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ABSTRACT
Objective: To describe and provide a comprehensive overview on the development, use and efficacy
of autologous platelet concentrates in different in vitro and in vivo studies focusing on oral and max-
illofacial pathologies.
Materials and methods: Present work employs an extensive critical overview of the literature on the
development and application of platelet concentrates.
Results: Platelet concentrates are innovative endogenous therapeutic agents which gained a lot of
interest in different medical and dental disciplines due to their potential ability to stimulate and
increase regeneration of soft and hard tissues. The effect of platelet-derived products is considered to
be a result of the high number of platelets which contain a wide range of growth factors. They are
not just therapeutic products but autologous blood concentrates containing active molecules. The
quality of platelet concentrates may vary according to the individual physical state of donors making it
difficult to to compare the outcomes of their application. Although, there are many studies analyzing
the properties of these biomaterials both in vivo and in vitro, a consensus regarding their efficacy still
has to be reached.
Conclusion: Evidences described in the literature on the efficacy of platelet concentrates in procedures
in oral and maxillofacial region are controversial and limited. In order to clarify the real advantages
and priorities for the patients, when the blood-derived products are applied, further in vitro and in vivo
research about the activity of PRP and PRF on the dental cells biology should be conducted.
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Introduction

The success of complete self-regeneration in many tissues
and organs after injury is limited. In endogenous regenera-
tive medicine, tissue recovery is stimulated by blood plasma,
growth factors and cytokines from platelets.[1,2]

Many studies focused on the development of innovative
methods for tissue regeneration based on the use of differ-
ent graft materials (auto-, allo- and xenografts), growth fac-
tors, cytokines, scaffolds or a combination of them.[3–5] An
interesting group of biomaterials for local applications are
the blood-derived products. Several types of biomaterials can
be purified from human blood. They are usually divided into
products with high amount of fibrinogen and products with
high amount of platelets.[4]

Platelets and especially the growth factors they contain
in combination with plasma proteins are expected to par-
ticipate in tissue regeneration, healing process and blood
clot formation. The primary intention for the application of
platelet concentrates in clinics is activation of proliferation,
migration and differentiation of the available cell reserve in
the wound area ultimately leading to a successful regen-
erative process. This is of high importance, especially when
the number of cells in the place of tissue injury is
reduced.[5] Biomaterials used recently in clinics, whose

effect is based on the platelets’ function are Platelet-Rich
Plasma (PRP) and Platelet-Rich Fibrin (PRF). Their applica-
tions include the field of oral and maxillofacial surgery,
plastic surgery, orthopedic surgery, etc.,[6,7] but with con-
troversial results.

The aim of this review is to critically estimate the methods
of deriving the biomaterials, to analyze their in vitro effective-
ness and to underline future research topics for better and
more consistent clinical results.

Structural components of tissue regeneration

Scaffolds and stem cells

Large soft and hard tissue defects in the oral and maxillo-
facial region can be observed due to infections, trauma,
tumors, congenital issues, etc. Some of the most widely
investigated strategies for the reconstruction of these
deformities are the application of autologous bone grafts
and soft tissue flaps. However, the use of these materials
could lead to complications even though they are autolo-
gous.[8] Therefore, the main goal for tissue engineering is to
keep developing innovative methods for the maintenance
and improvement of tissue rehabilitation, integrity and
function.
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Tissue regeneration consists of precisely regulated interac-
tions between the three basic components: cells, growth fac-
tors and scaffolds or extracellular matrix (ECM).[9] A wide
range of biocompatible, biodegradable and nontoxic syn-
thetic or natural biomaterials are used as careers or scaffolds
in tissue regeneration, to provide local mechanical strength
and to facilitate the process of attachment, proliferation and
differentiation of stem and progenitor cells.[10] In the
natural scaffolds group are included collagen, elastin, fibrin,
silk, chitosan, glycosaminoglycan, and alginate.[11] Widely
used synthetic polymer scaffolds in regenerative medicine
are poly(L-lactic acid) (PLLA), poly(glycolic acid) (PGA), poly(-
ethylene glycol) (PEG), polycarbonates, polycaprolactones,
polyorthoesters, etc.[12–15] Polymer hydrogels which have
been recently introduced as scaffold biomaterials possess
excellent biocompatibility and soft tissue-like mechanical fea-
tures.[13] Platelet concentrates are also a promising tool as
grafting materials in the field of regenerative medicine due
to the high amount of active molecules they supply locally
and the dense fibrin network formed, able to be colonized
by various cell types.

The development of regenerative therapy has significantly
been influenced by the progress of stem cell research. They
represent a population of undifferentiated cells, mainly char-
acterized by the ability of self-renew and multi-lineage differ-
entiation.[14] Three different types of stem cells have been
described: embryonic stem cells (ES), adult or somatic stem
cells and induced pluripotent stem cells (iPS).[15] ES are
pluripotent cells delivered from the blastocyst, capable of dif-
ferentiation to cell types of the three germinal layers but not
to extraembryonic cell lineages.[16] iPS are delivered by gen-
etic manipulations of somatic cells being also considered
pluripotent.[17] There are major ethical and technical restric-
tions concerning the research and application of ES and
iPS.[18]

Mesenchymal stem cells (MSC) can be found in various
mesenchymal organs throughout the lifespan, where they
support tissue homeostasis.[15] These cells are multipotent
because their differentiation potency is more limited in com-
parison with ES and iPS. MSC are expected to undergo differ-
entiation mainly into cell types identical to their tissue of
origin,[19] however there are a wide range of studies investi-
gating their ability of multilineage differentiation. The
International Society for Cellular Therapy (ISCT) defined the
following minimum criteria for MSC: 1. Plastic adherence in
standard culture conditions; 2. Multilineage differentiation to
osteoblasts, adipocytes, chondrocytes; 3. Expression of CD73,
CD90, CD105, and lack of expression of CD11b, CD14, CD19,
CD34, CD45, CD79a, HLA-DR.[20] MSC have been isolated
from various tissues like bone marrow,[21] placenta,[22] adi-
pose tissue,[23] etc. A new era in regenerative medicine and
dentistry arises with the affirmation of stem cells as promis-
ing candidates for tissue regeneration and repair.

Bone marrow MSC are some of the most investigated
types of stem cells. The main disadvantage here remains the
local trauma and morbidity at the site of delivery and the
general anesthesia required for their isolation. An attractive
alternative source of MSC is the dental tissue. Several types
of MSC with dental origin have been described [24] – dental

pulp stem cells (DPSC), stem cells from exfoliated deciduous
teeth (SHED), periodontal ligament stem cells (PDLSC), stem
cells from apical papilla (SCAP), dental follicle progenitor
cells. These stem cells possess all the properties needed to
be classified as MSC, including self-renewal and multilineage
differentiation ability.[19] They are capable in an appropriate
environment to differentiate into a wide range of cell types-
osteoblasts, chondroblasts, adipocytes, pancreatic-like
cells,[25] hepatocyte-like cells,[26] etc. The identification of
MSC from dental tissues increases the clinical interest in MSC
as an appropriate source for regeneration of several connect-
ive tissue structures such as cementum, dentin and periodon-
tal ligament (PDL).[27] Many scientific groups have used MSC
with dental origin to clarify their biological properties and
possible clinical applications. DPSC have demonstrated the
ability to generate dentin/pulp-like complexes when applied
with hydroxyapatite/tricalcium phosphate.[28] It is been
shown that hydrogel scaffolds obtained from bone ECM
upregulates the odontogenic differentiation and odontogenic
markers expression in DPSC culture in vitro without the add-
ition of any growth factors and inducers.[29] Other experi-
mental studies reveal the potency of PDLSC to regenerate
periodontal tissue.[30] These cells are capable in appropriate
conditions to regenerate cementum/periodontal ligament-like
structures and are also suggested to contribute to alveolar
bone regeneration.[31] SHED have been found to promote
wound healing.[32] It has been demonstrated that oral stem
cells are able to repair the following tissues: cornea, dental
pulp, periodontal, neural, bone, muscle, tendon, cartilage,
and endothelial tissues without neoplasm formation.[33]
Some of the disadvantages about dental MSC research are
probably related to the fact that the isolated cell culture is
heterogeneous with relatively low stem cells percent, which
requires further cultivation and expansion in suitable condi-
tions. At the same time, not all adults should undergo third
molar extraction. To resolve these drawbacks, scientists keep
looking forward for investigating newer approaches for stem
cell-based therapy. Thus, MSC derived from periapical cyst
have been found to differentiate to osteogenic and adipo-
genic cell lineages.[34]

Platelets and growth factors

Platelets are delivered by megakaryocytes in bone marrow.
Their size is approximately 2–3lm in diameter. The main
function of platelets is known to be prevention of excessive
bleeding and repair the blood vessels’ wall after injury.[35]
Platelets become activated as a result of their contact with
collagen revealed after damaging the vascular endothelium.
Platelets are responsible for the first phase of blood clotting.
It includes adhesion, activation and aggregation of the plate-
lets. Activated platelets change their shape and release gran-
ules in the extracellular space. Other platelets are also
getting involved in the clot formation at the site of tissue
injury by the process of co-activation and stimulation of
chemotaxis.

Platelets participate not only in hemostasis but also in
angiogenesis, inflammation, antibacterial safety, tissue
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regeneration.[36] Although their main role is blood clot for-
mation, they also contain growth factors, enzymes and other
proteins. They have plenty of alpha-granules, which are the
main reservoir of growth factors.[37]

The size of alpha-granules is about 500 nm and their num-
ber in one cell is approximately 50–80. They are known to
have heterogeneous contents.[38] Some of their molecules
have opposing effects. Alfa-granules are released through
exocytosis once the platelets are activated.

Growth factors from platelets’ alpha-granules are small
polypeptides with molecular weight of about 6–45 kDa.
They have chemotactic and mitogenic properties, modulate
cell functions and proliferation, stimulate regeneration of
soft and hard tissues after damage.[39–41] Growth factors
bind to specific receptors on the target cells’ surface and
initiate protein synthesis, collagen and osteoid-like tissue
accumulation.[42] Some of the most important growth fac-
tors are platelet-derived growth factors (PDGFs), transform-
ing growth factor-beta (TGF-beta), vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF), insu-
lin-like growth factor-1 (IGF-1), etc.[37,43] Usually they have
multi-functional effects and the result of their action
depends on their proportion and the distribution of
growth factors’ receptors on cell surface. Platelet concen-
trates improve conditions for tissue regeneration by provid-
ing increased local level of growth factors and their
therapeutic properties. Many preclinical and clinical studies
have been performed to demonstrate the benefits of the
growth factors use.[44]

The knowledge on platelets’ function and all the active
molecules they contain, represent a strong base for the
development and introduction in the medical fields of this
fairly new type of biomaterials known as platelet concen-
trates. They could be described as products which arise from
the fibrin glues but are enriched with platelets.

Development of the blood-derived products: from
fibrin adhesives to platelet concentrates

Fibrin adhesives

The use of products delivered from human blood for wound
sealing and stimulation of healing processes started more
than 40 years ago. The idea for platelet concentrates applica-
tion in surgical fields actually arises from another product
called fibrin adhesive or sealant. It is well known that the
fibrin matrix is an end product of the coagulation cascade.
The adhesive properties of fibrin have been revealed by
Bergel in 1909. Fibrin glue is the first biomaterial composited
by concentrated fibrinogen.[45] Thrombin and calcium are
also necessary here to initiate the polymerization process.
The application of fibrin (from concentrated fibrinogen and
factor XIII) on regeneration of human nerve fibers is demon-
strated by Matras in 1972.[46]

Fibrin is naturally able to support the process of hemosta-
sis. After surgical intervention, a tight adhesion would be
achieved between the applied fibrin biomaterial and the
wound surface. Thus, a bleeding control is accomplished and
also the healing process is optimized.[47]

Fibrin glue is represented as two-component system. The
first component contains fibrinogen and factor XIII. The
second one contains human thrombin, calcium and anti-
fibrinolytic agent. The main active proteins in fibrin adhesives
are concentrated fibrinogen and thrombin. After mixing
fibrinogen and thrombin, a three-dimensional network is
obtained that can be colonized by different cell types. These
two agents are mixed right before their local application. It
takes several seconds for the required texture to be achieved
and the material adheres to the tissues. The whole process
resembles the last step of coagulation cascade called throm-
bin-induced conversion of fibrinogen to fibrin.[48]
Mechanical properties of the fibrin matrix depend on the
fibrinogen concentration, the polymerization speed depends
on the thrombin concentration.[49,50] Fibrin adhesives gen-
erally do not contain any platelets or growth factors and
cytokines. After a period of about 2 weeks they are com-
pletely resorbed by macrophages and fibroblasts.[51]

Fibrin biomaterials can be divided by their delivery route.
They are delivered by large plasma pools, volunteers in hos-
pitals with blood banks or point-of-care centers. The fibrin
adhesive by Matras (Tisseel, Immuno, Vienna, Austria) is asso-
ciated with risk of viral transmission because of its origin.
Thus, fibrin glues could also be allogeneic or autolo-
gous.[52,53] When the application of autologous fibrin glues
is performed, the risk of contamination is decreased because
the biomaterial is delivered by patients’ own blood.
Nevertheless, the problem with the intricate delivery protocol
still persists.[54]

Fibrin adhesives find application for prophylaxis of postop-
erative hematomas, prevention of excessive bleeding, espe-
cially on patients with coagulation disorders (an exception is
bleeding from wide lumen vessels), decreasing tension after
flap adaptation, accelerate healing process after surgery,
etc.[55]

Platelet concentrates – platelet-rich plasma (PRP)

PRP is a first generation platelet concentrate. It is obtained
by fresh venous blood through centrifugation and contains
high number of platelets (round about 1,000,000 platelets
per lL).[56,57] There are different protocols described in the
literature for PRP extraction from whole blood but all of
them are based on a few general rules,[58,59] as follows:
nearly 20–80ml venous blood is drained from the patient
immediately before the surgical intervention and is collected
in container with anticoagulant; the anticoagulant binds cal-
cium ions and thus prevents the prothrombin-thrombin con-
version and degranulation of platelets; PRP delivery can be
divided into two steps: centrifugation (soft and hard spin)
and activation (Figure 1(A)). The time needed for the platelet
concentrate delivery varies in protocols, but is completed
usually within an hour.[59] Finally, PRP is applied at the site
where it has to realize its effectiveness, together with activa-
tors (thrombin, calcium chloride). Activators cause degranula-
tion of the platelets and polymerization of fibrin. This leads
to the formation of platelet gel and release of growth fac-
tors.[38] To avoid the use of calf thrombin as PRP activator,
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which is a xenofactor and can lead to high levels of antibod-
ies against human coagulation factors, an autologous human
thrombin can be applied.[60] As an alternative for the activa-
tion of PRP, type I collagen can be used, which leads to
slower degranulation of platelets and growth factors
release.[61] Thrombin, calcium chloride and collagen are
effective enough when used to activate both platelets and
fibrinogen.

The release of growth factors starts within the first
10minutes when the platelet concentrate is ready for use
and nearly 95% of them get secreted within the first one
hour after activation of platelets.[62,63] That means PRP has
to be applied in the tissues within the first 10minutes after
activation. If not activated PRP could stay stable with vital
platelets for round about 8 hours.[62] PRP delivery requires
collecting of a small amount of blood, and thus an infusion
or re-infusion of blood or blood products is not necessary to
be carried out.[64] There is no risk for the patient of abnor-
mally low levels of hemoglobin, hematocrit and platelet
number.[65]

In humans the number of platelets varies individually
between 150,000 and 450,000 per lL blood. Depending on
the protocol used for the PRP preparation, the platelet num-
ber in platelet concentrate could vary. It could be 2–5 times
or more above the physiological level. If the platelet concen-
trate has lower amount of platelets, a suboptimal effect may
be observed as the higher number platelets can inhibit the
processes.[66] It is important that the amount of growth

factors depends on the number of platelets in the whole
fresh blood drawn for the preparation of PRP.[67] Patient’s
gender influences the properties of the blood product,
whereas the age does not.[57]

As an autologous biomaterial, PRP possesses properties
like lack of toxicity and immunogenicity.[62,68] Platelets also
secrete locally signal molecules which are attractants for
macrophages.[69] It is expected to participate in the nonspe-
cific immunity due to the small number of white blood cells
able to synthesize interleukins.[70] Although recent evidence
suggests that pure PRP possesses antimicrobial properties, it
makes the presence of leukocytes for this purpose
unnecessary.[71]

For some patients with bleeding disorders, conditions like
coagulopathies and anticoagulation therapy drawing blood
might be contraindicated. In these cases probably an allo-
geneic PRP application could be a better choice to avoid
complications, related to the patients’ general status.[72]
Whereas, Marx [64] in his study avers that the use of allogen-
eic blood for PRP delivery leads to false-negative results.
According to his opinion, the real PRP should always be
autologous.

Platelet concentrates – platelet-rich fibrin (PRF)

PRF is a second generation platelet concentrate.[73,74] This
product is introduced in France in 2001 considering the
restrictions about replantation of biochemically processed

Figure 1. PRP and PRF delivery from whole fresh blood (WFB). (A) PRP delivery in two centrifugation steps. In the first centrifugation step (soft spin) the whole
fresh blood is separated into three fractions: PPP, ‘buffy coat’ and RBCs. Only the ‘buffy coat’ layer is used for the second centrifugation step (hard spin) when three
new fractions are delivered: PPP, PRF and RBCs. (B) PRF delivery from whole fresh blood in one centrifugation step. PRF is delivered in the middle of the tube. PPP
and RBCs layers are discarded.
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blood products. It is described as platelets and leukocytes-
rich fibrin biomaterial.[75,76] PRF is delivered in silica gel-
coated plastic tubes without any addition of anticoagulants
and other substances, like bovine thrombin, calcium chloride
or other activators, using a simple method.[75]

Briefly 10–80ml autologous venous blood is distributed in
10ml dry sterile silica gel-coated plastic tubes without the
addition of anticoagulant and is centrifuged at 2700 or
3000 rpm (about 400g) for 10–12minutes. Three layers are
established: PPP (platelet-poor plasma) above, red blood cells
(RBC) at the bottom and PRF in the middle. The middline
layer is where exactly the platelets and white blood cells are
concentrated.[73,75,76] Platelet activation and fibrin polymer-
ization are accomplished in natural way. Platelets are acti-
vated as a result of contact with the wall of the tube. Dense
fibrin network as a result of activation could entrap growth
factors for longer and protect them from proteolysis [77]
(Figure 1(B)).

Centrifugation has to be performed immediately when the
blood is drawn (within 2min 30 s). If not, a diffuse fibrin poly-
merization begins in the whole glass tube and platelet con-
centrate cannot be established. PRF has to be taken out of
the container right after the end of centrifugation to avoid
its precipitation at the bottom and mixing with erythrocytes.

Studies on PRF reveal that together with the high amount
of growth factors released with the activation of platelets,
there are also immune cytokines included like interleukin (IL)
1-beta, IL-6, IL-4, tumor necrosis factor (TNF).[76] This is a
presumption for its local application in case of an
inflammation.

Dense fibrin membranes can be obtained from PRF after
pressing the biomaterial between sterile gauzes. This mem-
brane is considered to be able to release growth factors (like
TGFb-1, PDGF, VEGF) and matrix proteins (thrombospondin,
fibronectin, vitronectin) during several days.[78] Different
studies reveal possibilities about the application of PRF mem-
brane for interventions in oral and maxillofacial sur-
gery,[73,79,80] plastic surgery,[81] otorhinolaryngology,[82]
etc. According to investigations by Burnouf et al. [83] and Su
et al.,[84] the amount of released growth factors decreases
when PRF membrane is obtained through compression with

gauze because of the high number of damaged platelets. A
device called PRF-compressor has been proposed for obtain-
ing PRF membrane, by which platelets keep their integ-
rity.[60] It has two spoon-like surfaces. Between them PRF is
pressed and 1mm thick membrane is established.

Classification of platelet concentrates

The efficiency of platelet concentrates’ topical application is
still controversial. From their initial introduction in preclinical
and clinical studies, a wide range of delivery protocols has
been used. However, their application is confusing because
each method leads to a different product with different biol-
ogy and potential uses. Thus, all the results of their use in
experiments are hard to compare. A classification of the
platelet concentrates has been presented by Dohan
Ehrenfest et al. [59] (Table 1).

Biomaterials are classified into four categories, depending
on their leukocyte and fibrin content and by three main sets
of parameters:

� the preparation kits and centrifuges used
� the content of the concentrate
� the fibrin network that supports the platelet and leuko-

cyte concentrate during it’s application

In vitro application of the platelet concentrates

Although the application of PRP and PRF in the oral and
maxillofacial surgery has been established by various clinical
studies, their mechanisms of action on cellular level remain
poorly understood. It is well known that these products con-
tain a wide range of active molecules acting together in bio-
logical processes. The in vitro studies revealing the effects of
platelet concentrates especially on cells with dental origin
are still very scarce. We have not found any exhaustive stud-
ies focusing the effects of platelet concentrates over the
stem cell properties of cell cultures with dental origin.
Caceres et al. [85] investigated the potency of thrombin-
activated PRP to stimulate the adhesion, migration and myo-
fibroblastic differentiation of human gingival fibroblasts.

Table 1. Dohan Ehrenfests’ platelet concentrates classification-four categories of platelet concentrates and their delivery protocols are listed.

Platelet concentrate: Protocols

Leukocyte – poor or pure platelet-rich plasma (P-PRP) – Plasmapheresis
– Vivostat PRF
– Anitua’s PRGF

Leukocyte- and platelet-rich plasma (L-PRP) Manual protocols for L-PRP:
– Curasan PRP kit (Curasan Pharma Gmbh AG, Lindingstrab, Kleinostheim, Germany)
– Regen PRP (Regen Laboratory, Mollens, Switzerland)
– Friadent-Schutze (Vienna, Austria)
– Plateltex (Bratislava, Slovakia)
Automated protocols for L-PRP:
– Smart PreP Autologous Platelet Concentrate System (Harvest Technologies Corp, Plymuth,

MA)
– Platelet Concentration Collection System – PCCS (3I Implant Innovations, Palm Beach

Gardens, FLA)
– Magellan Autologous separator (Medtronic Inc, Minneapolis, MN)
– GPS (Gravitational Platelet Separation System, Biomet Biologic, Warsaw, USA)

Leukocyte – poor or pure platelet-rich fibrin (P-PRF) Fibrinet PRFM kit (FIBRINET, Cascade Medical Enterprises, Wayne, NJ, USA)
Leukocyte and platelet-rich fibrin (L-PRF) Choukroun’s PRF
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Another study showed the effect of various concentrations
PRP (100, 50, 20 and 10%) and PPP on proliferation and cal-
cium nodules formation of osteoblasts and periodontal liga-
ment cells.[86] At 24h DNA synthesis was suppressed, but
over a 5-day period a beneficial outcome has been observed.
PPP and 50% PRP showed the greatest enhancement of cell
proliferation and differentiation. Furthermore, Lee et al. [87]
assessed the efficacy of PRP on human dental stem cells
obtained from periodontal ligament and dental pulp. Their
analysis revealed that the colony-forming ability and cellular
proliferation of dental cells were increased at 0.5 and 1% PRP
but decreased at 5% concentration. PRP also promoted cal-
cium deposits formation of both cell types after treatment
with 1% concentration of the platelet concentrate.

Some of the studies describing the effects of PRP on cell
cultures show lack of beneficial outcomes. Cenni et al. [88]
found no statistical differences in fibroblasts and osteoblasts
proliferation and functions between serum-free media and
platelet gel cultivation.

We also found a very low number of experiments investi-
gating the PRF effects over cell cultures with dental origin. A
study conducted by Tsai et al. [89] showed that PRF modu-
lates cell proliferation in a cell type-specific manner. They
concluded that PRF is capable to stimulate proliferation of
osteoblasts, periodontal ligament cells and gingival fibro-
blasts during a 3-day culture period, but suppressed oral epi-
thelial cell growth. Another in vitro experiment evaluated the
influence of PRF membrane over the proliferation, osteopro-
tegerin expression and alkaline phosphatase activity of dental
pulp cells.[90] PRF did not interfere with cell viability but
increased significantly cell proliferation and markers expres-
sion. Increased expression of same markers (osteoprotegerin
and alkaline phosphatase activity) has been observed in
human periodontal ligament cells after cultivation with PRF
membrane.[91]

To the best of our knowledge, there is a limited number
of in vitro experiments which demonstrate the influence of
the platelet concentrates on cells with dental, oral and max-
illofacial origin. There are certain experimental studies
described, but they cannot serve as a proper base for pre-
dictability of the clinical studies results.

Platelet concentrates in clinical studies

Due to the comparatively easy application of PRP and PRF in
clinical cases there is wide range of studies investigating
their value for local tissue regeneration. In dental medicine
PRP is usually applied with the intention of enhancing tissue
regeneration in periodontal defects, alveolar socket after
tooth extraction, osseointegration around dental implants,
guided tissue regeneration, etc.[92–94] For first time PRP has
been used in a clinical experiment by Marx et al.[62] The
study included 88 mandibular bone defects. Some of them
were treated with autologous bone and some with autolo-
gous bone in combination with PRP, thus demonstrating that
PRP significantly increases bone regeneration. Since then
many clinical studies have been conducted to reveal the
effects of PRP on tissue regeneration in the oral and

maxillofacial region, but most of them are hard to compare
and systematize.

Tooth extraction is the most common oral surgical pro-
cedure. It could be very simple manipulation, but serious
complications may occur in some cases like pain, swelling,
trismus, inflammation, etc. Many studies have been con-
ducted in the past few years to assess the efficacy of PRP
application in post-extractional alveolar sockets. Covering the
extraction wound with platelet concentrate is expected to
prevent adverse reactions occurrence like dry socket and
abscess formation. Various results showed significant
improvement in the local conditions after PRP has been
applied.[95–99] These studies reveal that the high amount of
growth factors released in the alveolar socket after tooth
extraction increases tissue regeneration and prevents local
complications occurrence. Although, there are some investi-
gations with contradictory outcomes.[100,101] They show no
significant effect of PRP applied for bone regeneration after
tooth extraction.

PRP could be applied on dental implant surface to
increase the process of osseointegration and new bone for-
mation after the implant placement. Some studies show sig-
nificantly favorable outcomes.[102,103] However, Casati et al.
concluded that PRP alone do not enhance bone regeneration
in peri-implant defects.[104]

Particularly, controversial remains PRP application in peri-
odontal surgery. Many studies reveal increased tissue regen-
eration when PRP is used in combination with other grafting
materials,[105–107] while other experiments show no
improvement after the placement of the platelet concentrate
at all.[108–110]

PRP has been investigated in relation to bone regener-
ation in sinus floor augmentation procedures applied with
b-tricalciumphosphate grafting material.[111] Results demon-
strate that the combination of PRP and b-tricalciumphos-
phate slightly increases new bone formation (with only
8–10%) in comparison with b-tricalciumphosphate used alone
and PRP does not lead to ceramic bone substitutes faster
degradation. Other studies also reveal the positive effect of
PRP applied together with grafting material for sinus floor
augmentation.[112,113] However, Cabbar et al. [114] estab-
lished that the combination of xenograft and PRP had no
beneficial effect for bone formation after maxillary sinus aug-
mentation prior to dental implants placement.

A wide range of studies [115–118] determined successful
outcomes after PRP application in the treatment of
bisphosphonate-related osteonecrosis of the jaw (BRONJ).
Studies report that the use of surgical debridement proce-
dures together with autologous PRP markedly promotes
bone and soft tissue regeneration, neovascularization and
decreases tissue inflammation.

Most of the studies which demonstrate positive effects
after PRP use, especially over the bone formation, do not
express significantly strong results. According to some opin-
ions PRP has a rather low regenerative capacity and may
influence the early phase of bone healing with short time
effect which is flattening between 3rd and 6th months of
application.[119] Considering reviews published recently
many of the clinical cases with application of PRP described
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in the literature, do not represent a statistically significant
base for convincing beneficial outcomes of treatment with
PRP.[35] According to Navneet et al., many investigations do
not demonstrate any significant positive effects of the plate-
let concentrate due to the lack of standardized protocol for
PRP delivery or sometimes even due to use of PPP instead
PRP.[120] They suggest the platelet number to be counted
both in blood and in PRP for assurance on the properties of
the platelet concentrate. The properties of the platelet con-
centrate could vary due to amount fresh blood, anticoagu-
lant, centrifugation, platelet count, activation agent, amount
of fibrinogen, RBC and leukocytes, etc.

PRF, a second generation platelet concentrate, is widely
used in the dental surgical practice. Studies in this area also
show contradictory results. PRF could be formed as a mem-
brane capable to cover and protect the wound site and to
entrap active molecules and cells.[77,78]

Recent studies demonstrate PRF potency to stimulate
regeneration of soft and hard tissues after tooth extrac-
tion.[121–123] Results suggest that filling an extraction
socket with PRF leads to increased healing, bone formation
and could be a promising tool to facilitate alveolar ridge
preparation for implant placement. Investigations conducted
by G€urb€uzer et al. [124] demonstrated that PRF does not
enhance bone healing in mandibular third molar extraction
socket.

Many findings in the scientific literature indicate that PRF
represents an effective modality for human periodontal
infrabony defects capable to reduce pocket depth, recessions’
size and to improve clinical attachment level.[91,125–127]

PRF shows promising results also when applied to sinus
augmentation therapies prior to dental implant placement.
There are studies which demonstrate promising results with
PRF applied as a sole grafting material for sinus-lift and
implantation procedures.[128,129] Other investigations reveal
that deproteinized bovine bone (Bio-Oss) when used in com-
bination with PRF lead to significantly better outcomes for
treatment of maxillary bone atrophy followed by implant
placement in comparison with the use of Bio-Oss as sole tis-
sue graft.[130,131] Despite these publications which show
that PRF alone or in combination with other biomaterials sig-
nificantly stimulates tissue regeneration there are also some
preliminary results establishing neither an advantage nor dis-
advantage of the application of PRF in combination with
deproteinized bovine bone mineral in sinus augmentation
after 6 months period.[132]

Although, many authors claim PRF has remarkably benefi-
cial effects for tissue regeneration over PRP,[133,134] further
research is necessary to clarify clinical outcomes following
PRP and PRFs’ application in dental, oral and maxillofacial
surgery.

Clinical significance and future research directions

Fibrin adhesives and platelet concentrates are blood-derived
products for local application. The interest about their effi-
ciency in different disciplines arises significantly in the past
20 years. It is widely accepted that these products stimulate

regeneration in soft and hard tissues in a way that mimics
the physiological healing process. This is due to the high
amount of blood components like native concentration of
fibrinogen, platelets and all the active molecules they con-
tain. The content is a solid base for the commonly accepted
conception for the ability of fibrin adhesives and platelet
concentrates to increase and improve the healing process in
soft and hard tissues.

Blood derived products are used in wide range of medical
areas: orthopedic surgery, cardiology, dermatology, plastic
surgery, otorhinolaryngology, recovery of non-healing
wounds, etc. These biomaterials have also been proposed for
various uses in the oral and maxillofacial surgery. Many stud-
ies demonstrate their potency to contribute to post-extrac-
tion alveolar socket healing, osseointegration of dental
implants, sinus-lift procedures, periodontal osseous defects
healing, etc. On a cellular level platelet concentrates are
shown to promote cell migration and neovascularization at
the side of their local application, hence together with high
concentration of bioactive molecules they also serve as bio-
matrices for tissue regeneration.

PRP and PRF can be applied alone or in combination with
different grafting materials. Some studies conclude that their
efficacy in the clinic is more significant when used together
with soft and hard tissue grafts in comparison with their sole
application. PRP and PRF will definitely contribute to the eas-
ier managing of the grafting material, better soft tissue flap
adaptation, bleeding control. Platelet concentrates are
autologous which eliminates any risk of immunogenic reac-
tions or transmissive diseases.

Vast number of studies are conducted to show the value
of platelet concentrates for the tissue regeneration and
repair. Their efficacy is expected due to the high amount of
biologically active growth factors and cytokines they contain.
In addition, when comparing the wide range of studies, it
seems PRF has higher potential for regenerative therapy in
clinic than PRP.

Despite the large number of empirical data from clinical
studies, there is still little systematic evidence for the effect
of blood-derived products over the cell processes like colla-
gen production, extracellular matrix secretion, expression of
tumor and stem cell markers, etc. Lack of constant protocols
leads to lack of constant clinical results. Frequent and not
always necessary application of blood derived products,
especially in maxillo-facial region, leads to increase of proce-
dures and significant increase of the cost of these procedures
both for the clinicians and for patients. In order to clarify the
real blood derived products’ advantages for the patients, the
indications for blood-derived products application and prep-
aration protocols should be strictly generalized and systemat-
ized. Clinical advantages should be elucidated and the
indications for application of blood derived products should
be objectified in order to avoid their random and unneces-
sary application. This could be achieved with strict cooper-
ation between the clinical and in vitro researchers. Further
research about the activity of PRP and PRF on the dental
cells biology could provide a stable basis for the clinical
application of the platelet concentrates and more predictable
outcomes after their use in the oral and maxillofacial region.
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