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ABSTRACT
PURPOSE: To investigate the effect of platelet rich fibrin (PRF) and beta tricalcium phosphate (β-TCP), alone or in combination, on 
bone regeneration in pig tibial defects. 
METHODS: Four standardized defects were prepared in both tibias of three adult male pigs. The first defect was left unfilled as a 
control; the others were grafted with either PRF, β-TCP or PRF mixed with β-TCP. All animals were sacrificed on the 12th postoperative 
week and the tibial bones were removed, histologic sections were prepared and the experimental sites were examined microscopically 
and stereologically. 
RESULTS: Histologic and stereologic examination revealed more new bone formation in the defects filled with PRF mixed β-TCP than 
in the defects grafted with either β-TCP or PRF alone. 
CONCLUSION: The platelet rich fibrin and beta tricalcium phosphate combination effectively induces new bone formation. 
Key words: Calcium Phosphates. Bone Regeneration. Tibia, Blood Platelets. Swine.



Yilmaz D et al.

60 - Acta Cirúrgica Brasileira - Vol. 29 (1) 2014

Introduction

An autogenous bone graft is considered the gold standard in 
maxillofacial surgery because of its osteoinductive and osteoconductive 
features and the fact that it does not cause immunological problems. 
However, the use of such grafts is limited because they involve a 
second operative site and have an uncontrolled resorption period1,2. 
As a result, non-toxic and non-immunologic alloplastic materials 
have been used in order to diminish these disadvantages3. Among 
these materials, the most prevalent is beta tricalcium phosphate 
(β-TCP). β-TCP has the properties of high biocompatibility and 
osteoconductivity4,5. Because of these features, β-TCP leads to bone 
apposition in the areas contacting with the material6.

Nowadays, a number of different growth factors are 
used together with graft materials or by themself in maxillofacial 
surgery. Among these is platelet-rich fibrin (PRF). PRF was 
developed by Dohan et al.7. With this simplified technique, an 
autologous fibrin matrix, which contains platelets and leucocyte 
growth factors, is obtained.

The aim of this study was to compare histologically and 
stereologically the healing effects of β–TCP or PRF alone or in 
combination in standardized bony defects in the pig tibia.

Methods 

The study protocol was reviewed and approved by 
the Animal Care Committee at the Gulhane Military Medical 
Academy under protocol number 08/61 (Ankara, Turkey). Three 
male pigs with an average weight of 60±5 kg and aged 8-months 
were used in the study.

Four bone defects 5 mm in diameter and 5 mm deep, 
placed at 10 mm intervals, were prepared in each tibia of the 
experimental animals for a total of 24 defects. These were divided 
into four groups according to the type of material used. In first 
group; the defects remained unfilled and served as a control. In 

the second group; the defects were filled with PRF and in the third 
group; they were filled with β-TCP. In the fourth group the defects 
were filled with 50% β-TCP and 50 % PRF.

PRF preparation

PRF was prepared using the technique described by 
Dohan et al.7. Immediately after 10 cc of blood had been drawn 
from the ear vein of each pig, the sample was centrifuged in a 
10-mL sterile tube (without anticoagulant) at 400 g for 10 min 
using a laboratory centrifuge (NF 800, Nuve, Ankara, Turkey). 
Using forceps, the PRF gel was removed from the middle layer of 
the sample, which was located between the red corpuscles at the 
bottom of the tube and the acellular plasma at the top of the tube. 

β–TCP granules

In this study, Kasios (Kasios®TCF, Launaguet, France), 
containing 1000-2000 μm β-TCP (Ca3(PO4)2) particles of synthetic 
phosphocalcium ceramics was used as the graft material. When used 
alone, 2 g of the β–TCP granules were tightly packed into the defect. 

Surgical protocol

The surgery was performed under general anesthesia with 
intubation using a sterile technique. In addition 1.0 mL of a local 
anesthetic (2% lidocaine with adrenaline, 1:80 000) was injected in 
the surgical site. A longitudinal skin incision was made on the medial 
side of the tibia and the periosteum was incised and reflected to 
expose the bone surface. The 5 mm deep cavities were then prepared 
under saline irrigation with a trephine drill. After placing all the graft 
materials (Figure 1), the wound was closed with resorbable sutures 
(Vicryl 3.0; Ethicon, Norderstedt, Germany). To prevent infection, the 
pigs were given Pan-Terramycin (Pfizer, New York, USA) at 7.5 mg/ 
kg daily during the first three postoperative days. 
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The pigs were sacrificed using an IV injection of ketamine 

HCl (>150 mg/kg) at 12 weeks postoperatively. The tibias were 

removed and fixed in 10% formalin solution.

Preparation of the specimens

After fixation, four holes makers were made with a small 

round bur and computerized tomography was done to identify the 

exact location of the individual defects. The defect areas were 

marked and separated in such a way that 2-3 mm of bone was left 

on both the proximal and distal sides of each defect. All specimens 

were then immediately dehydrated with a graded series of alcohols. 

Following dehydration, the specimens were infiltrated with a light-

curing embedding resin (Technovit 7200 VLC, Heraeus Kulzer, 

Wehrheim, Germany). Following infiltration with constant shaking 

at normal atmospheric pressure, the specimens were embedded and 

polymerized by 450-nm light. The temperature of the specimens 

never exceeded 40°C. The specimens were then prepared by the 

cutting-grinding method of Donath and Breuner8. The specimens 

were cut to a thickness of 150 μm on an EXAKT cutting-grinding 

system (EXAKT Apparatebau, Norderstedt, Germany). Following 

this, the specimens were polished to a thickness of 40 μm using 

the EXAKT microgrinding system, followed by alumina polishing 

paste. Then, the specimens were stained with toluidine blue 

solution. After staining, all specimens were glued with Technovit 

7210 adhesive (Heraeus Kulzer, Wehrheim, Germany) to prepared 

glass slides. 

Histology and stereology

The histologic examination was done with a light 
microscope (Nicon, Tokyo, Japan) using x2.5, x4 and x10 
magnifications. Also, sections were used for the stereologic 
analysis. Stereologic analyses were conducted by viewing the 
sections on a Leica DM4000B microscope (Leica, Wetzlar, 
Germany) which had been fitted with an integrated, computer-
guided microscopy system and Stereo Investigator software (ver. 
5.05, MicroBrightfield, Williston VT, USA). In each section the 
area, including the adjacent empty spaces was traced under a 
x2.5 magnification and 17 to 30 random microphotographs were 
obtained. Then all of the microphotographs were united creating 
just a single photo and enlarged to final magnification of x150. The 
photos were transferred to a personal computer via MBF Stereo 
Investigator software. “Point Counting Method” (Cavalieri) used 
for measuring the area. Calibration was set as 500x500=250.000 
μm2 for each unit. At the end of examination the new bone tissue 
area was calculated for each slide.

Statistical analysis

Statistical analyses were performed using the SPSS 
software package (Statistical Package for Social sciences for 
Windows, version 13.0, SPSS Inc., Chicago, USA). Kruskal-
Wallis was used to compare means of continuous variables for the 
different groups. The groups in which a statistically difference was 
observed were compared in multiple pairs by the Mann-Whitney-U 
test with Bonferroni correction significance set at p<0.05.

FIGURE 1 - Intraoperative photograph of the experiment. (A) Four 5 mm diameter defects were made in pig tibia. (B) PRF, 
β-TCP PRF/β-TCP graft materials in the defects.
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Results

Histologic findings

Group 1 (Control Group)
Most of the defect area was filled with immature bone. 

There were only a small number of osteocytes and osteons and 
Volkmann canals were lacking (Figure 2).

Group 3 (β-TCP Group)
The bone quality (smoothness of the osteon lamellae) 

was found to be better than in the first two groups. Remaining 
ß–TCP particles were identified and it was observed that these 
areas constituted the focus for the formation of new bone. Areas 
between the newly formed bones were intensely surrounded by 
erythrocytes and precursor cells of bone marrow (Figure 4).

FIGURE 2 - Light micrograph of histology of an empty defect. Original 
magnification x40, Toluidine blue stain. OB, original bone; NB, new 
bone; O, osteon; BV, blood vessels.

Group 2 (PRF Group)
Most of the cavity was filled with newly formed bone. 

Although bone maturation was better than in the control group, there 
was no formation of secondary bone tissue. Osteocytes centered 
around the Volkmann and Haversian canals were seen. Despite the 
large number of cells, lamellar structures were not observed (Figure 3).

FIGURE 4 - Light micrograph of histology of β-TCP filled defect. 
Original magnification x40, Toluidine blue stain. OB, original bone; NB, 
new bone; O, osteon; BV, blood vessels; β-TCP, β-TCP granules.

FIGURE 3 - Light micrograph of histology of PRF filled defect. Original 
magnification x40, Toluidine blue stain. OB, original bone; NB, new 
bone; O, osteon; BV, blood vessels.

Group 4 (β-TCP ± PRF Group)
A greater amount of new bone formation was seen in this 

group than in the other groups. Volkmann channels connecting 
normal osteon structures and Haversian channels were observed 
and ß–TCP graft material could not be found. Also, just as in the 
third group, a small number of areas were filled with erythrocytes 
and precursor cells of bone marrow were seen (Figure 5).

FIGURE 5 - Light micrograph of histology of PRF and β-TCP mixture 
filled defect. Original magnification x40, Toluidine blue stain. OB, 
original bone; NB, new bone; O, osteon; BV, blood vessels.
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Stereometric analysis

At the end of implantation period, new bone area was 
greater in all experimental groups than in the control group. 
The β-TCP/PRF group exhibited the biggest area of new bone. 
Statistical analysis showed that there was a significant difference 
between the experimental groups in the formation of new bone 
(p=0.043) (Table 1). In order to determine which group caused 
this difference, post-hoc pairwise comparisons were made with 
the Bonferroni-corrected Mann-Whitney test and no statistically 
significant difference was found between the groups.

is cheaper to prepare and the production time is shorter9. The 
advantage of the second generation thrombocyte concentration PRF 
to the first generation thrombocyte concentration PRP is biological 
activation. The effects of higher thrombin concentration of PRP are 
a fast polymerization time and uncontrolled fibrin matrix10. This 
situation is just the opposite for PRF. Permanent and long-lasting 
polymerization type provides a slow release of the contents (growth 
factors and cytokines), keeps them contained in the fibrin matrix for 
a long time and prevents them from undergoing proteolysis11.

Lee et al.12 compared autogenous grafts with 
autogenous grafts plus PRF for sinus lifting operations. In the 
histomorphometric examination, the amount of the bone in 
autogenous graft /PRF combination group was more than in the 
group treated with autogenous bone grafts alone. In this situation, 
PRF activated the protein structure in the autogenous grafts and 
osteoblasts tended to adhere that were called into the environment 
area. In our study, when the PRF/β-TCP combination group was 
compared with the others, more new bone formation, including 
osteoblasts and osteocytes in the connective tissue, was observed. 
It is thought that PRF accelerates the healing effect by keeping the 
particles of β-TCP together via its adhesive property and adapting 
them tightly to the walls of the cavity.

It is accepted that the suitable biomaterials used for bone 
regeneration should be resorbable and gradually replaced by the 
newly formed bone13.  β-TCP has a low degradation rate and takes a 
longer period to be replaced by new bone tissue14. Previous histologic 
studies have shown that β–TCP particles are resorbed in 12-24 
months and replaced with the newly generated bone in 36 months15. 
Wiltfang et al.16 compared the graft materials with PRP in pigs and 
they observed β–TCP particles remaining in the bone defects at 12th 
week. At the end of the 12th week of our study, β-TCP particles were 
observed histologically in the cavities that contained β–TCP alone, 
but no β-TCP particles were observed in the bone marrow when 
β-TCP and PRF has been used in combination. As a result, it can be 
stated that PRF increases the transformation of β-TCP particles into 
bone. Adding PRF to β–TCP was observed to significantly reduce 
the time required to promote graft consolidation, maturation, and 
improved trabecular bone density.

PRP and PRF can be applied in bone defects alone or in 
combination with other materials. Yazawa et al.17 studied PRP, β–
TCP and fibrin adhesive in rabbits and they concluded that the use 
of PRP with synthetic graft materials is successful. Del Fabbro et 
al.18 concluded from their study that the combined use of PRP with 
graft materials in bone defects contributes to wound healing. In 
the present study, β-TCP and PRF were used in combination and 
it was concluded that new bone formation was greater than in the 

Mim. Max. Mean SD     p
Control 11.2 19.7 14.6 3.1 0.043*

PRF 13.5 27 18.2 5.1
β-TCP 18 25 21.1 2.8
PRF/β-
TCP

16.2 36 22.1 7.4

TABLE 1 - New formed bone area of groups (μm2).

Mim: Minimum; Max: Maximum; SD: Standard deviation; * statistically significant

Discussion 

The present study was designed to histologically and 
stereological investigate bone healing in standard defects filled 
with PRF and β-TCP alone or in combination in a pig model. 
Results showed that when a combination of PRF and β-TCP 
was used for bone defects, the area of the new bone formed was 
significantly greater than in the group treated with these materials 
alone. In addition, histological findings showed that the quantity 
and maturation of the new bone formation was different in each 
group.  This suggests that the efficiency of β-TCP can be improved 
by the addition of PRF.

At the present time, different methods are being used 
for histological bone examination. The method we used in our 
study was first introduced and applied by Donath8. This method 
is used for examining hard tissues and biomaterials when it is 
impossible to prepare cross-sections by conventional methods. 

The advantages of this method are that it prevents damage to the 
bone matrix during decalcification and allows examination of both 
hard and soft tissues at the same time.

PRF is preferred to platelet rich plasma (PRP) because 
it does not contain any synthetic or anticoagulant materials, it 
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other groups. In addition, PRF acts as a biologic adhesive to hold 
the particles together, making manipulation of the bone grafting 
material much easier. 

Different studies have shown that there is complete 
biodegradation and new bone formation when β–TCP is used 
in bone defect 19.  Szabo et al.20 experimentally showed β–
TCP stimulated new bone formation even if resorption was 
slow. Similarly, in our study we saw that defects with β–TCP 
alone were completely filled with bone trabeculae coming from 
the periosteal surface, although maturation (remodeling) was 
not yet completed and the Haversian canal systems had not 
formed. Acceptable bone formation in the defect area, without 
complications such as infection or rejection, are positive effects 
of β–TCP on bone healing. In addition when defect areas filled 
with β–TCP were compared with the defects unfilled or filled 
with PRF alone, it was seen that new bone formation was more 
with the β–TCP. 

Conclusions

The combination of platelet rich fibrin and beta tricalcium 
phosphate can accelerate bone healing more than when these 
materials are used alone. Combined use of PRF and β-TCP for 
bone healing is a potential treatment alternative for faster healing 
than using these biomaterials alone. 
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