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SUMMARY
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Objectives. Bone regeneration is often needed prior to dental implant treatment due to the lack of adequate quantity and
quality after infectious diseases. The greatest regenerative power was obtained with autologous tissue, primarily the bone
alive, taken from the same site or adjacent sites, up to the use centrifugation of blood with the selection of the parts with
the greatest potential regenerative. In fact, various techniques and technologies were chronologically successive to cope
with an ever better preparation of these concentrates of blood. Our aim is to review these advances and discuss the ways
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tion” and “dentistry”.
sue healing.

and quantitative difference among substance.

in which platelet concentrates may provide such unexpected beneficial therapeutic effects.

Methods. The research has been carried out in the MEDLINE and Cochrane Central Register of Controlled Trials data-
base by choosing keywords as “platelet rich plasma”, “platelet rich fibrin”, “platelet growth factors”, and “bone regenera-
Results. Autologous platelet rich plasma is a safe and low cost procedure to deliver growth factors for bone and soft tis-

Conclusion. The great heterogeneity of clinical outcomes can be explained by the different PRP products with qualitative

Key words: platelet rich plasma, platelet rich fibrin, platelet growth factors, bone regeneration.
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= Introduction

Bone deficiencies in the oral cavity differ in ex-
tension and etiology, as for example localized
alveolar bone loss due to periodontal disease or
extensive bone atrophy. Regeneration of the pe-
riodontal tissues following destructive episodes
of inflammatory-infective periodontal diseases
is an even more challenging problem, since re-
pair processes must involve not only the affect-
ed alveolar bone, but other crucial components
(the periodontal ligament and the root cemen-
tum). Bone regeneration requires the recruit-
ment, proliferation and maturation of osteoblasts
which are derived from mesenchymal stem cells
(MSC). Tissues that harbor MSCs or MSC like
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cells include blood, adipose tissue, skin, trabec-
ular bone, and fetal blood, liver, and lung. De-
spite sharing similar characteristics, these MSCs
from different sources differ in their differentia-
tion potential and gene expression profile.
Among the different types of adult stem cells,
stem cells harbored in the bone marrow are con-
sidered to have the highest multilineage poten-
tial and have been studied for bone regeneration.
However, long-term cultures of human MSCs
have limitations because over time the cells ex-
hibit a reduced proliferation rate attributable to
telomere shortening and undergo senescence (1).
The healing potential of autologous tissue is en-
closed in growth factors and stem cells, and
therefore the research has shifted to the blood,
tissue that is most predisposed to a process for
regenerating concentrate these molecules. In the
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last few decades, the potential effects of growth
factors in the repair and regeneration of tissues
and especially of bone have been well docu-
mented. Platelet rich plasma or platelet rich fib-
rin are often associated with growth factors, re-
generative medicine and stem cells (2, 3). It was
reported that PRP accelerates the healing and re-
generation of bone and soft tissue, releasing
growth factors and cytokines that are associated
with wound healing.

In this review, a brief description of different
blood derivatives preparation for oral applica-
tion is described. The literature was searched for
references published up to September 2015 in
MEDLINE and Cochrane Central Register of
Controlled Trial databases. Three search terms —
‘platelet-rich plasma’, platelet-rich fibrin, ‘bone
regeneration’ and ‘dentistry’ — were used togeth-
er with their all known synonyms.

[ Platelets

Platelets contain several types of secretory or-
ganelle with dense granules, o-granules and
lysosomes being the most important. Morpho-
logically distinct, the granules contain storage
pools of active substances that are released fol-
lowing adhesion to collagen or other matrix
components or in a dose-dependent response to
soluble agonists such as ADP or thrombin. The
most abundant source of proteins is the o-gran-
ule (4). The effects of platelets on bone can be
viewed within the frames of bone formation and
resorption. Platelets act in both processes.

Platelets contain a number of several growth fac-
tors such as platelet derived growth factor
(PDGF), which exists as heterodimers of A and
B chains and as homodimers of A-A and B-B
chains; vascular endothelial growth factor
(VEGF), insulin growth factor-1 (IGF-1), insulin
growth factor-2 (IGF-2), epidermal growth fac-
tor (EGF), transforming growth factor- (TGF-f3
and TGF-f32) contributing to the recruitment of
osteogenic cells after the injury (5) and epithe-
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lial-cell growth factor (ECGF), hepatocyte
growth factor (HGF) (6).

Platelet releasate also contains other mediators,
which may be involved in the bone remodeling
[thromboxane A2 (TXA2) and prostaglandins
(PGs)]. The essential role of platelets in wound
healing was confirmed previously. These small
particles release growth factors involved in clot
formation and wound healing. Thus the effect of
platelets on bone can be viewed in chronic (e.g.
senile osteoporosis) and acute conditions (e.g.
fracture) (7, 8).

Platelets enhance bone regeneration by promot-
ing migration and proliferation of osteogenic
cells (9), increasing blood vessel formation,
and by inducing inflammatory reactions (10).
In an in vitro study, Sanchez-Fernandez (11)
tested the hypothesis that osteoclasts can regu-
late the chemiotaxis of osteoblasts. The result
showed that mature osteoclasts produce factors
including PDGF that attract osteoblast toward
the injured or inflamed sites thereby promoting
new bone regeneration. Similarly the Park
study (12) also reported that PDGF promotes
the proliferation of osteoblasts around peri-
odontal defects.

PDGF (platelet-derived
growth factor)

Platelet-derived growth factor (PDGF) is a po-
tent growth factor for various connective tissue
cells, many other cell types also synthesize
PDGF, including macrophages, endothelial cells,
fibroblasts, glial cells. The binding of PDGF to
several plasma proteins and extracellular matrix
facilitates local concentration of the factor.
PDGF binds to specific high-affinity receptors
expressed on the surfaces of various cell types
and it is a powerful chemo-attractant and stimu-
lator of cell proliferation. It has been shown that
all isoforms of PDGF induce the proliferation of
PDL cells in vitro (13). PDGF is also chemotac-
tic for PDL cells and stimulates collagen and
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hyaluronate synthesis (14). It was also reported
that PDGF promotes DNA synthesis and chemo-
taxis in bone organ culture (15) but down-regu-
lates alkaline phosphatase activity and osteocal-
cin in osteoblast-like cells in vitro (16). It has
been shown that a single application of a combi-
nation of PDGF/IGF-I or PDGF/dexamethasone
promoted periodontal tissue regeneration in vivo
(17, 18) PDGF promote bone formation by in-
fluencing cell proliferation, chemotaxis, differ-
entiation, and extracellular matrix synthesis
(15). In addition, their protective effect on bone
was shown in a few clinical trials (19, 20). Based
on these studies, platelet-rich plasma (PRP) is an
abundant source of growth factors implicated in
bone formation. Interestingly most of these stud-
ies are dental clinical investigations or in vitro
studies on osteoblasts suggestive of the enhance-
ment of bone formation by PRP (21).

Studies on both animal and human cell lines il-
lustrate controversial results about the effects of
PDGF on bone formation. Some in vitro investi-
gations confirmed contribution of platelets in os-
teoclastogenesis and bone resorption, but no ex-
act mechanism has been proposed yet, platelets
effect on osteoclasts should be also emphasized.
PRP showed an inhibitory effect on the forma-
tion of osteoclast-like cells in rat bone marrow
(18). Simion (22) investigated the combination
of PDGF with a block of deproteinized cancel-
lous bovine bone and in an experiment on 6 fox-
hound, the results are the increment of vertical
periodontal bone.

Urban et al. (23), in a clinical case-report, de-
monstrated that use of thPDGF in combination
with bone mineral and barrier membrane en-
hances new bone formation around periodontal
bone defect.

McAllister et al. (24), in a study on the signifi-
cance of PDGF in bone regeneration around den-
tal implants, demonstrated the 100% of osteoin-
tegration.
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VEGF (vascular endothelial
growth factor)

VEGEF is the most important tissue factor re-
sponsible for angioblast differentiation and tube
formation. This is the most potent stimulator of
endothelial cell proliferation, sprouting, migra-
tion and tube formation. VEGF and PDGF be-
long to the VEGF/PDGF superfamily of ligands
and receptors, grouped together on the basis of
their close sequence homology and evolutionary
relationship. Each of the ligands contains eight
conserved cysteine residues, forming a typical
cystine-knot motif (25). VEGF and PDGF recep-
tors are members of the class III receptor tyro-
sine kinase sub-family, which have extracellular
immunoglobulin-like (Ig) domains, a transmem-
brane region and split intracellular kinase do-
mains. VEGF receptors have seven Ig domains,
while PDGEF receptors have five extracellular Ig
domains. These and other structural similarities
suggest a close evolutionary relationship (25).
They are important signaling proteins involved
in both vasculogenesis and angiogenesis, which
paves the way for healing (26). VEGF is also a
vasodilator and increases microvascular perme-
ability.

TGF-B1 (transforming
growth factor)

In 1965, Urist (27) discovered the so-called bone
induction principle and postulate the theory that
bone matrix contained inducing agents that could
help generate new bone formation when implant-
ed into an extraskeletal site. This factor was iden-
tified as a protein that they named bone morpho-
genetic protein (BMPs). Currently, nearly 20
structurally related BMP’s have discovered, as for
example osteogenin, and these protein are known
to be members of the transforming growth factor-
B (TGF-P) gene family (28).
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TGF-p is a multifactorial regulator of cellular
growth in developing systems, and it is a promi-
nent component of the ECM of bone. TGF-f
molecules are most abundant in the ECM of
bone, and this gene family is one of the most im-
portant regulatory growth and differentiating
factor superfamily (5).

TGF-f released from platelet a-granules could
stimulate the proliferation of osteoblasts and be-
ginning of bone formation. The central role of
TGF-f in controlling osteoclastogenesis by
stimulating osteoprotegerin synthesis was al-
ready confirmed (29).

The effect of TGF- was observed to be dose-de-
pendent on osteoclastic differentiation and sys-
tem-dependent on osteoclastogenesis (30, 31).

In agreement with other studies, Graziani et al.
(32) indicated that PRP induces proliferation of
osteoblasts in a dose-dependent manner along
with increasing production of osteocalcin and
decreasing production of osteoprotegerin which
are suggested to be mediated by TGF-f3.

TGF-f produced by osteoclastic resorption is the
key chemoattratant for osteoblast to navigate to
sites of bone formation (33).

Recently, some clarity of the effects of TGF-f
action was shown when Tang et al. (34) demon-
strated that the major action of TGF-§ was not to
regulate osteoblast differentiation but to direct
bone marrow stromal cells (BMSCs) to resorp-
tion sites.

Thus, the activation of TGF- during bone re-
sortion represents a mechanism to link bone re-
sorption to new bone formation, in essence serv-
ing as a local coupling factor to trigger the sub-
sequent events involved in bone formation (33).
It will induce a massive synthesis of matrix mol-
ecules, such as collagen type I and fibronectin
by osteoblasts and fibroblasts.

IGF-I (insuline-like
growth factor)

The insulin-like growth factor, also known as
IGF or somatomedins, are a group of peptide
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hormones by the anabolic properties, produced
by the liver under the stimulation of growth hor-
mone (GH) produced by the pituitary gland. Two
different IGFs (IGF-I and IGF-II) have been de-
scribed (35). Both were isolated initially as
serum factors with insulin-like activities that
could not be inhibited by anti-insulin antibodies
(36). The first isoform (IGF-I) is always present
in the life, decreasing with the age. The second
form (IGF-II) is present only during the fetal age
(37). The structure of both IGFs is homologous
to human pro-insulin. However, IGFs do not
cross-react immunologically with each other.
IGF is constitutively produced in many tissues,
including liver, kidney, heart, lung, fat tissues,
and various glandular tissues. IGF-I is also pro-
duced by chondroblasts, fibroblasts, and os-
teoblasts. IGF-I is chermotactic for fibroblast
and stimulates protein synthesis (38). IGF-I is a
single chain protein that binds to a specific cell
surface receptor (IGF-I-R) and directly stimu-
lates type I collagen biosynthesis, and bone for-
mation by inducing cellular proliferation and
differentiation, IGF-I stimulates bone matrix
synthesis in cultured rat calvaria, an effect that is
partly dependent on its stimulatory effect on
DNA synthesis (37, 38). In periodontal research,
it was shown that IGF-I is chemotactic and mi-
togenic for PDL cells (39). Although a single ap-
plication of IGF-1 only slightly induces peri-
odontal tissue regeneration, several lines of evi-
dence suggest that IGF-I combined with other
growth factors-such as bFGF, PDGF, and TGF-
3-may augment the osseous wound-healing
process (35).

It was shown that IGF-I increases bone turnover
in patients with low bone mineral density (36,
40).

CTGPF (connective tissue
growth factor)

This new growth factor was described by Kubo-
ta et al. (41).Platelets adhere to CTGF at injured
tissue wound sites, where it is overexpressed
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along with the platelet coagulation process. In
their experiments they showed that non-activat-
ed platelets contain considerable amounts of CT-
GF and that is released by activated PRP and that
CTGF endorses angiogenetic activity, cartilage
regeneration and fibrosis. Cicha et al. (42)
showed that CTGF is expressed in bone marrow
cells, but not by platelet producing megakary-
ocytes, suggesting that the total amount of CT-
GF in platelets is the result of endocytosis from
the extracellular environment in bone marrow.

EGF (epidermal
growth factor)

Acts by binding with high affinity to the epider-
mal growth factor receptor (EGFR) on the cell
surface, triggering an increase in the expression
of certain genes that ultimately lead to DNA syn-
thesis and cell proliferation (43).

Stimulates epidermal regeneration, promotes
wound healing by stimulating the proliferation
of keratinocytes and dermal fibroblasts, and en-
hances the production end effects of other
growth factors (44).

PF-4 (platelet factor)

It is also released from the a granules of platelets
and may be partially responsible for the initial
influx of neutrophils into wounds. It also acts as
a chemoattractant for fibroblasts and promotes
blood coagulation by moderating the effects of
heparin-like molecules (45).

= Technologies

The aim of processing whole blood sample is to
separate the blood components in order to dis-
card element considered not usable (red blood
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cells) and concentrate the therapeutic parts
(platelets, fibrin, leukocytes and growth factors
(46, 47). Many names were attributed to platelet
concentrates but many Authors prefer the term
concentrated platelet rich plasma (cPRP) (48,
49). We will describe the different systems in ac-
cording to the classification hold as guidelines
for all publications on the topic (50, 51).

P-PRP (pure platelet-rich pla-
sma) and L-PRP

(leukocyte and platelet-rich
plasma)

The platelet-rich plasma was first introduced in
oral surgery by Whitman et al. in 1997 and is de-
fined as the portion of autologous plasma hav-
ing a platelet concentration greater than 8 times
the baseline value (150,000-400,000/ul) (52-
54). Within PRP, the increased number of
platelets delivers an increased number of growth
factors to the surgical area, it is an autologous
source of PDGF and TGF-b that is obtained by
sequestering and concentrating platelets by gra-
dient density centrifugation. There are some ad-
vantages of using PRP. First of all, it is easy to
obtain PRP from patient’s own blood (55). Sec-
ondly, by regulating the processing technique
and activation protocol, it is possible to control
the dose of growth factors released on activation
(55). PRP is the combination of seven native
growth factors within a normal clot as the carri-
er. The clot is composed of fibrin, fibronectin,
and vitronectin, which are cell adhesion mole-
cules required for cell migration as for example
in osteoconduction, wound epithelialization, and
osseointegration.

Various studies document a regenerative poten-
tial marrow capable of increasing the quantity
and quality of the bone. In addition, the mucosal
wound healing appears to be much faster than
normal (20, 56, 57).

The platelet rich plasma is a concentrate of au-
tologous growth factors separated with a double
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centrifugation (56).

Different methods of locally usable platelet rich
plasma (PRP), components have been described
(58). In implant dentistry, the most obvious ap-
plication of PRP would be to accelerate autoge-
nous grafts used for site preparations, sinus lifts,
osseointegrations, ridge augmentations, etc. To
date, no positive clinical benefits have been doc-
umented, nor can be expected, with the use of
PRP with non-vital bone substitutes. The target
of PRP remains viable osteoprogenitor cells and
stem cells.

However, an enhanced bone regeneration can be
expected when PRP is used with mixtures of au-
togenous bone and bone substitutes and with re-
combinant human growth factors such as recom-
binant BMP (56). Zimmerman et al. (58) have
reported that PDGF and TGF content of concen-
trated platelet samples is not correlated to the
platelet concentration, but a remarkable inter-in-
dividual variability in growth factor levels.
There are two other factors influencing the re-
lease of growth factors from locally usable
platelet components: platelet activation and
WBE contaminations (59, 60).

Studies in the literature described the PRP as a
concentration of PDGF obtained from the de-
struction of platelets. Potentially offers a signif-
icant osteogenic impact but clinical studies attest
the bone growth to 10% of the volume applied.
Marx (20) described the importance of PRP on
the stimulation of fibroblasts.

Platelet apheresis (AP)

A blood cell separator is used with the dual-nee-
dle WBC-reduction system, with isotonic saline
solution used for priming and ACD-A as the an-
ticoagulant.

Platelet suspensions obtained by apheresis are
centrifuged at 3000 g for 15 minutes, the super-
natants are discorded and the platelet pellets re-
suspended in 1 ml of plasma.
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Buffy coat-derived
platelets (BCP)

Buffy coat is prepared by the top-and-bottom
method after centrifugation of whole blood (450
ml), at 3000 g for 13 minutes, the PRP is pre-
pared after centrifugation of the resuspended
buffy coat for 5 minutes at 400 x g.

Tube method (TP)

Whole blood (50 ml) is centrifuged at 1650 x g
for 10 minutes, the collected supernatant is cen-
trifuged at 730 g for 15 minutes; platelet pellet is
resuspended in about 1,5 ml of plasma.

PRP-techniques

In all available PRP techniques, venous blood is
collected with an anticoagulant to avoid platelet
activation and degranulation (EDTA-ethylenedi-
aminetetraacetic acid or CTAD-citrate, theo-
phylline, adenosine, and dipyridamole) and then
it is immediately processed by centrifugation. It
should be stressed that the production of PRP
has been developed according to various proto-
cols by many companies, especially diversifying
the method of sampling of separation stages.

Established PRP production methods concen-
trate platelets and leukocytes to different ex-
tents. The time for platelet concentrate prepara-
tion is about an hour. The first centrifugation
step (soft spin) is designed to separate the blood
into three layers: red blood cells (RBCs) are lo-
cated at the bottom and constitute 55% of total
volume, acellular plasma or platelet-poor plasma
(PPP) is at the top of the tube and it is rich in fib-
rinogen, and a “buffy coat” layer appears be-
tween the 2 fractions, in which platelets are con-
centrated. The first spin will separate the red
blood cells from the plasma, which contains the
platelets, the white blood cells, and the clotting
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factors. The goal of the subsequent steps is to
discard both the RBC layer and the PPP to col-
lect only the buffy coat layer (47). Using a ster-
ile syringe the practitioner aspirates PPP, PRP
and some red corpuscles and transfer them to an-
other tube.

The second centrifugation (called the hard spin)
finely separates the platelets and white blood
cells together with a few red blood cells from the
plasma. This soft spin produces the PRP and sep-
arates it from the platelet poor plasma (PPP) free
from the obstruction provided by a large number
of red blood cells.

The result is a separation between platelet-poor
plasma (PPP) in the upper part of the tube and
platelet rich plasma (PRP) in the lower part. The
latter is taken and combined to bovine thrombin
and calcium chloride which it activates the
gelling of platelet and fibrinogen concentrates
(46-49). L-PRP products are preparations with
leukocytes and with a low density fibrin network
after activation (51).

One method of P-PRP is known as PRGF
(platelets rich growth factors); it has been de-
fined by Anitua et al. (61-64), by which it is pos-
sible to obtain different autologous preparations
rich in growth factors from the same patients
blood depending on the coagulation and activa-
tion degree of the samples. One of these prepa-
rations is the scaffold-like PRGF composed of
fibrillar and cellular components, which may be
used to induce bone regeneration in post-extrac-
tion sockets. Another interesting formulation is
the liquid PRGF, which may be used to humidi-
fy and bioactivate dental implant (66) surfaces
to improve their osteointegration.

The centrifugation is carried out on venous
blood collected in 5 ml tubes containing sodium
citrate (10%) used as an anticoagulant. The du-
ration is 6 minutes and the rotational force is 160
G. The separation produces 3 phases. One on the
bottom of the tube containing RBCs (Red
phase), a central where it accumulates the fib-
rinogen and growth factors (PRGF) and at the
top the plasma (PPGF). Subsequently, through a
pipette laboratory, it picks up the PDGF and part
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of PPGF. To this is added the calcium chloride to
activate the coagulation, which after 10-15 min-
utes produces the gel of PDGF.

PRF (platelet-rich fibrin)
and L-PRF (leukocyte-and
platelet-rich fibrin)

Fibrinogen is a soluble fibrillary molecule that
plays a determining role in platelet aggregation
during hemostasis, it is transformed into a insol-
uble fibrin by thrombin while the polymerized
fibrin gel is the first cicatricial matrix of the
wounded site (47, 48, 65). This protocol was de-
veloped by Choukroun et al. in 2001 for specif-
ic use in oral and maxillofacial surgery and rep-
resents a step forward in ease of production of
the fibrin gel. The collection of venipuncture oc-
curs in the tubes coated with glass and immedi-
ately place in the rotor, where after 10-12 min-
utes of centrifugation at 2700-3000 rpm, it com-
pletes the formation of the gel.

The coagulation occurs without addition of
gelling agent but to interaction with the silicon
dioxide present in the glass coating of the tube.
The absence of anticoagulant determines the ac-
tivation of most platelets in contact with the tube
walls and the release of coagulation cascades. A
fibrin clot is then obtained in the middle of the
tube, just between the red corpuscles at the bot-
tom of the tube and acellular plasma supernatant
at the top. Platelets accumulate in the lower part
of the fibrin clot, mainly at the junction between
the red corpuscles and the PRF clot. A fibrin clot
charged with serum and platelets is obtained and
by driving out the fluids trapped in the fibrin
matrix, practitioners will obtain very resistant
autologous fibrin membranes (48). The fibrin
network presents a particularly homogeneous 3-
dimensional organization, a progressive poly-
merization increases incorporation of the circu-
lating cytokines in the fibrin meshes (47). The
PRF red extremity would be of interest for clin-
ical use and even more effective than the higher
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part of the fibrin clot (65). PRF inlike the other
platelet concentrates, would be able to progres-
sively release cytokines during fibrin matrix re-
modeling (47, 48). The technique is very quick,
inexpensive and allows to produce large quanti-
ties of fibrin clots and membranes in a very short
time (50, 66, 67). When performing ridge aug-
mentation, PRF membranes are used to protect
and stabilize the graft materials and act as fibrin
bandages, accelerating the healing of the soft tis-
sues, facilitating the rapid closure of the inci-
sion. This is currently the main technique in oral
and maxillofacial surgery, particularly because
the L-PRF membranes and clots are very simple
to use. The presence of leukocytes has probably
a great impact on the biology of these products,
not only because of their immune and antibac-
terial properties, but also because they are actors
of the wound healing process and the local fac-
tor regulation. But it depends which leukocytes,
in which quantity and in which state the cen-
trifugation process can softly activate the white
cells (45, 50).

[ In vitro studies

PRP modulates cell proliferation in a cell type-
specific manner similar to what has been ob-
served with TGF-betal, PRP stimulated DNA
synthesis in gingival fibroblasts and periodontal
ligament cells (68). The effect of platelet-rich
plasma (PRP) on the proliferation of osteoblast-
like cells SaOS-2 in vitro was investigated by
Ogino et al. (29). Cells were cultured in the pres-
ence of platelet-poor plasma (PPP), whole
blood, or PRP and the cell number was counted
after 36 and 72 hours. The mean platelet count of
PRP was 1546.36 +/- 382.25 x 10(3)/microL,
and the mean levels of PDGF-AB, TGF-betal
and IGF-I were 0.271 +/- 0.043,0.190 +/- 0.039,
and 0.110 +/- 0.039 ng/1500 x 10(3) platelets,
respectively. Cell proliferation was enhanced in
all PRP groups in a dose-dependent manner. The
presence of neutralizing antibodies of PDGF and
TGF-betal, significantly suppressed prolifera-
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tion. These results show the beneficial abilities
of PRP in the proliferation of osteoblast-like
cells from the standpoint of growth factors, in-
cluding the contribution of each factor.

A comparative study of PRF and PRP effect on
proliferation and differentiation of rat calvaria
osteoblasts in vitro was obtained by He et al.
(69). The exudates of PRP and PRF were col-
lected at the time points of 1, 7, 14, 21, and 28
days. PRP released the highest amounts of TGF-
betal and PDGF-AB at the first day, followed by
significantly decreased release at later time
points. PRF released the highest amount of TGF-
betal at day 14 and the highest amount of
PDGF-AB at day 7. Cells treated with exudates
of PRF collected at day 14 reached peak miner-
alization significantly more than negative and
positive control groups.

PRF released autologous growth factors gradual-
ly and was superior to PRP, from the aspects of
expression of ALP and induction of mineraliza-
tion.

The aim of the study of Giovanini et al. (70) was
to evaluate the effect of PRP in the presence of
levels of TGF-f on PRP samples, as well as in
the presence of collagen III and a-smooth mus-
cle actin (a-SMA), by means of a histomorpho-
metric analysis of the bone matrix and fibrous
deposition on the bone repair. Four bone defects
were created on the calvarium of 21 rabbits. The
surgical defects were treated with either particu-
late autograft, particulate autograft mixed with
PRP and PRP alone. The histomorphometric re-
sults demonstrated intensive deposition of fi-
brous tissue while hinder bone deposition oc-
curred in PRP groups. These results coincided
with higher values of the TGF-f on the PRP
sample, also larger occurrence of diffuse colla-
gen III deposition and higher presence of o-
SMA positive cells spread among the fibrous tis-
sue. It suggests that higher levels of TGF-f3 on
PRP samples may produce a fibroproliferative
event and consequently hinder the bone matrix
deposition.
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[ Animal studies

Anitua and Andia (71) showed that adding PRP-
clot around roughened titanium implants at the
moment of their implantation in goats improved
both the extent and the quality of bone regener-
ation around the implant.

Two studies evaluated the use of PRP with Bio-
Oss in a rabbit calvarial bone defect model.
Kim et al. (72) created 2 cranial defects in each
of 20 rabbits. The defects were grafted with Bio-
Oss with or without PRP. Digitized plain films
and computed tomography scans both showed
significantly greater bone density with the use of
PRP at both 1 and 2 months. Aghaloo et al. (73)
created 4 rabbit cranial defects in each of 15 rab-
bits. Three were grafted with either Bio-Oss,
Bio-Oss with PRP, or autogenous bone. The
fourth received no graft as a control. Histomor-
phometric evaluation showed that the addition of
PRP significantly increased the percentage of
bone formation over that of Bio-Oss alone at all
3 time periods (1, 2, and 4 months). However, in
this study, autogenous bone was still significant-
ly better than either Bio-Oss or Bio-Oss with
PRP. Kim et al. (74) in a bone defect in the iliac
crest of dogs demonstrated that PRP combined
with demineralised bone powder enhanced bone
formation around titanium implants.

It is possible that a higher concentration of
platelets may aid in human wound healing,
whereas other animal species may heal extreme-
ly well even without additional platelets, making
it more difficult to show a benefit of PRP in
these models (75). The potential effect of the
platelet cytokines, massively released during
platelet activation and fibrin gelling, looks to be
extremely limited in time because are released
too quickly during the fibrin matrix polymeriza-
tion (47, 48,76, 77).

Anitua et al. studied its potential bone regenera-
tion effects of the scaffold-like PRGF from
goats’ blood, on empty artificial defects made in
the tibiae of goats, which simulate post-extrac-
tive defects. The PRGF elaborated resulted in a
significant enrichment in platelet number, 3.17-
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fold increase comparing with peripheral blood.
On the contrary, leukocyte content was below
the detection limit of the coulter, confirming the
absence of leukocytes in the PRGF preparations,
which will improve the homogeneity of the
product and reduce donor to-donor variability
(62-64). None of the goats showed signs of
weakness after retrieval of blood before surgery.
At sacrifice, no clinical signs of inflammation or
adverse tissue reactions were observed. Histo-
logical analysis of all artificial defects was per-
formed 8-weeks post-surgery. The damage
caused by the drilling procedure appeared to be
limit and no signs of immune response were ob-
served around the defects. Histological and hys-
to-morphometric results demonstrated that ap-
plication of liquid PRGF increased the percent-
age of bone-implant contact in 84.7%. You et al.
(78) have compared the effect of platelet-en-
riched fibrin glue and PRP on bone defect repair
adjacent to 6 titanium dental implants (80, 81) in
the dog tibia to simulate immediate implantation
into fresh tooth extraction sockets in the pres-
ence of large gaps (>2mm). Bone-implant con-
tact achieved with PRP was lower than with
platelet-enriched fibrin glue. Even the study of
Jeong et al. (79) confirmed this result: the Au-
thors evaluated the effect of tooth ash
and platelet-rich plasma (PRP), and platelet-rich
fibrin (PRF) grafts into bone defects around im-
plants on bone formation on six adult dogs. His-
tomorphometric examination revealed that the
rate of new bone formation in group PRF after 4-
weeks was significantly higher than that in the
control group. In this study, a bone graft method
using a mixture of tooth ash and PRF was found
to increase new bone formation compared to the
method using PRP.

O Clinical studies

The PubMed and Cochrane search resulted in
442 papers, from assessing the titles and ab-
stracts, 31 randomized clinical trials were select-
ed but only the 20 most relevant and with a fol-
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low-up = 4 months were been reported and ex-
plained in Table 1. In implant dentistry, the most
obvious application of PRP would be to acceler-
ate autogenous grafts used for site preparations,
sinus lifts, osteointegrations, ridge augmenta-
tions, etc. In the first formulation, conceived by
Marx et al. in 1998 (20), the gel obtained
(Metronics) was inserted in association with au-
tologous bone to compensate for mandibular
bone defects.

88 patients with mandibular continuity defects
were randomized to be reconstructed with auto-
genous cancellous bone grafts with or without
the addition of PRP. Subjectively evaluated radi-
ographs determined that the degree of matura-
tion of the grafts was significantly greater with
the addition of PRP (1.6 to 2.2 times faster). This
first study found a greater and more rapid densi-
fication of bone repair. Histomorphometric eval-
uation of core samples taken at 6 months re-
vealed a significantly greater percentage of tra-
becular bone with the addition of PRP (74% with
PRP compared with 55% without PRP).

Anitua (61) first studied the deposition of a PRP-
clot with or without autogenous bone in a series
of 20 patients undergoing tooth extraction due to
vertical fractures or severe periodontal disease.
Subsequent implant placement was another pre-
condition. In some patients with multiple extrac-
tions, PRP-clot was deposited into the socket on
one side of the mouth while the other served as
the control. Bone biopsies were taken at extrac-
tion sites between 10 and 16 weeks. In most of
the patients with PRP-clot, bone regeneration
was extensive and bone tissue was compact with
well-organized trabeculae. In contrast, in the
control group the cavity was mainly filled with
connective tissue. The results document a com-
plete recovery in 8 of 10 sites. The 2 patients
with partial healing had severe bone defects and
were smokers. PRP and bovine porous bone
mineral provided an added regenerative effect to
GTR in promoting the clinical resolution of in-
trabony defects on 18 patients with severe peri-
odontitis (80).

Treatment with PRP to support the osseointegra-
tion of endosseous dental implants has also been
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described (81, 82), suggesting that PRP may be
useful in accelerating the osseointegration of ti-
tanium implants (74).

Hanna et al. (83) have enrolled 13 patients in a
randomized, split mouth, double-masked clinical
trial. Bilateral defects were matched according
to their intrasurgical measurements. Qualifying
defects had loss of attachment of > or = 6 mm, a
radiographically detectable defect of > or = 4
mm, at least two remaining osseous walls, and
not primarily related to a furcation involvement.
During open flap debridement, the defects were
randomly assigned to receive either bovine de-
rived graft mixed with PRP (Smart PreP) or graft
alone. The mean baseline and 6-month PD,
CAL, and REC of the deepest buccal and lingual
measurements related to the defect for each
group were computed. At 6 months, comparisons
within groups showed statistically significant
benefits with both treatment modalities and a
significant differences between treatments for
PD and CAL. The addition of a high concentra-
tion of autologous platelets to a bovine derived
xenograft to treat infrabony defects significantly
improved their clinical periodontal response.
Wiltfang et al. (84) analysed 35 patients that un-
derwent floor augmentation of the maxillary si-
nus and were randomly assigned to -TCP (-
tricalcium phosphate) and PRP (Curasan kit) or
b-TCP alone. Hystomorphometric outcome
showed a positive effect of 9%.

Choukroun et al. (77) evaluated the potential of
PRF in combination with freeze-dried bone allo-
graft (FDBA) to enhance bone regeneration in
lateral sinus floor elevation. Nine sinus floor
augmentations were performed with 6 sinuses
receiving PRF + FDBA particles (test group) and
3 sinuses receiving FDBA without PRF (control
group). Histologic evaluations showed the pres-
ence of residual bone particles surrounded by
newly formed bone and connective tissue. The
use of PRF in combination with FDBA to per-
form sinus floor augmentation seemed to accel-
erate bone regeneration.

On 16 patients underwent bilateral sinus floor
augmentation after 4 months the PRP group
showed higher bone activities but a progressive




ORAL

IMPLANTOLOGY

panunuoo aq o}

Ogv+ddd+o8av agd
INVIdNI+O9 aulquioly] suinog
d¥d 40 sjoeye anlisod ou| yFdHd+ LNV I1dNI+OaVY Zl 1ad HANO| +IOBD+SOIUOAIBN 6l (ee) 90UL| G00C
"slejow paIy}
pajoedwi Ajdaap jo uonoelxs |eaibins Jaye ww ' =
Jejow puodas Je|ngipuew ay} Jo S}oajap |ejsip dYS <d¥d +d¥S 91vD ajeuoon|b wniojeos
jejuopouad jo uonelsuabal suoq Bunels|gooe ww G'¢ = +aulgoxoJieq -
pue Buidnpul ul pilea st poylew dd ddS <d¥d +ddS € dddd ans + wdioozl 81| ounjewwes| S00¢
Ww '} =
aoueolubls VH<ddd+VH 91VvO
jeakydelsboipel jou 1ng |eo1ulfo JO ale ww z'| = ajeulbje wnipos +
VH YIM pauIquIod dHd 40 si§auaq pappe ay | VH<ddd+VH Zl dddd agi| wdi 009g+wdig0te 0. (e EPMIO|  G00C
ww $8°0 =
auoe yeub jo osn ay; 0} Joadsal Jnsau XQ89<ddd+xag 9o auIqWIoIY |
[ealulo poob pajesisuowap s}osjep Auogeur Jo wwlo' = aulnog +|DeD+
juswijead) ay} 1o} XA9g O} ddd 0 uoljippe sy Xddg<ddd+Xxad 9 dddd agi ddddieus €l (cg) EYUBH|  ¥00¢C
ajejed pue di yajo uil Buiyeib suoq Jejoanje %/ L= an|6 uuqy u
40 sisouabos)so By} BoUBYUS PINOD d¥d 948V <ddd+98aVv 9-G agd HNO| BwWNY+O007+9091 Zl (06) ewehQ| 002
pajeiajaooe
jou sem 49 1-9 jo uonepeibap ay} inq %6~
JuSIXa |[ews e 0} pajoddns sem uonessusbal do1-9
auoq ‘d01-d 0} pappe sem ddd uaym <d¥d+dOL-9 9 sAH v43s I3 uesein)d GE| (e DUBAIM| €002
sinuopouad aianas WwygL-GL L=
yam sjuaijed uo spsyep Auogeiu Jo uognjosey|  dL9<ddd+¥19+XAd o1vo
[ed1uljo 8y} Bunowoud ul Y19 0} 108yd WWeE 1L-9¢°} =
aAljelausbal pappe ue apiroid XAg PUe dHd| ¥19<ddd+d19+Xag 9 ¥add asl ‘wrd'1 0095 8l| (o OPlEWED| 2002
|0J3U0D OU-paAowWal a1em syuedul
 "9)ed)lul (|90 AI0jeWIWE}IU] JO OUSPIAS
ou yum ‘sajoied ygQa4 punose uoiewloy| sisAjeue aanejuenb oN syue|dwi auIquioy}
auO0Qg pue plOS}SO JO Seale SnoJawnN dyd+vaa4d 4 sAH 9¢ + V43S snoBojoiny GL| (g SlOSSEM| 0002
‘uonelauabal auoq Japag "49Hd UIm
pajeal} jou seale ul ueyy Jayaq Apueoyiubis| sisAjeue anneyjuenb oN
pue 918|dWwod usaq sey uonezipyyds sy 0gv<494d+9av 4 sAH dsid [10BD + 9091 0z (9 BNNUY| 6661
95°0=
d¥id Inoym syesb auoq pip uey} Ajsusp auoq O8v<ddd +O8v INOY
Je[noaqeuy Jajealb pajesisuowsp 4yd o suesw %6 = aulqwioly] suinog
Aq pappe siojoe} ymolb yim syelb suog 9gv<did +99v 9 sAH HNO|  +IDeD+soluoley 88 (oo X{EN| 8661
suoIsnjouo) s Joyny s)nsay| syjuop ainses|\ juawjeal] spoyja\| sjuedidied| Joyjny jsii4| Jeaj

“(ANS) 10840p Jejow puooss [elsip ‘(vH) eledeixoipAy (dOL1-d) ereydsoydwniofeou-g ‘(xag) yeibousx peausp suinog ‘(ygad) yeiboje suoq peup-ez
-9al} ‘(yelb auoq snobojoine) Hgy (O7vD) ureb |aAa] Juswydeye [eoluld ‘(Hadd) A1enodas yidap 19x00d Buigold ‘(7gy) sso| auoq aiydesboipes) gy ‘(Hgy) wbiay auog jenp
-1saJ ‘(agy) Ausuep auoq oydesbolpes ‘(xapur Ayunyew yeub olydesboipel) |INY ‘(AnewoydiowoisAH) sAH ‘wswapligap dejy uado (g40) ‘Buiuueld 1004 Buleos (d4S) ‘(uonea
-9]@ J00J} SnuIS 8W0}09)S0 J4SOVg) ‘uonessuabal anssi) papinb (Y1) ‘sioajep uoneain; || 8aibap [eoong (a4) ‘s1oejep Auoq [ewixoidiaul (ag)) ‘uonejuswbne abpu Jo/pue
uonens|d snuis (y43S) ‘uoneasasaid 19003 juejdwi-ald (dSId) ‘(uononiisuodal [eioejojjixew pue [eio) YO "uoneodldde [eojuldo 44d pue ddd uo synsai paysiignd - | a|qeL

UEIREN

ORAL & Implantology - Anno VIII - N. 4/2015

right © 2016 CIC Edizioni Internazionali Unauthorized reproduction of this article is prohibited.

106




review

dn-mojjo}
sJeak ¢ utww 0'Z L Z'v Jo uieb ybiay auoq
3|ge)s e U] paynsal aAey sjuejdwi Joys pue

sJojoe} yimouB ul you ewseld Yum uoneloosse wwyg'9-2'g¢ = (yuejdwi
ur uofejusWBNE J00]} SNUIS JE|OBA[BSUBI | 0L1-44¥d<Zl1-44d Ge HaY vd3s 1910pUZ-49¥Hd| Hous Ly) 92 (16 EMUUY|  GLOT
Zle+uiquioly}
uofjewJo} auoq ay} dsealsoul Ued d¥d snouaBojne+
pue yeib suoq snobojojNE JO UORBUIUIOD VY|  %8Z2=0aV<dHd+D9V 9 asyd HINO| wdiQ0yz+wdi009s 0C (69 WM | €102
§'1=Q40<dtd+d 90 (uiquioay)
sa)Is jo Buijeay [njjuaAsun yym snobojoine+600t)
$}08)8p UOedIN JO JUBWIES.} 8Y) Ul dAROBYS 1 /'2=040<44d ddd
aJoM ‘d¥id 40 44d snobojone jo asn ay | Ww | =d¥d<4¥d 6 dadd a4 (600G) 44d| (seusgy) L€ e (BRG] €102
" €9'L-ct' L=
; J4¥d<44d+ss0O-olg 91vO
109)0p Bunowoid pue s|pAs| JusWydE)E [EDIUID
Buirosdwi ‘yidap 1ox00d Buionpas ul 434d Jo 22 1-960=
sjoaye ay) Juswbne o} Ajjige sy} sey ssQ-oig 4¥d<4¥d+ssO-olg 9 ¥ddd aal 60001 Ll (e 2MNOMOT| 2102
aNSsS[) 8UOq JO UOljeZIIB|NOSEA
ayy bunowoud pue uojew.o} suoq (epuojyo wniojeo)
mau Buiseasou ‘Aiabins Jaye uolewweul 2uU0q MBU %G~ @J01eAlo. 494 d
anssy Buronpau ul 8jos e Jussaid Aew 49¥d XAag<494d+Xdg S SAH vy3S| +@wsishs 494d S (ve) EMUUY|  2L0C
sjuaned yajo ul Bunjelb suoq JejodAje 1o} [nyasn
d¥d Uim gy Buijew ‘josuod ueyy Japaq yelb apuOoJyYd Wniofed
au} Jo Jybiay pue yipim oy} onsesald AewW dHd| %6~ dHd+99v<OaVY 4" gy dNO -60051+6008 0C| (g BMENNIBN|  L10OT
|0J3u02 oN ‘Buiuayybiy Juswinge Buunp
paijdde wo'N Gz Jo anb.o) e }sisal 0} Juslolns Wwe' -2 L= sjuedw
8¢ 0} puno} sem syjuow ¢-g jJo pouad BuliesH 01-44d<Zl1-44d 4" HEY| 6€ + 34S0vd wdi000g 0C g $S!d| 800C
"d¥d UNM UoleAS|D J0OJ) Snuls Jaye a)euoon|b wnojeos
BWN|OA BUOQ Ul JusWwsdueyud ON 9gv+ddd+90aVv 14 SAH V43S %01 +60062+60001 €9 (9g) JEBUOS| 800C
9gv+ddd+90av yA
syyuow aulquiolyy
/-9 uey} Jobuo| |eAlajul Ue Jo)je papiodal S| % L.~ snobojoine +
10810 d¥d 8y} o JuswysinBunxe saissaiboud v 98vV<ddd+98aVv 14 asyd vy3s| wdigoyy+wdiooz ) 9L| (g9 OlOSUOD| /00C
10949
49¥d Jo uonewisalepun ‘ajgissod jou sem vaa4d 8
syjuow 4 Jo awi Buieay e Jaye Buidwes auoq
‘dnoub jou00 By} U F4¥d+vaad 14 SAH vy3s wdiposz 6|, Unoninoyd| 9002

| @1q.L WoJj PENuUUOD

107

ORAL & Implantology - Anno VIII - N. 4/2015
Copyright © 2016 CIC Edizioni Internazionali Unauthorized reproduction of this article is prohib




review

108

ORAL
IMPLANTOLOGY

reduction of the effect was recorded after a time
of 6-7 months (85).

Schaaf et al. (86) showed no significant differ-
ences in bone volume and implant failure using
autologous bone graft alone or in combination
with PRP in 34 sinus floor augmentation (92).
The aim of this prospective study was to docu-
ment, radiographically, changes in the apical
bone levels on microthreaded implants placed in
subsinus residual bone height, according to a
bone-added osteotome sinus floor elevation
technique with platelet-rich fibrin (PRF) as
grafting material.

Diss et al. (87) placed implants on 20 patients
using PRF as grafting material in the bone-added
osteotome sinus floor elevation technique. The
survival rate at abutment tightening (6 to 12
weeks of healing) and at 1 year was calculated.
At 1 year, all implants were clinically stable and
the definitive prostheses were in function, re-
sulting in a survival rate of 97.1%, a healing pe-
riod of 2-3 months was found to be sufficient to
resist a torque of 25 N.cm applied during abut-
ment tightening. At 1 year, formation of a new
recognizable bone structure delimiting the sinus
floor was identified radiologically and led to a
predictable implant function.

In 2012 Marukawa et al. (88) have evaluated the
effectiveness of platelet-rich plasma (PRP) on
the regeneration of autogenous cancellous bone
and marrow grafted in the alveolar cleft on 14
patients. The bone graft mixed with PRP was
packed into the alveolar cleft and postoperative
bone density was assessed in a qualitative analy-
sis. Quantitative evaluation of regenerated bone
was made with computed tomography and
panoramic radiographs at 1 month, 6 months and
1 year after surgery. Satisfactory bone bridging
formation was observed in all patients without
any complications. The added PRP to autoge-
nous cancellous bone grafting reduced the re-
sorption of regenerated bone postoperatively.
More matured bone was formed when PRP was
used with autogenous bone graft on ten patients
who need reconstruction in the oral and maxillo-
facial region, the regenerated bone showed an
opacity close to native bone and the compact
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bone was clearly differentiated from cancellous
bone after six months. The bone density was
measured in terms of Hounsfield Units (89).
Other publications in the oral and maxillofacial
surgery confirm the ability of PRP to promote
bone healing (90-97).

O Conclusions

The totality of the above studies emphasizes the
importance of growth factors contained in the var-
ious extracts of blood centrifuged. In fact, various
experiments have researched the amount of
growth factors most representative in the various
separation products (78, 98).

Autologous platelet rich plasma is a safe and low
cost procedure to deliver growth factors for bone
and soft tissue healing. The guiding concept is the
assumption that greatly increasing the concentra-
tion of growth factors in a wound the bone regen-
erative response will be better and faster (99). An-
other feature of the PRP-enhanced graft is its high
content of fibrinogen (fibrin glue) that enhanced
wound stability and promotes a favorable scaffold
for cellular migration (53).

An important role is played by the type of poly-
merization of fibrinogen into fibrin, dictated by
the concentration of thrombin. The fibrin can have
two different geometries of polymerization: a
tetramolecular given by high concentrations of
thrombin, and another trimolecular triggered by
minimum quota of thrombin. The first form is pre-
sented as a network dense and thickened, with
higher mechanical properties, this represents an
impediment to the migration of cytokines. In fact
in the second mode of polymerization, the net-
work is more flexible and the mobility of cy-
tokines results to be higher.

The great heterogeneity of clinical outcomes can
be explained by the different PRP products with
qualitative and quantitative difference among sub-
stance. PRP activation is another source of vari-
ability, some Authors not activate platelets, and
others use autologous thrombin and calcium chlo-
ride and other methods (100). If platelets become
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activated by the preparation before a final cen- 9. Klinger MH, Jelkmann W. Role of blood platelets in in-

trifugation step, growth factors may be lost with fection and inflammation. J Interferon Cytokine Res.

the discarded supernatant. Knowledge of growth 2002;22(9):913-22. .

factors levels in PRP or PRF samples is necessa 10. Rhee JS, Black M, Schubert U, Fischer S, Morgenstern
e pres ty E, Hammes HP, Preissner KT. The functional role of

to ensure reliability and reproducibility to the use

) ) ; blood platelet components in angiogenesis. Thromb
of PRP in oral surgery, since the regenerative po-
tential depends on growth factor levels (90). 11.
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