among the selected studies.

Most of the measured outcomes in the included clinical
trials showed the additional application of L-PRF has no addi-
tional benefit compared with the bone graft alone. Tatullo et
al.” reported that supplemental L-PRF can reduce the healing
time. Furthermore, in the Bolukbasi et al’s study,” less change
in the bone length/the implant length ratio was observed in
the L-PRF treated patients. Kanayama et al.”” reported that
L-PRF only approach led to from 4.00 + 1.63% to 4.38 + 1.67%
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bone gain in the sandblasted acid-etched implants and the
hydroxyapatite implants respectively.

Endo-periodontal Defects

In the case of endo-periodontal lesions, only two clinical trials
included in the present systematic review (Table 5). Dhiman et
al.’”® found that the application of L-PRF in apicomarginal
lesions can improve the clinical outcomes. Moreover, the com-
plete bone filling was observed in the L-PRF treated patients in
the Singh et al’s study.”

Management of Furcation Defects

Eight clinical trials were aimed at evaluating the bone regener-
ation in grade II mandibular furcation involvement (Table 6).
Three studies evaluated the treatment outcomes of L-PRF
besides OFD compared with OFD alone.”>”*” In four studies,
L-PRF was applied mixed with other materials including met-
formin gel,* bioactive ceramic composite granules (BCCG),"
rosuvastatin,” hydroxyapatite (HA),” and alendronate.”
Asimuddin et al.** compared the effect of PRF alone with allo-
graft and healiguide collagen membrane. All the studies did
clinical and radiographic assessments to evaluate the treat-
ment outcomes. The follow-up period was from 6 to 9 months
(Table 5).

Bajaj et al.”® and Sharma et al.”” reported that the applica-
tion of L-PRF in addition to OFD improved the bone regener-
ation defects in grade II mandibular furcation involvement.
Siddiqui et al.” suggested that using B-tricalcium phosphate
(B-TCP) lead to better treatment outcomes when compared
with PRE It was shown that when PRF applied mixed with
rosuvastatin and HA,* alendronate,” and metformin,* the
treatment outcome improved when compared with PRF alone.
Furthermore, Lohi et al.¥' reported that supplemental use of
PRF besides BCCG led to significant improvements in all
measured parameters.

Coverage of Gingival Recessions

In case of gingival recessions, 16 articles using PRF concen-
trates were met the requirements for inclusion in the present
systematic review. The included clinical trials used PRF for
root coverage of patients with class I or II Miller gingival
recession (Table 7). Six studies evaluated the clinical outcomes
of additional PRF to coronally advanced flap (CAF),** mod-
ified CAF (MCAF),” and lateral sliding bridge flap® compared
with flap sole approach. Culhaoglu et al.”” compared the effect
of two- and four-layers PRF in root coverage procedure. Other
studies compared the outcomes of using supplemental PRF in
gingival recession with other supplemental approaches
including connective tissue graft (CTG),”** subepithelial
CTG (SCTG),”* enamel matrix derivative,” amniotic mem-
brane,” and resin-modified glass ionomer cement.” All
studies assessed clinical parameters in their follow-up periods.
The follow-up period was varied from 1**% to 24 months.*
Except for Padma et al.*” when the application of PRF was
compared with flap alone, no additional benefit by PRF was
observed in the treatment outcomes.”"***%% In two studies
conducted by Eren et al.,” and Oncii”*® the use of PRF did not
lead to a significant improvement in clinical parameters when
compared with SCTG. Agarwal et al.” reported a significant
advantage of PRF compared with the amniotic membrane in
case of root coverage percentage. In studies comparing PRF to
CTG, the outcomes were controversial. Only Mufti et al.”
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reported advantages of PRF in some measured parameters
(root coverage percentage and CAL, respectively).

Discussion

Choukroun’s® PRF is a second-generation platelet concentrate
that contains a vast amount of cytokines and growth factors
within an autologous dense fibrin matrix rich in platelets. PRF
is used as a surgical additive to accelerate healing and regener-
ation processes.'” Due to its advantages, PRF have recently
gained much attention among researchers as a safe approach
in various procedures solely or in combination with other
treatment approaches including the regeneration of soft and
hard tissue defects of periodontium,***!°" maxillary sinus-lift
procedures,'**'” wound healing'**'* and facial reconstruction
plastic surgery."” The present systematic review aimed to assess
the current evidenced in regards to the clinical benefit of PRF
concentrates in the regenerative procedures of soft and hard
tissue intra-oral defects. Application of PRF was performed
either solely or in combination with other regenerative mate-
rials in intra-oral defects. The evaluated clinical trials were cat-
egorized according to the types of defects including intrabony
defects, sockets preservation, sinus floor augmentation,
endo-periodontal defects, furcation defects, gingival reces-
sions. In each included study, the type of used concentrate,
study groups, defect location, sample size, follow-up periods,
evaluation method, and treatment outcome were reported. As
mentioned before, due to the application of various types of
PRF concentrates on different kinds of defects, conducting the
meta-analyze was not possible in the current systematic
review.

Biochemical analysis of the PRF concentrate structure
showed that it consists of platelets, leukocyte, and cytokines;
and circulating hematopoietic precursor cells within a fibrin
3D network polymerized in a tetra molecular structure.'®
There are various components and growth factors in PRF
including fibrin, fibronectin, PDGF, and TGF-f that all are
important in the tissue healing and regeneration process.'**'"”
It is also found that using PRF can lead to an increase in leuko-
cyte degranulation and cytokine release of pro-inflammatory
mediators including IL-1f and IL-6 as well as anti-inflamma-
tory cytokines, such as IL-4. Furthermore, the dense fibrin
scaffold of PRF leads to a slow release of cytokines and glyco-
proteins (such as thrombospondin-1) in the first 7 days in the
site.”” With all these features, it has been shown in the litera-
ture that PRF can play an important role through its growth
factors in modulating the healing and regeneration procedures
by inducing the proliferation and recruitment of endothelial
cells, gingival fibroblast, chondrocytes, and osteoblasts.'**'"
However, recent studies addressed a new aspect in evaluating
the effect of PRF on different regenerative approaches. In this
case, the influence of the applied relative centrifugal force
(RCF) during the centrifugation of PRF on its composition
and bioactivity was investigated. Interestingly, different in
vitro and in vivo preclinical studies proved that the value of the
applied RCF has an enormous influence on PRF bioac-
tivity."*'" Therefore, a high RCF was shown to produce a PRF
matrix with significantly lower number of platelets and leuko-
cytes and a significantly lower concentrations of different
growth factors. Not only the composition and bioactivity were
influenced by the applied RCEF, but also its function. Recent
preclinical studies have shown that PRF that was prepared
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with low RCF induced significantly higher rate of vasculariza-
tion in vitro and in vivo compared with a PRF matrix that was
prepared using a high RCE"*'"> Based on these studies, the
low speed centrifugation concept (LSCC) was introduced to
standardize the centrifugation protocols in the preparation of
blood concentrates.''

Application of autologous PRF is safe and low-cost
methods when compared with using growth factors concen-
trations in the recombinant form.”

In respect to the intrabony defects in consequence of
chronic periodontitis, studies showed that using PRF lead to
favourable outcomes in case of PPD reductions and CAL gains
when compared with the flap only approach.***>*%323*¢ How-
ever, when PRF concentrates compared the other novel treat-
ment approaches additional benefits were observed.
Furthermore, application of PRF in combination with DFDBA
lead to more PPD reductions and CAL gains. Also, in the case
of aggressive periodontitis, only one study was found sug-
gesting that using PRF cause better clinical outcomes.” The
present study confirmed the outcomes of Miron et al’s” sys-
tematic review and Ghanaati et al."'® that reported the benefi-
cial effect of PRF in the treatment of intrabony defects. In case
of using PRF concentrates on accelerating the ridge preserva-
tion and dimensional changes following tooth extraction, the
results of clinical trials were controversial. Although, it was
shown that using PRF besides a bone graft material can result
in a better clinical outcome in regards to the reduction of ridge
width.” The only included clinical trial that applied A-PRF in
the present systematic review was Clark et al’s® study that
showed using A-PRF besides FDBA has no significant advan-
tages when compared with A-PRF or FDBA alone.

Despite the limited number of clinical trials concerning
sinus floor augmentation, when supplemental L-PRF used in
addition to bone graft materials, no additional benefits were
observed. However, it has been reported that using L-PRF may
reduce the healing time”® and can cause less change in the bone
length/the implant length ratio.”” Regarding endo-periodontal
defects, both included studies showed that the use of L-PRF
acts as an ideal material by accelerating the bone filling.”””
However, since only two studies evaluated the outcomes of
PRF concentrates on endo-periodontal lesions, further
research is required to support the advantage of PRF
application.

Platelet-rich fibrin concentrates showed a significant
effect on the improvement of clinical and radiographic param-
eters when used as an adjunctive treatment or sole treatment
for furcation involvement of mandibular molars.”>”*** How-
ever, when PRF was used as alternative material compared
with B-TCP, it showed a significant advantage in PPD reduct
tions, CAL gains and bone filling.”” In case of the root coverage
of Miller class I and II defects, significant enhancement of root
coverage procedures was not observed when PRF concentrates
were applied. Similar to our study, in a systematic review has
been reported that platelet concentrates do not lead to
improvement in soft tissue root coverage of gingival reces-
sions.”” However, it was found that PRF had similar advantages
in the treatment of gingival recessions when compared with
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CTG. In one study, it has been reported that using PRF instead
of CTG can lead to significant improvement in higher kerati-
nized tissue and CAL gain.”” Application of CTG approach
showed high patient morbidity and the reaching a desirable
treatment outcome is depends on the technical ability of the
clinician.”>**¢ For these reasons, PRF concentrates may be
applied for similar indication as the application of CTG, when
autologous transplantation is undesired or too complex to be
performed.

Other than evaluated defects, PRF concentrates have been
utilized with the aim of bone regeneration in various oral and
maxillofacial defects including reconstruction of unilateral
alveolar cleft,'"” ridge augmentation,"® cystic bone defect."'*!*
In addition to the regenerative use of PRF, Hoaglin et al.'”
reported that PRF might help wound healing process of
extraction sites by the prevention of localized osteitis. Anti-
bacterial effect of PRF is mostly because of the recruitment of
white blood cells and macrophages to the site.”

All together the present systematic review evaluated the
recent advances in the clinical application of PRF in different
defects morphologies. At this point, it is noteworthy to outline
that many different centrifugation protocols were used
throughout the studies showing different results, that were
sometimes controversial. Additionally, some studies did not
report the specific centrifugation setting they used in their
studies, which makes the evaluation of such studies even more
difficult. However, this aspect is currently a topic of discussion in
the literature. Some researchers and clinicians are keen to pro-
vide guidelines on the report of clinical studies when using blood
concentrate.””” The authors strongly encourage to use these
guidelines to at least define the type of PRF used in the studies.
Additionally, attempt to standardize the preparation protocols
according to the previously introduced LSCC are ongoing. This
concept was thoroughly investigated and proved in preclinical
studies.'*"'"> However, randomized controlled clinical studies
following this standardization concept are still needed to eventu-
ally prove its benefit for the clinical application.

Conclusion

In conclusion, the final treatment outcome utilizing PRF con-
centrates depends on the treatment strategies and the type of
the defect. In case of intrabony defects and furcation involve-
ment, the studies clearly showed that the use of PRF concen-
trates alone or as a supplement could be helpful. In case of
ridge preservation, sinus floor augmentation, and endo-perio-
dontal lesions due to a limited number of evidence or contro-
versial results, further clinical trials are required. Future
clinical studies with histological evaluation are needed. Addi-
tionally, the clinical applciation of PRF requires more stand-
ardization in the preparation protocols of blood concentrated
to provide reproducable clinical sucsess.

Conflicts of interest

The authors report no other conflicts of interest related to this
study. H

185



Review

Application of platelet rich fibrin in the regeneration of intra oral defects

Muna Al-Shuhayeb et al.

References

1.

20.

186

Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, 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:e37—-e44.

Behnia H, Khojasteh A, Kiani MT, Khoshzaban A, Mashhadi Abbas F,

Bashtar M, et al. Bone regeneration with a combination of nanocrystalline
hydroxyapatite silica gel, platelet-rich growth factor, and mesenchymal
stem cells: a histologic study in rabbit calvaria. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2013;115:e7—-e15.

Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet
concentrates: from pure platelet-rich plasma (P-PRP) to leucocyte- and
platelet-rich fibrin (L-PRF). Trends Biotechnol. 2009;27:158-167.

Kumar RV, Shubhashini N. Platelet rich fibrin: a new paradigm in periodontal
regeneration. Cell Tissue Bank. 2013;14:453-463.

Dohan Ehrenfest DM, de Peppo GM, Doglioli P, Sammartino G. Slow release
of growth factors and thrombospondin-1 in Choukroun’s platelet-rich
fibrin (PRF): a gold standard to achieve for all surgical platelet concentrates
technologies. Growth Factors 2009,27:63-69.

Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, Mouhyi J, et al.
Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part Il
platelet-related biologic features. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2006;101:e45-e50.

Miron RJ, Zucchelli G, Pikos MA, Salama M, Lee S, Guillemette V, et al. Use of
platelet-rich fibrin in regenerative dentistry: a systematic review. Clin Oral
Investig. 2017;21:1913-1927.

Kang YH, Jeon SH, Park JY, Chung JH, Choung YH, Choung HW, et al.
Platelet-rich fibrin is a Bioscaffold and reservoir of growth factors for tissue
regeneration. Tissue Eng Part A. 2011;17:349-359.

Dohan Ehrenfest DM, Diss A, Odin G, Doglioli P, Hippolyte MP, Charrier JB.

In vitro effects of Choukroun’s PRF (platelet-rich fibrin) on human gingival
fibroblasts, dermal prekeratinocytes, preadipocytes, and maxillofacial
osteoblasts in primary cultures. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2009;108:341-352.

He L, LinY, Hu X, Zhang Y, Wu H. A comparative study of platelet-rich fibrin
(PRF) and platelet-rich plasma (PRP) on the effect of proliferation and
differentiation of rat osteoblasts in vitro. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2009;108:707-713.

. Vahabi S, Yadegari Z, Mohammad-Rahimi H. Comparison of the effect of

activated or non-activated PRP in various concentrations on osteoblast and
fibroblast cell line proliferation. Cell Tissue Bank. 2017;18:347-353.

Oncli E, Alaaddinoglu EE. The effect of platelet-rich fibrin on implant
stability. Int J Oral Maxillofac Implants. 2015;30:578-582.

Del Fabbro M, Bortolin M, Taschieri S, Weinstein R. Is platelet concentrate
advantageous for the surgical treatment of periodontal diseases? A
systematic review and meta-analysis. J Periodontol. 2011;82:1100-1111.
Gruber R, Karreth F, Frommlet F, Fischer MB, Watzek G. Platelets are
mitogenic for periosteum-derived cells. J Orthop Res. 2003;21:941-948.
Metzler P, von Wilmowsky C, Zimmermann R, Wiltfang J, Schlegel KA. The
effect of current used bone substitution materials and platelet-rich plasma
on periosteal cells by ectopic site implantation: an in-vivo pilot study. J
Craniomaxillofac Surg. 2012;40:409-415.

Intini G. The use of platelet-rich plasma in bone reconstruction therapy.
Biomaterials 2009;30:4956-4966.

Cheung WS, Griffin TJ. A comparative study of root coverage with
connective tissue and platelet concentrate grafts: 8-month results. J
Periodontol. 2004;75:1678-1687.

El-Sharkawy H, Kantarci A, Deady J, Hasturk H, Liu H, Alshahat M, et al.
Platelet-rich plasma: growth factors and pro- and anti-inflammatory
properties. J Periodontol. 2007,78:661-669.

Charrier JB, Monteil JP, Albert S, Collon S, Bobin S, Dohan Ehrenfest DM.
Relevance of Choukroun's Platelet-Rich Fibrin (PRF) and SMAS flap in
primary reconstruction after superficial or subtotal parotidectomy in
patients with focal pleiomorphic adenoma: a new technique. Rev Laryngol
Otol Rhinol (Bord). 2008;129:313-318.

Zhang Y, Tangl S, Huber CD, LinY, Qiu L, Rausch-Fan X. Effects of
Choukroun'’s platelet-rich fibrin on bone regeneration in combination
with deproteinized bovine bone mineral in maxillary sinus augmentation:
a histological and histomorphometric study. J Craniomaxillofac Surg.
2012;40:321-328.

. Aroca S, Keglevich T, Barbieri B, Gera I, Etienne D. Clinical evaluation of a

modified coronally advanced flap alone or in combination with a platelet-
rich fibrin membrane for the treatment of adjacent multiple gingival
recessions: a 6-month study. J Periodontol. 2009,80:244-252.

23.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

. Sharma A, Pradeep AR. Autologous platelet-rich fibrin in the treatment

of mandibular degree Il furcation defects: a randomized clinical trial. J
Periodontol. 2011;82:1396-1403.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6:21000097.

Ajwani H, Shetty S, Gopalakrishnan D, Kathariya R, Kulloli A, Dolas RS, et al.
Comparative evaluation of platelet-rich fibrin biomaterial and open flap
debridement in the treatment of two and three wall intrabony defects. J Int
Oral Health. 2015;7:32-37.

. Bajaj P, Agarwal E, Rao NS, Naik SB, Pradeep AR, Kalra N, et al. Autologous

platelet-rich fibrin in the treatment of 3-wall intrabony defects in aggressive
periodontitis: a randomized controlled clinical trial. J Periodontol.
2017,88:1186-1191.

Chadwick JK, Mills MP, Mealey BL. Clinical and radiographic evaluation of
demineralized freeze-dried bone allograft versus platelet-rich fibrin for

the treatment of periodontal intrabony defects in humans. J Periodontol.
2016;87:1253-1260.

Galav S, Chandrashekar KT, Mishra R, Tripathi V, Agarwal R, Galav A.
Comparative evaluation of platelet-rich fibrin and autogenous bone graft
for the treatment of infrabony defects in chronic periodontitis: clinical,
radiological, and surgical reentry. Indian J Dent Res. 2016;27:502-507.
Gupta SJ, Jhingran R, Gupta V, Bains VK, Madan R, Rizvi I. Efficacy of platelet-
rich fibrin vs. enamel matrix derivative in the treatment of periodontal
intrabony defects: a clinical and cone beam computed tomography study. J
Int Acad Periodontol. 2014;16:86-96.

Mathur A, Bains VK, Gupta V, Jhingran R, Singh GP. Evaluation of intrabony
defects treated with platelet-rich fibrin or autogenous bone graft: a
comparative analysis. Eur J Dent. 2015;9:100—-108.

Patel GK, Gaekwad SS, Guijjari SK, S C VK. Platelet-rich fibrin in regeneration
of intrabony defects: a randomized controlled trial. J Periodontol.
2017;88:1192-1199.

Pradeep AR, Rao NS, Agarwal E, Bajaj P, Kumari M, Naik SB. Comparative
evaluation of autologous platelet-rich fibrin and platelet-rich plasma in the
treatment of 3-wall intrabony defects in chronic periodontitis: a randomized
controlled clinical trial. J Periodontol. 2012;83:1499-1507.

Rosamma Joseph V, Raghunath A, Sharma N. Clinical effectiveness of
autologous platelet rich fibrin in the management of infrabony periodontal
defects. Singapore Dent J. 2012,33:5-12.

Shah M, Patel J, Dave D, Shah S. Comparative evaluation of platelet-rich
fibrin with demineralized freeze-dried bone allograft in periodontal
infrabony defects: a randomized controlled clinical study. J Indian Soc
Periodontol. 2015;19:56-60.

Sharma A, Pradeep AR. Treatment of 3-wall intrabony defects in patients
with chronic periodontitis with autologous platelet-rich fibrin: a
randomized controlled clinical trial. J Periodontol. 2011;82:1705-1712.
Thorat M, Baghele ON, S RP. Adjunctive effect of autologous platelet-

rich fibrin in the treatment of intrabony defects in localized aggressive
periodontitis patients: a randomized controlled split-mouth clinical trial. Int
J Periodontics Restorative Dent. 2017;37:2302-e309.

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;38:925-932.

Yajamanya SR, Chatterjee A, Hussain A, Coutinho A, Das S, Subbaiah S.
Bioactive glass versus autologous platelet-rich fibrin for treating periodontal
intrabony defects: a comparative clinical study. J Indian Soc Periodontol.
2017;21:32-36.

Agarwal A, Gupta ND, Jain A. Platelet rich fibrin combined with decalcified
freeze-dried bone allograft for the treatment of human intrabony
periodontal defects: a randomized split mouth clinical trail. Acta Odontol
Scand. 2016;74:36-43.

Elgendy EA, Abo Shady TE. Clinical and radiographic evaluation of
nanocrystalline hydroxyapatite with or without platelet-rich fibrin
membrane in the treatment of periodontal intrabony defects. J Indian Soc
Periodontol. 2015;19:61-65.

Pradeep AR, Nagpal K, Karvekar S, Patnaik K, Naik SB, Guruprasad CN.
Platelet-rich fibrin with 1% metformin for the treatment of intrabony
defects in chronic periodontitis: a randomized controlled clinical trial. J
Periodontol. 2015;86:729-737.

Lekovic V, Milinkovic I, Aleksic Z, Jankovic S, Stankovic P Kenney EB, et

al. Platelet-rich fibrin and bovine porous bone mineral vs. platelet-rich
fibrin in the treatment of intrabony periodontal defects. J Periodontal Res.
2012;47:409-417.

JContemp Med Sci | Vol. 5, No. 4, July-August 2019: 170-188



Muna Al-Shuhayeb et al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

Chandradas ND, Ravindra S, Rangaraju VM, Jain S, Dasappa S. Efficacy of
platelet rich fibrin in the treatment of human intrabony defects with or
without bone graft: a randomized controlled trial. J Int Soc Prev Community
Dent. 2016,6:5153-5159.

Pradeep AR, Garg V, Kanoriya D, Singhal S. Platelet-rich fibrin with 1.2%
rosuvastatin for treatment of intrabony defects in chronic periodontitis: a
randomized controlled clinical trial. J Periodontol. 2016;87:1468-1473.
Kanoriya D, Pradeep AR, Singhal S, Garg V, Guruprasad CN. Synergistic
approach using platelet-rich fibrin and 1% alendronate for intrabony defect
treatment in chronic periodontitis: a randomized clinical trial. J Periodontol.
2016,87:1427-1435.

Pradeep AR, Bajaj P, Rao NS, Agarwal E, Naik SB. Platelet-rich fibrin
combined with a porous hydroxyapatite graft for the treatment of 3-wall
intrabony defects in chronic periodontitis: a randomized controlled clinical
trial. J Periodontol. 2017;88:1288-1296.

Naqvi A, Gopalakrishnan D, Bhasin MT, Sharma N, Haider K, Martande S.
Comparative evaluation of bioactive glass putty and platelet rich fibrin

in the treatment of human periodontal intrabony defects: a randomized
control trial. J Clin Diagn Res. 2017;11:2C09-2C13.

Yasaswini MS, Prabhakara Rao KV, Tanuja P, Motakatla NR. Comparison

of marginal periosteal pedicle graft and bioactive glass with platelet-

rich fibrin and bioactive glass in the treatment of intrabony defects - a
clinicoradiographic study. J Pharm Bioallied Sci. 2017,9:596-5102.
Chatterjee A, Pradeep AR, Garg V, Yajamanya S, Ali MM, Priya VS. Treatment
of periodontal intrabony defects using autologous platelet-rich fibrin and
titanium platelet-rich fibrin: a randomized, clinical, comparative study. J
Investig Clin Dent. 2017;8.

Martande SS, Kumari M, Pradeep AR, Singh SP, Suke DK, Guruprasad CN.
Platelet-rich fibrin combined with 1.2% atorvastatin for treatment of
intrabony defects in chronic periodontitis: a randomized controlled clinical
trial. J Periodontol. 2016;87:1039-1046.

Aydemir Turkal H, Demirer S, Dolgun A, Keceli HG. Evaluation of the
adjunctive effect of platelet-rich fibrin to enamel matrix derivative in the
treatment of intrabony defects. Six-month results of a randomized, split-
mouth, controlled clinical study. J Clin Periodontol. 2016;43:955-964.

. Panda S, Sankari M, Satpathy A, Jayakumar D, Mozzati M, Mortellaro C, et

al. Adjunctive effect of autologus platelet-rich fibrin to barrier membrane

in the treatment of periodontal intrabony defects. The J Craniofac Surg.
2016;27:691-696.

Bansal C, Bharti V. Evaluation of efficacy of autologous platelet-rich

fibrin with demineralized-freeze dried bone allograft in the treatment of
periodontal intrabony defects. J Indian Soc Periodontol. 2013;17:361-366.
Alzahrani AA, Murriky A, Shafik S. Influence of platelet rich fibrin on post-
extraction socket healing: a clinical and radiographic study. Saudi Dent J.
2017,29:149-155.

Baslarli O, Tumer C, Ugur O, Vatankulu B. Evaluation of osteoblastic activity
in extraction sockets treated with platelet-rich fibrin. Med Oral Patol Oral Cir
Bucal. 2015;20:e111-e116.

Das S, Jhingran R, Bains VK, Madan R, Srivastava R, Rizvi |. Socket
preservation by beta-tri-calcium phosphate with collagen compared to
platelet-rich fibrin: a clinico-radiographic study. Eur J Dent. 2016;10:264—
276.

Girish Rao S, Bhat P, Nagesh KS, Rao GHR, Mirle B, Kharbhari L, et al. Bone
regeneration in extraction sockets with autologous platelet rich fibrin gel. J
Maxillofac Oral Surg. 2013;12:11-16.

Gurbuzer B, Pikdoken L, Tunali M, Urhan M, Kucukodaci Z, Ercan F.
Scintigraphic evaluation of osteoblastic activity in extraction sockets treated
with platelet-rich fibrin. J Oral Maxillofac Surg. 2010;68:980-989.

Kumar N, Prasad K, Ramanujam L, KR, Dexith J, Chauhan A. Evaluation of
treatment outcome after impacted mandibular third molar surgery with the

use of autologous platelet-rich fibrin: a randomized controlled clinical study.

J Oral Maxillofac Surg. 2015;73:1042—1049.

Marenzi G, Riccitiello F, Tia M, di Lauro A, Sammartino G. Influence

of leukocyte- and platelet-rich fibrin (L-PRF) in the healing of

simple postextraction sockets: a split-mouth study. Biomed Res Int.
2015;2015:369273.

Simon BI, Gupta P, Tajbakhsh S. Quantitative evaluation of extraction socket
healing following the use of autologous platelet-rich fibrin matrix in
humans. Int J Periodontics Restorative Dent. 2011,31:285-295.

. Singh A, Kohli M, Gupta N. Platelet rich fibrin: a novel approach for osseous

regeneration. J Maxillofac Oral Surg. 2012;11:430-434.

Suttapreyasri S, Leepong N. Influence of platelet-rich fibrin on alveolar ridge
preservation. J Craniofac Surg. 2013;24:1088-1094.

Temmerman A, Vandessel J, Castro A, Jacobs R, Teughels W, Pinto N, et al.
The use of leucocyte and platelet-rich fibrin in socket management and

JContemp Med Sci | Vol. 5, No. 4, July-August 2019: 170-188

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Review I

Application of platelet rich fibrin in the regeneration of intra oral defects

ridge preservation: a split-mouth, randomized, controlled clinical trial. J Clin
Periodontol. 2016;43:990-999.

Yelamali T, Saikrishna D. Role of platelet rich fibrin and platelet rich plasma
in wound healing of extracted third molar sockets: a comparative study. J
Maxillofac Oral Surg. 2015;14:410-416.

Zhang Y, Ruan Z, Shen M, Tan L, Huang W, Wang L, et al. Clinical effect of
platelet-rich fibrin on the preservation of the alveolar ridge following tooth
extraction. Exp Ther Med. 2018;15:2277-2286.

Girish Kumar N, Chaudhary R, Kumar |, Arora SS, Kumar N, Singh H. To
assess the efficacy of socket plug technique using platelet rich fibrin

with or without the use of bone substitute in alveolar ridge preservation:
a prospective randomised controlled study. Oral Maxillofac Surg.
2018;22:135-142.

Thakkar DJ, Deshpande NC, Dave DH, Narayankar SD. A comparative
evaluation of extraction socket preservation with demineralized freeze-
dried bone allograft alone and along with platelet-rich fibrin: a clinical and
radiographic study. Contemp Clin Dent. 2016;7:371-376.

Clark D, Rajendran'Y, Paydar S, Ho S, Cox D, Ryder M, et al. Advanced
platelet-rich fibrin and freeze-dried bone allograft for ridge preservation: a
randomized controlled clinical trial. J Periodontol. 2018;89:379-387.
Hauser F, Gaydarov N, Badoud |, Vazquez L, Bernard JP, Ammann P.

Clinical and histological evaluation of postextraction platelet-rich fibrin
socket filling: a prospective randomized controlled study. Implant Dent.
2013;22:295-303.

Bolukbasi N, Ersanli S, Keklikoglu N, Basegmez C, Ozdemir T. Sinus
augmentation with platelet-rich fibrin in combination with bovine bone
graft versus bovine bone graft in combination with collagen membrane. J
Oral Implantol. 2015;41:586-595.

Gassling V, Purcz N, Braesen JH, Will M, Gierloff M, Behrens E, et al.
Comparison of two different absorbable membranes for the coverage of
lateral osteotomy sites in maxillary sinus augmentation: a preliminary study.
J Craniomaxillofac Surg. 2013;41:76-82.

Nizam N, Eren G, Akcali A, Donos N. Maxillary sinus augmentation with
leukocyte and platelet-rich fibrin and deproteinized bovine bone mineral:
a split-mouth histological and histomorphometric study. Clin Oral Implants
Res. 2018;29:67-75.

Tatullo M, Marrelli M, Cassetta M, Pacifici A, Stefanelli LV, Scacco S, et al.
Platelet rich fibrin (PR.F.) in reconstructive surgery of atrophied maxillary
bones: clinical and histological evaluations. Int J Med Sci. 2012,9:872-880.
Bosshardt DD, Bornstein MM, Carrel JP, Buser D, Bernard JP. Maxillary

sinus grafting with a synthetic, nanocrystalline hydroxyapatite-silica gel

in humans: histologic and histomorphometric results. Int J Periodontics
Restorative Dent. 2014;34:259-267.

Kanayama T, Horii K, Senga Y, Shibuya Y. Crestal approach to sinus floor
elevation for atrophic maxilla using platelet-rich fibrin as the only grafting
material: a 1-year prospective study. Implant Dent. 2016;25:32-38.
Dhiman M, Kumar S, Duhan J, Sangwan P, Tewari S. Effect of platelet-rich
fibrin on healing of apicomarginal defects: a randomized controlled trial. J
Endod. 2015;41:985-991.

Singh S, Singh A, Singh S, Singh R. Application of PRF in surgical
management of periapical lesions. Natl J Maxillofac Surg. 2013;4:94-99.
Bajaj P, Pradeep AR, Agarwal E, Rao NS, Naik SB, Priyanka N, et al.
Comparative evaluation of autologous platelet-rich fibrin and platelet-
rich plasma in the treatment of mandibular degree Il furcation defects: a
randomized controlled clinical trial. J Periodontal Res. 2013:48:573-581.
Siddiqui ZR, Jhingran R, Bains VK, Srivastava R, Madan R, Rizvi I. Comparative
evaluation of platelet-rich fibrin versus beta-tri-calcium phosphate in

the treatment of grade Il mandibular furcation defects using cone-beam
computed tomography. Eur J Dent. 2016;10:496-506.

Sharma P, Grover HS, Masamatti SS, Saksena N. A clinicoradiographic
assessment of 1% metformin gel with platelet-rich fibrin in the treatment
of mandibular grade Il furcation defects. J Indian Soc Periodontol.
2017;21:303-308.

Lohi HS, Nayak DG, Uppoor AS. Comparative evaluation of the efficacy

of bioactive ceramic composite granules alone and in combination with
platelet rich fibrin in the treatment of mandibular class Il furcation defects: a
clinical and radiographic study. J Clin Diagn Re. 2017;11:2C76—-ZC80.
Pradeep AR, Karvekar S, Nagpal K, Patnaik K, Raju A, Singh P Rosuvastatin
1.2 mg in situ gel combined with 1:1 mixture of autologous platelet-rich
fibrin and porous hydroxyapatite bone graft in surgical treatment of
mandibular class Il furcation defects: a randomized clinical control trial. J
Periodontol. 2016;87:5-13.

Kanoriya D, Pradeep AR, Garg V, Singhal S. Mandibular degree Il furcation defects
treatment with platelet-rich fibrin and 1% alendronate gel combination: a
randomized controlled clinical trial. J Periodontol. 2017;88:250-258.

187



Review
Application of platelet rich fibrin in the regeneration of intra oral defects

84. Asimuddin S, Koduganti RR, Panthula VNR, Jammula SP, Dasari R, Gireddy
H. Effect of autologous platelet rich fibrin in human mandibular molar
grade ii furcation defects- a randomized clinical trial. J Clin Diagn Res.
2017,11:2C73-2C77.

85. Bozkurt Dogan S, Ongéz Dede F, Balli U, Atalay EN, Durmuslar MC.
Concentrated growth factor in the treatment of adjacent multiple gingival
recessions: a split-mouth randomized clinical trial. J Clin Periodontol.
2015;42:868-875.

86. Gupta S, Banthia R, Singh P, Banthia P, Raje S, Aggarwal N. Clinical evaluation
and comparison of the efficacy of coronally advanced flap alone and in
combination with platelet rich fibrin membrane in the treatment of Miller
Class I and Il gingival recessions. Contemp Clin Dent. 2015;6:153-160.

87. Padma R, Shilpa A, Kumar PA, Nagasri M, Kumar C, Sreedhar A. A split mouth
randomized controlled study to evaluate the adjunctive effect of platelet-
rich fibrin to coronally advanced flap in Miller's class-I and Il recession
defects. J Indian Soc Periodontol. 2013;17:631-636.

88. Thamaraiselvan M, Elavarasu S, Thangakumaran S, Gadagi JS, Arthie T.
Comparative clinical evaluation of coronally advanced flap with or without
platelet rich fibrin membrane in the treatment of isolated gingival recession.
JIndian Soc Periodontol. 2015;19:66—71.

89. RajaramV, Thyegarajan R, Balachandran A, Aari G, Kanakamedala A.

Platelet rich fibrin in double lateral sliding bridge flap procedure for
gingival recession coverage: an original study. J Indian Soc Periodontol.
2015;19:665-670.

90. Culhaoglu R, Taner L, Guler B. Evaluation of the effect of dose-dependent
platelet-rich fibrin membrane on treatment of gingival recession: a
randomized, controlled clinical trial. J Appl Oral Sci. 2018;26:€20170278.

91. Jankovic S, Aleksic Z, Klokkevold P, Lekovic V, Dimitrijevic B, Kenney EB, et al. Use
of platelet-rich fibrin membrane following treatment of gingival recession: a
randomized clinical trial. Int J Periodontics Restorative Dent. 2012:32:e41-e50.

92. Keceli HG, Kamak G, Erdemir EQ, Evginer MS, Dolgun A. The adjunctive
effect of platelet-rich fibrin to connective tissue graft in the treatment of
buccal recession defects: results of a randomized, parallel-group controlled
trial. J Periodontol. 2015;86:1221-1230.

93. Mufti S, Dadawala SM, Patel P, Shah M, Dave DH. Comparative Evaluation of
platelet-rich fibrin with connective tissue grafts in the treatment of Miller's
class | gingival recessions. Contemp Clin Dent. 2017,8:531-537.

94. Tunaliota M, Ozdemir H, Arabaci T, Giirbiizer B, Pikdoken L, Firatli E. Clinical
evaluation of autologous platelet-rich fibrin in the treatment of multiple
adjacent gingival recession defects: a 12-month study. Int J Periodontics
Restorative Dent. 2015;35:105-114.

95. Eren G, Atilla G. Platelet-rich fibrin in the treatment of localized gingival
recessions: a split-mouth randomized clinical trial. Clin Oral Investig.
2014;18:1941-1948.

96. Oncii E. The use of platelet-rich fibrin versus subepithelial connective tissue
graft in treatment of multiple gingival recessions: a randomized clinical trial.
Int J Periodontics Restorative Dent. 2017;37:265-271.

97. Jankovic S, Aleksic Z, Milinkovic |, Dimitrijevic B. The coronally advanced flap
in combination with platelet-rich fibrin (PRF) and enamel matrix derivative
in the treatment of gingival recession: a comparative study. Eur J Esthet
Dent. 2010,5:260-273.

98. Agarwal SK, Jhingran R, Bains VK, Srivastava R, Madan R, Rizvi |. Patient-
centered evaluation of microsurgical management of gingival recession
using coronally advanced flap with platelet-rich fibrin or amnion
membrane: a comparative analysis. Eur J Dent. 2016;10:121-133.

99. Ramireddy S, Mahendra J, Rajaram V, Ari G, Kanakamedala AK; Krishnakumar
D.Treatment of gingival recession by coronally advanced flap in conjunction
with platelet-rich fibrin or resin-modified glass-ionomer restoration: a
clinical study. J Indian Soc Periodontol. 2018;22:45-49.

100. Bastami F, Khojasteh A. Use of leukocyte-and platelet-rich fibrin for bone
regeneration: a systematic review. Regen Reconstr Restor 2016;1:47-88.

101. Marrelli M, Tatullo M. Influence of PRF in the healing of bone and gingival
tissues. Clinical and histological evaluations. Eur Rev Med Pharmacol Sci.
2013;17:1958-1962.

102. 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;80:2056-2064.

Muna Al-Shuhayeb et al.

103. Tajima N, Ohba S, Sawase T, Asahina I. Evaluation of sinus floor
augmentation with simultaneous implant placement using platelet-rich
fibrin as sole grafting material. Int J Oral Maxillofac Implants. 2013;28:77-83.

104. Bielecki T, Dohan Ehrenfest DM, Everts PA, Wiczkowski A. The role of
leukocytes from L-PRP/L-PRF in wound healing and immune defense: new
perspectives. Curr Pharm Biotechnol. 2012;13:1153-1162.

105. Ozcan M, Ucak O, Alkaya B, Keceli S, Seydaoglu G, Haytac MC. Effects
of platelet-rich fibrin on palatal wound healing after free gingival graft
harvesting: a comparative randomized controlled clinical trial. Int J
Periodontics Restorative Dent. 2017;37:270-e278.

106. 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:e56—e60.

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

108. Chen FM, Wu LA, Zhang M, Zhang R, Sun HH. Homing of endogenous stem/
progenitor cells for in situ tissue regeneration: promises, strategies, and
translational perspectives. Biomaterials 2011;32:3189-209.

109. Roy S, Driggs J, Elgharably H, Biswas S, Findley M, Khanna S, et al. Platelet-
rich fibrin matrix improves wound angiogenesis via inducing endothelial
cell proliferation. Wound Repair Regen. 2011;19:753-766.

110. Choukroun J, Ghanaati S. Reduction of relative centrifugation force within
injectable platelet-rich-fibrin (PRF) concentrates advances patients'own
inflammatory cells, platelets and growth factors: the first introduction to the
low speed centrifugation concept. Eur J Trauma Emerg Sur. 2018;44:87-95.

. El Bagdadi K, Kubesch A, Yu X, Al-Maawi S, Orlowska A, Dias A, et al.
Reduction of relative centrifugal forces increases growth factor release
within solid platelet-rich-fibrin (PRF)-based matrices: a proof of concept
of LSCC (low speed centrifugation concept). Eur J Trauma Emerg Surg.
2019;45:467-479.

112. Fujioka-Kobayashi M, Miron RJ, Hernandez M, Kandalam U, Zhang Y,
Choukroun J. Optimized platelet-rich fibrin with the low-speed concept:
growth factor release, biocompatibility, and cellular response. J Periodontol.
2017;88:112-121.

113. Wend S, Kubesch A, Orlowska A, Al-Maawi S, Zender N, Dias A, et al.
Reduction of the relative centrifugal force influences cell number and
growth factor release within injectable PRF-based matrices. J Mater Sci
Mater Med. 2017;28:188.

114. Herrera-Vizcaino C, Dohle E, Al-Maawi S, Booms P, Sader R, Kirkpatrick CJ,
et al. Platelet-rich fibrin secretome induces three dimensional angiogenic
activation in vitro. Eur Cell Mater. 2019;37:250-264.

115. Kubesch A, Barbeck M, Al-Maawi S, Orlowska A, Booms PF, Sader RA, et
al. A low-speed centrifugation concept leads to cell accumulation and
vascularization of solid platelet-rich fibrin: an experimental study in vivo.
Platelets 2019;30:329-340.

116. Ghanaati S, Herrera-Vizcaino C, Al-Maawi S, Lorenz J, Miron RJ, Nelson K,
et al. Fifteen years of platelet rich fibrin in dentistry and oromaxillofacial
surgery: how high is the level of scientific evidence? J Oral Implantol.
2018;44:471-492.

117. Findik Y, Baykul T. Secondary closure of alveolar clefts with mandibular
symphyseal bone grafts and with platelet-rich fibrin under local anesthesia:
three case reports. J Contemp Dent Pract. 2013;14:751-753.

118. Reddy PK, Bolla V, Koppolu P, Srujan P. Long palatal connective tissue rolled
pedicle graft with demineralized freeze-dried bone allograft plus platelet-
rich fibrin combination: a novel technique for ridge augmentation - Three
case reports. J Indian Soc Periodontol. 2015;19:227-231.

119. Dar M, Hakim T, Shah A, Najar L, Yagoob G, Lanker F. Use of autologous
platelet-rich fibrin in osseous regeneration after cystic enucleation: a clinical
study. J Oral Biol Craniofac Res. 2016;6:529-S32.

120. Meshram VS, Lambade PN, Meshram PV, Kadu A, Tiwari MS. The autologous
platelet rich fibrin: a novel approach in osseous regeneration after cystic
enucleation: a pilot study. Indian J Dent Res. 2015,26:560-564.

121. Hoaglin DR, Lines GK. Prevention of localized osteitis in mandibular third-
molar sites using platelet-rich fibrin. Int J Dent 2013;2013:875380.

122. Miron RJ, Pinto NR, Quirynen M, Ghanaati S. Standardization of relative
centrifugal forces in studies related to platelet-rich fibrin. J Periodontol.
2019;90:817-820.

1

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

188 dx.doi.org/10.22317/jcms.08201901

JContemp Med Sci | Vol. 5, No. 4, July-August 2019: 170-188



