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Abstract: The development of bioactive surgical additives to regulate the inflammation and increase the speed of
healing process is one of the great challenges in clinical research. In this sense, platelet rich fibrin (PRF) appears
as a natural and satisfactory alternative with favorable results and low risks. The following review attempts to sum-
marize the relevant literature regarding the technique of using PRF, focusing on its preparation, advantages, and
disadvantages of using it in clinical applications. PRF alone or in combination with other biomaterials seems to have
several advantages and indications both for medicine and dentistry, due it is a minimally invasive technique with

low risks and satisfactory clinical results.
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Introduction

The development of bioactive surgical addi-
tives, which are being used to regulate the
inflammation and increase the speed of healing
process [1], is one of the great challenges in
clinical research. In this sense, healing is a
complex process, which involves cellular orga-
nization, chemical signals, and the extracellular
matrix for tissue repair [2]. The understanding
of healing process is still incomplete, but it is
well known that platelets play an important role
in both hemostasis and wound healing pro-
cesses [3].

Platelets’ regenerative potential was intro-
duced in the 70’s [4], when it was observed
that they contain growth factors that are
responsible for increase collagen production,
cell mitosis, blood vessels growth, recruitment
of other cells that migrate to the site of injury,
and cell differentiation induction, among others
[5].

One of the latest innovations in oral surgery is
the use of platelet concentrates for in vivo tis-
sue engineering applications: 1) platelet-rich

plasma (PRP) and 2) platelet-rich fibrin (PRF).
Platelet concentrates are a concentrated sus-
pension of growth factors found in platelets,
which act as bioactive surgical additives that
are applied locally to induce wound healing [5].

Whitman et al [6], in 1997, were the first to
introduce the use of platelet-rich plasma in oral
surgical procedures, reporting great advantag-
es because it enhances osteoprogenitor cells in
the host bone and bone graft. However, using it
also presents risk because bovine thrombin,
which is used to handle PRP, may generate anti-
bodies to factors V, Xl, and thrombin that could
cause coagulopathies that may endanger life
[B].

On the other hand, PRF was first used in 2001
by Choukroun et al. [7], specifically in oral and
maxillofacial surgery, and is currently consid-
ered as a new generation of platelet concen-
trate. It consists of a matrix of autologous fibrin
[1] and has several advantages over PRP,
including easier preparation and not requiring
chemical manipulation of the blood, which
makes it strictly an autologous preparation [5].
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The following review attempts to summarize
the relevant literature regarding the technique
of using platelet rich fibrin (PRF), focusing on its
preparation, advantages, and disadvantages of
using it in clinical applications.

Platelets and fibrin

Platelets are the second-most numerous cor-
puscles in the blood [8]. They are cytoplasmic
fragments that lack core derived from mega-
karyocytes [9, 10]. Their lifetime is between 7
and 10 days [10], and the normal peripheral
blood concentration is 150-450 x 10°/L [8].
These unactivated platelets are biconvex dis-
coid structures shaped like a lens with dimen-
sions of approximately 2.0-4.0 by 0.5 ym and a
mean volume of 7-11 fl [8].

Platelets are formed by a peripheral area, which
corresponds to a phospholipid membrane, a
series of microtubules, and a very extensive
canalicular system connecting the surface to
the cytoplasm. Glycogen granules, mitochon-
dria, lysosomes, peroxisomes, and various
types of inclusions, including alpha and dense
granules, can be identified within the cyto-
plasm [11]. Alpha granules are large macromol-
ecules that constitute 15% of the total platelet
volume [10]. They contain platelet-specific and
non-platelet-specific proteins (fibrinogen, fibro-
nectin, thrombospondin, growth factors, etc.)
[11]. Additionally, the dense granules have high
content of calcium, inorganic phosphorus, ADP,
ATP, and serotonin [11]. However, the most
important elements of platelets to achieve the
healing and repair processes are the leuko-
cytes and growth factors, being the latter, poly-
peptides that participate in differentiation, pro-
liferation, migration, and cell metabolism [12].

Growth factors stimulate and attract stem cells
to the site of injury, promoting cell mitosis and
inducing angiogenesis and osteogenesis [13].
These growth factors, after activation from the
platelets trapped within fibrin matrix, have
demonstrated stimulating a mitogenic response
of periosteum cells to achieve bone healing
[14]. Cytokines are also released from the
platelets, being responsible in modulating
platelet activation and the proliferation and dif-
ferentiation of leukocytes, playing an important
role in immunology, specifically, in inflamma-
tion mechanism [13].
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Furthermore, fibrin is a bridging molecule that
allows a series of cell interactions and supplies
a provisional matrix in which cells may prolifer-
ate, organize, and carry out their functions,
mainly, in sites that suffered injury or inflamma-
tion [15]. Fibrin provides a matrix for migration
of fibroblasts and endothelial cells, which are
involved in the angiogenesis process and are
responsible in the healing of new tissues [3].
The formation of a fibrin network is the result of
the transformation of soluble fibrinogen - a
large glycoprotein-into a soluble fibrin by the
action of thrombin and factor Xllla [16]. This
process may be divided into three stages: 1)
proteolysis of fibrinogen by thrombin; 2) polym-
erization of fibrin monomers; and 3) stabiliza-
tion of fibrin by factor Xllla [17].

Fibrin may suffer multiple variations in its struc-
ture due to different physiological situations,
such as the concentration of calcium ions and
fibrinogen and the quality of it. Moreover, fibrin
may change its structure in patients with cer-
tain comorbidities, such as diabetes and
nephrotic syndrome, among others [18].

Platelet-rich fibrin

PRF consists of an autologous leukocyte-plate-
let-rich fibrin matrix [1, 13], composed of a tetra
molecular structure, with cytokines, platelets,
cytokines, and stem cells within it [11, 19],
which acts as a biodegradable scaffold [20]
that favors the development of microvascular-
ization and is able to guide epithelial cell migra-
tion to its surface [19, 21]. Also, PRF may serve
as a vehicle in carrying cells involved in tissue
regeneration [22] and seems to have a sus-
tained release of growth factors [23] in a period
between 1 and 4 weeks, stimulating the envi-
ronment for wound healing in a significant
amount of time [24]. It has a complex architec-
ture of strong fibrin matrix with favorable
mechanical properties and is slowly remod-
eled, similar to blood clot [24]. Some studies
[25-28] have demonstrated that PRF is a heal-
ing biomaterial with a great potential for bone
and soft tissue regeneration, without inflamma-
tory reactions and may be used alone or in
combination with bone grafts, promoting hemo-
stasis, bone growth, and maturation. This
autologous matrix demonstrated in in vitro
studies a great potential to increase cell attach-
ment [24] and a stimulation to proliferate and
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differentiate osteoblasts [29]. Dohan et al. [21,
30] stated that PRF has immunological and
antibacterial properties, may lead to leukocyte
degranulation, and has some cytokines that
may induce angiogenesis and pro/anti-inflam-
matory reactions.

The difference between natural blood clot and
PRF is that the latter is more homogeneous and
stable and easy to handle and place in the indi-
cated local [31].

In surgical procedures, PRF could serve as a
resorbable membrane for guided bone regen-
eration (GBR) [22], preventing the migration of
non-desirable cells into bone defect and provid-
ing a space that allows the immigration of
osteogenic and angiogenic cells and permits
the underlying blood clot to mineralize [32].
However, a normal PRF membrane has rapid
degradability (1-2 weeks), but if fibers are cross-
linked, it could provide resistance against enzy-
matic degradation and could be more stable
during the healing time [23]. With the above,
Kawase et al. [23], in an in vitro research using
mice, suggested heat compression of PRF
membrane in cases with indications of guided
bone regeneration because this procedure is a
less cytotoxic technique, which reduces the
surface area and porosity, delaying its degrada-
tion until 4 weeks.

Simonpieri et al. [31] mentioned the concept of
“natural bone Regeneration” (NBR), which
includes regeneration through PRF membranes
both the bone volume and gingival tissue. The
same authors reported satisfactory clinical
results related to reshaping the whole alveolar
bone and the restoration of gingival volume
and peri-implant bone, achieving adequate
mechanical and aesthetic properties.

PRF membrane has exhibited favorable clinical
results in the treatment of periodontal infrabo-
ny defects [22], protecting open wounds from
oral environment when the suture cannot bind
the mucosal margins [13, 19, 22, 31], and
accelerating hard and soft tissue healing [19,
31, 33]. Some clinical studies [34, 35] used
PRF membrane as a sole grafting material to
achieve maxillary sinus floor augmentation,
presenting promising results.

Other authors, including Tofler et al. [36], rec-
ommended the use of PRF membrane to seal
an undetected sinus membrane perforation
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during a lateral window osteotomy in a maxil-
lary sinus lift procedure.

PRF membrane helps in wound healing, pro-
tecting the surgical site [33, 36], promoting soft
tissue repair; when mixed with bone graft, it
may act as a “biological connector”, which
attracts stem cell, favors the migration of
osteoprogenitor cells to the center of the graft,
and provides a neo-angiogenesis [36].

Furthermore, Choukroun et al. [37] conducted
a study in which they wanted to see the poten-
tial of using PRF in conjunction with freeze-
dried bone allograft with (FDBA) to enhance
bone regeneration in a maxillary sinus lift pro-
cedure. The results showed a decreased heal-
ing time prior to implant placement. From the
histological point of view, this healing time was
reduced by half - from 8 months to 4 months;
however, large-scale studies are needed to vali-
date these results [37]. Additionally, the addi-
tion of PRF to the bone graft can lead to a
reduction of the volume of bone substitute
used and seems to improve revascularization
of the graft by supporting angiogenesis [37].
Simonpieri et al. [31] suggested using a mix of
PRF with a bone graft, placing in bone defects,
or, in cases of immediate implants, covering it
with several PRF layers, noting good clinical
results.

Yilmaz et al. [38] histologically and stereologi-
cally compared the healing effects of 3-TCP and
PRF, alone and in combination, in standardized
bone defects in pig’s tibiae. The results showed
that when B-TCP and PRF were used together,
the newly formed bone was significantly greater
than when used both separately. In addition,
PRF may act as a biologic adhesive to hold the
particles together, facilitating the manipulation
of the bone grafts [38].

Protocol for PRF preparation

The protocol tries to accumulate platelets and
the released cytokines in a fibrin clot [35].

PRF protocol requires only centrifuged blood
without any addition of anticoagulant and
bovine thrombin [1]. Then, a blood sample is
taken without anticoagulant in 10-mL tubes in
a glass or glass-coated plastic tube [1, 11, 39],
then immediately centrifuged at 3,000 rpm for
10 minutes [1, 3, 39].

Int J Clin Exp Med 2015;8(5):7922-7929



Platelet-rich fibrin

Figure 1. Clinical use during a horizontal bone augmentation surgery. A. PRF clot in sterile gauze for serum release.
B. Allograft mixed with PRF clot. C. Location of PRF + allograft in the alveolar ridge to augment in width. Note the
PRF layer over the bone graft. D. Final suture. It was not necessary to expose the PRF membrane layer because in
this case it was possible to bind the mucosal margins.

The resultant product consists of the following
three layers [1]:

e Top-most layer consisting of a cellular plas-
ma.

e PRF clot in the middle.
e Red corpuscle base at the bottom.

After this, it is necessary to put the PRF clot in
a sterile cup for approximately 10 minutes to
allow the release of the proper serum con-
tained within [1]. Mazor et al. [35] reported that
clot could be transformed into a membrane
through the compression between two sterile
gauzes or in a specific tool.

At the beginning, fibrinogen is concentrated in
the upper part of the tube before the proper
thrombin transforms it into fibrin [1]. Due to the
lack of an anticoagulant, blood begins to coag-
ulate as soon as it comes in contact with the

7925

glass surface. The contact with a silica surface
is required to activate the clot polymerization
process [40]. In this sense, PRF may be
obtained only in dry glass tubes or glass-coated
plastic tubes. Moreover, the silica particles do
not represent a risk of cytotoxicity compared
with, for example, the bovine thrombin used for
PRP preparation [40].

Finally, platelets seem to be trapped massively
in the fibrin meshes [1]. Therefore, for success-
ful preparation of PRF, speedy blood collection
and immediate centrifugation before the initia-
tion clotting cascade is absolutely essential
[41]. Quick handling is the key to achieve a clini-
cally usable PRF clot [1].

Figure 1 shows a horizontal bone augmenta-
tion in maxillary ridge with platelet-rich fibrin
mixed with an allograft (Puros®, Cortico-
Cancellous Particulate Allograft, Zimmer Dental
Inc, San Diego, CA, USA).

Int J Clin Exp Med 2015;8(5):7922-7929
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Advantages of using PRF

Some advantages are reported in the literatu-
re related to the use of PRF, such as the
following:

e |ts preparation is a simplified and efficient
technique, with centrifugation in a single step,
free and openly accessible for all clinicians [31,
40].

e |t is obtained by autologous blood sample
[19].

e Minimized blood manipulation [42].

e It does not require the addition of external
thrombin because polymerization is a com-
pletely natural process, without any risk of suf-
fering from an immunological reaction [1, 42].

e |t has a natural fibrin framework with growth
factors within that may keep their activity for a
relatively longer period and stimulate tissue
regeneration effectively [24].

e |t can be used solely or in combination with
bone grafts, depending on the purpose [31,
37].

e Increases the healing rate of the grafted
bone [37, 42].

e |t is an economical and quick option com-
pared with recombinant growth factors when
used in conjunction with bone grafts [43].

e Used as a membrane, it avoids a donor site
surgical procedure and results in a reduction in
patient discomfort during the early wound-heal-
ing period [44].

e The studies of PRF present it to be more effi-
cient and with less controversies on its final
clinical results when compared to PRP [31].

Disadvantages of using PRF

PRF may present some disadvantages as
follows:

e The final amount available is low because it is
autologous blood [19].

e The success of the PRF protocol depends
directly on the handling, mainly, related to
blood collection time and its transference for
the centrifuge [1].
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e Need of using a glass-coated tube to achieve
clot polymerization [40].

e Possible refusal of treatment by the puncture
required for blood collection (Wani 2014).

e Only needs a minimal experience of clinician
for PRF manipulation [13, 31].

Other clinical applications

The literature reports some other possible
applications of PRF such as:

e Inperiodontal bone defects: achieving a prob-
ing depth reduction and a radiographic defect
fills [22].

e In localized osteitis, 90% of osteitis reduction
was found in surgical sites of the third molars
[4e].

e As an adjunct to palatal wound healing after
harvesting a free gingival graft [47].

e As a potential scaffold in pulp revasculariza-
tion procedures of necrotic immature perma-
nent tooth: as it is rich in growth factors, it
seems to enhance cellular proliferation and dif-
ferentiation, augmenting angiogenesis, acting
as a matrix for tissue growth, and regulating the
infammatory reaction [48].

e In multiple extractions to preserve the alveo-
lar ridge height [31].

e Bone regeneration around immediate
implants, inside the alveolar defect [31].

e Reconstruction of large bone defects after
cancer surgery [49].

e In plastic surgery, PRF clots are often directly
used to fill cavities [50] or mixed with an adipo-
cyte graft in a lipostructure [51].

e In the membrane form, it could be useful for
small otologic surgery [52, 53].

Conclusion

In vitro and in vivo studies have demonstrated
safe and promising results, without contradic-
tory findings, related to the use of PRF alone or
in combination with other biomaterials. It has
several advantages and possible indications to
be used both in medicine and dentistry.
Currently, platelet-rich fibrin seems to be an
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accepted minimally invasive technique with low
risks and satisfactory clinical results.
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