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ABSTRACT

Back ground and objective: The reconstruction of large bony defects is one of great challenge in
clinical research, various materials and techniques were used in bone augmentation. Recently, autologous
platelet rich fibrin (PRF) which contain various growth factors accelerates tissue healing and promotes
bone regeneration. Therefore, this study aimed to evaluate the effectiveness of adding PRF to biphasic
calcium phosphate (BCP) on healing process of iliac bone defects in sheep.

Materials and methods: six iliac bone defect 8mm in diameters and depth were created in each side of
four sheep. The superior two defects were filled with blood as control group, the middle two defects were
filled with BCP and the inferior two defects were filled with a mixture of BCP and PRF equally. The PRF
was prepared by centrifuging sheep own blood at 2700rpm for 12minutes. One sheep was sacrificed at 2,
4, 6 and 12 postoperatively weeks, and twelve iliac bone block from each period were prepared
histologically and the slides stained with masson trichrome, hematoxylin and eosin stains for examination
of new bone formation, bone maturation and intensity of osteoblast and osteoclast over healing time
periods.

Results: The study showed that the new bone formation percentage and the intensity of osteoblast and
osteoclast cells were significantly increased in each group with healing time (p = <0.05) and they were in
BCP+PRF group was higher than in BCP group and much higher than in control group at all-time
intervals. Besides, the woven and lamellar bone percentages over time periods were significantly
decreased and increased, respectively. Importantly, the study revealed that the (BCP+PRF) group had
statistically significant increase in the percentage of new bone formation and lamellar bone and compared
to the BCP and control groups in all time intervals.

Conclusion: Within the limitations of this experimental study, our results demonstrated that the
addition of PRF to BCP increases the formation of new bone.

KEY WORDS: Platelet Rich Fibrin, Biphasic Calcium Phosphate, Bone Augmentation, Bone Healing.
Abbreviation: (BCP) biphasic calcium phosphate.
(PRF) platelet rich fibrin.

INTRODUCTION histocompatibility, osteoinductivity and
osteogenesity (Kumar et al., 2013). However, it
has some clinical limitations in terms of
availability, uncontrolled resorption rate,

morbidity and pain in donor site, in case of

he augmentation of large bone defects
resulting from trauma, infection, tumor
and surgical resection remains a great

challenge in clinical and medical research (Chen
et al., 2017). Different bone graft materials have
been developed and used for reconstruction of
osseous defects in oral and maxillofacial
surgeries (Lee et al., 2015). The autogenous
bone graft is considered as the gold standard for
bone reconstruction because  of its
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allograft and xenograft the disadvantages are
possibility of immunological reaction, risk of
disease transmission and loss of biological
properties  due to sterilization process, to
overcome these drawbacks many attempts have
been develop to obtain synthetic bone substitutes
which is osteoconductive and act as scaffold for
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new bone and blood vessels formation (Kim et
al., 2017)

Among various synthetic bone substitute
biphasic calcium phosphate (BCP) have been
widely used because of their chemical and
structural similarity to human bone and it
composed of less soluble hydroxyapatite (HA) to
provide space maintenance and  more
biodegradable p-tricalcium phosphate (B-TCP)
to control resorption rate. It is a biocompatible,
osteoconductive, and cost-effective biomaterial
(Boliikbas et al., 2013), but its osteoinductive
potential is poor (Kim et al., 2017); therefore
different bioactive material rich in growth
factors widely being used either alone or
together with bone graft substances for bone
augmentation and regeneration particularly in
maxillofacial surgery. Among these factors are
platelet-rich plasma (PRP) and platelet-rich
fibrin (PRF) (Abdullah, 2016)

PRF was first developed in France by
Choukroun in 2001 as an autologous healing
biomaterial that contains leukocyte, platelets and
growth factors (Choukroun et al., 2001), PRF
used specifically in oral and maxillofacial
surgery and considered to be a new generation of
platelet concentrate currently (Borie et al.,
2015). PRF has advantages over PRP by having
a strong fibrin structure and not requiring any
biochemical modification through bovine
thrombin or anticoagulants (Oncii et al., 2016)
and has a very significant slow sustained release
of key growth factors for at least 1 week and up
to 28 days (Agrawal, 2017)

PRF is prepared by a centrifugation through
slowly progressive polymerization process,
which increases integration of the circulating
cytokines and growth factors in the fibrin mesh
and prevents them from undergoing proteolysis
and prolong promotion of tissue growth (Rady et
al., 2018). PRF has been used in different
procedures of oral and maxillofacial surgery
such as socket preservation, sinus lift and bone
augmentation, root coverage procedures, and
healing in donor site with good results (Cortese
etal., 2016)

PRF is a second generation of platelet
concentrate in an autologous fibrin matrix
contain a variety of active growth factors and
leukocyte cytokines, including the transforming
growth factor(TGF), platelet-derived growth
factor (PDGF), vascular endothelial growth
factor(VEGF), insulin-like growth factor (IGF),
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epidermal growth factor (EGF), interleukin 1(IL
1) and interleukin 6(IL 6).These growth factors
and interleukins play a key role in hemostasis
and wound healing and accelerate bone
regeneration by angiogenesis, osteoblastic
proliferation and differentiation which makes
PRF advantageous and more reliable for bone
healing (Kokdere et al., 2015a)

This study aimed to evaluate the efficacy of
adding PRF to biphasic calcium phosphate
(BCP) on histological healing process of iliac
bone defects in sheep.

MATERIALS AND METHODS

Animal model

The study was approved by the animal ethical
committee of Dohuk Research Center (DRC) at
college of veterinary medicine/University of
Dohuk. All procedures were conducted in
accordance with the Dohuk University ethical
guidelines for the treatment and welfare of
experimental animals, at Veterinary theater. The
study included four adult local breed male sheep
(rams) at the age of (1.5-2) years and their
weight ranged from (25-30) kg. The rams were
housed indoors two weeks before surgery and
subjected to a thorough clinical examination to
ascertain their health status. All animals were
healthy with no systemic diseases. The sheep
were randomly classified into four groups, one
for each. The animals were fasted for 24 hours
preoperatively. The procaine penicillin and
Streptomycin sulfate combination in a dose of
24mg/kg and 30mg/kg respectively was used 1
hour before surgery and the skin of surgical area
was prepared aseptically by clipping, shaving
and application of povidone-iodine.
Anesthesia

Surgical procedures were performed under
general anesthesia under sterile conditions.
Atropine sulfate was given intramuscularly in a
dose of 1mg/25 kg body weight 10 minutes
before induction of the anesthesia to decreases
fluid secretions, suppresses vagal tone to the
heart and prevent bradycardia, then general
anesthesia was induced and maintained by
repeated intramuscular injection of 0.1mg/kg of
xylazine and 8mg/kg of ketamine. Lidocaine 2%
used locally to reduce the bleeding and for
regional anesthesia.
Surgical procedure

After anesthesia was achieved skin,
subcutaneous tissues and muscles were incised
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and dissected then the periosteum was incised
and reflected to expose the ilium bone. Six
defects 8mm in diameter and depth in each ilium
were prepared with a trephine burr 8 mm
diameter under copious saline solution irrigation
at 1500 rpm. A distance of 5 mm approximately
was left between each defect [figure 1A]. The
superior two defects were left as a control which
filled with blood and the middle two defects

were grafted with BCP (Osteon I, Dentium. Co.
Ltd, South Korea), Finally the inferior two
defects were grafted with a mixture of BCP and
PRF at (1:1) ratio on each side of iliac bone
[figure 1B]. Adequate hemostasis was obtained,
then the periosteum repositioned and closed with
resorpable suture, the surgical wound was closed
by layering suture.
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Fig. (1): (A) prepared six iliac bone defects, (B) superior 2 defects filled with blood, middle 2 defects filled with
BCP and inferior 2 defects filled with a mixture of BCP+PRF.

Postoperative care

The animals were examined daily until
removal of skin suture at the 10th postoperative
day. Penicillin and streptomycin combination
was continued for four successive postoperative
days. The wound was sprayed daily with

Oxytetracycline HCL (Limoxin -25 spray,
interchemie, Holland) to cover the wound and
prevent local infection. One sheep was sacrificed
at 2, 4, 6 and 12 weeks. The iliac bone was
carefully separated from soft tissue then cut into
blocks to prepare for histological examination.
PRF preparation

A 20ml of venous blood was drawn rapidly
after anesthesia achievement from the jugular

vein into 10-mL glass tubes without
anticoagulant and the tubes immediately
centrifuged for 12 minutes at 2700 rpm (Hittech,
Zentrifugen, Germany). After centrifugation,
three layers were obtained: red blood cells
(RBC) at the bottom, a cellular plasma at the top
as platelet poor plasma (PPP) and PRF between
the two layers. The PPP was collected by syringe
and discarded, then the PRF clots and red
corpuscles were removed from tube and
separated from each other by tweezers, PRF was
leaved 10 minutes approximately to allow the
serum concentration release then minced into
small pieces to mixed wiith BCP [figure 2].
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Histologic examination

Each specimen was fixed in 10% buffered
formalin for 48 hours. After fixation, each
sample was sectioned into 2-5mm thickness. The
cutting lines were through the larger diameter of
the defect and perpendicular to iliac bone, then
the samples were treated with 5% nitric acid
based solution 5 days for decalcification and
routine tissue processing performed, the
specimens were embedded in paraffin and
sectioned into 5-um (micro millimeters) thick
sections on charged slides using a microtome
(Thermo scientific, HM 325 Manual microtom,
United Kingdom). Finally, hematoxylin and
eosin (H&E) and Masson trichrome stains were
performed. The sections were scanned by slide
scanner (3D HISTIC. Ltd, Hungary) and
examined with a panoramic viewer program
version 1.15.4 software from (3D HISTICH.
Ltd, Hungary) on computer and the histologic
images were captured at 10x magnification.

At four different periods (2, 4, 6 and 12
weeks) histological study were performed,
where the percentage of osteoid (newly formed
bone), proportion of woven to lamellar bone, and
number of osteoblast and osteoclast cells were
measured. The percentage of new bone
formation was determined and converted to a
percentage of total area of bone defect which is
8mm? in this study (Jang et al., 2008) (Wang et
al., 2017) and intensity or numbers of osteoblast
and osteoclast were measured according to the
following scores:

0 absent
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Fig. (2): steps of PRF separation from PRP and red blood cells.

1 present at periphery

2 present at center

3 present at
periphery(Lucaciu et al., 2015)
Statistical Methods

The descriptive purposes of the study were

presented in mean and standard deviation (SD).
The significant level in each group over time
period was examined in one-sample t-test. The
comparison of intensity of the clinical
parameters of each time period among 3 groups
was examined in One-way ANOVA and
Bonferroni correction tests. The significant level
was determined in a P-value of less than 0.05.
The statistical calculations were performed by
Statistical Package for Social Sciences 24 (SPSS
24; 1IBM Corp; USA).

center and

RESULTS

All  four sheep showed an uneventful
recovery from the anesthesia and surgical
procedures, they survived well, and remained
active and alert all over the experiment period.
There were showed an uneventful healing and no
signs of infection, necrosis, hematoma, or wound
dehiscence during the wound healing period. All
48 standardized iliac bone defects were included
in the final analysis.

Bone formation

Table 1 display the percentage of osteoid (newly
formed bone) per 8mm? defect which was highly
significant increased with healing time in each
group especially at 2,4 and 6 weeks with little



Journal of University of Duhok, Vol. Y2, No.Y (Pure and Eng. Sciences), Pp 229-242, 2019

increasing at 12 weeks and reduced at BCP
group in 12 weeks. Besides, osteoid at each

group was more than in BCP group and much
more than in control group at all-time intervals

healing time point was significantly different [figure 3 and 4].
between groups where the osteoid in BCP+PRF
Table (1): percentage of osteoid/ 8mm? defect of 3 groups over time periods
Case summaries
Osteoid%/defect 8mm?
Groups Healing time Period
2 wks. 4 wks. 6 wks. 12 wks. Total P-Value
Control 10.00 (4.08)  25.00 (4.08) 47.50 (2.89) 48.75 32.81(17.03)  <0.001
(2.50)
BCP 23.75(4.79)  50.00 (4.08) 63.75 (4.79) 52.50 47.50 (15.81) <0.001
(15.81)
BCP+PRF 4875 (2.50)  67.50 (6.46) 81.25 (2.50) 82.50 70.00 <0.001
(2.89) (14.49)
P-value <0.001 <0.001 <0.001 <0.001
Bonferroni correction tests was used for 16.250, P = <0.001, respectively], and

pairwise comparisons between groups at each
healing time period table 2. At all-time intervals,
the lowest percentage of osteoid was observed in
control group, which was mean difference Z and
P- value highly significantly less than in the
BCP at 2,4 and 6 weeks [Z = -38.750, P =
<0.001, Z = -25.000, P = <0.00land Z = -

nonsignificantly less than BCP at 12 weeks [Z =
-3.750, P = 0.755], while the osteoid percentage
of control group was highly significant less than
in BCP+PRF group at 2,4,6 and 12 weeks.
Moreover, the percentage of osteoid in
BCP+PRF was highly significant more than in
BCP group at all time intervals [figure 3 and 4].

Table (2): comparison of osteoid percentage/8mm? defect between groups at each time period.

Case summaries

Osteoid%/ 8mm? defect

Healing time periods

Group (1) Group (J) 2 wks 4 wks 6 wks 12 wks
Control BCP Z=1- -13.750 -25.000 -16.250 -3.750
P-value 0.002 <0.001 <0.001 0.755
Control BCP+PRF Z=1- -38.750 -42.500 -33.750 -33.750
P-value <0.001 <0.001 <0.001 <0.001
BCP BCP+PRF Z=l-3 25.000 -17.500 -17.500 -30.000
P-value <0.001 0.002 <0.001 <0.001

Bonferroni correction test; Z: mean difference
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Fig. (3): Light micrograph of histology of bone defect filled with (a) blood (b) BCP and (c) BCP+PRF groups at
2 weeks postoperatively with x10 magnification (200 um) show newly formed bone (black arrows) and
osteoblast cell (blue arrows).
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Fig. (4): light micrograph of histology of bone defect filled with (a) control, (b) BCP and (c) BCP+PRF groups

at 12 weeks postoperatively with x20 magnification (100 pm) show newly formed bone (black arrows) and
osteoblast cell (blue arrows).
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Maturation of bone

Proportion of woven to lamellar bone per
osteoid in 8mm? defect (decreased and
increased, respectively) over time periods and
between groups at each healing time period.
Where the percentage of woven bone at all
groups highly significant decreased with time
and much more at 12weeks in control and BCP
groups while at 6 and 12 weeks in BCP+PRF
group table 3. in contrast, the lamellar bone
percentage which was significantly increased

with time and particularly at 12weeks in control
and BCP groups while at 6 and 12 weeks in
BCP+PRF group table 4. That means the
maturation of bone in BCP+PRF group was
faster than in control and BCP groups.

Woven and lamellar bone percentage at 2 and
4 weeks was significantly different between all
groups and highly significant at 6 and 12 weeks
[0.019, 0.006, <0.001, <0.001, respectively]
table 3 and 4.

Table (3): Percentage of woven bone/osteoid of 3 groups over time periods

Case Summaries

Woven%/osteoid

Groups Healing time Period
2 wks. 4 wks. 6 wks. 12 wks. Total P-Value

Control 98.75 (2.500) 91.25 (4.787) 77.50 (6.455) 15.00 (4.082) 70.63 <0.001
(34.345)

BCP 93.75 (2.500) 81.25 (2.500) 72.50 (2.887) 31.25(2.500) 69.69 <0.001
(24.322)

BCP+PRF 92.50 (2.887) 82.50 (2.887) 51.25 (2.500) 16.25 (2.500) 60.63 <0.001
(30.869)

P-value 0.019 0.006 <0.001 <0.001

PRF: Platelet-rich fibrin; BCP: biphasic calcium phosphate
The values are in mean (SD).

Table (4): percentage of Lamellar bone/osteoid of 3 groups over time periods

Case Summaries

Lamellar bone%/osteoid

Groups Healing time Period
2 wks. 4 wks. 6 wks. 12 wks. Total P-Value
Control 1.25(2.500) 8.75 22.50 (6.455) 85.00 (4.082) 29.38 (34.345) 0.004
(4.787)
BCP 6.25 (2.500) 18.75 (2.500) 27.50 (2.887) 68.75 (2.500) 30.31 (24.322) <0.001
BCP+PRF 7.50 (2.887)  17.50 (2.887) 48.75 (2.500) 83.75 (2.500) 39.38 (30.869) <0.001
P-value 0.019 0.006 <0.001 <0.001

PRF: Platelet-rich fibrin; BCP: biphasic calcium phosphate
The values are in mean (SD).

Table 5 display the comparison of woven bone
between groups over healing time periods where
woven bone in control group was significantly
greater than in BCP at 4 and 12 weeks (P =
0.009 and P = <0.001, respectively) and non-
significantly at 2 and 6 weeks (P =0.075and P =
0.411, respectively). While the woven bone in
control was significantly greater than in
BCP+PRF group at 2,4 and 6 weeks (P = 0.025,
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P = 0.020 and P = <0.001, respectively) and
nonsignificantly less than at 12 weeks (P =
1.000), in comparison between BCP and
BCP+PRF the woven bone percentage was
highly significant greater in BCP group than
BCP+PRF group at 6 and 12 weeks that mean
the maturation of bone delayed at control and
BCP  groups than BCP+PRF  group.
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Table (5): comparison of woven bone percentage between 3 groups at each time period

Case summaries

Woven bone%/osteoid

Healing time periods

Group (1) Group (J) 2 wks 4 wks 6 wks 12 wks
Control BCP Z=l-J 5.000 10.000 5.000 16.250
P-value 0.075 0.009 0.411 <0.001
Control BCP+PRF Z=l-J 6.250 8.750 26.250 -1.250
P-value 0.025 0.020 <0.001 1.000
BCP BCP+PRF Z=l-J 1.250 -1.250 21.250 15.000
P-value 1.000 1.000 <0.001 <0.001

Z: mean difference

Unlike woven bone the increment of lamellar
bone percentage means that the maturation of
bone occurs earlier, table 6 show the lamellar
bone percentage which was in control less than
in BCP group (significantly at 4 and 12 weeks
and nonsignificantly at 2 and 6 weeks) while
lamellar in control group was significantly less
than in BCP+PRF groups at 2, 4 and 6 weeks

and nonsignificantly more than at 12 weeks,
moreover the percentage of lamellar bone in
BCP was highly significant less than in
BCP+PRF at 6 and 12 weeks (Z = -21.250, P =
<0.001 and Z = -15.000, P= <0.001,
respectively) that mean the maturation of bone
occur more and earlier at BCP+PRF group than
BCP and control groups.

Table (6): comparison of lamellar bone percentage between 3 groups at each time period

Case summaries

Lamellar bone%/osteoid

Healing time periods

Group (1) Group (J) 2 wks 4 wks 6 wks 12 wks
Control BCP Z=1-J -5.000 -10.000 -5.000 -16.250
P-value 0.075 0.009 0.411 <0.001
Control BCP+PRF Z=1-J -6.250 -8.750 -26.250 1.250
P-value 0.025 0.020 <0.001 1.000
BCP BCP+PRF Z=1-J -1.250 1.250 -21.250 -15.000
P-value 1.000 1.000 <0.001 <0.001

Z: mean difference

Osteoblast and osteoclast intensity

Table 7 displays intensity of osteoblast and
osteoclast cells at all groups over healing time
periods and examined in one-sample t-test.
Intensity of osteoblast cells highly significant
increased over healing time in 3 groups but not
observed at control and BCP groups at first
2weeks and the highest intensity (mean = 3.00)
was observed at 12 weeks in control group, 6
weeks in BCP group and [4 and 6 weeks] in
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BCP+PRF group, that means the osteoblast cells
raised early and more at BCP+PRF group than
the BCP and control groups [2.25(0.86),
1.75(1.13), 1.50(1.16), respectively]. Similarly,
the intensity of osteoclast cells significantly
increased over time periods except the control
group which was not observed osteoclast cells
while they were significantly more at BCP+PRF
group than BCP group [p = 0.002, p = 0.041,
respectively].
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Table (7): Intensity of osteoblast and osteoclast cells in 3 groups over time periods

Case summaries

Osteoblast and osteoclast cells

Groups Healing time Period

2 wks. 4 wks. 6 wks. 12 wks. Total P-Value
Control
Osteoblast 0.00(0.00) 1.00(0.00 2.00(0.00 3.00(0.00 1.50(1.16 <0.001
Osteoclast 0.00(0.00) 0.00(0.00 0.00(0.00 0.00(0.00 0.00 (0.00 n.a.
BCP
Osteoblast 0.00(0.00) 2.00(0.00 3.00(0.00 2.00(0.00 1.75(1.13 <0.001
Osteoclast 0.00(0.00) 0.00(0.00 0.00(0.00 1.00(0.00 0.25(0.45 0.041
BCP+PRF
Osteoblast 1.00(0.00) 3.00(0.00 3.00(0.00 2.00(0.00 2.25(0.86 <0.001
Osteoclast 0.00(0.00) 0.00(0.00 1.00(0.00 1.00(0.00 0.50(0.52 0.002
P-value n.a. n.a. n.a. n.a.

One-sample t-test was performed for statistical difference.
n.a. no applicable

DISCUSSION

Reconstruction of large bone defects is
challenging in oral and maxillofacial surgery.
Among the great challenges facing clinical
research is the development of bioactive surgical
additives that enhance bone regeneration and
reduce the healing time (Dohan et al., 2006)
Platelet-rich fibrin (PRF) is a second- generation
of autologous platelet concentrates prepared by a
simple centrifugation method without adding
any biochemical materials such as thrombin or
calcium chloride and it is an osteoinductive
biomaterial  that recruit and stimulate
undifferentiated mesenchymal stem cells to
osteoblastic lineage and as a consequence,
osteogenesis will be stimulated because the
fibrin mesh contain leukocytes, growth factors,
proteins and cytokines which released slowly
later on (Song et al., 2018)(Oncii et al., 2016).
Biphasic calcium phosphate (BCP) is synthetic
in origin, biocompatible and osteoconductive act
as scaffold to support the growth of mature
osteoblasts and direct apposition of bone into its
surface (Abdelmagid et al., 2015). Therefore, the
present study was investigated the effect of
platelet rich fibrin (PRF) combined with
biphasic calcium phosphate (BCP) on bone
healing process in surgically created iliac bone
defects of sheep.

Bone formation

In the present study the results showed highly
significant more new bone formation in defects
filled with BCP+PRF than defects filled with

BCP and blood at each time intervals. Besides,
the newly formed bone highly significant
increased in all groups with healing time periods
and earlier at BCP+PRF group. These results are
compatible with those of Yilmaz et al., who
investigate the bone healing in a pig model
between defects filled with PRF and B-TCP
alone or in combination where the results
revealed that the area of new bone formed was
significantly greater in the defects filled with
combination of PRF+ B-TCP than in defect filled
with PRF and B-TCP alone (Yilmaz et al., 2014).
Other histological study consisted with our
results, Boliikkbasi et al., evaluate the efficacy of
adding PRF to 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
sacrificed at 10, 20, and 40 days. The specimens
were analyzed histologically and
histomorphometrically. The study revealed a
histomorphometric increase in bone formation
with the addition of PRF to BCP in surgically
created defects in sheep tibia (Boliikbasi et al.,
2013).

Kokdere et al., demonstrate efficiency of PRF
and PRF combined with autogenous graft on
bone healing of rabbit tibia in different time
intervals, defects were left empty or filled
with autogenous bone graft alone, PRF alone
and combination of PRF and autogenous bone
graft. The animals were sacrificed at 30 and 60
days and the study was concluded that PRF in
addition to autogenous bone graft favor the
formation of new bone and keep the graft

237



Journal of University of Duhok, Vol. Y2, No.Y (Pure and Eng. Sciences), Pp 229-242, 2019

particles together. Moreover, PRF accelerate the
bone graft healing and shorten the healing time
period (Kokdere et al., 2015). These studies are
also compatible with the results of Abdullah,
who investigated the effect of PRF, either alone
or in combination with B-TCP on bone healing
in standardized rat calvarial bone defects and
revealed that the addition of B-TCP to PRF
significantly improved bone regeneration in the
first 2 weeks after surgery and insignificant at
3,4 and 6 weeks, it was nevertheless apparent
that the group receiving the combination showed
better results (Abdullah, 2016,).

In vitro study Zhang et al., evaluate the
effects of Choukroun’s platelet-rich fibrin on
bone regeneration in combination with
deproteinized bovine bone mineral in maxillary
sinus augmentation, 6 months after sinus
augmentation  found histomorphometrical
percentage of newly formed bone in study group
(sinus grafted with a mixture of Bio-Oss and
PRF) was about 1.4 times that of the control
group (sinus grafted with Bio-Oss alone)
(18.35%+_5.62%, 12.95%+_ 5.33%,
respectively) (Zhang et al., 2012)

Bone maturation

The results of present study revealed that the
immature of newly formed bone decreased and
gradually replaced by mature lamellar bone with
healing time periods. This maturation of new
bone in BCP+PRF group was faster and greater
than in BCP and control groups where the mean
of mature bone at 6 weeks (48.75, 27.50, 22.50,
respectively) and nearly similar at 12 weeks.
These results prove that PRF is effective in the
early stages of healing. The new bone in
trabecular structure and mineralized observed
around the graft materials, our study confirmed
by Choukroun et al., evaluate the efficacy of
PRF adding to freeze-dried bone allograft and
compared with freeze-dried bone allograft alone
used for sinus floor augmentation. Histologic
examination revealed that new bone maturation
in the PRF group at 4 months of healing was
similar to that in the control group at 8 months
(Choukroun et al., 2006).

Intensity of osteoblast and osteoclast cells

Osteoblasts, which are bone forming cells
were observed in cuboidal structure on the
surface of newly formed bone in all groups
unevenly over healing time periods. In other
words, active synthesis of osteoid matrix was
shown in all groups. Our osteoblast results are
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compatible with those of Kokdere et al.,
evaluate the number of osteoblast and osteoclast
over time periods at defects were left empty or
filled with autogenous bone graft alone, PRF
alone and combination of PRF and autogenous
bone graft, the number of osteoblasts were
greater in defects filled with PRF and PRF
combined with autologous bone graft than defect
left empty or filled with autologous graft alone
(Kokdere et al., 2015).

While osteoclasts, which are bone resorbing
cells present in newly formed bone surfaces that
indicates the continuation of active bone forming
and shaping, were observed in BCP+PRF group
greater and earlier than in BCP group and was
not observed in control group, these osteoclast
results not compatible with those of Kokdere et
al., in their study the osteoclast numbers were
decreased with time and greater in defects left
empty and defects filled with autogenous graft
than that defects filled with PRF +autogenous or
PRF alone (Kokdere et al., 2015).

In the present study osteoblast cells were
proliferate and increased early in BCP+PRF
group than control and BCP groups where the
PRF containing growth factors stimulate the
bone mesenchymal stem cell to differentiate into
osteoblast linages. These results are similar to
those of Steller et al., who demonstrates that
PRF have positive effects in the therapy of
bisphosphonate-related osteonecrosis of the jaw,
where the negative effect of zoledronic acid on
osteoblast and fibroblast proliferation and
migration were especially reduced when using
PRF. The use of PRF/PRP improves the
behavior of zoledronic acid treated cells, but
PRF appears to have an advantage in comparison
to PRP (Steller et al., 2019). Other study by Li et
al., concluded that PRF and insulin-like growth
factor-1 can promote the  osteogenic
differentiation of periodontal ligament stem cells
into osteoblast linages and enhance their
osteogenic mineralization and regeneration of
periodontal tissues (Li et al., 2018).

Similarly, Song et al., evaluate the adhesion.
Proliferation and differentiation of bone marrow-
derived mesenchymal stem cells between
fabricated 3D printed ceramic scaffolds
composed of nano-biphasic calcium
phosphate/polyvinyl alcohol (BCP/PVA) and
(BCP/PVA/PRF) scaffolds, they found that the
(BCP/PVA/PRF) scaffold promoted the cell
adhesion and proliferation with stimulation of



Journal of University of Duhok, Vol. Y2, No.Y (Pure and Eng. Sciences), Pp 229-242, 2019

bone mesenchymal stem cell toward osteoblast
linage more than (BCP/PVA) scaffold (Song et
al., 2018).

CONCLUSION

Within the limitations of this experimental study,
it can be concluded that PRF in addition to BCP
increased new bone formation and maturation
and decreased healing period.
Recommendation

Further researches recommended with Larger
sample size using different types of bone
substitute mixing with Platelet rich fibrin and
evaluation of new bone formation and healing
process by 3D micro CT scan and digital
analyzing laboratory microscope.
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