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Abstract

Platelet-rich fibrin (PRF), an autologous source of growth factors, were used as an
autologous source of PDGF, TGF-B and IGF. Therefore it may be beneficial for enhance bone
regeneration. However there is no clear evidence to support the clinical use of PRF, when added to
grafting material such as autogenous, allograft and xenografts materials in oral and maxillofacial
region.

Objective: This study aimed to investigate the effect of platelet-rich fibrin on autogenous bone chip,
deproteinized bovine bone and the composite of deproteinized bovine bone and autogenous bone
chips in new bone formation in rabbit calvarial defects.

Materials and methods: Two bicortical skull defects were prepared in 20 New Zealand white
rabbits. Ten rabbits were used as controls: filled with autogenous bone chips, defect was left empty
for the critical size defect (CSD), Composite DBB and autogenous bone chips (proportion 1:1) and
DBB alone. The other 10 rabbits were used as test groups; filled with PRF alone, autogenous bone
chips and PRF, DBB and PRF, Composite DBB and autogenous bone chips (proportion 1:1) and
PRF. The animals were sacrificed at 8 weeks. New bone formation was assessed by radiographic
densitometry and histomorphometric analysis.

Results: Mean OD of the CSD was the lowest (0.114+0.062). There was a statistically significant
difference between CSD and all other groups; autogenous bone chip (0.356+0.027), the composite
DBB+autogenous bone chips proportion 1:1 (0.906+0.046), DBB alone (1.066+0.052), CSD+PRF
(0.294+0.062), autogenous bone chips+PRF (0.596+0.189), the composite DBB+autogenous bone
chips proportion 1:1+PRF (0.810+0.154), DBB+PRF (1.178+0.167). The histomorphometric analysis

\%



demonstrated that the percentage new bone area of autogenous bone chipstPRF was the highest
(38.031+ 4.231) and significantly different from the CSD (7.155+5.860) and higher than the
autogenous bone chips (30.223+£16.722), the composite DBB-+autogenous bone chips+PRF
(22.633+3.605), the composite DBB-+autogenous bone chips (20.929+6.169), CSD+PRF
(18.807+9.272), DBB alone (14.441+2.741) and DBB-+PRF (13.067+3.643) groups.

Conclusions: The addition of PRF enhances bone formation in the critical size defect of the rabbit’s
calvarial defect particularly with autogenous bone chips. There is no improvement when added PRF

to DBB.

vi



Acknowledgement

This thesis is the end of my long journey in obtaining my degree in Msc. in oral
and maxillofacial surgery. In the first place I would like to express my deep and sincere gratitude to
my supervisor, Associate Professor Prisana Pripatnanont, Head of the Department of Oral and
Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University. Her wide knowledge and
her logical way of thinking have been of great value for me. Her understanding, encouraging and
personal guidance have provided a good basis for the present thesis.

I am deeply grateful to my supervisors, Associate Professor Thongchai
Nuntanaranont, Associate dean for Research and International relations, Faculty of Dentistry and
Assistant Professor Surapong Vongvacharanont, Associate dean for dental hospital affairs, Faculty
of Dentistry, Prince of Songkla University, for their teaching, supervision and important support
throughout this work.

Next, thanks to Mr.Jakchai Jantaramano and Mr.Ruj Rojasvasathian for their
technical assistance. I also would like to thank the staff of the oral surgery clinic, operating theater,
department of stomatology of Faculty of Dentistry for their help and assistance during my time of
study.

Finally, I wish to express my love and gratitude to all my friends. I would
particularly like to thank my parents for their years of endless support and constant inspiration in

my life.

Kingkaew Phurisat

vii



Contents

Contents
List of Tables
List of Figures
List of Abbreviation and Symbols
Chapter
1. Introduction
1.1 Introduction
1.2 Review of Literature
1.3 Objective of the study
2. Materials and Methods
3. Results
4. Discussion
5. Conclusion
References
Appendix

Vitae

Page
viii

ix

XxI1ii

22
24
55
80
94
95

107

110

viii



Table

10

11

List of Tables

Conclusion of the 3 generations of fibrin technologies

The level of platelets in PRP

The applications of PRP investigated in clinical trials

The applications of PRP investigated in animal models
Platelet: A principle source of growth factors at wound sites
The role of growth factors in bone regeneration
Histomorphometric findings at 6 months

Groups of study

The data of radiomorphometric (optical density)

The data of histomorphometric analysis (% bone area)

The comparison of the normal platelet counts of the rabbit and human

Page

14
19
24
26
66
78

82

X



Figure

List of Figures

Conceptual Framework shows a role of the major components of
osteogenesis (autogenous bone graft), osteoconduction (scaffold from DBB)
and osteoinduction (growth factor from PRF) to fill the defect from various
causes.

Flow chart of preparation of PRF following the PRF protocol.

Diagram of blood centrifugation shows a structured fibrin clot in the middle
part of the tube, between the red corpuscles at the bottom and acellular
plasma at the top.

Blood processing with a centrifuge for PRF allows the composition of a
structured fibrin clot in the middle of the tube (A). Collection of the PRF
(B).

The PRF fibrin clot is composed of 3 parts: a red thrombus in contact with
the red blood corpuscle base, an acellular fibrin gel, and a network of buffy
columns corresponding to platelet accumulation.

The lower part of the PRF fibrin matrix is occupied by whitish streaks
looking like cell fragment aggregates on histological sections. These are the
platelet accumulations and constitute a ‘‘buffy coat” (A). But there is no
platelet or any other cellular body in the upper part of the PRF fibrin clot
(B). Hemalun-eosin staining, 52X.

Theoretical computer modeling of a fibrin network resulting from fibrin glue
polymerization.

Theoretical computer modeling of PRP, the activated platelets are trapped in
the fibrin meshes and release a significant quantity of cytokines extrinsically
retained in the fibrin architecture. (1) Platelet trapped in the fibrin gel. (2)

Platelet cytokine in solution (extrinsic).
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Figure

10
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List of Figures (continued)

Theoretical computer modeling of a PRF clot, the presence of structural
glycoproteins (fibronectin) and extrinsic cytokines (in solution) enmeshed
in the fibrin matrix. The PRF slow polymerization process would also
allow the intrinsic retaining of glycanic chains and cytokines within fibrin
polymers. PRF would be thus very close to a natural fibrin thrombus. (1)
Cytokine intrinsically retained within fibrin fibrillae. (2) Platelet cytokine
in solution (extrinsically associated with fibrin polymers). (3) Fibrin-
associated glycanic chains. (4) Circulating glycoproteins (fibronectin). (5)
Fibrin fibrilla associated with glycanic chains and intrinsic cytokines.
Potential roles of PDGF in wound healing. PDGF is released after injury
(A) and platelet adherence and aggregation at injured sites (B). The
PDGF released locally stimulates the migration of neutrophils,
monocytes, fibroblasts, and smooth muscle cells (in vessel wall injury)
into the wounded sites; PDGF released into the systemic circulation is
complexed to alpha2-macroglobulin (0i2M) (C). At the higher
concentrations of PDGF proximal in the wound, PDGF activates
neutrophils to generate and release superoxide and stimulates fibroblasts
to synthesize and release collagenase. PDGF also stimulates cellular
proliferation of fibroblasts and smooth muscle cells (D). Remodeling and
reorganization follow (E).

Physiologic of a bone graft at the time it is placed. Basic cells,
biochemistry, and growth factors associated inside and outside wound

space of cancellous marrow graft.
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List of Figures (continued)

Physiologic of a bone graft at approximately 3 days. By day 3 capillary
ingrowth begins in response to PDGF and TGF-B. Stem cells and
endosteal osteoblasts mitose in response to these growth factors to create
a cell population capable of producing functional quantity of new bone.
Macrophage becomes main growth factor elaborating cell, inasmuch as
platelets have completely degranulated by now.

Physiologic of a bone graft at approximately 14 to 17 days. By day 14
capillary ingrowth is nearly complete. Bone-forming cells are now
sustaining themselves with their own autocrine production of TGF-pB.
With physiologic normalization of wound by capillary perfusion,
macrophage function begins to dissipate.

Deproteinized bovine (DBB), the particle size is 0.25-1 mm.

SEM photographs of DBB granules showing the pore structure, original
magnification, x 40 (A) Microstructure of HA1200, original
magnification, x 6500 (B).

Groups of study

Adult male New Zealand White rabbits, weighing 3-4 kilograms were
placed in separate cages.

Sterilized deproteinized bovine bone (DBB) from heat treatment at
1,200°C.

The rabbit was controlled in the restrain box.

Flow chart of PRF preparation protocol.

[lustration of the rabbit’s ear artery that was used to collect the blood
sampling.

Labofuge 400R” centrifuge was used for preparation of PRF.
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List of Figures (continued)

Blood processing with a centrifuge for PRF allowed the composition of a
structured fibrin clot in the middle of the tube (arrow), just between the
red corpuscles at the bottom and acellular plasma at the top.

The PRF was collected with straight non-toothed forceps (A). A
collection of the PRF itself (B).

The animal was anesthetized by ketamine 25mg/kg and diazepam 5
mg/kg intramuscularly into the gluteal region (A). Then intravenous
anesthesia was administered with thiopental (B).

Flow chart of surgical method

Position of the animal on the table (A). The incision site was carefully
draped to create a sterile area (B).

The incision line was infiltrated with 1.8 ml of 2% lidocaine HCL with
1:100,000 epinephrine (A). The sagittal incision was made from a nasal
to an occipital part of a rabbit (B).

A skin-periosteal flap was raised to expose the calvarial surface on both
sides of the midline.

Schematic presentation of the critical size defects in rabbit calvarial (A).
Two bicortical bone defects with 10x10 mm were prepared according to a
sterilized aluminum template (B). Two rectangular critical-sized defects
10X 10 mm. were created in the parietal bones (C).

The gutta-percha markers were used to locate bone defect (arrows).

The 2 bicortical bone defect size was 10 X 10 mm (A). Harvested bone
was placed in a well of bone morselizer (B). Bone was morselized
between knurled titanium surfaces (C). Bone chips were removed from

instrument diameter, before implantation (D).
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List of Figures (continued)

CSD alone (arrow) and autogenous bone chips (star) were implanted into
the bone defect.

Composite DBB and autogenous bone chips at 1:1 ratio by weight (A)
DBB alone (arrow) and composite of DBB and autogenous bone chips
(star) were implanted into the bone defects (B).

PRF was collected with straight non-toothed forceps (A). PRF clot was
divided into 2 halves by iris scissors (B). Two halves of PRF clot (C).
Autogenous bone chips were mixed with PRF (arrow) and PRF alone
(star) were implanted into the bone defects (D).

DBB mixed with PRF (arrow), DBB mixed with minced autogenous bone
chips and PRF (star) were implanted into the bone defects.

The animal was sacrificed by pentobarbital administered via marginal ear
vein.

PRF clots were immersed in a sodium cacodylate- buffered
formaldehyde—glutaraldehyde fixative (A). SPI-Module Sputter Coater &
Carbon-Coater was used for the gold coating of scanning electron
microscopy examination (B). The specimens were attached to an acrylic
plate with glue tape (C).

JSM-5800LV Scanning electron microscope

Flow chart of the radiographic method

The parallel film holder device was used to obtain parallel technique
radiograph, and fixed distance (A). The animal was placed in a prone
position during radiographic procedure (B, C).

The bone specimen was placed on an x-ray film (A). The parallel film

holder device was used for parallel technique radiograph (B).
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List of Figures (continued)

An automatic film processor (Dent X 9000, Dent X/Logetronics GmbH,
Kornberg, Germany).

Bio-RAD GS-700 Imaging densitometer

The mean optical density (OD) was calculated and analyzed by Image
Pro Plus 5.0. First, the optical density of each step of the step-wedge was
calibrated (A). The optical density within the bone defects of both sides
were measured (B). The optical density of native bone surrounding the
defects were measured (C).

Each bone specimen was sutured with black silk into the prepared bur
holes marker for identified the left side of the periosteal side of the
specimen.

Decalcification was performed by using acid decalcifying agent, 10%
formic acid (A). 10% formic acid was changed daily day for 3 weeks (B).
The each calvarial specimen was decalcified in 10% formic acid and
agitated at 160 rpm on an orbital shaker (KS 130 Basic Orbital Shaker).
The remaining calcium in decalcifying tissue was tested with
concentrated ammonium oxalate solution. The solution showed white
precipitate (or cloudiness) when calcium was presented.

Clear solution without precipitation shows complete decalcification
endpoint (A). The formation of a cloudy solution caused by precipitation
of calcium oxalate indicated incomplete decalcification (B).

Each bone specimen was divided into an upper, a middle and a lower
part, then placed into a disposable plastic cassette.

An automatic tissue processor (Lipshaw automatic tissue processor model

2500A)
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List of Figures (continued)

Shandon Linistain™ GLX Linear Stainer.

A microscope imaging system for histomorphometry analysis
Histological slide stained with hematoxylin and eosin. The continuous
(black) line contains the total bone defect. Newly formed bone (yellow)
was marked in the defect.

Scanning electron microscopy of rabbit PRF. Platelet cell elements can be
observed trapped among fibrillar elements, original magnification, X
5,000.

Scanning electron microscopy of rabbit PRF. The activated platelet
(arrow) was illustrated by these cells, original magnification, X 10,000.
Examination at 1 week postoperatively, there was no wound dehiscence,
exposure of the bone grafting materials or infection (A). All of the
experimental animals had good wound healing before sacrifice at 8 week
after the surgery (B).

In group 1, the specimen of rabbit calvarium at 8 weeks postoperatively.
On the periosteal side (outer side) of the rabbit calvarium, the periosteum
was still remained and attached to the bone (A). On the endocranium side
(inner side) of the rabbit calvarium (B), the autogenous bone chips side
(arrow) and the CSD side (star).

In group 2, specimen of rabbit calvarium at 8 weeks postoperatively. On
the periosteal side (outer side) of the rabbit calvarium, the periosteum still
remained and attached to the bone (A). On the endocranium side (inner
side) of the rabbit calvarium, the composite DBB+ autogenous bone chips

(1:1) (arrow) and the DBB side (star).
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List of Figures (continued)

In group 3, the specimen of rabbit calvarium at 8 weeks postoperatively. On
the periosteal side (outer side) of the rabbit calvarium, the periosteum still
remained and attached to the bone (A). On the endocranium side (inner side)
of the rabbit calvarium (B), the autogenous bone chips+PRF side (arrow) and
the CSD+PRF side (star).

The cross section of the defect area showed volume of bone-like tissue in the
autogenous bone chips+PRF side (arrow) which was much greater than the
CSD+PREF side (star).

In group 4, specimen of rabbit calvarium at 8 weeks postoperatively. On the
endocranium side (inner side) of the rabbit calvarium, the composite DBB+
autogenous bone chips (1:1)+PRF side (arrow) and the DBB+PRF side (star).
Specimen of rabbit calvarium at 8§ weeks postoperatively. Eight arrows
indicated the gutta-percha number at the corner of the defect margin. The
periosteum was still remained and attached to the bone.

Photograph of the occlusal film of the rabbits’ calvarium. The autogenous
bone chip was at the right side, the ingrowth of bone from the defect margin
was seen, as well as the radiopacity of the grafting materials and the critical
size defect was at the left side, clear homogenous radiolucent area was seen.
The defect margins of both sides were presented, the critical size defect side
had more intact and sharp demarcation defect margin than those of autogenous
bone chip side.

Photograph of the occlusal film of the rabbits’ calvarium. The composite
DBB-+autogenous bone chips (1:1) was at the right side and the DBB alone
was at the left side. The defect margins of both sides were observed but not

intact.
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List of Figures (continued)

Photograph of the occlusal film of the rabbits’ calvarium. The autogenous
bone chips+PRF was at the right side and the CSD+PRF was at the left side.
There was a greater opacity in grafts in the autogenous bone chips+PRF side
than in grafts in the CSD+PRF.

Photograph of the occlusal film of the rabbits’ calvarium. The DBB+PRF
was at the right side and the composite DBB+ autogenous bone chips
(1:1)+PRF was at the left side.

Mean optical density of rabbit’s calvarium specimen, values of mean OD
are displayed. a = significantly different from CSD alone (p<0.05), b =
significantly different from native bone (p<0.05).

Coronal histological section through the calvarium showing the middle
part of the defect of the critical size defect group after 8 weeks. (Specimens
stained with Hematoxylin and Eosin, original magnification x5). Arrows
indicate the margin site of defects prepared initially.

Coronal histological section through the calvarium showing the middle part
of the defect of the autogenous bone chips group after 8 weeks. (Specimens
stained with Hematoxylin and Eosin, original magnification x5). Arrows
indicate the margin site of defects prepared initially.

Coronal histological section through the calvarium showing the middle part
of the defect of the composite DBB+autogenous bone chips proportion 1:1
group after 8 weeks. (Specimens stained with Hematoxylin and Eosin,
original magnification x5). Arrows indicate the margin site of defects

prepared initially.
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List of Figures (continued)

Coronal histological section through the calvarium showing the middle part
of the defect of the DBB alone group after 8 weeks. (Specimens stained with
Hematoxylin and Eosin, original magnification x5). Arrows indicate the
margin site of defects prepared initially.

Coronal histological section through the calvarium showing the middle part
of the defect of the CSD+PRF group after 8 weeks. One of 5 specimens of
CSD+PREF side was filled with loose connective tissue between the defect
margins (A). Four of 5 specimens of CSD+PRF side were filled with woven
bone (B). (Specimens stained with Hematoxylin and Eosin, original
magnification x5). Arrows indicate the margin site of defects prepared
initially.

Specimen from the CSD+PRF group, demonstrating new bone formation in
central part of the defect. Many osteoblasts rim (black arrows) were
observed on the surface of the trabeculae of woven bone (original
magnification x10 (A), original magnification x20 (B)). Demonstrating new
bone formation near the defect edges. In some regions, the mineralized
tissue was remodel into osteon-like structure (blue arrows) of the lamellar
bone. (Specimens stained with Hematoxylin and Eosin, original
magnification x10 (C), original magnification x20 (D)).

Specimen from the CSD+PRF group, demonstrating the newly formed bone
projected from the defect edge. (Specimens stained with Masson’s
Trichrome stain, original magnification x5 (A), original magnification x10
(B)). Fibrous connective tissues stained green. Black arrows indicate the

margin site of defects prepared initially.
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List of Figures (continued)

Coronal histological section through the calvarium showing the middle part
of the defect of the autogenous bone chips +PRF group after 8 weeks.
(Specimens stained with Hematoxylin and Eosin, original magnification x5).
Arrows indicate the margin site of defects prepared initially.

Specimen from the autogenous bone chips+PRF group, demonstrating the
old bone chips (OB) are surrounded with woven bone (black arrows). In
some regions, the mineralized tissue was remodel into osteon-like structure
(blue arrows) of the lamellar bone. (Specimens stained with Hematoxylin
and Eosin, original magnification x10 (A), original magnification x20 (B)).
Specimen from the autogenous bone chips +PRF group, demonstrating a
large amount of newly formed bone, connecting/bridging newly formed
bone trabeculae. The old bone chips (OB) are surrounded by woven bone
(white arrows). (Specimens stained with Masson’s Trichrome stain, original
magnification x10).

Coronal histological section through the calvarium showing the middle part
of the defect of the composite DBB+autogenous bone chips (1:1)+PRF
group after 8 weeks. (Specimens stained with Hematoxylin and Eosin,
original magnification x5). Arrows indicate the margin site of defects
prepared initially.

Specimen from the composite DBB+autogenous bone chips (1:1)+PRF
group, demonstrating the increasing of new bone formation (blue arrows)
around the DBB (stars), autogenous bone chips (green arrows), note the lack
of inflammation (A). The DBB particles and new bone laid down along the
surface of particles (B). (Specimens stained with Hematoxylin and Eosin,

original magnification x10 (A), original magnification x20 (B)).
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List of Figures (continued)

Specimen from the composite DBB-+autogenous bone chips (1:1)+PRF
group, demonstrating the new bone formation. At a higher magnification,
there was close contact between the DBB particle (stars) and the new bone
(blue arrows). (Specimens stained with Masson’s Trichrome stain, original
magnification x5 (A), original magnification x10 (B)).

Coronal histological section through the calvarium showing the middle part
of the defect of the DBB+PRF group after 8 weeks. (Specimens stained with
Hematoxylin and Eosin, original magnification x5). Arrows indicate the
margin site of defects prepared initially.

Specimen from the DBB+PRF group, demonstrating the increasing of new
bone formation (blue arrows) around the DBB particles (stars) nearly the
defect edge, note the lack of inflammation (A,B). Demonstrating extensive
fibrous connective tissue (green arrows) around the DBB particles (stars)
with minimal bony ingrowth in central part of the defect (C). (Specimens
stained with Hematoxylin and Eosin, original magnification x10 (A, C),
original magnification x20 (B)).

Specimen from the DBB+PRF side, demonstrating the newly formed bone
(blue arrows) in close contact with the surface of the DBB (stars).
(Specimens stained with Masson’s Trichrome stain, original magnification
x10 (A), original magnification x20 (B)).

Percentage of new bone formation from histomorphometry analysis, a =
significantly different from CSD alone (p<0.05).

Scanning electron microscopy of rabbit PRF (A, B) and human PRF (C, D)
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Chapter 1

Introduction

Bone reconstruction in oral and maxillofacial region permits the recovery of the
esthetics and function of the craniofacial skeleton. For this purpose, various surgical techniques
are used. An autogenous bone grafting is the gold standard method to stimulate bone healing and
fill bone defects. Autogenous bone provides 3 elements necessary to generate and maintain bone:
scaffold for osteoconduction, growth factors for osteoinduction, and progenitor cells for
osteogenesis.1 While these sources produce excellent results, autogenous bone grafts are subject
to limitations of an available amount of bone, secondary donor site defects, increased operative
time, blood loss, postoperative pain, infection, unpredictable resorption, length of hospital stay
and cost. These limitations increase interest in bone substitute material, including allogenic,
xenogenic and alloplastic bone materials. A bone graft substitute should be osteoconductive,
osteoinductive, biocompatible, bio-resorbable, structurally similar to bone, easy to use, and cost-
effective.” A bone substitute material can be used instead of or in combination with an autograft
to increase graft volume.

Deproteinized bovine bone (DBB) is one of bone substituted materials that has
the structure like human bone and has the properties of osteoconduction and biocompatibility.}5
Animal and clinical human researches have demonstrated that DBB is biocompatible and
promotes growth of bone into its natural cavities which is well integrated by the host bone. """
DBB has been used successfully to fill bone defects particularly for maxillary sinus floor grafting
to facilitate implant. However it has slow resorption rate” " and leads to long time taking for
complete bone formation. The composite of autogenous bone and bone substitute are widely used
clinically because it combines the osteogenesis property of autogenous bone and osteoconductive
property of DBB. Combination of autogenous and DBB in proper proportion would be an
effective choice for bone grafting.13

At present, the proportion of the autogenous bone and the bone substitute are
varied. Our previous study in Prince of Songkla University13 assessed the quality and quantity of

new bone formation from the 3 different proportions (1:1, 1:2, 1:4) of the autogenous bone and

1



DBB in rabbit calvarial defects and showed that proportion 1:1 and 1:2 enhancing greater bone
formations than the proportion 1:4, DBB alone and the critical size defect. The proportion 1:1 and
1:2 are preferable to be used in clinical application. However this composite graft poses only two
properties by bone regeneration, osteogenesis from autografts and osteoconductive from DBB.

Numerous studies have demonstrated that osteoinductive growth factor or gene
delivery significantly improves bone repair. The considerable attention has focused on the
potential application of growth factors to enhance wound healing. Several polypeptide growth
factors, e.g. fibroblast growth factor, insulin-like growth factor-I1 (IGF-I), platelet-derived growth
factors (PDGF), transforming growth factor- B (TGF-B) and bone morphogenic proteins (BMP)
alone or in combination have been demonstrated effective on cell proliferation, chemotaxis,
differentiation and extracellular matrix synthesis and consequence facilitating bone regeneration
in animal and human studies.""" These growth factors except BMP are found in nature, therefore
using platelet products raise the attractive for an adjuvant to bone grafting.

There are 3 generations of fibrin technologies from platelet regarding the
biochemical properties of surgical additives as fibrin adhesives, platelet-rich plasma (PRP) and
platelet-rich fibrin (PRF) (Table 1). The use of fibrin adhesives in many field-related protocols is
well documented from the past 30 years.19 However, controversy still remains to the complexity
of the production protocols (for autologous adhesives) and risk of cross-infection (for commercial
adhesives).20 Since the early 1990s, platelet-rich plasma has been introduced, the concentration of
autologous platelets in plasma, for clinical application by Marx et al.”' The growth factors
contained within platelets in relation to their biological enhancement of continuity bone grafts to
the mandible have been explored. A new family of platelet concentrate, which is neither a fibrin
glue nor a classical platelet concentrate, was called platelet-rich fibrin (PRF), it looks like an
autologous cicatricial matrix and was introduced by Dohan in 2006. * PRF belongs to a new
generation of platelet concentrates geared to simplified preparation without biochemical blood
handling, one centrifugation, and natural fibrin clot polymerization.zo’ 2

PRP has been explored in various aspects, but there is no sufficient data upon
PRF. Quantitative platelet counts verified that the platelet-rich plasma used in the previous
studies”” ™ consisted of 595,000 to 1,100,000 platelets in the concentrate. These reviews on

PRP were as the basic understanding of the nature PRF characteristics. These values confirmed



the platelet sequestration ability of the process and quantified the concentration as 338% of
baseline platelet countsZI, but there is a discrepancy between theses values due to a variation of

the procedures for centrifugation of the original plasma samples such as force, time, ect (Table 2).

Table 1. Conclusion of the 3 generations of fibrin technologies.

3 Generation of fibrin technologies
Detail
Fibrin adhesive PRP PRF
Protocol Many different protocols Many different protocols 1 Protocol
Volume of blood sample 400 m1**”’ 400-500 m1*" "> 10 ml™ %
required 200 ml”* 200m!”
50 mI” 55-60 mI™"™
40 mt”’

Blood collection with Yes Yes No
anticoagulant
Preparation with Yes Yes No
biochemical blood handling
Fibrin polymerization Artificial way Artificial way Natural way
Equipments or tools Kit - Platelet Concentration Centrifuge

Collection System kit

- Cell separator

- Centrifuge
Centrifugation A self-mixing syringe 2 Steps of centrifugation 1 Step of

centrifugation
Risk of life threatening Cross infection™ ™ Coagulopathies38’ e No
Coagulopathies”’ 0 (from bovine thrombin)
(for commercial adhesive)

Instruments cost 2,5008" 4,000-9,000$" 1,0008




Table 2. The level of platelets in PRP.

Author Year % Increase
Marx et al.”’ 1998 338 %
Landesberg et al.” 2000 205.7%
Kim etal.” 2001 287%
Okuda et al.” 2003 283.4%
Gerard et al.” 2006 388%

There are many studies” " suggested significant correlations between number
of platelet counts and levels of growth factors such as PDGF, TGF-B, VEGF and IGF. However
no statistically significant correlation was found between these 2 parameters in the
unconcentrated plasma. This result implies that the platelet is the major source of these growth
factors in the PRP. The additional amounts of growth factors obtained by adding platelet-rich
plasma to grafts was evident from a radiographic maturation rate 1.62 to 2.16 times of grafts
without platelet-rich plasma. As assessed by histomorphometry, there was also a greater bone
density in grafts in which platelet-rich plasma was added than in grafts in which platelet-rich
plasma was not added.” Treatment with PRP to support osseointegration of dental implants has
also been described suggesting that PRP may be useful in accelerating the osseointegration of
titanium implants.49 There are very few studies in refereed journals in which PRP was used and
added to autogenous, allograft, xenograft or alloplast bone. The application of PRP has been
investigated in several clinical and animal studies (Table 3 and 4). These articles described the
PRP techniques used and reported the formation of some osteoid material or the osteogenesis of

21, 37, 46, 49, 50

bone grafting. However, the results are conflicting or equivocal. In many of these

studies, few cases are to be evaluated and no statistical testing was performed to confirm the

validity of the results.™ "™



Table 3. The applications of PRP investigated in clinical trials.

Author Year No. of patients Method of Conclusion
investigation

Marx etal.”’ | 1998 | 88 Cancellous - Radiographic graft - The adding of platelet-rich
cellular marrow bone | maturity plasma to grafts showed a
graft reconstructions | (Panoramic radiographs) | radiographic maturation rate
of mandibular 1.62 to 2.16 times than that of
continuity defects grafts without platelet-rich

plasma.

- Histomorphometry - Bone grafts with PRP
demonstrated even greater
trabecular bone density than
did bone grafts without PRP.

Froum et 2002 | 3 Patients undergoing | - Histomorphometry - The addition of PRP to the

al.”’ bilateral sinus grafts of anorganic bovine

augmentation bone was not different either

in vital bone production or in
interfacial bone contact on
the test implants.

Oyama et 2004 | 12 Cleft patients - 3-dimensional - The average of the volume

al.”’ computed tomography ratio of regenerated bone to

(cm alveolar cleft in cases with
PRP was higher than in
controls.

Raghoeba et | 2005 | 5 Edentulous - Microradiographic - No beneficial effect of PRP

al.”® patients, undergoing | - Histomorphometry on wound healing and bone
bilateral sinus remodeling of autologous
augmentation bone grafts.




Table 4. The applications of PRP investigated in animal models.

Author | Year Animals and Methods of Conclusion
No. investigation
Kim et 2001 Rabbits (N=20) | - Soft x-ray imaging - Greater bone densities were obtained
al.® - Computer tomography in grafts combined with PRP
Kim et 2002 Dogs - Histomorphometry - A higher percentage of bone contact
al” (N=10) with particulate dentin-plaster of Paris
and PRP than the control and
particulate dentin-plaster of Paris.
Aghaloo 2004 Rabbits - Radiographs - Significantly greater bone density at
etal” (N=15) the Bio-Oss, autogenous bone, and
Bio-Oss + PRP sites than at control
sites
- Histomorphometry -Increase in bone formation with the
addition of PRP to Bio-Oss in non-
critical-sized defects.
Wiltfang 2004 Mini-pigs - Microradiography - PRP did not add additional benefit on
etal™ (N=24) xenogenic bone substitutes.
- Histological - But had a significant effect on bone
examination regeneration in the autogenous group
initially.
Gerard et | 2006 Dogs - Digitized radiographs - PRP enhanced early autologous graft
al” (N=13) healing. But, after 2 months this effect
- Histomorphometry is no longer significant
Miranda 2006 Rabbits - Histological and - The addition of PRP in between
etal.” (N=16) histomorphometry autogenous bone blocks and the
evaluation. receptor bed did not confer significant
benefit for the new bone formation and
healing.
Mooren et | 2007 Goats - Histological and - The early and late bone healing was
al.” (N=20) histomorphometry not enhanced when PRP was used.
evaluation.
Schlegel 2007 Mini-pigs - Microradiographic - No positive effect of enhancement of
etal.” (N=24) examination bone implant contact in the PRP group
could be detected.




Currently, the autogenous bone grafting is the gold standard method to stimulate
bone healing. However, autogenous bone grafting has drawbacks such as donor site morbidity,
limited source and increased operative time. Bone substitute materials are appealing alternative
such as deproteinized bovine bone (DBB). But most bone substitute materials provide only
osteoconduction property and are expensive. The use of bone substitute materials alone or in
combination with autogenous bone does not achieve the osteogenesis perfectly. It is hypothesized
that bone regeneration could be enhanced by adding growth factors to bone grafting materials in
skeletal reconstruction in the maxillofacial area.

In our study, platelet-rich fibrin was used as an autologous source of PDGEF,

20, 22-25

TGF-[3 and IGF. PRF poses many advantages such as easy preparation, low cost and no
harmful to patient. Therefore it may be beneficial for enhancing bone regeneration. However
there is no clear evidence to support the clinical use of PRF, when adding to grafting material
such as autogenous, allograft and xenografts materials in oral and maxillofacial region. A possible
role of PRF as a source of growth factor to stimulate bone regeneration is expected. The present
study aimed to assess the quality and quantity of new bone formation from the adjuvant of PRF to
autogenous bone chips, deproteinized bovine bone and the composite of deproteinized bovine

bone and autogenous bone chips in rabbit calvarial defects. A conceptual framework is presented

in Figure 1.

Disease | | Trauma || Tumor || Physiologicbone loss
s T | |

Wy

= 5

| Fill defect |

bon

| PRF |
Osteogenesis ”""’i‘lﬁ";“’""" |
Figure 1. Conceptual Framework shows a role of the major components of osteogenesis

(autogenous bone graft), osteoconduction (scaffold from DBB) and osteoinduction

(growth factor from PRF) to fill the defect from various causes.



Review of Literatures

Platelet-rich fibrin (PRF)

Platelet-rich fibrin was first developed in France by Dohan et al” for a specific
use in oral and maxillofacial surgery. The protocol is as follows. A blood sample is taken without
anticoagulant in a 10 ml tube. It is immediately centrifuged at 3000 rpm (approximately 400g) for
10 minutes (Figure 2). The absence of anticoagulant implies the activation in a few minutes of
most platelets of the blood sample in contact with the glass tube walls and the release of the
coagulation cascades. Fibrinogen is initially concentrated in the high part of the tube, before the
circulating thrombin transforms it into fibrin. A fibrin clot is then obtained in the middle part of
the tube, just between the red corpuscles at the bottom and acellular plasma at the top (Figure 3, 4

and 5).

Platelet-rich fibrin (PRF) preparation

Tourniquet

} | Step1: Ablood sample is taken without
7 anticoagulant in 10 ml tube glass

¥

Step 2: Immediately centrifuged
at 3000 rpm for 10 minutes

Afibrin clot is then obtained in
the middle of the tube

Figure 2. Flow chart of preparation of PRF following the PRF protocol.20



[— Acellular Plasma (PPP)

M——1— Fibrin clot (PRF)

Red corpuscules base.

Figure 3. Diagram of blood centrifugation shows a structured fibrin clot in the middle part of the

tube, between the red corpuscles at the bottom and acellular plasma at the top.20

Figure 4. Blood processing with a centrifuge for PRF allows the composition of a structured

20

fibrin clot in the middle of the tube (A). Collection of the PRF (B).

. Red thrombus : red corpuscules and platelets
enmeshed in a tight fibrin matrix.

D Fibrin clot.

D « Buffy coat » : whitish lines corresponding to the
accumulation of platelets trapped into the PRF fibrin matrix.

Figure 5. The PRF fibrin clot is composed of 3 parts: a red thrombus in contact with the
red blood corpuscle base, an acellular fibrin gel, and a network of buffy columns

corresponding to platelet accumulation.”
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The success of this technique entirely depends on the speed of blood collection
and transfer to the centrifuge. Indeed, without anticoagulant, the blood samples start to coagulate
almost immediately upon contact with the tube glass, and it takes a minimum of a few minutes of
centrifugation to concentrate fibrinogen in the middle and upper part of the tube. Quick handling
is the only way to obtain a clinically usable PRF clot. If the duration required to collect blood and
launch centrifugation is overly long, failure will occur: The fibrin will polymerize in a diffuse
way in the tube and only a small blood clot without consistency will be obtained.”

Dohan et al” investigated the platelet-associated features of PRF. Preliminary
hematologic studies revealed that platelet in the acellular supernatant (platelet-poor plasma (PPP))
or in the red blood corpuscles base, did not remain. A few histologic analyses were sufficient
enough to determine the platelet distribution within the various layers of the centrifuged
collection tube. They accumulate in the lower part of the fibrin clot, mainly at the junction
between the red corpuscles (red thrombus) and the PRF clot itself (Figure 6). During PRF
processing by centrifugation, platelets are activated and their massive degranulation implies a
very significant cytokine release. These initial analyses revealed that slow fibrin polymerization
during PRF processing leads to the intrinsic incorporation of platelet cytokines and glycanic
chains in the fibrin meshes. This result would imply that PRF, unlike the simple fibrin adhesives
(Figure 7) or platelet-rich plasma (Figure 8), would be able to progressively release cytokines
during fibrin matrix remodeling. It is possible to consider that on the whole, PRF platelet
cytokines remain trapped in the fibrin meshes, and probably even in the fibrin polymers (Figure

9).
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Figure 6. The lower part of the PRF fibrin matrix is occupied by whitish streaks looking like
cell fragment aggregates on histological sections. These are the platelet
accumulations and constitute a ‘‘buffy coat’ (A). But there is no platelet or any other

cellular body in the upper part of the PRF fibrin clot (B). Hemalun-eosin staining,

22

52X.
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Figure 7. Theoretical computer modeling of a fibrin network resulting from fibrin glue

. . 22
polymerization.

Figure 8. Theoretical computer modeling of PRP, the activated platelets are trapped in the
fibrin meshes and release a significant quantity of cytokines extrinsically retained
in the fibrin architecture. (1) Platelet trapped in the fibrin gel. (2) Platelet cytokine

. . . . 22
in solution (extr1ns1c).
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Figure 9. Theoretical computer modeling of a PRF clot, the presence of structural glycoproteins
(fibronectin) and extrinsic cytokines (in solution) enmeshed in the fibrin matrix. The
PRF slow polymerization process would also allow the intrinsic retaining of glycanic
chains and cytokines within fibrin polymers. PRF would be thus very close to a
natural fibrin thrombus. (1) Cytokine intrinsically retained within fibrin fibrillae. (2)
Platelet cytokine in solution (extrinsically associated with fibrin polymers). (3)
Fibrin-associated glycanic chains. (4) Circulating glycoproteins (fibronectin). (5)

Fibrin fibrilla associated with glycanic chains and intrinsic cytokines.22

Choukroun et al” confirmed that PRF can be considered as a healing
biomaterial. Clinical example dealed with the filling of a tooth socket by PRF. Rapid healing of
the wound was observed without pain, dryness, or purulent complications. Sinus floor
augmentation was performed with freeze-dried bone allograft (FDBA) and PRF leaded to a
reduction of healing time prior to implant placement. From a histologic point of view, this healing
time could be reduced to 4 months. After complete maxillary cystic ablation, a cystic cavity filled
with PRF were totally healed in two and a half months later, the osseous defect was replaced by a
dense and cortical bone. This physiologic healing phenomenon is accelerated, because

physiologic healing time of this cystic cavity lies between 6 months and 1 year.
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The autogenous growth factors in platelet-rich fibrin

Researchers in oral and maxillofacial surgery continuously strive to improve on
current bone-grafting techniques and provide a faster and denser bony regenerate. Growth factors
are a realistic way to improve and expedite both soft tissue and bony wound healing.

Platelets are small, irregularly shaped anuclear cells and 2-4 pm in diameter.
They are derived from fragmentation of precursor megakaryocytes. Platelets contain angiogenic,
mitogenic, and vascular growth factors in their granules.zs’ " Platelets are very important in the
wound healing process. They arrive quickly at the wound site and begin coagulation. They release
multiple wound-healing growth factors and cytokines, including platelet-derived growth factor
(PDGF), transforming growth factors (TGF-B1 and TGF-B2, vascular endothelial growth factor
(VEGF), platelet-derived endothelial cell growth factor (PDEGF), interleukin-1 (IL-1), basic
fibroblast growth factor (bFGF), and platelet activating factor-4 (PAF-4). One of the highest
concentrations of PDGF and TGF-B in the body is found within blood platelet (Table 5.)

Among those growth factors, both PDGF and TGF-f have been studied
extensively and these growth factors are thought to contribute to bone regeneration and increased

vascularity, vital features of a healing bone graft.57

Table 5. Platelet: A principle source of growth factors at wound sites.

Growth factor Major sources at the wound site

PDGF Platelets, macrophages, bone matrix, epithelial cells, endothelial

cells, smooth muscle cells

TGF-B Platelets, macrophages, osteoblasts, bone matrix-activated T-

lymphocytes, immature chondrocytes

EGF/TGF-Ol Platelets, macrophages, epithelial cells, eosinophils

IGF-1 Plasma, epithelial cells, endothelial cells, fibroblast, smooth

muscle cells, osteoblasts, bone matrix

bFGF Macrophages, endothelial cells, osteoblasts, immature and mature

chondrocytes, bone matrix
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Platelet-derived growth factor (PDGF)

PDGF is a glycoprotein with a molecular weight of approximately 30 kd.
Although it was first described in the alpha granules of platelets, it is also synthesized and
secreted by other cells, such as macrophages and endothelium (Table 5). It seems to be the first
growth factor present in a wound, and it initiates connective tissue healing, including bone
regeneration and repair. In humans, it exists mostly as a heterodimer of two chains--termed A and
B chains-- of about equal size and molecular weight (approximately 14 kd to 17 kd). Homodimers
of A-A and B-B chains are also present in human platelets and have the same effects on bone
regeneration.

PDGF is known to emerge from degranulating platelets at the time of injury. Its
mechanism is to activate cell membrane receptors on target cells, which in turn are thought to
develop high-energy phosphate bonds on internal cytoplasmic signal proteins. The bonds then
activate the signal proteins to initiate a specific activity within the target cell.” The important
specific activities of PDGF include mitogenesis (increase in the cell populations of healing cells),
angiogenesis (endothelial mitoses into functioning capillaries), and macrophage activation
(debridement of the wound site and a second phase source of growth factors for continued repair
and bone regeneration). There are approximately 0.06 ng of PDGF per one million platelets, a fact
that underscores this molecule's great potency.

At the higher concentrations of PDGF, it is believed to be present more
proximally in wounded areas where cell migrations, neutrophil activation, collagenase release of
fibroblast, and cell division have occurred. PDGF thus may play a pivotal role in wound healing
(Figure 10).59 PDGEF is stored in the bone matrix and is released upon activation of osteoblast,
resulting in an increase of new bone formation.” Tn support of these findings, in vitro studies
demonstrated that PDGF initially stimulates bone resorption and also stimulates the proliferation
and chemotaxis of osteoblast.” Therefore a greater concentration of platelets can be expected to

have a profound effect on wound healing enhancement and bone regeneration.
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Figure 10. Potential roles of PDGF in wound healing. PDGF is released after injury (A) and
platelet adherence and aggregation at injured sites (B). The PDGF released locally
stimulates the migration of neutrophils, monocytes, fibroblasts, and smooth muscle
cells (in vessel wall injury) into the wounded sites; PDGF released into the systemic
circulation is complexed to alpha2-macroglobulin (OL,M) (C). At the higher
concentrations of PDGF proximal in the wound, PDGF activates neutrophils to
generate and release superoxide and stimulates fibroblasts to synthesize and release
collagenase. PDGF also stimulates cellular proliferation of fibroblasts and smooth

muscle cells (D). Remodeling and reorganization follow (E).59
Transforming growth factors (TGF)

TGF-B is applied to the superfamily of growth and differentiating factors of
which the bone morphogenetic protein (BMP) family, containing at least 13 described BMPs, is a
member.” The TGF-Bs referred to and studied in previous article” are the TGF-B1 and TGF-B 2
proteins, which are protein and generic growth factors involved with general connective tissue
repair and bone regeneration. TGF-1 and TGF-B2 are proteins that have molecular weights of
approximately 25 kd. Like PDGF, they are synthesized and found in platelets and macrophages,
as well as in some other cell types (Table 5). When released by platelet degranulation or actively
secreted by macrophages, they act as paracrine growth factors (ie, growth factors secreted by one

cell exerting its effect on an adjacent second cell), affecting mainly fibroblasts, marrow stem
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cells, and the preosteoblasts. However, each of these target cells has the ability to synthesize and
secrete its own TGF-[ proteins to act on adjacent cells in a paracrine fashion or act on itself as an
autocrine growth factor (ie, a growth factor which is secreted by a cell and acts on its own cell
membrane to continue its activity). TGF-Bs therefore represent a mechanism for sustaining a
long-term healing and bone regeneration module and even evolve into a bone remodeling factor
over time.

The important functions of TGF-Bland TGF-B2 seem to be the chemotaxis and
mitogenesis of fibroblasts, marrow stem cells, endothelial cells, epithelial cells, and pre-
osteoblastic cellssz, and they also have the ability to stimulate osteoblast deposition of the
collagen matrix of wound healing and of bone. In addition, TGF-Bs inhibit osteoclast formation
and bone resorption by stimulating chemotactic migration of osteoblasts to the site of injurysz,
thus favoring bone formation over resorption by two different mechanisms.”' TGF- is also found
at higher levels in bone matrix and upon activation facilitates wound healing under inflammation
conditions.”

Previous in vivo study64 showed that TGF-1, when coated on to B-tricalcium
phosphate pellets, substantially stimulated cell proliferation and differentiation of osteoblast-
lineage cells, and eventually induced new bone formation in experimental rat calvarial osseous
defect. In addition, in association with gingival wound healing after flap surgery in rats, the
topical applied TGF-B1 was demonstrated that it stimulated the proliferation of gingival
fibroblastic cells, the formation of blood vessels, and the remodeling of extracellular matrix

molecules, which resulted in increased formation of granulation tissue of the periodontal tissue.”

The role of growth factors in bone regeneration

Growth factors are proteins that serve as signaling agents for cells. They
function as part of a vast cellular communications network that influences such critical functions
as cell division, matrix synthesis, and tissue differentiation. The results of experimental studies
have been established that growth factors play an important role in bone and cartilage formation,
fracture healing, and the repair of other musculoskeletal tissues. Recently, with the advent of

recombinant proteins, there has been considerable interest in the use of growth factors as
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therapeutic agents in the treatment of skeletal injuries.65 A cancellous cellular marrow graft,
whether for a mandibular continuity defect, an alveolar cleft, or a sinus
lift surgery, is placed into a dead space filled with clotted blood. The wound dead space is
hypoxic (PO2, 5-10 mm Hg) and acidotic (pH, 4-6) and contains platelets, leukocytes, red blood
cells, and fibrin in a complex clot adjacent to the transferred osteocytes, endosteal osteoblasts,
and marrow stem cells21 (Figure 11). The marrow stem cells, which are the primary bone-
regenerating cells, normally exist in very small numbers (approximately 1 per 400,000 structural
cells in a 50-year-old human being).21 Just outside periosteal level, the tissue is physiologically
normal. The tissue is normoxic (PO2, 45-55 mm Hg) and at physiologic pH (pH, 7.42), and
contains a population of structural cells, healing-capable stem cells (also in very small numbers),

and cut capillaries with clots and exposed endothelial cells.

Osteocytes e pH = 4-6
Osteoblasts N : PO, = 5-10
Stem cells i ' Platelets (PDGF)
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Figure 11. Physiologic of a bone graft at the time it is placed. Basic cells, biochemistry, and
growth factors associated inside and outside wound space of cancellous marrow

graft.21

The initiation of bone regeneration starts with the release of PDGF and TGF-3
from the degranulation of platelets in the graft (Table 6). The PDGF stimulates mitogenesis of the
marrow stem cells and endosteal osteoblasts transferred in the graft to increase their numbers by
several orders of magnitude. It also begins an angiogenesis of capillary budding into the graft by

inducing endothelial cell mitosis. The TGF-P initially activates fibroblasts and preosteoblasts to
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mitose and increases their numbers, as well as promoting their differentiation toward mature
functioning osteoblasts. Continued TGF-[3 secretion influences the osteoblasts to lay down bone
matrix and the fibroblast to lay down collagen matrix to support capillary ingrowth. These
activities begin immediately on wound closure. By the third day capillaries can be seen to
penetrate the graft. Complete capillary permeation of the graft is seen by day 14 to day 17 .
(Figure 12 and 13).

Table 6. The role of growth factors in bone regeneration.

Growth factor Role in bone regeneration

PDGF - Mitogenesis (increase in the cell populations of healing cells)
- Angiogenesis

- Macrophage activation

TGF-B - Chemotaxis and mitogenesis of fibroblasts, marrow stem cells,
endothelial cells, epithelial cells, and pre-osteoblastic cells

- Inhibit osteoclast formation and bone resorption by stimulating
chemotactic migration of osteoblasts to the site of injury

- Osteoblasts lay down bone matrix and the fibroblasts lay down collagen

matrix to support capillary ingrowth

i 5 C< _~ Stem cell mitosis
- Alk
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\ (MDGF)
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Figure 12. Physiologic of a bone graft at approximately 3 days. By day 3 capillary ingrowth
begins in response to PDGF and TGF-B. Stem cells and endosteal osteoblasts

mitose in response to these growth factors to create a cell population capable

of producing functional quantity of new bone. Macrophage becomes main growth

factor elaborating cell, inasmuch as platelets have completely degranulated by

21
now.
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Figure 13. Physiologic of a bone graft at approximately 14 to 17 days. By day 14 capillary
ingrowth is nearly complete. Bone-forming cells are now sustaining themselves
with their own autocrine production of TGF-B. With physiologic normalization of

wound by capillary perfusion, macrophage function begins to dissipa‘[e.21
Deproteinized bovine bone (DBB)

Deproteinized bovine (DBB) bone has a long history of being successfully used
to fill in bone defects and for maxillary sinus floor grafting to facilitate implantations.6’ “" DBB
granules provide an ideal scaffold for new bone formation in animal studies.” """ Application of
DBB has shown that this material can be utilized to elevate the sinus floor, eventually leading to
the formation of lamellar bone'" " and increase bone density. In human sinus floor elevation,
DBB alone or mixed with other materials (autogenous bone or demineralized freeze-dried bone
allografts) has strong osteoconductive properties, and allows the formation of bone bridges
between and around the granules.3

The various chemical treatments have been developed to remove the antigenic
proteins and cellular elements of xenogeneic bone. The results show that the chemically
deproteinated materials retain some antigenicity, which could evoke immunological response.74
Heat treatment is as an alternative to obtain protein-free xenogeneic bone. The heat treated bone

maintains the morphological structure of natural bone, which has an interconnective porous

structure of 70% volume porosity and allows bone in—growth.75 When bovine bone is treated by
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chemical agents or heat to remove organic components, the microstructure is affected. Antigenic
organic matter of bovine bone can be 100% removed by heat treatment at 500 °c High
temperatures of 800-1000°C can induce carbonate decomposition and high crystallinity, or
transform the material into a crystalline phase of bovine hydroxyapatite.74’ " When heated further
to 1,3OOOC, the material will transform into hydroxyapatite and calcium phosphate.77 Therefore,
heating temperature should be below 1300°C to keep the structure of the material to be in the
hydroxyapatite phase. The National Metal and Materials Technology Center (MTEC) produced
bovine hydroxyapatite at three sintering temperatures. The material was produced from bovine
bone, and completely deproteinized by heat treatment at 8OOOC, 1,2000C, and 1,3500C. The
sintering temperature in synthetic hydroxyapatite influences strength, density, decomposition,
dehydroxylation, and microstructure. Pripatnanont et al” indicated that heat-treated bovine
hydroxyapatite enhances bone formation by osteoconductive manner and sintering temperature at
1,200°C could provide the material that enhanced more bone than that the temperature at 800°C
and 1350°C. This finding supported Wang et al” that hydroxyapatite sintered at 1,200°C could
enhance osteoblast proliferation and induce the expression of all bone-related proteins more than
hydroxyapatite sintered at I,OOOOC or 800 C.

For this study the material was produced by MTEC from bovine bone which are
completely deproteinized by heat treatment at 1200 °c (Figure 14). The particle size of DBB is in
the range of 0.25-1mm. The porous structure and surface morphology were investigated with a
scanning electron microscope (JSM-5800 LV, JEOL, Japan) at magnifications of 40X and 6500X
using acceleration potentials at 10 keV. The observation revealed that DBB had a porous, well-
interconnected pore structure. The pore size of the particle was in the range of 200-500 pm,
which can provide a scaffold for vascular and osteogenic cell ingrowth78 (Figure 15).

The pore size and the pore distribution are quite important parameters for cell
growth inside the tissue engineered scaffolds or matrices. Since osteoblasts need cell-to-cell
contact for proliferation, an average pore should be at least 3 times (>100 um) as large as an
osteoblast cell (~ 30 um) so that a single cell could establish contact with the others.” Osteoblasts
have a preferred pore size (200-400 um diameter) for encouraging migration, attachment and
proliferation. This may be because the curvature of these pores provides optimum compression

. 81
and tension on the cell’s mechanoreceptars.
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Figure 15. SEM photographs of DBB granules showing the pore structure, original
magnification, x 40 (A) Microstructure of HA1200, original magnification, x 6500
(B).

78

Objective of the study

General Objective

- To investigate the effect of PRF when combine with different graft materials
on bone formation in the rabbit’s calvarial defect

Specific objectives

1. To compare the amount of new bone formation of all different graft
materials by using histomorphometry.

2. To compare the bone density of all different graft materials



23

Expected outcome

1. To provide a scientific knowledge to verify benefit of using PRF when
combine with different graft materials and be possible to improve its clinical
application.

2. To develop knowledge and experience in preparing and using autogenous
growth factors for repairing skeletal defect or enhancing bone regeneration.

3. To obtain the best choice of composite graft among autogenous bone graft,

xenograft and PRF.

Hypothesis
- The addition of PRF to bone graft materials (autogenous bone chip and

DBB) enhances increasing in new bone formation.



Chapter 2

Materials and methods

1. Scope of study

This study is an in vivo study using male New Zealand White rabbits. The study
was performed to investigate the effect of PRF on bone formation by assessing the quality and
quantity of new bone formation from the adjuvant of PRF to autogenous bone chip, DBB alone,
composite DBB and autogenous bone chip in rabbit calvarial defects.

1.1 Sample size

Estimate sample size for two-sample comparison of means was computed by

using data from Marx’s s‘fudy21 in the Table 7.

Table 7. Histomorphometric findings at 6 months.”’

Trabecular bone area (TBA) P
Native mandible (10) 38.9% +6% -
Bone grafts (44) 55.1% + 8% 0.005
Bone grafts with PRP (44) 74.0%=11% 0.005

Estimated power for two-sample comparison of means
We used the formula:
n/group =2(Zg,,+ Z [3)2 g
(A’

n/group = Sample size per group
Ol = O error

B =B error



A = Mean difference
= Pooled variance

=(n,-1) sd12+ (n,-1) sd22

n,+n,-2
Assumptions:
0L = 0.05 (Two-sided) B=02
Zan="27 405, =1.96 ZB=Z7,,=0.84
n, =44 n,= 44
sd, =11 sd, =8
g’ =925 A=74.0-551=18.9

n/group = 2 (1.96 + 0.84)° (90.5) =3.97

18.9°

Sample size for each group: 5 rabbits (Estimated power: Power = 0.8743)

1.2 Groups of study

The animals were randomly allocated into 4 groups with simple random
sampling (SRS). Control groups (non-PRF groups) comprised of Group 1 and Group 2. Group 1
comprised of a CSD (critical size defect) versus autogenous bone chips, Group 2 comprised of the
composited of DBB with autogenous bone chips versus DBB alone. Experimental groups (PRF
groups) comprised of Group 3 and Group 4. Group 3 comprised of critical size defect with PRF
versus autogenous bone chips with PRF. Group 4 comprised of the composite of DBB, and

autogenous bone chips with PRF versus DBB with PRF (Table 8) (Figure 16).
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Table 8. Groups of study

Groups Descriptions Number of rabbits
1 Critical size defect, empty defect 5
Vs. Autogenous bone chips
2 Composite DBB + autogenous bone chips 5
Vs. DBB alone
3 Critical size defect + PRF 5
Vs. autogenous bone chips + PRF
4 DBB + PRF 5
Vs. Composite DBB + autogenous bone chips + PRF
Total 20
20 male New Zealand White rabbits w
v
N =20 w
I
Control group Test group
(Non PRF) (PRF)
N=10 '
v v v v
Group 1 Group 2 Group 3 Group 4
CSD Composite DBB+ CSD + PRF Composite DBB+
Vs. Autogenous bone chips Vs. Autogenous bone chips

Autogenous bone

chips

(N=5)

1:1)
Vs.
DBB alone

(N=5)

Autogenous bone chips

+ PRF

(N=5)

(1:1) + PRF
Vs.
DBB+PRF

(N=5)

Figure 16. Groups of study
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2. Materials

2.1 Animals

This study was performed in accordance with the regulations and approval of the
animal experiment ethic committee of Prince of Songkla University. The study was performed on
20 male New Zealand White rabbits aged 5-7 months, weighing 3-4 kilograms. The animals were
fed standard rabbit diet, given water ad libitum and kept separately in cages at the animal house,

Faculty of Science, Prince of Songkla University (Figure 17).

"
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Figure 17. Adult male New Zealand White rabbits, weighing 3-4 kilograms were placed in

separate cages.



2.2 Deproteinized bovine bone

Deproteinized bovine bone (DBB) derived from heat treatment at 1,2000C with
grain size 0.25-1 mm, was obtained from the Metal and Material Technology Center Thailand

(Figure 18).

Figure 18. Sterilized deproteinized bovine bone (DBB) from heat treatment at 1,2000C.

3. Methods

3.1 Platelet-rich fibrin (PRF) preparation

The animal, New Zealand White rabbit, was placed into a restraining box
(Figure 19) to perform blood collection before anesthetized. The preparation of platelet-rich fibrin
(PRF) is shown in Figure 20. Blood samples were treated according to the PRF protocol.20 The
preparation method is shown in a flow chart (Figure 20). The fur on the ear was shaved, and the
skin was disinfected with 70% alcohol. Eight mL of autologous whole blood (Group 3 and 4)
was collected from central ear artery (Figure 21) by needle gauge No.20 connected with 10 ml.
sterile syringe without anticoagulant. It is best to insert the needle into the artery as distally

(toward the tip of the ear) as possible. If another needle insertion is required, the needle
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can be moved proximally about 1 inch from the insertion site. The needle gauge No.20 was
inserted into the artery (about 2/3 the way up the central ear artery, with the tip of the needle
pointing toward the base of the ear). The blood should flow immediately through the tube, and
then the drawn syringe was to collect the blood. After 8 ml. of autologous whole blood has been
collected, removed the needle from the artery, and hold off the artery with gauze until bleeding
stopped. Then the whole blood was transferred into 10 ml. glass tube and placed immediately into
the swinging bucket rotor (Labofuge 400R"” centrifuge, Hereus, Hanau, Germany) for
centrifugation at 3000 rpm for 10 minutes (Figure 22). A fibrin clot was then obtained in the
middle of the tube, just between the red corpuscles at the bottom and acellular plasma at the top.

The part of PPP was discarded with a syringe. After that the fibrin clot was collected with straight
non-toothed forceps and cut the PRF clot into two halves with an iris stitch scissor (Figure 23-

24).

Figure 19. The rabbit was controlled in the restrain box.
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PRF preparation

1. The rabbit was placed into a restraining box.

«

2 2ml. of autologous whole blood 3.
was collected from central earartery.

Ablood sample was taken without
anticoagulantin 10ml. glass tube

>

4. | Immediately centrifigedat 3000 rpm

for 10 minutes

&, | Afibrinclotisthenobtainedin
the middle of the tube

==

Figure 20. Flow chart of PRF preparation protocol.

Marginal ear vein

Central ear artery

Figure 21. Illustration of the rabbit’s ear artery that was used to collect the blood sampling.
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Figure 23. Blood processing with a centrifuge for PRF allowed the composition of a structured
fibrin clot in the middle of the tube (arrow), just between the red corpuscles at the

bottom and acellular plasma at the top.
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Figure 24. The PRF was collected with straight non-toothed forceps (A). A collection of the

PREF itself (B).

3.2 Anesthesia in surgical procedure the experimental rabbit

The rabbit was placed on the surgical table in a prone position. Anesthesia was
induced by ketamine 25 mg/kg and diazepam 5 mg/kg intramuscularly into the gluteal region.
Three minutes later, an intravenous catheter was placed into the marginal ear vein for intravenous
anesthesia (Figure 25). Thiopental 5 mg/kg was administered intravenously and then titrated at
the rate of 2 mg/kg every 15 minutes (maximum dose not more than 30 mg/kg)82 until achieving
the level of unconsciousness. The intravenous fluid, Dextrose 5% in % Sterile saline (D5 % S) at

the rate of 4 ml/kg/hr was given throughout the operation.
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Figure 25. The animal was anesthetized by ketamine 25mg/kg and diazepam 5 mg/kg

intramuscularly into the gluteal region (A). Then intravenous anesthesia was

administered with thiopental (B).

All surgical procedures were performed under aseptic conditions by the same
surgical team. The surgical method is shown in a flow chart (Figure 26). When the animal was in
the level of anesthesia, the calvarial region was shaved and disinfected with Providone-lodine
10%, and then draped to allow aseptic access to an operation field (Figure 27). Mid-sagittal
incision from the nasal to the occipital region was performed after local infiltration of 2%
lidocaine HCL with 1:100,000 epinephrine 1.8 ml (Figure 28). The subperiosteal dissection was
carried out (Figure 29), and 2 bicortical bone defects sized 10 X 10 mm. were created in the left
and the right parietal bone with a small round bur and a fissure bur which activated by a micro
motor. A sterilized aluminum size 10X10 mm was used as a surgical template (Figure 30). A
square bone plug was gently removed and avoided injury to the dura mater. A 1 mm deep circular
marking was made with a small round bur and filled with preheated gutta percha for later
identification of the defect edges on the histological sections (Figure 31). In group 1, a defect
was left empty for a negative control of critical size defect in one side and the other side was
filled with minced autogenous bone from the removed calvarium as a positive control.
Autogenous bone was cut with side-cutting rongeur forceps then minced with bone morselizer
(total weight of 0.24 mg) and placed in the contra lateral side as mentioned above (Figure 32-33).
In group 2, DBB was soaked with normal saline and mixed with minced autogenous bone from
the removed calvarium (autogenous:DBB at 1:1 ratio by weight to achieve total weight of 0.24
mg.) and placed in one side and the contra lateral side was placed with DBB alone (Figure 34). In

group 3, PRF clot was divided into 2 halves. Iris scissors was used to cut the PRF clot
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through a long axis. Then one half of PRF was placed into the critical size defect in one side and
the other half was mixed with autogenous bone chips (0.24 mg) and placed in the contra lateral
side (Figure 35). In group 4, PRF clot was also divided into 2 halves. DBB was soaked with
normal saline and mixed with minced autogenous bone chips and one half of PRF (autogenous:
DBB at 1:1 ratio by weight to achieve total weight of 0.24 mg) was placed in one side and the
contra lateral side was placed with the DBB (0.24 mg) and the other half of PRF (Figure 36).
Subsequently, the periosteal, the muscle and the skin were sutured with Vicryl® 4-0, and
Providone-Iodine 10% was applied to the wound. After surgery, each rabbit was returned to its
cage and it could ambulate within 2 or 3 hours after surgery. The single dose of pethidine (10
mg/kg) was administered intramuscularly for post-operative analgesic. For the post-operative
antibiotic, PGS 1,000,000 units were injected intramuscular once daily for the first week. All

animals were fed a standard diet and water ad libitum until the date of sacrifice.
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The surgical method

1. Animal was placed in 2. The calvarial region was shaved

level of anesthesia. and disinfected with betadine.

4. The subperiosteal dissection

7. The gutta-percha markers were used to locate bone defect.

Figure 26. Flow chart of surgical method
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Figure 27. Position of the animal on the table (A). The incision site was carefully draped to

create a sterile area (B).

Figure 28. The incision line was infiltrated with 1.8 ml of 2% lidocaine HCL with 1:100,000
epinephrine (A). The sagittal incision was made from a nasal to an occipital part of

a rabbit (B).

Figure 29. A skin-periosteal flap was raised to expose the calvarial surface on both sides of

the midline.
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Figure 30. Schematic presentation of the critical size defects in rabbit calvarial (A). Two
bicortical bone defects with 10x10 mm were prepared according to a sterilized

aluminum template (B). Two rectangular critical-sized defects 10X10 mm. were

created in the parietal bones (C).

Figure 31. The gutta-percha markers were used to locate bone defect (arrows).
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Figure 32. The 2 bicortical bone defect size was 10 X 10 mm (A). Harvested bone was placed
in a well of bone morselizer (B). Bone was morselized between knurled titanium
surfaces (C). Bone chips were removed from instrument diameter, before

implantation (D).

Figure 33. CSD alone (arrow) and autogenous bone chips (star) were implanted into the bone

defect.
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Figure 34. Composite DBB and autogenous bone chips at 1:1 ratio by weight (A) DBB alone
(arrow) and composite of DBB and autogenous bone chips (star) were implanted

into the bone defects (B).

Figure 35. PRF was collected with straight non-toothed forceps (A). PRF clot was divided

into 2 halves by iris scissors (B). Two halves of PRF clot (C). Autogenous bone

chips were mixed with PRF (arrow) and PRF alone (star) were implanted into

the bone defects (D).
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Figure 36. DBB mixed with PRF (arrow), DBB mixed with minced autogenous bone chips and

PREF (star) were implanted into the bone defects.

3.3 Tissue processing

The animals were sacrificed with an overdose of pentobarbital sodium 200mg/ml
intravenously via marginal ear vein 1.2-1.3 ml (Figure 37). Then calvarium was removed in one
piece with fissure bur in a slow-speed micromotor under copious saline irrigation. The specimens
were fixed in 10% formalin solution and submitted to radiographic and microscopic analysis for

histomorphometric analysis.

Figure 37. The animal was sacrificed by pentobarbital administered via marginal ear vein.
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3.4 Scanning electron microscopy (SEM) analysis

Two gel samples of PRF were immediately immersed in a sodium cacodylate-
buffered formaldehyde—glutaraldehyde fixative for 24 hours at room temperature and post-fixed
in 20% osmium tetroxide for 2 hours. Subsequently, samples were dehydrated by serial transfers
in ascending concentrations of acetone (50-100%) and infiltrated with liquid carbon dioxide
before the critical drying point. Finally, the samples were made electrically conductive by
mounting on aluminum slabs with a silver point, followed by sputter coating with gold/palladium
using the SPI-Module Sputter Coater & Carbon-Coater (SPI Supplies, Division of Structure
Probe, Inc., West Chester, PA, USA) to a thickness of approximately 250A °. The above
specimens were attached to an acrylic plate with glue tape (Figure 38). Finally, PRF clots were
examined with a JSM-5800 scanning electron microscope (JEOL, JSM-5800LV, Tokyo, Japan) at

The Scientific Equipment Center, Prince of Songkla University (Figure 39).

C

Figure 38. PRF clots were immersed in a sodium cacodylate- buffered formaldehyde—

glutaraldehyde fixative (A). SPI-Module Sputter Coater & Carbon-Coater was
used for the gold coating of scanning electron microscopy examination (B). The

specimens were attached to an acrylic plate with glue tape (C).
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Figure 39. JSM-5800LV Scanning electron microscope.

3.5 Radiographic method

Radiographs of the surgical region were obtained immediately post operative, 4
and 8 weeks post surgery. After sacrifice at 8 weeks, the specimens from the calvarial were
radiographed. The radiographic method is shown in a flow chart (Figure 40). The animal was
sedated with ketamine 25mg/kg and diazepam 5 mg/kg intramuscularly into the gluteal region
before radiograph was taken. To obtain radiographic image of the rabbit calvarial defect, the
animal was placed in the prone position. Kodak Ultra-Speed dental occlusal film (D-speed film)
was placed into the parallel film holder device for parallel technique radiograph. Aluminum step
wedge and 5X5 mm. aluminum foil were fixed on the film for calibrating in radiomorphometry
process. Then the film was placed beneath the animal’s head (Figure 41). The dental radiographic
machine (Gendex, Gendex Co., Illinois, USA) with short cone tube fixed with parallel film holder
was used. The radiographs were exposed with 40-cm dff, 10 mA, 60kvp and 1.25 sec in every

animal. The X-ray beam was perpendicular to the plane of the film.
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The radiographic method 1

1. Animal was injected with ketamine and 2. Immediate postoperative 4

diazepam intramuscularly into the gluteal muscle. and 8 wk. after the surgery, radiographs were

—

=
3. The animals were 4. The calvarial with intact periosteum was
sacrificed at 8 wk. after removed by dissecting bone free from the

Bl

5. The specimens were fixed in 6. Each bone specimen was
10% formalin solution. radiographed
- -
7. All of radiographic films were films were 8. All radiographic images were scanned
processed in an automatic film processor. with Bio-Rad’s Densitometer GS-700

=0
-

9. The mean optical density (OD) was calculated and analyzed by Image Pro Plus 5.0. ;

Figure 40. Flow chart of the radiographic method
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Figure 41. The parallel film holder device was used to obtain parallel technique radiograph, and
fixed distance (A). The animal was placed in a prone position during radiographic

procedure (B, C).

To obtain radiographic image of a bone specimen, a bone specimen was placed
on a film and attached to the parallel film holder device for parallel technique radiograph. The
parallel film holder device was developed from extension cone paralleling (XCP) to use in all of
the radiographic examination (Figure 42). The dental radiographic machine (Gendex, Gendex
Co., lllinois, USA) with short cone tube fixed with parallel film holder was used. The radiographs
were exposed with 40-cm dff, 10 mA, 50kvp and 0.42 sec in every specimen. The X-ray beam

was perpendicular to the plane of the film.
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Figure 42. The bone specimen was placed on an x-ray film (A). The parallel film holder device

was used for parallel technique radiograph (B).

All of radiographic films were taken by the same dental radiographic machine
and then processed by an automatic film processor (Dent X 9000, Dent X/Logetronics GmbH,
Kornberg, Germany) (Figure 43). Immediately after the radiographic procedure, each specimen
was returned to fix in 10% formalin solution. All radiographic images were scanned into the
computer with Bio-Rad’s Densitometer GS-700 (BIO-RAD Laboratories Ltd, Hemel Hempstead,
UK) to obtain digital radiographic images of the specimens (Figure 44). The digital radiographic
images were transferred to a computer and assessed the bone density within 10x10 mm. bone
defect. Then the native bone surrounding the defect of all specimens was measured (Figure 45).
The digital radiographic images were blind assessed by one investigator. The mean optical

density (OD) was calculated and analyzed by Image Pro Plus 5.0 (Media Cybernetics Inc., USA)

Figure 43. An automatic film processor (Dent X 9000, Dent X/Logetronics GmbH, Kornberg,

Germany).

45



46

|;|||n'i'l""‘

l‘: “"g\l
‘_.Il"‘\\ o

DO

Figure 44. Bio-RAD GS-700 Imaging densitometer.

Figure 45. The mean optical density (OD) was calculated and analyzed by Image Pro Plus 5.0.
First, the optical density of each step of the step-wedge was calibrated (A). The
optical density within the bone defects of both sides were measured (B). The optical

density of native bone surrounding the defects were measured (C).



3.6 Histotechnical preparation

Following radiography, three bur holes markers were made with a small round
bur, one mm. from the edge of the defect on the left side of the periosteal side of each specimen

(Figure 46).

Figure 46. Each bone specimen was sutured with black silk into the prepared bur holes marker

for identified the left side of the periosteal side of the specimen.

The calvarial specimens were decalcified in 10% formic acid which was
subsequently changed every day for 3 weeks (Figure 47) and agitated at 160 rpm on an orbital
shaker (KS 130 Basic Orbital Shaker, IKA Works, USA) (Figure 48). It is necessary to test for
completion of decalcification before processing the tissue. Testing chemically for the end-point in
decalcification is the only accurate method for determination of the complete removal of the
calcium. The methods of needle-testing, flexibility, and x-ray have been extremely variable in
results.” Decalcification was confirmed by the absence of a precipitation in the supernatant when
a solution of saturated ammonium oxalate was added. Three mL of decalcification solution from
the bottom of the specimen container was placed in a test tube and added 3 ml. of concentrated
ammonium oxalate solution, then the tube was shook and left for 10 minutes. If after ten minutes

there is any precipitate visible (slight cloudiness) there 1is still calcium present
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and the specimen needs further decalcification (Figure 49). The end-point was achieved when a
precipitation failed to appear upon the addition concentrated ammonium oxalate solution. Then
the tissue was left in the same decalcifying solution for at least 48 hours longer and the test was
repeated (Figure 50). This is necessary because the density of bone impedes the penetration of the

reagent into the middle of the specimen.

Figure 47. Decalcification was performed by using acid decalcifying agent, 10% formic acid

(A). 10% formic acid was changed daily day for 3 weeks (B).
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Figure 48. The each calvarial specimen was decalcified in 10% formic acid and agitated at 160

rpm on an orbital shaker (KS 130 Basic Orbital Shaker).

- The solution showed

white precipitate.

<8 —— - —
h_ Concentrated ammonium oxalate solution

Figure 49. The remaining calcium in decalcifying tissue was tested with concentrated
ammonium oxalate solution. The solution showed white precipitate (or cloudiness)

when calcium was presented.
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Figure 50. Clear solution without precipitation shows complete decalcification endpoint (A).
The formation of a cloudy solution caused by precipitation of calcium oxalate

indicated incomplete decalcification (B).

After complete decalcified, each bone specimen was divided into an upper, a
middle and a lower part by a surgical blade No.22 , then placed into a disposable plastic cassette
(Figure 51). An automatic tissue processor (Lipshaw automatic tissue processor model 2500A,
Lipshaw, USA) was used to provide programs for fixing, dehydrating, clearing and paraffin
impregnating (Figure 52). Serial sections of 5 pm were cut from each part using a microtome
(Leica Model RM2135, Leica Microsystems, Germany), then stained with hematoxylin and eosin
(H&E) and Masson’s Trichrome using with an automated tissue staining (Shandon Linistain™
GLX Linear Stainer, Thermo Shandon Inc, USA.) (Figure 53). All slides were examined
descriptively for detection of new bone formation, residual DBB particles, soft tissue element and

inflammatory reactions by one calibrated examiner before histomorphometry analysis.
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Figure 51. Each bone specimen was divided into an upper, a middle and a lower part, then

placed into a disposable plastic cassette.

Figure 52. An automatic tissue processor (Lipshaw automatic tissue processor model 2500A).



Figure 53. Shandon Linistain™ GLX Linear Stainer.
3.7 Histomorphometric analysis

Computer-assisted histomorphometry was preformed in order to measure the
amount of newly formed bone in the defect. The middle parts of the sections were used for
histomorphometric analysis which had been done by the same examiner, all specimens were
evaluated in a blinded, nonbiased using an image analysis system by measuring the percentages of
newly deposited bone. The system consists of the followings:

1. An infinity corrected light microscope, Carl Zeiss model. Axiostar, with
objective achromatic 5x and eyepiece 10x.

2. High resolution digital camera, Carl Zeiss model Axiocam mRC with adapter
0.63X for fit the field of view.

3. Animage capture device (Axioversion)

4. A computer-based image processor for histomorphometry (Image Pro Plus™ 5.0

Media Cybernetic, Silver Springs, MD, USA)

The histologic images of the defect region were captured at X5 magnification
using a light microscope (Axiostar, Carl Zeiss, Germany) coupled to an high resolution digital
camera (Axiocam mRC, Carl Zeiss, Germany), connected to a PC computer (Figure 54). From

each histologic cut, total fields were captured, covering the entire defect. Images of newly
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formed bone were identified with a higher magnification and then label with a given color in each
image. These were digitized and transferred into the computer software for image processing and
analyzing the quantity fraction of the total area in the experimental and control sites. The

percentage of bone area in the experimental and control bone defect were calculated (Figure 55).

Percent bone area = Mineralized bone area X 100

Total bone defect area

Figure 55. Histological slide stained with hematoxylin and eosin. The continuous (black) line
contains the total bone defect. Newly formed bone (yellow) was marked in the

defect.
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3.8 Statistic analysis

Summary statistics (means + SD) were calculated based on individual animal
measurements. The radiomorphometry analysis and histomorphometry analysis assessments were
made by a single investigator who was blinded to animal's group, thereby preventing bias. OD and
percent bone area were measured 3 times separately to reduce the bias and then calculate the
mean.

A descriptive and quantitative were performed by the same observer (K.P.) and
thus were possibly impaired by memory. However, the quantitative analysis was performed 1
month after the descriptive. We believed that this time interval was long enough to reduce the
potential memory bias to a negligible level. The difference in amount of radiographic bone density
and percentage of new bone between the experimental and control sides were tested for normal
distribution when distribution was normal, One-way analysis of variance and multiple comparison
by Tukey HSD test (p<0.05) were used. The statistical analysis was performed using SPSS

software (version 13.0, SPSS, Chicago, IL, USA). The significance level set at p< 0.05
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Chapter 3

Results

1. Scanning electron microscopy (SEM) analysis

The SEM study yielded clear images of the elements that constituted the PRF
clot, which had a scaffold appearance. It contained randomly arranged fibrillar elements, of
homogeneous thickness throughout their length, with platelet cell elements arranged among
them (Figure 56). The platelets did not show the typical morphology of their resting state but
rather showed morphologic signs of the activated state, ovoid platelet cell elements with

exocytosis phenomena (Figure 57).

PS5 1392 Bk Bum x5,000

Figure 56. Scanning electron microscopy of rabbit PRF. Platelet cell elements can be observed

trapped among fibrillar elements, original magnification, X 5,000.
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Figure 57. Scanning electron microscopy of rabbit PRF. The activated platelet (arrow) was

illustrated by these cells, original magnification, X 10,000.

2. Clinical observation

All animals well tolerated with the surgical procedure and the anesthesia. They
recovered rapidly after surgery without any evidence of wound infection or wound dehiscence.
There was no accidental death of rabbit throughout the study period. After full recovery, they
were able to eat the pellet food and drink water ad libitum (Figure 58). After euthanasia and
epiperiosteal exposure of the calvaria no infection of the hard and soft tissues was detectable.

The underlying brain and dura were kept intact.

Figure 58. Examination at 1 week postoperatively, there was no wound dehiscence, exposure of
the bone grafting materials or infection (A). All of the experimental animals had

good wound healing before sacrifice at 8 week after the surgery (B).



3. Gross morphological evaluation

The macroscopically examination showed the graft blended into the
surrounding host bone and denser in test groups (group 3 and group 4) than control groups
(group 1 and group 2), respectively. In group 1 (CSD alone Vs. Autogenous bone chips), the
CSD side was occupied with soft fibrous tissue in all 5 specimens. The surface of the defect
area was flat and soft in consistency. But the bone defect edge was projected into the defect
with bone-like tissue projection which was dense and bone-like hardness in consistency. The
filled surface of defect was under the margin of surrounding host bone. The autogenous bone
chips side was filled with dense bone-like tissue in all specimens. The defect area had flat
surface (Figure 59). In group 2 (Composite DBB+autogenous bone chips (1:1) Vs. DBB
alone), the composite DBB-+autogenous bone chips side (1:1) was filled with bone-like tissue
and DBB particles blended with the margin. The DBB alone side was filled with bone-like
tissue at the defect edge but soft at the central part of the defect. The DBB particles presented
homogenously in the whole area of bone defects with hard consistency. The consolidation of the
composite DBB-+autogenous bone chips (1:1) was denser than the DBB alone (Figure 60). In
group 3 (CSD+PRF Vs. Autogenous bone chips+PRF), the CSD+PRF side was occupied with
soft fibrous tissue. The defect area had flat surface, not dense, but the bone defect edge was
extended with dense bone-like tissue. The CSD+PRF side were occupied with bone-like tissue
in 4 specimens entire the defect with bone-like hardness in consistency. The CSD+PRF side
presented of bone-like tissue including in the central area of the defect and displayed similar
level of the surrounding host bone. The autogenous bone chips+PRF side was filled with very
dense bone-like tissue. However one specimen had flat surface. In 4 specimens, the thicknesses
at the central part of the defect were approximately 2-3 mm. The volume of bone-like tissue in
the autogenous bone chips+PRF side was much greater and denser than the CSD+PRF side
(Figure 61-62). The size of bony defect in the autogenous bone chips+PRF side was much
smaller than the CSD+PRF side. The defect margin of the autogenous bone chips+PRF side was
blended into the surrounding host bone better than the CSD+PRF side. In group 4 (Composite
DBB+ autogenous bone chips (1:1)+PRF Vs. DBB+PRF), The volume of bone-like tissue in the
composite DBB+ autogenous bone chips (1:1)+PRF side was much greater and denser than the

DBB+PREF side. The DBB particles were still observed in both the composite DBB+ autogenous
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bone chips (1:1)+PRF side and the DBB+PRF side. The consolidation of the composite
DBB-+autogenous bone chips (1:1)+PRF was better than the DBB+PRF (Figure 63). The defect
area was prominent and the thickness was 0.5-2.0 mm. at the central part of the defect in all of 5
specimens. The defect area of the DBB+PRF side had flat surface in 2 specimens and the

thickness was 0.5-2.0 mm. at the central part of the defect in 3 specimens.

Figure 59. In group 1, the specimen of rabbit calvarium at 8 weeks postoperatively. On the
periosteal side (outer side) of the rabbit calvarium, the periosteum was still
remained and attached to the bone (A). On the endocranium side (inner side) of the
rabbit calvarium (B), the autogenous bone chips side (arrow) and the CSD side

(star).



Figure 60. In group 2, specimen of rabbit calvarium at 8 weeks postoperatively. On the
periosteal side (outer side) of the rabbit calvarium, the periosteum still remained and
attached to the bone (A). On the endocranium side (inner side) of the rabbit
calvarium, the composite DBB+ autogenous bone chips (1:1) (arrow) and the DBB

side (star).
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Figure 61. In group 3, the specimen of rabbit calvarium at 8 weeks postoperatively. On the
periosteal side (outer side) of the rabbit calvarium, the periosteum still remained and
attached to the bone (A). On the endocranium side (inner side) of the rabbit

calvarium (B), the autogenous bone chips+PRF side (arrow) and the CSD+PRF side
(star).

Figure 62. The cross section of the defect area showed volume of bone-like tissue in

the autogenous bone chips+PRF side (arrow) which was much greater than the

CSD+PREF side (star).
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Figure 63. In group 4, specimen of rabbit calvarium at 8 weeks postoperatively. On the
endocranium side (inner side) of the rabbit calvarium, the composite DBB+

autogenous bone chips (1:1)+PRF side (arrow) and the DBB+PRF side (star).

The gutta-percha marker around bone defect at both site were observed in all
specimens. The gutta-percha marker was shown as biocompatible material because there was no
sign of infection at the marker area. These markers were helpful for locating the bone defect
margin, although, the bone original defect margins of both sites could be observed in all

specimens (Figure 64).
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Figure 64. Specimen of rabbit calvarium at 8 weeks postoperatively. Eight arrows indicated the
gutta-percha number at the corner of the defect margin. The periosteum was still

remained and attached to the bone.

4. Radiographic evaluation

Radiographs of the surgical region were obtained immediately post operative,

4 and 8 weeks after the surgery and after sacrifice at 8§ weeks postoperatively.

4.1 Radiographic features

Control group: In group 1 (CSD alone Vs. Autogenous bone chips), the CSD
side was showed homogenous radiolucent area over nearly entire bony defect. The upper and
lower parts of the defect were replaced with radiopaque mass, and its density was similar to that
of normal bone. The autogenous bone chips side showed radiopaque mass of bone chip with
varying sizes and densities. Homogenous radiopaque areas were apparent near the margins of
the defects with similar density to that of normal bone (Figure 65). In group 2 (Composite
DBB-+autogenous bone chips (1:1) Vs. DBB alone), a well-delineated of radiopaque area of a
bone defect was seen. The bone defects were filled with the distinct radiopaque granules of

DBB. The density of DBB alone side presented more radiopaque than the composite
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DBB-+autogenous bone chips (1:1) side (Figure 66). Test group: In group 3 (CSD+PRF Vs.
Autogenous bone chips+PRF), the CSD+PRF side showed homogenous radiolucent area in the
central part of bony defect. The homogenous radiopaque area was found around the edge of the
defect with similar density to a normal bone. The autogenous bone chips+PRF side showed
more radiopaque than the CSD+PRF side and both sides of group 1 and group 2. The size of
bony defect was much smaller than the CSD+PRF side and both sides of group 1 (Figure 67).
In group 4 (Composite DBB+autogenous bone chips (1:1)+PRF Vs. DBB+PRF), The
DBB+PRF side showed more radiopaque than the composite DBB+ autogenous bone chips
(1:1)+PRF side. The defect margin of the composite DBB+autogenous bone chips(1:1)+PRF
side blended into the surrounding host bone better than the DBB+PRF side (Figure 68). The

gutta-percha markers were observed in all specimens.
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Figure 65. Photograph of the occlusal film of the rabbits’ calvarium. The autogenous bone chip

was at the right side, the ingrowth of bone from the defect margin was seen, as well
as the radiopacity of the grafting materials and the critical size defect was at the left
side, clear homogenous radiolucent area was seen. The defect margins of both sides
were presented, the critical size defect side had more intact and sharp demarcation

defect margin than those of autogenous bone chip side.
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Figure 66. Photograph of the occlusal film of the rabbits’ calvarium. The composite
DBB-+autogenous bone chips (1:1) was at the right side and the DBB alone was at

the left side. The defect margins of both sides were observed but not intact.
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Figure 67. Photograph of the occlusal film of the rabbits’ calvarium. The autogenous bone
chips+PRF was at the right side and the CSD+PRF was at the left side. There was a
greater opacity in grafts in the autogenous bone chips+PRF side than in grafts in

the CSD+PRF.
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Figure 68. Photograph of the occlusal film of the rabbits’ calvarium. The DBB+PRF was at the

right side and the composite DBB+ autogenous bone chips (1:1 )+PRF was at the

left side.

4.2 Radiomorphometry analysis

Detailed computer-assisted analysis of the roentgenograms is presented in
Table 9. At 8 weeks postoperatively, mean optical density (OD) of control group, the CSD
(0.114+0.062), the autogenous bone chips (0.356+0.027), the composite DBB+autogenous bone
chips proportion 1:1 (0.906+0.046), the DBB alone (1.066+0.052). Mean OD of test group, the
CSD+PRF (0.294+0.062), the autogenous bone chips+PRF (0.596+0.189), the composite
DBB-+autogenous bone chips proportion 1:1+PRF (0.810+0.154), the DBB+PRF (1.178+0.167).
At baseline, mean OD of native bone was measured (0.736+0.079).

Mean OD of the CSD was the lowest (0.114+0.062). There were statistically
significant differences between CSD and all other groups (p<0.05). A significant increase in
mean OD was seen when the CSD+PRF (0.294+0.062) was compared with the CSD (p<0.05).
However, there was no significant difference between the CSD+PRF, the autogenous bone
chips (0.356+0.027) and the autogenous+PRF (0.596+0.189) (p>0.05). There were only the
autogenous bone chips +PRF and the composite DBB+autogenous bone chips proportion

1:1+PRF showed the optical density similar to native bone (0.736+0.079), no significant
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difference were observed (p>0.05).

The DBB were filled into the defects of the composite DBB+autogenous bone
chips(1:1) (0.906+0.046), the DBB alone (1.066:0.052), the composite DBB+autogenous bone
chips proportion 1:1+PRF (0.810+0.154) and the DBB+PRF (1.178+0.167) groups. Mean OD
of these groups are higher than native bone. The marked increase in mean OD were observed
because the high opacity of these DBB particles. The results showed a significant increase in
mean OD by as much as 10-60% when compared with native bone (p<0.05), except for the
composite DBB-+autogenous bone chips (1:1) +PRF group (p>0.05). The adjuvant effect of PRF
to the composite DBB and autogenous bone chips (1:1) was slightly decrease in mean OD when
compared with the composite DBB+autogenous bone chips (1:1). However, no significant
difference was seen (p>0.05). There was also no significant difference in mean OD between the

DBB alone and the DBB+PRF (p>0.05).

Table 9. The data of radiomorphometric (optical density) in group 1, group 2, group 3 and group

4 and native bone respectively.

Mean optical density
Group
(Mean+SD)
Group 1 CSD alone (N=5) 0.114+0.062 °
g : ab
Autogenous bone chips (N=5) 0.35640.027
Control
Group 2 Composite DBB+Autogenous bone ®
groups 0.906+0.046
chips(1:1) (N=5)
DBB alone (N=5) 1.066+0.052 ®
Group 3 CSD + PRF (N=5) 0.294£0.062 ®
Autogenous bone chips !
0.596+0.189
+ PRF (N=5)
Test
Group 4 Composite DBB+ !
groups
Autogenous bone chips(1:1)+PRF 0.810+0.154
(N=5)
DBB+PRF (N=5) 1.178+0.167 ®
Native bone (N=40) 0.736:0.079 !

a = significantly different from CSD alone (p<0.05)

b = significantly different from native bone (p<0.05)

66



ab
1.400
1.200 ab
ab * a
1.000 kK]
& a
2 31 a
o *
4 0.800
| =
[
ar
= 0600
ab b
0.400 == .
0.200 !
0.000
T T T T T T T T T
CED Aafopenous DEs D68 done S04+ PRF A.mﬁ;.r_ml DEs DEE+PRF Harlive bane

R
{1:1)

Group

Figure 69. Mean optical density of rabbit’s calvarium specimen, values of mean OD are
displayed. a = significantly different from CSD alone (p<0.05), b = significantly

different from native bone (p<0.05).

5. Histology

5.1 Histology observation

Control group: In group 1 (CSD alone Vs. Autogenous bone chips), the CSD
side, the defect was filled with loose connective tissue and there was very rarely of newly
formed bone projected from the defect edge (Figure 70). The autogenous bone chips side, the
defects were completely bridged by a combination of newly formed mineralized bone and well-
incorporated bone graft. The newly formed bone consisted of woven, parallel-fibered lamellar
bone. Most of the bone chips were non-vital, particularly the larger pieces (Figure 71). In group
2 (Composite DBB+autogenous bone chips (1:1) Vs. DBB alone), the composite
DBB-+autogenous bone chips (1:1) side was filled with complete bone bridging along the defect,

presented of generalized newly formed bone throughout the defect. New bone incorporated well
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with the autogenous bone chips and the DBB particles (Figure 72). The DBB alone side was
filled with the particles and newly formed bone projected from the defect edge and periosteal,
extending centripetal and incorporated well with the particles but no new bone was found at the
central part of the defect. All of the DBB particles were missing (Figure 73). The newly forming
bone or woven bone was in the direct apposition to the DBB particles and there was no fibrous
capsule layer detectable between them. Multinucleated giant cell was not found at the border of
DBB particles.

Test group: In group 3 (CSD+PRF Vs. Autogenous bone chips+PRF), one of 5
specimens of the CSD+PRF side was filled with loose connective tissue and there was very rare
newly formed bone projected from the defect edge. Four of 5 specimens of CSD+PRF side were
filled with complete bridging woven bone along the defect (Figure 74). The new bone formation
near the defect edges presented small areas of remodeling, stressed by the reversal lines and
osteon-like structures (Figure 75-76). The autogenous bone chips+PRF side, the defects were
completely bridged by a combination of newly formed mineralized bone and well-incorporated
bone graft (Figure 77). The newly formed bone consisted of woven and lamellar bone. The old
bone chips were visualized and exhibited new bone formation on their surfaces. Also, some
remodeling was noted in the grafted bone, marked by the presence of the reversal lines and
osteon-like structures (Figure 78-79). In group 4 (Composite DBB-+autogenous bone chips
(1:1)+PRF Vs. DBB+PRF), The composite DBB+autogenous bone chips (1:1)+PRF was filled
with complete bone bridging along the defect, presented of generalized newly formed bone
throughout the defect. New bone incorporated well with the autogenous bone chips and the
DBB particles which were missing during histology process (Figure 80-82). DBB-+PRF side
was filled with the particles and newly formed bone projected from the defect edge and
periosteal, extending centripetal and incorporated well with the particles. The newly forming
bone or woven bone was direct apposition to the DBB particles. All of the DBB particles were

missing. Multinucleated giant cell was not found at the border of DBB particle (Figure 83-85).
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Figure 70. Coronal histological section through the calvarium showing the middle
part of the defect of the critical size defect group after 8 weeks. (Specimens
stained with Hematoxylin and Eosin, original magnification x5). Arrows indicate

the margin site of defects prepared initially.

Figure 71. Coronal histological section through the calvarium showing the middle part of the

defect of the autogenous bone chips group after 8 weeks. (Specimens stained with
Hematoxylin and Eosin, original magnification x5). Arrows indicate the margin site

of defects prepared initially.



Figure 72. Coronal histological section through the calvarium showing the middle part of the
defect of the composite DBB+autogenous bone chips proportion 1:1 group after 8
weeks. (Specimens stained with Hematoxylin and Eosin, original magnification x5).

Arrows indicate the margin site of defects prepared initially.

Figure 73. Coronal histological section through the calvarium showing the middle part of the
defect of the DBB alone group after 8 weeks. (Specimens stained with Hematoxylin

and Eosin, original magnification x5). Arrows indicate the margin site of defects

prepared initially.
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Figure 74. Coronal histological section through the calvarium showing the middle part of the
defect of the CSD+PRF group after 8 weeks. One of 5 specimens of CSD+PRF side
was filled with loose connective tissue between the defect margins (A). Four of 5
specimens of CSD+PRF side were filled with woven bone (B). (Specimens stained
with Hematoxylin and Eosin, original magnification x5). Arrows indicate the

margin site of defects prepared initially.
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Figure 75. Specimen from the CSD+PRF group, demonstrating new bone formation in central
part of the defect. Many osteoblasts rim (black arrows) were observed on the surface
of the trabeculae of woven bone (original magnification x10 (A), original
magnification x20 (B)). Demonstrating new bone formation near the defect edges. In
some regions, the mineralized tissue was remodel into osteon-like structure (blue

arrows) of the lamellar bone. (Specimens stained with Hematoxylin and Eosin,

original magnification x10 (C), original magnification x20 (D)).

&z ST

Figure 76. Specimen from the CSD+PRF group, demonstrating the newly formed bone
projected from the defect edge. (Specimens stained with Masson’s Trichrome stain,
original magnification x5 (A), original magnification x10 (B)). Fibrous connective
tissues stained green. Black arrows indicate the margin site of defects prepared

initially.
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Figure 77. Coronal histological section through the calvarium showing the middle part of the
defect of the autogenous bone chips +PRF group after 8 weeks. (Specimens stained
with Hematoxylin and Eosin, original magnification x5). Arrows indicate the

margin site of defects prepared initially.

L

Figure 78. Specimen from the autogenous bone chips +PRF group, demonstrating the old bone
chips (OB) are surrounded with woven bone (black arrows). In some regions, the
mineralized tissue was remodel into osteon-like structure (blue arrows) of the
lamellar bone. (Specimens stained with Hematoxylin and Eosin, original

magnification x10 (A), original magnification x20 (B)).
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Figure 79. Specimen from the autogenous bone chips +PRF group, demonstrating a large
amount of newly formed bone, connecting/bridging newly formed bone trabeculae.
The old bone chips (OB) are surrounded by woven bone (white arrows). (Specimens

stained with Masson’s Trichrome stain, original magnification x10).

Figure 80. Coronal histological section through the calvarium showing the middle part of the
defect of the composite DBB+autogenous bone chips (1:1)+PRF group after 8
weeks. (Specimens stained with Hematoxylin and Eosin, original magnification x5).

Arrows indicate the margin site of defects prepared initially.
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Figure 81. Specimen from the composite DBB+autogenous bone chips (1:1)+PRF group,

demonstrating the increasing of new bone formation (blue arrows) around the DBB
(stars), autogenous bone chips (green arrows), note the lack of inflammation (A).
The DBB particles and new bone laid down along the surface of particles (B).
(Specimens stained with Hematoxylin and Eosin, original magnification x10 (A),

original magnification x20 (B)).

Figure 82. Specimen from the composite DBB+autogenous bone chips (1:1)+PRF group,
demonstrating the new bone formation. At a higher magnification, there was close
contact between the DBB particle (stars) and the new bone (blue arrows).
(Specimens stained with Masson’s Trichrome stain, original magnification x5 (A),

original magnification x10 (B)).



Figure 83. Coronal histological section through the calvarium showing the middle part of the
defect of the DBB+PRF group after 8 weeks. (Specimens stained with Hematoxylin

and Eosin, original magnification x5). Arrows indicate the margin site of defects

prepared initially.

Figure 84. Specimen from the DBB+PRF group, demonstrating the increasing of new bone
formation (blue arrows) around the DBB particles (stars) nearly the defect edge,
note the lack of inflammation (A,B). Demonstrating extensive fibrous connective
tissue (green arrows) around the DBB particles (stars) with minimal bony ingrowth
in central part of the defect (C). (Specimens stained with Hematoxylin and Eosin,

original magnification x10 (A, C), original magnification x20 (B)).
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Figure 85. Specimen from the DBB+PRF side, demonstrating the newly formed bone (blue
arrows) in close contact with the surface of the DBB (stars). (Specimens stained
with Masson’s Trichrome stain, original magnification x10 (A), original

magnification x20 (B)).
5.2 Histomorphometry analysis
The histomorphometric analysis demonstrated mean new bone formation that

presented in the percentage of new bone area (% new bone area) +SD (Table 10), at 8 weeks

postoperatively. The percent of new bone area of the autogenous bone chips+PRF group was
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the highest (38.031+= 4.231) and significant different from the CSD group (7.155+5.860)
(p<0.05).The percentage of new bone area was increase when adjuvants PRF to autogenous
bone chips. The result showed increase by as much as 25.84% when compared with the
autogenous bone chips group and 162.85% when compared with the CSD group. However,
there was no significant difference between the autogenous bone chips+PRF group (38.031+
4.231), autogenous bone chips (30.223+16.722) and the CSD+PRF group (18.807+9.272)
(p>0.05). The results showed a significant increase in % new bone area of the composite
DBB+autogenous bone chips (1:1)+PRF group (22.633+3.605) when compared with the CSD
group (7.155+5.860) (p<0.05). However, there was no significant differences between the
composite DBB-+autogenous bone chips (1:1)+PRF group (22.633+3.605), the CSD+PRF group
(18.807+9.272), the autogenous bone chips group, the composite DBB+autogenous bone chips
(1:1) group (20.929+6.169), the DBB group (14.441+2.741) and the DBB+PRF group

(13.067+3.643) (p>0.05).

Table 10. The data of histomorphometric analysis the percentage of new bone area in group 1,

group 2, group 3 and group 4, respectively

Group % New bone area
(Mean+SD)
Control Group 1 CSD alone 7.155+ 5.860
groups Autogenous bone chips 30.223+16.722
Group 2 Composite DBB+Autogenous 20.929 +6.169

bone chips (1:1)

DBB alone 14.441+ 2.741
Test Group 3 CSD + PRF 18.807+9.272
groups Autogenous bone chips 38.031+4.231 a
+ PRF
Group 4 Composite DBB+ 22.633+3.605 a

Autogenous bone chips(1:1)

+PRF

DBB+PRF 13.067+3.643

a = significantly different from CSD alone (p<0.05).
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Figure 86. Percentage of new bone formation from histomorphometry analysis, a = significantly

different from CSD alone (p<0.05).



Chapter 4

Discussion

1. The experimental model

The objective of this study was to assess the quality and quantity of new bone
formation from the adjuvant of PRF to autogenous bone chip, DBB alone, composite DBB and
autogenous bone chips, which applied to critical size rabbit calvarial defects. The experimental
model used in this study was based on a model described by Pripatnanont et al" " which has been
shown effective in evaluating the potential of material for enhancing bone formation at Prince of
Songkla University setting. The rabbit also serves as an appropriate model for PRF investigations.

This model was selected by the following reasons: 1) a rabbit is widely used as an
experimental animal because of cheap cost and easily to keep; 2) rabbits were readily available; 3)
its hematologic status is similar to humans (ie, the platelets of human and rabbits have a similar
ultrastructure and cons‘[ituents46 (Figure 87), rabbit blood has equal or higher levels of coagulation
factors compared with humansg4(Table 11); 4) a rabbit is a useful model for preparation of platelet
concentrates because it has a sufficient volume of blood.”” ¥ 5) the surgical procedure on the
rabbit’s calvarial bone is relatively simple to perform; 6) the physiological bone healing is similar
to a human, but 3 times higher than human86; 7) the calvarial defect model has many similarities to
the maxillofacial region, as anatomically the calvarium consists of two cortical plates with a region
of intervening cancellous bone similar to the mandible” and physiologically, the cortical bone in
the calvarium resembles an atrophic mandible” 8) the preparation of the tissue specimens is easy;
9) the parameters can be simply and accurately measured in each specimen; 10) the rabbit calvarial
defect, compared with other experimental bone defects, is a suitable model for studying bone
regenerative materials because of its effective accessibility and no fixation requiredls; 11) the
histologic bone specimen is small therefore it has been helpful for analyzing bone formation in the
same histologic slide; 12) a rabbit is easily manipulated and better ethically accepted for
experiment than other animals such as a goat, a sheep, a dog, a monkey.

In this study, calvarial defects, previously proven to be good models for

investigation the effect of bone graft material were used”” ™ and it contains modest amounts of
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bone marrow, and the defect size of 10x10 mm corresponds to “the critical size defect” (CSD) that
will not heal during the animal’s lifetime.” Investigations of the ability of bone graft materials to
obtain complete bone healing of a defect necessitate use of a CSD to exclude spontaneous bony
regeneration of the defect. The calvarial bone and the facial bone are pure membranous bone.
Morphologically and embryologically, the calvarial develops from a membranous precursor and
thus resembles the membranous bone of the face. The biologic inertness of the skull as compared
to other bone can be attributed to poor blood supply and relatively deficiency of bone marrow. The
middle meningeal artery provides the main cranial blood supply. Healing of calvarial defects can
occur from defect edges, the underlying dura mater, or the overlying periosteum. The major part of
the healing process came from the periosteal and the defect edges in both autogenous and material
grafts.

Bone healing time in a rabbit, Robert et alglreported that the resorption and
reversal phase was approximately 1 week in rabbits, while the duration of bone formation phase
was about 5 weeks. Previous investigations had shown that most osteogenic remodeling of the
autogenous bone graft in a rabbit model occurred within the first 6-8 weeks postsurgery.gl_95 Thus,
we evaluated the animals at 8 weeks, which represented the entire resorption and deposition
phases. Above all, two critical sized defects were used in the same animal therefore in this way a
control and an experiment could be carried out in the same animal, with the same surgical
procedure and also, the same condition of the healing process.

Evaluation of the healing process of critical-size calvarial osteotomy defects can
be performed by gross specimen assessment, radiographic techniques, histologic evaluations and
histomorphometry analysis. Radiographic evaluation has the potential advantages of being less
costly and time consuming than the ‘‘gold standard’’ protocol of histologic analysis. Pryor et al”
suggested that radiographic evaluation of bone fill in calvarial osteotomy defects yielded a low
level of accuracy. Evaluation of bone formation in animal models aiming at treatment
recommendations for clinical application should not solely be based on radiographic analysis, but
should be confirmed by using histologic observations.

The precise identification of the former defect borders is necessary for adequate
radiographic and histologic evaluations. Gutta-percha marking was therefore made at

the corner of each defect. However, no difficulty was observed in identifying the original edges in
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the present study because of the short observation period. The gutta-percha marking seems more

useful for studies involving a longer observation period.

Table 11. The comparison of the normal platelet counts of a rabbit and a human.

Whole blood platelet count

(per cu.mm.)

Rabbit Human

450,000 150,000 - 350,000°

98-100

150,000 - 400,000

150,000 - 450,000

2. Technological concepts and evolution of platelet-rich fibrin (PRF)

Repair of large bony defect requires the surgical transfer of bone from donor to
the wound site, which is considered to be the clinical "gold standard". However, such procedures
can increase patient morbidity, and donor sources are finite. Ideal bone substitutes should be
strong, malleable, osteoconductive, osteoinductive, resorbable, inexpensive, and easy to use
intraoperatively, while promoting cell adhesion, proliferation, and differentiation. During the
last decades, the scientific developments from cellular and molecular biology and the progressive
understanding of wound healing and tissue regeneration processes have stimulated the research
and development of novel multidisciplinary fields like regenerative medicine and tissue
engineering. Additionally, the field of medicine is advancing rapidly towards the development of
less invasive procedures and accelerates treatments that generally reduces morbidity while
enhances functional recovery. These simple and cost-efficient procedures may have a potential
impact in reducing the economic costs for standard medical treatments. The development of PRF
is one of that new development. 20228

Researchers in oral and maxillofacial surgery continuously strive to improve on

current bone-grafting techniques and provide a faster and denser bony regenerate. Growth factors

are a realistic way to improve and expedite both soft tissue and bony wound healing. The
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emergence and application of PRF have revolutionized the field of regenerative medicine in part

due to the repair capacities of the growth factors secreted by the platelets.

2.1 Morphological characterization of PRF

This study used SEM technique to characterize a PRF clot. The microscopic
images clearly demonstrate that the PRF is composed of two components: a fibrillar material with
striated band which is similar to fibrin filaments, and a cellular component containing platelet cells
that are essential for the soft/hard tissue regeneration. The platelets do not show the typical
morphology of their resting state but rather morphologic signs of their activation: ovoid platelet
cell elements with exocytosis phenomena (Figure 55-56). Platelet cells with exocytic vesicles on
their surfaces are seen which indicate the stage of activated platelet.105 However, the microscopic
images of rabbit PRF had slight differences from human PRF. The fibrin filaments in human PRF
were better formed and organized than rabbit PRF (Figure 87). This observation is of great
interest, because it demonstrates that platelet activation is possible not only during the formation
of a blood clot in vivo but also in a blood clot formed in vitro. Platelets contain angiogenic,

. . . . 106, 10721, 22
mitogenic, and vascular growth factors in their granules.

Platelets have a physiologic
store of VEGF, which can be released when they are activated, secreted, or aggregated.106 TGF-B,
and TGF-ﬁ2 have been shown to inhibit bone resorption, osteoclast formation, and osteoclast

108, 109

activity, as well as to trigger rapid maturation of collagen in early wounds. PDGEF increases
the population of wound healing cells and recruits other angiogenic growth factors to the wound
site.” Tt is therefore a reasonable hypothesis that increasing the concentration of platelets in a
bone defect may lead to improved healing.

In addition, the PRF clot also provides a matrix scaffold for the recruitment of
tissue cells to an injured site. Specifically, fibrin is the end product of the coagulation cascade, an
excellent matrix which has been used to deliver various human cells to a wound in suspension. It
has been shown to be a natural ingrowth matrix for fibroblasts and endothelial cells and it is a

flexible platform.110 Fibrin in conjunction with fibronectin acts as a provisional matrix for the

influx of monocytes, fibroblasts and endothelial cells.”"' Besides growth factors and chemotactic
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factors, an appropriate extracellular matrix is also necessary for angiogenesis. Fibrin has been
reported to induce angiogenesis directly.112 If fibrin itself is sufficient to induce angiogenesis, it
must perform at least two functions: 1) provide a three-dimensional matrix that supports cell
migration, and 2) express selective chemotactic and chemokinetic activity such that endothelial
cells migrate into fibrin clot."" In a recent in vitro study, it demonstrated that a low soluble form of
rhBMP-2 that was physically entrapped in a fibrin matrix showed prolonged retention.'~ This
prolonged rhBMP-2 presence in vitro has been correlated to in vivo with an enhanced efficacy in
the repair of critical size defects in rat calvaria. " Therefore, fibrin is a suitable candidate as a

delivery system for growth and differentiation factors.

Figure 87. Scanning electron microscopy of rabbit PRF (A, B) and human PRF (C, D)

2.2 The differences between fibrin adhesives, PRP and PRF
Fibrin adhesives and PRP use a bovine thrombin and calcium chloride to
commence the last stage of coagulation and sudden fibrin polymerization. The speed of this

reaction is dictated by the use of these surgical additives, and their hemostatic function implies a
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quasi-immediate setting and therefore significant quantities of thrombin. This mode of
polymerization will considerably influence the mechanical and biologic properties of the final
fibrin matrix. = PRF has the characteristic of polymerizing naturally and slowly during
centrifugation. And the thrombin concentrations acting on the collected autologous fibrinogen are
almost physiologic because there is no bovine thrombin addition.”

Because the life span of a platelet in a wound and the direct influence of its
growth factors is less than 5 daysm, a pronounced effect of PRP would be expected to occur
especially in the early stage of bone healing84. PRF had a lower cytokines concentration (and thus
a weaker effect than PRP). Results from Dohan et al’> " mainly assume that the immune and
platelet cytokines are enmeshed in the fibrin network, so called are intrinsic cytokines. Intrinsic
cytokines have bigger biologic action than cytokines released on the healing site (extrinsic
cytokines). The key point is to understand why the quantity of cytokines is not important in a
biologic in vivo system. Cytokines are used and destroyed very quickly in a healing wound. The
synergy between cytokines and their support (the fibrin matrix) has much more important than any
other parameters. A physiologic fibrin matrix such as PRF will have different effects from a fibrin

glue or PRP.

2.3 The preparation of PRF

The preparation of PRF followed the PRF protocol of Dohan et al.”’ Blood
sample was taken without anticoagulant in 10-mL tube. Our pilot study suggested that blood
collection could be performed less than 10 ml for minimal injury to the animal. We found that 8
ml. of whole blood was sufficient for preparation of PRF (Figure 88). Blood processing with a
centrifuge for PRF allowed the composition of a structured fibrin clot in the middle part of the

tube. PRF clot was in a gel formed that was easy to apply to the surgical defects (Figure 89).
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Figure 88. PRF preparation was obtained from 10 ml of whole blood (A). Preparation of PRF

from 8 ml of whole blood (B).

Figure 89. PRF clot was collected from the middle part of the tube in a gel form.

The preparation time for the PRF was simple and took only 10 minutes, because
it can be prepared by not using without biochemical blood handling, used 1 centrifugation and no

additional instrument was required. While the preparation time for the PRP was approximately 20

21, 34, 36, 37, 47, 50, 57, 117-119

to 40 minutes. Preparation technique of PRF, which we adopted in this study
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and clinical report120 was simple and easy to do during the operation. There were no
complications from the blood draw and PRF preparation. Approximately 3 ml of PRF could be
obtained from 8 ml of whole blood, and it was sufficient to be mixed into the particles of
autogenous bone chips or bone substitute materials. The success of this technique entirely
depends on the speed of blood collection and transfer to the centrifuge. If the duration required to

collect blood and launch centrifugation is overly long, failure will occur.

2.4 PRF when used alone

The macroscopically examination showed the combining of PRF with CSD,
CSD+PREF side was occupied with bone-like tissue in 4 of 5 specimens with bone-like hardness in
consistency, while all of 5 specimen of the CSD side were occupied with soft fibrous tissue. So
the results obtained with radiomorphometry analysis showed a significant increase in the
mean OD in the CSD+PRF group (0.294+0.062) when compared with the CSD group
(0.114+0.062) (p<0.05). In addition, histomorphometry analysis of the CSD+PRF group
(18.807+9.272) showed increased % new bone area 157.89% over the CSD group (7.155 +5.860),
but this was no statistically difference (p>0.05). When PRF was mixed with other grafting
materials, the results were also inconclusive.

A recent human study demonstrated that PRF alone used for filling the cystic
cavity of the maxilla, two and a half months later, the osseous defect was replaced by a dense and
cortical bone instead of the average 10 months naturally. The use of PRF allowed acceleration of
the physiologic phenomena.24

PRF clot was divided into 2 halves that we have mentioned before, because the
volume of one half of PRF was suitable for each defect. One half of PRF was placed into the CSD
in one side and the other half was mixed with autogenous bone chips and placed in the contra
lateral side. Separation was not precise but the use was random. Although it can not be guaranteed

the equal quantity of growth factors of the two half, it can be assumedly.
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2.5 Combining PRF with autogenous bone or bone substitute materials

The emergence of novel biomaterials is having an enormous impact on
medicine and dentistry. Researchers have looked for ways to enhance the quality of bone
substitute materials, including the addition of autogenous bone, the addition of growth factors’ or
the use of guided tissue regeneration membranes. However, if the patient is not compromised,
then autologous bone grafts are still the most commonly used material for treating bony defects,
especially of the craniofacial region. In recent years, researchers have looked for ways to enhance
healing of autologous bone grafts by adding individual growth factors or PRF."#™%

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
versatility of bone substitute materials. PRF acts as a biologic adhesive to hold the particles
together, making manipulation of the bone grafting material much easier. It is very interesting to
note that, when PRF was mixed with the grafts, subsequent radiographic bone graft consolidation
seemed to result in enhancing bone graft healing.

In this study, the macroscopically examination showed the combining PRF with
autogenous bone, the volume of bone-like tissue in autogenous bone chips+PRF side was much
greater and denser than the CSD, the CSD+PRF and the autogenous bone chips groups. The
results obtained from radiomorphometry analysis showed a significant increase in the mean OD
in the autogenous bone chips+PRF group (0.596+0.189) when compared with the CSD group
(p<0.05). However, there was no significant difference between the autogenous bone chips, the
autogenous bone chips+PRF and the CSD+PRF groups (p>0.05). Note that the grafted bone of
the autogenous bone chips+PRF group showed similar optical density to the native bone
(0.736+0.079), no significant difference was seen (p>0.05). The results obtained with
histomorphometry analysis demonstrated % new bone area of the autogenous bone chips+PRF
group (38.03144.231) exhibited highest amount of new bone and showed increase by as much as
25.84% when compared with the autogenous bone chips group (30.223+16.722). However, there
was no significant difference between the autogenous bone chips group and the autogenous bone
chips+PRF group (p>0.05). The amount of new bone may not significantly increase but the

density of bone in the autogenous bone chips+PRF group was close to the native bone. This study
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suggests that PRF combination with autogenous bone graft is effective in wound healing and
bone remodeling of autogenous bone graft.

Information on possible effects of PRF is previously based on clinical reports.
Choukroun et al” evaluated the potential of PRF in combination with freeze-dried bone allograft
(FDBA) to enhance bone regeneration in sinus floor elevation. Nine sinus floor augmentations
were performed. In 6 sites, PRF was added to FDBA particles (test group), and in 3 sites FDBA
without PRF was used (control group). Four months later for the test group and 8 months later for
the control group, bone specimens were harvested from the augmented region during the implant
insertion procedure. The histologic similarity observed between these 2 groups (FDBA alone and
FDB+PRF) was implied that PRF shorten the healing period in sinus floor augmentation in 4
months instead of 8 months. Moreover, the quantities of newly formed bone were equivalent in
these 2 groups.

Phurisat and Pripatnanont120 reported the clinical support of using PRF adjuncts
to bone grafting material in sinus lift grafting. Four patients underwent sinus lift bone grafting
and simultaneous implant placement with composite graft. The composite graft comprised of
autogenous bone chips, deproteinized bovine bone (Bio-Oss®) and PRF. Clinical
and radiographic examinations showed good results in newly formed bone. The size of bony
window created at the lateral wall of the maxillary sinus for access was reduced and replaced by
dense cortical bone. Radiographs showed homogeneity of bone grafting area with surrounding
bone and an absent of previous sinus floor demarcation was noted. Sensi-/Densitometer
(Densonorm 21 eco, Pehamed, Germany) showed high opacity at immediate postoperative and
the density was decreased at four months postoperatively which implied that bone was remodeled
with time. Based on these previous studies, the purpose of our study was to combine the use of
PRF and DBB. We theorized that PRF, through its angiogenic properties, would lead to an
improved revascularization and faster consolidation of the graft when combined with an
osteoconductive material.

In this study, excellent bone-like tissue and DBB particles were observed in both
sides of the composite of DBB-+autogenous bone chips (1:1) group and the composite of
DBB-+autogenous bone chips (1:1)+PRF group. The volumes of bone-like tissue of these groups

were much greater and denser tissue than DBB and DBB+PRF groups. The radiomorphometry
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analysis results showed a significant increase in the mean OD in the composite of
DBB+autogenous bone chips (1:1)+PRF group (0.810+0.154) when compared with the CSD
group (0.114+0.062), the CSD+PRF group (0.294+0.062), and the autogenous bone chips group
(0.356+0.027) (p<0.05). The marked increase in mean OD were observed because the high
opacity of these DBB particles. It was noted that the grafted bone of the composite of
DBB-+autogenous bone chips (1:1)+PRF group showed similar optical density to the native bone
(0.736+0.079), no significant difference were seen (p>0.05). There was also no significant
differences in mean OD among the composite of DBB+autogenous bone chips (1:1)+PRF group
(0.810+0.154), the composite of DBB-+autogenous bone chips (1:1) group (0.906:£0.046), the
autogenous bone chips+PRF group (0.596+0.189), the DBB alone group (1.066+0.052) and the
DBB+PRF group (1.178+0.167) (p>0.05). The results obtained from histomorphometry analysis
showed a significant increase in % new bone area of the composite of DBB+autogenous bone
chips (1:1)+PRF group (22.633+3.605) when compared with the CSD group (6.235+5.012)
(p<0.05). However, there was no significant difference among the composite of DBB+autogenous
bone chips (1:1)+PRF , the CSD+PRF, the autogenous bone chips, the composite of
DBB+autogenous bone chips (1:1), the DBB alone and the DBB+PRF groups (p>0.05). This
result failed to show statistically significant increase in bone formation with the
addition of PRF to DBB radiologically or histomorphometrically in critical sized defects in the
rabbit cranium.

The percentage of new bone area of the DBB alone group (14.441+2.741) and
the DBB+PRF group (13.067+3.643) were less than the CSD+PRF group (18.807+9.272)
(p<0.05). However, there was no significant difference. The histology observation in the
CSD+PRF group showed the graft collapsed. While the DBB alone and the DBB+PRF groups
were able to maintain the space, no graft collapsed and DBB particles served as the space-
maintaining defect fillers (Figure 90). Therefore the use of PRF with grafts consisting of 100%
DBB should be considered only in respect to the improvement of handling quality (containment)

of the particulate graft material and providing the space-maintaining.
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Figure 90. Coronal histological section through the calvarium showing defect from the middle
part of the CSD+PRF group (A), the DBB alone group (B) and the DBB+PRF group
(C) after 8 weeks. (Specimens stained with Hematoxylin and Eosin, original

magnification x5).

In this study, the addition of PRF to autogenous bone chips in the rabbit cranial
defect showed the greatest histomorphometric new bone area. Autogenous bone grafts heal
through a mechanism whereby the body replaces the nonviable grafted bone with viable new
bone. Therefore, the positive effect of PRF seems to be a result of the survival of osteoblasts,
osteocytes and preosteoblasts present in autologous bone grafts. The rationale behind using PRF
is that activation of a large number of platelets at the time of graft placement releases a bolus of
various growth factors. This can be explained by the mechanism of the growth factors within
PRF. The PRF contained growth factors PDGF, TGF and IGF” that act on healing capable cells
to increase their numbers (mitogenesis) and stimulate angiogenesis but they are not
osteoinductive. Therefore, they are dependent on the presence of osteogenetic cells.

Additionally, bone substitute materials may also improve the kinetic properties
of PRF enabling a more slowly release of the stored growth factors. One potential field of interest
is the incorporation of PRF in bone grafting technology. This development is extremely relevant

in different surgical fields including orthopaedic and maxillofacial surgery and oral
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implantology. For example, in oral implantology, dentists find difficult and challenging the
manipulation and application of some bone augmentation materials such as DBB, Bio-Oss®,
tricalcium phosphate (TCP) and even autogenous bone. By combining selected biomaterials with
scaffold-like PRF, it is possible to improve the handling and adaptation of the matrix to the
injured tissue because fibrin acts as a biologic glue to hold together the matrix particles. This may
have implications for some specific dental surgeries like sinus lift bone grafting.

The hypothesis tested in this study that the addition of PRF to autogenous bone
chips in a critical size defect of the rabbit’s calvarial shows a significant increase in new bone
formation and bone density, had to be accepted. But the addition of PRF to DBB shows a

significant increase in new bone formation and bone density, had to be rejected.

2.6 Safety associated with PRF method

PRF was initially developed in dry glass tubes as early as 2000. In the medical
field, the conventional PRF protocol has continued to be performed in these dry glass tubes. In a
dental office, the problem is different. Dentists are not initially educated to perform blood
harvests. Therefore, the use of plastic tubes has been recommended to avoid tube breaking,
cutting and contaminations during these quite exceptional handlings in a dental office. This
evolution indeed applies in all fields, because the main manufacturers only sell plastic tubes now.
However, with plastic tubes alone, PRF can not be obtained. The contact with silica is necessary
to start the polymerization process. The silica behaves as a clot activator. To produce
PREF, either dry glass tubes or glass-coated plastic tubes must be used.””' The silica microparticles
coating these tubes represent a quite impossible risk of cytotoxicity, in contrast bovine thrombin

122-124

(used to prepare PRP and fibrin glue)lg’ *' which may generate immune side effects. PRF was

developed to avoid this thrombin-related risk.

3. Deproteinized bovine bone (DBB)

DBB derived from heat treatment at 1200 °C (DBB) was used in our study.

Electron microscopic evaluation shows that this material has a structural configuration similar to
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human bone.” ™ The particle size of the materials ranged from 0.25 to 1 mm in diameter,
which is small, as indicated by Pallesen et al'” who demonstrated that small (0.5 to 2 mm3)
particles of autogenous bone produced more bone substitution than larger (10 mm3) particles.

The radiographic results indicated that the DBB alone and DBB+PRF groups
had higher ODs than the other groups, because most of the radio-opaque particles remained.
Although OD is an indicator of opacity, it cannot discriminate between new bone formation and
DBB particles. In the specimens were filled with DBB, the regenerated bone was characterized by
the direct apposition of new bone formation to the DBB particles. The newly formed bone tissue
showed the centripetal of bone in growth. In the past DBB treated by heat treatment was widely
used as bone substitute because its structure is similar to human bone and many studies claimed
its properties of osteoconduction and biocompatibility to human body. Even though this study
used DBB, treated by heat at 1200°C, the histology result showed the osteoconductive property
and biocompatibility of this material. Histologic assessment revealed that DBB is a
biocompatible, osteoconductive grafting material with no sign of foreign body reaction and severe
inflammation in conjunction with its application.

In addition, the calvarial defect in the rabbit was relatively shallow in terms of
its depth, and it is not exactly oral bone. These may be limiting factors in terms of applying the
results derived from this study to a case involving a clinically larger bone defect. Therefore,
further investigations are required using the clinically large bone defect model. Within the limits
of this study, the volume of collected blood samples for PRF preparation was recorded but a
growth factor assay was not performed which is an obvious drawback. The optimal level of
platelet concentration for bone grafts is not known and may like other variables, influence the
results. Nevertheless, the biological effects of different levels of growth factors, including any
possible differences resulting from different relative growth factor levels in the PRF preparations,
the complete characterization of the platelet released factors and proteins, the amount of PRF
needed to achieve the intended biological effects are unknown, and are worthy of further
investigation. However, the finding of our study showed activated platelets in the PRF clot.
Platelets have a physiologic store of growth factors, which can be released when platelets are
activated, secreted, or aggregated.106 Therefore it can be postulated that PRF enhances wound

healing and new bone formation by increased concentration of activated platelets.
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Conclusion

PRF, an autologous source of growth factors especially PDGF and TGF —B,
influences bone regeneration. PRF can be prepared by simple technique, minimal cost and
minimal invasive. This autologous product eliminates concerns about immunogenic reactions and
disease transmission. The addition of PRF to the autogenous bone chips in a critical size defect of
the rabbit’s calvarial defects conferred significant benefit for the quality and quantity of new bone
formation. But the addition of PRF to deproteinized bovine bone did not gain benefit for the
quality and quantity of new bone formation. PRF may be useful for enhancing bone regeneration
in the situation that containing osteogenic cells in situ. Further study in clinical setting may help
to prove this postulation.

PRF represents a new biotechnology for the stimulation and acceleration of bone
regeneration. This study indicates that the PRF is a promising biomaterial for the enhancement of
bone regeneration. Author believes this technology may be a new exciting development in the
next few decades. To succeed, some of the current challenges need to be addressed including the
complete characterization of the platelet released factors and determining the intra-individual
biological reasons that make PRF more effective than others and designing novel interactions
with biomaterials than might increase the versatility of the technology. These efforts point to a

future where tailored PRF will be used for each specific dental and medical purposes.
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Materials

Biological Material

1.1 Male New Zealand White rabbits

Tested Material

2.1 Deproteinized bovine bone derived (DBB) from heat treatment at 1200 OC, Metal and
Material Technology Center, Thailand

Equipments and Instruments

3.1 Autoclave Hiclave™, Model HB-50, Hirayama Manufacturing Corp., Japan

3.2 Automated tissue staining, Shandon Linistain™ GLX Linear Stainer, Thermo Shandon
Inc, USA

3.3 Automatic film processor, Dent X 9000, Dent X/Logetronics GmbH, Germany

3.4 Automatic tissue processor, Model 2500A, Lipshaw, USA

3.5 Bio-Rad’s Densitometer, Model GS-700, BIO-RAD Laboratories Ltd, UK

3.6 Bone morselizer,

3.7 Dental radiographic machine, Gendex, Gendex Co., USA

3.8 Digital Camera, Panasonic Lumix Model DMC-FX3, Japan

3.9 Microtome, Leica Model RM2135, Leica Microsystems, Germany

3.10 Orbital shaker, Model KS 130 Basic, IKA Works, USA

3.11 Refrigerated Centrifuge, Labofuge Model 400 R, Heraeus, Germany

3.12 Scanning electron microscope, Model JSM-5800LV, JEOL LTD, Japan

3.13 Sputter Coater, SPI-ModuleTM, Model 11425, SPI supplies, USA

3.14 Weighing Measurement, Model BJ 12100G, Precisa Instruments AG, Switzerland

Disposable materials

4.1 Disposable extension tube, 18 inch approx 3.0 ml, Bever Medical Industries Co.,Ltd,
Thailand

4.2 Disposable hypodermic needle, 18G X 1", Nipro Medical Corporation, Japan

4.3 Disposable hypodermic needle, 20G X 1", Nipro Medical Corporation, Japan

4.4 Disposable hypodermic needle, 21G X 1", Nipro Medical Corporation, Japan

4.5 Disposable hypodermic needle, 25G X 1", Nipro Medical Corporation, Japan

4.6 Disposable syringe 3 ml, Terumo® Syringe, Laguna, Philippines\

4.7 Disposable syringe 5 ml, Terumo® Syringe, Laguna, Philippines
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4.8 Disposable syringe 10 ml, Terumo® Syringe, Laguna, Philippines

4.9 Pediatric solution infusion set, 60 drops per ml. per minute, Kawasumi Laboratories
Co.,Ltd, Thailand

Chemical and reagents

5.1 Alcohol 70%, Cat No.IA807/39, Coholsahakarn, Thailand

5.2 Dextrose 5% in Y4 Sterile saline , General Hospital Products Public Co.,Ltd, Thailand

5.3 Diazepam 10 mg/2ml, The GOVT. PHARM. ORG., Thailand

5.4 Ketamine 50 mg/ml, Calypsol®, Gideon Richter Co.,Ltd, Hungary

5.5 Lidocaine HCL 2% with epinephrine 1:100,000 1.8 ml

5.6 Penicillin G Sodium 5,000,000 units/vial, General Drugs House Co.,Ltd, Thailand

5.7 Saline Irrigation (Sodium Chloride 900 mg.), General Hospital Products Public Co.,Ltd,
Thailand

5.8 Sterile water 100 ml, General Hospital Products Public Co.,Ltd, Thailand

5.9 Thiopental sodium 1.0 g, Pentothal sodium®, Abbott Laboratories, Canada

Softwares

6.1 TImage Pro Plus 5.0 (Media Cybernetics Inc., USA)

6.2 SPSS for windows, Version 14.0, Standard Software Package Inc., USA
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