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Abstract: The development of bioactive surgical additives to regulate the inflammation and increase the speed
of healing rocess is one of the great challenges in clinical research. Platelets are known to release several
growth factors which stimulate tissue regeneration. Several techniques of platelet concentrates have been
introduced in surgical field for the prevention of hemorrhage and acceleration of tissue regeneration. This
review article focuses on the development of various platelet concentrates, their fabrication procedure,
advantages and disadvantages for use in regenerative surgery and healing process.
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. Introduction

The main goal of the modern surgery is to get a higher rate of clinical healing with least invasiveness
procedures. In the last years, the concept of regenerative surgery has been introduced.!! Regeneration is the
reconstitution of both hard and soft tissues in structure and function. Regeneration requires an orchestrated
sequence of biologic events, such as cell migration, adherence, growth and differentiation to have a potential to
increase the success and predictability of regenerative procedures.! Platelets play a crucial role in hemostasis
and wound healing as they are rich source of growth factors.! Growth factors are proteins which regulate in the
complex processes of wound healing. They play a main role on cell migration, cell proliferation and
angiogenesis in tissue regeneration phase. These growth factors are mainly located in blood plasma and
platelets. So, platelet aggregates have been widely used to accelerate tissue regeneration and repair in dental and
medical fields.™

Growth factors in healing process:

During wound healing, platelets are among the first cells to respond at a wound site, being critical to
the initiation of this process. Besides their procoagulant effects, platelets form a rich source of important growth
factors.l®! Platelets essentially contain two types of granules — the alpha granules and the dense bodies. The
alpha granules contain fibrinogen, fibronectin, factor V and von wollebrand’s factor, platelet derived growth
factor (PGDF), transforming growth factor-B (TGF-b), fibroblast growth factor, insulin like growth factor (IGF-
I and IGF-I1), vascular endothelial growth factor (VEGF). The dense bodies contain ADP, ATP, ionised calcium
histamine, serotonin and adrenaline.!

Signalling molecules of importance during bone healing can be categorized into three groups: (i) the
pro-inflammatory cytokines (interleukin-1, interleukin-6 and tumor necrosis factor-a), (ii) the transforming
growth factor-b superfamily (bone morphogenetic proteins and transforming growth factor-b) and other growth
factors (platelet-derived growth factor, fibroblast growth factor and insulinlike growth factors | and Il) and (iii)
the angiogenic factors [vascular endothelial growth factor, angiopoietins 1 and 2 and matrix metalloproteinases
(that degrade bone and cartilage and enable vessel invasion)].[” The production and the action of these signaling
molecules are summarized in table 1.

Table 1: The production and the action of signaling molecules

Factors Produced by Action
Cytokines Macrophages and Exert  chemotactic  activity on
Mesenchymal cells inflammatory cells, enhance cellular

matrix ~ synthesis and  stimulate
angiogenesis.["®!

Transforming growth Osteablasts Stimulates the expression of bone
factor-b matrix proteins® and suppresses the
degrading  activity of  matrix
metalloproteinases and other

enzymes.[”

Also induces the differentiation or
proliferation of osteoblastic cells while
inhibiting the formation of osteoclast
precursors and, in greater
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exert an
mature

concentrations,  may
inhibitory  effect on
osteoclasts.!

Platelet-derived growth
factor

Platelets,
macrophages,
cells and osteoblasts.

monocytes,

endothelial
[12]

Potent mitogen for mesenchymal cells,
powerful ~chemotactic agent for
inflammatory cells and a stimulus for
osteoblasts and macrophages.**!

Fibroblast growth factor | Monocytes, macrophages, | Chondrogenesis and bone resorption.
mesenchymal cells,
chondrocytes and
osteoblasts
Insulin-like growth Bone matrix, endothelial | Bone matrix formation and in the later
factor cells, osteoblasts and | stages of endochondral  bone
chondrocytes. [t formation.
Matrix Macrophages, smooth | Degrade cartilage and bone. This
metalloproteinases muscle cells and | allows angiogenic factors to regulate
osteoblasts vessel ingrowth by either the vascular
endothelial growth factor-dependent
pathway or the angiopoietin-dependent
pathway.!*"!
Vascular endothelial | Macrophages, smooth | Induces the migration and proliferation
growth factor muscle cells and | of endothelial cells by the use of

osteoblasts transmembrane  adhesion  proteins
(intergrins)™*®, also induces relaxation
in the cell-to-cell contact of
endothelial  cells,  resulting in

hyperpermeability of blood vessels.

Platelet rich plasma (prp) and platelet rich in growth factor (prgf):
These are first generation platelet concentrates.
Prp - PRP was introduced by Marx.!”}

Platelet-rich plasma (PRP) is defined as a high concentration of autologous platelets in a small volume
of autologous plasma.l*®**®! Specifically, PRP is a platelet concentration with at least 1,000,000/1 L in a 5 mL
volume of plasma, when normal human platelet counts in the blood range from 150,000/1 L to 350,000/1 L. The
platelets contained in this concentrate of autologous plasma release their alpha granules after the coagulation
process has been locally trigged in the wound site. Recently, PRP has become a valuable adjunct to promote
healing in many procedures in dental and oral surgery. They include: ablative surgical procedures, mandibular
reconstruction and surgical repair of the alveolar cleft, treatment of infrabony periodontal defects and
periodontal plastic surgery, as well as procedures relating to the placement of osseointegrated implants. In such
procedures, the adhesive nature of PRP facilitates the easier handling of graft material, with more predictable
flap adaptation and hemostasis, and a more predictable seal than is the case with primary closure alone.[?%?"!

Preparation: To concentrate platelets from autologous blood, a double centrifugation technique is
required. The first spin (called the hard spin) separates the red blood cells from the plasma that contains the
platelets, the white blood cells, and the clotting factors. The second spin (called the soft spin) delicately
separates the platelets and white blood cells together with a few red blood cells from the plasma. This soft spin
produces the PRP and separates it from the platelet-poor plasma (PPP) free from the interference associated with
large numbers of red blood cells.!*8

Mode of action: Activating platelets through the clot for- mation initiates the secretion of their growth
factors. Within 10 minutes, they secrete 70% of their stored growth factors and close to 100% within the first
hour.”®! However, complete release of growth factors takes about a week. PRP enhances osteogenesis by
inducing and stimulating cells such as osteoblasts, whether derived from the local defect site or from autologous
graft tissue. These cells are essential for PRP to enhance bony wound healing. PRP on its own is likely to only
be osteoconductive at very best. This highlights the importance of mixing PRP with autogenous bone rather than
bone substitutes.’?®! Furthermore, PRP in its gel form also pro- vides a scaffold for incoming cells and growth
factors, allowing the local physiological mechanism to take over but in an accelerated fashion.

Disadvantages: The first disadvantage of PRP is the variable preparation quality of the technique-
sensitive preparation method. The second disadvantage is the time-consuming nature of the PRP preparation
method, which usually requires at least 30 min. These disadvantages may be stressful for some clinicians. The
third disadvantage is the continued use of bovine thrombin for clotting the liquid preparation of PRP. 2%

Prgf: To overcome these drawbacks, Anitua developed plasma rich in growth factors (PRGF) by
modifying the procedure of PRP preparation.®? It simplified the preparation protocol and replaced animal-
derived thrombin with calcium for clotting.
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Preparation: Blood sample is obtained from basilic vein using a large needle to avoid platelet rupture.
Sampled blood is combined with anticoagulant and centrifuged. After the centrifugation, PRGF is taken from
the bottom of the tube. Calcium Chloride is then added to PRGF. This action promotes the coagulation, usually
obtained within at most 10 minutes. At the end of the procedure, we obtain a gelatinous PRGF, to be
immediately placed in the surgical site.**!

Disadvantage: It needs a chemical additive as calcium chloride to make gel condition.

I1.  Platelet rich fibrin (prf), concentrated growth factor (cgf) and sticky bone:

These are second generation platelet aggregates.

Prf: It was first developed by Choukroun in france in 2001. PRF consists of an autologous leukocyte-
platelet-rich fibrin matrix®***, composed of a tetra molecular structure, with cytokines, platelets, cytokines, and
stem cells within it which acts as a biodegradable scaffold®™® that favors the development of
microvascularization and is able to guide epithelial cell migration to its surface.*”*% Also, PRF may serve as a
vehicle in carrying cells involved in tissue regeneration and seems to have a sustained release of growth factors
in a period between 1 and 4 weeks, stimulating the environment for wound healing in a significant amount of
time.l*! It has a complex architecture of strong fibrin matrix with favorable mechanical properties and is slowly
remodeled, similar to blood clot. "

Preparation: PRF protocol requires only centrifuged blood without any addition of anticoagulant and
bovine thrombin.**! A blood sample is taken without anticoagulant in 10-mL tubes in a glass or glass-coated
plastic tube, then immediately centrifuged at 3,000 rpm for 10 minutes.**4142
The resultant product consists of the following three layers:

e Top-most layer consisting of a cellular plasma.
e PRF clot in the middle.
e Red corpuscle base at the bottom.

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

Mode of action: At the beginning, fibrinogen is concentrated in the upper part of the tube before the
proper thrombin transforms it into fibrin.*” Due to the lack of an anticoagulant, blood begins to coagulate as
soon as it comes in contact with the glass surface. The contact with a silica surface is required to activate the
clot polymerization process.[*! In this sense, PRF may be obtained only in dry glass tubes or glass-coated plastic
tubes. Moreover, the silica particles do not represent a risk of cytotoxicity compared with, for example, the
bovine thrombin used for PRP preparation.”*? Finally, platelets seem to be trapped massively in the fibrin
meshes. In surgical procedures, PRF could serve as a resorbable membrane for guided bone regeneration
(GBR)™®, preventing the migration of non-desirable cells into bone defect and providing a space that allows the
immigration of osteogenic and angiogenic cells and permits the underlying blood clot to mineralize.
However, a normal PRF membrane has rapid degradability (1-2 weeks), but if fibers are cross-linked, it could
provide resistance against enzymatic degradation and could be more stable during the healing time.[*”

Precaution: For successful preparation of PRF, speedy blood collection and immediate centrifugation
before the initiation clotting cascade is absolutely essential.[*®) Quick handling is the key to achieve a clinically
usable PRF clot.

Advantages: Its preparation is a simplified and efficient technique, with centrifugation in a single step,
free and openly accessible for all clinicians.®**!

e [t is obtained by autologous blood sample.ml

e Minimized blood manipulation.[so]

e It does not require the addition of external thrombin because [polymerization is a completely natural process,
without any risk of suffering from an immunological reaction.***"!

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

e It can be used solely or in combination with bone grafts, depending on the purpose. 154

e Increases the healing rate of the grafted bone.%%!

e It is an economical and quick option compared with recombinant growth factors when used in conjunction
with bone grafts.

e Used as a membrane, it avoids a donor site surgical procedure and results in a reduction in patient discomfort
during the early wound-healing period.’%

o The studies of PRF 9]]:>resent it to be more efficient and with less controversies on its final clinical results when
compared to PRP.[*
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Cof: It was introduced by Sacco in 2006. It is essentially an upgraded version of PRF with a
strengthened fibrin matrix and boosted growth factors and cytokines. CGF technology has an interesting
characteristic ; i.e. the easy and speedy one-step preparation of larger, denser and richer growth factors fibrin
matrix than the other solid PRPs. There is a presence of fibrin network constituted by thin and thick fibrillar
elements with multiple elements trapped among the fibrin network. CGF seems to possess a good regenerative
capacity and versatility. For example, it has been reported that CGF has a positive effect for the following: sinus
and alveolar ridge augmentation®®"; pre-implant augmentation procedures®; promotion of in vitro proliferation,
osteogenic maturation and mineralization of mesenchymal stem cells and healing of critical-size bone defects in
vivo[s?si3 ]promotion of in vitro periodontal ligament stem cells proliferation®®”, management of chronic venous
ulcers™™.

Preparation of CGF and Sticky Bonel®”:

CGF membrane and autologous fibrin glue (AFG) to make sticky bone is prepared at the same time.
Before ridge and/or sinus augmentation surgery is performed, 20-60CC of patient’s venous blood is taken from
patients’ vein in patient’s forearm, and the blood is divided to one to two non-coated vacutainers to obtain
autologous fibrin glue (AFG), which will make sticky bone and two to seven glass coated test tubes without
anticoagulants to obtain CGF layer. The blood in the test tubes is centrifuged at 2400-2700 rpm using specific
centrifuge (Medifuge, Sil-fradent srl, Sofia, Italy or any other compatible devices) with a rotor turning at
alternated and controlled speed for 12 minutes. The centrifugation time for AFG varies from 2-12 minutes. To
get higher growth factors, the centrifuge is stopped after 2 minute-centrifugation and take AFG tube out of the
centrifuge first. The non-coated tube shows 2 different layers. The upper layer is autologous fibrin glue (AFG)
layer and red blood cell is collected in bottom layer which will be is discarded. The vacant slot is filled with
water filled test tube for weight balance and continued centrifugation to prepare CGF. After centrifugation, silica
coated tube shows three different layers.

The most upper layer is platelet poor plasma, and the middle layer is fibrin buffy coat layer represented
by a very large and dense polymerised fibrin block containing the concentrated growth factors. The bottom layer
is red blood cell layer. CGF is taken in test tube and placed in the metal storage box and compress with metal
cover to convert to CGF membrane. The upper AFG is obtained with syringe and mixed with particulate bone
powder and allows for 5-10 minutes for polymerization in order to produce sticky bone which is yellow colored.
For acceleration of polymerization of AFG, exudate taken in the bottom of metal storage box after compression
of CGF layer is added when AFG and particulate bone graft is mixed. The exudate contains growth factors and
autologous thrombin in RBC layer, therefore auto-polymerization will be completed very rapidly. The sticky
bone mixed with autologous thrombin in RBC layer shows red in color. This sticky bone doesn’t migrate even
shaking it thanks to strongly inter-linked fibrin network, so the bone loss on the defect during healing period is
minimized without use of bone tack or titanium mesh.

Advantages of CGF: It shows better regenerative capacity and higher versatility. The resulting fibrin
clot/block is of a higher quality due to the concentration of fibrinogen, factor X111 and thrombin that is obtained.
Factor Xllla, which is activated by thrombin, cross links the fibrin clot to increase stability, strength and
protection against plasmin mediated degradation. Clinically, this translates to a clot with higher tensile strength
(1.5 kg after 1 hour vs 500 gm), adhesive strength, and decrease in haemostatic time (105 secs vs 360 secs).
Besides the tensile fibrin mem- brane, a red phase of concentrated red blood cells and platelets is also obtained.
This is often mixed with either autogenous or other fillers for a more easy to handle and voluminous cavity
filling method.!*”

Advantages of Sticky Bone: It is moldable, so well adapted over various shapes of bony defect. Micro
and macro movement of grafted bone is prevented, so the volume of bone augmentation is maintained during
healing period, therefore the need for block bone and titanium mesh is minimized. Fibrin network entraps
platelets and leukocytes to release growth factors, so bone regeneration and soft tissue regeneration is
accelerated. No biochemical additives are needed to make sticky bone. Fibrin interconnection also minimizes
soft tissue ingrowth into sticky bone graft.>

Comparison of amount of growth factors among different platelet concentrates®!:

Growth Platelet Concentrates
Factors
CGF PRF PRP PRGF

TGF-bl Highest Highest Less than CGF and | Least
PRF

PGDF-BB Highest Highest Less than CGF and | Least
PRF

VEGF Highest Highest Less than CGF and | Least
PRF
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Note:
Amount of growth factors and angiogenic potency: CGF/PRF> PRP/PRGF
Potency for proliferation of cells: PRP/PRGF> CGF/PRF

I11.  Applications
These platelet aggregates have applications in many fields:

1. Oral and maxillofacial surgery — Includes ablative surgical procedures, mandibular reconstruction,
surgical repair of alveolar cleft, treatment of infrabony periodontal defects and periodontal plastic
surgery, as well as procedures related to the placement of osseointegrated implants.

Bone reconstruction

Tissue engineering

Cosmetic and dental implant surgery
Sports medicine

Dermatology

S~ ®N

IV.  Discussion

Growth factors play a major role to repair or generate damaged tissue. Platelets are known to release
high quantities of growth factors.[®? Several techniques to collect platelet aggregate have been utilized to
accelerate tissue healing in dental and medical field.*%® PRP as platelet aggregates was first introduced by
Marx et al. PRP has widely been used in the dental field such as sinus augmentation, ridge augmentation,
periodontal regeneration and soft tissue healing. PRP and PRGF extract platelet concentrates use pipetting after
centrifugation of venous blood in the dental office. The procedure has the possibility of technical error to extract
proper platelet concentrates. They use only 10% of acquired blood. PRF and CGF overcome these disadvantages
of PRP and PRGF. Unlike PRP and PRGF; PRF and CGF do not require any chemical and biochemical
additives such as bovine thrombin and calcium chloride, to make gel condition. So they are free from risk of
cross contamination.’®”! They use 30-40% of the patient’s blood. CGF is known to have higher tensile strength,
higher growth factors and higher viscosity than PRF, so compressed CGF can be used as barrier membrane with
growth factors as an alternative to collagen membrane. This barrier induces faster bone formation and soft tissue
healing. Atrophic alveolar ridge is a challenging site to place implant. Guided bone regeneration (GBR) using
bone graft and barrier membrane is well established technique for augmentation of alveolar ridges.’®®”® For
successful GBR; stability of bone graft, space maintenance, angiogenesis and tension free primary suture are
essential."®™ Space maintenance with particulate bone graft should be provided during healing period.
However, particulate bone graft is easily migrated when grafted on the large horizontal/vertical bone defect. To
reconstruct large one or two wall bony defect or for the three dimensional ridge augmentation, bone tack or
collagen membrane or titanium mesh is required to contain particulate bone graft during healing but these
procedures are surgically time consuming and technique sensitive. As an alternative to titanium mesh or block
bone procedure, sticky bone was introduced in 2010. It is basically a solidified bone graft which is entrapped in
fibrin network. It does not scatter even upon being shaken with cotton pliers because particulate bone powders
are strongly interconnected with each other by fibrin network.
These platelet concentrates has shown promising results and have been developed with an idea to combine the
fibrin sealant properties with the growth factors in platelets thereby providing an ideal base for wound healing
and regeneration of tissues.

V.  Conclusion
PRF, CGF and sticky bone are easy to make and they are very effective materials for reconstruction of
edentulous alveolar bone defect. CGF is effective to regenerate bone formation associated with GBR and GTR
procedure. CGF preparations would not only function as scaffolding material but also as a reservoir to deliver
certain growth factors at the site of application. Second generation platelet concentrates are more potently
capable of inducing angiogenesis and subsequent wound healing/ tissue regeneration than first generation
platelet concentrates.
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