
Introduction: 

Periodontal repair and regeneration is the ultimate goal in 
treatment of periodontal defects. Various biomaterials, natural 
as well as synthetic have been tried since many years to 
accelerate wound healing of both soft and hard tissue. 
Naturally occurring materials also known as “autologous 
biomaterials” are present in the body and provides signals for 
repair, regeneration and healing. Similarly, synthetically 
generated alloplastic materials have also shown promising 
result in many fields of regenerative dentistry but the 
drawback is that they may exhibit foreign body reaction. One 
of greatest disadvantage of synthetic materials considered for 
regeneration is that most of them are avascular in nature, to 
improve the acceptance the concentration of autologous 
biomaterials is increased to the wound site for enhancing 
healing. Two important autologous biomaterials, platelets and 
fibrin are believed to play important role in promoting the 
healing of wound and regeneration.  Platelet concentrates the 
concept was first started in the field of hematology. In 1970s 
the term PRP was coined to describe plasma with a platelet 
count many folds above that of peripheral blood count, which 
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Abstract:

Platelet concentratesare the derivatives of blood which helps in haemostasis and wound healing after periodontal regenerative procedures and are 

enriched with growth factors are well-known to boost the healing process and have started to be in trend and utilized clinically in periodontal surgical 

procedures. These are prepared from the patient's own blood throughout which the activated platelets become close and form a fibrin matrix scaffold 

that releases growth factors and cytokines which plays a key role in tissue regeneration; including cell proliferation and differentiation, extracellular 

matrix synthesis, chemotaxis and angiogenesis. Its autologous nature provides an advantage to the patients as it reduces treatment cost and 

minimizes the risk of cross-infection. Despite its exclusive application in promoting healing, there is data paucity on the role of platelet concentrates on 

bone regeneration. Therefore, this review aims to explore the potential bone regenerative effect of platelet concentrates that would be beneficial as one 

of the alternative options in periodontal regenerative procedures. Even though the application of platelet concentrates has shown promising outcomes, 

there is a need for further studies to discover the potential of platelet concentrates in bone regeneration.

This review highlights various types of platelet concentrates, and their clinical applications within the treatment of periodontal diseases.
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was earlier used to treat patients with thrombocytopenia by 
transfusion products. Later in same era Fibrin glue was made 
by polymerizing fibrinogen with thrombin and calcium. Fibrin 
sealants are human plasma derivatives that mimic the final 
stages of blood coagulation, forming a fibrin clot. In 1986 
Knighton et al18was the first to demonstrate that platelet 
concentrate successfully promote healing and termed it as 
“Platelet Derived Wound Healing Factors (PDWHF), which 
were successfully used initially for the treatment of ulcers of 
skin.
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Platelets:

Evolution of platelet concentrates:

Platelets are small irregularly shaped cells derived from the 

precursor megakaryocytes. They are approximately 2–3 ìm 

in diameter, and consists of the granules, few mitochondria, 

and prominent membrane structures. The canalicular system 

and a well stacked tubular system on the cell surface helps in 

expulsion of growth factors upon platelet activation.3 The 

substances located in the ágranules, dense granules, and 

lysosomes of platelets modulate its activation. The most 

abundant ones are á-granules that contains many bioactive 

mediators. During tissue injury, the platelets get activated and 

release wound healing factors like platelet derived growth 

factor (PDGF), vascular endothelial growth factor (VEGF), 

transforming growth factor (TGF) and epidermal growth 

factor (EGF).1,2 As the platelets contain biologically active 

proteins, they create a chemotactic gradient for recruitment of 

stem cells which undergoes the differentiation and promote 

healing by regeneration.

In 1954, Kingsley[3] was the first to use the term Platelet rich 

plasma(PRP) to earmark thrombocyte concentrate during 

experiments related to blood coagulation.

The first platelet product used as a surgical adjuvant was the 

“Fibrin glue” by Matras4 in 1970, which improved skin 

wound healing in rat models. The regenerative potential of 

platelets was initially introduced in 1974 by Ross et al[5] and 

in 1986, Knighton et al[6], termed platelet concentrates as 

“platelet derived wound healing factors” as they promoted 

healing when used for the treatment of the skin ulcers.

7In 1998, Marx et al  introduced the first generation of platelet 

concentrates known as platelet rich plasma (PRP) and in 

2000, Choukroun et al 8introduced the “second generation” 

platelet concentrate known as platelet rich fibrin (PRF). 
 Bielecki et al[9] and Cieslik-Bielecka et al 10 defined PRP as 

an inactive substance and Platelet Rich Gel (PRG) as a 

biologically activated fibrin matrix in 2006. The concept of 

concentrated growth factors (CGF) was introduced by Sacco 

in 2006[11]. The first classification on platelet concentrates 

was proposed by Dohan Ehrenfest et al [12] in 2009 and was 

based on the two  key parameters which  is the presence of cell 

content (mostly leukocytes) and the fibrin architecture. This 

classification included: Pure platelet-rich plasma(P-PRP) or 

leukocyte-poor platelet rich plasma, Leukocyte and platelet-

rich plasma (LPRP), Pure PRF (P-PRF) or leukocyte-poor 

PRF and Leukocyte and platelet-rich fibrin (L-PRF). Sohn 
 [introduced the concept of sticky bone in 2010 13]. Recently, 

certain modifications of platelet rich fibrin were introduced. 

These were the advanced platelet rich fibrin (A-PRF) 

introduced by Choukroun[14] in 2014, Titanium prepared 
 platelet rich fibrin (T-PRF) by Tunali et al[15] and injectable 

 PRF (i-PRF) by Mourão et al [16 ]in 2015.

1. Platelet rich plasma (PPP) – first generation platelet 
concentrates

PRP is the terminal   stage   of   coagulation cascade, that is 
fibrin clot formation. The release of growth factors through 
the á granules increases early   wound   strength   by   cell   
proliferation   and angiogenesis. It promotes collagen 
synthesis and angiogenes is leading to increased early wound 
strength. It is proven that PRP “jumps tarts” the regenerative 
cascade after trauma leading to quality tissue healing and 
patient care. PRP is a simple strategy to concentrate platelets 
or enrichment of the natural blood clot that forms in normal 
surgical wounds for accelerated complete healing. A natural 
bloodclot contains 95% red blood cells (RBCs), 5% platelets 
and 1% white blood cells (WBCs)and many ?brin strands. A 
PRP blood clot is composed of 4% RBCs, 95% platelets, and 
1% WBCs. The speci?c components of PRPare: platele 
tderived growth factor (PDGF), transforming growth factors 
(TGFs). Both of the searecontained inthealpha-granules of 
platelets i.e. fibronect in and vitronectin.

5 ml of blood is withdrawn from the ante cubital fossa and 
then centrifuged in the centrifugation machine (Figure 1(a) 
and (b)). Generally, PRP is developed via a two-step 
centrifugation preparation of anticoagulated blood sample. In 
the first step (Soft Spin) of centrifugation (300g for 5 min at 
12°C or 240g for 8 min at 16°C), three layers are 
distinguished: platelet poor plasma (PPP) plasma on top, 
buffy coat (BC) middle layer that contains platelets and 
leukocyte and red blood cells (RBCs) on the bottom. For 
production of Pure PRP (P-PRP), PPP and superficial BC are 
transferred to another tube, then centrifuged for a second time 
(Hard Spin) to make sure proper plasma separation (700g for 
17 min at 12°C), most of the PPP layer is threw away. The final 
P-PRP concentrate comprised of an undetermined section of 
BC (containing a large number of platelets) put up in some 
fibrin-rich plasma. For production of Leukocyte-rich PRP (L-
PRP), PPP, the whole BC layer and some residual RBCs are 
shifted to another tube. After hard spin centrifugation, the PPP 
is threw away. The final L-PRP made up of the entire BC, 
which comprises most of the platelets and leukocytes, and 
residual RBCs put up in some fibrin-rich plasma [17].

Generations of Platelet Concentrates and their 
clinical application for periodontal regeneration:

Procurementofprp:
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Figure 1(a) - Centrifuge Machine

Figure 1(b) - Drawing blood from ante-cubetal fossa

During a bone grafting procedure, platelets become entrapped 
in a graft clot and degranulate within hours, releasing PDGF 
and TGF-â.PDG Fbinds with endothelial cells to initiate 
capillary ingrowth, and TGF-â binds to osteoblasts and 
stemcells to mitosis and to stimulate osteoid production. 
Initially, macrophages are attracted tothe graft site with the 
help of an oxygen gradient of 30-40 mm Hg. These 
macrophages then drive the remaining  bone regeneration and 
healing process. Bone regeneration is extended by two 
mechanisms. The ? rst mechanism is the stem cell increase in 
to osteoblasts, which can then produce TGF-â. The second 
mechanism for bone regeneration extension is from 
macrophage replacement of platelets. By day 14, complete 
vascularization of the graft is seen. Stem cells have 
differentiated into osteoblasts and osteoid is being laid down.

Early bone formation is occurring at 4-6weeks leads to woven 
bone is formed. During phase two modeling, lamellar bone is 
formed, representing a more organized bone, which in turn 
matures via functional loading with stresses placed on it. 
Through the application of PRP in the bone graft wound site, a 
substantial increase in the platelet count is offered. This 
increases the availability for platelets to create the 
cascadesystem via PDGF and TGF-â. The average  platelet  
count in an individual's blood is between 111,000 and 
523,000. By concentrating the platelets to PRP, the average 
platelet count increases to arrange of 595,000-11000,000, 
with an average increase of 33.8%. Platelets, which are in the 
graft site for <5 days, allow the body to effciently begin 

acascade of reactions using growth factors. It can be 
considered that PRP jump-starts the casc ade of regenerative 
events leading to the formation of a mature graft site.[18]

Roleofprpin  Periodontal  Regeneration:

In a systematic review and meta-analysis conducted by 
Rosello et al[19] in 2015to assess the influence of platelet-
richplasma (PRP) onthe regeneration of periodontal 
intrabony defects by means of evaluating clinical and 
radiographic outcomes in prospective humanclinical trials. It 
was concluded that PRP might offer some beneficial effects 
on clinical and radiographic out comes for regeneration of 
periodontal intrabony defects

Shukla et al[20] in 2016 conducted a study to clinically and 
radiographically evaluate the use of calcium hosphosilicate 
(CPS) puttyaloneandin combination with PRP in the 
treatment of periodontal intrabony defects. Twenty patients 
each with at least two defect slocated in different quadrants 
were enrolled. It was concluded that addition of PRP to CPS 
putty does not seem to provide any additive benefit to 
treatment.

1. Platelet Rich Fibrin (PRF)- Platelet Rich Fibrin (PRF) is 
a second-generation platelet concentrate widely used to 
accelerate soft and hard tissue healing and is a strictly 
autologous fibrin matrix containing a large quantity of platelet 
and leukocyte cytokines. PRF was developed in France by 
Choukroun et al. in 2001, it is a second-generation platelet 
derivative because, unlike other platelet concentrates like 
PRP, this technique does not require anticoagulantsn or 
bovine thrombinoranyo the rjellifying agent.[21]

The  ideal  technique  for  PRF  preparation  was  first put  
forward  by  Choukroun  et  al.  5-ml of venous blood is 
collected in two separate 6-ml    tubes    that    are    not    
coated    with    an anticoagulant   and  centrifuged  at  3000  
rpm  at  400 g for a period of 12 mins. The  end  product  
consists  of  3  layers:  cellular  PPP as  the  topmost  layer,  
middle  layer  of  PRF  clot  and bottom layer of red blood 
cells. The  main  setback  of  this  technique  involves  rapid 
coagulation  of  blood  initiated  on  contact  with  the wall  of  
the  test  tube. Therefore, it  is  important  to  speed up  the  
centrifugation  process  giving  less  working time  for  the  
clinician.  It  can  also  be  used as  a membrane  by  squeezing  
out  fluids  present  in  the fibrin clot. [21] (Figure 2)

Figure 2 – Platelet rich Fibrin

.

Procurement of PRF:
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Clinical implications of PRF:

3.  Advanced Platelet Rich Fibrin (A-PRF)

1. PRF and PRF membrane have been use dincombination 
with bone graftstohasten the healing in lateral sinus floor 
elevation procedures (Choukran 2006).[21] 

2.Protectionandstabilizationofgraftmaterialsduringridgeaug
mentationprocedures.[22] 

233. Socket preservation after tooth extraction or avulsion.

4. PRF enhances palatal wound healing after free gingival 
graft.

5. Filling of cystic cavity.

6. PRF promotes dentinogenes is by stimulating cell 
proliferation and differentiation  of Dental Pulp 

.Cells [24]

A systematic review and meta-analysis considering four 
clinical trials to evaluate the additive effect of PRF in 
treatment of intra bony defects when used along with 
otherregenerative procedures in terms of clinical and 
radiological outcome was proposed by Saurav Pand, Sankari 
M, VargheseS (2013).[25] It was concluded that PRF 
canimprove to be effective as a sole regenerative material for 
treatment of intrabony defect sincombinationto pen flap 
debridement. Zeba et al[26] in 2016 conducted a study to 
evaluate clinically and radiographically theefficacy of 
platelet rich fibrin versus â-tricalcium phosphate (â-TCP) in 
the treatment ofgrade II mandibular furcation defects. 45 
grade II furcation defects in mandibular molarswere assigned 
to open flap debridement with PRF group I, OFD with â-TCP 
group II andtoOFD alone ingroupIII. Rehan et al in 2018 
aimed to evaluate the effectiveness of coronally advanced flap 
(CAF)with either PRF membrane or bioresorbable amniotic 
membrane (AM) in treatment oflocalized gingival recession 
defects. Sixteen healthy adult patients presenting with Miller 
Class I recession defects were treated surgically with CAF 
along with AM (Group I) or PRF (Group II) for coverage of 
the recession defects. It was concluded that both CAF +PRF 
and CAF + AM are equally effective in providing clinically 
significant outcomes with respect to root coverage with AM 
showing the better percentage of root coverage ascompared to 
PRF.

A-PRF is a modified form of pure platelet rich fibrin obtained 

by decreasing the rpm and increasing the centrifugation time 

that is 1300 rpm for 14 minutes (Figure 3a,3b). The resultant 

clot has an increased number of neutrophils and macrophages. 

Also  it  permits  cell  migration  into  the  defected  area but  

also  provides  important  biological  factors  that accelerates    

wound-healing    such    as    platelet-derived    growth    

factor (PDGF),    transforming growth factor â (TGF-â), 

platelet factor 4 (PF4), IL-1, vascular   endothelial   growth   

factor   (VEGF), epidermal  growth  factor,  endothelial  cell  

growth factor  (ECGF),  platelet-derived  endothelial  growth 

factor (PDEGF), insulin-like growth factor, osteocalc in,   

osteonect in,   fibrinogen,   vitronectin, fibronectin, and 

thrombospondin[28].  It has a greater concentrate and more 

homogenous distribution of monocytes which are believed to 

playakeyrolein bone formation. Clark et al[29] in 2018 

conducted a multi-arm parallel randomized controlled 

clinical trial to evaluate the efficacy of A-PRF alone or with 

freeze-dried bone allograft (FDBA) in improving vital bone 

for mation and alveolar dimensional stability during ridge 

preservation and concluded that A-PRFalone or augmented 

with FDBA is a suitable biomaterial for ridge preservation.

Figure 3 – Advanced Platelet Rich Fibrin used as a membrane

4Titanium Platelet Rich Fibrin (T-PRF) - It is a new platelet 

concentrate the method of preparation of which is based on 

the hypothes is that titanium tubes may be more effective at 

activating platelets than the glass tubesusedin Choukroun' 

smethod. This method is used to avoid any adverse effects in 

the short or long term or both of dry glass or glass-coated 

plastic tubes and to eliminate any speculations about silica. In 

the initials trials, it was found titanium-induced platelet 

aggregation similar to that glass tubes, and the cloth produced 

in titanium tubes was clinically identical to that produced in 

glass tubes.[30 ] Activation of platelets with titanium 

compared with activation with silica particles provides the 

distinctive characteristics of T-PRF, including its increased 

biocompatibility. 10 ml of blood sample is collected without 

anticoagulant in 10 ml titanium tubes, which are immediately 
 centrifuged at 2800 rpm for12 min.[30] The absence of 

anticoagulant implies that most platelets in the blood sample 

will be activated within a few minutes after contact with the 

wall of titanium tube, which initiates the coagulation cascade.

A study conducted by Olgunet al[31] in2018 evaluated the 

clinical, radiographic, and histological comparisons of 

completely autologous titanium-prepared platelet rich 

fibrin(T-PRF) orallograft insinus-lifting procedures. It was 

concluded that use of T-PRF aloneinsinus-liftingoperations 

has successful clinical and histomorphometric results.
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5. Injectable Platelet Rich fibrin (i-PRF) - Introduced by 

Joseph Choukronin 2014, injectable platelet-richfibrin 

(PRF) morecommonly referred as i-PRF™. It was 

introduced based on the similar concept as that of PRF with 

added advantage of it being in injectable form. This 

injectable form of PRF can be utilize daloneor combined 

easily with various biomaterials. Its protocol is based on the 

concept that slower and shorter centrifugation spin results 

in a higher presence of regenerative cells with higher 

concentrations of growth factors. It requires neither any 

anticoagulant nor any additive. It is obtained by 

centrifuging blood at low-speed 700 rpm. This results in 
32PRF for use in liquid (injectable) form. (Figure 4)Karde et 

32 al in 2017 conducted a study to evaluate the antimicrobial 

property, and platelet countofi-PRF in comparison toot her 

platelet concentrates, i.e., PRF, platelet-richplasma (PRP), 

and control (whole blood). I-PRF has maximum 

antimicrobial efficacy and higher platelet count in 

comparison to other platelet concentrates, the reby in 

dicating to have a better regenerative potential then others.

                Figure 4 – Injectable Rich Fibrin (i-PRF)

6. Concentrated Growth Factor (CGF) – It is a new 

regeneration platelet aggregate which is used widely in 

periodontal and oral surgeries. It was first developed by 

Sacco (2006), is a relatively new technology within the area 

of regenerative medicine. It is adopted without the use of 

chemicals which grades it more eco-friendly. It contains 

various growth factors which enhances its action and 

promotes wound healing. CGF is currently used along with 

autologous bone particles to induce bone regeneration and 

connective tissue attachment that shows excellent results. It 

is an excellent biomaterial which showcases back to normal 

periodontium .Concentrated growth factor (CGF) is a 

newer second generation platelet concentrate that is 

prepared by centrifuging blood samples at alternating and 

controlled speeds using a special centrifuge. Differential 

centrifugation results in the formation of a denser fibrin 

matrix richer in growth factors than those observed in the 
33PRF and PRP.

A standard, disposable, two 10 mL nonanticoagulant  glass 

tubes and a matching centrifuge device is used. 20 mL of 

intravenous blood sample from the patient is placed in 

centrifuge tubes without anticoagulants and accelerated for 

30 s, centrifuged at 2700 rpm for 2 min, 2400 rpm for 4 min, 

2700 rpm for 4 min, and 3000 rpm for 3 min, and decelerated 

for 36 s to stop. All of these processes are adjusted 

automatically by “preprogramming” in the centrifuge 

machine. From the three layers formed, the uppermost 

platelet-deprived fraction was removed with a sterile syringe. 

The layer in the form of a fibrin gel containing the CGF was 

separated from the red blood cell layer.[33] (Figure 5)

            Figure 5 – Concentrated Growth Factor (CGF)

CGF is used as a barrier membrane to facilitate tissue healing 

and results in obtaining the attached gingival width in root 

coverage procedures like sliding flap technique. CGF 

membrane provides dual coverage to the exposed root 

surface. It is an excellent bioactive protein which enhances 

bone healing due to its stimulatory effect on epithelialization 

and angiogenesis. CGF is mixed with autologous bone 

particles or biomaterials to fill the bone defects to induce bone 

regeneration. The advantages of CGF over platelet-rich 

plasma are lack of biochemical modification, easy method of 

preparation, application with minimal expense. It also serves 

as a resorbable interpositional membrane. CGF contains more 

growth factors than other platelet preparation thus has 

favorable effects on healing period of the implant. It 

accelerates the osseointegration of the implant and affected 

the stabilization values positively. [34]

Procurement of Cgf:
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1. Autologous fibrin glue and sticky bone:

Conclusion:

The  concept  of  mixing  autologous  fibrin  glue  with bone 

graft to obtain sticky bone was introduced by Sohn  in  the  
352010 .  Autologous  fibrin  glue (AFG)  was obtained by 

centrifuging 20 -60 CC of blood in non-coated  tubes  at  

2400-2700  rpm  for  2  mins  to obtain  two  layers. The  

RBC's  form  the  bottom layer    and    autologous    fibrin    

glue    forms    the  superficial  layer.  Then  AFG  was  

extracted  using  a syringe and mixed with particulate bone 

powder. It was     allowed     to     rest     for     5-10     mins     

for  polymerization   and   this   resulted   in   a   yellow 
36coloured  mass  called  sticky  bone  (Figure 6).  It  can  used 

for  space  maintenance,  angiogenesis  and  tension free  

primary  suture  in  guided  bone  regeneration. The use of 

“sticky bone” preparation was found to be  useful  for the  

alveolar  ridge  augmentation  as the bone graft trapped  

within the  cross-linked  fibrin  meshwork prevented   any   

undesirable movement   of   graft particles  during  the  

healing  phase. This  stabilized the bone graft onto the defect 

without the need of using  any  bone  tacks  or  titanium  mesh  

and  this promoted tissue healing. The fibrin inter connection  

prevents the ingrowth  of  soft  tissue into the sticky bone 

graft.

                               Figure 6 – Sticky bone

With PRF being more user friendly and economic, this arsenal 

is finding wider applications in surgical field. Looking at the 

current trends, PRP and PRF are most commonly used and 

have been researched upon. Newer advances suchas A-PRF,i-

PRF,t-PRFconcepthave been report edinsingle or few cases 

but no long term or controlled trial have been done to prove 

the advantage of their advancement over conventional PRP 

and PRF. The introduction of i-PRF will also find suitable 

applications, where injectable form of platelet concentrate is 

required. So clinicians should use the advancements with 

caution. Further long term, multicenter studies with 

biochemical assays and histological evaluation for the 

regenerated tissues should be performed that would advocate 

and support the out comes of these newer advancements.
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