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Abstract

Background: Platelet rich fibrin (PRF), a new generation of platelet concentration and a
source of autologous growth factors, is expected to slowly release growth factors
embedded in fibrin matrix over time. It may be beneficial for enhancing new bone

regeneration in sinus grafting space.

Aim of the study: To verify the growth factor (PDGF-BB) entrapped in the PRF and
determine the stability of PRF and new bone formation efficacy in sinus space in

minipigs.

Materials and methods: The study was divided into two parts, in vitro part for quantifying
growth factors and in vivo part for evaluating early effect of PRF in bone regeneration. In
vitro, the amount of blood component in platelet rich fibrin were evaluated by indirect
calculation from whole blood and the remnant after retrieving of PRF. To quantify growth
factors released from PRF in the exudate, PDGF-BB was measured by ELISA at each
time point:10, 20, 30 and 60 min. Total immediate releasing of PDGF-BB was measured
after dispersing fibrin with streptokinase and milling the frozen fibrin. These levels of
PDGF-BB were compared.

In vivo animal model, PRF (test group) and blood clot (control group)
were used to fill the lifted space in the sinus of minipigs. The stability of lifted space were
evaluated by Cone beam CT and amount of new bone regeneration were measured from

histomorphometric study at 2 and 6 weeks after sacrificing.



Result The platelet concentration in PRF increased approximately 2.4 folds to the
amount in whole blood. The concentration of lymphocytes and white blood cells increase
2.24 and 1.87 folds respectively. PRF progressively released PDGF-BB in 60 minutes
especially in the first 10 minutes and decreased in 30 minutes. The total amount of
PDGF-BB in 60 minutes was not different from total extraction of dispersed PRF by
streptokinase or freezer mill.

In minipig sinus, both PRF and blood clot were remained and maintained
space in 2 weeks but collapsed in 6 weeks. New bone formation was higher in PRF

group in both 2 weeks and 6 weeks period.

Conclusion PRF sustained slow releasing of growth factor, PDGF-BB, during ex-vivo
period for 60 minutes and the amount was comparable to the total amount of immediate
growth factors extraction. PRF was retained in the body at least 2 weeks period of initial
wound healing and able to promote more bone regeneration than blood clot without any

grafting material.

Vi
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Chapter 1

Introduction

Platelets are the end product of megakaryocytes that formed in bone
marrow. They are round or oval in shape, approximately 2 ym. in diameter. They have no
nuclei and cannot replicate so the life span of platelet is 5-9 days B They have trilaminar
cell membrane with glycoprotein receptor surface overlying and partially penetrating a
bilayer of phospholipid and cholesterol. Platelet contain organelles and granules,
alpha,delta and lamda respeotively.2 Functions of platelet are involved with both
hemostasis and initiation of wound healing. Whenever tissue has been injured and blood
vessel is damaged, platelets become exposed to damaged vessel, and direct contact
with collagen, the basement membrane of capillaries, which causes the platelets
aggregate at the site and change from a round shape to a large , sticky pseudopodia
shape ° This process is called platelet activation. During activation, the alpha granules
within platelets fuse with the platelet plasma membrane and release some of their protein
content to surroundings (degranulation).

The alpha granules are 200-500 nm in diameter and contain more than 30
bioactive proteins that have important role in hemostasis and/or tissue healing (Table 1).
These proteins include growth factor cytokines and inflammatory cytokines such as
PDGF (including AA BB, AB isomers), TGF-B (including 31 and [32 isomers), platelet
factor 4, interleukin-1, platelet-derived angiogenesis factor, VEGF, epidermal growth
factor, platelet derived endothelial growth factor, epithelial growth factor, insulin-like
growth factor, osteocalcin, osteonectin, fibrinogen, vitronectin, fibronectin, and
thrombospondin—14. Platelets begin actively secreting these proteins within 10 minutes
after clotting, and more than 95% of the presynthesized growth factors are secreted
within 1 hour. After the initial burst, the platelets still synthesize and secrete additional
growth factors for the remaining several days of their life span5.These growth factor play

role in bone and soft tissue healing.



Table 1: Growth factors released from platelets and their biologic action (Harrison

and Cramer, 1993)

Growth factor Source cells Target Biologic action
Platelet-derived Platelets, macrophages, Fibroblasts, smaoth Stimulates DNA and protein synthesis in osseous
growth factor monaocytes, endothelial cells, muscle cells, glial cells, tissues, mitogenic effects on mesenchymal cells;
smooth muscle cells macrophages, neutrophils angiogenic effect on endothelial cells
Transforming Platelets, T-lymphocytes, Fibroblasts, Stimulates angiogenesis; enhanced woven bone
growth factor p macrophages/monocytes, marrow stem cells, formation; stimulate matrix synthesis in most
neutrophils endothelial cells, culture systems; chemotactic effect on
epithelial cells, osteoblastic cells; stimulates endothelial
preosteoblasts chemotaxis; stimulates bone formation by
inhibitory effect on osteoclasts
Platelet-derived Platelets, Endothelial cells Mitogenic effect on endothelial cells; increased
angiogenesis factor endothelial cells angiogenesis and vessel permeability
Insulin-like Osteablasts, Fibroblasts, Stimulates proliferation of osteoblasts and matrix
growth factor 1 macrophages, osteoblasts, synthesis; increases expression of bone matrix
monacytes, chondroblasts proteins, such as osteocalcin; in combination
chondrocytes with PDGF it enhances the rate and quality
of wound healing
Platelet factor 4 Platelets Fibroblasts, neutrophils Chemoattractant for neutrophils and fibroblasts

PDGF - platelet-derived growth factor, TGF-{ - transforming growth factor §, PDAF - platelet-derived angiogenesis factor, IGF-1 - insulin-like growth factor -1,
PF-4 - platelet factor - 4

Platelet-derived growth factor is a glycoprotein with molecular weight
approximately 30 kd. It seems to be the first growth factor found in a wound and initiated
connective tissue ,including bone healingB. In human it exists a dimeric protein
consisting of 2 subunits: A and B exists in 3 combinations: PDGF-AA, PDGF-BB, and
PDGF-AB. The role of each isomer in bone and soft tissue healing is not well explored.
There are approximately 0.06 ng of PDGF per one million platelets. When activated, the
growth factor attaches to transmembrane receptors on target cells such as osteoblasts
and fibroblasts. The main function of PDGF is stimulating cellular replication
(mitogenesis). This growth factor increases cell populations of healing cells, including
mesenchymal stem cells and osteoprogenitor cells, which are part of the connective
tissue-bone healing; cellular composite and endothelial cells, causing budding of new
capillaries into the wound (angiogenesis). PDGF also stimulates bone resorption by
increasing the number of osteoclasts, which can lead to faster bone remodeling.
Furthermore, PDGF activates macrophages, resulting in debridement of the surgical or
traumatic site. The macrophage activation then triggers a second source of growth
factors released from the host tissues under the influence of the macrophage action.
This secondary release of endogenous factors continues the process of repair and bone

regeneration. In vivo, 20-100 ng of PDGF in demineralized bone matrix carrier has been



shown to increase ectopic bone formation and alkaline phosphatase activity in rats.
PDGF, when locally applied, also stimulated bone healing in rat osteotomies, as well as
in rabbit calvaria defects in combination with barrier membranes. This protein has also
been found to be expressed by many cell types during different stages of normal
fracture healing "

In the past two decades, an increased understanding of the physiological
role of platelet during wound healing and after tissue injury has led to the idea of using
platelets as therapeutic tools. After fibrin glue was introduced in the early 1990 as a
biomaterial with hemostasis and adhesive properties, the strategic modification of the
fibrin including platelets was reported ®In vitro, there is a dose-response relationship
between platelet concentration and the proliferation of human adult mesenchymal stem
cells, the proliferation of fibroblasts, and the production of type | collageng. This suggests
that the application of platelet concentration can enhance wound healing.

The preparation obtained from a patient known as platelet-rich plasma
(PRP) is defined as a portion of the plasma fraction of autologous blood having high
platelet concentration above baseline. PRP has been first introduced for oral and
maxillofacial reconstruction by Marx et al in early 1990s. Once the platelet concentrate is
activated by thrombin and calcium, a three-dimensional and biocompatible fibrin scaffold
is formed, and a myriad of growth factor and protein are released contributing to the
accelerate postoperative wound healing and tissue repair 0 (Figure 1). PRP contains not
only a high level of platelets but also the full complement of clotting factors and
secretory proteins includes TGF-b, vascular endothelial growth factor (VEGF), and
PDGF. Due to the increased concentration and released of these factors, PRP potentially

enhances the recruitment and proliferation of stem cells, and endothelial cells""



Figure1: Scanning electron microscopy of human platelet-rich plasma. Multiple platelet
cell elements can be observed, forming a cell conglomerate trapped among

fibrillar elements (fibrin)

There are many studies of application of PRP in several animal and
clinical studies. In sinus augmentation, PRP accelerated vascularization of the graft,
improve soft tissue healing, less postoperative morbidity and enhance bone regeneration
(Table 2). However there are controversies in literature regarding the potential benefits of
the autogeneous PRP. The positive effects of using PRP to enhance bone regeneration in
sinus graft are summarized in Table 2. Table 3 summarized human studies that PRP had

no effect on bone regeneration (12)



Table 2: The positive effect of PRP on sinus augmentation in human studies(m)

Irvestigators Study Model QOutcomes Major Critique
Rosenberg and Toroslan 1 pt SA with PRP and Reduced treatment time 1 case report
composite graft by half (placed implant
at 3 mo)
Rodriguez et a! 15 pts, 24 SAs with anorganic Bone density: grafted = Faster bone consolidation
bovine bone and PRP native bone not supported by study
Simultaneous placement of 70 design
implants
Phiippart et a 25 SAs with a “bone paste” Vital bone formation with No controls
made of: PRP, hTF, 01.3% implant success
calvarial bone chips, and rate
tetracycine
Maiorana et &/ 11 SAs in 10 pts grafted with Bovine graft particles in all No controls
PRP gel and anorganic samples with variable
bovine bone amounts of new bone
Wiltfang et a/ 45SAsin 39 pts Bone formation: 32% to Wide range of results
Randomized, prospective 43% (test), compared to
design 25% to 37% (control)
Test: B-TCP granules and
PRP; Control: g-TCP
granules alone
Monov et al 105 pts with <5 mm crestal Expoeueumemducedby No controls
height
SA with composite graft of: &b;echvedamsoﬂess
autogenous bone (30% to analgesic use and
40%), xenograft (60% to edema
70%), and PRP
Velich et af Retrospective study of failure Graft resorption: 2.7% Small number of cases
5y period (1996-2001) and overall compared to 0% used PRP
810 SAs in B-TCP and PRP
Various materials used group
Philippart et al - 4 SAs in 3 patients with Bone paste had a high Small sample size
autogenous calvarial bone bone regeneration No controls
powder, PepGen P-15 capacity
(DENTSPLY Friadent
CeraMed, Lakewood, CO),
PRP, and thTF
Graziani et a/ 6 pts had unilateral SA using Average bone No controls
autogenous bone, PRP and augmentation of 6.27
autologous fibrinogen mm (range 3.5-10)
Kassolis and Reynolds 10pts Percentage of vital tissue Platelet yield not given
Randomized, single-blinded in sinuses: 788 * 8.3
Bilateral SA (test) compared to
Test: FDBA and PRP; Control: 63.0 £
FDBA and resorbable 15.7 (controf)
membrane
Steigmann and Garg 20 pts with bilateral SA Higher percent of new No negative control
Test: Autologous PRP alone bone formation in the
Control: B-TCP alone test group

ptindicates patent; SA, gnus augmentation; TCP, ticalcium phogphato,



Table 3: Non beneficial effect of PRP on sinus augmentation in human studies (12)

Investigators Study Description Cutcomes Critiques
Raghcebar et & 5pts Bone density: No significant Resorption of llac crest
Bilateral SA differance betwesn graft may have
Test: Autogenous graft from ilac crest groups masked regenerative
and PRP capacity of PRP
Control: Autogenous liac crest graft
alona
Froum ef &l Bilateral 54 in 3 pts. BIC for test implants: Case report

Test: Anorganic bovine bone and PRP 37 6% (test) compared to
Control: Ancrganic bovine bone alone 33.8% (contral)

phs NCaS Yents: SA, TNUS DUQMERLAtON.

Although PRP had advantages of using an autologous blood product that
carries no risk of cross-reactivity, immune reaction, or disease transmission, the
preparation of PRP still uses calcium and bovine thrombin to activate gel formation. It has
been reported that there was antibody to the factor V and XI and thrombin, resulting in
the risk of life-threatening coagulopathies .Bovine thrombin preparation has been shown
to contain factor V, which could result in the stimulation of immune system when
challenged with foreign protein &)

The recent form of platelet concentration, platelet rich fibrin, was first
developed by Choukroun et al (14). A procedure is simple that blood sample is taken
without anticoagulant to allow natural clot when contact with glass tube in which are
immediately centrifuged at 3000 rom (approximately 400g) for 10 minutes. Fibrinogen is
initially concentrated in the top part of the tube, before the circulating thrombin
transforms it into fibrin. A fibrin clot is then obtained in the middle of the tube, just
between the red corpuscles at the bottom and acellular plasma at the top (Figure 2).
This protocol attempted to accumulate platelet and release cytokine in fibrin clot.
Preliminary hematologic studies revealed that platelets did not remain in the acellular

supernatant (platelet-poor plasma (PPP)) or in the red blood corpuscles base (15)



Figure 2: A fibrin clot (platelet rich fibrin) in the middle of the tube, between the red

corpuscles at the bottom and acellular plasma at the top.

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

|:| Fibrin clot.

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

Figure 3: The three part of PRF fibrin clot: a red thrombus in contact with the red blood

corpuscle base, an acellular fibrin gel, and a network of buffy columns (15).

The slow polymerization with physiologic thrombin concentrations implies very
elastic matricial architecture. The junctions between fibrin particularly favorable to cell
migration and soluble molecule retention (14). The overall architecture of the fibrin clot
was examined with a scanning electron microscope (Figure 4-6) and showed that RBCs
were widely predominant in the red part of the PRF clot, and the leukocytes were
distributed at the junction between the red and yellow parts of the clot. Only a few RBCs
were identified in the rest of the clot, which were probably artifacts due to clot handling.

Platelet morphology was totally modified by aggregation and clotting processes .



Figure 4: The red area of the PRF clot contain many RBCs trapped within an immature

and very loose fibrin matrix (16)

Figure 5: A) At the borderline between the red area and yellow clot, clusters of RBCs
and leukocytes found. Leukocytes appear spherical structures with an
irregular surface (white circles). B) Platelets are often enmeshed in the fibrin

network but sometimes appear as aggregates (white circles) (16).



Figure 6: A and B) The yellow clot, the platelet aggregates are closely merged into a

dense and mature fibrin matrix (16).

The previous study reported that during autogenous PRF processing,
the absence of anticoagulant in the collection tube induced massive platelet activation,
bolstered by the presence of a mineral phase on the glass tube walls (residual glass
particles). These growth factor cytokines, PDGF-BB and TGF-131, are small soluble
molecules which centrifugation could naturally concentrate in the upper part of the tube
(the supernatant). However the majority of PDGF-BB and TGF-81 were found neither in
the supernatant nor in the exudates. They were hypothesized to be remained and
trapped in the PRF fibrin matrix (15’17)

Since 2006, the used of platelet-rich fibrin has been widely and some
studies reported that mixing PRF with graft material could shorten of healing time of
bone graft healing (14’ 15) and the PRF can be used as an adjunct to osteotome sinus
floor elevation (18).

The platelet cytokine quantification in the autogenous PRF constitutes a
significant step in the understanding of this biomaterial, because these soluble
molecules are key inflammatory and healing mediators (19). A previous study had
investigated the quantity of growth factor cytokine (PDGF-BB and TGF 3—1) and
inflammatory cytokine (IL-1 R, IL-6 and TNF-Q, anti-inflammatory cytokines such as IL-4)

in the components of blood products such as platelet poor plasma, exudates from PRF,
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serum or plasma and platelet rich plasma. It was found that the exudate from PRF clot
leaving in a sterile metal cup for 10 minutes contained a low level of PDGF-BB and TGF
R-1 which was significantly lower than those obtained from the several cPRP protocols.
On the other hand, IGF-I was found in the supernatant and the exudates in a significant

higher level than in the cPRP of various protocol (15) (Figure 7-9).

Concentrations (ng/ml)

3 cPRP from
5"’(",';;;'" Exudate (PRF) Serum :"::“': EDTA plasma | cPRP Curasan h:matolo-ny
cell separator
1826 1319 35 0,03 0,06 23 78
[ng/mi

Preparations

Figure 7: PDGF-BB ELISA quantifications ()

Concentrations (ng/ml)
H

0
sw‘opn‘:)lut a‘s::;n Sankm CPRP from | 000 curasan]”® Fn;d:nt‘ t
FOcS Scha SmartPrep |cell separator)
[ngm] 7,042 6.634 45 467,1 79.7 196,8 72.2 1623

Preparations

Figure 8: TGF[3-1 ELISA quantifications ()
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Figure 9: IGF-1 ELISA quantifications ()

From this study it was proposed that the whole PRF platelet cytokine
possibly to be trapped in the fibrin meshes. In 2009 Dohan presented that when the
platelet-rich fibrin has been pressed into a membrane, there was a slow release of
growth factors in the exudates such as PDGF, TGF- B and VEGEF for at least 7 days in
vitro(*®) ( Figure 10 and 11).

Quantity (nanog)

0 50 100 150 200
Time (hours)

Figure 10: Slow release of PDGF AB from PRF membrane (20)



12
300
250 //.
200 /
150

100

Quantity (nanog)

50

1] 50 100 150 200
Time (hours)

Figure 11: Slow release of TGF B from PRF membrane (20)

Platelet rich fibrin was used clinically in sinus augmentation in 2006. The
histologic examination of the specimen after sinus augmented at 8 months of FDBA
grafting alone and 4 months of FDBA with PRF grafting were similarly observed. It is
possible that PRF facilitated shorter healing period then grafting without PRF (4 months
instead of 8 months) (21).

Diss et al. (18) used platelet rich fibrin (PRF) as a grafting material for
osteotome sinus floor elevation with microthread implant and found endosinus bone
gained. Despite a limited residual bone height, a healing period of 2-3 months was
found to be sufficient to resist a torque of 25 N_cm applied during abutment tightening.
At 1 year, the formation of a new recognizable bone structure delimiting the sinus floor
was identified radiologically and led to a predictable implant function.

Pripatnanont P et al. (Pripatnanont et al 2009) investigated the effect of
platelet-rich fibrin on autogenous bone and deproteinized bovine bone in bone
formation in rabbit calvarial defects. The adjuvant of PRF to either the autogenous bone,
the empty defect or deproteinized bovine bone showed better result than the condition
of non-PRF particularly in the autogeneous bone. It was concluded that PRF might be
useful for enhancing bone regeneration in situation that contained osteogenic cells.

Based on an experimental animal model by Lindhe et al (22) , bone
regenerated was found in an isolated space created between the periosteum and the

calvarial cortex. The isolated space was filled initially with clotted blood and then was
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occupied later by newly formed bone. This observation is consistent with the possibility
that no filler is necessary in the created space for sinus lifting if the space is maintained
for adequate time to allow regeneration of new bone. Some previous studies found the
positive effect of the clotted blood alone in the space maintained by implant in sinus
augmentation. It is conceivable that formation of new bone in the maxillary sinus does
not require the presence of any graft or scaffold but derived of bone cell from the sinus
periosteum or peripheral cancellous marrow in the maxilla (.

In bone healing and regeneration process, several components within
blood constituents eg. fibrin, fibronectin, vitronectin, platelet derived growth factor,
transforming growth factor are parts of natural healing process which can be altered or
accelerated by concentrating these factors. These proteins set the stage for tissue
healing which include cellular chemotaxis, proliferation and differentiation removal of

(10, 26)

tissue debris, angiogenesis, and the laying down of extracellular metrix . The blood
clot formation after surgical intervention or trauma initiates the healing cascade. The
composition of clot is 95% red blood cell, 4% platelet, and 1% white blood cell. However
an analysis of platelet enrich clot reveals different composition compared to natural clot
with 95% platelets (as opposed to 4%), 4% red blood cell (as opposed to 95% red
blood cell), and a similar amount of white blood cell (') . According to high
concentration of platelet, de novo bone formation may be accelerated at the surgical
site when platelet concentration is applied.

Platelet-rich fibrin presents a complex tridimensional architecture ()and
does not dissolve quickly after applioation(w’ 15) therefore it could be used as a growth
factor carrier and a degradation scaffold. From SEM study of PRF demonstrated that
PRF composed of two components: fibrin filaments and cellular component containing
platelet cells that are essential for tissue regeneration (Figure 12 and 13). When

compared to SEM study of natural blood clot, PRF showed more organized dense fibrin

filaments with more platelets entrapped in the matrix (Pripatnanont et al 2009).
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Figure 12: (left) Scanning electron microscope image of natural blood clot
(Pripatnanont et al 2009).
Figure 13: (right) Scanning electron microscope image of platelet rich fibrin

(Pripatnanont et al 2009).

The previous report (20) showed that the amount of growth factors
released from pressed PRF membrane were presented through 7 days. In clinical
application, after PRF is processed, it might not be used instantly, then some exudates
might be leaked even it is not pressed. The amount of leaked growth factors in the
exudates at each time point and the growth factors those were still entrapped in the PRF
clot have never been studied before.

Moreover the previous work in our institute showed that PRF still
remained in the socket of extracted tooth after 14 days (unpublished data),
(Suttapreyasri et al 2009). Therefore the stability of fibrin and its ability to release growth
factors during initial period of wound healing should facilitate bone formation in the early
stage. Therefore it is hypothesized that platelet-rich fibrin can maintain the created
space in sinus augmentation and slowly release growth factors to promote new bone
formation in the early stage.

The aim of this study were to determine the growth factor (PDGF-BB)
entrapped in the PRF in vitro and to evaluate the effect of platelet rich fibrin on the early
stage of bone regeneration in maxillary sinus of minipigs The study was divided into two

part, in vitro and in vivo study.
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Obijective of the study

General objective :

To determine the enmeshed growth factor, PDGF-BB, in the autogenous platelet-rich

fibrin and to evaluate the effect of platelet rich fibrin in bone regeneration.

Specific objective

In vitro :

1. To determine the concentration of released growth factor, PDGF, in the exudates of

the autogenous platelet-rich fibrin at various time point.

2. To determine the concentration of the growth factor, PDGF, enmeshed in

autogenous platelet-rich fibrin

In vivo :

1. To evaluate early bone formation potential of platelet-rich fibrin compare to blood
clot in sinus augmentation procedure

2. To evaluate stability of platelet rich fibrin in the created space in sinus augmentation

Benefit of the study

In vitro:

1. To provide the scientific knowledge of growth factor contained in platelet-rich fibrin.
2. To develop the protocol of clinical use of platelet-rich fibrin.

In vivo:

To utilize platelet rich fibrin in clinical application.

Hypothesis:

In vitro:

1. There is less growth factor, PDGF, in the exudates released from platelet rich fibrin
at any time point.

2. There is more growth factor, PDGF, in degraded platelet-rich fibrin than in the

exudates.
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In vivo:
The platelet rich fibrin is stable in the sinus during 2 weeks period and promotes

bone formation in the created space in the sinus.
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In vitro : Materials and methods

Scope of study
This study was divided into in vitro and in vivo studies. The in vitro study
was performed to investigate the quantity of growth factor, PDGF-BB, released from the
fibrin into the exudates at each time point when fibrin was left unused, and the amount of
PDGF-BB that entrapped in the PRF clot. The in vivo study was to evaluate the stability
of PRF in the created space in the maxillary sinus of the minipigs and determine the

effect of PRF on bone formation in the sinus at 2 and 6 weeks.

In vitro study
Sample size
Four healthy volunteers, two male and two female without any systemic
disease, 26 to 30 years of age were participated in the study.
Groups of study
Sixtyfive mililitres of blood from each volunteers was divided in 5 tubes
as follows:
5 ml for determining whole blood component count
10 ml for preparing PRF for testing of PDGF-BB released in the exudates
10 ml for preparing PRF for testing PDGF-BB extracted by force with bone mill
30 ml for preparing PRF for testing PDGF-BB released after PRF clot lysis with
streptokinase

10 ml for preparing serum PDGF in normal blood as a control of normal group

17



18

Blood sample

Serum PDGF as
control

Spontaneous
releasing of PDGF

Total trapped PDGF

Lysed with 15,000 IU.
Of steptokinase for
60, 90, 120min

Detect in exudate at
0, 10, 20, 30, 60 min

Forcible extraction
with freezer mill

Figure 14: In vitro groups of the study

Material
Platelet-rich fibrin (PRF) preparation

Blood samples were treated according to the PRF protocol (14): 50 ml of
whole blood was drawn and divided into 5 glass tubes, without anticoagulant. Each tube
of 10ml blood was immediately centrifuged at 3,000 rpm. for 10 minutes. The result was
a fibrin clot located in the middle of the tube, between the red corpuscles at the bottom
and acellular plasma at the top, with a maximum number of platelets caught in the mesh
of fibrin (*°).The fibrin clot was elevated by tissue forceps up from the tube and left for 10
seconds to get rid of the supernatant. The red cell part was cut which preserve the
platelet that was high concentration at the buffy coat between fibrin clot and red

corpuscles.
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Blood was drawn without anticoagulant Each 10 ml was centrifuged

Platelet-rich fibrin

Figure 15: Platelet rich fibrin preparation

Method
Blood component count examination
The platelet, lymphocyte, white blood cell and red blood cell
concentration were examined in the whole blood and in the PRF remnant part. After PRF
processing, PRF clot was retrieved from the 10 ml syringe for the experiment, the
remaining substance of serum part and red blood cell part were well agitated. Two ml of
the mixing fluid was used to determine blood components apart from PRF that left in the
remnant. Examination of blood components in the PRF was done by using the
automated hematology analyzer. The blood component count in the PRF was calculated

from subtraction the actual amount from whole blood with the amount counted from the
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remnant which were converted the proportion to 10 ml of the blood and then

normalized to 1 ml.

Releasing of PDGF in the PRF exudates

Immediately after processing of PRF, PRF clot was transferred into a
sterile metal cup with 4 ml of Dulbecco’s modified eagle’s medium (DMEM) and
retransferred to a new cup of 4ml sterile DMEM after each time point 0, 10, 20, 30, 60
min, and the previous 4ml of DMEM with the exudate leaked from PRF at each time point
was stored at -80°C before ELISA quantification. The quantity of growth factor cytokine,
PDGF-BB in the exudates leaked from PRF clot was measured by ELISA kit (Quantikine,
R&D Systems,Minneapolis, MN, USA).The tests were repeated twice to reduce a

measurement error.

F—

A

Transferred PRF from glass tube after centrifuged in the sterile metal cup

Dulbecco’s modified eagle’s medium (DMEM)

Figure 16: Preparation of Platelet rich fibrin exudates at each time point
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Releasing of PDGF after PRF clot dispersed and lysis
PDGF-BB extracted from physical treatment with frozen mill
Fresh PRF clot was immediately frozen in liquid nitrogen and milled by a
frozen mill. The supernatant was collected and kept at -80°C. PDGF-BB concentration
was measured using ELISA kit (Quantikine, R&D Systems,Minneapolis, MN, USA)
according to the manufacturer's. The tests were repeated twice to reduce a

measurement error.

Chopped PRF in plastic tube for freezer mill

Frozen PRF with liquid nitrogen and milled



22

PRF after milling and left in room temperature

Figure 17: Dispersion of platelet rich fibrin with freezer mill

PDGF-BB extracted from chemical treat with streptokinase
Another three fresh PRF clots were transferred to the petri dishes and
treated with 15,000 I.U of streptokinase and incubated in a humidified incubator at 37°C
at various time point. After 60, 90 and 120 minutes period, the lysis clots were stored at -
80°C. PDGF-BB was measured by using ELISA kit (Quantikine, R&D Systems,
Minneapolis, MN, USA) according to the manufacturer's instruction. The tests were

repeated twice to reduce a measurement error.

Figure 18: Lysed PRF with 15,000 IU of streptokinase

Serum PDGF in whole blood
The 10 ml of blood sample was kept in a dry glass tube for 30 minutes, to

allow adequate time to coagulate thoroughly. Then it was centrifuged at 1000g for 15
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minutes to recover the representative serum for cytokine released from completely

activated blood. Then 2 ml of serum was used to measure PDGF-BB twice.

Data analysis

The differences between the mean of PDGF-BB of the exudates at 0, 10,
20, 30, 60 minute and in the whole blood were analyzed by using repeated ANOVA at p-

value 0.05. The difference between each pair of time was assessed by pair t-test.
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Invitro : Result

Four healthy volunteers, 2 males and 2 females, aged 27.5+1.91 (™)

years were participated in the present study. Sixty ml of blood was drawn from each
volunteer, 50 ml was used for preparing PRF, and 10 ml was used as normal blood and
its serum was used for PDGF examination. Average volume of PRF prepared from each
10 ml of whole blood was 4.1+0.54 ml as shown in Table4.

Table 4: The PRF volume from each sample

Sample A| B | C | D | MeantSD (ml)
Whole blood (ml) | 10 | 10 | 10 | 10 10
PRF (ml) 4 |35 4 |48 4.1+0.54

Whole blood count examination

Two mililitres of whole blood from each volunteer was used to determine
platelet count, white blood cell, red blood cell count and lymphocyte count. Table 5

presents the amount of each item that was determined from the whole blood.

24
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Table 5: Platelet count, lymphocyte, white blood cell count and red blood cell count

concentration from of whole blood.

Normal
Sample A B C D MeantSD

value
Platelet
(x10”/um) 221 195 316 309 | 260.25+61.32 150-450
Lymphocyte 41.40% | 41.20% | 42.50% | 43.90% 42.25+1.2 20-50 %
WBC (><1O3/pm) 3.84 3.59 5.88 6.27 4.89+1.38 4.5-10.0
RBC (x106/pm) 4.2 3.86 4.59 5.07 4.43+0.52 4.2-55

PRF examination

The amount of each item was shown in Table 6. These amounts were
used for indirect calculation of the amount of the components in the PRF because the
PRF is in a gelling stage that is not possible for direct counting by automatic counting

machine.

Table 6 : Platelet count, lymphocyte, white blood cell count and red blood cell

count concentration of the remaining substance.

Sample A B C D | MeantSD

Platelet (x10%um) | 11 | 5 | 19 | 7 |10.5+6.19

Lymphocyte 2% | 2% | 4% | 3% | 2.75+0.96

WBC(X103/pm) 1.24 1124 | 2.92 | 3.46 | 2.22+1.15

RBC (x106/pm) 4.97 | 416 | 5.05 | 6.96 | 5.28+1.19

Blood component concentration of PRF

The platele, lymphocyte, white blood cell and red blood cell
concentration of PRF were calculated. The platelet concentration in PRF was increase
about 2.4 fold to the whole blood (Table 7). The concentration of lymphocyte and white

blood cell were increase 2.24 and 1.87 fold respectively (Table 8 and 9). Unlike red
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blood cell, the concentration in the remnant was increase from the whole blood.

Therefore no any red blood cells were trapped in the PRF clot.

Table 7: Calculated concentration of platelet in PRF

PIt. Conc. of PIt. Conc. of PRF PIt. Conc. Of

Increasing

Sample whole blood remnant volume PRF old

o}
(x103/pm) (x103/pm) (ml) (x103/pm)

A 221 11 4 533.5 2.41

B 195 5 3.5 547.88 2.82

C 316 19 4 761.50 2.42

D 306 7 4.8 629.92 2.06
Mean 260.25+61.32 10.5+6.19 4.1+0.54 | 618.2+104.52 | 2.43+0.31

Table 8 : Calculated concentration of lymphocyte in PRF
lymphocyte lymphocyte PRF
lymphocyte Increasing
Sample of whole of remnant volume
Of PRF (%) fold
blood (%) (%) (ml)

A 41.40 2 4 99.5 2.40

B 41.20 2 3.5 114 2.77

C 42.50 4 4 75.25 1.77

D 43.90 3 4.8 88.16 2.01
Mean 42.25+1.2 2.75+0.96 4.1+£0.54 | 94.21£16.49 | 2.24+0.44




Table 9 : Calculated concentration of white blood cell in PRF
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WBC Conc. of WBC Conc. WBC Conc.
PRF volume Increasing
Sample whole blood of remnant Of PRF
3 3 (ml) . fold
(x107/um) (x10°/um) (x107/um)

A 3.84 1.24 4 7.74 2.02

B 3.59 1.24 3.5 7.95 2.21

C 5.88 2.92 4 10.32 1.76

D 6.27 3.46 4.8 9.31 1.49
Mean 4.89+1.38 2.22+1.15 4.1+0.54 8.83+1.21 1.87+0.31

Table 10 : Concentration of red blood cell of whole blood and the remaining substance.

RBC Conc. of whole RBC Conc. of remnant
Sample 3 3
blood (x10°/um) (x10°/um)
A 4.20 4.97
B 3.86 4.16
C 4.59 5.05
D 5.07 6.96
Mean 4.43+0.52 5.28+1.19

Releasing of PDGF in the PRF exudates

was left in the metal cup at each time point and

The concentration of PDGF-BB level in exudates leaked from PRF while it

the accumulative concentration are

presented in Table 11. A large amount of PDGF-BB was released in the first 10 minutes

and then slowly released when time passed at the steady rate (Figure 27). The releasing

rate at 30 minutes was lower than the first and second 10 minutes. The cumulative

quantity of PDGF-BB levels leaked from PRF is presented in Figure 26.
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Table 11: PDGF-BB concentration and rate of release in exudates leaked from PRF in

each time point

Time point Mean conc. (pg/ml) Mean cumulative
Releasing rate/min
(min) N=4 conc (pg/ml)

First 10 585.16 + 228.66 585.16 + 228.65 58.52+22.87
Second 10 379.59 + 133.88 964.75 + 347.21 37.96+£13.39
*Third 10 214.25 + 120.61 1179.00 * 446.09 21.43+12.06*
At 30 - 60 784.93 + 343.92 1963.93 + 380.17 21.66+11.46

*Significant difference from first and second 10 min., tested by paired t-test

2000.007]

2500.007

2000. 007

1500.007

1000. 00
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Figure 19: Cumulative mean concentration of leaked PDGF-BB from PRF
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Figure 20: Rate of PDGF-BB releasing at each time point

*Significant difference from the first and the second 10 min., tested by paired t-test

Total PDGF-BB extracted

PDGF-BB extracted from chemical treated with streptokinase
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From each volunteer, 30 ml of whole blood was used to prepare 3 pieces

of platelet-rich fibrin clot for detection of total PDGF extracted from clot lysis with

streptokinase 3 times interval. PRF was treated with 2 ml of 15,000 IU streptokinase and

incubated in humidified incubator for 60, 90 and 120 minutes. It was found that the lysis

was not complete even at after 120 minutes of streptokinase treated, some PRF fibrin

still remained. There was no significant difference of PDGF-BB level at any time point

treated with streptokinase. The concentrations of PDGF-BB are shown in Table 12



Table 12 : Concentration of PDGF-BB after lysis of PRF with streptokinase

Mean conc.(pg/ml) Lysis rate
Time (min)
N=4 (pg/ml/min)
60 1872.20 £ 960.22 31.20
90 2131.64 + 564.80 23.68
120 2227.32 + 566.59 18.56

PDGF-BB extracted from physical treatment with frozen mill

Whole PRF clot was frozen in liquid nitrogen and milled in the plastic

measuring PDGF-BB level.(Table 13)

Table 13: Concentration PDGF-BB from dispersed PRF with frozen mill

tube in a frozen condition. Then PRF was thawed and 2 ml of exudates was used for

Sample

A

B C

D

Mean+SD

PDGF-BB level from

dispersed PRF (pg/ml)

2507.54

2562.54

2684.81

2213.90

2492.20£199.78

Whole blood serum PDGF-BB

Two ml of whole blood was collected without anticoagulant for measuring
level of PDGF-BB in each volunteer (Table 14). The amount of serum PDGF-BB was not

difference when compared to PDGF-BB from extracted PRF. Therefore PDGF-BB was

presented in both serum and activated platelet

Table 14: Concentration of serum PDGF-BB

Sample

A B

C

D

MeantSD

Serum PDGF-BB (pg/ml)

1628.45

2513.00

2318.90

2527.54

2246.97+423.18
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The level of PDGF-BB leaked from exudates, from extracted PRF both
mechanical and chemical and in the serum were compared (Table15). There was no
significant difference of PDGF-BB amount from all methods and serum.

Table 15: The amount of PDGF-BB released from all method

Experiment Amount of PDGF-BB (Mean+SD)

Leaked from exudates at 60 min 1963.93 + 380.17

Treated with streptokinase at 120 min 2227.32 £ 566.59

Dispersed with frozen mill 2492.20+199.78

Serum 2246.97£423.18

Correlation of platelet count and PDGF-BB level

There was strong correlation of whole blood platelet count and PRF
platelet count (r = 0.86). But correlation between PDGF-BB from four experiments
(exudates at 60 min, PDGF-BB from chemical and physical extract and serum PDGF-
BB) and platelet count of whole blood and PRF were weak correlated (Table 16)

Table 16: Correlation examination of all experiment and platelet count

Correlation
PIt. count Plt count Correlation
Experiment PDGF-BB Whole
whole blood PRF PRF
blood
Leaked from 1963.93 + 380.17 -0.27 -0.5
exudates at 60 pg/ml
min
Treated with 2227.32 £ 566.59 | 260.25+61.32 | 618.2£104.52 | 0.39 0.52
streptokinase pg/mi X 106pm X 106pm
at 120 min
Dispersed with | 2492.20+199.78 -0.22 0.29
frozen mill pg/mi
Serum 2246.97+423.18 0.32 0.36
pg/ml
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In vitro : Discussion

The blood components of whole blood in our study composed of 94%
red blood cell, 5.5% platelet and 0.1% white blood cell. This result was agree with
previous study that reported the composition of clot ; 95% red blood cell, 4% platelet,
and 1% white blood cell (M).The blood composition count of the remaining substance
from PRF showed reduced amount of platelets, lymphocytes and white blood cells from
whole blood. There were few platelets, lymphocytes and white blood cells left in the
remnant after PRF clot was retrieved PRF clot from the tube. In the PRF clot,the
concentrations of blood component were increased 2.43, 2.24 and 1.87 folds of
platelets, lymphocytes and white blood cells respectively. This result showed that most
of platelets, lymphocytes and white blood cells were trapped in the PRF clot.The
compositions of PRF clot in this study were 98.55% of platelet, 1.4% of white blood cell
and absent of red blood cell. This proportion was comparable to previous platelet rich
plasma concentration; 95% of platelet, 4% of white blood cell and 1% of red blood cell
(M).This result confirms the previous studies(zo) that the concentration of platelets and
white blood cells were increased in PRF clot and its proportion seemed to be better than
PRP in terms of higher platelets and lower white blood cell concentration. According to
the increasing fold, PRP has more increasing folds(” ") , from 3 to 8 folds depending on
processing techniques than those get from PRF. It can be explained that 350-450 ml of
whole blood has been centrifugeed to get 50-100 ml of PRP whereas PRF use only 10 m
of whole blood to get 4-5ml of PRF. Thus the increasing folds of platelets in PRP are
supposed to be 3-8 folds with PRF is 2 folds depending on the initial whole blood used
for centrifugation.

This study showed that PRF constituted of the platelet and lymphocyte

concentration that released growth factor cytokine and inflammatory cytokine when it

32
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was applied in the surgical site. From previous reports demonstrated the high level of
growth factors, PDGF, IGF, VEGF and inflammatory cytokine IL-1, -6 or TNF-B("**).

The releasing of PDGF-BB in the exudates leaked from PRF in the first 10
minutes was only 29.89% of the cumulative volume and 23.48% of the total volume of
extracted PDGF-BB from PRF with streptokinase and freezer mill. This result agreed with
Dohan et al that the initial leak of growth factors during first 10 minutes was minimal and
the remained growth factors still entrapped in the fibrin gel (Dohan et al., 2006b;Dohan
et al., 2006c). Our study showed continuous leakage of PDGF-BB but in a slow rate in
every 10 minutes to 30 minutes. After 30 minutes the releasing rate is significant lower
than first and second 10 minutes. Other studies present more PDGF releasing in the
same time point (Table 17). However materials and methods of the study were different.
All of other studies determined PDGF in the exudate after PRF were pressed and
squeezed into a membrane. Therefore growth factors were forced by a positive pressure
to be leaked from the fibrin membrane into the exudates. The quantity of the growth
factors were more than spontaneous leakage.Su et al. reported an increasing content of
PDGF-AB, TGF—B1, VEGF, and EGF in the PRF exudates over the time course of the
study. The content in PRF exudates increased at a constant rate until 60 minutes and
then increased in a significant higher level of all growth factors within 120 to 300 minutes
(27). It inferred that the non-pressed fibrin stored a larger amount of growth factor than
the pressed fibrin. In case of using PRF as a membrane, it should be pressed instantly
before using and its exudates should be used with grafting material as a mixture

Table 17: Studies of PDGF releasing in the exudates at same time point of this study.

Mean Cumulative Present studyMean
Time (min) Study
conc.(ng/ml) Cumulative conc.(ng/ml)
10 1.419 Dohan et al 2006 0.585 0. 228
20 21+04 Dohan et al 2009 0.964 + 0.347
60 3.8£04 Dohan et al 2009 1.963 £0. 380

60 34.13+ 22.12 Su et al 2009 1.963 £ 0.380
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The accumulation volume of leaked PDGF-BB from PRF clot in 60
minutes was not comparable to the total volume extracted by streptokinase or by a
freezer mill. Therefore PRF should be used promptly after transferred from the glass
tube to preserve most of the growth factors as much as possible. However the leaked
exudate or the squeezed exudate from PRF should be used to mix with graft material to
aid handling of the graft and utilize the growth factors into the grafted area.

Unlike PRP, PRF is in a clot form after centrifugation. Measuring a
quantity of growth factor in fibrin matrix cannot be done directly but the matrix fibrin has
to be lysed or dispersed to expose all of growth factors in situ. We tried to extract PDGF-
BB from PRF clot by using chemical lysis with streptokinase and physical dispersed with
a freezer mill. Streptokinase is a thrombolytic drugthat has been used in several in vitro

model studies for clot Iytic aotivity(zg‘ )

. Prased S. et al used streptokinase as a
thrombolytic agent on clot lysis at four different dilutions;30,000 1.U, 22,500 |.U., 15,000
I.U., and 7,500 1.U.) and got the percentage of clot lysis 70.80%, 69.68%, 68.93% and
62.16% respectively. The dilution of 15,000 I.U of streptokinase has been used in this
study since it enhanced similar percentage to the higher concentration. Although PRF
was incubated with streptokinase for 120 minutes, the PRF clot still remained and was
not completely lysed. It is estimated that not more than 70% had been lysed, so there
was approximately 30% residual fibrin. Therefore there should be some residual PDGF-
BB in the remaining PRF clot after lysis in the same proportion of residual fibrin. The total
quantity of growth factors should be more than that had been measured in this study for
another 30%.All of incubated time 60, 90 and 120 minutes, the level of PDGF-BB
extracted were similar.

This present study had extracted growth factors from frozen PRF by
using a freezer mill. By this method, the PRF was frozen and milled in liquid nitrogen
then left it thawed. The thawedsolution was not homogeneous but mix with thecolloid of
PRF.The previous study used homogenizer extraction-dispersing machine(20). The
amount of growth factor, PDGF-AB, was 32000+3500pg/ ml that seemed to be more
than our study, 2492.20+199.78 pg/ml of PDGF-BB. Our method might not be able

todispersed the PRF clot totally.
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According to PDGF-BB level from all methods in this study, there was no
difference among slow releasing in the exudates, chemical, physical extraction of PRF
and whole blood serum. Therefore PDGF-BB was presented in both platelets and serum.
This observation was confirmed by analysis of correlation between PDGF-BB amount
from all experiments and the platelet count. It was found that there was no correlation
between PDGF-BB level and platelet count in all subject.Thus PDGF-BB might not be a
good representative growth factor for studying, other growth factor such as TGF—B and

VEGF should be explored.
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In vivo : Materials and methods

Animal model
This study was performed in accordance with the regulations and
approval of the animal experiment ethic committee of Prince of Songkla University. Four
minipigs aged 18 months, weighted 50-60 kgs. were used and the surgeries were
conducted at the Animal Science Unit, Faculty of Natural Resources, Prince of Songkla

University HatYai, Songkhla, Thailand.

Group of the study
Four minipigs were divided in 2 groups of follow-up time 2- and 6- week
period, two minipigs per each group. There were 3 experimental sinuses that used
platelet rich fibrin and 1 control sinus that used blood clot in sinus augmentation

procedure (figure 28).

4 minipigs

2wks 6wks
2 pigs 2 pigs

3 sinus

Test
(PRF)group

3 sinus

Test
(PRF)group

1 sinus 1 sinus

Control
(blood) group

Control
(blood) group

Figure 21: In vivo groups of study
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Surgical technique

The minipig was placed on the surgical table in a prone position.
Anesthesia was induced with intramuscular administration of azaperone, (Stresnil®),
1mg/10kg by weight and then intravascularly with combination of the tranquilizer,
zolazepam, with the dissociative anesthetic, tiletamine (ZoIiti|®)1mI/20kg by weight.
Before surgery antibiotic, amoxyxillin (Vertrimoxin®) was given 1g intramuscularly for
prophylaxis of infection. General anesthesia was supplemented by local administration
of 4% articaine containing epinephrine (1:100,000). All surgical procedures were
performed under aseptic conditions by the same surgical team. When the animal was in
the level of anesthesia, before surgery, the skin was cleaned with providone iodine. One
sinus was picked up. The facial maxillary sinus was exposed bilaterally through an
approximately 5 cm-long extraoral skin incision below the lower eyelid (Figure 22). The
periosteal flap was raised to expose the anterior sinus wall, the zygomaticoalveolar
crista and the malar prominence. A15 mm. in diameter window was outlined with
template and drilled with round bur below the malar prominence (Figure 23). The bone
window was carefully detached from the sinus membrane and kept in moisten gauze
soaked with normal saline (Figure 24). Then the Schneiderian’s membrane was carefully
elevated from the underlying bony sinus wall by blunt instrument to avoid perforation. On
the test sinus, platelet-rich fibrin,as space maintainer material, was put into the created
subantral cavity then the bone window was re-positioned on platelet-rich fibrin. On the
control site, the same volume of autogeneous blood clot was placed in the created
cavity in the same manner as in the test side (Figure 25). Finally the periosteum and skin

flap was reposition and sutured in layer by layer.

Figure 22: Incision line 5 cm-long extraoral below the lower eyelid
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Figure 23: Bone window diameter 15mm. was outlined and drilled with round  bur

Figure 25: The sinus membrane was elevated from the underlying bony sinus wall.
Autogeneous blood clot was used to fill the lifted space as a control

whereas the platelet-rich fibrin was used as an experiment.

Platelet-rich fibrin preparation

The 10 ml of autologous whole blood was drawn from the ear vein or the
radial vein and put in a sterile glass tube without anticoagulant. Then the whole blood
was immediately centrifuged at 3000 rpm for 10 minutes. A fibrin clot obtained in the
middle of the tube was used. The volume of PRF was measured by replacement of

known volume of water in the same glass tube.
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Figure 26: PRF preparation of minipigs

Follow-up
The animals were sacrificed by a natural way at 2 and 6 weeks after

surgery.

Tissue processing

Gross evaluation

After sacrifice, the maxillas were resected. The soft tissue was carefully
removed and then the maxilla was separated at midline by electric saw. Gross
observation was done and focused on the bony window of the maxillary sinus
augmentation (figure 27). Then the specimens were fixed in 10% formalin solution and

submitted to radiographic and microscopic analysis for histomorphometric analysis.
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Figure 27: Gross specimen

Cone beam CT

Each sinus was examined by using cone beam CT (Veraviewepocs3D,
X550,J.morita,Japan ) in size 40 x 80 mm.80kV,5mA.9.4 min. with high-resolution
protocol (slice thickness,1.5 mm.) Each file of sinus was used to calculated the volume

of content in the created space underneath the sinus membrane.

Figure 28: Cone beam CT of each sinus

Histologic analysis

Following radiography, the specimen was cut through the highest point
of augmentation site. Then the specimen was decalcified with EDTA which was
subsequently changed every 2 days and agitated at 160 rpm on an Orbital shaker (KS
130 Basic Orbital Shaker,IKA Works,USA). Complete decalcification was confirmed by
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the absence of a precipitation in the supernatant when a solution of saturated
ammonium oxalate was added. After complete decalcified, the specimen was placed
into disposable plastic cassette. An automatic tissue processor (Lipshaw automatic
tissue processor model 2500A, Lipshaw, USA) was used to provide programs for fixing,
dehydrating, clearing and paraffin impregnating. Serial sections of 5 ym were cut using
a microtome (Leica Model RM2135, Leica Microsystems,Germany), then stained with
hematoxylin and eosin (H&E) using with an automated tissue stained (Shandon
LinistainTM GLX Linear Stainer, Thermo Shandon Inc, USA.). All slides were examined
descriptively for detection of new bone formation in the lifting space before

histomorphometric analysis.

Histomorphometric analysis

Computer-assissted histomorphometry was performed in order to
measure the amount of newly formed bone in the augmented area. The entirely
augmented area at the middle section of the specimen was used for histomorphometric
analysis. All specimens were evaluated in a blinded, nonbiased using and image
analysis system by measuring the percentages of newly deposited bone. The entire
slide was automate scan by ScanSCope® CS system ( Aperio, Vista, CA). These were
digitized and transferred into computer software,ImageScope™, for image processing
and analyzing the quantify fraction of the total area in the experimental and control sites.
The percentage of bone area in the experimental and control site were calculated as
follow

Percent bone area = (Mineralized bone area X 100) / Total augmented area

Data analysis
The mean volume of content in created space (ml) from cone beam CT
was compared to the volume of PRF and blood clot used in the lifted sinus. The mean
total graft area in histomorphometry analysis was described with area of new bone

formation.



Chapter 6

Part Il

In vivo : Result

Four minipigs (eight maxillary sinuses), 18 months of age, weighing 50-
60 kgs were used in the present study. All animals were well tolerated with the surgical
procedure and the anesthesia. They recovered after surgery without any infection or
wound complication in the surgical area. No sign of acute and chronic sinusitis was
observed.

The volume of PRF used to lift sinus membrane was 4.5+0.5 ml in the test
group and the volume of blood clot was 4 ml in the control sinus in 2 week group

The volume of PRF used to lift sinus membrane was 4.27+0.25 mi for test

group and blood clot 4 ml for control sinus in 6 week group

Gross specimen

In 2-week group: Both control and test groups, the bone windows were
filled with rubbery tissue. No any hole or perforation at the bone window. The size of
bone windows was not different from the original size. The border of bone windows were
able to define as a continuing line. The window bones were presented in the cavities

and fused with surrounding soft tissue (Figure 29).

Figure 29: Bone window area of 2 weeks group, blood clot (A) and PRF (B)
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In 6- week groups: Both PRF group and blood clot group presented the
same features. The border of bone window cannot be defined in the lower part of the
window. At these areas bone were bridged but not evenly all over the window. The area
of interest was hard in consistency and was not able to be pressed. The color were

homogenized with the surrounding bone. (Figure 30).

Figure 30: Bone window area of 6 weeks group, blood clot (A) and PRF (B)

Cone beam CT examination

After specimens were dissected, all of maxilla were examined with cone

beam CT at the same condition.

2-week group

Platelet-rich fibrin still remained in the lifted space. The volume of PRF
was decreased 25.11% (from 4.5+0.5 ml. to 3.37+1.16 ml).The density of the content
was similar to infraorbital nerve density .For blood clot group, the same feature was
presented as in the PRF group. The volume of blood was decrease 25% (from 4ml to
3.02ml). The volume and density of both PRF group and blood clot group were not
different. (Figure 31).
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Lifted area

Infraorbital
nerve

Figure 31A: CBCT of sinus lift with blood clot in sagital and coronal view in 2-week

group

Lifted area

Infraorbital
nerve

Figure 31B: CBCT of sinus lift with PRF in sagital and coronal view in 2-week group
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6-week group
The volume of PRF in the lifted space was decreased markedly when
compared to the original size, from 4.27+0.25 ml to 0.33+0.02 ml.(93.01%) Density of the
content was similar to the surrounding bone. In blood clot group, present the same
feature as PRF group. The volume of blood was decrease 92% (from 4ml to 0.38 ml).

The volume and density of both PRF group and blood clot group were not different

(Figure 32).

Lifted area

Infraorbital
nerve

Figure 32A: CBCT of sinus lift with blood clot in sagital and coronal view in 6-week

group

Lifted area

Infraorbital
nerve

Figure 32B: CBCT of sinus lift with PRF in sagital and coronal view in 6-week group
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Histology observation

The normal sinus lifted cavity was surrounded by respiratory mucosa and
a cortical bone of sinus floor. The mucosa was composed of ciliated stratified cuboidal

epithelium, submucosal tissue

In 2 weeks group

A large area of content underneath the sinus membrane blood clot group
(67.32x106 pmz) was presented . There was few newly formed bone projected from the
bone of maxillary sinus floor. The area of new bone formation was 0.72 x10° |Jm2. It was
1.07% of total lift area. The height of new bone from native bone was 220.70+28.55 ym.
The cement line was observed between the newly form bone and floor of maxillary sinus.

Woven bone with many osteoblast were observed.

Window
Sinus bone
membran
/
Sinus Area of new
floor bone

Figure 33: Histological finding of lifted sinus with blood clot at 2 weeks (1x)
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Figure 33C: New bone formation area of blood clot at 2 weeks (20x)



48

In PRF group, the mean of total area under the sinus membrane was
113.18+58.81 x10° pmz'. The mean of height of new bone from native bone was
911.66+343.42 ym. The area of newly form bone was more than in blood clot group.
There was newly formed bone projected from bone of maxillary sinus floor. The area of
new bone formation was 7.72 +0.19x10° pm2. It was 6.82% of total lift area, more than
blood clot group(1.07%) (Figure 42). Statistic analysis cannot be performed because

there was only 1 control sinus.

Sinus

/ membrane

Window
bone

Sinus floor A . A__E/\
New bone

native bone

formation

Figure 34: Histological finding of lifted sinus with PRF at 2 weeks (1x)
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Figure 34A : New bone formation area of PRF at 2 weeks (4x)
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New bone

Sinus floor

Native bone

Figure 34C: New bone formation area of PRF group at 2weeks (20x)

In 6 weeks group:

The area under the elevated sinus membrane was decrease 36.36% in
blood clot group, (42x106 pmz). The newly formed bone was found adjacent to sinus
floor and remodel to form the lamella bone. The area of new bone formation was 13.55
x10° pmz. It was 31.62% of total lift area. The bone formation area was increase 178%

from 2 weeks period.
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Figure 35: Histological finding of lifted sinus with blood clot at 6 weeks
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formation

Sinus floor

Native bone

Figure 35A : New bone formation area of blood clot at 6 weeks (4x)
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Figure 35B : New bone formation area of blood clot at 6 weeks (8x)
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Figure 35C : New bone formation area of blood clot at 6 weeks (20x)

In PRF group, the total lift area was decrease 47.35% (51.84+12.56 x10°
pmz) from 2-week group. The newly formed bone was found adjacent to the sinus floor
and remodelled to form the lamella bone. The area of new bone formation was
24.55+9.76 x10° pmz. It was 47.36% of total lift area. The bone formation area was

increase 217.85 % from 2 weeks period.
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Figure 36: Histological finding of lifted sinus with PRF at 6 weeks (1x)
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Figure 36A : New bone formation area of PRF group at 6 weeks (4x)
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Figure 36B : New bone formation area of PRF group at 6 weeks (8X)

Figure 36C : New bone formation area of PRF group at 6 weeks (20x)
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Figure 37 : Compare histologic feature of 2-week group

PRF

Blood clot
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Figure 38: Compare histologic feature of 6-week group
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Chapter 7
Part I
In vivo : Discussion

To determine the effect of sinus augmentation on bone formation in sinus
cavity, an acceptable animal model was necessary. Few animals possess a maxillary
sinus as large as or an osseous antral wall as thick as that of human. The minipig is
chosen as a model for this experiment because its bone regeneration rate (1.2-1.5
um/day) is comparable to that of human being(ao). Minipigs were first used as an animal
model in 1993. They found them to be quite similar to human in terms of platelet count,
clotting parameters and long bone structure. The structure of maxillary bone was also
reported to be quite similar to that in human(31).Previous studies have advocated the use
of minipigs for studying the sinus augmentation(%“)

In maxillary sinus augmentation, the cambium layer of periosteam under
sinus epithelium presentedmesenchymal stem cells that had potential to bone
regeneration in lifted area underneath the sinus membrane (35). Many studies reported
bone formation around implants when simultaneous installed without grafting material or

23-25, 36
( )

filled with blood clot After PRF was introduced, there were studies about the

effect of PRF in sinus augmentation that PRF alone without bone substitutes could

produce bone formation around the implant ("%

.This condition required an implant to
stabilize the lifted space by pushing the sinus membrane to the highest position and
using implant tip as a tent poles. Our study did not use any material Ito be the tent pole
except PRF then the result of bone formation came from PRF solely.

The bone window of maxillary sinus in 2-week group were similar in both
blood clot group and PRF group. Well definite border was found and window bone can
be retained on blood clot and PRF and acted like a barrier membrane.PRF clot still
remained in the lifted space of minipigs’ maxillary sinuses in the distinct volume in the

first 2 weeks. The volume of both blood clot and PRF was decreased only 25 % in 2

weeks after surgery. No hard tissue regeneration was found in the lifted space by naked
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eyes observation nor in cone beam CT. This result was similar to histomorphometric
study. In H&E staining, there were a large area of content in both PRF and blood clot
group. The previous report showed the SEM evaluation of blood clot and PRF clot that
fibrin of PRF was clearly organized in parallel strands and appear thicker and denser
than blood clot(m). Therefore the resorption time of PRF might be longer than blood clot
and it could maintain the space for a longer time. Our study shows that in 1 month
period (from week-2 to week-6), area of lifted sinus in blood clot group was reduced
36.36% and in PRF group reduced47.35%. Even though PRF group might resorb more
than blood clot group, the blood clot group had only 1 sinus that statistic analysis
cannot be performed.

The initial period of 14 days is crucial for neovascularization to take place
and leads to initial bone healing process. Furthermore previous study of Dohan et al
showed that PRF clot released high quantities of three main growth factors, transforming
growth factorb-1(TGFb-1), platelet derived growth factor AB (PDGF-AB), vascular
endothelial growth factor (VEGF) and thrombospondin—1(TSP—1)during7days(20). PRF
clot demonstrated the increasing of proliferation and differentiation of rat osteoblats
(38)and human oral bone mesenchymal stem cells in a dose dependent way (39). Bone
formation in our study was found in both blood clot and PRF group in the early stage in
2-week group and more mature bone in 6-week group particularly in PRF group. The
areas of bone formation in PRF group were more than in blood clot group in both 2 and
6 weeks period. Bone formation was increase 217.85% in blood clot and 417.8% in PRF
group. The height of new bone projected from native sinus bone was used to evaluate
the rate of bone formation. PRF group showed higher rate, 65.12 um/day, in first 2
weeks than in blood clot group, 15.76um/day. According to bone regeneration rate of
minipig,1.2-1.5 pm/day(SO), in this study showed more regeneration rate even in blood
clot group. It might be because of the high efficacy of maxillary sinus chamber in bone
regeneration.

In theory, new bone formation could be generated underneath the sinus
membrane because there are mesenchymal stem cells from the membrane. Our study

found that bone formation started at the basal bone or the sinus floor. This feature was
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found in gross specimen that presented bone bridging with homogeneous texture at the
bottom of bone window in 6-week group. Histomophologic feature confirmed this
observation that new bone formation was projected from the sinus floor bone not from
sinus membrane. The basal bone without periosteam might have high potential to
produce new bone formation.

The sinus lift without grafted bone material with simultaneous implant is a

(24, 40)

very simple and an attractive approach . The true final bone gain at the implant end

(41, 42
)

may be covered with a thick sinus connective tissue without osteointegration . To
increase the predictability and security of this procedure, PRF was advocated to use as
the graft material for protection of sinus membrane collapse and improve

osteointegration around the fixture.



Chapter 8

Conclusion

In conclusion, PRF sustained slow releasing of growth factor, PDGF-BB,
during ex-vivo period for 60 minutes and the cumulative amount of PDGF-BB was
comparable to the total amount extracted from streptokinase lysis, frozen mill and in the
serum. PRF was not resorbed and still retained in the body for at least 2 weeks period
of initial wound healing and lost its volume in 6 weeks period. PRF is able to promote
bone regeneration in sinus augmentation procedure more than blood clot. PRF could
be used in sinus grafting wherever simultaneous implant installation can be done and

space could be maintained during bone healing is in progress.
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This is to certify that the research project entitled “In vitro release of growth
factors from platelet rich fibrin and its early effect on bone regeneration in
maxillary sinus augmentation, an animal and clinical trial study” which was
conducted by Assoc.Prof.Dr.Prisana Pripatananont, Faculty of Dentistry, Prince of
Songkla University, has been approved by The Animal Ethic Committee, Prince
of Songkla University.
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