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ABSTRACT 
 

Platelet-rich fibrin (PRF) is an autologous biomaterial extensively used in regenerative dentistry because of its sustained 

release of growth factors. Among its various forms, standard PRF (S-PRF) and advanced PRF (A-PRF) differ in their 

centrifugation protocols, which may affect their biological properties and regenerative potential. This study aimed to 

compare the release of growth factors from sticky bone prepared using S-PRF and A-PRF. This in vitro experimental study 

was conducted using blood samples collected from healthy volunteers (n = 10). Sticky bone was prepared by mixing 

demineralized freeze-dried bone allograft (DFDBA) with either S-PRF or A-PRF. Growth factor analysis—including 

Angiopoietin-2, EGF, EPO, FGF, G-CSF, GM-CSF, PDGF-AA, PDGF-BB, SCF, TGF-α, VEGF, and HGF—was 

performed using the LEGENDplex multi-analyte flow cytometry assay. The A-PRF group demonstrated significantly 

higher levels of EPO, Angiopoietin-2, G-CSF, and HGF compared with the S-PRF group (p < 0.05), whereas FGF levels 

were similar between the two groups. Within the limitations of this study, A-PRF appears to be a more effective option 

for sticky bone preparation and may enhance bone regeneration outcomes. 
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Introduction 

A natural remedy to enhance the healing of wounds is a 

derivative from our own blood, i.e., platelet-rich fibrin 

(PRF) [1]. Blood drawn from patients is put in sterile test 

tubes in a centrifugation machine. The resultant separation 

of various parts of blood allows a platelet-rich layer full of 

growth factors to be separated from red blood cell 

concentrate. This platelet-rich layer comes in a variety of 

consistencies depending on duration and speed of 

centrifugation. These platelet concentrates, like platelet-rich 

plasma (PRP) and platelet-rich fibrin (PRF), have a major 

role in regenerative medicine [2, 3]. 

Platelet-rich fibrin(PRF) was first introduced by Choukroun 

in 2001 in France [4]. Choukroun's platelet-rich fibrin (PRF) 

is prepared from blood without the addition of 

anticoagulants. Based on the preparation protocol, two types 

of PRF are available. Standard platelet-rich fibrin (S-PRF) 

is prepared by centrifuging blood at 2700 rpm for 12 

minutes. Advance PRF (A-PRF) was first introduced by 

Ghanaati et al. [4] in 2014, in which the revolution time and 

speed are altered. A-PRF utilizes the protocol of 1500 rpm 

for a time frame of 14 minutes [5, 6]. Decreasing the rpm, 

while increasing the centrifugation time in the A-PRF 

group, enhances the presence of platelets and neutrophilic 

granulocytes. Neutrophilic granulocytes contribute to the 

differentiation of monocytes into macrophages, so when A-

PRF is implanted into the host socket, it influences the 

differentiation of host macrophages and already existing 

macrophages in the clot [7, 8]. 

Recent advancements in tissue engineering have led to the 

introduction of new methods to concentrate the platelet-

derived growth factors [9]. New formulations of PRF have 

been developed with an aim to increase the growth factor 

concentration and provide superior regenerative potential 

compared to the conventional PRF [10-14].  

Benign pathologies in oral and maxillofacial surgery require 

enucleation, which leads to the formation of the bony defect. 

Also, extraction sockets need adequate bone fill for dental 

implant placement at a later date [15, 16]. Both these bony 

defects, when not filled with appropriate material, may lead 

to the collapse of the soft tissue flap. It may hamper the 

esthetics in the anterior front region of the jaw [17, 18]. 

Previously, a bone graft alone was used to fill such bony 

defects. Now, sticky bone, which is a combination of PRF 

and bone graft, is found to be better due to its superior 

handling properties and abundant growth factors. This is 

found to aid faster and better bone regeneration [19]. 

Routinely, S-PRF is the choice of PRF used to prepare sticky 

bone [20-22]. It is proven in many studies that A-PRF has 

more bone regeneration potential than S-PRF. But, whether 

this change in centigution rate and time enhances the bone 
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regeneration potential of sticky bone prepared with different 

types of PRF needs to be assessed and proven yet. Here, we 

hypothesize that A-PRF, with its greater amount of growth 

factors, will be a better choice of PRF preparation to use in 

sticky bone and will lead to enhanced bone formation. Thus, 

the purpose of this study was to assess the bone regeneration 

efficacy of sticky bone prepared with S-PRF and A-PRF by 

growth factor analysis. 

Materials and Methods 

This is an in-vivo-in vitro study conducted in the 

Regenerative Laboratory of our institute from period of Jan 

2023 to June 2023. Permission was obtained from the 

Institutional Research Board [DYPDCH/IEC/123/111/19] 

before starting the study. The inclusion criteria were healthy 

volunteers between the ages of 18 and 30, who willingly 

consented to donate blood for the preparation of PRF. Valid 

written informed consent was obtained from 5 volunteers for 

each group. 

10 ml of blood was withdrawn from each volunteer and 

centrifuged to obtain either S-PRF or A-PRF, as per 

grouping. A protocol of 1500 rotations per minute (rpm) for 

a time frame of 14 minutes for A-PRF and of 2700 rpm for 

12 minutes for standard platelet-rich fibrin was used to 

prepare the two types of PRFs.  

Both were mixed with 10 mg of allograft (demineralized 

freeze-dried bone allograft, DFDBA) obtained from Tata 

Memorial Hospital (TMH) Tissue Bank, to prepare sticky 

bone. Sticky bone prepared with both PRF types from a 

patient was subjected to growth factor analysis for various 

factors such as Angiopoietin-2, Epidermal growth factor 

(EGF), Erythropoietin (EPO), Fibroblast growth factor 

(FGF), Granulocyte colony-stimulating factor (G-CSF), 

Granulocyte macrophage colony-stimulating factor (GM-

CSF), Platelet-derived growth factor AA (PDGF-AA), 

Platelet-derived growth factor (PDGF-BB), Stem cell factor 

(SCF), Transforming growth factor Alpha (TGF-α), 

Vascular epithelial Growth Factor (VEGF). The data 

obtained was analyzed. 

Growth factor analysis  

Sticky bone made with bone graft (DFBDA) with either S-

PRF and A-PRF was used to analyze the growth factor.  

The growth factor analysis assay was performed using 

LEGENDplex Multi-Analyte Flow Assay Kit. To 25 µL of 

each sample, 25 µL of mixed beads were added and 

incubated for 2 hours. After incubation, the samples were 

centrifuged at 250rpm for 5 minutes, and washing steps 

were followed. After performing the washing steps twice, 

25 µL of detection antibodies was added to each sample and 

incubated for 1 hour, and 25 µL of SA-PE was added to each 

sample. The samples were then centrifuged for 30 mins and 

washing steps were repeated. The samples were tested using 

a flow cytometer, and the results were analyzed. All the tests 

were done in triplicate to avoid bias. 

Results and Discussion 

The growth factor level was assessed using the 

LEGENDplex Multi-Analyze Flow Assay Kit by flow 

cytometry. S-PRF sticky bone showed higher secretion of 

FGF (Fibroblast Growth Factor), and A-PRF sticky bone 

showed higher secretion of EPO (Erythropoietin ), 

angiopoietin -2, G-CSF (Granulocyte Colony Stimulating 

Factor), and HGF ( Hepatocyte Growth Factor) (p<0.05). 

Our findings demonstrate that A-PRF will be a better option 

to treat dental patients in daily practice than S-PRF. It will 

enhance the healing of oral tissues in density (Figures 1a-

1e). 
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Figure 1. 

PRF is a concentrate of growth factors that can be used in 

surgery to enhance both soft and hard tissue healing. This 

study was conducted to analyze whether the sticky bone 

prepared with A-PRF showed more growth factor than S-

PRF or not. 

A-PRF has several advantages over S-PRF. A-PRF uses a 

modified centrifugation protocol with lower g-force and 

longer centrifugation time. This results in less cellular 

damage and better preservation of growth factors. The lower 

centrifugation speed allows for more natural clot formation 

and better matrix consistency. The cellular composition of 

A-PRF contains a more diverse and intact cellular 

composition. It preserves more viable platelets, leukocytes, 

and stem cells. It also has better cellular migration and 

proliferation potential.  A-PRF's improved biological 

properties, enhanced wound healing characteristics, and 

better tissue regeneration potential have been found in many 

researchers [23-27]. Studies have shown that A-PRF creates 

a more stable and sustained growth factor release, slower, 

more controlled growth factor delivery, which promotes 

longer-term tissue regeneration and provides a more 

conducive environment for bone healing [28, 29]. 

The results of this study clearly showed that A-PRF had an 

increased number of Human G-CSF, Human Angiopoietin-

2, Human EPO, and Human HGF. Human bFGF was 

comparable in both types of sticky bone.  

Studies show that Human G-CSF significantly increases the 

expression of BMP-2 in the fracture healing process [30, 

31]. Human Angiopotin-2 has a direct effect on 

angiogenesis, which helps in bone regeneration [32, 33]. 

Human EPO is able to play a key role in the regeneration of 

newly resorbed bone by stimulating JAK-STAT signaling 

pathways in HSCs through Epo-R. This then triggers the 

production of BMPs, most notably BMP2 and BMP6 [34, 

35]. 

HumanHGF aids upregulation of  BMP-2 expression in 

osteocytes [36]. This aids in bone regeneration. Synergy 

between the bFGF and other factors affects the ability to 

promote angiogenesis and osteogenesis and provides a more 

robust and effective approach to bone regeneration [37, 38]. 

Thus, it is evident that increased growth factors by altering 

the PRF process the bone regeneration can significantly alter 

and enhance bone regeneration [13, 39]. The sticky bone 

with A-PRF will lead to faster and better bone regeneration 

process. 

The comparison of growth factors in sticky bone with A-

PRF and S-PRF showed that sticky bone with A-PRF had 

more growth factors. While both A-PRF and S-PRF are 

valuable in bone grafting, current evidence suggests that 

sticky bone with A-PRF offers superior biological 

properties, cellular preservation, and regenerative potential. 

Thus, we, the authors, clinicians, should consider 
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transitioning to A-PRF protocols for preparing sticky bone, 

potentially improving surgical outcomes and bone 

regeneration. 

Conclusion 

Comparison of growth factor levels in sticky bone prepared 

with A-PRF and S-PRF demonstrated that A-PRF-

containing sticky bone exhibited higher concentrations of 

growth factors [31, 32, 35-37]. Although both A-PRF and 

S-PRF are effective in bone grafting procedures, current 

evidence indicates that sticky bone prepared with A-PRF 

possesses superior biological properties, improved cellular 

preservation, and greater regenerative potential [23-26, 28]. 

Therefore, clinicians may consider adopting A-PRF 

protocols for sticky bone preparation to potentially achieve 

enhanced surgical outcomes and improved bone 

regeneration [40-43]. 
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