
ABSTRACT

Purpose: The purpose of this study was to evaluate the effect of platelet rich fibrin 
on the healing of osteoporotic alveolar socket after tooth extraction in experimentally 
induced osteoporosis in rabbits. Materials and Methods: Thirty six adult female rabbits 
were used in this study. Rabbits were divided into 3 groups (group1, group2 &group 
3: 12 for each group) then each group was divided into 3 subgroups (4 for each 
subgroups) according to the date of scarification at 7, 20, 30 days postoperatively. Group 
1: (12 rabbits), alveolar socket was left empty after first molar extraction (didn’t receive 
Platelet Rich Fibrin (PRF)). For the remaining 24 female rabbits: osteoporosis was 
experimentally induced by receiving 1.56 mg/kg dexamethasone (Dex) intraperitoneal 
injection daily for 2 months to induce osteoporosis - like condition. Group 2: (12 
rabbits), osteoporotic alveolar sockets were left empty after first molar extraction (didn’t 
receive PRF). Group 3: (12 rabbits), osteoporotic alveolar socket received PRF after first 
molar extraction. The specimens were collected, prepared and examined by routine 
haematoxylin &eosin and immunostained by Osteoprotogrin (OPG) marker. Results: 
at 7, 20 and 30 days, the greatest mean value was recorded in group 1, followed by 
group 3, with the least value recorded in group 2. Both group 1and 3 revealed a decrease 
in area percent of OPG throughout the study, whereas in group 2 revealed an increase. 
Conclusions: The study offers a clear evidence that topical application of PRF in 
osteoporotic alveolar socket after tooth extraction accelerates and increases the rate of 
bone formation and maturation than in osteoporotic alveolar socket without PRF.

INTRODUCTION

Osteoporosis is a global public health problem currently affecting 
more than 200 million people worldwide. Major researches efforts are 
being made to improve the outcome for patients with osteoporosis.  
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It is characterized by loss of bone mass and 
deterioration of bone microarchitecture resulting in 
increased bone fragility and susceptibility to fracture. 
Drop in estrogen level following the menopause, 
increasing age, prolonged immobilization, chronic 
disease and use of certain medications can ultimately 
result in osteoporosis (1).

Moreover, excess tobacco consumption, mal-
nutrition, vitamin D deficiency and hypogonadism 
may play a role. In addition, chronic use of sys-
temic and inhaled GCs also contributes to increase 
the risk of bone loss (2). Synthetic GCs are used in 
a wide variety of disorders, including autoimmune, 
pulmonary and gastrointestinal diseases, as well as 
in patients with malignancies or following organ 
transplantation. Although the indications for GCs 
in these various conditions are clear, the use of GCs 
affect the skeleton of patients, which ultimately lead 
to osteoporosis (3).

In dentistry, dental caries and periodontitis, 
which are inflammatory diseases, have been 
regarded as main causes of tooth loss. However, the 
number of studies suggesting a positive relationship 
between systemic osteoporosis and alveolar bone 
loss or tooth loss has been increasing annually(4). 
Nowadays tooth extraction becomes more 
important in complicating odontological treatment; 
tooth extraction unavoidably has influence on 
bone resorption and changes of gingival contours. 
Further treatment may become more complex in 
using dental implants and common prosthetics (5).

Clinical studies reported that approximately 50% 
of the original alveolar bone width was reduced 
within the first 12 months after tooth removal (6). 
Volumetric alterations of the alveolar ridge can 
be unfavorable for future endosseous implant 
placement and implant esthetics. Marginal alveolar 
bone ridge protection has influence in achieving 
optimal functional, aesthetic prosthesis and 
orthodontic treatment results. There is increasing 
demand in lowering damage to soft and hard tissues 
around the tooth being extracted. A traumatic tooth 

extraction and further protection of the alveolus is 
important (7). So, using varieties of techniques for 
preservation of bone volume is of great importance 
to obtain good aesthetic results. Therefore, socket 
preservation has been recommended at time of 
tooth extraction to compensate for the postoperative 
volumetric alterations by using a grafting bone 
substitute as an example (8).

PRF represents a new step in the platelet gel 
therapeutic concept with simplified processing 
excluding artificial biochemical modification. 
Unlike other platelet concentrates this technique 
requires neither anticoagulants nor bovine thrombin 
making it simple in its preparation, and considered 
as one of biological material that can promote 
osteogenesis in tooth extraction sockets and its 
effect is remarkable at the earlier time of bone 
formation (9). Up right now, a complete preservation 
of the alveolar contour after tooth extraction with 
intra- socket grafts seems to be an unpredictable 
treatment goal (10).

The purpose of the present study was to evaluate 
the effect of platelet rich fibrin on the healing of 
osteoporotic alveolar socket after tooth extraction 
in experimentally induced osteoporosis in rabbits.

MATERIALS AND METHODS

Thirty six adult female rabbits weighting an 
average of (2.5-3 kg) were used in this study. Rabbits 
were divided into 3 groups (12 for each group) then 
each group divided into 3 subgroups (4 for each 
subgroups) according to the date of scarification at 
7, 20, 30 days postoperatively.

Group 1: (Negative control group) (12 
rabbits) where alveolar sockets were left empty 
after first molar extraction (didn’t receive PRF). 
Experimental groups: For the remaining 24 female 
rabbits, osteoporosis was experimentally induced by 
receiving 1.56 mg/kg Dex intraperitoneal injection 
daily for 2 months to induce osteoporosis - like 
condition (11). The osteoporotic rabbits were divided 
into two groups 12 for each.
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Group 2: (Positive control group) (Osteoporotic 
group), osteoporotic alveolar sockets were left 
empty after first molar extraction (didn’t receive 
PRF). Group 3: (Treatment group) (PRF group), 
osteoporotic alveolar sockets received PRF after 
first molar extraction.

1) Preparation of PRF

PRF was prepared in accordance with protocol 
developed by Choukroun intravenous blood was 
collected from marginal ear vein in Eppendorf sterile 
tube 2ml, without anticoagulant and immediately 
centrifuged in centrifugation machine at 3,000 
revolutions per minute for 10 minutes. PRF was 
easily separated from red corpuscles using a sterile 
tweezers.

Within few minutes, absence of anticoagulant 
allows activation of majority of platelets in the 
sample to start coagulation cascade. Initially 
fibrinogen is concentrated in the upper part of 
the tube until circulating thrombin transforms it 
into a fibrin network. The outcome is a fibrin clot 
(PRF) containing platelets in the middle of the tube 
between the red blood cell layer at the bottom and a 
cellular plasma at the top. This clot is removed from 
the tube and the attached red blood cells scraped off 
and discarded (12 and 13).

2) Extraction

The rabbits were anesthetized intramuscularly 
using 0.1 ml / 200 g of animal weight using equal 
parts of ketamine and xylazine (14).Then mandibular 
left first molar of each rabbit in all groups was 
extracted by using straight apexo and pynote 
forceps after 8 weeks from the beginning of drug 
administration. No antibiotic or other medications 
were used, then application of PRF inside the socket 
by condenser was done.

3) Sample collection

At the end of the experimental period for each 
subgroup, rabbit scarification was done by slaughter. 
Their heads were immediately dissected to obtain 
the mandibular molar area. The specimens were 
processed for routine histological and immune-
histomorphometric analysis under light microscope.

Evaluation of OPG immunostaining by image 
analysis

The number of positively reacting 
immunostaining of OPG was counted. Counting 
was based on the area with the highest percentage 
of positive cells, each stained nucleus was regarded 
as positive regardless of the staining intensity. The 
sites expressing a positive immune reaction with the 
OPG monoclonal antibody are identified as brown 
deposits of the chromogen. The stronger the immune 
reaction, the darker the chromogen intensity.  
(Fig. 1 and 2 (A))

RESULTS

In (group 1) at 7 days, the socket was filled 
with granulation tissue and minute inflammatory 
cells. At the depth of the socket, small spicules 
of newly formed bone were observed. The bony 
spicules showed different degrees of stainability 
enclosing entrapped osteocytes. Multiple scattered 
hemorrhagic areas were clearly observed at the top 
of the socket. While in (group 2), the socket was 
completely filled with pronounced fibrous connective 
tissue where the collagen fibers appeared to be 
arranged in bundles having different courses and 
directions. Scattered minute bony spicules were 
observed. In (group 3), the socket showed multiple 
large interconnected bone spicules of variable size 
and shape. The enclosed osteocytes within those 
bony spicules lack normal architecture as their nuclei 
were eccentric and appeared with darkly basophilic 
stain. Negligible amounts of inflammatory cells 
were also noticed. (Fig.1(B))
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In (group 1) at 20 days the socket was filled 
by variable sized and shaped bony spicules, with 
osteocytes of normal appearance & arrangement 
enclosed inside. The periphery of those spicules 
was lined by osteoblasts. While in (group 2), 
little amount of thin rod –like bony spicules were 
seen, enclosing few number of osteocytes with wide 
lacunae and eccentric nuclei. The osteocytes were 
arranged in haphazard manner in some of these 
spicules while others appeared completely lacking 
the osteocytes. In (group 3), moderate amount of 
newly formed bone spicules were noticed, with 
many osteocytes entrapped inside and arranged 
in haphazard distribution and some of them show 
eccentric nuclei.

In (group 1) at 30 days the socket area was 
filled with compact bone which take the typical 
morphology of normal compact bone where many 
Haversian canals and Volkmann’s canals containing 
blood vessels filled with R.B.Cs. were detected 
and surrounded by the normal architecture of 
osteocytes. While in (group 2), pronounced amount 
of bone trabeculae which appear interconnected, and 
enclosing different fibrous bone marrow spaces can 
be detected, with evidence of future formation of 
Haversian canal. In (group 3) good amount of bone 

formation with the relative normal architecture of 
bone trabeculae were seen, as number of osteocytes 
appeared arranged with relative normal shape and 
architecture (Fig. 2 (B)).

OPG was detected as a brown chromogen 
staining of tissue components expressing a positive 
OPG monoclonal antibody immune reactivity. The 
reaction appeared as brown deposits in cells, but 
was a homogenous brownish area in fluids and 
tissue ground substance. (15)

During light microscopic examination of immu-
nohistological sections of dissected rabbits sections, 
positive OPG immune reaction could be localized in 
cells of osteocytes and osteoblasts of bony tissue of 
newly formed bone of the alveolar socket.

Both normal and PRF groups revealed a decrease 
in area percent of OPG throughout the study, 
whereas the osteoporosis group revealed an increase. 
Comparing the percent change in area percent of 
osteoproteogerin throughout the study in different 
groups, One way analysis of variance (ANOVA) 
test revealed that the difference of mean value was 
statistically significant (p=0.0013). Tukey’s post 
hoc test revealed no significant difference between 
control and PRF groups. Significant at p<0.05. 

Fig. (1) BS (bone spicules), Ha (hemorrhagic area), F (fibers), Ic (inflammatory cells), Yellow arrow (osteocytes), Black arrow 
(osteoblasts), Red arrow (OPG stain osteocyte) and Star (different in degree of stainability of bone spicules.
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DISCUSSION

Rabbits were animals of choice for being one 
of most commonly used animals for medical 
research, being used in approximately 35% of 
musculoskeletal research studies. This is due to ease 
of handling and size. Rabbits are also convenient in 
that it reaches skeletal maturity shortly after sexual 
maturity around 6 months of age (16). It has an active 
Haversian remodeling, which might be very useful 
to test agents acting on bone remodeling, especially 
those with strong anabolic effects (17).

Osteoporosis are induced experimentally 
through different methods (18-20), one of main 
method to induce osteopetrosis is ovariectomy(21-26) 

but it was found that rabbits constitutes a poor 
model for exclusively ovarian function deprivation 
osteoporosis. Failure in achieving significant 
reductions in bone mass of rabbit could be explained 
by presence of reflex ovulations or an ectopic 
production of sexual hormones (27), so osteoporosis 
were induced in present study by using GCs.

These forgoing histologic events comprising 
tooth extraction socket healing have been described 
in details (28, 29, and 30). the collecting specimens from 
group 2 (osteoporotic group) at 7 days showed delay 

in bone healing related to Dex administration which 
lead to reduction in bone formation and increase in 
bone resorption where socket still filled with collagen 
fiber and negligible amounts of bony spicules was 
noticed along the periphery. These histological 
findings were in agreement with the researchers (31,32) 

who found that Dex reduce expression of insulin-
like growth factors I and II as this growth factors 
known to increase osteoblasts differentiation, type 
I collagen synthesis and bone formation.

The histological findings at 20 and 30 days 
illustrate little amount of thin rod –like structure, 
sparse and randomly oriented bone trabeculae 
especially at the cervical and middle part of the 
extracted socket. This histological finding was 
in agreement with other researchers who stated 
that,(33,34) Dex decreased blood vessels and 
decreased mineralizing surfaces by decreasing bone 
formation through suppressing osteoblastic activity 
and function in bone marrow. Furthermore, Dex 
increase osteoblasts and osteocytes apoptosis and 
cause heterogeneity of bone loss.

The immuno-histomorphometric results was 
concomitant with the histological results as in 
group 2 (osteoporotic group) which revealed that,  

Fig. (2) Bt (bone trabeculea), Bv (blood vessel), F (fibers), Rs (resting line), Hc (Haversian canal), Vs (Volkmann’s canal),  
Rv (reversal line), FHc (future Haversian canal),Yellow arrow (osteocytes) and Red arrow (OPG stain osteocyte).
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when OPG stained osteoblasts and osteocytes the 
lowest mean value of OPG was recorded at 7 days, 
with a slight increase of OPG stain in osteoblasts 
and osteocytes at 20 and 30 days. This due to the 
action of Dex administration, which delay healing 
of extracted sockets by increasing osteoblasts and 
osteocytes apoptosis and affect expressions of 
osteoblasts and osteocytes to OPG which considered 
as a bone protector as it protects the skeleton from 
excessive bone resorption (35) . (Fig. 1 and 2 (A)).

Comparing the histological results observed 
at 7 days in both group 1 (control group) and 
group 2 (osteoporotic group) it was found that in 
groups treated with PRF (group 3), formation of 
bone spicules with active osteoblast and dilated 
blood vessels engorged with R.B.Cs. while in 
group 2 (osteoporotic group) only primitive bone 
formation in the alveolar socket was formed. This 
is in agreement with study done by investigator (36) 

who found that platelets can enhance plasminogen 
activation capacity of mesenchymal progenitors 
which responsible for bone formative cell.

At 20 days postoperatively, at this healing 
period, the histological findings illustrate, bone 
trabeculae formation in all groups, furthermore, 
delay of bone formation was very obvious in 
extracted socket of experimental group without PRF 
group 2 (osteoporotic group) by presence of fibrous 
connective tissue in some area, while in extracted 
socket with PRF (group 3) showed new bone 
formation with large number of osteocytes, many 
reversal and resting lines, and also with Haversian 
canal formation. These histological findings was 
in agree with investigator (37) who found that PRF 
has an osteo-promotive activity since it contains 
a high concentration of growth factors, such as 
transforming growth factor - beta 1,2 and vascular 
endothelial growth factor. These growth factors 
promote regeneration of blood vessel as well as 
proliferation and migration of osteoblasts.

At 30 days postoperatively, in comparing 
between group 2 (osteoporotic group) and group 3 

(PRF group), application of PRF to the extracted 
socket had a positive effect on the healing process as 
good amount of bone formation with relative normal 
architecture of bone trabeculae was observed with 
presence of relatively normal Haversian canals in 
group 3 (PRF group), These findings indicate that 
the platelets within PRF release growth factors 
and proteins like osteonectin, fibronectin, and 
osteocalcin , all of them influence bone healing in 
different ways (38)

.
Comparing the results of group 1 (control 

group), group 2 (osteoporotic group) and group 3 
(PRF group). As measured by ANOVA it was found 
that the greatest mean value of immuno- expression 
of OPG was recorded at 7 days in group 1 (control 
group), followed by 6 group 3 (PRF group), while 
the least value recorded in group 2 (osteoporotic 
group). As a result of apoptosis of osteoblast-
lineage cells evoking a decrease in release of OPG 
by these cells.

These foregoing findings was in agreement 
with other studies (39), which found that the alveolar 
repair process associated with the receptor activator 
of NF-κB ligand and OPG pattern being inversely 
proportional. As there was an increase in bone 
formation during the course of the analyzed periods, 
while there was a reduction in the expression of these 
proteins, indicating complete filling of the alveolar 
process associated with a balance in bone turnover.

CONCLUSIONS

1. The present study offers a clear evidence that 
topical application of PRF in osteoporotic 
alveolar socket after tooth extraction accelerate 
and increase rate of bone formation and 
maturation than in osteoporotic alveolar socket 
without PRF.

2. Ease of preparation/application and lack of 
biochemical modification by utilizing the 
patient’s own blood reduces or eliminates 
disease transmission through blood.
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3. Easily applied PRF acts much like a fibrin 
bandage, serving as a matrix to accelerate the 
healing of wound. Also acts as a biological 
connector between the bone particles.

4. The  intrinsic  incorporation  of  cytokines  
within  the  fibrin  mesh  allows  for  their 
progressive release over time (7-11 days), as the 
network of fibrin disintegrate.
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