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Platelet Rich Fibrin: A Second-Generation Platelet Concentrate

Joseph Choukroun and Richard J. Miron

Abstract

Almost two decades have passed since platelet rich fibrin (PRF) was first introduced. Initially, the
primary objective was to develop a therapy where platelet concentrates could be introduced into
wounds by effectively utilizing the body’s natural healing capacity. This was achieved by collecting
growth factors derived from blood in a natural way. Platelet rich plasma (PRP) and platelet rich
growth factor (PRGF) had been commercialized, yet both contained secondary byproducts that
were both unnatural and known inhibitors of wound healing. By removing these anti-coagulants
and modifying centrifugation protocols, PRF was introduced some years later with the potential to
markedly impact many fields of medicine including dentistry. Many aspects important for tissue re-
generation have since been revealed including the important role of fibrin as well as the preferential
release of growth factors over longer periods of time from PRF. Furthermore, by introducing a new
set of cells into platelet concentrates (namely leukocytes), a marked impact on tissue regeneration
and wound healing was observed. Over the past 5 years, further modifications to centrifugation
speed and time have additionally improved PRF into a concept now known as the “low-speed cen-
trifugation concept”” Investigators began to modify surgical techniques to favorably treat patients
with PRF with improved clinical outcomes. Together, many key opinion leaders from around the
globe have been gathered to share their experiences and knowledge in many educational courses
and seminars in what we now know as platelet rich fibrin. In this first chapter, we highlight the
discovery of PRF and the studies leading to its first use in regenerative medicine. We focus specifi-
cally on its properties for wound healing and how its presented advantages over previous versions
of platelet concentrates have favorably enhanced the regenerative potential of platelet concentrates
in dentistry.

Highlights

e Introduction of Platelet Rich Fibrin

e Reasons for its invention two decades ago

e |ts variations from the formally known
platelet concentrate “platelet rich plasma”
or “PRP”

® The first case treated with PRF

® Properties important for wound healing

1.1 Introduction

Wound healing is a complex biological pro-
cess where many cellular events taking place
simultaneously leading to the repair or regen-
eration of damaged tissues [1-4]. Many
attempts have been made in the field of
tissue regeneration with the aim of pre-
dictably repairing, regenerating, or restoring
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damaged and diseased tissues [1-4]. These
include strategies with foreign materials
often derived from allografts, xenografts, or
synthetically produced alloplasts to regener-
ate host tissues [1-4]. While many of these
materials have shown promise in various
aspects of regenerative medicine, it is impor-
tant to note that all create a “foreign body
reaction,” whereby a foreign material is intro-
duced into human host tissues.

Platelet concentrates collected from whole
blood was first introduced over 20 years ago.
The concept was developed with the aim of
utilizing human blood proteins as a source of
growth factors capable of supporting angio-
genesis and tissue ingrowth based on the
notion that blood supply is a prerequisite
for tissue regeneration [5]. Four aspects of
wound healing have since been described as
key components for the successful regener-
ation of human tissues (Figure 1.1). These
include 1) hemostasis, 2) inflammation, 3)
proliferation, and 4) maturation. Each phase
encompasses various cell types. One of the
main disadvantages of currently utilized bio-
materials in the field of tissue engineering is
that the great majority are typically avascu-
lar by nature, and therefore do not provide
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the necessary vascular supply to fully obtain
successful regeneration of either soft or hard
tissues [5].

It must further be noted that in general,
wound healing demands the complex inter-
action of various cell types with a three-
dimensional extracellular matrix as well as
soluble growth factors capable of facilitat-
ing regeneration [6]. Certainly, one area of
research in dentistry that has gained tremen-
dous momentum in recent years is that of
recombinant growth factors where a num-
ber have been used to successfully regener-
ate either soft or hard tissues [7-9]. Table 1.1
provides a list of currently approved growth
factors along with their individual roles in
tissue regeneration and clinical indications
supporting their use. Similarly, a number
of barrier membranes with various func-
tions and resorption properties have also
been commonly utilized in regenerative den-
tistry formulated from either synthetic or
animal-derived materials [10]. Lastly, many
bone-grafting materials are brought to mar-
ket every year, all characterized by their spe-
cific advantages and disadvantages during
tissue regeneration. While each of the above-
mentioned biomaterials have been shown to

Hemostatis

Approximate Number of Cells

I Inflammation
Proliferation
Maturation

0123456789101 1213 14 15 16

Postwound Day

Figure 1.1 Four phases of wound healing including 1) hemostasis, 2) inflammation, 3) proliferation, and 4)
maturation. Noteworthy are the overlaps between each of the phases and the population of cells found in each
category. Whereas lymphocytes typically arise at 7 days, the ability for PRF to introduce a high number at day 0

acts to speed the regenerative phase during this process.
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Table 1.1 List of growth factors used for the regeneration of periodontal intrabony defects with listed

advantages and disadvantages.

Growth factor

Advantages

Disadvantages

Enamel Matrix Derivative

Platelet-Derived Growth
Factor

Bone Morphogenetic
Proteins

Platelet Rich Plasma and
Fibrin

Growth and
Differentiation Factor-5

— Mimics the formation of root
development

— Amelogenin proteins improves
PDL cell adhesion, proliferation
and differentiation

— Adsorbs to the root surface up to
4 weeks post-surgery

— Histologically demonstrated as
“true” periodontal regeneration
with formation of Sharpey’s fibers

— Growth factor with the strongest
potential to recruit progenitor
cells

— Strong proliferative potential

— Growth factor with the strongest
potential to regenerate alveolar
bone

— Also some potential to recruit
mesenchymal progenitor cells and
induce cell proliferation

— Supernatural concentration of
growth factors

— Autologous source

— Used for a variety of procedures
and easily obtainable

— Recently demonstrated clinical
safety and efficacy

- Histologically shown to improve
periodontal regeneration

Gel formulation unable to prevent
flap collapse

Adsorption to other materials
uncertain

Necessitates a carrier system
No specific function in
periodontal regeneration

Strong tendency to cause
ankylosis

Lack of clinical trials
demonstrating any use in
periodontal regeneration

PRP contains anticoagulants
Typically requires the use of a
bone grafting material to maintain
volume

Less known about its mode of
action

Need for more clinical trials
demonstrating its validity

carry properties necessary for the repair and
regeneration of various tissues found in the
oral cavity, very few possess the potential to
promote blood supply/angiogenesis directly
to damaged tissues.

Wound healing has therefore previously
been characterized as a four-stage process
with overlapping phases [7-9]. What is note-
worthy is the fact that platelets have been
described as key components affecting the
early phases of tissue regeneration impor-
tant during hemostasis and fibrin clot forma-
tion [6]. Platelets have also been shown to
secrete a number of important growth fac-
tors including platelet-derived growth fac-
tor (PDGF), vascular endothelial growth

factor (VEGF), coagulation factors, adhe-
sion molecules, cytokines/chemokines, and
a variety of other angiogenic factors capable
of stimulating the proliferation and activa-
tion of cells involved in the wound healing
process including fibroblasts, neutrophils,
macrophages, and mesenchymal stem cells
(MSCs) [11].

Interestingly, in the mid- to late 1990s, two
separate strategies were adopted to regen-
erate human tissues based on these con-
cepts. First, the main growth factor secreted
from platelets (PDGF) was commercialized
into a recombinant growth factor (thPDGE-
BB). This has since been FDA-approved for
the regeneration of numerous tissues in the
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human body including intrabony defects in
the field of periodontology. A second strategy
was proposed around the same time to col-
lect supra-physiological doses of platelets by
utilizing centrifugation. Since blood is natu-
rally known to coagulate within minutes, the
additional use of anti-coagulants was added
to this process to maintain a liquid consis-
tency of blood throughout this procedure. A
positive correlation between platelet count
and the regenerative phase was therefore
observed for tissue wound healing. In fact, it
has also been shown that the simple combi-
nation of bone grafting materials with blood
alone is known to enhance angiogenesis and
new bone formation of bone grafts when
compared to implanted bone grafts alone that
are not pre-coated [12]. Based on these find-
ings, several research groups across many
fields of medicine began in the 1990s to study
the effects of various platelet concentrates
for tissue wound healing by adapting various
centrifugation techniques and protocols with
the aim of improving tissue regeneration.

1.2 Brief history of platelet
concentrates

It is interesting to point out that the use
of platelet concentrates have dramatically
increased in popularity over the past decade
since the discovery of PRF. Despite this, it
is important to understand that growth fac-
tors derived from blood had been used in
medicine for over two decades [13]. These
first attempts to use concentrated platelet
growth factors was derived from the fact that
supra-physiological doses could be obtained
from platelets to promote wound healing
during and following surgery [14,15]. These
concepts were later established into what is
now known as “platelet rich plasma” (PRP),
which was later introduced in the 1990s
in dentistry with leading clinician-scientists
such as Whitman and Marx [16,17]. The
main goal of PRP was to isolate the highest
quantity of platelets and ultimately growth
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factors associated with their collection and
re-use them during surgery. Typical pro-
tocols ranged in time from 30 minutes to
more than 1 hour based on their respective
collection methods. It has been well docu-
mented that their formulation contains over
95% platelets; cells having a direct effect
on osteoblasts, connective tissue cells, peri-
odontal ligament cells and epithelial cells
[18,19].

Despite the growing success and use of
PRP in the initial years following its launch,
there were several reported limitations that
prevented its full potential. The technique
itself was lengthy and therefore required the
additional use of anti-coagulant factors to
prevent clotting using bovine thrombin or
CaCl2, both known inhibitors of wound heal-
ing. These drawbacks in combination with
the lengthy harvesting/centrifugation prepa-
ration times were then frequently being uti-
lized in large maxillofacial surgeries, whereas
the typical dental or medical practitioner was
resistant to its use due to lengthy preparation
times.

One of the other drawbacks of PRP was the
fact that it was liquid by nature, and there-
fore required its combination with other bio-
materials including bone grafts derived from
human cadavers (allografts) or animal prod-
ucts (xenografts), thereby further combin-
ing its use with other “unnatural” products.
Interestingly, very recent data from within
our laboratories has pointed to the quick
“burst” release of growth factors from PRP
(Figure 1.2) [20]. It has since been suggested
that a preferential release of growth factors
may be obtained by a more slowly-releasing
curve over time as opposed to a quick and
short burst as found using PRP [20-22].

In summary, the combination of several of
these limitations has forced others to inves-
tigate new modalities for successful regen-
eration. From this perspective, a second-
generation platelet concentrate, without the
use of anti-coagulants, was therefore devel-
oped with shorter preparation times termed
platelet rich fibrin (PRF) [23]. During this
harvesting procedure, many of the cells
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Figure 1.2 Growth factor release of PDGF-AB from A-PRF, L-PRF, and PRP. Notice the initial burst of growth
factor increase from PRP; however, after a 10-day period, significantly higher growth factors are released from
A-PRF. (** signifies p<0.01). Source: Kobayashi et al. 2016 [20]. Reproduced with permission of Springer.

(which now include additional leukocytes)
were trapped within the fibrin matrix along
with growth factors [24]. PRF (which was
later renamed leukocyte PRF or L-PRF due
to its additional leukocyte content) contains a
variety of cells, which have individually been
studied for their role in the regeneration pro-
cess later described throughout this book.

1.3 The development of PRF
from PRP

In the early 2000s, the focus of research
in the Pain Clinic in Nice, France was to
try and solve blood-flow-related issues to
large ulcers often leaving patients with large
chronic wounds that potentially resulted in
amputation. At the time, certain research
groups were suggesting that PRP, which
was mainly utilized as a supra-physiological
dose of blood-derived growth factors, could
enhance wound healing. Despite this, a desire
to develop a new platelet concentrate without
the use of anti-coagulants (known inhibitors
of wound healing) was a primary objec-
tive. With these concepts in mind, further
research in the early 2000s was undertaken
to develop what is now known as a second-
generation platelet concentrate without
utilizing anti-coagulation factors [23]. The
protocol was developed using a simpler cen-
trifugation protocol requiring only 1 cycle of
12 minutes at 2700 rpm (750 g). The original

objective was to spin at high centrifugation
speeds in order to phase separate the layers
between the red corpuscle base and the
overlaying clear liquid containing leukocytes
and plasma. As no anti-coagulants were
utilized, the resultant formulation came with
a three-dimensional fibrin scaffold termed
PRF [25-27]. PRF has now been highly
researched with over 500 publications on its
topic, many of which are discussed within
this textbook.

Additional research from various groups
around the world have since shown the
marked impact of white blood cells found
within the fibrin matrix and their involve-
ment in the wound healing process. For
these reasons, an improved defense to for-
eign pathogens has been observed when
surgery is performed with PRF leading to
the more favorable clinical results resulting
in lower infection rates [28-33]. Addition-
ally, macrophages and neutrophils contained
within PRF are naturally one of the first cells
found within infected wounds. For these rea-
sons, the use of PRF during surgery increases
their numbers at the initial stages of healing
thereby playing a central role in the phagocy-
tosis of debris, microbes and necrotic tissues,
as well as directing the future regeneration of
these tissues through release of cytokines and
growth factors.

Three main components of PRF have
been noted as being key components assist-
ing in tissue regeneration. As illustrated in
Figure 1.3, PRF not only contains host cells,

5
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Figure 1.3 Three main components of PRF include 1) cell types (platelets, leukocytes, and red blood cells), 2) a
provisional extracellular matrix three-dimensional scaffold fabricated from autologous fibrin (including
fibronectin and vitronectin) and 3) a wide array of over 100 bioactive molecules including most notably PDGF,
VEGF, IGF, EGF, TGF-beta, and BMP2. Source: Miron et al. 2016 [54]. Reproduced with permission of Elsevier.

but also contains a three-dimensional fib-
rin matrix containing various growth fac-
tors. These include transforming growth
factor beta (TGF-beta), PDGF and VEGE,
insulin growth factor (IGF), and epidermal
growth factor (EGF). Recent research has
more specifically shown how leukocytes (as
opposed to platelets) are the main implica-
tors in the tissue wound healing process capa-
ble of further enhancing new blood vessel for-
mation (angiogenesis) and tissue formation
[25-27, 30, 34].

It is also important to note that PRF has
not solely been utilized in dentistry and
much research has been dedicated to its
use in various other fields of medicine.
Recently, PRF has shown effectiveness for
the clinical management of hard-to-heal leg
ulcers including diabetic foot ulcers, venous
leg ulcers, and chronic leg ulcers [35-39].
Furthermore, PRF has had positive outcomes
for hand ulcers [40], facial soft tissue defects

[41], laparoscopic cholecystectomy [42],
deep nasolabial folds, volume-depleted
midfacial regions, facial defects, superficial
rhytids, and acne scars [43]. Its use has
also been extended toward the induction of
dermal collagenesis [44], vaginal prolapse
repair [45], urethracutaneous fistula repair
[46,47], lipostructure surgical procedures
[48], chronic rotator cuff repair [49], and
acute traumatic ear drum perforation healing
[50]. It goes without further mention that
by increasing blood flow to defect sites from
various etiology, favorable wound healing
and tissue regeneration may take place. We
now know that PRF serves all three impor-
tant criteria for tissue regeneration including
1) serving as a three-dimensional fibrin
scaffold, 2) includes autologous cells such as
leukocytes, macrophages, neutrophils, and
platelets, and 3) serves as a reservoir of natu-
ral growth factors that may be released over
a 10- to 14-day period. Research has now
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demonstrated that each of these three indi-
vidual components of tissue regeneration are
important during wound healing with PRE.

1. Major cell types in PRF
The aim of this introductory chapter is
not to introduce the important cell-types
found in PREF. This will be described later
in Chapter 2. However, it is important
to note that PRF contains a number
of cells including platelets, leukocytes,
macrophages, granulocytes, and neu-
trophils. Following the centrifugation
cycle, the majority of these cells are
trapped within the three-dimensional
fibrin matrix. As stated previously, the
addition of blood alone to bone bio-
materials has been shown to drastically
improve wound angiogenesis [12]. One
of the main differences between PRF and
previously utilized PRP is the incorpora-
tion of leukocytes in PRF. Several studies
have shown their key importance during
anti-infectious pathogen resistance as
well as their implications in immune
regulation [51-53]. Furthermore, they
play a significant role during host tissue-
to-biomaterial integration [31,33,54]. Due
to the added benefits of leukocytes, it is
not surprising to learn that extraction
of third molars have specifically shown
up to a 10-fold decrease in osteomyelitis
infections as well as greater wound healing

1 Platelet Rich Fibrin

following simple placement of PRF into
extraction sockets [55]. Therefore, the
influence of autologous cells contained
within PRF, most noteworthy leukocytes,
should be considered a major advantage
during regenerative therapy.

2. A natural fibrin matrix and its biological
properties
A second major difference between PRF
and PRP as previously mentioned is the
lack of anti-coagulants thus resulting in a
fibrin matrix (Figure 1.4). Naturally with-
out anti-coagulants blood will clot and
for these reasons, centrifugation must
take place immediately following blood
collection. Initial protocols were estab-
lished whereby 10-mL of blood was col-
lected and centrifuged for 12 minutes at
2700 rpm (750g). In Chapter 3, the biolog-
ical concept of utilizing lower centrifuga-
tion speeds and time will be discussed.

Nevertheless, what was once thought

to be simply a carrier for growth factors
and cells, the fibrin matrix has since been
shown to be a main feature of PRF. The
PRF matrix acts as a key component of tis-
sue wound healing as highlighted in more
scientific detail in Chapter 2.

3. Cytokines contained within PRF
The third primary advantage of PRF is
the fact it contains natural growth factors
found in blood. While their individual
biological roles will be explained in the

Acellular Plasma (PPP)

Fibrin Clot (PRF)

Red corpuscules base

Figure 1.4 Platelet Rich Fibrin (PRF) clot formed in the upper third of glass tubes after centrifugation.
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following chapter, PRF contains TGE-
beta, a known agent responsible for
the rapid proliferation of various cell
types found in the oral cavity [56,57].
Its other major growth factor is PDGEF,
an essential regulator for the migration,
proliferation, and survival of mesenchy-
mal cells. A third important growth
factor in PRF is VEGF responsible for
angiogenesis and future blood flow to
damaged tissues [58]. Other growth
factors are epidermal growth factor and
insulin-like growth factor, both regulators
of the proliferation and differentiation
of many cells types later described in
Chapter 2.

The combination of 1) host cells, 2)
a three-dimensional fibrin matrix
and 3) growth factors contained
within PRF act to synmergistically
enhance faster and more potent
tissue wound healing and regene-
ration.

1.4 Effect of PRF on periosteum
behavior

Following years of practice with the use of
PRF, one biological property observed with
almost every surgical technique has been its
stimulation of the capacity of blood supply
within the periosteum. From this point of
view, direct contact of PRF with periosteum
substantially improves the blood supply to
the keratinized soft tissue favoring its thick-
ness, as well as improves blood supply to the
underlying bone tissues. This has been one
of the key activities of PRF, whereby stimu-
lation with growth factors over a long period
of release.

1.5 The first case treated with PRF

The most appropriate way to conclude this
first chapter is by introducing the concept of
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PRF utilized in regenerative medicine in the
first years. Leg ulcers are a common reported
problem in diabetic patients often resulting in
amputation. In my pain clinic, a patient with
obvious skin necrosis caused by Lyell syn-
drome with repeated failed antibiotic treat-
ment was referred to me (Figure 1.5). From
this perspective, patients were often directed
to my pain clinic in Nice, France to receive
treatment for pain. Over the years, sci-
ence has shown that infection was often a
secondary problem to poor blood supply.
Therefore, to improve treatment outcomes,
attempts were being made to see if PRF
fibrin clots could be utilized to regenerate
these defects (Figure 1.6). The idea was that
by introducing supra-physiological doses of
growth factors from blood, one could poten-
tially re-introduce blood flow into these tis-
sues. To our great interest, wounds that were
initially covered with PRF and plastic “Saran”
wrap began to heal in as early as 10 days,
and infection had disappeared. By 30 days,
great clinical improvements could be visu-
alized and this was achieved utilizing PRF
alone even in the absence of antibiotics (Fig-
ure 1.7). Similar clinical outcomes could also
be observed following foot amputation where
resulting wounds were extremely difficult to
heal. The application of PRF alone could
re-introduce blood flow into these defects,
improving significantly tissue regeneration
(Figures 1.8 and 1.9). Most interesting is
at which point the body’s natural ability
proves to treat these defects in a physiolog-
ical way with 100% naturally derived human
blood.

Following these early treatments, it was
obvious that the potential for PRF to be uti-
lized across many fields of medicine was
clear. The concept was later introduced to
the dental field where a much larger num-
ber of regenerative procedures could be per-
formed on a yearly basis. From there, expert
clinicians have attempted to use PRF in vari-
ous regenerative procedures in dentistry later
discussed in this textbook and the field has
been expanding ever since.
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Figure 1.5 Patient presenting to the Pain Clinic in Nice, France with Lyell syndrome. Antibiotic therapy in such
cases is not always effective (Case performed by Dr. Joseph Choukroun).

Figure 1.6 Patient from Figure 1.5 with Lyell syndrome treated with PRF. PRF membranes were placed on the
defects, wrapped in a plastic wrap, and allowed to heal without use of antibiotic therapy (Case performed by
Dr. Joseph Choukroun).
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Figure 1.7 Patient from Figures 1.5 and 1.6 with Lyell syndrome treated with PRF. After 10 and 30 days of healing,
notice the marked improvement in tissue revascularization and wound healing (Case performed by Dr. Joseph
Choukroun).

Figure 1.8 Diabetic foot amputation with infection after 15 days. Right photo demonstrates PRF clots that are
applied to the wound (Case performed by Dr. Joseph Choukroun).
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Figure 1.9 Diabetic foot amputation (patient from Figure 1.8) following 7 and 30 days of healing (Case

performed by Dr. Joseph Choukroun).

1.6 Conclusion

The use of PRF has seen a large and steady
increase in popularity since it was first
introduced in medicine for the treatment of
hard-to-heal leg ulcers and wounds. While
described as a second-generation platelet
concentrate, one of the main advantages of
PRF is the fact that it is produces without
use of anti-coagulants or other unnatural
by-products that prevent the coagulation
cascade and is therefore considered 100%
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