
2012; Vol. 9, No. 1 1

Original Article 
 

 
 

Evaluation of the Effect of Plasma Rich in Growth Factors 

(PRGF) on Bone Regeneration 
 

M. Paknejad
1,2

, Y. Soleymani Shayesteh
3
, S. Yaghobee

4�, S. Shariat
5
, M. Dehghan

6
 ,P. Motahari

7 

1Assistant Professor, Dental Research Center, Tehran University of Medical Sciences, Tehran, Iran 
2Associated Professor, Department of Periodontics, Dental Faculty of Tehran University of Medical Sciences, Tehran, Iran 
3Associated Professor, Department of Periodontics, Dental Faculty of Tehran University of Medical Sciences, Tehran, Iran 
4Assistant Professor, Department of Periodontics, Dental Faculty of Tehran University of Medical Sciences, Tehran, Iran 
5Periodontist 
6Assistant Professor, Department of Veterinary, Tehran University of Medical Sciences, Tehran, Iran 
7Assistant Professor, Department of Maxillofacial Pathology, Dental Faculty of Tehran University of Medical Sciences, Tehran, 

Iran   
 

 

����
 Corresponding author:  

S. Yaghobee, Department  of 

Periodontics, Dental School of 

Tehran University of Medical 

Sciences, Tehran, Iran 

s_yaghobee@yahoo.com  

 

Received: 13 December  2011 

Accepted: 21 January 2012 

Abstract 

Objective: Reconstruction methods are an essential prerequisite for functional 

rehabilitation of the stomatognathic system. Plasma rich in growth factors 

(PRGF) offers a new and potentially useful adjunct to bone substitute materials in 

bone reconstructive surgery. This study was carried out to investigate the influ-

ence of PRGF and fibrin membrane on regeneration of bony defects with and 

without deproteinized bovine bone mineral (DBBM) on rabbit calvaria. 

Materials and Methods: Twelve New Zealand white rabbits were included in 

this randomized, blinded, prospective study. Four equal 3.3×6.6 mm cranial bone 

defects were created and immediately grafted with DBBM, PRGF+DBBM, 

PRGF+fibrin membrane and no treatment as control. The defects were evaluated 

with histologic and histomorphometric analysis performed 4 and 8 weeks later.  

Results: Adding PRGF to DBBM led to increased bone formation as compared 

with the control group in 4- and 8-week intervals. In DBBM and PRGF+fibrin 

membrane samples, no significant increase was seen compared to the control 

group. There was also a significant increase in the rate of biodegradation of 

DBBM particles with the addition of PRGF in the 8-week interval. Neither noti-

ceable foreign body reaction nor any severe inflammation was seen in each of the 

specimens evaluated. 

Conclusion: Under the limitation of this study, adding PRGF to DBBM enhanced 

osteogenesis in rabbit calvarias. Applying autologous fibrin membrane in the de-

fects was not helpful. 
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INTRODUCTION 

Autogenous bone grafts from intra-and extra-

oral donor sites, as a gold standard, are used to 

regenerate bony defects in craniofacial surge-

ries [1]. Donor morbidity and lack of available 

sources related to autogenous bone may lead 

to use bone substitutes [2]. Applying platelet-

rich plasma (PRP) suggested a potentially 

beneficial adjunct to autogenous, allogeneic 

and xenogeneic materials in bone and implant 

reconstructive surgery. 

Some studies  have   indicated a  capability  of 
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PRP to promote bone regeneration [3]. On the 

contrary, some investigators have demonstrat-

ed no benefit or even negative effect on bone 

regeneration with PRP [4].  

A new technique to prepare platelet concen-

trate is Plasma Rich in Growth Factors 

(PRGF) System. Among the advantages of this 

system is the fact that it is less time consum-

ing, does not require bovine thromboplastine 

for activation, needs less venous blood, the 

product is devoid of   white   blood    cells  and 

inflammatory interleukins  and   centrifugation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

may be performed in one step.   In addition,   it 

prepares both PRGF and fibrin membrane at 

the same time [5].  

Platelets release different wound healing 

growth factors and cytokines such as trans-

forming growth factors (TGF-β), platelet-

derived growth factor (PDGF), vascular endo-

thelial growth factor (VEGF), epithelial cell 

growth factor (EGF), basic fibroblast growth 

factor (bFGF) and platelet activating factor-4 

(PAF-4).The mentioned growth factors  are  

considered tohave a role in  bone regeneration, 

 

  
 

  

Fig 1. Hematoxylin and eosin stained photomicrographs of the experimental groups at 40× magnification at 4 weeks. 

DMMB (A), DMMB+PRGF (B), PRGF+fibrin membrane (C), Control group (D)  
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increased vascularity and the process of wound 

healing [6,7]. 

The objective of the present study was to in-

vestigate the effectiveness of PRGF as a new 

method of obtaining platelet concentrate and 

autologous fibrin membrane on bone healing 

with and without utilizing deproteinized bo-

vine bone mineral (DBBM) in experimental 

calvarial defects in rabbits.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MATERIALS AND METHODS  

Preparation of PRGF and Fibrin membrane 

Twelve 2.5 to 3 kg weighted New Zealand 

white male rabbits were selected for this ran-

domized, blinded prospective study. 

The study protocol was first approved by Te-

hran university of Medical Science ethics 

committee.  

Intramuscular injection of mixed ketamin 10 

%  (40 mg/kg)    and   Xylazin   2%   (5mg/kg) 

 

  

  

Fig 2. Hematoxylin and eosin stained photomicrographs f the experimental groups at 40× magnification at 8 weeks. DMMB 

(A), DMMB+PRGF (B), PRGF+fibrin membrane (C), Control group (D)  
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(Alafason, Woden – Holland) were applied for 

anesthetizing each rabbit. 5ml of autologous 

blood drawn from each rabbit was combined 

with 0.5 ml of anticoagulant sodium citrate. 

The blood was centrifuged at 1400 rpm for 8 

minutes by PRGF system (Biothechnology 

institute, San Antonio, Spain). The plasma that 

was drawn off the top, consists of 3 fractions. 

The topmost layer (fraction 1) was used to 

prepare fibrin membrane. The middle layer 

(fraction 2) was used as a carrier for DBBM. 

The bottom layer (fraction 3) was used in one 

of the defects in each rabbit along with the fi-

brin membrane.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fraction 1 and fraction 3 were each poured 

with 500 ml pipettes into the test tube. Frac-

tion 2 was poured with a 100 ml pipette into 

small plates containing 30 mg DBBM (Bio-

Oss, Geistlich and sons, Wolhusen, Switzer-

land).  

To jellify, 50 ml calcium chloride was added 

to each fraction which were then placed in 

plasma term device for 15 minutes.  

 

Surgical procedure 

For each animal, the cranium was shaved, 

scrubbed with 7.5 % povidine iodine and 

draped in a sterile fashion. Surgical procedure  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. A photomicrograph showing chondroplasia in one sample of PRGF+fibrin group 

 

 

 

Time Study Group Regenerated Bone Remaining DBBM Particles 

4 weeks 

PRGF+DBBM 19.12 ± 5.93 43.08 ± 11.08 

DBBM 13.38 ± 3.57 52.23 ± 6.62 

PRGF+fibrin membrane 10.45 ± 5.07 - 

Control 9.14 ± 4.12 - 

8 weeks 

PRGF+DBBM 27.27 ± 1.78 32.90 ± 3.16 

DBBM 24.36 ± 8.34 36.37 ± 6.17 

PRGF+fibrin membrane 18.95 ± 1.27 - 

Control 15.66 ± 6.18 - 

 

Table 1. Mean and Standard Deviation of the Percentage of Newly Regenerated Bone and Remaining Biomaterial Particles 

in Each Study Group at Different Time Intervals 
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followed a coronal-sagittal approach, the pe-

riosteum was dissected and four identical bone 

defects (3.3×6.6 mm) were created with a 

round bur in the frontal and parietal bones dis-

tanced 2mm from the sagittal and coronal su-

tures. The defects were randomly filled with 

DBBM, DBBM + PRGF, PRGF+ fibrin mem-

brane and one defect was left unfilled to serve 

as the control defect. The wound was carefully 

closed with sutures and a postoperative antibi-

otic (enrofloxacin 0.6 mg/day) [Razak,Karaj-

Iran] and a narcotic calmative (ketoprofen 0.1 

mg/day)[Alafason, Woden-Holland] was ad-

ministered for 5 days subcutaneously.  

 

Sample preparation  

Rabbits were euthanized using sodium thi-

opental (SANDOZ, Kundl, Austria), 100 

mg/kg intravenously at 4 and 8 weeks, 6 rab-

bits in each group. The entire cranium was re-

moved and after fixation in formalin, speci-

mens were treated with 10 % formic acid de-

calcifying solution. They were then dehydrated 

with alcohol and embedded in paraffin. Histo-

logic sections (5 mm thickness) were prepared 

perpendicular to the long axis of each defect 

with an anterior to posterior direction. 20 sec-

tions of each defect were provided. The spe-

cimens were stained with hemotoxylin and eo-

sin (H & E).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample evaluation  

Magnified micrographs 400× (Olympus BX51, 

Olympus Co, Tokyo, Japan) were used for as-

sessment of foreign body reaction as defined 

by giant cells and concomitant granulomatous 

reaction. The same magnification was also 

used to assess the interface between bone and 

biomaterial particles. Polarized light micro-

scopy was used to determine the proportion of 

lamellar and woven trabeculae in each speci-

men. Concentrically aligned collagen bundles 

in the bony trabecules were interpreted as la-

mellar bone, whereas irregularly oriented col-

lagen fibers in the trabeculae were documented 

as woven bone.  

Magnified photomicrographs 40× (Olympus 

BX51, Olympus Co, Tokyo, Japan) were used 

(Figs 1 and 2) for computing the histomor-

phometric bone and biomaterial areas using 

graphics software (Photoshop 8 CS., Adobe 

Photoshop CS). Areas including newly regene-

rated bone were selected according to their 

similar color properties.  

The pixel counts of these areas were calculated 

and divided by the total number of pixels of 

each photomicrographs. The same procedure 

was used for calculating the histomorphome-

tric area of remaining biomaterials. Evalua-

tions were blinded with regard to use of PRGF 

and also the time period for each sample.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time Variable Bone Percentage Biomaterial Percentage 

4 weeks 

PRGF+DBBM/DBBM 

PRGF+DBBM/PRGF+Fibrin 

PRGF+DBBM/Control 

DBBM/PRGF+Fibrin 

DBBM/Control 

PRGF+Fibrin/Control 

- 

* 

* 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8 Weeks 

PRGF+DBBM/DBBM 

PRGF+DBBM/PRGF+Fibrin 

PRGF+DBBM/Control 

DBBM/PRGF+Fibrin 

DBBM/Control 

PRGF+Fibrin/Control 

- 

- 

* 

- 

- 

- 

* 

- 

- 

- 

- 

- 

 

Table 2. Comparison of the Amount of Newly Regenerated Bone and Remaining Biomaterial Particles Between Different 

Study Groups at 4 and 8 Weeks  

 

*Statistical significance in % 95 confidence interval  
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Statistical analysis 

Statistical analysis included Kruskal-Wallis 

and Dunn procedure for qualitative variables 

and ANOVA with Post-Hoc for quantitative 

variables using SPSS software.  

 

RESULTS 

Histologic evaluation  

Foreign body reaction was seen in five sam-

ples. It was limited around resorbable sutures 

in the periosteum. In addition, direct bone 

biomaterial contact without intervening con-

nective tissue was seen whenever new bone 

formation occurred in DBBM (+PRGF) 

groups. Polarized light microscopy showed no 

statistically significant differences between the 

groups. The samples without any inflammation 

were significantly more common in 

PRGF+fibrin and control group at 4 weeks 

(p=0.023). One interesting finding was chon-

drogenesis in one sample of PRGF+fibrin 

group considered as metaplasia (Fig 3).  

 

Histomorphometric evaluation  

The descriptive statistics of histomorphometric 

data from all the four evaluated groups are 

shown in Table 1. Figure 3 shows the histo-

morphometric bone area as a function of time 

for each of the study groups. DBBM+PRGF 

showed statistically significant increase in the 

amount of regenerated bone over PRGF+fibrin 

(p=0.024) and the control groups (p=0.008) at 

4 weeks and over the control group (p=0.011) 

at 8 weeks. DBBM+PRGF showed a greater 

rate of biomaterial degradation in comparison 

with DBBM alone at 8 weeks (p=0.047) (Ta-

ble 1). Table 2 shows the data which were sig-

nificant. 

 

DISCUSSION 

Many studies in oral and maxillofacial surgery 

consecutively attempt to improve the existing 

bone-grafting techniques in order to yield a 

faster, denser bone regeneration. Growth fac-

tors are an accurate way to improve bone and 

soft tissue healing. Platelets have a physiologic 

supply of vascular endothelial growth factor 

(VEGF), which may be released when plate-

lets are stimulated, secreted or aggregated by 

collagen. It has been demonstrated that TGF-

β2 and TGF-β1 stop bone resorption as well as 

trigger rapid maturation of collagen in the ear-

ly wound [8]. PDGF increases the population 

of wound healing cells and recruits other angi-

ogenic growth factors to the wound site [2]. 

PRGF is a new system used for obtaining 

platelets and plasma proteins and has unique 

advantages such as saving time, needing less 

venous blood, the fact that centrifugation may 

be carried in a single step and it does not need 

bovine thromboplastine for activation [5]. In 

addition, this system prepares fibrin membrane 

that may be used as an autologous membrane 

for guided tissue regeneration (GTR) [9]. The 

investigations on PRGF and fibrin membrane 

are limited and further studies are necessary in 

this field. In the fields of skin wound healing, 

repair of damaged tendon and cartilage, satis-

factory results have been obtained [10,11]. 

In the present study, the combined effects of 

using PRGF and a xenograft (DBBM) in treat-

ing non-critical sized rabbit cranial defects 

were evaluated. Histological assessment re-

vealed that adding PRGF to DBBM did not 

affect its biocompatibility. These results are 

similar to the studies previously performed on 

PRP [12,13]. 

A slight inflammation was seen in groups hav-

ing DBBM at 4 weeks. This may be explained 

by the presence of particulate material, al-

though bio-compatible in the site.  

Microscopic assessment with polarized light 

showed that by increasing time, trabecular 

bone maturation (from woven bone to lamellar 

bone) occurs in all experimental groups, but 

the difference between groups was not signifi-

cant. In contrast, Marx et al. reported a signifi-

cant increase in the proportion of mature bony 

trabeculae 4 months after using autogenous 

bone graft with PRP [3]. Fundamental differ-
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ences between autogenous bone and xeno-

grafts and also different study periods could be 

the reason for such a discrepancy between the 

results.  

Histomorphometric evaluation of the amount 

of the newly regenerated bone showed that 

adding PRGF to DBBM caused a significant 

increase in bone formation at 4 weeks in com-

parison to PRGF+fibrin membrane and control 

groups. At 8 weeks the difference was still 

significant compared to the control group. 

These findings are in accordance with other 

studies performed on PRP [4,14]. Nonetheless, 

in this study placing DBBM alone in the de-

fects could not increase bone formation signif-

icantly in comparison to the control group 

(p=0.054). It seems this difference could be 

significant with a larger sample size.  

Histomorphometric evaluation showed that 

PRGF significantly increased the rate of de-

gradation of the biomaterial at 8 weeks. Re-

placement of bovine bone mineral with natural 

bone appeared to be a slow process [13]; there-

fore, later findings could be important.  

In this study, application of fibrin membrane 

had no additional effect on bone formation 

compared to the control group. This may be as 

a result of premature degradation of the fibrin 

membrane which consequently results in col-

lapse of the periosteum into the defects. So 

fibrin membrane does not have the potential to 

preserve space for bone regeneration as op-

posed to collagen membrane which was consi-

dered effective in some animal studies [15].  

The growth factors secreted by platelets bind 

to the external surface of cell membranes of 

the cells in the graft, flap, or wound via trans-

membrane receptors. Mesenchymal stem cells 

and osteoblasts are major brands of cells that 

express these receptors. Using platelet concen-

trates in conjunction with various grafting ma-

terials accelerates recruitment of osteoblasts 

and mesenchymal cells to the grafted area 

which leads to accelerated cellular prolifera-

tion, matrix formation, osteoid and collagen 

production. Additionally, it can be postulated 

that platelet concentrates such as PRGF cause 

an accelerated remodeling process, in which 

osteoclasts arrive at the grafted area more 

quickly and invade DBBM particles more ef-

fectively [3]. This phenomenon could be ex-

pressed as continuous and accelerated reduc-

tion in the histomorphometric area of remain-

ing biomaterial particles, which was seen in 

the present study (Table 1).  

It seems that the results of this study on PRGF 

are comparable to another study that was pre-

viously carried out on PRP in Tehran universi-

ty [16]. In the present study, there were just 12 

specimens and six rabbits were sacrificed in 

time periods of 4 and 8 weeks, so osteogenesis 

in long term could not be evaluated. On the 

other hand, a true critical-sized cranial defect 

in the rabbit model is 15 mm [17]. Therefore, 

four critical-sized defects could not be created 

in the rabbit cranium due to the small size of 

the cranium.  

A non-critical sized defect was chosen to eva-

luate the early healing and the potential ability 

of PRGF to improve early healing when it was 

added to DBBM particles and the efficacy of 

autologous fibrin membrane. In another animal 

study which was performed on dog, PRGF was 

applied on implants before insertion and after 

4 weeks a histomorphometric evaluation was 

done on the specimens.  

There was no statistically significant differ-

ences between the test and control group re-

garding the type of newly formed bone [18]. 

These results were not in accordance to our 

study, maybe because the PRGF has been used 

directly on the implants and there was not any 

media as carrier and of course the time of 

sampling was not similar. 

 

CONCLUSION  

Within the limitation of this study, it can be 

concluded that PRGF provides additional ben-

efits when used along with xenogeneic bone 

substitute (DBBM with the trade name of Bio-
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Oss) for bone regeneration in rabbit cranial 

defects, increasing the speed of bone regenera-

tion (until the eighth week of healing) and the 

rate of biomaterial degradation at 8 weeks. No 

additional benefits were found in applying au-

tologous fibrin membrane plus PRGF without 

biomaterial as compared to the control group.  
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