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Abstract: Background: Dental Implants have changed the face of dentistry over the last 25 years. The clinical replacement of lost 

natural teeth by osseointegrated implants has represented one of the most significant advances in dentistry. They developed a variable 

alternative to conventional prosthetic reconstruction of edentulous areas. The goal of modern dentistry is to restore natural contour, 

function, comfort, aesthetics, speech, and health. Advanced researches in implants designs, materials and techniques have led to 

predictable success in their application. Study objective: This study will evaluate the effect of osseointegration and bone formation of 

biphasic calcium phosphate with platelet rich fibrin (PRF) around dental implants in experimental dogs. Methods: Eight mongrel dogs 

will receive dental implants, in which (group B) four dogs will receive dental implant on the left side with Platelet Rich Fibrin and 

Biphasic calcium phosphate (study group) and (group A) four dogs will receive dental implants on the right side with Platelet Rich 

Fibrin alone (control group). Two dogs will be sacrificed at 2, 4, 6 and 8 weeks one from each group and speciemens will be dissected to 

be histologically evaluated for new bone formation around implants and osseointegration. Results: the healing outcome here appeared 

consistent and bone formation was greater filling almost the whole of the created cavity in group B and the greater part of that cavity in 

group A with the same superior blood supply in group B than that in group A reflecting great neoangiogenesis. In both groups the 

formed mass of the new bone exhibited striking appearance of osteointegration with the native bone. The better positive results obtained 

in association with group B in all of the experimental periods suggest a superior effect of PRF when used in association with BCP as a 

bone graft than if PRF used alone. Conclusion: Within the limitations of this experimental study, it can be concluded that PRF in 

addition to BCP may favor the formation of new bone. The effectiveness of PRF depends not only on its features but also the properties 

of coadministered grafting material. 

 

Keywords: PRF, Biphasic Calcium Phosphate, Osseointegration, Implant, Centrifuge 
 

1. Introduction 
 
The dental professional must use considerable clinical skills to 
help patients cope with the effects of partial or complete 
edentulism. Dental problems that were historically the most 
difficult can be solved today with the assistance of dental 
implants [1]. 
 
When an implant is placed immediately into an extraction 
socket it may engage the walls of the socket near the crest of 
the alveolar ridge with presence of bone defects around the 
implant. Ingrowth of soft tissue could compromise the 
achievement of osseointegration in the crestal bone area [2]. 
 
Various bone graft materials have been developed and used 
for reconstruction of bony defects in periodontal and 
implant surgeries. The autogenous bone is considered as the 
gold standard because of its superior capacity in bone 
formation, however, has some clinical drawbacks such as a 
morbidity of donor site and uncontrolled resorption rate 
[3,4]. 
 
Indeed, they have shown favorable biocompatibility and 
osteoconductivity when used as bone graft materials [5].  
 

Among Ca-Ps, HA, which is very stable, can maintain the 
space effectively but has low osteoconductivity [6,7].  
  
In contrast, β-TCP is more biodegradable and rapidly 
replaced by newly formed bone but has low capacity of 
space maintaining [8]. 
 
Therefore biphasic calcium phosphate (BCP), which is 
composed of HA and β-TCP, was introduced to overcome 
limitations of each material and several studies have been 
demonstrated that BCPs can be used as bone substitutes 
successfully [8-10]. 
 
Calcium phosphate materials have received a lot of research 
attention in recent years due to their chemical similarity to 
bones and teeth. They are attractive biomedical materials 
owing to their excellent biocompatibility and the nontoxicity 
of their chemical components [11-14]. 
 
Calcium phosphates belong to the group of bioactive 
synthetic materials and its most frequently used are the 
hydroxyapatite and the tricalcium phosphate. These types 
are commonly used due to their osteoconductivity, 
crystallographic structures, and chemical composition 
similar to the skeletal tissue. They are classified according 
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to their “resorbability,” that is extent of degradation in vivo. 
Hydroxyapatite has been described as “nonresorbable” and 
tricalcium phosphate has been described as “resorbable” 
[13,14]. 
  
Platelet-derived growth factors are biologically active 
peptides that enhance tissue repair mechanisms [15]. 
Platelets are easily collected from the blood stream and are 
concentrated in a small volume of plasma known as platelet-
rich plasma (PRP) [16].The preparation of PRP involves the 
isolation of PRP after which gel formation is accelerated 
using calcium chloride and bovine thrombin. 
  
Platelet rich fibrin (PRF) is a second generation platelet 
concentrate widely used to accelerate soft and hard tissue 
healing. The advantage of platelet rich fibrin over the better 
known platelet rich plasma include ease of preparation, 
application, minimal expence and lack of biochemical 
modification [17-19].  
 
A combination of PRF and biphasic calcium phosphate 
(HA/ β-TCP) is expected to create a composite with both 
osteoconductive and osteoinductive properties 
 

2. Materials and Methods 
 

Pre-operative phase  
The animals were examined by the animal house 
veterinarian to exclude any diseased animal. 
All dogs were kept under the same environmental condition. 
All dogs received the same balanced diet through the period 
of the study (milk, meat, broth). 
All animals received a dose of antibiotic intramuscularly: 
ampicillin 25/kg just before the operation. 
 

Operative Phase 

The animals were generally anesthetized via intravenous 
injection of Sodium Thiopentone; the dose of which was 
calculated on basis of 30mg/kg body weight. 
 
The oral mucosa was painted and rubbed thoroughly with 
antiseptic Povidone Iodine solution 10% so as to render the 
surgical field free from microorganisms. 
 
Collecting 10ml of blood from the dog vein, The required 
quantity of blood is with drawn into a 10/ml test tube 
without anticoagulant blood is centrifuged using tabletop 
centrifuge for 12 min at 2,700 rpm. 
 
Removing the top and bottom layers to get only PRF layer 
in the middle of the prepared sample, then squeeze it 
between two glass slaps to get a membrane of PFR to be 
used. (Fig. 1) 

 
Figure 1: A: Showing blood sample, B: blood after using 

centrifuge, C: PRF only after removing top 
and bottom layers, D: two halfs of PRF one 

containing BCP 
 

The lower right premolar tooth was extracted with minimal 
trauma using a lower premolar forceps. (Fig. 2 A) 
Drilling with the oeteotomy drill mounted on low speed 
handpiece was done in the socket under cooling with sterile 
saline irrigant. A pumping motion wasused while drilling to 
allow the osseous debris to be cleared from the site. (Fig. 2 
B) 
 
Preparing the socket using half of the PRF inserted into the 
socket before inserting the dental implant. (Fig. 2 C) 
 
The implant was inserted into the prepared socket with the 
vial cap and turned in a clockwise direction with slight 
apical pressure to gain stability of the implant in its position 
till difficulty is encountered, and then the vial cap was 
removed. (Fig. 2 D) 
 
For final seating of the implant in bone; the Ratchet driver 
combined with the hex driver was mounted onto the 
implant, and used till the implant body was flushed with the 
level of alveolar crest of bone.  
 
Wrenching was carried out in only a horizontal plane, and 
care was taken to avoid movements in any other planes, not 
to widen the osteotomy.  
 
The cover screw was then placed on top of the implant using 
the finger driver. 
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Figure 2: A: premolar extraction, B: socket drilling, C: 

preparing socket with PRF, D: implant insertion 

 
An interrupted suture was done to approximate the gingival 
margins using 3-0 resorbable suture material. 
 
The same procedure was carried on the left side except 
adding BCP (DM bone) with the half of the PRF membrane. 
(Fig. 3) 

 
Figure 3: A: preparing socket with PRF + BCP, B: implant 

insertion, C: after implant fixation, D: wound 
closure in both sides 

Animal Sacrification 

Two Dogs were sacrified at 2, 4, 6 and 8 weeks 
postoperatively by giving them an overdose of thiopentone 
sodium intravenously. Segments containing the grafted 
areas and the adjacent bone were retrieved to be prepared 
for histological examination. They were immediately 
immersed in 10% neutral buffered formalin for fixation. 
 

3. Results 
 

Clinical Result 

All animals survived well, and remained active and alert all 
over the course of the experiment. During the first week the 
animals did not exhibit any clinical signs of infection. In the 
second post-operative week; the clinical observation 
revealed that the wound showed no difference in healing 
features for both groups.  
 
Six weeks post operatively; there were no sign of graft 
rejection, also no depressions were noted in the level of 
bone facially on either side.  
 
Eight weeks post operatively; the continuity of the bone of 
the body of the mandible at the surgical sites was the same 
in both sides. 
 

Histological Results 

 

First observation period (after two weeks from the start of 

the experiment) 

In both groups, in some sections inflammatory reactions were 
observed, with some areas of resorption of the boundary of the 
native bone. Other sections exhibited features of new bone 
formation and new vascularization which were more in 
association with group B (PRF+BCP) than in group A (PRF). 
 

Second observation period (4 weeks after the start of the 

experiment) 

Resolution of inflammation in the healing tissues was noted 
in both groups together with formation of more amounts of 
new bone and vascularization than in the first observation 
period. They were both more pronounced in group B than in 
group A. The blood supply to the healing mass was very 
outstanding in group A which also exhibited better figures 
of osteoblastic activity and osteocyte incorporation in the 
forming bone. Also, in group B the newly formed bone 
appeared more organized than in group A. 
 

Third observation period (6 weeks after the start of the 

experiment) 

Large number of osteocytes within the newly-formed 
trabeculae. Evident remodeling lines were seen between the 
native bone at the implant site and the new bone and it is 
more dominante in group B than group A 
 

Fourth observation period (8 weeks after the start of the 

experiment) 

In contrary to the variations of the histological features in 
the previous two experimental periods, the healing outcome 
here appeared consistent and bone formation was greater 
filling almost the whole of the created cavity in group B 
(Fig. 4 A&B) and the greater part of that cavity in group A 
(Fig. 4 C&D) with the same superior blood supply in group B 
than that in group A reflecting great neoangiogenesis. In both 
groups the formed mass of the new bone exhibited striking 
appearance of osteointegration with the native bone.  
 
The better positive results obtained in association with group B in 
all of the experimental periods suggest a superior effect of PRF 
when used in association with BCP as a bone graft than if PRF 
used alone. 
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Figure 4: A: H&E stain L.M of study group, 8 weeks, B: 

trichrome stain L.M of study group, 8 weeks, C: H&E L.M 
of control group, 8 weeks, D: trichrome stain L.M of control 

group, 8 weeks. 
 

4. Discussion 
 
The present study was designed to evaluate histologically 
the effect of platelet rich fibrin (PRF) combined with 
biphasic calcium phosphate (BCP) as bone filler in bony 
defects of dog mandibles. Since the literature includes few 
histological studies using only PRF or graft materials with 
different characteristics combined with PRF.  
 
Various platelet derived products or platelet concentrates have 
been introduced that act as biological mediators aiding the 
healing response. Choukroun’s PRF has been the latest 
development among the platelet concentrates. It 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. 
Thus PRF has also been tagged as a healing biomaterial [20].  
 
Alloplastic grafting products such as biphasic calcium 
phosphate (BCP) are synthetic in origin, biocompatible and 
osteoconductive [21]. The release of controlled levels of 
calcium ions over time favors the formation of an apatite layer, 
which is necessary for the bioactivity displayed in BCP 
ceramics [22,23]. This bioactivity can be responsible for the 
ceramic’s osteoconductivity and/or osteoinductivity. In 
osteoconduction, the biomaterial surface supports the growth of 
mature osteoblasts and direct apposition of bone into its surface 
while in osteoinduction, the biomaterial favors the recruitment 
of immature or undifferentiated cells and stimulates their 
differentiation towards the osteoblastic lineage and as a 
consequence, osteogenesis will be stimulated. Therefore 
clinically applied BCP with PRF was preferred in this study.  
 
The present study was conducted on eight healthy dogs. In 
each dog tooth extraction were performed; one on the right 
and the other on the left. In group A (right side) the animals 
received PRF only and in group B (left side) the animals 
received PRF mixed with BCP. These dogs were sacrificed 
at 2,4, 6 and 8 weeks postoperatively for histological 
evaluation of the healing process. 
  
In the present study, the observations of the first 
experimental periods in both groups revealed that an 

inflammatory reaction occurred. Although the inflammatory 
cells were denser in group A, the inflammation was not 
prevailing throughout the depth of the healing defects. It 
seemed that the regenerative potential of the tissue biology 
could limit and control the spread and continuation of 
inflammation.  
 
Also, Zhang et al (2012) [24] conducted histological and 
clinical evaluations of 10 patients who underwent sinus 
lifting. As a test group, six sinus floor elevations were 
grafted with a Bio-Oss and PRF mixture, and as control 
group, five sinuses were treated with Bio-Oss alone. Their 
results revealed that there was no difference in the new bone 
between the group receiving only bovine bone graft (Bio-
Oss) and that receiving PRF in combination with bovine 
bone graft 6 months after sinus-lifting surgery. 
  
Contrary to the results of these studies, we observed higher 
new bone in group B (PRF+BCP) than group A (PRF alone) 
during the four observation periods. The positive reaction in 
group B was preceding that of group A. This proves that 
PRF is effective in the early stages of healing. 
  
In 2013, Bölükbaşiet al [21] evaluated the efficacy of PRF 
mixed with BCP on bone regeneration in surgically created 
bone defects in sheep tibia.The defects were left empty or 
grafted with BCP, PRF, or BCP+PRF. Animals were killed at 
10, 20, and 40 days. The specimens were analysed 
histologically and histomorphometrically. The study revealed a 
histomorphometric increase in bone formation with the addition 
of PRF to BCP. 
 
In the present investigation, during the four observation 
periods, the healing features in group B were different from 
those in group A in two obvious points; the blood supply and 
the amount of the newly formed bone, both were greater in 
group B than in group A especially the profound blood supply. 
  
The combination of PRF with autogenous bone or bone 
substitute materials are opening the door to novel 
therapeutic alternatives and improving preexisting ones, 
increasing the versability of bone substitute materials. PRF 
acts as a biologic adhesive to hold the particles of the graft 
material together, making its manipulation much easier, 
providing vascularization and survival of the graft [25]. 
 
The effectiveness of PRF depends not only on its features 
but also the properties of coadministered grafting material 
[21]. The better positive results obtained in association with 
group A in all of the experimental periods suggest a superior 
effect of PRF and rapid start of bone formation when used 
in association with BCP as a bone graft than if used alone.  
 
References 
 
[1] Larry J. Peterson, Edward Ellis, James R. Hupp, Myron 

R. Tucker. Contemporary Oral and Maxillofacial 
Surgery, fourth edition, Mosby, 2003. 

[2] Got Fredsenk, Nimbl, Buser D., Hjorting–Hansen E. 
Evaluation of guided bone regeneration around 
implants placed in fresh extraction sockets: an 
experimental study in dogs. J. Oral Maxillofacial. Surg. 
1993 Aug ; 51 (8): 879. 

Paper ID: ART20171199 DOI: 10.21275/ART20171199 1806

http://www.sciencedirect.com/science/article/pii/S0011393X13000179


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 2, February 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[3] Erbe EM, Marx JG, Clineff TD, Bellincampi LD. 
"Potential of an ultraporous beta-tricalcium phosphate 
synthetic cancellous bone void filler and bone marrow 
aspirate composite graft,". Eur Spine J. 2001;Suppl 
2:S141–6.  

[4] Rosenberg E, Rose LF. Biologic and clinical 
considerations for autografts and allografts in 
periodontal regeneration therapy. Dent Clin North Am. 
1998;42(3):467–90.  

[5] Han T, Carranza Jr FA, Kenney EB. Calcium phosphate 
ceramics in dentistry: a review of the literature. J West 
Soc Periodontol Periodontal Abstr. 1984;32(3):88–108.  

[6] Moskow BS, Lubarr A. Histological assessment of 
human periodontal defect after durapatite ceramic 
implant. Report of a case. J Periodontol. 
1983;54(8):455–62.  

[7] Ellinger RF, Nery EB, Lynch KL. Histological 
assessment of periodontal osseous defects following 
implantation of hydroxyapatite and biphasic calcium 
phosphate ceramics: a case report. Int J Periodontics 
Restorative Dent. 1986;6(3):22–33.  

[8] Dorozhkin SV. Bioceramics of calcium 
orthophosphates. Biomaterials. 2010; 31(7): 1465–85.  

[9] Daculsi G, Passuti N, Martin S, Deudon C, Legeros RZ, 
Raher S. Macroporous calcium phosphate ceramic for long 
bone surgery in humans and dogs. Clinical and histological 
study. J Biomed Mater Res. 1990;24(3):379–96.  

[10] Nery EB, LeGeros RZ, Lynch KL, Lee K. Tissue 
response to biphasic calcium phosphate ceramic with 
different ratios of HA/beta TCP in periodontal osseous 
defects. J Periodontol. 1992;63(9):729–35. 

[11] M. Epple, K. Ganesan, R. Heumann et al., “Application of 
calcium phosphate nanoparticles in biomedicine,” Journal 
of Materials Chemistry, vol. 20, no. 1, pp. 18–23, 2010. 

[12] L. L. Hench and J. Wilson, An Introduction to 
Bioceramics, World Scientific, 1993. 

[13] R. Z. LeGeros, “Calcium phosphate materials in 
restorative dentistry: a review,” Advances in Dental 
Research, vol. 2, no. 1, pp. 164–180, 1988.  

[14] L. L. Hench, “Bioceramics: from concept to clinic,” 
Journal of the American Ceramic Society, vol. 74, pp. 
1487–1510, 1991.  

[15] 15-Rozman P, Bolta Z. Use of platelet growth factors in 
treating wounds and soft tissue injuries.Acta Dermatoven 
APA 2007; 16: 156-65. 

[16] Lucarelli E, Beretta R, Dozza B, Tazzari P, O’Connell 
S, Ricci F, et al. Arecently developed bifacial platelet 
rich fibrin matrix. Eur Cell Mater 2010; 20: 13-23 

[17] Lee J, Kim S, Kim J, Lee Y, Choi J, Dragos R, et al. 
Restoration of a peri-implant defect by platelet rich 
fibrin. Oral Surg Oral Med Oral Pathol Oral Radio 
2012; 113: 459-63. 

[18] Jang E, Park J, Kweon H, Lee K, Kang S, Baek D, et al. 
Restoration of peri-implant defects in immediate 
implant installations by Choukroun platelet rich fibrin 
and silk fibroin powder combination graft. Oral Surg 
Oral Med Oral Pathol Oral RadiolEndod 2010; 109: 
831-36. 

[19] Choukroun J, Diss A, Simonpieri A, Girard M, 
Schoeffler C, Dohan S, et al. Platelet rich fibrin (PRF): 
a second-generation platelet concentrate. Part IV: 
clinical effects on tissue healing. Oral Surg Oral Med 
Oral Pathol Oral RadiolEndod 2006; 101: 56-60. 

[20] Gupta V, Bains V, Singh G, Mathur A, Bains R. 
Regenerative potential of platelet rich fibrin in 
dentistry: literature review. Asian J oral Hlth Allied Sci 
2011; 1: 22-8. 

[21] Bölükbşi N, Yeniyol S,  Soluk M, Altunatmaz K. The 
use of platelet rich fibrin in combination with biphasic 
calcium phosphate in the treatment of bone defects: a 
histologic and histomorphometric study. Curr Therap 
Res 2013; 75: 15-21. 

[22] Daculsi G, LeGeros R.Encyclopedia of Biomaterials 
and Biomedical Engineering, 2nd ed. New York: 
Informa Healthcare Inc; 2006. P. 359-66. 

[23] Duan Y, Zhang Z, Wang C, Chen J, Zhang X. Dynamic 
study of calcium phosphate formation on porous 
HA/TCP ceramics. J Mater Sci Mater Med. 2004; 15: 
1205-11. 

[24] Zhang Y, Tangl S, Huber C et al. Effects of Choukroun's 
platelet-rich fibrin on bone regeneration in combination with 
deproteinized bovine bone mineral in maxillary sinus 
augmentation: a histological and histomorphometric study. J 
Craniomaxillofac Surg 2012; 40: 321-8. 

[25] Purisat K. Effect of platelet rich fibrin on composite 
graft of autogenous bone and deproteinzed bovine bone 
in new bone formation in rabbit clavarial defect. 
(M.Sc.-thesis). Prince of Songkla University; 2008. 

 

Author Profile 
 

Sherif Emadeldin Abdelmagid, received the B.D.S. In 
Dental and Oral Surgery from Alexandria University, 
Faculty of Dentistry 2009. he practiced in Ministry of 
Health. Since 2009 till now. During 2013-2017, he 
educated for M.S degree in oral and maxillofacial surgery 

department, Faculty of dentistry. Alexandria University. 

Paper ID: ART20171199 DOI: 10.21275/ART20171199 1807

http://www.ncbi.nlm.nih.gov/pubmed?term=Rozman%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18204746
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolta%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=18204746
http://www.ncbi.nlm.nih.gov/pubmed/18204746
http://www.ncbi.nlm.nih.gov/pubmed/18204746
http://www.sciencedirect.com/science/article/pii/S0011393X13000179
http://www.sciencedirect.com/science/article/pii/S0011393X13000179
http://www.sciencedirect.com/science/article/pii/S0011393X13000179
http://www.sciencedirect.com/science/article/pii/S0011393X13000179



