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Background and objectives: Guided bone regeneration is a term used to define the use of barri-
er membranes to promote complete osteogenesis. The aim of study was to histologically com-
pare the effect of platelet rich fibrin membrane and resorbable Collagen membrane on bone
substitute healing.

Methods: in this experimental study three sheep’s which their weighted between 60-70 kg
were used. After intramuscular sedation and local anesthesia, eighteen defects were created
about 8 mm in diameter and 5 mm in depth in the lower border of mandible. Six defects on
each animal which three in right side and three in left side of the mandible. The defects were
filled with Biphasic calcium phosphate bone substitute. The first defect was covered by platelet
rich fibrin membrane, the second one covered by Collagen membrane, and third one was left
uncovered. The animals were sacrificed at 2, 6, and 12 weeks.

Results: The healing of the grafted defects was histologically studied in all groups, and there
was non-significant difference between PRF membrane and collagen membrane in healing of
bone substitute at 2, 6, and 12 weeks.There was significant deference between PRF membrane
and collagen membrane at 6 weekregarding scaffold replacement with mature bone.
Conclusion: The use of PRF membrane shows a good outcome as a low cost biological material

capable of improving bone healing defects, grafted with bone substitute.
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Introduction

Rehabilitation of edentulism using
osseointegrated implants has modernized
the field of dentistry. Nevertheless, bone
loss or deficiency, as a symbol of several
systemic and periodontal diseases, trauma,
and tumors, remains a major challenge for
osseointegration. To achieve a good  long
-term  prognosis  for  osseointegrated
implants, an adequate volume of bone
should exist at the sites of implantation.
Different approaches, such as bone-grafting
techniques, alveolar distraction, and guided
bone regeneration (GBR), have been used to
reconstruct the lost bone to allow the
implant to be fully osseointegrated and
preserved during functional loading.'

Guided bone regeneration GBR is a term
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used to define the use of barrier membranes
to promote complete osteogenesis by
avoiding the quick ingrowth of fibroblasts
into a bony defect and stimulating the
migration of osteogenic cells from the
adjacent bony walls or bone marrow into
the defect site in an unimpeded manner,’
Over the years, a variety of additional
parameters including space maintenance,
ability to form a blood clot, cellular
infiltration potential, mechanical
stabilization, biocompatibility, and
resorption properties have been investigated
to achieve more favorable bone tissue
healing.?

Collagen membranes are resorbable
biological membrane and normally used for
GBR, Collagen is the principal component
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of connective tissue and provides structural
support for tissues throughout the body.
Collagen is hemostatic agent and possesses
the ability to stimulate platelet attachment
and to enhance fibrin linkage, which may
facilitate initial clot formation and clot
stabilization,  leading  to  enhanced
regeneration, Collagen has been shown to
be chemotactic for fibroblasts in surgical
field. This property could enhance cell
migration in the surgical field, Collagen can
be easily manipulated and adapted, collagen
had been demonstrated to be a weak immu-
nogenic and is therefore well tolerated by
patients. Membranes made of bovine
collagen do not elicit an antibody response
when used in GBR, and slowly absorbed.*’
Unpredictable resorption time is one of the
main drawbacks of resorbable membranes,
which directly disturbs new bone formation,
absence of space maintenance ability/
rigidity, high costs, probability for creating
a foreign body reaction, and risk of
infection if left uncovered to the oral cavity
are other disadvantages of collagen mem-
brane.®

Platelet rich fibrin PRF is a second-
generation platelet rich plasma PRP where
autologous platelets and leucocytes are
present in a complex fibrin matrix,
composed of a tetra molecular structure,
with cytokines, platelets, and stem cells
within it, which acts as a biodegradable
scaffold that favors the development of
micro-vascularization and is able to guide
epithelial cell migration to the surgical
field.”®

Platelet rich fibrin PRF is rich of cells
involved in tissue regeneration and seems to
have a continued release of growth factors,
stimulating the environment for wound
healing in a reliable amount of time. It has a
complex architecture of strong fibrin matrix
with favorable mechanical properties and is
slowly remodeled. PRF is a healing
biomaterial which plays an important role in
bone and soft tissue regeneration, without
inflammatory reactions and may be used
u
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alone or in combination with bone grafts.
PRF has a great role in hemostasis, bone
growth, and maturation.’

In this study, PRF was chosen as a
membrane because it’s biological, easily
prepared, cheap and auto graft material, to
compare it to a commonly used resorbable
collagen membrane.

The aim of this study was to evaluate the
efficacy of platelet rich fibrin as guided
bone regeneration GBR membrane and
compare it histologically with resorbable
collagen membrane in the healing of bone
defects grafted with bone substitute

Materials and methods

Animal model and surgical procedure.
A Comparative, prospective, experimental
study is carried out on sheep with a mean
weight of 60 kg and age range 3 to 4 years.
The study is conducted at the department of
oral and maxillofacial surgery, college of
dentistry, Hawler Medical University and
veterinary theater (Qoshtapa Veterinary
Center-Erbil-Iraq). The study was extended
from September 2018 to September 2019
including data collection, entering & analy-
sis. The study was approved by the Ethical
Committee of Hawler Medical University.
Six rounded defects of 8 mm in diameter
and 5 mm depth were created surgically.
Three defects in the right and three in left
side of the basal bone of mandible of each
sheep. All defects are filled with osteon™™ 11
bone graft. Before surgery all animals were
fasted for 24 hours for food and 12 hours
for water one of the reasons veterinarians
fast most  animals pre-operatively is the
risk of vomiting during surgery or recovery.
The surgical procedures were performed
under intramuscular sedation and local an-
esthesia. The animals were sedated us-
ing Ketamine hydrochloride 5 mg/kg
(KETALROM-50, S.C ROMVAC compa-
ny, [lfov,Romania) and xylazine 0.2 mg/kg
(xyla; metaalweg 8, CG ventery, the Neth-
erland), and 0.2 mg/kg local anesthesia con-
sisting of Lidocaine Hydrochloride
2% and Epinephrine 1:100,000 (Novocol
Pharmaceutical, Ontario, Canada) are ad-
ministered in the surgical area. Surgical ar-
ea was clipped, shaved, washed, and disin-
fected with povidone-iodine (Betadine,
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Egypt). The lateral side of the basal bone of
mandible was exposed via a long inci-
sion followed by a separate and blind dis-
section and elevation of the skin and the
facial layers. The bone graft recipient site
defects were created by the aim of a
surgical trephine bur 8 mm in diameter and
to a depth of 5 mm along with high torque
slow speed surgical hand piece with
continuous copious irrigation. Three defects
were created on each side of mandibular
basal bone and filled with bone graft
substitute (Osteon' V11, 0.5mg).

First defect was covered by PRF
membrane, the second defect was covered
by resorbable collagen membrane (Genoss
Collagen membrane(GCM), size 15 x
20mm) and the third defect was left
uncovered (Figure 1), finally surgical site
was sutured.

Figure 1: Clinical view of surgical defects

The animals were followed up, the
surgical area disinfected by iodine and
antibiotics amoxicillin with clavulanic acid
(betamox LA) 0.1 ml/kg once daily with
analgesic (NP ANALGIN-Vietnam) contain
Analgin 0.1 ml/kg 1 time daily for seven
days postoperatively. They take the same
food like the other sheep in the farm
postoperatively during the 12 week of
follow-up.

The animals were sacrificed at 2, 6, and
12 weeks, The Mandible bone was carefully
dissected free from soft tissues, and hard-
tissue samples were transferred into 10%
buffered-formalin solution and underwent
histological evaluation.
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PRF Membrane preparation. Blood
sample is taken without anticoagulant in 10-
mL tubes in a glass or glass-coated plastic
tube, then immediately centrifuged at 3,000
rpm for 10 minutes. The resultant product
consists of the following three layers: upper
layer consisting of acellular plasma, middle
layer PRF clot, and lower layer red
corpuscle at the base of tube. Clot is
transformed into a membrane through the
compression in a specific tool.10as shown
in Figure 2.

Figure 2: PRF membrane and PRF squeezing tool

Histological evaluation. Histologically,
examinations were achieved with one blind

histopathologist. All specimens were
embedded in 10% buffered formalin for 1
week. Then all specimens were embedded
with 50% formic acid and 20% sodium
citrate solution for decalcification. The
decalcified specimens were set in paraffin
and cut in to 3 pm thick sections
(LeicaMicrosystemicRM2125, Leica,
Berlin, Germany), and routine hematoxylin
and eosin staining was performed.

The defect cut from center and cut sur-

faces of both sides is rotated to top, to see
depth and surface of defect at same slide.
The sections were examined with a light
microscope (Olympus, Tokyo, Japan).
Each defect was examined from peripheral
or central according to criteria cited by
Revista Romana.''with this criteria the
histological bone formation is scored as
follow: 0 = absent; 1 = Present at
peripherally; 2 = Present at centrally; 3 =
Present centrally and peripherally. The data
collected is categorical. The parameters for
examining slides are: Bone formation,
mm

EDJ Vol.3 No.2 Dec 2020



doi.org/10.15218/edj.2020.15

Mahdi O. Abdullah; Ahmed A. Hayder

Scaffold replaced by mature bone, new
blood vessel formation.Chi square test used
to find out the association and P-value was
>0.05 .
Results

Bone formation. Histologically, according
to Table 1, there was no significant differ-
ence among study groups. At week 2 bone
formation found in center of defect that cov-
ered by collagen membrane, while in defect
covered by PRF membrane and control
group found in center and periphery of de-
fect. At week 6 and 12, reveled the same
results, because readings show bone for-
mation in all defects in center and pe-
riphery (Figure 3). Scaffold replaced by ma-
ture bone Table 2 shows that at week 2 there
is no scaffold replaced with mature bone
among the three study groups, so the signifi-
cant difference was not applicable statisti-
cally,while at week 6 histological readings
showed replacement at the periphery of
the defects covered by collagen membrane,
but defects covered with PRF membrane
replacement was found in the center and in

the control group there was no scaffold re-
placement with mature bone. There is sig-
nificant difference between groups at week
6 (P-value = 0.01). At week 12 all defects
showed scaffold replacement with mature
bone at the center and periphery, with no
significant difference being noted (Figure
4).

New blood vessel formation. As shown in
Table 3, at week 2 there was new blood
vessel formation at the center and the
periphery of defects that covered with PRF
membrane, while in defects covered with
collagen membrane only showed blood
vessels at center. There was no significant
difference between the three groups
(p=value = 0.06). At week 6 and 12, there
was new blood vessels at center and periph-
ery of at the three defects, with no signifi-
cant difference among the groups being not-
ed.

Table 1: Comparison between the study groups in bone formation at weeks two, six and twelve.

Study groups
Bone graft
Bone formation Categories LS SIS Covereahnith Bone graft P
ered with Colla-
PRF mem- alone
gen membrane
brane
Absent 0 (0%) 0 (0%) 0 (0%)
Center 2 (100%) 0 (0%) 0 (0%)
week 2 0.06
Periphery 0 (0%) 0 (0%) 0 (0%)
Center and periphery 0 (0%) 2 (100%) 2 (100%)
Absent 0 (0%) 0 (0%) 0 (0%)
Center 0 (0%) 0 (0%) 0 (0%)
week 6 NA
Periphery 0 (0%) 0 (0%) 0 (0%)
Center and periphery 2 (100%) 2 (100%) 2 (100%)
Absent 0 (0%) 0 (0%) 0 (0%)
Center 0 (0%) 0 (0%) 0 (0%)
week 12 NA
Periphery 0 (0%) 0 (0%) 0 (0%)
Center and periphery 2 (100%) 2 (100%) 2 (100%)
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Figure 3: Bone formation, A- Collagen membrane at 2 week, B- PRF membrane at 2 week, C- Collagen mem-

brane at 6 week, D- PRF membrane at 6 week. (Power 10x for each slide)

Table 2: Comparison betweenthe study groups inscaffold replaced with mature bone at weeks two, six and
twelve weeks.

Absent 2 (100%) 2 (100%) 2 (100%)
Center 0 (0%) 0 (0%) 0 (0%)
week 2 NA
Periphery 0 (0%) 0 (0%) 0 (0%)
Center and periphery 0 (0%) 0 (0%) 0(0%)
Absent 0 (0%) 0 (0%) 2 (100%)
Periphery 2 (100%) 0 (0%) 0 (0%)
k6 0.01
wee Center 0 (0%) 2 (100%) 0 (0%)
Center and periphery 0 (0%) 0 (0%) 0 (0%)
Absent 0 (0%) 0 (0%) 0 (0%)
Periphery 0 (0%) 0 (0%) 0 (0%)
week 12 Center 0 (0%) 0 (0%) 0 (0%) NA
Center and periphery 2 (100%) 2 (100%) 2 (100%)
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Figure 4: Scaffold replacement by bone graft: A- Collagen membrane at 2 week, B- PRF membrane at 2
week, C- Collagen membrane at 6 week, D- PRF membrane at 6 week. (Power10x for each slide)

Table 3: New blood vessels formation at two, six and twelve weeks of follow up.

Absent 0 (0%) 0 (0%) 0 (0%)
Center 2 (100%) 0 (0%) 2 (100%)
week 2 0.06
Periphery 0 (0%) 0 (0%) 0(0%)
Center and periphery 0 (0%) 2 (100%) 0 (0%)
Absent 0 (0%) 0 (0%) 0 (0%)
Center 0 (0%) 0 (0%) 0 (0%)
week 6 - NA
Periphery 0 (0%) 0 (0%) 0(0%)
Center and periphery 2 (100%) 2 (100%) 2 (100%)
Absent 0 (0%) 0 (0%) 0 (0%)
Center 0 (0%) 0 (0%) 0 (0%)
week 12 - NA
Periphery 0 (0%) 0 (0%) 0 (0%)
Center and periphery 2 (100%) 2 (100%) 2 (100%)
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Discussion

The aim of this histological study was to
evaluate the effect of PRF membrane on
bone substitute healing and compare it with
that of collagen membrane, the results
shows the new bone formation in both
groups seems to be similar at 12 week
follow up, while bone formation at 2 week
to be more evident in PRF membrane
coated defect. Therefor the use of PRF
membrane accelerates bone substitute
healing and allow implant placement at
earlier time in compare with collagen
membrane.

This study agrees with Choukrone et al
(2006) '* who concluded that the use of
PRF in combination with freeze dried bone
allograft to augment sinus floor elevation
enhanced bone regeneration in shorter time
and accelerate healing of sinus membrane
perforation in histological point of view.
Olaerecha and Mendoza (2016)"”compared
the clinical and histological features of two
collagen membranes (Bio Gide and
Bio-MendExtend) for their effect on
implant dehiscence defects in dogs. After
four weeks no significant differences were
observed between the groups; however, at
four months a higher linear percentage of
bone fill in large areas was observed. It was
concluded that treatment with collagen
membranes can stimulate bone regeneration
significantly during later stages (four
months), similar to present study which
show collagen membrane effect on bone
substitute healing at 12 weeks.

PRF membrane application must be
applied as early as possible to the surgical
site to ensure the maximum release of
growth factors and the produced exudate
after squeezing of the PRF clot can be used
for hydration of bone substitute which can
provide additional growth factor.'*

In this present studynew blood vessel
formed more rapidly in PRF membrane at 2
weeks, it seems that PRF promot
angiogenesis. This result was found also by
Uchida et al®and Steinbrech et al'® demon-
strated that new blood vessels in wound
healing is critical in the delivering nutrients,
oxygen and crucial cells from nearby tissues
in hypoxic surgical defect, and vascular en-
dothelial growth factor is in authority to
regulate angiogenesis in the healing of sur-
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gically created defect.

PRF membrane also favor scaffold
replacement in the present study at 6 weeks
of follow up which is similar to that of
Gassling et al (2010)!” who conducted that
PRF membrane superior to collagen
membrane in the healing of scaffold and
enhance periosteal cell proliferation in
surgically created defects

Because the study conducted on small
sample size and the criteria for histological
reading are categorical, same results as for
bone formation and new blood vessels
formation at 12 weeks, showed similar
results. So statistically P-value was not ap-
plicable.

Conclusion

The use of PRF membrane has gained
incredible outcome as a low cost biological
material capable of improving bone healing.
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