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Hypothesis and Objectives
HYPOTHESIS AND OBJECTIVES

The objective of this PhD thesis was to characterize different PRF matrices and to examine their
regenerative potential in several oral surgical procedures. The general hypothesis was that PRF
products have a positive effect when used alone or as adjuvant in bone grafting. This hypothesis was
divided in four subcategories: systematic reviews, in vitro, in vivo, and clinical studies. Each
subcategory presented some specific sub-hypotheses. These are presented below together with their
associated research questions (RQ).

Section 1: Systematic reviews (SR)

SR 1.1: Regenerative potential of leucocyte- and platelet rich fibrin (L-PRF) in intrabony defects,
furcation defects and periodontal plastic surgery.

RQ 1.1: Does L-PRF promote regeneration of periodontal tissues in systematically healthy
patients (ASA 1) during periodontal surgery compared to traditional techniques?

This RQ is addressed in:
Section 1 (chapter 1), page 43-64
Material and Methods: systematic review

Castro AB, Meschi N, Temmerman A, Pinto N, Lambrechts P, Teughels W & Quirynen M. Regenerative
potential of leucocyte- and platelet-rich fibrin. Part A: intra-bony defects, furcation defects and
periodontal plastic surgery. A systematic review and meta-analysis. Journal of Clinical Periodontology,
2017; 44(1): 67-82.

SR 2.1: Regenerative potential of leucocyte- and platelet rich fibrin (L-PRF) in alveolar ridge
preservation, sinus floor elevation and implant therapy.

RQ 2.1: Does L-PRF promote regeneration of periodontal tissues in systematically healthy
patients (ASA 1) during guided bone regeneration techniques and implant surgery compared
to traditional techniques?

This RQ is addressed in:
Section 1 (chapter 2), page 65-81
Material and Methods: systematic review

Castro AB, Meschi N, Temmerman A, Pinto N, Lambrechts P, Teughels W & Quirynen M. Regenerative
potential of leucocyte- and platelet-rich fibrin. Part B: sinus floor elevation, alveolar ridge preservation
and implant therapy. A systematic review. Journal of Clinical Periodontology, 2017; 44(2): 225-234.
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Section 2: In vitro studies (1V)

IV 3.1: Characterization of Leucocyte- and Platelet Rich Fibrin Block (L-PRF block): release of growth
factors, cellular content, and structure.

RQ 3.1: Which are the biological properties of an L-PRF Block and its components in terms of
growth factors release, cellular content, and structure?

This RQ is addressed in:
Section 2 (chapter 3), page 84-97
Material and Methods: in vitro study

Castro AB, Cortellini S, Temmerman A, Li X, Pinto N, Teughels W & Quirynen M. Characterization of
Leucocyte- and Platelet Rich Fibrin Block (L-PRF block): release of growth factors, cellular content, and
structure. International Journal of Oral & Maxillofacial Implants. 2019; 34: 855-64.

IV 4.1: The centrifuge type and the time before or after centrifugation do not have any influence on
the characteristics of platelet concentrates.

RQ 4.1: Are the centrifuge type and time before or after centrifugation a key factor in the
preparation of platelet concentrates?

This RQ is addressed in:
Section 2 (chapter 4), page 98-114
Material and Methods: in vitro study

Castro AB, Andrade C, Li X, Pinto N, Teughels W & Quirynen M. Impact of g force and timing on the
characteristics of platelet-rich fibrin matrices. Scientific Reports. 2021; 11: 6038.

IV 5.1: L-PRF membrane and L-PRF exudate inhibit bacterial growth of the main periodontal pathogens
when applied directly on a cultured agar plate or in planktonic form.

RQ 5.1: Does L-PRF membrane and L-PRF exudate have any antimicrobial effect against
periodontal pathogens?

This RQ is addressed in:
Section 2 (chapter 5), page 115-127
Material and Methods: in vitro study

Castro AB, Rodriguez EH, Slomka V, Pinto N, Teughels W & Quirynen M. Antimicrobial capacity of
Leucocyte- and Platelet Rich Fibrin against periodontal pathogens. Scientific Reports. 2019; 9: 8188.

IV 6.1: Silica microparticles cannot be found in PRF matrices and this is not affected by the
centrifugation protocol.

RQ 6.1.1: Are silica microparticles present in PRF matrices when prepared with silica-coated
plastic tubes?

RQ 6.1.2: Does the centrifugation protocol influence the detachment of the silica particles and
their presence in PRF matrices?
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These RQ are addressed in:
Section 2 (chapter 6), page 128-136
Material and Methods: in vitro study

Castro AB, Andrade C, Teughels W & Quirynen M. Particle release from silica-coated plastic tubes and
presence in PRF-matrices. In progress.

Section 3: In vivo study (VV)

VV 7.1: Coating dental implants with L-PRF does not influence the peri-implant bone formation at early
healing nor bone microstructure in a pig model.

RQ 7.1.1: Does the L-PRF coating increase the bone-to-implant contact during early healing (7
to 28 days) in an oversized preparation?

RQ 7.1.2: Does L-PRF coating influence the bone microstructure around implants in an
oversized preparation?

These RQ are addressed in:
Section 3 (chapter 7), page 139-156
Material and Methods: animal study

Castro AB, Cortellini S, Vasconcelos KF, Pamuk F, Duyck J, Jacobs R & Quirynen M. Peri-implant bone
structure after implant surface functionalization with L-PRF at early healing: a micro-CT and
histomorphological analysis. In progress.

Section 4: Clinical study (CL)

CL 8.1: L-PRF and A-PRF used for alveolar ridge preservation have similar results as an undisturbed
healing socket.

RQ 8.1: Does L-PRF or A-PRF better preserve the alveolar ridge after multiple tooth extractions
compared to natural healing?

This RQ is addressed in:
Section 4 (chapter 8), page 159-176
Material and Methods: clinical study

Castro AB, Van Dessel J, Temmerman A, Jacobs R & Quirynen. Effect of different platelet rich fibrin
matrices for ridge preservation in multiple tooth extractions: a split-mouth randomized controlled
clinical trial. Journal of Clinical Periodontology. 2021; 48: 984-995.
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GENERAL INTRODUCTION

1. Blood composition

Human blood represents about 8% of the total body weight. It is formed in the bone marrow and
consists of two basic components: plasma (about 55%), and formed elements (about 45%). Plasma is
the liquid portion of blood and about 90% is water. It contains many dissolved substances and three
types of formed elements: white blood cells, red blood cells, and platelets (Table 1). The white blood
cells account for less than 1% of the total blood volume, the red blood cells for 40-45%, and the
platelets, which actually are not cells but rather small fragments of cells called thrombocytes, account

for less than 1% of the total blood volume (1, 2).

Number
Formed Major .. present per .
D
element subtypes escription microliter and ST AT
mean range
Erythrocytes (red blood cells)
B red-colored 5.2 million (4.4 Tr.anf,port oxygen a?nd carbon
if\_,. »'® @ 7-8 um _ 6.0 million) dioxide between tissues and
if-!*is" - ’ lungs
Leucocytes
. 7000 (5000 — . .
(white blood cells) 10,000) All functions in body defences
Granulocytes
Neutrophils multilobed 4150 (1800 - Phagocytosis of.bacteria and
AN nucleus 7300) debris
\ ‘Q @ 10-12 pm Release of cytotoxic chemicals
Eoslaplills bilobed nucleus 165 (0 - 700) Phagocytic cells, release
. @ 10-14 pm antihistamines
B hil
- Jei =) YCUES 44 (0 - 150) Promote inflammation
‘ @ 10-14 pm
Agranulocytes
Primarily specific immunity: T
Lymphocytes | spherical/indented 2200 (1500 — cells directly attack other cells
‘ . nucleus 4000) (cellular immunity); B cells
L/ @ 5-17 um release antibodies (humoral
immunity); natural killers
Produced in bone marrow
(macrophages after leaving
irculation)
Monocytes U shape/kidney cireu )
B 455 (200 — 950) Very effective phagocytic cells of
~ pathogens, also serve as
@ 14-24 pm . .
antigen-presenting cells for
other components of the
immune system
Platelets 350,000 Haemostasis and release growth
? (150,000 — factors for repair and tissue
500,000) healing




General introduction

Table 1. Characteristics of each blood cell.

2. Wound healing

Wound healing is a complex biological process. When an injury occurs, a regulated sequence of
biochemical events starts to repair the damage. It consists of four phases: (1) haemostasis, (2)
inflammation, (3) proliferation, and (4) remodelling. The haemostasis phase starts immediately after
damage with vascular constriction and fibrin clot formation. One of the key cells during this phase are
the platelets, a well-known regulator of haemostasis (3). The inflammatory phase begins right after,
and during this process a dynamic interaction occurs among endothelial cells, angiogenic cytokines,
and the extracellular matrix. Different cell types, including neutrophils, macrophages, lymphocytes,
platelets, fibroblasts, and endothelial cells are involved in this process. Platelets release cytokines and
growth factors that further attract macrophages and neutrophils to the defect sites to remove debiris,
necrotic tissue, and bacteria from the wound. The proliferative phase begins around day 3 when the
blood clot within the wound is replaced by a provisional matrix. The final phase, the remodelling,
begins 2 to 3 weeks after injury and lasts for a year or more. During this stage, all the processes
activated after injury dramatically diminish and finally stop. Most of the endothelial cells and
macrophages undergo apoptosis or leave the wound (3) (4).

The survival of an organism relies on its ability to repair the damage caused by toxic agents
and inflammation. Tissue repair occurs by two types of reactions: (1) regeneration by proliferation of
remaining cells and maturation of the tissue, or (2) the deposition of connective tissue to form a scar.
The regeneration of injured tissue involving cell proliferation and differentiation is driven by growth
factors and is critically dependent on the organization of the extracellular matrix. Several cell types
proliferate during tissue repair. These include, firstly, the remaining cell in the injured tissue that
attempt to restore normal structure. Secondly, vascular endothelial cells necessary to create new
vessels to provide the nutrients required for the repair process. Finally, the fibroblasts that are the
source of the fibrous tissue that will fill the defects that cannot be improved by regeneration (5).

Angiogenesis, new blood vessel formation from existing vessels, is also critical in tissue repair.
The process of angiogenesis involves several signalling pathways, cell-to-cell communication,
interaction between proteins from the extracellular matrix, and tissue enzymes. Vascular endothelial
growth factor (VEGF) plays an important role in the initiation of this process (5). It stimulates both
migration and proliferation of endothelial cells and thus initiates the process of capillary sprouting.
Other growth factors, such as platelet-derived growth factor (PDGF) and transforming growth factor
beta (TGF-B), also participate in this process by recruiting smooth muscle cells and enhancing the
production of extracellular matrix proteins (6).

Cell proliferation is determined by signals provided by the extracellular matrix and growth
factors. Growth factors are normally produced by cells near to the injured area. The most important
source of growth factors are macrophages that are activated after tissue injury. Macrophages are cells
derived from hematopoietic stem cells that when circulating in blood are known as monocytes.
Macrophages are specialised in phagocyte micros and senescent cells, but they serve many other roles
in inflammation and repair. In inflammatory reactions, progenitors in the bone marrow produce
monocytes that enter the blood and into various tissues and differentiate into macrophages. There are
two major pathways for macrophage activation. The classical activation, that may be induce by an
external danger (M1), and the alternative activation that is produced by T lymphocytes (M2) (7). These
macrophages are not actively microbicide; instead, the function of alternatively activated
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macrophages (M2) is tissue repair (8). They secrete growth factors that promote angiogenesis, activate
fibroblast, stimulate collagen synthesis and promote osteogenic mineralisation during in vitro studies
(9). Although the concept of M1 and M2 macrophages provides a useful framework for understanding
macrophage heterogeneity, numerous other subpopulations have also been described. Although the
products of activated macrophages eliminate damaging agents and initiate the process of repair, they
are also responsible for part of the tissue injury in chronic inflammation. Likewise, epithelial and
stromal cells should also be taken into account as they can produce some of these growth factors.

3. Coagulation cascade and tissue healing

Blood clotting is a process by which blood changes from a liquid to a insoluble clot. This involves the
activation, adhesion, and aggregation of platelets and the deposition and maturation of a fibrin mesh.
The coagulation cascade is a sequence of proteolytic events mainly localized on the surface of activated
platelets. Once platelets are triggered by being exposed to damaged endothelium, they release
mediators such as P-selectin and von Willebrand factor that promote microvesicle formation and
platelet adherence. The microvesicles attached to the activated platelet membrane promote the
production of tissue factor and its ligand, factor Vlla. Clotting factors bind to adjacent receptors on the
membrane, enabling the proteolytic cascade, culminating in thrombin generation (10). Briefly, factor
X is cleaved by Vlla to form factor Xa. Prothrombin on the activated platelet surface is converted to
thrombin by Xa (Va and calcium ions are cofactors for the reaction). However, little amounts of
thrombin are formed by this pathway during the initiation phase of coagulation. The trace amounts of
thrombin generated during the initiation phase provide further activation of platelets, factor V, and
factor XI. Larger amounts will be generated during the amplification phase (11, 12).

The formation of a complex comprising factors Vllla, 1Xa, and calcium ions on the platelet
surface, leads to the large-scale generation of factor Xa. Factor Xa, with factor Va and calcium ions,
forms the prothrombinase complex that produces the burst of thrombin needed for the conversion of
fibrinogen to fibrin. Furthermore, thrombin activates factor XllI, resulting in clot stabilization, and the
thrombin-activatable fibrinolysis inhibitor, which modulates fibrinolysis (10). This is known as the
common pathway (Figure 1).
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Figure 1. Coagulation cascade: common pathway.

Two major pathways exist for triggering the blood clotting cascade, known as the tissue factor
pathway (extrinsic) and the contact activation pathway (intrinsic).
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Extrinsic (tissue factor) pathway

The tissue factor pathway is named for the protein that triggers it: the tissue factor (TF), a cell-
surface integral-membrane protein. This pathway is also called the extrinsic pathway because it
requires that plasma has contact with something “extrinsic” to trigger it. The TF pathway is the
mechanism of triggering blood clotting that functions in normal haemostasis, and probably also in
many types of thrombosis. Thus, when cells expressing TF are exposed to blood, this eventimmediately
triggers the clotting cascade (Figure 2). When the circulating factor VII comes into contact with the TF,
they form an activated complex TF-Vlla that activates factor X. From here the common pathway starts.

Figure 2. Blood clotting triggering by the extrinsic pathway. (Image from article Smith et al., 2015 (13))
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Intrinsic or contact activation pathway

The contact pathway of triggering blood clotting has also been termed the intrinsic pathway,
since it can be triggered without adding a source of TF to the blood or plasma. This pathway is actually
triggered when plasma is exposed to certain types of artificial surfaces (Figure 3). For instance, glass
tubes or negatively charged artificial surfaces (i.e. silica coated) are especially good activators of the
contact pathway. While this pathway does not contribute to normal haemostasis, it is thought to

participate in thrombotic diseases (13, 14).

Figure 3. Blood clotting triggering by the intrinsic pathway. (Image from article Smith et al., 2015) (13)
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Fibrin formation

Fibrinogen is a glycoprotein made and secreted into blood primarily by liver hepatocyte cells.
After tissue and vascular injury, it is enzymatically converted by thrombin into fibrin. This fibrin is an
essential component of a blood clot, which primarily function is to occlude blood vessels to stop
bleeding. Mature fibrinogen is a long flexible protein array of three nodules: two end nodules (termed
D regions or domains) and as lightly smaller nodule (termed the E region or domain) in the centre. The
length of a dried fibrinogen molecule is 475 + - 25 A.

Stimulus of the coagulation cascade ultimately produces the transformation of fibrinogen into
fibrin monomers by the cleavage of 2 small fragments (fibrinopeptides A and B, small blue cycles in
Figure 4) from the molecule by thrombin. During this process, the negative charge of the E domain of
fibrinogen (orange circle) is converted to a positive charge, permitting spontaneous polymerization of
the fibrin monomers into a polymer stabilized by hydrogen bonds. Thrombin and factor XllI stabilize
the initial fibrin polymer by catalysing the formation of cross-linked covalent bonds between adjacent
D domains.
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Figure 4. Process of fibrin formation. Fibrinogen is converted into fibrin by thrombin. After the spontaneous
formation of a polymer stabilized by hydrogen bonds (dotted line), cross-covalent bonds appear between
adjacent D domains (blue bold line) for the crosslinking of the fibrin. (Image from article Smith et al., 2015) (13)

4. From fibrin glue to the 1%t generation of platelet concentrates

The use of autologous blood products to enhance tissue healing started with the reports of Matras and
co-workers in 1970 (16). They introduced the concept of platelet concentrates (PCs) by using fibrin
glue (fibrin sealers) to improve skin wound healing. Platelet concentrates are blood extracts obtained
after various processing of a whole blood sample, through centrifugation. Fibrin sealers were the
derivatives of human plasma that mimicked the last steps in the process of blood coagulation by the
formation of a fibrin clot. The main action of these fibrin sealers was to stimulate local angiogenesis,
to minimize oedema or hematoma formation, and to reduce post-operative pain. The fibrin matrix was
the main component of fibrin sealers. The properties of this matrix were determined by interactions
between the circulating fibrinogen, platelet aggregation and molecules produced by the platelets.
Further research led to an upgraded version of the sealers, called "Platelet Derived Wound Healing
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Factors" (PDWHF). This group of sealers contained a significant concentration of platelets, to
strengthen the fibrin gel and simultaneously promote the healing capacities.

However, it was not until Marx's studies (15, 16) that the use of PCs also gained interest in the
oral and maxillofacial field. Since then, different techniques have been developed and with them, a
variety of preparations. The first PCs generation include platelet-rich plasma (PRP) and plasma rich in
growth factors (PRGF). Their preparation requires anticoagulants at the moment of blood collection to
avoid coagulation during centrifugation and the addition of a coagulate activator at a later stage for
fibrin polymerization (Table 2). Consequently, the fibrin polymerization occurs rapidly, resulting in a
weak fibrin network (17). The preparation is quite complex. Briefly, 27 mL of blood is collected in a 30-
mL syringe containing 3 mL of adenosine-citrate-dextrose acid (ACD-A) anticoagulant. The content of
the syringe is transferred into the 30-mL separation tube and centrifuged for 15 minutes (1900xg) at
room temperature. After removing the plasma, the buffy coat is re-suspended in the leftover plasma
by shaking the tube for 30 seconds. A second syringe containing 1 mL of ACD-A is used to collect an
additional 11 mL of blood, which is transferred into a Clotalyst disposable tube (Biomet Inc) containing
4 mL thrombin. After gentle mixing, the tube is placed into a Clotalyst disposable tube heater for 25
minutes. Subsequently, the mix is centrifuged for 5 minutes at 1900 x g. Coagulation is performed
using a double syringe (spray applicator), allowing uniform mixing of the two components that results
in the formation of a clot. The time between centrifugation and clinical use is £ 45 min.

The benefits of using PRP in medicine have been extensively studied. Most reviews are found
within the field of orthopaedics and sports medicine (18, 19). According to a recent meta-analysis (20),
the intra-articular injection of PRP in patients with osteoarthritis of the knee is beneficial. However,
results are not conclusive (21). Within oral and maxillofacial surgery, PRP is particularly used after
extraction of 3™ molars (22), in the treatment of periodontal intra-bony defects (23), in sinus elevation
techniques (24) and for hard and soft tissue augmentation (25). The purpose of using PRP in these
types of surgeries was to accelerate the vascularization of the graft, to improve soft tissue healing and
bone regeneration and to reduce post-operative morbidity. However, results remained inconclusive.

Process Cellular content Fibrin matrix

Centrifugation ~ Additives Duration Simplicity ~ Platelets  Leucocytes Density ~ Polymerization

1st generation
PRP 2x + pipetting Yes 30-45 min - Medium Yes/No Weak Fast
PRGF  1x + pipetting Yes 20-25 min - Low No Weak Fast
2nd generation
PRF 1x No 10-12 min + High Yes/No Strong Slow

Table 2. Description of platelet concentrates (PCs) characteristics. PRP: platelet rich plasma; PRGF: platelet rich
in growth factors; PRF: platelet rich fibrin.
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To improve its efficacy, the preparation protocol for this platelet concentrate has been
changed and adapted several times over the years. A well-known example is "Platelet Rich Growth
Factors” (PRGF), which was first described by Anitua and co-workers (26). PRGF differs from other
platelet concentrates in its versatility. Depending on the degree of coagulation and activation of the
blood, different types of preparations with a different therapeutic potential were obtained (as a liquid
substance and a dense or elastic fibrin). Research showed that PRGF may be used as a treatment
modality for osteoarthritis (27), treatment of ulcers (28), tissue engineering and oral surgery (29, 30).
However, the results should be interpreted with some precaution.

Overall, we can say that there is a shortage of critical scientific data on the positive effects of
PRP in clinical procedures. There is a great variability in study designs (small groups of patients, no
control groups), but also in preparation protocols without clear classification, which makes a
comparison difficult. Furthermore, it is important to note that the use of PRP has a number of
significant disadvantages: the preparation protocol is expensive, complicated, operator sensitive, and
the need for animal thrombin as a coagulant rises legal issues in some countries (31).

5. 2" generation of platelet concentrates: Platelet rich fibrin (PRF)

Due to the difficulties in the preparation and the inconsistent outcome of PRP and PRGF formulations,
a second PCs generation was introduced in 2001 (17, 32) (Table 2). The use of platelet-rich fibrin (PRF)
is simple and requires neither anticoagulant, bovine thrombin nor calcium chloride. In this case, the
whole blood is centrifuged without anticoagulants at high spin using glass tubes or silica-coated tubes
so that three layers are obtained: red blood corpuscles (RBCs) at the bottom of the tube, platelet-poor
plasma (PPP) on the top and an intermediate layer called “buffy coat” where most leucocytes and
platelets are concentrated. According to the literature, PRF accelerates neoangiogenesis (33),
stimulates the local environment for differentiation and proliferation of surrounding cells (34), and
continuously releases growth factors over a period of 7-14 days (35).

In 2014, a new classification was published dividing the platelet concentrates into four
categories depending on the leucocyte inclusion and their architecture (36):
e No leucocyte inclusion + low density fibrin matrix: Pure platelet rich plasma (P-PRP).
e No leucocyte inclusion + high density fibrin matrix: Pure platelet rich fibrin (P-PRF).
e Leucocyte inclusion + low density fibrin matrix: Leucocyte and platelet rich plasma (L-PRP).
e Leucocyte inclusion + high density fibrin matrix: Leucocyte and platelet rich fibrin (L-PRF).

Due to the poor standardization of the manual process of PRP formulations as well as the use of
exogenous agents (anticoagulants, bovine thrombin and calcium chloride), the use of L-PRF increased
exponentially.

5.1.  Leucocyte and platelet rich fibrin (L-PRF): preparation protocol
Leucocyte and platelet rich fibrin is an autologous fibrin matrix containing platelets and leucocytes
obtained after blood centrifugation. Blood samples are collected in 9-10 ml sterile glass or silica-coated
plastic tubes. The tubes are immediately placed in pairs in the centrifuge and centrifuged at 408 g
(RCFgoy) for 12 minutes (Figure 5). There is no chemical manipulation of the blood.
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Figure 5. L-PRF preparation. A. L-PRF tube after centrifugation, with its 3 compartments (drawing from Schar et
al. 2015). B. Real view of a tube after the preparation of L-PRF.

The loading of the centrifuge should be performed two by two to ensure the balance during
centrifugation. In case that there would be only one tube, a tube filled with the same amount of
glycerine or saline should be used (Figure 6). Blood collection is performed always in pairs (2 tubes).
When the first and the second tube are filled, they are immediately placed in the centrifuge and
centrifuged. At this moment, the third tube starts to get filled. As soon as the forth tube is half-filled,
the centrifuge should be stopped and while the centrifugation is stopping, this last tube is finally fully
filled. Then, tubes 3 and 4 are place in balance inside the device and all four tubes are centrifuged. The
same sequence is repeated for tubes 5 and 6.

Co

STA RT START STA RT
STDP srop

Figure 6. Blood collection sequence for six tubes and loading of the centrifuge.

After centrifugation the L-PRF clot can be collected from the tube with surgical tweezers. With
an instrument, similar to a spatula, the red blood cell fraction can be gently separated from the fibrin
clot (Figure 7). The clot by itself contains a great amount of exudate (the L-PRF exudate). By gentle
compression using a specific box designed for this purpose, the L-PRF clot can be transformed into a
1-mm thick membrane.
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Figure 7. Protocol to prepare L- PRF clots and membranes. A: three layers can be found in the tubes after
centrifugation: platelet-poor plasma (top), L-PRF clot (middle) and red blood cells (bottom); B: careful removal
of clot from the tube; C: L-PRF clot; D: L-PRF membrane after compression; E: L-PRF membrane.

This special engineered box (Figure 8) contains a weighted press plate designed to express
exudate from the L-PRF clot in a controlled manner. It forms standard 1 mm thick L-PRF membranes
(Figure 1). One can also compress the clots into different shapes, such as a cylinder form (L-PRF plugs).
The L-PRF constructs (membranes/plugs) remain stable at room temperature for several hours, if one
can prevent them to dry out.

Figure 8. Especially designed kit to compress L-PRF clots into L-
PRF membranes with a consistent thickness of 1 mm. A piston
(left top) and cylinder assembly (in white) can be used for the
creation of L-PRF plugs.

5.2.  Principles of blood centrifugation
A centrifuge is a device that creates a centrifugal force for separating substances of different densities
in a liquid by rotating at a certain speed (measured as revolutions per minute, RPM). The force applied
during centrifugation is called relative centrifugal force (RCF) (37). It causes denser substances and
particles to move outward in the radial direction. Denser particles thus settle at the bottom of the
tube, while low-density substances move to the top (38).

The final composition of the L-PRF constructs depends on several factors including: the time
of spinning, the speed (rotation/revolutions per minute, RPM) and the g force (RCF), as illustrated by
the following formula:

RCF=11.18 x r x (N/1000)2.

For this equation, r is the radius in centimetres of the centrifuge and N is the rotor speed in
RPM. During centrifugation of blood with a fixed-angle centrifugation device, cells are pushed towards
the back of the tube and then downwards based on their density. The separation occurs at a certain
angle, which corresponds to the fixed angle at which the tubes rotate. There exist three locations to
calculate the RCF with a rotor with fixed angle: the minimal RCF (RCFmin) at the top of the tube (shortest
distance to the rotor axis), the average RCF (RCF,, or RCF¢ot) in the middle, and the maximum RCF
(RCFmax) at the largest distance to the rotor axis (39, 40).
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The original L-PRF protocol foresees an RCF¢,t of 408 g for 12 minutes. These settings can be
completely different for other centrifuges due to, for example, differences in rotor diameter and/or
rotor angulation (39, 40). Moreover, in vitro studies reported significant differences between
centrifuges due rotor radial vibration (41). A stable positioning of the centrifuge on an immobile table
is thus crucial.

5.3. General characteristics of L-PRF matrices

Platelets in L-PRF

After centrifugation, > 80% of the platelets present in the blood sample will be collected in the fibrin
clot (42). The platelets are mainly present in the lower portion of the clot, at the border between the
red blood cells and the clot itself. As a result, the lower portion of the clot (with a red colour due to
some remaining red blood cells), also called “the face”, is considered to be the most biologically active.

The platelet-cytoplasm contains several granules (43). The content is released at the time of
activation. These granules contain many cytokines and substances like serotonin, von Willebrand
factor, factor V, osteonectin and anti-microbial proteins. When platelets come in contact with the
collagen of a damaged blood vessel or the inner wall of blood tubes (glass or silica-coated), they
become activated. This activation is necessary for platelet aggregation and as such starts and maintains
the haemostasis. Activation of the platelets involves degranulation and sequentially the release of
various cytokines. They will stimulate cell migration and proliferation into the fibrin matrix.

The principal role of the platelets is the maintenance of homeostasis. However, they are also
capable of binding, aggregating and internalizing microorganisms, which enhances the clearance of
pathogens from the bloodstream. Platelets participate in antibody-dependent cell cytotoxicity
functions to kill protozoal pathogens as well as to release an array of potent antimicrobial peptides
(43, 44).

Leucocytes in L-PRF

Leucocytes are the other main cell type present in L-PRF. Dohan and co-workers (42) analysed the
cellular content of L-PRF membranes and concluded that more than 50% of the leucocytes are
concentrated in the fibrin matrix. The presence of leucocytes in platelet concentrates is of great
importance. Leucocytes have potential antibacterial characteristics but can also regulate cell
proliferation and cell differentiation. In addition, they are the basic cells responsible for the wound
healing process and the first cells to start the neoangiogenesis. In fact, they contain vascular
endothelial growth factor (VEGF) that acts as a potent vascular growth factor. Leucocytes also play a
role as immune regulator via the secretion of key immune cytokines such as interleukin-13, IL- 6, IL-4,
and tumor necrosis factor alpha (TNF-a).

Neutrophils are recruited to the site of injury within minutes following trauma, and are the
hallmark of acute inflammation. They migrate towards the damaged site and become embedded in
the fibrin network, in order to form a dense barrier against pathogens and prevent infection. Their
main function is the production of inflammatory cytokines and growth factors (26).

Monocytes are the largest type of leucocytes and can differentiate into macrophages; playing
a central role in the healing. They have immunological functions as antigen presenting cells and
phagocytes.



General introduction

Macrophages have been implicated in the inflammation processes. However, they also play an
essential role in bone repair. The role of the monocytes and macrophages in bone repair has become
an area of increased interest in the recent years. Macrophages apparently direct osteogenic cells
signals and promote mineralization during in vitro studies (9). During bone injury, monocytes and
macrophages modulate the acute inflammatory response, produce growth factors such as BMP-2 and
PDGF-BB, and induce osteogenesis in mesenchymal stem cells (8, 45).

Macrophages secrete collagenase, which promotes the cleaning of the wound. Additionally,
they are a source of growth factors such as Transforming Growth Factor (TGF), which stimulates the
keratinocytes and Platelet-Derived Growth Factor (PDGF) that plays an important role in the
angiogenesis. Granulocytes and macrophages promote the production of inflammatory mediators
such as leukotriene B4 and platelet activating factor that stimulates the expansion and increased
permeability of blood vessels as well as the production of inflammatory cytokines and protolithic
enzymes. These factors also act on the endothelial cells of the blood vessels, stimulating the adhesion
of neutrophils and lymphocytes and their migration out of blood vessel (Anitua et al. 1999).

Despite the release of activated oxygen species (free radicals) from leucocytes during
phagocytosis activity and the ischemia reperfusion process, it seems that the inclusion of leucocytes
in the blood derivatives like L-PRF may play beneficial role (46).

Fibrin in L-PRF

Fibrin is an insoluble clotting protein, which plays a major role in platelet aggregation during
haemostasis and wound healing. Fibrinogen, the precursor of fibrin, is converted by thrombin into
fibrin, which forms long non-soluble strands that bind to platelets. Present in physiological
concentrations, thrombin allows the formation of a fibrin matrix in a slow and physiological manner.
The fibrin wires tend to polymerize and form a biochemical structure with tri-molecular or equilateral
junctions providing a fine and flexible fibrin-network, favouring the entrapment of cytokines and cell
migration. This three-dimensional network has an important function as a matrix, promoting the
invasion of various types of inflammatory, endothelial and other cells. This matrix is also able to
capture glycosaminoglycans (originating from the blood platelets). These glycosaminoglycans have a
high affinity for circulating peptides (such as cytokines) and a large capacity to support cell migration
and the healing processes (Dohan et al. 2006a). The three-dimensional fibrin matrix present in the L-
PRF serves as a scaffold for the cells entrapped in it but also for the growth factors produced by these
cells, resulting in a slow and gradual releasing rate.

6. New protocols

Recently, new PRF protocols [advanced platelet rich fibrin (A-PRF) and advanced platelet rich fibrin+
(A-PRF+)] have been proposed reducing the relative centrifugal force and duration of the
centrifugation (Table 3) (47, 48). By reducing the relative centrifugal force (the low-speed
centrifugation concept), an increase in the release of growth factors and in the concentration of
leucocytes and platelets was envisaged. Theoretically, less centrifugation time would reduce pull-down
forces during centrifugation, which would increase the total number of cells contained within the L-
PRF clot. Ghanaati and co-workers (48) reported a higher concentration of cells at the red part of the
L-PRF clot (face, part in contact with the red blood cells) compared to A-PRF where the cells were
distributed throughout the clot. The same group of researchers formulated another PRF preparation
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called A-PRF+, reducing even more the g-force and the duration of centrifugation (207 g, 8 min). They
claimed a significantly higher release of growth factors after 10 days as well as greater migration of
human gingival fibroblasts to the A-PRF and A-PRF+ compared to L-PRF. In 2019, Miron and co-workers
introduced a new protocol with horizontal centrifugation (49). They also reported an even higher
concentration of cells compared to L-PRF and A-PRF. However, the clinical relevance of these
difference centrifugation protocols still needs to be demonstrated in clinical studies.

SETTING INTRODUCED
DEVICE TUBE -
rpm ‘ time ‘ RCFuiot BY
solid PRF matrices
Plastic- . Choukroun et
L-PRF Intra-Lock, USA 2700 12 min 408 g
coated al. 2001 (32)
Process for PRF, . Ghanaati et al.
A-PRF Glass 1500 14 min 276 ¢
France 2014 (48)
Fujjoka-
Process for PRF, . .
A-PRF+ , Glass 1300 8 min 208 g | Kobayashi et al.
rance
2017 (50)
. Miron et al.
H-PRF Eppendorf Glass - 8 min 700 g
2019 (49)
liquid PRF matrices
Liquid Plastic- . Cortellini et al.
. Intra-Lock, USA 2700 3 min 408 g
Fibrinogen coated 2018 (51)
. Process for PRF, . Choukroun et
1-PRF Glass 700 3 min 60g
France al. 2018 (52)

Table 3. Platelet rich fibrin constructs prepared with the centrifuge Process for PRF, Nice, France, (DUO)] and the
Intra-Spin centrifuge [Intra-Lock, Boca Raton, Florida, USA, (IL)].

The development of the liquid PRF formulation allowed the easy combination with bone
substitutes to create stronger constructs. The liquid fibrinogen, prepared with the same g force as for
L-PRF but reducing the time (3 min), was used to prepare the L-PRF block (51). This block has been
used for horizontal bone regeneration or in sinus floor elevations. It combines the properties of bone
blocks and particulated grafts, reducing the disadvantages of both.

On the other hand, injectable-PRF (i-PRF) was also introduced for the same purpose. i-PRF
demonstrated the ability to release higher concentrations of various growth factors and induced higher
fibroblast migration and expression of PDGF, TGF-f3, and collagen than PRP (53).
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CHAPTER 1

Regenerative potential of leucocyte- and platelet-rich fibrin. Part A:
intra-bony defects, furcation defects and periodontal plastic surgery.
A systematic review and meta-analysis

Castro Ana B, Meschi Nastaran, Temmerman Andy, Pinto Nelson, Lambrechts Paul,
Teughels Wim & Quirynen Marc. (2017) Journal of Clinical Periodontology 44; 225-234.

Abstract

Aim: To analyse the regenerative potential of leucocyte- and platelet-rich fibrin (L-PRF) during
periodontal surgery.

Material & Methods: An electronic and hand search were conducted in three databases. Only
randomized clinical trials were selected and no follow-up limitation was applied. Pocket depth (PD),
clinical attachment level (CAL), bone fill, keratinized tissue width (KTW), recession reduction and root
coverage (%) were considered as outcome. When possible, meta-analysis was performed.

Results: Twenty-four articles fulfilled the inclusion and exclusion criteria. Three subgroups were created:
intra-bony defects (IBDs), furcation defects and periodontal plastic surgery. Meta-analysis was
performed in all the subgroups. Significant PD reduction (1.1 +0.5mm, p<0.001), CAL gain
(1.2 £ 0.6 mm, p <0.001) and bone fill (1.7 0.7 mm, p < 0.001) were found when comparing L-PRF to
open flap debridement (OFD) in IBDs. For furcation defects, significant PD reduction (1.9 + 1.5 mm,
p =0.01), CAL gain (1.3 £ 0.4 mm, p < 0.001) and bone fill (1.5 £ 0.3 mm, p < 0.001) were reported when
comparing L-PRF to OFD. When L-PRF was compared to a connective tissue graft, similar outcomes were
recorded for PD reduction (0.2+0.3mm, p>0.05), CAL gain (0.2+0.5mm, p>0.05), KTW
(0.3 +£0.4 mm, p > 0.05) and recession reduction (0.2 + 0.3 mm, p > 0.05).

Conclusions: L-PRF enhances periodontal wound healing.

Introduction

In the last 20 years, platelet concentrates (PCs) have emerged as a potential regenerative
material, used alone or as scaffold for other graft materials. PCs are blood extracts, obtained after
processing a whole blood sample, mostly through centrifugation (1). In 1970, Matras (1970) (2)
published the first article on PCs using fibrin glue to improve skin wound healing. But it was not until
Marx's studies (3, 4) that the use of PCs also gained interest in oral and maxillofacial surgery. Since then,
different techniques have been developed and with them, a variety of preparations. The first PCs
generation (Figure 1) include platelet-rich plasma (PRP) and plasma rich in growth factors (PRGF). Their
preparation requires anticoagulants at the moment of blood collection to avoid coagulation.
Consequently, the fibrin polymerization occurs rapidly, resulting in a weak fibrin network (5). They are
used as liquid solution or in gel form after adding bovine thrombin and calcium chloride.

Due to the difficulties in the preparation and the inconsistent outcome of PRP and PRGF
formulations, a second PCs generation was introduced in 2001 by Choukroun and co-workers (5-7). The
use of platelet-rich fibrin (PRF) is simple and requires neither anticoagulant, bovine thrombin nor
calcium chloride. It is nothing more than centrifuged blood without any additives (Table 1). Whole blood
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is centrifuged without anticoagulants at high spin so that three layers are obtained: red blood corpuscles
(RBCs) at the bottom of the tube, platelet-poor plasma (PPP) on the top and an intermediate layer called
“buffy coat” where most leucocytes and platelets are concentrated.

This buffy coat or L-PRF is a bioactive construct that stimulates the local environment for
differentiation and proliferation of stem and progenitor cells (8). It acts as an immune regulation node
with inflammation control abilities, including a slow continuous release of growth factors over a period
of 7-14 days (9). Rich in fibrin, platelets (+95 % of initial blood), leucocytes (¥50 % of initial blood),
monocytes and stem cells, L-PRF can be further transformed into a membrane, circa 1 mm in thickness,
by careful compression (10) (Figure 2). Its strong fibrin architecture and its superior mechanical
properties distinguish it from other kinds of PCs (11). PRP, for example, has a thin and non-condensed
fibrin network with a low tensile strength so that it is less useful as a space maintainer (12). The strong
fibrin network in L-PRF is explained by the physiological concentrations of thrombin during its
preparation. Rowe et al. (2007) (13) concluded that a high thrombin concentration resulted in a high-
interconnected fibre mesh with a fine fibre structure. However, as thrombin concentration decreased,
fibre size increased as well as the mechanical properties. Apart from the biological and mechanical
properties, antimicrobial effects have also been described (14).

The main aim of this systematic review was to study the beneficial effect of L-PRF used as sole
filling material and as adjunct to conventional techniques in periodontal surgery.

Materials & Methods

The protocol of this systematic review was based on the guidelines of the Belgian Centre for
Evidence-Based Medicine (CEBAM), Belgian Branch of the Dutch Cochrane Centre. It was conducted in
accordance with the Transparent Reporting of Systematic Reviews and Meta-analyses (PRISMA
statement, Moher et al. 2009).

Focused PICO question
The following statements were used to conduct the systematic search (PIOC question):

e Population (P) = systemically healthy humans (ASA I) with loss of periodontal tissues.
e Intervention (l) =use of L-PRF (protocol 2700 r.p.m./12 min. or 3000 r.p.m./10 min.) as sole
biomaterial or in combination to other biomaterials in periodontal surgery.
e Comparison (C)=traditional techniques: open flap debridement with or without grafting,
periodontal plastic surgery via coronally advanced flap, with or without connective tissue graft.
e OQOutcome (O) = alveolar bone and/or periodontal wound healing.
A PICO question was created to define the search strategy: Does L-PRF promote periodontal
wound healing in systemically healthy patients (ASA 1) during periodontal surgery compared to
traditional techniques?

Search strategy
An electronic search was performed in three Internet databases: the National Library of

Medicine, Washington, DC (MEDLINE-PubMed), EMBASE (Excerpta Medical Database by Elsevier), and
Cochrane Central Register of Controlled Trials (CENTRAL). The search strategy is shown Table S2. The
last electronic search was performed on the 31st of July 2015. This search was enriched by hand
searches, citation screening and expert recommendations.
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Screening and selection

The titles and abstracts obtained from the first search were screened independently by two
reviewers (A.C., N.M.). When publications did not meet the inclusion criteria, they were excluded upon
reviewer's agreement. Any disagreement between the two reviewers was resolved by discussion. All full
texts of the eligible articles were obtained and examined by both reviewers. The articles that fulfilled all
selection criteria were processed for data extraction. Given some variability in the preparation of L-PRF,
two different protocols (2700 r.p.m./12 min. or 3000 r.p.m./10 min.) were included. The inclusion and
exclusion criteria are summarized in Table S3.

Assessment of heterogeneity

The heterogeneity of the included studies was judged based on following factors: (1) study
design and evaluation period, (2) subject characteristics and smoking habits, and (3) surgical protocol
used: (a) centrifugation protocol (2700 r.p.m./12 min. or 3000 r.p.m./10 min.), (b) mL blood used to
prepare L-PRF and (c) number of clots/membranes (if used).

Quality assessment

The quality assessment, performed by both reviewers (A.C., N.M.), was based on the Cochrane
Collaboration's tool for assessing risk of bias. Six quality criteria were verified: (1) sequence generation
or randomization component, (2) allocation concealment, (3) blinding of participants, personnel and
outcome assessors, (4) incomplete/missing outcome data, (5) selective outcome reporting and (6) other
sources of bias. In case of any doubt, the authors were contacted for clarification or to provide missing
information. Low risk of bias was indicated if all quality criteria were “present”, moderate risk of bias if
one or more key domains were “unclear” and high risk of bias if one or more key domains were “absent”.

Data analysis

The analysed variables were as follows: pocket depth (PD) reduction, clinical attachment level
(CAL) gain, bone fill (mm and %), keratinized tissue width (KTW) gain, tissue thickness gain, recession
reduction and root coverage (%) at 6 months. For all variables in each group, mean values and standard
deviation (SD) were extracted. All data were arranged in groups for the inter-group comparison (L-
PRF versus control group). When possible, a meta-analysis was performed. The mean difference was
calculated and a 95% confidence interval (Cl) was computed.

Results

Search and selection

As a result of the electronic and hand search, 205 articles were obtained, of which 23 were
duplicate and consequently removed (Figure 3). A total of 182 articles was included for title and abstract
screening. From those, 25 articles were included for full text review. One article was excluded after full
text screening, which was conducted independently by two reviewers (A.C., N.M.). Twenty-four
randomized control trials (RCTs) fulfilled the inclusion criteria and were included for analysis.

The included articles were classified into three subgroups, depending on the indication for the use of L-
PRF (Tables 1, 2, 3):

e Intra-bony defect fill: n =13
L-PRF versus open flap debridement (OFD): n =5, Sharma & Pradeep (2011b) (15), Thorat et al.
(2011) (16), Rosamma et al. (2012) (17), Ajwani et al. (2015) (18), and Pradeep et al. (2015) (19).
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L-PRF versus PRP versus OFD: n =1, Pradeep et al. (2012) (20).

L-PRF versus bovine porous bone mineral (BPBM): n = 1, Lekovic et al. (2012) (21).

L-PRF versus demineralized freeze-dried bone allograft (DFDBA): n = 3, Bansal & Bharti (2013) (22),
Shah et al. (2015) (23), and Agarwal et al. (2016) (24).

L-PRF versus Emdogain®: n = 1, Gupta et al. (2014) (25).

L-PRF versus nano-bone®: n = 1, Elgendy & Abo Shady (2015) (26).

L-PRF versus autologous bone graft (ABG): n = 1, Mathur et al. (2015) (27).

e Furcation defects: n = 2, Sharma & Pradeep (2011a) (28), and Bajaj et al. (2013) (29).
e Periodontal plastic surgery: n=9

Coronally advanced flap (CAF) versus CAF + L-PRF: n =4, Aroca etal. (2009) (30), Padma et al.
(2013) (31), Gupta et al. (2015) (32), and Thamaraiselvan et al. (2015) (33).

CAF + L-PRF versus CAF +connective tissue graft (CTG): n =4, Jankovic et al. (2012) (34), Eren &
Atilla (2014) (35), Keceli et al. (2015) (36), and Tunali et al. (2015) (37).

CAF + L-PRF versus CAF +Emdogain® (EMD): n = 1, Jankovic et al. (2010) (38).

Assessment of heterogeneity

Study design and evaluation period

All studies were RCTs and frequently presented a split-mouth design. The articles with these
characteristics are the following: intra-bony defects (IBDs) 7/13 (Lekovic et al.2012, Rosamma
et al. 2012, Bansal & Bharti 2013, Ajwani et al. 2015, Elgendy & Abo Shady 2015, Shah et al. 2015,
Agarwal et al. 2016), furcation defects 1/2 (Sharma & Pradeep 2011a), plastic surgery 7/9 (Aroca
et al. 2009, Jankovic et al. 2010, 2012, Padma et al. 2013, Eren & Atilla 2014, Keceli et al. 2015, Tunali
et al. 2015). The follow-up ranged slightly (IBDs 6—12 months, furcation defects 9 months and plastic
surgery 6—12 months).

Subject characteristics, smoking habits and surgical protocol

Healthy subjects with no active periodontal disease were included in all the studies. The studies
that did not include smokers are the following: IBDs 9/13 (Sharma & Pradeep 2011a,b, Lekovic
et al. 2012, Rosamma et al. 2012, Pradeep et al. 2012, 2015, Gupta et al. 2014, Ajwani et al. 2015, Shah
et al. 2015, Agarwal et al. 2016), furcation defects 1/2 (Sharma & Pradeep 2011a), plastic surgery 8/9
(Jankovic et al. 2010, 2012, Padma et al. 2013, Eren & Atilla 2014, Gupta et al. 2015, Keceli et al. 2015,
Thamaraiselvan et al. 2015, Tunali et al. 2015).
A wide variety of surgical protocols was used. This heterogeneity can be derived from Tables 1, 2, 3.

Quality assessment

Figures 4, 5, 6 show the quality assessment for the included studies. All articles on furcation
defects and periodontal plastic surgery showed a moderate risk of bias. Similarly, 12 articles using L-PRF
in IBD had a moderate risk, and one had a low risk of bias.

Quantitative assessment

The extracted data were continuous. The articles with split-mouth design and parallel design
were not analysed separately. The control group and test group from the articles with split-moth design
were considered as independent. As shown in the Figs 3 and 4, the studies with split-mouth design do
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not differ from those with parallel design. Random effects were used due to the heterogeneity of the
data.

Intra-bony defects

In the articles on IBDs, benefits in terms of PD reduction, CAL gain and bone fill were shown
when L-PRF was used alone or in combination with other biomaterials (Table 2). Six out of 13 articles
(Sharma & Pradeep 2011b, Thorat et al. 2011, Pradeep et al. 2012, 2015, Rosamma et al. 2012, Ajwani
et al. 2015) could be used for a meta-analysis since they reported on similar outcome measures
comparing OFD to OFD + L-PRF (Figures 7-9). The meta-analysis of IBDs showed a statistical significant
difference for PD reduction (mean difference: 1.1 mm, p<0.001, Cl: 0.6-1.6), CAL gain (mean
difference: 1.2 mm, p<0.001, Cl: 0.5-1.9), amount of bone fill in mm (mean difference:
1.7 mm, p < 0.001, CI: 1.0-2.3) and bone fill when scored as % (mean difference: 46.0%, p < 0.001, Cl:
33.2-58.7), all in favour of L-PRF.

Furcation defects

Two articles were included for furcation defects (Sharma & Pradeep 20113, Bajaj et al. 2013). A
meta-analysis could be performed for both articles, comparing OFD to OFD + L-PRF (Figures 10-11).
Statistical significant differences could be found for PD reduction (mean difference: 1.9 mm, p = 0.01,
Cl: 0.4-3.5), CAL gain (mean difference: 1.3 mm, p < 0.001, Cl: 0.8-1.7), amount of bone fillin mm (mean
difference: 1.5 mm, p < 0.001, Cl:1.2-1.9), bone fill when scored as % (37.6%, p < 0.001, Cl: 30.6-44.5),
again in favour of L-PRF (Table 3).

Periodontal plastic surgery

In case of a CAF, some studies reported some benefits when L-PRF membranes were added, but
others failed to show this advantage (Table 4). When the use of a CTG in a CAF procedure was compared
to the use of L-PRF membranes, similar results were obtained. Two meta-analyses could be performed,
one comparing a CAF alone versus a CAF with L-PRF, and another comparing a CAF with L-PRF versus a
CAF with a CTG. The following variables were considered: PD reduction, CAL gain, KTW gain, tissue
thickness gain, recession reduction and root coverage at 6 months.

For the first comparison (CAF +L-PRF versus CAF, Figures 12-13), three articles could be included
for a meta-analysis (Aroca et al. 2009, Gupta et al. 2015, Thamaraiselvan et al. 2015). The analysis
showed no statistical significant difference in PD reduction (mean difference: 0.2 mm, p = 0.2, Cl: -0.08
to 0.4), CAL gain (mean difference: 0.4 mm, p =0.09, Cl: -0.06 to 0.8), KTW gain (mean difference:
0.3 mm, p=0.1, Cl: -0.06 to 0.6), tissue thickness (mean difference: 0.2 mm, p = 0.09, Cl: -0.03 to 0.4)
and root coverage at 6 months (mean difference: 9.6%, p = 0.6, Cl: -23.2 to 42.4), although the results
showed a trend that L-PRF was superior for all of these variables. However, statistically significant
difference could be found for recession depth reduction (mean difference: 0.6 mm, p <0.01, Cl: 0.2—
1.1), in favour of the for the L-PRF treatment.

For the second comparison (CAF + L-PRF versus CAF + CTG, Figure 14) also three articles could
be used for a meta-analysis (Jankovic et al. 2012, Eren & Atilla 2014, Tunali et al. 2015). No statistical
significant differences could be found for all of the variables: PD reduction (mean difference:
0.2 mm, p=0.4, Cl: -0.5 to 0.2), CAL gain (mean difference: 0.2 mm, p = 0.3, Cl: -0.3 to 0.7), KTW gain
(mean difference: 0.3 mm,p=0.2, CI: -0.7 to 0.2) and recession reduction (mean difference:
0.2 mm, p=0.2, Cl: -0.4 to 0.1). Root coverage could not be included in this meta-analysis since only
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one article (Jankovic et al. 2012) fully analysed this variable; Eren & Atilla (2014), and Tunali et al. (2015)
did not include the standard deviations.

The adverse events were only registered in some articles within the group of periodontal plastic
surgery (Aroca et al. 2009, Jankovic et al. 2010, 2012, Eren & Atilla 2014, Gupta et al. 2015). Each article
analysed the adverse events with a different scale, so no meta-analysis could be performed. Five out of
the nine articles on periodontal plastic surgery reported on pain, swelling and hypersensitivity. All of
them observed less side effects in L-PRF sites.

Discussion

L-PRF has often shown a positive effect when applied during periodontal surgery. Although it
has been classified as a platelet concentrates(1) (Dohan et al. 2014a), it can also be considered as a living
tissue graft due to its cellular content and its constant release of growth factors for more than 7 days
(8).

This review demonstrates that L-PRF has many applications but there is no clear standard
protocol per surgical procedure. For example, the number of clots used varies enormously, as well as
the amount of blood drawn to prepare L-PRF. The type of centrifuge and setting also differed from one
study to another. More standardized protocols are necessary in order to better compare and standardize
outcomes.

The effectiveness of L-PRF in the treatment of intra-bony defects has been studied by different
research groups (39, 40). In these studies, L-PRF was placed in the defect and L-PRF membranes were
used to cover the defect similar to a guided tissue regeneration (GTR) membrane. Clinical and
radiographic evaluations showed statistically significant greater PD reduction, CAL gain and radiographic
intra-bony defect fill in the L-PRF group (Table 3). Different graft materials were also compared to L-PRF
during GTR. The outcomes showed a favourable effect of L-PRF in all clinical parameters measured, or
an improvement of the outcomes in studies where L-PRF was combined with other biomaterials
(Table 3). Although very limited data exist, the use of L-PRF in furcation defects has also shown
favourable results.

For periodontal plastic surgery, the comparison of CAF + L-PRF versus CAF led to controversial
results. Although most articles did not show statistically significant differences, L-PRF was superior for
all of the parameters recorded. Comparing CAF + L-PRF versus CAF + CTG, L-PRF might be an alternative
to a connective tissue graft. The latter is supported by some case reports (41-43). In this systematic
review, a mean root coverage of 86.5% at 6 months has been recorded for CAF + L-PRF treatment. For
CAF + EMD and CAF + CTG, a mean root coverage of 91.2% and 90.3% was, respectively, reported in a
recent systematic review at 6 months (44).

Some limitations have to be taken into consideration while processing this systematic review.
Most of the included articles showed a moderate risk of bias. In those articles, the power analysis was
often performed after the recruitment of the participants, where for a RCT it should be done prior to
the recruitment in order to determine the sample size. Working in the opposite way, a selective outcome
reporting bias can be introduced. Additionally, the allocation concealment and blinding methods were
frequently not applied which increased the risk of bias.

Meta-analysis could be performed in the three indications. However, also here the results of
certain studies have to be considered very cautiously. For instance, for the IBDs subgroup, Ajwani et al.
(2015) (18) obtained the worst results compared to the rest of the selected articles. The reason could
be that two- and three-wall IBDs were included but not analysed separately. Moreover, only one L-PRF
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clot without membrane was used, so the stability of one L-PRF clot in a two-wall defect without the use

of a membrane might not have been ideal. Given the importance of stability in GTR, the use of L-PRF
clots in two- or one-wall defects should be accompanied by a L-PRF membrane. In periodontal plastic
surgery, Aroca et al. (2009) (30) published the only article that reported better outcome for the control
group (CAF). However, smokers (<20 cig/day) were also included, though smoking negatively influences
the healing process and affects complete root coverage (45, 46). Tobacco smoke might directly affect
the peripheral blood cells within the L-PRF (47), yielding to uncertain outcomes.

Regardless the limitations of the included studies, it is worth pointing out some strengths of this
systematic review. A total number of 722 participants was enrolled in the selected studies (479 in intra-
bony defects, 55 in furcation defects, 188 in periodontal plastic surgery). Taking into consideration the
rather short history of L-PRF, this review comprehends a quite large sample of patients. Moreover, the
follow-up varied slightly in the articles included for meta-analysis. The duration in the follow-up ranged
from 9 to 12 months in the studies selected for quantitative assessment for the IBDs group. Considering
furcation defects and periodontal plastic surgery, all of them had a follow-up of 9 and 6 months,
respectively. Moreover, only the two most accepted protocols of centrifugation (3000 r.p.m./10 min. or
2,700 r.p.m./12 min.) were included. All other protocols that were not explained in detail or with a non-
standardized procedure were excluded. A correct handling of L-PRF is of the outmost importance. It
should be clearly distinguished what L-PRF is and what not. For example, L-PRF and PRP contain different
cell concentrations, release different amount of growth factors, and have different mechanical
properties although both come from a blood sample (5).

Conclusion

Favourable effects on hard and soft tissue healing and postoperative discomfort reduction were
often reported when L-PRF was used. Nevertheless, standardization of the protocol is needed to obtain
an optimal effect of L-PRF in regenerative procedures. Correct handling of L-PRF as well as the use of
enough clots/membranes per surgical site might be crucial to obtain benefits from this technique. This
biomaterial can be taken into consideration due to its reported good biological effects, low costs and
ease of preparation.
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Figures

Figure 1. Differences among PCs preparation. (a) platelet-rich plasma (PRP): after the first centrifugation, the
platelet-poor plasma, the “yellow” part called buffy coat and a few red blood cells are carefully collected (pipetting)
and centrifuged again in order to obtain the PRP (b) PRGF: after centrifugation, the blood is divided in five layers;
by pipetting, the undesired parts are discarded; the most concentrated part with growth factors (PRGF) is collected
(48); (c) PRF: after centrifugation, a fibrin clot is obtained in the middle of the tube, which is ready to be used (5).

1% generation PCs 274 peneration PCs

o 1 e, = = = = Poor-platelet
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|PRP, PRGF, PAF)

B #eo oo cois

o= - - Plasma with
growth factors

}PRGF L Leucocytas

1stcentrifugation  2nd centrifugation
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Liquid Gel
Figure 2. L-PRF preparation. A. Blood is withdrawn from the patient. B. Tubes are centrifuged within 60 s after
blood collection without any additives. C. After 12 min. of centrifugation, a clear separation between the platelet-
poor plasma, the buffy coat and the red blood cells is obtained. D. L-PRF is presented in the middle of the tube. E.
Different L-PRF forms can be produced: liquid, clots or membranes.
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Figure 3. PRISMA flow diagram.

Figure 4. Quality assessment for IBS.

L@ 100 R = g

i (@ ® @ @ eriozdsapeyyewes

i

&

oo ee

Section 1 — Systematic reviews

Records identified through Additional records identified
database searching through othersources
[n=202) {n=3)

| ()

] [ emgwity | [ Sscreening

Included

(

Random sequence generation (sedection bias)

Allocation concealment (selection blas)

8linding of participants and persoanel (performance bias)

Blinding of outcome assessment (detection bias)

1 data (attri bias)
Selective reporting (reparting bias)

Other blas

Records after duplicates removed

{n=182)
Recordsscreened Records excluded
(n=25) (n=157)
Full-text articles assessed Fuli-text articles excluded,
for eligiblity p—> with reasons
fn=24) (n=1)

!

Studies indudedin
qualitative synthesis
[n=24)

!

Studies indudedin
qguantitative synthesis
(meta-analysis)
(n=14)

Figure 5. Quality assessment for furcation defects.
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Figure 6. Quality assessment for periodontal plastic surgery.
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Figure 7. Forest plot comparing OFD vs. OFD + L-PRF in the treatment of IBDs, PD reduction (mm).
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Figure 8. Forest plot comparing OFD vs. OFD + L-PRF in the treatment of IBDs, CAL gain (mm).
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Figure 9. Forest plot comparing OFD vs. OFD + L-PRF in the treatment of IBDs, bone fill (mm).
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Figure 10. Forest plot comparing OFD vs. OFD + L-PRF in the treatment of furcation defects, CAL gain (mm).
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Figure 11. Forest plot comparing OFD vs. OFD + L-PRF in the treatment of furcation defects, bone fill (mm).
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Figure 12. Forest plot comparing CAF vs. CAF + L-PRF in periodontal plastic surgery, recession reduction (mm).
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Figure 13. Forest plot comparing CAF vs. CAF + L-PRF in periodontal plastic surgery, root coverage (%).

L-PRF Control (CAF) Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% €I Year IV, Random, 95% CI
Aroca et al 2009 807 147 21 915 114 21 365% -10.80(-18.76, -2.84] 2009 E =
Padma et al. 2013 499 1 15 684 174 15 363% 30.60[21.78, 39.42] 2013 -
Thamaraiselvan et al. 2015 74 2898 10 85 444 10 27.1% 9.00(-23.86, 41.86] 2015
Total (95% CD 46 46 100.0%  9.62 [-23.15,42.39] -’

? = = = P = F 3 + i
Heterogeneity Tau® = 749.00; Chi* = 46.67, df = 2 (P < 0.00001); F = 96% T =5 3 % o0

Test for overall effect: 2 = 0.58 (P = 0.57) Favours {Control (CAF)] Favours [L-PRF]



Section 1 — Systematic reviews

Figure 14. Forest plot comparing CAF + CTG vs. CAF + L-PRF in periodontal plastic surgery, recession reduction

(mm).
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Tables

Table 1. Description of platelet concentrates (PCs) characteristics. Although PRP and PRF can be prepared with or
without leucocytes (Dohan et al. 2009, 2014a), this table presents the most common formulations.

1%t generation 2" generation
PRP PRGF PRF
Process
Centrifugation . 2 + 1x + pipetting 1x
pipetting
Additives Yes Yes No
Duration 30-45 min 20-25 min 10-12 min
Simplicity - - +
Cellular content
Volume - +/- +
Platelets Medium Low High
Leucocytes No No Yes
Fibrin
Density Weak Weak Strong

Polymerization Fast Fast Slow
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Table 2. L-PRF for intrabony defects. Papers have been arranged by subapplications (L-PRF + OFD vs. OFD, L-PRF vs. PRP, L-PRF vs. L-PRF + BPBM, L-PRF + DFDBA vs. DFDBA,
L-PRF vs. Emdogain®, L-PRF vs. nano-bone®, L-PRF vs. ABG, L-PRF in furcation lesions: L-PRF + OFD vs. OFD).

. .. . Groups
Authors Study de.51gn, No. of participants basel'me C: control L-PRF preparation Surgical protocol Results
(year) Duration (end), gender, age Smoking T: test
L-PRF + OFD vs. OFD
40 —(32)
RCT
189,224 2 and 3 walls IBDs Hardware: ! 1 L-PRF clot L-PRF + OFD vs. OFD
Thorat et Parallel C:n=16. OFD 1 L-PRF membrane SS more PD reduction (4.5 vs. 3.5 mm), CAL gain (3.7
al. (2011) Single-blind Mean age: 31 +2 ’ ’ Setting: 400 g/ vs. 2.1 mm) and bone fill (47% vs. 29%) in favour of L-
Range: ? T: n= 16, OFD + L-PRF 12 min 10 mL blood/clot PRF group (p<0.05).
9 months
Smoking: ?
42— (35)
RCT 180,24 3 3 walls IBDs Hard 5 1 L-PRF clot L-PRF + OFD vs. OFD
Sharma & parallel ? ardware: - ? L-PR-F mer?”lt())rane SS more PD reduction (4.5 vs. 3.2mm) and bone fill
Pradeep . . C: n=17 (28 sites), OFD . (48.2% vs. 1.8%) in L-PRF group (p<0.001).
(2011b) Double-blind Mean age: 35 + 6 Setting: 3090 rpm/ NSS CAL gain between groups (3.1 vs. 2.7 mm)
Range: 30-50 . 10 min 10 mL blood/clot
T: n=18 (28 sites), L-PRF (p>0.05).
9 months
Smoking: No
15— (15)
RCT
Rosamma _ 99,64 3 walls 1BDs Hardware: 2 1 L-PRF clot .L-PRF + OFD vs. OFD .
et al. Spllt—mputh C: n=15. OFD . 0 L-PRF membrane SSPD reductlon_ (4.6 vs. 2..4 mm), CAL gain (4.7 vs.
(2012) Not blind Mean age: 29 + 7 ' Setting: 3090 rpm/ 1.4 mm) and raqlographlc intrabony Fiefect depth (1.9
Range: 17-44 T:n= 15, OFD + L-PRF 10 min 10 mL blood/clot vs. 0.6 mm) in favour of L-PRF sites (p<0.00).
12 months
Smoking: No
20 - (20)
RCT 2 and 3 walls IBDs L-PRF + OFD vs. OFD
Ajwani et _ 109,10 & Hardware: 1 L-PRF clot NSS improvement in PD (1.9 vs. 1.6 mm) and CAL
al. (2015) Split-mouth C: n=20. OFD 0 L-PRF membrane (1.8 vs. 1.3 mm) (p>0.05).
Single-blind Mean age: 30.5 ' Setting: 3000 rpm /
Range: ? o 10 min 10 mL blood/clot SS more bone fill (2.6 vs. 1.3 mm) in favour of
9 months T: =20, OFD + L-PRF L-PRF group (p<0.05).

Smoking: No



Pradeep et
al. (2015)

Pradeep et
al.
(2012)

Lekovic et
al.
(2012)

RCT

Parallel
Triple-blind

9 months

RCT

Parallel
Double-blind

9 months

RCT

Split-mouth
Double-blind

6 months

126 — (120)
60 9,603

Mean age: 41 + 6
Range: 30-50

Smoking: No

54 — (50)
279,278

Mean age: 36.8
Range: ?

Smoking: No

17 - (17)

119,643

Mean age: 44 £ 9

Range: ?

Smoking: 12 non smokers/5

smokers

3 walls IBDs

C:n=30, OFD
Hardware: ?
T;: n=30, OFD + L-PRF
Setting: 3000 rpm /
T,: n=30, OFD + 1% MF 10 min

Ts:n=230, OFD + L-PRF +
1% MF

L-PRF vs. PRP

3 wall IBDs

29
C: n=17 (30 sites), OFD Hardware: ?

Setting: 3000 rpm /

T.: n=16 (30 sites), L-PRF 10 min

T,: n=17 (30 sites), PRP

L-PRF vs. L-PRF + BPBM

2 and 3 walls IBDs

Hardware: *
C:n=17, L-PRF
Setting: 1000 g /
T:n=17, L-PRF+ 10 min
BPBM

2 L-PRF clot
0 L-PRF membrane

10 mL blood/clot

1 L-PRF clot
2 L-PRF membrane

10 mL blood/clot

1 L-PRF clot
1 L-PRF membrane

10 mL blood/clot
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L-PRF + OFD vs. OFD
SS PD reduction (4.0 vs. 3.0 mm), CAL gain (4.0 vs.
2.9 mm) in favour or T; compared to C (p<0.05).

L-PRF vs. PRP
SS PD reduction (T1: 3.7 vs. Tp: 3.7 vs. C: 2.7mm) and
bone fill (T1 55% vs. C: 2.9 mm ) and bone fill (T, 55%
vs. T2: 56% vs. C: 1.5%) in favour of L-PRF and PRP
groups (p<0.05).

NSS CAL gain (Ty. 3.17 vs. T2. 2.9 vs. C: 2.9 mm)
(p>0.05).

L-PRF vs. L-PRF + BPBM
SS PD reduction (4.4 vs. 3.3 mm), CAL gain (2.4 vs.
3.8 mm), and bone fill (2.1 vs. 4.6 mm) in favour of L-
PRF-BPBM group (p<0.001).



RCT
Bansal .& Split-mouth
Bharti Not blind
(2013)
6 months
RCT
Shah et al. Split-mouth
(2015) Not blind
6 months
RCT
Agarwal et Split-mouth
al. (2016) Double-blind
12 months
Gupta et al. RCT
(2014) 6 months

10 - (10)
Gender: ?

Mean age: ?
Range: ?

Smoking: ?

20 - (20)
Gender: ?

Mean age: ?
Range: 20-55

Smoking: No
32-(30)
149,18 3

Mean age: 52 + 7
Range: ?

Smoking: No

30— (30)
159,153

Mean age: ?
Range: 30-65

Smoking: No

L-PRF + DFDBA vs. DFDBA

walls IBDs not mentioned
C:n=10, DFDBA

T:n=10, L-PRF + DFDBA

2 and 3 walls IBDs
C: n=20, OFD + DFDBA

T:n=20, OFD + L-PRF

2 and 3 walls IBDs
C: n=32, DFDBA + saline

T: n=32, DFDBA + L-PRF

Hardware: ?

Setting: 3000 rpm /
10 min

Hardware: ?

Setting: 3000 rpm / 10 min

Hardware: ?
Setting: 400 g /
12min

L-PRF vs. Emdogain®

3 walls IBDs
C: n=22, OFD + Emdogain®

T:n=22, OFD + L-PRF

Hardware: °

Setting: 3000 rpm / 12 min

1 L-PRF clot
0 L-PRF membrane

10 mL blood/clot

? L-PRF clot
0 L-PRF membrane

10 mL blood/clot

1? L-PRF clot
>1 L-PRF membrane

10 mL blood/clot

? L-PRF clot
0 L-PRF membrane

10 mL blood/clot
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L-PRF + DFDBA vs. DFDBA
SS PD reduction (4.0 vs. 3.1 mm) and CAL gain (3.4
vs. 2.3 mm) in favour of L-PRF group (p<0.05).

NNSD for bone fill (2.3 vs. 1.9 mm) and alveolar crest
resorption (0.02 vs. 0.04 mm) (p>0.01) .

L-PRF + DFDBA vs. DFDBA
NSS PD reduction (3.6 vs. 3.7 mm), CAL (2.9 vs. 2.9
mm) and GML (-0.4 vs. -0.3 mm).

L-PRF + DFDBA vs. DFDBA
SS PD reduction (4.2 vs. 3.6 mm), CAL gain (3.7 vs.
2.6 mm), REC (0.5 vs. 1.0 mm), bone fill (3.5 vs. 2.5
mm) and defect resolution (3.7 vs. 2.7 mm) in favour of
DFDBA + L-PRF group (p<0.05).

L-PRF vs. Emdogain®
NSS PD reduction (1.8 vs. 1.8 mm) and CAL gain (2.0
vs. 1.8 mm) (p>0.05).

SS more defect resolution in Emdogain® group (43%
vs. 32%) (p<0.05).



Elgendy &
Abo Shady
(2015)

Mathur et
al. (2015)

RCT

Split-mouth
Not blind

6 months

RCT

Parallel
Not blind

6 months

20— (20)
Gender: ?
Mean age: C: 40 6, T: 44 +
8

Range: ?

Smoking: No or light
smokers (<10cig/day)

25— (25)
119,143

Mean age: 40 + 5
Range: ?

Smoking: ?

L-PRF vs. nano-bone®

walls IBDs not mentioned

C: n=20, OFD + nano-

Hardware: ?
bone®

T n= 20, L-PRF + nano- Setting: 3000 rpm / 10 min

bone®

L-PRF vs. ABG

3 walls IBDs
Hardware: *
C:n=19, OFD + ABG
Setting: 3000 rpm / 10 min
T:n=19, OFD + L-PRF

? L-PRF clot
0 L-PRF membrane

10 mL blood/clot

? L-PRF clot
0 L-PRF membrane

10 mL blood/clot
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L-PRF vs. nano-bone®
SS PD reduction (7.1 vs. 6.7 mm) and CAL gain (7.4
vs. 7.1 mm) in favour of L-PRF group (p<0.01).

L-PRF vs. ABG
NSS PD reduction (2.6 vs. 2.4 mm), and CAL gain (2.5
vs. 2.6 mm) (p>0.05).

% Process protocol, Nice, France, 2 KW-70,AlmicroTM Instruments, Ambala Cantt.,Haryana, India, *: R-4C, REMI, Mumbai, India. *: Labofuge 300, Kendro Laboratory Products GmbH, Osterrode, Germany. C: control
group, T: test group, OFD: open flap debridement, SS: statistically significant, NSS: no statistically significant, PD: pocket depth, CAL: clinical attachment level, REC: gingival recession, PRP: platelet rich plasma,
BPBM: Bovine porous bone mineral, DFDBA: demineralized freeze-dried bone allograft, ABG: autologous bone graft.



Table 3. L-PRF for furcation defects. Papers have been arranged by subapplications (L-PRF + OFD vs. OFD).

RCT
Split-mouth
Sharma & Double-blind
Pradeep
(2011a) 9 months
RCT
Parallel
Bajaj et al. Double-blind
(2013) 9 months

18- (18)
89,103

Mean age: 34.2
Range: ?

Smoking: No
42— (37)
209,228

Mean age: 39.4
Range: ?

Smoking: ?

Furcation degree 11
C:n=18, OFD

T:n=18, L-PRF

Furcation degree 11
C:n=12 (23), OFD
T: n= 12 (24), L-PRF

T, n=13 (25), PRP

L-PRF + OFD vs. OFD

Hardware: ?

Setting: 3000 rpm / 10 min

Hardware: !

Setting: 400g /
10 min

1 L-PRF clot
2 L-PRF membrane

10 mL blood/clot

1 L-PRF clot
2 L-PRF membrane

10 mL blood/clot

Section 1 — Systematic reviews

L-PRF + OFD vs. OFD
SS PD reduction (4.1 vs. 2.9 mm), CAL gain (2.3 vs. 1.2
mm) and bone fill (50% vs. 16.7%) in favour of L-PRF
group (p<0.001).

L-PRF + OFD vs. OFD
SS PD reduction (T1. 4.2 vs. T, 3.9 vs. C: 1.5 mm), CAL
gain (Ty. 2.8 vs. T2 2.7 vs. C: 1.3 mm) and bone fill (T
44% vs. Tp. 42% vs. C: 2.8%) (p<0.001).

!: R-4C, REMI, Mumbai, India. C: control group, T: test group, OFD: open flap debridement, PD: pocket depth, CAL: clinical attachment level, SS: statistically significant.
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Table 4. L-PRF for periodontal plastic surgery. Papers have been arranged by subapplications (CAF + L-PRF vs. CAF, CAF+ L-PRF vs. CAF + CTG, L-PRF vs. EMD).

Aroca et al.
(2009)

Padma et al.
(2013)

Gupta et al.
(2015)

Thamaraiselv
anetal.
(2015)

RCT

Split-mouth
Not blind

6 months

RCT

Split-mouth
Not blind

6 months

RCT

Parallel
Not blind

6 months

RCT

Parallel
Single-blind

6 months

20— (20)
159,54

Mean age: 31.7
Range: 22-47

Smoking: No or < 20 cig/day

15— (15)
Gender: ?

Mean age: ?
Range: 18-35

Smoking: No
26— (26)
109,16 &

Mean age: 37 +9
Range: ?

Smoking: No

20 — (20)
29,187
Mean age: ?
Range: 21-47

Smoking: No

C:n=21, CAF

T:n=21, CAF + L-PRF

C:.n=15, CAF

T:n=15, CAF + L-PRF

C:n=15, CAF

T:n=15, CAF + L-PRF

C:n=10, CAF

T: n=10, CAF + L-PRF

CAF + L-PRF vs. CAF

Hardware: *

Setting: 3000 rpm / 10min

Hardware: ?

Setting: 3000 rpm /
10 min

Hardware: ?

Setting: 2700 rpm /
12 min

Hardware: ?

Setting: 3000 rpm / 10 min

4? L-PRF membrane
Modified CAF

10 mL blood/clot

1 L-PRF membrane
CAF

10 mL blood/clot

1 L-PRF membrane
Modified CAF

10 mL blood/clot

1 L-PRF membrane +

surgical site rinsed with L-

PRF exudate
CAF

10 mL blood/clot

CAF + L-PRF vs. CAF
SS more root coverage at 3 months (91.5% vs. 80%)
and 6 months (88% vs. 81%) in favour of control group
(p<0.01).

NSSD for PD reduction in both groups.
more CAL gain (2.6 vs. 2.5 mm) and GTH (0.0 vs. 0.3
mm) in favour of control group (p>0.05).

CAF + L-PRF vs. CAF
SS more root coverage (100% vs. 68%) in favour of L-
PRF group (p<0.05).

SS more WKG (2.4 vs.
2.2 mm) in favour of L-PRF group
(p<0.05).

CAF + L-PRF vs. CAF
NSSD for outcomes in both groups for any parameter
(p>0.05).

CAF + L-PRF vs. CAF
NSSD for outcomes in both groups for any parameter
(p>0.05).



Jankovic et
al.
(2012)

Eren & Atilla
(2014)

Keceli et al.
(2015)

Tunali et al.
(2015)

Jankovic et
al.
(2010)

RCT

Split-mouth
Single-blind

6 months

RCT

Split-mouth
Single-blind

6 months

RCT

Split-mouth
Single-blind

6 months

RCT

Split-mouth
Single-blind

12 months

RCT

Split-mouth
Not blind

12 months

15— (15)
109,58

Mean age: ?
Range: 19-47

Smoking: No
27-(22)
132,98

Mean age: 34 + 13
Range 18.5

Smoking: No
40 — (40)
279,138

Mean age: 40 £ 7
Range: ?

Smoking: No
10 - (10)
6 91 4 6

Mean age: 34.2
Range: 25-52

Smoking: No

20 - (20)

129,84
Mean age: ?
Range: 21-48

Smoking: No

CAF + L-PRF vs. CAF + CTG

C:n=15, CAF+ CTG Hardware: ?

T:n=15, CAF + L-PRF

o3
C: n=22, CAF+ SCTG Hardware:

Setting: 400 g /

T: n=22, CAF+ L-PRF .
12min

C:n=20, CAF +CTG Hardware: ?
T:n=20,CAF + CG + L- Setting: 3000 rpm /
PRF 10 min

.1
C: n= 10, CAF + CTG I
Setting: 2700 rpm /

T:n=10, CAF + L-PRF .
12 min

L-PRF vs. EMD

C:n=20, CAF + EMD Hardware: ?

T: n=20, CAF + L-PRF Setting: 3000 rpm /

10 min

Setting: 3000 rpm / 10 min

1 L-PRF membrane
CAF

10 mL blood/clot

1 L-PRF membrane
CAF

10 mL blood/clot

1 L-PRF membrane
CAF

10 mL blood/clot

1 L-PRF membrane
CAF

10 mL blood/clot

1 L-PRF membrane
Modified CAF

10 mL blood/clot
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CAF + L-PRF vs. CAF + CTG
NSSD for PD, CAL and root coverage for L-PRF and
CTG group (p>0.05).

SS more gain of keratinized tissue width (0.8 vs. 1.4
mm) for CTG group (p<0.05).

CAF + L-PRF vs. CAF + CTG
NSSD for root coverage in L-PRF group (92.7%) and
control group (94.2%) (p>0.05).

NSSD for complete root coverage in L-PRF group
(72.7%) and control group (77.3%) (p>0.05).

CAF + L-PRF vs. CAF + CTG
NSSD for outcomes in both groups for any parameter
(p>0.05).

CAF + L-PRF vs. CAF + CTG
similar outcomes in both groups for any parameter.

L-PRF vs. EMD
more complete root coverage (65% vs. 60%) in L-PRF
group.

similar WKG between groups.

1. EBA 20, Hettich GmbH & Co KG, Tuttlingen, Germany. 2: RC-4, REMI, Mimbai, India. 3: Nuve Laboratory Equipments, NF200, Ankara, Turkey. C: control group, T: test group, CAF: coronally advanced flap,
PD: pocket depth, CAL: clinical attachment level, GTH: gingival thickness, WKG: width of keratinized gingiva, EMD: Emdogain®, CTG: connective tissue graft, SCTG: subepithelial connective tissue graft.
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Abstract

Aim: To analyse the effect of leucocyte- and platelet-rich fibrin (L-PRF) on bone regeneration procedures
and osseointegration.

Material & Methods: An electronic and hand search was conducted in three databases (MEDLINE,
EMBASE and Cochrane). Only randomized clinical trials, written in English where L-PRF was applied in
bone regeneration and implant procedures, were selected. No follow-up restrictions were applied.
Results: A total of 14 articles were included and processed. Three subgroups were created depending
on the application: sinus floor elevation (SFE), alveolar ridge preservation and implant therapy. In SFE,
for a lateral window as well as for the trans-alveolar technique, histologically faster bone healing was
reported when L-PRF was added to most common xenografts. L-PRF alone improved the preservation
of the alveolar width, resulting in less buccal bone resorption compared to natural healing. In implant
therapy, better implant stability over time and less marginal bone loss were observed when L-PRF was
applied. Meta-analyses could not be performed due to the heterogeneity of the data.

Conclusions: Despite the lack of strong evidence found in this systematic review, L-PRF might have a
positive effect on bone regeneration and osseointegration.

Introduction

After tooth extraction, a marked resorption of the alveolar ridge occurs due to the tooth-bundle

bone-dependent relationship (1), both horizontally and vertically. A more recent study (2) with analysis
of the alveolar ridge after tooth extraction via CBCT, reported even 3.5 times more severe bone
resorption than the findings described in the existing literature. These changes in the alveolar ridge after
tooth extraction have to be taken into account when implants are planned. Farmer & Darby (2014) (3)
concluded that the majority of the implants placed in aesthetic zones required simultaneous bone
augmentation due to the resorption in the mid-buccal aspect.
Several bone substitutes and/or procedures have been described in the literature but no specific
technique neither for sinus augmentation nor for guided bone regeneration (GBR) procedures have been
strongly recommended (4, 5). The use of growth factors has also been proposed as adjuvant of bone
grafting. Jung et al. (2008) (6) concluded that bone morphogenetic proteins (BMP-2, BMP-7), growth-
differentiation factor-5 (GDF-5), platelet-derived growth factor (PDGF) and parathyroid hormone (PTH)
might stimulate local bone augmentation during ridge preservation procedures. For sinus augmentation,
also BMP-2 has been proposed as adjuvant of conventional techniques (7).

Platelet concentrates were suggested for bone augmentation procedures because of their
constant release of growth factors. Platelet concentrates were initially used as fibrin glue to improve
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wound healing (8). Later, the first generation of platelet concentrates, which included platelet-rich
plasma (PRP) (Marx 2001) and plasma rich in growth factors (PRGF) (9), were developed. However, they
had some disadvantages: expensive, operator dependent and extended production time. The second
generation of platelet concentrates appeared to improve and ease the use of this technique (10, 11).
Leucocyte- and platelet-rich fibrin (L-PRF) belongs to the second generation of platelet concentrates
(12). For its preparation, 9—10 ml blood is withdrawn from the patient in plastic/glass-coated tubes
through venepuncture. No anticoagulants or additives are used. The blood is immediately centrifuged
at 400 g during 10-12 min. After centrifugation, three layers are obtained: at the bottom, red blood
corpuscles (RBC); at the top, platelet-poor plasma (PPP); and in the middle, a fibrin clot (L-PRF). L-PRF
contains a dense fibrin fibre network where platelets and leucocytes are enmeshed and it can serve as
scaffold for other type of cells due to its favourable mechanical properties (13, 14). Its content in
leucocytes and platelets results in a constant release of growth factors such as PDGF, transforming
growth factor (TGF), vascular endothelial growth factor (VEGF) and insulin-like growth factor (IGF) for
7-14 days (15, 16). Its biological characteristics could also improve/facilitate the osseointegration
process (17).

The main aim of this systematic review was to analyse the capacity of L-PRF to promote bone
regeneration in systemically healthy patients (ASA 1). Its influence on potential adverse events after
surgery was considered as a secondary aim.

Materials & Methods

This systematic review follows the guidelines of the Belgian Centre for Evidence-Based Medicine
(CEBAM), Belgian Branch of the Dutch Cochrane Centre. It was conducted in accordance with the
Transparent Reporting of Systematic Reviews and Meta-analyses (18).

Focused PICO question

The following statements were used to conduct the systematic search:

e Population (P) = systemically healthy humans (ASA 1) with lack of alveolar bone and/or with need of
implant therapy.

e Intervention (I) = use of L-PRF (protocol 2700 r.p.m./12 min. or 3000 r.p.m./10 min.) as biomaterial
(alone or in combination with a graft material) in guided bone regeneration techniques and implant
surgery.

e Comparison (C)=traditional techniques using bone substitute (xenograft, allograft, etc.)
with/without collagen membrane or connective tissue graft.

e QOutcome (0) = alveolar bone regeneration (reported as newly formed bone (%), soft tissue and bone
healing (reported as healing index scores, bone resorption in mm and/or in technetium-99 m
methylene diphosphonate uptake) and implant osseointegration (reported as 1SQ values and/or
marginal bone loss in mm).

A PICO question was created to define the search strategy: Does L-PRF promote regeneration in

systemically healthy patients (ASA 1) during guided bone regeneration techniques and implant surgery

compared to traditional techniques?

Search strateqy
An electronic search was performed in three Internet databases: the National Library of

Medicine, Washington, DC (MEDLINE-PubMed), EMBASE (Excerpta Medical Database by Elsevier), and
Cochrane Central Register of Controlled Trials (CENTRAL). The search strategy is shown in Table 1. No
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language or time restrictions were applied in the first search. However, only studies written in English
were included for selection. The search was limited to human studies. The last electronic search was
performed on the 31st of July 2015. This search was enriched by hand searches, citation screening and
expert recommendations.

Screening and selection

Two reviewers (A.C., N.M.) screened independently the titles and abstract obtained from the first
search. When publications did not meet the inclusion criteria, they were excluded upon reviewer's
agreement. Any disagreement between the two reviewers was resolved by discussion. All full texts of
the eligible articles were examined by both reviewers. The articles that fulfilled all selection criteria were
processed for data extraction. The two most accepted protocols for the preparation of L-PRF
(2700 r.p.m./12 min. or 3000 r.p.m./10 min.) were included. The inclusion and exclusion criteria are
summarized in Table 2.

Assessment of heterogeneity

The heterogeneity of the included studies was evaluated based on following factors: (1) study
design and follow-up duration, (2) subject characteristics and smoking habits, and (3) surgical protocol:
(a) centrifugation protocol (2700 r.p.m./12 min. or 3000 r.p.m./10 min.), (b) ml blood used to prepare L-
PRF and (c) number of clots/membranes (if used).

Data extraction and quality assessment

Data extraction was performed for the included studies. All variables analysed in each study
were processed. Where possible, a meta-analysis was performed.
Both reviewers (A.C., N.M.) independently performed the quality assessment using the Cochrane
Collaboration's tool for assessing risk of bias. Six quality criteria were verified: (1) sequence generation
or randomization component, (2) allocation concealment, (3) blinding of participants, personnel and
outcome assessors, (4) incomplete/missing outcome data, (5) selective outcome reporting and (6) other
sources of bias. In case of any doubt, the authors were contacted for clarification or to provide missing
information. Each study was classified into the following groups: low risk of bias if all quality criteria
were judged as “present”, moderate risk of bias if one or more key domains were “unclear”, and high
risk of bias if one or more key domains were “absent”.

Results

Search and selection

As a result of the electronic and hand search, 603 articles were obtained, of which 154 were duplicate
and consequently removed (Figure 1).

Atotal of 449 articles were included for title and abstract screening. From those, 26 articles were
included for full text review. Twelve articles were excluded after full text screening, which was
conducted independently by two reviewers (A.C., N.M.) (Table 3).

Fourteen randomized control trials (RCTs) fulfilled the inclusion criteria and were included for analysis.
The included articles were classified into three subgroups, depending on the indication for the use of L-
PRF (Tables 1, 2, 3).

1. Sinus floor elevation procedures (SFE): n = 3, Tatullo et al. (2012) (19), Zhang et al. (2012) (20)
and Gassling et al. (2013) (21).
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2. Alveolar ridge preservation: n = 8, Glirblizer et al. (2010) (22), Singh et al. (2012) (23), Hauser
et al. (2013) (24), Suttapreyasri & Leepong (2013) (25), Baslarli et al. (2015) (26), Marenzi et al.
(2015) (27), Kumar et al. (2015) (28) and Yelamali & Saikrishna (2015) (29).

3. Implant therapy: n =3, Boora etal. (2015) (30), Hamzacebi et al. (2015) (31) and Onci &
Alaadindglu (2015) (32).

Assessment of heterogeneity

Study design and evaluation period

All studies were RCTs and often a split-mouth design was applied. The following articles fulfilled
both study designs: SFE 1/3 (Gassling et al. 2013), ridge preservation 4/8 (Gurbuzer et al. 2010, Singh
et al. 2012, Marenzi et al. 2015, Yelamali & Saikrishna 2015), and implant therapy 0/3. The follow-up
ranged considerably (SFE 5—-6 months, ridge preservation 7 days to 4 months, implant therapy 1-
6 months).

Subject characteristics, smoking habits and surgical protocol

Healthy subjects with no active periodontal disease were included in all the studies. The articles
that exclude the smokers are the following: SFE 1/3 (Tatullo et al. 2012), ridge preservation 4/8
(GUrbuzer et al. 2010, Singh et al. 2012, Baslarli et al. 2015, Marenzi et al. 2015), and implant therapy
0/3. However, in alveolar ridge preservation and implant therapy, most of the studies did not mention
the smoking status (ridge preservation 4/8 (Hauser et al. 2013, Suttapreyasri & Leepong 2013, Kumar
et al. 2015, and Yelamali & Saikrishna 2015), and implant therapy 2/3 (Boora et al. 2015, Hamzacebi
et al. 2015). This heterogeneity in the surgical protocols is shown in Tables 1, 2, 3.

Data extraction

The variables processed as primary outcome were mean newly formed bone (%) for the SFE
subgroup; soft tissue and bone healing (reported as healing index scores, bone resorption in mm and/or
in technetium-99 m methylene diphosphonate uptake) for alveolar ridge preservation; and peri-implant
bone stability (ISQ values and/or marginal bone loss in mm) for implant therapy. Post-operative pain
was considered as secondary outcome. All the data presented a high heterogeneity, so a meta-analysis
was impossible. The follow-up also differed substantially, therefore a comparison between studies was
difficult.

Sinus floor elevation

All included studies used L-PRF in combination with a xenograft material and compared it to the
xenograft alone (Table 4). One study compared, in a split-mouth set-up, an L-PRF membrane with a
collagen membrane to cover a lateral window and reported a similar outcome in terms of percentage of
mean vital bone formation and residual xenograft (Gassling et al. 2013). Zhang et al. (2012) evaluated
the addition of L-PRF to the xenograft during a lateral window sinus augmentation. They observed 1.4
times more percentage of newly formed bone in the L-PRF group. Also, when L-PRF was used in a trans-
alveolar approach, histologically, a faster bone healing was observed (Tatullo et al. 2012). Due to the
heterogeneity of the data, meta-analysis could not be conducted.

Alveolar ridge preservation

In general, L-PRF improved the preservation of the alveolar ridge and resulted in less buccal
bone resorption compared to the natural healing (Singh et al. 2012, Hauser et al. 2013, Suttapreyasri &
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Leepong 2013, Kumar et al. 2015). A better soft tissue healing and less post-extraction pain was
frequently reported (Singh et al. 2012, Hauser et al. 2013, Kumar et al. 2015, Marenzi et al. 2015).
However, scintigraphic analyses (after 4 and 8 weeks) did not show enhanced bone healing in L-PRF sites
(Table 5). The wide variability of the data did not allow a meta-analysis. Most studies used only one L-
PRF clot/membrane per extraction site, which might be insufficient.

The adverse events were only registered in four out of the eight articles within this group. Each
article analysed the adverse events with a different scale, so no meta-analysis could be performed. In all
of them, less pain for L-PRF sites compared to control sites was reported (Singh et al. 2012, Hauser
et al. 2013, Kumar et al. 2015, Marenzi et al. 2015).

Implant therapy
The RCTs (Hamzacebi et al. 2015, Oncii & Alaadindglu 2015) evaluated the benefits of the

application of L-PRF on the osseointegration process (Table 6). Oncii & Alaadindglu (2015) evaluated the
impact of implant coating with L-PRF. Implant stability was measured through resonance frequency
analysis with implant stability quotients (ISQ values). The use of L-PRF at implant insertion resulted in
statistically significant higher 1SQ values which increased continuously over time. Boora et al. (2015)
recorded the early bone remodelling around implants coated or not with L-PRF at insertion. The L-PRF-
coated implants showed 50% less initial bone loss. Both after 1 and 3 months, respectively, (at 3 months:
L-PRF sites: 0.3 £ 0.6 mm mesially and 0.3 £ 0.7 mm distally, non-L-PRF site: 0.6 £ 0.2 mm mesially and
0.7 £ 0.3 mm distally). Hamzacebi et al. (2015) assessed the effectiveness of the application of L-PRF and
conventional flap surgery for the treatment of peri-implantitis bone loss. They reported more PD
reduction (at 3 and 6 months: L-PRF sites: 2.4 +1.1 mm and 2.8 + 1.0 mm, non-L-PRF sites: 1.65 +1.0 mm
and 2.0 £ 0.7 mm), and CAL gain (L-PRF sites: 2.9 + 1.0 mm, non-L-PRF sites: 1.4 £ 1.0 mm).

Quality assessment

All articles on SFE and implant therapy showed a moderate risk of bias. Six articles using L-PRF
for alveolar ridge preservation had a moderate risk and two had a high risk of bias. Figure 2 shows the
quality assessment for the included studies.

For the groups of SFE and alveolar ridge preservation, a good inter-rate agreement or weighted
kappa was found (0.67, 95% Cl, 0.4-0.9, and 0.63, 95% ClI, 0.5-0.8 respectively). A fair inter-rate
agreement (0.55, 95% Cl, 0.2—-0.9) was observed for the group of implant therapy. In the latest, the most
disagreement was on the “incomplete outcome data” and “selective outcome reporting”.

Discussion

In recent years, L-PRF has been used in sinus floor elevation (SFE) either as a sole filling material
or in combination with other graft materials. As mentioned in the results section, when L-PRF was used
in combination with a graft material, better results were often obtained. However, no RCT or controlled
clinical trial (CCT) could be retrieved in which L-PRF was used as the sole filling material or in combination
with autologous bone grafts. The use of L-PRF as sole filling material has been analysed in several case
series and case reports. In these studies, L-PRF was always used in combination with implant placement
so that the implants could maintain the sinus membrane in an elevated position. Using the lateral
window technique, Mazor et al. (2009) (33), Simonpieri et al. (2011) (34) and Tajima et al. (2013) (35)
evaluated the effectiveness of L-PRF as a sole graft material in SFE with simultaneous implant placement.
In the first two articles, a bone gain of 7.5 mm (SD not mentioned) and 10.1 mm * 0.9 mm, respectively,
at 6 months was reported. Tajima et al. (2013) (35) found a bone gain of 10.4 mm * 1.2 at 1-year follow-
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up. They all concluded that L-PRF as a sole filling material could promote natural bone regeneration
producing dense bone-like tissue, at least when implants are placed simultaneously. L-PRF has also been
used as the sole filling material in a transalveolar approach. Using this approach, the case series of Diss
et al. (2008) (36) reported that a healing period of 2—3 months was sufficient to resist a torque of 25 Ncm
applied during abutment tightening. At 1-year follow-up, formation of a new recognizable bone
structure delimiting the sinus floor was identified radiographically. Toffler et al. (2010) (37) reported on
110 cases of osteotome-mediated SFE, with L-PRF as sole filling material during implant placement. The
mean increase in the height at implant sites was 3—4 mm (range 2.5-5 mm), similar to the traditional
osteotomes procedures. In a recent study (38), the mean bone gain around two different types of
implant surfaces [hydroxyapatite (HA) and sandblasted acid-etched (SA)] was analysed using L-PRF as
sole filling material in a transalveolar approach. Similar bone gain around both implant surfaces was
reported (4.0 £ 1.6 mm and 4.4 + 1.7 mm respectively) after 1-year follow-up. The main challenge in SFE
procedures is to avoid the perforation of the Schneiderian membrane (39). It has been reported that L-
PRF can be used to cover the perforation since it has a good intrinsic adherence to the Schneiderian
membrane. Consequently, it can also be used preventively to reduce the risk of perforation during SFE
procedures (34).

L-PRF has been applied after tooth extraction to prevent bone resorption and alveolar ridge
collapse. Most studies confirmed that L-PRF decreased the healing time as well as reduced the
resorption of the buccal plate. However, five out of the eight studies evaluated the use of L-PRF in third
molar extraction sites, which might have a distinct healing process when compared to extraction sites
in the aesthetic region. Moreover, most of the studies used only one L-PRF clot or membrane to fill the
extraction socket. One could question whether one clot or membrane is sufficient to completely fill the
alveolus in order to create an adequate environment to stimulate the migration of osteoblasts and
endothelial cells. The use of an L-PRF membrane on top, to close the alveolar socket, might have a
significant influence on the outcome. Also, the amount of cells brought to the surgical site, as well as
the quantity of fibrin might be crucial for success.

Although the application of L-PRF during implant placement or for the treatment of peri-implant
defects is quite new, several studies already showed clinical benefits (higher 1SQ values, less marginal
bone resorption). Lee et al. (2012) (40) revealed in an animal study more bone-to-implant contact
(39.4% + 7.4 versus 17.1% + 8.1) after the treatment of peri-implantitis defects with L-PRF.

Some limitations are needed to be taken into account regarding this systematic review. Most of
the included articles showed a moderate risk of bias and some even a high risk. In this last case, the
allocation concealment was not correctly applied what increased the risk of bias. In addition, no meta-
analysis could be performed in any of the groups due to the heterogeneity of the data. Therefore, this
systematic review can only analyse the included articles qualitatively. Consequently, the varied nature
of the data resulted in a lack of strong evidence for this systematic review.

However, it is also worth to highlight the strengths. A total number of 296 participants were
enrolled in the selected studies (161 in alveolar ridge preservation, 76 in sinus floor elevation and 59 in
implant therapy). The surgical protocol of all these studies was examined, giving a detailed information
about the use of L-PRF in each application. Consequently, we could observe that to use the correct
protocol is extremely important to obtain an optimal effect.

L-PRF should be certainly distinguished from other types of platelet concentrates. The
architecture of the fibrin matrix and its cellular content differ from the other products, as well as the
biological activity.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5347939/#jcpe12658-bib-0010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5347939/#jcpe12658-bib-0043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5347939/#jcpe12658-bib-0024
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Conclusion

Despite the lack of strong evidence found in the included articles, beneficial effects on bone
regeneration and in implant surgery are suggested when L-PRF is applied. Given its ease of preparation,
low cost and biological properties, L-PRF could be considered as a reliable option of treatment. However,
standardization of the protocol is required to obtain reproducible results. The use of enough L-PRF clots
or membranes seems to be crucial to obtain an optimal effect.

Due to the lack in the standardization of the study design and variables analysed, further RCTs
with long-term follow-up are needed to assess the beneficial effect of L-PRF on bone augmentation
procedures and osseointegration.
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Tables
Table 1. Search terms used for PUBMED, EMBASE a

‘

Mesh
Terms
Population
(P)
PUBMED Key Words
Mesh
Intervention Terms
()]
Key Words
Emtree
terms
Population
(P)
Key Words
EMBASE
X Emtree
Intervention
0 terms
Key Words
Mesh
Terms
Population
(P)
COCHRANE Key Words
Mesh
Intervention
0 Terms
Key Words

Table 2. Inclusion and exclusion criteria.

Inclusion criteria
randomised controlled clinical trials (RCTs) or
controlled clinical trials (CCTs)
studies regarding bone augmentation
procedures, ridge preservation or implant
surgery.
L-PRF prepared following the protocol 2.700
rpm/12 min or 3.000 rpm/10 min
studies conducted in humans
no limitation in publication date nor in follow-up
duration

articles written in English

nd CENTRAL.

” u

‘guided bone regeneration”, “bone regeneration”, “alveolar

”n o«

ridge augmentation”,

”ou

process atrophy”,

”nou

alveolar bone atrophy”, “alveolar

” ou

maxillary sinus”, “alveolar bone loss”

” ou

“tooth extraction”, “socket preservation”, “alveolar ridge

preservation”, “alveolar ridge augmentation”, “guided
bone regeneration”, “bone resorption”, “sinus floor
augmentation”, “sinus lift”, “maxillary sinus”, “sinus floor

” ou

elevation”,

|u

graft materia
“platelet rich plasma”, “blood buffy coat”

” ou

“leucocyte platelet rich fibrin”, “platelet rich fibrin”

“Platelet rich Plasma”

” ou

“tooth extraction”,

”n ou

socket preservation”, “alveolar ridge
alveolar ridge augmentation”, “guided bone

sinus floor

” o«

preservation”,

” o ou

regeneration”, “bone resorption”,
" ou

augmentation”,
elevation”, “

»n o«

sinus lift”,

” ou

maxillary sinus”,
graft material”

sinus floor

“platelet rich plasma”

” ou

“leucocyte platelet rich fibrin”, “platelet rich fibrin”

” ou

“bone regeneration”,
maxillary sinus”, “Bone loss, alveolar”, “Bone

alveolar resorption”, “bone atrophy,

”ou

alveolar”,

1

loss, periodonta

” o

“tooth extraction”,

” ou

socket preservation”, “alveolar ridge

” ou

preservation”,
regeneration”, “bone resorption”, “

”ou

alveolar ridge augmentation”, “guided bone

sinus floor

”ou

augmentation”,

” ou

sinus lift”,

” ou

maxillary sinus”, “sinus floor

”ou

elevation”,

|H

graft materia

“platelet rich plasma”, “blood buffy coat”

”n ou

“leucocyte platelet rich fibrin”, “platelet rich fibrin”
Exclusion criteria
case reports, case series, retrospective studies, ...

studies regarding periodontal surgery: intrabony
defects, furcation defects and periodontal plastic
surgery.

other types of platelet concentrates (fibrin glues, PRP,
PRGF, A-PRF, I-PRF...)

animal studies, in vitro studies

other applications of L-PRF in Medicine (Traumatology,
Ophthalmology, Dermatology, etc.) or in Dentistry
(Endodontics,...)
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Table 3. Excluded articles and reason for exclusion.

Author Year Reason for exclusion
Angelo et al. 2015 Use of A-PRF
Anilkumar et al. 2009 Case report
Barone et al. 2015 Single cohort study
Bolukbasi et al. 2015 Retrospective study
Chang et al. 2011 Retrospective study
Choukroun et al. 2006 Report of clinical cases
Diss et al. 2008 Case series, no control group
Inchingolo et al. 2010 Case series, no control group
Mazor et al. 2009 Case series, no control group
Simonpieri et al. 2011 Case series, no control group
Tajima et al. 2013 Case series, no control group

Toffler et al. 2010 Case series, no control group
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Table 4. L-PRF for sinus floor elevation. LW: Lateral window, imm. impl.: immediate implant, TT: Transalveolar technique, NSSD: No statistically significant difference, 1SQ:
implant stability quotient, SL: sinus lift. Papers have been arranged by subapplications (L-PRF as coverage of lateral window and L-PRF bone quality).

L-PRF as coverage of lateral window

6-(6)
RCT . . . 1 L-PRF membrane + Bio- . X
C: n=6, Bio-Oss® + Bio-Guide® mean vital bone formation 17.0% and 17.2% for L-
. Gender: ? Hardware: ? Oss® . .
Gassling . membrane PRF and collagen sites, respectively.
etal Split-mouth
: Single-blind Mean age: 61 Setting: 400, LW
(2013) & g T: n=6, Bio-Oss® + L-PRF B . e/ . . NSSD in mean residual bone-
Range: 54-69 12 min no imm. impl. X .
membrane substitute (15.9% and 17.3% respectively).
5 months
Smoking: ? 10 mL blood/clot
L-PRF bone quality
60 — (60) .
S~ * “Early”: n=20 2 L-PRF membranes + Bio-
PR - n=6: SL + Bio-Oss® e Oss® NSSDs for 1ISQ mean values.
Tatullo Parsile} ! - n=10: SL +Bio-Oss® + LPRF o
etal. . . - n=4: bilateral atrophy: X TT + piezosurgery L-PRF showed histologically
Single- blind Mean age: ? K Setting: 3000 rpm / i . .
(2012) - Bio-0ss® ) no imm. impl. faster bone healing (106 days compared to
Range: 43-62 . 10 min
-Bio-0Oss® + L-PRF 120-150 days).
5 months . X
S * “Intermediate”: n=20, idem 10 mL blood/clot
moxing: No * “Late”: n=20, idem
10— (10)
RCT 1 L-PRF membrane + Bio-
Oss® similar bone morphological characteristics in both
29,84 X Hardware: !
Zhang C: n=5, SL + Bio-Oss® groups.
Parallel
etal Not blind M :C:46,T:43 Setting: 300 g / W
(2012) canage: & 45, 1t T: n=6, SL + Bio-Oss® + L-PRF & . 8 no imm. impl. L-PRF group had 1.4 times higher percentage of new-
Range: C: 37-53, T: 30- 10 min
6 months 19 formed bone than control group.
10 mL blood/clot
Smoking: ?

1: Labofuge 300, Kendro Laboratory Products GmbH, Osterrode, Germany.
Table 5. PRF for alveolar ridge preservation. NSSD: no statistically significant difference, NSS: no statistically significant, SS: statistically.
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L-PRF vs. “natural healing”: bone quality

CCT 20-(20) 20 bilateral impacted 3™ . . .
Healing Index scores statistically better in L-PRF
Singh et molar: Hardware: ? 1 L-PRF clot rou
g Split-mouth 109,109 0 L-PRF membrane . group. )
al. Not blind C: = 20. 1o fillin Setting: 3000 rpm / NSSD in trabecular bone formation.
(2012) Mean age: 32 T & & i P SS higher bone density at 12 weeks for L-PRF
Range 18-50 10 min 5-10? mL blood/clot group
3 months T: n= 20, L-PRF filling ’
Smoking: No
Premolar extractions:
RCT 23-(22
(22) L-PRF: SS better bone healing.
C:n=7 Hardware: ? 1 L-PRF clot . X .
Hauser et 149 94 L-PRF: SS better intrinsic bone tissue quality and
Parallel ’ ? L-PRF membrane i i
al. Double-blind Ta: n=9, L-PRF fillin Setting: 2700 rpm / preservation of alveolar width.
(2013) Mean age: 47 rm & g1.2 i o L el Flap: invasive surgical procedure seemed to
Range: 22-75 min QLblecice: neutralize advantages of L-PRF.
8 weeks Ta: n=6, L-PRF filling +
Smoking: ? flap
8-(8
RCT (8) 10 bilateral premolar
extractions: Hardware: 2 1 L-PRF clot
Suttaprey 59,39 L-PRF: NSSD faster soft-tissue healing.
. Parallel 0 L-PRF membrane i i
asriet al. . . . . L-PRF: less buccal/lingual resorption (SS buccally)
(2013) Split-mouth Mean age: 22 +2 C: n= 10, no filling Setting: 3000 rpm / NSSD in rx evaluation
Range 20.3-27.6 10 min 10 mL blood/clot '
8 k T: n= 10, L-PRF filli
weeks Smoking: ? n illing
31-(31)
RCT . . . .
3 molar extractions: SS more PD reduction (distal 2" molar) in L-PRF
Candar Hardware: ? 1 L-PRF clot
27 group.
Kumar et Parallel C: n= 15, no fillin 0 L-PRF membrane NSS greater bone density with L-PRF after 3
al.(2015)  Single-blind Mean age: 26.1 i & Setting: 3000 rpm / . s
Range: ? - 10 min 5 mL blood/clot X
EA s T: n= 16, L-PRF filling less adverse events recorded in L-PRF group.

Smoking: ?



Yelamali
etal.
(2015)

Marenzi
etal.
(2015)

Glirblizer
etal.
(2010)

Baslarli
etal.
(2015)

RCT

Split-mouth
Not blind

4 months

RCT

Split-mouth
Single-blind

7 days

RCT

Split-mouth
Not blind

4 weeks

RCT

Parallel
Single-blind

2 months

20-(20)

89,124

Mean age: ?
Range: 21-27
Smoking:?

26 —(26)

179,97

Mean age: 53+ 4
Range: ?

Smoking: No or light
smokers (<5/day)

20— (14)
79,70

Mean age: 24 £ 4
Range: ?

Smoking: No

20— (20)
139,70

Mean age: 23
Range: 10-34

Smoking: No

20 bilateral impacted 3¢
molar:

C: PRP: n= 20, PRP filling

T: L-PRF: n= 20, L-PRF
filling

26 bilateral
canine/premolar/molar:

C: n= 26, no filling

T: n= 26, L-PRF filling

L-PRF vs. PRP

Hardware: ?

Setting: 3000 rpm /

10 min

L-PRF pain

Hardware: 3

Setting: 2700 rpm / 12 min

1 L-PRF clot
0 L-PRF membrane

6 mL blood/clot

2-6 L-PRF clot
0 L-PRF membrane

9 mL blood/clot

L-PRF uptake technetium-99m methylene diphosphonat

14 bilateral impacted 3™
molar:

C: n=14, no filling
T: n= 14, L-PRF filling
20 bilateral impacted 3™
molar:
C: n= 20, no filling

T: n= 20, L- PRF filling

Hardware : 4

Setting: 400g /
10 min

Hardware : ?

Setting: 3000 rpm /
10 min

1 L-PRF clot
0 L-PRF membrane

10 mL blood/clot

0 L-PRF clot
1 L-PRF membrane

9 mL blood/clot

Section 1 — Systematic reviews

SS better soft tissue healing in L-PRF group.

SS higher bone density in L-PRF group.

SS better and faster healing in L-PRF group at 3
and 7 days.

less post-extraction pain is L-PRF group.

NSSD between groups in the average increase in
technetium-99m methylene diphosphonat uptake
(as indicator of enhanced bone healing).

NSSD between groups in the average increase in
technetium-99m methylene diphosphonat uptake
(as indicator of enhanced bone healing).

NSSD in PD reduction.

2: EBA 20, Hettich GmbH&Co, KG, Tuttlingen, Germany, 3: Intra-Spin L-PRF kit, Intra-Lock, Boca-Raton, FL, USA, #: Universal 320 Hettich, Tuttlingen, Germany.
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Table 6. L-PRF for implant therapy. NSSD: no statistically significant difference, SS: statistically significant, PD: pocket depth, CAL: clinical attachment level, BoP: bleeding on
probing, imm. function: immediate function, ISQ: implant stability quotient. Papers have been arranged by subapplications (L-PRF at implant placement, L-PRF in peri-implant

defects).

Boora et
al. (2015)

Oncii &
Alaadiné
glu
(2015)

Hamzace
bi et al.
(2015)

RCT

Parallel
Not blind

3 months

RCT

Parallel
Not blind

1 month

RCT

Parallel
Not blind

6 months

20-(20)
59,154

Mean age: 24.6
Range: 18-33

Smoking: ?

20— (20)
69140

Mean age: 44 £ 12
Range: ?

Smoking: < 10cig/day

19-(19)

8¢,114d

Mean age: 61 +12
Range: ?

Smoking: ?

C: n=10, no L-PRF

T:n=10, L-PRF

C: n=33, no L-PRF

T:n=31, L-PRF

C:n=19, OFD

T:n=19, OFD + L-PRF

L-PRF at implant placement

Hardware: ?

Setting: 3000 rpm /
10-12 min

Hardware: °

Setting: 2700 rpm /
12 min

L-PRF in peri-implant defects

Hardware: ?

Setting: 3000 rpm /
10 min

1 L-PRF membrane

Adin Dental Implant System
(Israel)

10-14d non-functional prov.
crown

10 mL blood/clot
1 L-PRF membrane + exudate

Ankylos Implant System
(Dentsply)

no imm. function

10 mL blood/clot

1 L-PRF clot
>1 L-PRF membrane

Type implant not mentioned
imm. function

10 mL blood/clot

SS less initial marginal bone loss in
L-PRF group.
NSSD in PD and BoP between groups.

SS higher ISQ values in L-PRF group by the end of
the 15t week (69 vs. 64) and 4t week (77 vs. 70.5).

Mean ISQ values in L-PRF group increased
continuously.

SS more PD reduction (2.8 vs. 2.05mm)
and CAL gain (3.3 vs. 1.84mm).
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CHAPTER 3

Characterization of the Leucocyte-and Platelet Rich Fibrin Membrane
and Block: release of growth factors, cellular content and structure

Castro Ana B, Cortellini Simone, Temmerman Andy, Li Xin, Pinto Nelson,
Teughels Wim & Quirynen Marc. (2019)
International Journal of Oral & Maxillofacial Implants 34; 855-64.

Abstract

Aim: The Leucocyte and Platelet Rich Fibrin Block (L-PRF Block) is a composite graft that combine a
xenograft that is acting as a scaffold with L-PRF membranes that serve as a bioactive nodule with
osteoinductive capacity. This study evaluated the properties of the L-PRF Block and its components in
terms of release of growth factors, cellular content and structure.

Material & Methods: The concentration of transforming growth factor-B1 (TGF-B1), vascular endothelial
growth factor (VEGF), platelet-derived growth factor-AB (PDGF-AB) and bone morphogenetic protein-1
(BMP-1) released by a L-PRF membrane (mb) and a L-PRF Block were examined with ELISA for 5 time
intervals (0-4h, 4h-1day, 1-3d, 3-7d, 7-14d). Those levels in L-PRF exudate and Liquid Fibrinogen were
also evaluated. The cellular content of the Liquid Fibrinogen, L-PRF membrane and exudate was
calculated. The L-PRF Block was also analysed by means of a microCT scan and scanning electron
microscopy (SEM).

Results: TGF-B1 was the most released growth factor after 14 days, followed by PDGF-AB, VEGF, and
BMP-1. All L-PRF blocks constantly release the four growth factors up to 14 days. L-PRF membrane and
Liquid Fibrinogen presented high concentration of leucocytes and platelets. The microCT and SEM
images revealed the bone substitute particles surrounded by platelets and leucocytes, embedded in a
dens fibrin network.

Conclusions: The L-PRF Block consists of deproteinized bovine bone mineral particles surrounded by
platelets, leucocytes and embedded in a fibrin network that releases growth factors up to 14 days.

Introduction

Various surgical procedures have been proposed to horizontally and/or vertically augment the residual
bone after tooth extraction. However, no specific surgical techniques have been described as the gold
standard, being the autologous bone the ideal grafting material for bone augmentation procedures (1,
2). Thus, the treatment of an atrophic makxilla or a resorbed mandibular ridge remains a major challenge.
In a systematic review with meta-analysis, Sanz-Sanchez et al. (2015) concluded that the combination of
a xenograft and a bioresorbable membrane was the most frequently used technique for lateral bone
augmentation in combination with implant placement. On the other hand, autogenous bone blocks
were the most suitable for a staged approach. More recently, a composite bone graft combining a
xenograft with particulated autogenous bone has been suggested to increase the osteogenic properties
of the graft and to reduce morbidity, especially when compared to autogenous blocks (3, 4).

Despite the lack of osteoinductive capacity, deproteinized bovine bone mineral (DBBM) is
considered as the gold standard xenograft for guided bone regeneration (GBR) (1). In the last decade,
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tissue engineering approaches have been introduced to combine biologically inactive matrices
(scaffolds) with bioactive agents, since cell-enriched bone grafts have been demonstrated to be more
effective in regenerating the alveolar bone (5). Fibrin-based scaffolds are one of the classical
biomaterials and have been widely utilized for a variety of applications (6, 7). The fibrin network provides
a physical support for different cells such as neutrophils, macrophages and fibroblasts, which will
produce collagen, fibronectin and other extracellular matrix components (8).

Composite fibrin gels have been often created to give the desired mechanical properties to the
material. Fibrin gels copolymerized with polyurethane (9), heparin (10) or collagen(11) have been
already described in the literature. The Leucocyte and Platelet Rich Fibrin Block (L-PRF Block) has arisen
from this concept: a combination of a xenograft that is acting as a scaffold with osteoconductive ability
and L-PRF membranes that serve as a bioactive nodule with osteoinductive capacity (12-15). The
combination of activated platelets in the L-PRF membranes and the Liquid Fibrinogen results in a mass
production of fibrin, integrating the bone substitute into a strong construct. Leucocyte- and Platelet Rich
Fibrin (L-PRF), a 2" generation platelet concentrate, has been shown to stimulate the cellularity in the
surgical site due to the continuous release of growth factors and cytokines (16). L-PRF is 100%
autogenous and is formed via a simple process of centrifugation without the incorporation of additives.

The aim of this study was to characterize the L-PRF Block and its components (L-PRF membrane,
L-PRF exudate and Liquid Fibrinogen) in terms of release of growth factors, cellular content, and their
distribution inside the L-PRF Block.

Materials & Methods

Participants in the study

Eight systemically healthy volunteers were enrolled in this study. The exclusion criteria included:
anticoagulant medication or antibiotics 3 months before the study, pregnancy or lactation, history of
periodontal disease or any active systemic infection. Seven 9-ml tubes of blood were collected per
participant. Four tubes were used for the analysis of growth factors: three tubes to make an L-PRF Block
and one tube for an L-PRF membrane. The last three tubes were used for cellular counting: one tube for
the L-PRF membrane, one tube for the Liquid Fibrinogen, and one tube for the initial cellular counting.
In four out of the eight volunteers, seven extra tubes were withdrawn for the microCT (three tubes for
the L-PRF Block), and SEM imaging (three tubes for the L-PRF Block and one tube for the L-PRF
membrane).

The use of human blood was approved by the ethical committee of the KU Leuven and registered
with identifier B322201628215. All procedures were performed according to the Helsinki Declaration
and the regulations of the University Hospital. An informed consent was obtained from all subjects after
having explained the purpose of the study.

Preparation of the L-PRF Block
As described by Cortellini et al. (2018) (17), two 9-ml glass-coated plastic tubes (red cap, BVBCTP-2, Intra-
Spin, Intra-Lock, Florida, USA) and one 9-ml plastic tube without coating (white cap, WCT, Intra-Spin,

Intra-Lock, Florida, USA) were collected per participant (n=8) in this order and immediately centrifuged
at 408 g force (IntraSpin, Intra-Lock, Florida, USA). The centrifugation was interrupted after 3 minutes
and the white cap tube was removed from the centrifuge. The remaining red cap tubes were further
centrifuged for 9 minutes, completing the cycle of 12 minutes of centrifugation. Immediately after
removing the white cap tube from the centrifuge, the yellow liquid obtained above the red blood cells
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was collected with a sterile (5 ml) syringe. This liquid is called Liquid Fibrinogen. When the full
centrifugation (12 min) was finalized, the red cap tubes were removed and two L-PRF membranes were
prepared following the protocol described by Temmerman et al. (2016)(18). Briefly, each L-PRF clot was
collected from the tube and transformed into a membrane by gentle compression (Xpression kit, Intra-
Lock, Florida, USA).

Both L-PRF membranes were chopped into small pieces using scissors and mixed with 0,5 g of
particulated deproteinized bovine bone mineral (DBBM, Bio-Oss®, Geistlich Biomaterials, Wolhusen,
Switzerland) in a sterile titanium dish providing a volume ratio of 50:50. After obtaining a homogeneous
mix, £ 2 ml of Liquid Fibrinogen were added while carefully modelling the block during 5-10 seconds
(Figure 1). After 3 min, the L-PRF Block was ready for use.

Cellular counting of L-PRF Block components
One 9-ml glass-coated plastic tube (red cap, BVBCTP-2, Intra-Spin, Intra-Lock, Florida, USA) and one 9-
ml plastic tube without coating (white cap, WCT, Intra-Spin, Intra-Lock, Florida, USA) were collected per

participant (n=8). The white tube was centrifuged, as described before, to obtain the Liquid Fibrinogen,
whereas the red cap tube followed the protocol for L-PRF membranes. During the compression of the L-
PRF clot from the red cap tube, the exudate released from the L-PRF clot was collected for analysis. A 9-
ml tube of blood with EDTA was withdrawn to examine the initial blood composition.

Cellular counting was performed for all components of the L-PRF Block: the L-PRF membrane,
the L-PRF exudate and the Liquid Fibrinogen by means of a haematology analyser (CELL-DYN® 3700,
Abbott GmbH & Co, Wiesbaden, Germany). Given the difficulty to dissolve the L-PRF membrane without
damaging the cells, cellular counting for the latter was carried out indirectly as follows: after removal
of the L-PRF clot, the remaining tube was refilled with sterile saline until the initial volume (9 ml) was
obtained. The exudate obtained from the compression of the L-PRF clot was also diluted into sterile
saline until a volume of 9 ml. For the calculation of the cellular content of the L-PRF membrane, the
cellular content of the exudate and the remaining tube were added and subtracted from the initial blood
composition. All samples were immediately frozen at -80°C to avoid coagulation. In order to avoid the
formation of crystals inside the cells, 10% Dimethylsulfoxide (DMSO) was added to all samples.

Growth factors release from the L-PRF Block and its components

Each L-PRF Block and L-PRF membrane was placed in a 15 ml-tube with 5 ml of Dulbecco’s Modified
Eagle medium (Sigma-Aldrich BVBA, Overijse, Belgium) without antibiotics and changed to a new tube
with a sterile tweezer after 4 hours and on day 1, 3, and 7. After collecting the L-PRF membrane/L-PRF
Block at each time interval, the remaining medium was centrifuged at 1.000 rpm for 10 minutes (VWR®

Mega Star 6000R, VWR International BVBA, Leuven, Belgium) to remove any residue and thereafter
frozen at -80°C.

The L-PRF exudate and the Liquid Fibrinogen were analysed at the time of collection (one time
point). These concentrations were presented in pg/ml.

The levels of vascular endothelial growth factor (VEGF), transforming growth factor betal (TGF-
B1), and platelet derived growth factor-AB (PDGF-AB) were measured in duplicate aliquots using
commercially available enzyme-linked immunosorbent assay kits (ELISA, R&D Systems Europe,
Abingdon, UK) following the manufacturer’s instructions. For the concentrations of bone morphogenetic
protein-1 (BMP-1) another ELISA system was used (Abbexa, Cambridge Science Park, UK).
Measurements were conducted with a microplate reader (Multiskan Ascent®, Rev 1.2, Thermo Electron
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Corporation, Vantaa, Finland) set to 450 nm and subtracted at 550 nm from the 450nm measurements.
The concentrations were calculated per block and per membrane.

To guarantee the quality of the ELISA for growth factors release analysis, careful validation and
standardisation of the tests were performed. The sensitivity of the test was determined by calculating
the minimum detectable dose (MDD) and adapting the samples concentrations to the MDD for each
growth factor. Similarly, all ELISA kits were assayed for cross-reactivity by the manufacturer and no
significant cross-reactivity or interference was observed (19).

MicroCT scanning, object reconstruction and volumetric percentage of particles

A microCT scan (Skyscan 1172, Bruker microCT, Kontich, Belgium) was performed for four additional L-
PRF Blocks. Each specimen was positioned in a plastic tube and stabilized from the base with silicone.
The specimens were scanned at 100kV, 360° rotation with a step of 0,7°, a pixel size of 15,6 um, and
aluminium filter (0,5 mm of thickness). The average scanning time was 20 minutes per sample. The
images were reconstructed using the software NRecon (version 1.6.10.4; Bruker, Kontich, Belgium) and
analysed with CTAn (version 1.11.5.1; Bruker, Kontich, Belgium). In each L-PRF Block, the region of
interest (ROI) which coincided with the visible outer surface of the block, was manually outlined along
the block. Volumes of interest (VOI) were determined from the manually drawn ROl A three-
dimensional model per block was automatically created considering the DBBM particles as hard tissue
(radiopaque) and the L-PRF membranes/Liquid Fibrinogen as soft tissue (radiolucent). The percentage
of the particles in the total volume was calculated.

Scanning Electron Microscopy (SEM)
One extra L-PRF Block and L-PRF membrane were fixed immediately after preparation in 2,5%

glutaraldehyde in 0,1 M sodium cacodylate buffer for 24h, rinsed with 0,2 M sodium cacodylate buffer
and distilled water, and dehydrated in ascending dilutions of ethanol (25, 50, 75, 95, and 100%). After
dehydration, each sample was immersed in hexamethyldisilazane 98% (Acros Organics, Geel, Belgium)
for 10 min and then air-dried at room temperature. The specimens were coated with gold by an auto
fine coater (JFC-1300, JEOL, Tokyo, Japan). The surface and a cross-sectional part of the L-PRF Block were
taken for SEM analysis (JSM-6610LV, JEOL). For the L-PRF membrane, the red part (face, the area
previously in contact with the red blood cells) and the middle part (tail) were also examined using SEM.

Data analysis
For every growth factor, a linear mixed model was fit with the sample (L-PRF membrane/L-PRF Block/L-

PRF exudate/Liquid Fibrinogen) and time as fixed factors and volunteer as random factor. All samples
were compared for each time interval and comparisons were corrected for simultaneous hypothesis
testing according to Sidak. Normality and homoscedasticity of the residuals were assessed by means of
a normal quantile plot and a residual dot plot. Data were once analyzed as concentration per time
interval and once as cumulative concentrations over time. Mean values and standard deviations were
calculated from the data of the cellular counting. The percentage of each cell type present in the L-PRF
membrane/L-PRF exudate/Liquid Fibrinogen in relation to the initial blood sample was also computed.
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Results

Demographic data

Eight systemically healthy subjects (4 women, 4 men) participated in this study. The mean age was 42,8
+ 14,2 years (range 29-60 years). No complications during blood collection were reported.

Cellular counting of L-PRF Block components

More than 80% of platelets and 72% of leucocytes in the initial blood sample were still present in the L-
PRF membranes. The same applied to the Liquid Fibrinogen, with 88% and 70%, respectively. The L-PRF
exudate showed a low cellular content with 2,5% of platelets and 0,9% of leucocytes (Table 1).

Growth factors release from the L-PRF Block and its components

L-PRF exudate and Liquid Fibrinogen (Figure 2)

All four growth factors could be detected in both L-PRF exudate and Liquid Fibrinogen, with TGF-1 as
the most released (20.079,1 pg/ml, 95% Cl: 10.824,0-29.334,2). For the levels of TGF-B1 and PDGF-AB,
no statistically significant difference could be observed (p>0,05) between both fluids. The levels of VEGF
(p<0,05) and BMP-1 (p<0,01) were statistically significantly higher in the L-PRF exudate in comparison
to Liquid Fibrinogen.

L-PRF Block and L-PRF membrane: time interval (Figure 2)

All four growth factors were continuously released until day 14. TGF-f1 was the most released by both
the L-PRF Block and the L-PRF membrane (p<0,01). During the interval 7-14d, statistically significant
higher levels of TGF-B1 were detected for the L-PRF Block (24.052,7 pg/block, 95% Cl: 19.377,3-28.728,3;
9.614,6 pg/mb, 95% Cl: 3.533,2-15.695,9, p<0,05) compared with the L-PRF membrane. For the L-PRF
membrane, the highest concentration (41.000,1 pg/mb, 95% Cl: 23.129,7-58.870,5, p>0,005) was
observed for the interval 1-3d. Afterwards, release of TGF-B1 progressively decreased.

The L-PRF membrane produced significantly higher levels of PDGF-AB, at the intervals 4-1d and
1-3d (p<0,01) compared to the PDGF-AB levels for the L-PRF Block. After these time intervals, the
difference was no longer statistically significant.

The initial concentrations of VEGF were similar for L-PRF membrane and the L-PRF Block. However, the
later released significantly larger concentrations at later interval 7-14d (p<0,01).

For BMP-1, statistically significant higher levels were detected in the L-PRF Block at 1-3d and 7-
14d compared to that of the L-PRF membrane (324,8pg/block, 95% Cl: 174,8-474,8; 89,4pg/mb, 95% Cl:
27-8-151,0, p<0,05).

L-PRF Block and L-PRF membrane: cumulative concentration (Figure 2)
For the L-PRF Block, TGF-B1 was the most released after 14 days (96.232,5 pg/block, 95% Cl: 85.453,8-
107.011,3, p<0,01). It was followed by PDGF-AB (23.051,3 pg/block, 95% Cl: 8.963,9-37.138,7), VEGF
(9.491,4 pg/block, 95% Cl: 5.462,5-13.520,3), and BMP-1 (1.916,9 pg/block, 95% Cl: 1.279,0-2.554,9).
The same trend was observed for the L-PRF membrane.
Figure 2. Release of growth factors (TGF-B1, PDGF-AB, VEGF, BMP-1) from the L-PRF membrane and the
L-PRF Block per time interval as well as its cumulative concentration up to 14 days. The respective
concentrations in the L-PRF exudate and Liquid Fibrinogen are also indicated. *: p<0,05, A: p<0,01.

For TGF-B1 and BMP-1, no statistically significant difference could be observed when comparing
the L-PRF membrane and the L-PRF Block after 14 days (p>0,05). However, the L-PRF membrane released
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significantly more PDGF-AB (p<0,01), and the L-PRF Block showed larger levels of VEGF than that of the
membrane (p<0,05).

Volumetric percentage of particles (LCT analysis)
The micro-CT analysis revealed a mean volume of 37.7 £ 1.7% for the DBBM particles in the L-PRF Block
(Figure 3). The particles were homogenously distributed within the L-PRF Block, without being in close

contact with each other.

SEM analysis

L-PRF membrane

The red part of the membrane also called the face presented a large number of cells, mostly platelets
and leucocytes (Figure 4A). In the middle part (tail), fewer cells were detected than in the red part (Figure
4B). However, the same pattern of fibrin fibres was noticed in both parts.

L-PRF Block

The SEM images from the surface of the L-PRF Block showed a dense fibrin mesh covering the whole
surface of the block. However, the fibrin network was less dense than in the membrane (Figure 4C).
Numerous cells were embedded in this mesh, which seemed to keep the components of the block
assembled (Figure 4). In the cross-sectional images (Figure 4E), bundles of fibres could be seen
connecting different DBBM particles. These bundles contained clusters of platelets, leucocytes and some
red blood cells (Figure 4F).

Discussion

This study presented an innovative method to assemble bone graft particles in a bioactive structure,
combining a xenograft with autologous tissue. The study shows a continuous release of growth factors
up to 14 days by both L-PRF Block and L-PRF membrane. In addition, the L-PRF exudate and the Liquid
Fibrinogen can be considered as bioactive agents due to their active participation in the release of
growth factors and their cellular content. To our best knowledge, this is the first investigation on the
biological properties of the L-PRF Block.

Considering that the L-PRF Block comprises two L-PRF membranes and + 2 ml of Liquid
Fibrinogen, although not all gets into the block, it could be expected that the L-PRF Block would produce
a greater amount of growth factors. This was the case for VEGF and BMP-1, which showed both higher
cumulative levels and per time interval for the L-PRF Block. However, the L-PRF membrane produced
higher concentration of TGF-B1 and three times more PDGF-AB than the L-PRF Block.

Growth factors delivery can rely on different mechanisms: physical entrapment of proteins
within the scaffold, direct binding of the proteins to the scaffold, or the use of micro- or nanoparticles
as protein reservoir (20). In the first situation, the growth factors become immobilized within the
scaffold and the release occurs passively as the fibrin is been degraded, which is mediated by the serine
protease plasmin. Plasmin acts on either fibrinogen or cross-linked fibrin and yield to a number of fibrin
degradation products (21). This method generally reduces the rapid release of growth factors and allow
a prolonged release of the growth factor that are entrapped into the carrier.

This might be a possible theory for the release of growth factors from the L-PRF Block. TGF-B1
and PDGF-AB both have a higher molecular weight (43 and 49 kDa, respectively), compared to those of
VEGF (18 kDa) and BMP-1 (20 kDa). It might be more difficult for the large-sized proteins to escape from
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the structure created by the Liquid Fibrinogen in the L-PRF Block, whereas the smallest ones may be
released more easily. Due to this retention, the release of TGF-B1 and PDGF-AB gradually increased over
time for the L-PRF Block as the fibrin network was becoming looser.

However, several biomaterials have been developed to control the release of growth factors
from scaffolds (22). Fibrin-based matrices are well-known for the delivering of growth factors. Fibrin
contains numerous binding sites for cells, proteins and growth factors that contribute to its role in
modulation a number of complexes cellular responses (8, 21). Some growth factors such as TGF-B1,
VEGF, and PDGF are covalently cross-linked to fibrin during the formation of fibrin (23-26). Thus, its
release might be also influenced by this binding.

Many of other techniques involve encapsulation of the growth factors within degradable
polymer so that they can be slowly released from the degrading scaffold into the wound site. This
process has the capacity to obtain a constant therapeutic dose for longer than the rapidly releasing
scaffolds (20). Microspheres and hydrogels are the most frequently used matrices for encapsulation
(21). The precise quantification of growth factors encapsulated in delivery devices is equally critical and
complex as achieving efficient delivery of active growth factors (27). The release of growth factors is
frequently measured by ELISA assays. This method has the advantage of being simple and that the
detection of protein level is immediate. However, beyond the release kinetics assays, in vitro cellular
models allow for more detail study of growth factors release profile. They enable us to determine
bioactivity of the released growth factor and to gain insight into the appropriate therapeutic dosage
(21). However, the bioactivity of PDGF-AB, TGF-B1, VEGF, and BMP-1 was not examined in this study.
Further research should consider the analysis of the bioactivity is these growth factors released by the
L-PRF Block.

This is the first time that the release of BMP-1 from the L-PRF membrane and derivatives has
been reported. Bone morphogenetic proteins form a unique group of proteins within the Transforming
Growth Factor beta (TGF- B) superfamily. BMPs play a role in differentiation and proliferation of a wide
variety of cells, depending on the cellular micro-environment and the interactions with other regulatory
factors (28). BMP-1 is a metalloproteinase that functions in collagen maturation and is not part of the
TGF- B family (28, 29). Recent findings indicate that BMP-1 is identical to pro-collagen C-proteinase,
which is a proteinase involved in extracellular matrix formation (30, 31).

The L-PRF exudate presented a low cellular content, with 6% of platelets and 0.9% of leucocytes.
Schér et al. (2015)(15) examined the exudate released from the L-PRF clot (without compression) after
a short time period. They reported smaller levels of PDGF-BB and TGF-B1 than those observed in the
present study. The high presence of PDGF-AB and TGF-B1 in the L-PRF exudate in our study might suggest
that as the clot was squeezed, most of the liquid inside and its molecular content was also released,
leading to a higher concentration of those growth factors.

Both the L-PRF membrane and Liquid Fibrinogen presented a high concentration in leucocytes.
In Figure 4, the leucocytes marked in the SEM images could have corresponded with lymphocytes given
its shape and size. Taking into account the cellular concentrations shown in Table 1, lymphocytes were
the most abundant leucocyte type in the Liquid Fibrinogen and the second in the L-PRF membrane.
However, a specific staining under fluorescence microscopy would be necessary to distinguish every cell
type.

The role of the Liquid Fibrinogen in the L-PRF Block seems to be crucial and twofold: it
mechanically glues all the components of the L-PRF Block together and at the same time, it has bioactive
properties. The protocol used to produce the Liquid Fibrinogen is derived from a protocol to prepare
platelet rich plasma (PRP) without using anticoagulants and with a single centrifugation technique
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(Arthex Autologous Conditioned Plasma ACP®, Naples, FL, USA). In the original protocol, the blood was
centrifuged at 350 g for 5 minutes, resulting in a 2,1x platelet concentration (32, 33). In order to facilitate
the preparation of Liquid Fibrinogen, the blood was centrifuged at 408 g for 3 minutes, using the same
g force as for producing L-PRF.

The microCT analysis revealed a ratio of 40:60 between DBBM particles and autologous tissue
(L-PRF membrane and Liquid Fibrinogen). Initially, the block was prepared with an estimated ratio of
50:50. However, after having added Liquid Fibrinogen the proportion changed in favour of the
autologous tissue. Cortellini et al. (2018)(17) reported an average resorption of the L-PRF Block around
15% after 5-8 months healing. Given the well-known slow resorption rate of the DBBM (34), they
assumed that the remaining 45% of the healed graft was generated from the L-PRF, which seemed to
be new bone tissue on CBCT images. However, these statements should be confirmed with histological
analysis.

The ultrastructural similarity of the DBBM particles with natural bone has been demonstrated
in various transmission electron microscopy (TEM) studies (35, 36). Rosen et al. (2002)(35) reported that
the diameter of the mineral fibres of the DBBM particles (65-80um) was similar to the diameter of the
type | collagen that comprises bone. This biomaterial, with a porosity of 75%-80% and a crystal size of
10 um, has shown osteoconductive properties and a slow resorption rate (37, 38). A recent study
suggested that the porous structure might serve as a scaffold for in-growth of blood vessels (39). For
instance, Degidi et al. (2006)(40) observed that the bone augmented with DBBM after 6 months had
statistically higher microvessel density values and more vessels positive to VEGF than the pre-existing
bone. Moreover, several in vitro studies concluded that DBBM can support osteoblast attachment and
proliferation, and can be further enhanced when PDGF is on the surface (41, 42). This would support the
hypothesis that growth factors on/or near to the xenograft can influence osteogenesis in vivo. Likewise,
Schwartz et al. (2000)(43) suggested that DBBM might have tissue-specific osteoinductive properties
and might contain growth factors such as TGF-B1 and BMP-2. Given the active production of growth
factors by the L-PRF membrane and derivatives, it might further stimulate the biological properties of
the DBBM particles becoming a bioactive scaffold.

Conclusions

Within the limitations of this study, it can be concluded that the L-PRF Block is composed by bovine bone
particles surrounded by platelets, leucocytes and embedded in a fibrin network that releases growth
factors up to 14 days. It might be considered as a biomaterial for tissue engineering.
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Figures

Figure 1. Preparation of an L-PRF Block. A: chop two L-PRF membranes in small pieces; B and C: mix chopped L-PRF
membranes with bone substitute (DBBM particles); D: add = 2 ml of Liquid Fibrinogen; this liquid can only be stored
for <30 min; E: mix carefully during 5-10 seconds and stir gently; and F: wait 3 minutes until the block is formed.
Keep the block covered in the dish to prevent it from drying out.

Figure 2. Release of growth factors (TGF-B1, PDGF-AB, VEGF, BMP-1) from the L-PRF membrane and the L-PRF
Block per time interval as well as its cumulative concentration up to 14 days. The respective concentrations in the
L-PRF exudate and Liquid Fibrinogen are also indicated. *: p<0.05, A: p<0.01.
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Figure 3. Reconstruction images of the microCT. Sections selected at 7.3 and 14.0 mm from a total length of 21.0
mm. Deproteinized bovine bone mineral were detected as radiopaque particles.

B

Figure 4. SEM images of the L-PRF Block (surface and cross-section) and L-PRF membrane (face and tail). A: High
concentration of cells present in the red part (face) of the L-PRF membrane. B: Fibrin fibres of the middle part of
the L-PRF membrane with the presence of some cells. C: Dense fibrin network with embedded cells covering the
block. D: Cells embedded in the fibrin network. E: Fibres of the Liquid Fibrinogen connecting the DBBM particles
inside the block. F: Cells present in the Liquid Fibrinogen at higher magnification. ( = : platelets, *: leucocytes,
and «: red blood cells).
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Tables

Table 1. Cellular counting for L-PRF membrane (per mb), L-PRF exudate (per ml) and Liquid Fibrinogen (per ml), and their relative percentage. t: relative percentage in relation

to the initial blood sample.
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L-PRF membrane (per mb) L-PRF exudate (per ml) Liquid Fibrinogen (per ml)

mean sd %" sd mean sd %' sd mean sd %" sd

Platelets 1.9x10° 4.5x10°% 81.3 17.1 6.1x10" 6.1x107 2.5 2.3 | 21x10° 23x10% 88.9 5.6
Leucocytes 3.6x10" 1.9x107 72.6 13.9 5.0x10° 75x10° 0.9 1.2 | 3.3x107 1.5x107 70.3 16.0
Neutrophils 2.0x 107 1.3x107 69.3 29.1 1.4x10° 2.7x10° 0.5 0.8 | 1.5x107 1.4x107 52.3 41.6
Lymphocytes | 1.2x107 4.7x10° 60.9 14.0 | 29x10° 3.7x10° 1.4 1.6 | 1.7x107 4.7x10° 84.7 16.8
Monocytes 3.5x 10° 1.7 x10° 76.9 21.1 3.8x10* 8.4 x10* 1.4 34 | 3.0x10% 1.4x10° 78.7 25.9
Eosinophils 3.1x10% 2.9x10° 28.0 20.8 1.5x10* 1.4x10* 2.0 2.3 | 99x10° 1.2x10° 71.8 36.0
Basophils 4.4x10° 3.3x10° 59.7 36.9 1.1x10* 2.8x10* 1.3 33| 35x10° 3.0x10° 44.3 40.3
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CHAPTER 4

Impact of g force and timing on the characteristics of PRF matrices
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Abstract

Aim: This in vitro study aimed to compare the biological and physical characteristics of 3 types of PRF
membranes using 2 different centrifuges (Intra-Spin and Duo) with adapted relative centrifugal forces
(RCF): leucocyte- and platelet-rich fibrin (L-PRF: 408 g, 12min); advanced platelet-rich fibrin (A-PRF: 276
g, 14min); advanced platelet-rich fibrin* (A-PRF *: 208 g, 8min).

Material & methods: The release of growth factors, the macroscopic dimensions, cellular content and
the mechanical properties (Young’s modulus) of the respective membranes, prepared from blood of the
same individual, were explored. Also the impact of timing (blood draw - centrifugation and
centrifugation - membrane preparation) was assessed morphologically including scanning electron
microscopy.

Results: No statistically significant differences between the 3 PRF modifications could be observed,
neither in their release of growth factors or the cellular content, nor in clot/membrane dimensions. The
difference between both centrifuges were neglectable when using the same g force. A lower g force,
however, reduced the membrane tensile strength. Timing in the preparation had a significant impact.
Ideally the time between blood draw and centrifugation should be < 1 min, and between centrifugation
and membrane preparation < 30 min.

Conclusions: The suggested changes in RCF had minimal impact on the final characteristics of the PRF
membranes.

Introduction

A centrifuge creates a centrifugal force for separating substances of different densities in a liquid by
rotating at a certain speed measured as revolutions per minute, RPM. The force applied during
centrifugation is called relative centrifugal force (RCF). (1) It causes denser substances and particles to
move outward in the radial direction. Denser particles thus settle at the bottom of the tube, while low-
density substances move to the top. (2) This technique is often used to separate red blood cells from
serum or plasma. Based on this procedure, the concept of platelet concentrates (PCs) arose in the '70s,
(3) and in the late ‘90s and beginning of the 00's their use gained more interest in the oral and
maxillofacial field. (4, 5) In 2009, PCs were newly classified into four categories depending on leucocyte
inclusion and architecture: (6) pure platelet-rich plasma (P-PRP), leucocyte and platelet-rich plasma (L-
PRP), pure platelet-rich fibrin (P-PRF), and leucocyte- and platelet-rich fibrin (L-PRF). L-PRF is obtained
after centrifugation of blood in glass or silica-coated plastic tubes without the use of anticoagulants,
such as EDTA. Three layers are obtained: red blood cells at the bottom, a buffy coat (clot) consisting of
leucocytes and platelets in the middle, and a-cellular plasma at the top. The original protocol for L-PRF
provided centrifugation at RCFclot: 408 g (RCFmax: 653 g, RCFmin: 326 g, RCFaverage: 489 g, distance
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to rotor for RCFclot: 50 mm) for 12 minutes in order to reach high concentrations of platelets and
leucocytes in the buffy coat (7). In the past decade, the use of L-PRF has increased exponentially. (8, 9)

Separating substances of different densities by centrifugation depends on several aspects,
including speed (rotation/revolutions per minute), and duration of spinning. The g- force is influenced
by the angulation and radius of the rotor in the centrifuge and these differ widely depending on the type
of centrifuge . (10) Rotor stability also has a significant impact, with reduced separation in case of radial
vibration. In any evaluation or comparison of medical devices and protocols in this area, factual accuracy
is of the utmost importance. Even centrifugation at identical RPM will exert different centrifugal forces
if centrifuge rotors have different radius sizes, bucket types or bucket sizes. In 2014, Ghanaati and co-
workers (11) proposed a new protocol increasing the time of centrifugation and decreasing speed (A-
PRF, RCFclot 193 g, RCFmax: 276 g for 14 min), using glass tubes for blood collection. Recently, the same
group introduced another modification (12) by reducing centrifugation speed and duration even further
(A-PRF +, RCFclot 145 g, RCFmax: 208 g for 8 min). Reducing RCF resulted in an increase in the release
of growth factors and in the concentration of leucocytes and platelets.

Studies comparing A-PRF or A-PRF+ with L-PRF have led to controversial data (12-14). For
instance, Ehrenfest and co-workers (15) (2018) compared L-PRF vs. A-PRF prepared with various
centrifugation devices and concluded that the L-PRF protocol allowed producing larger
clots/membranes and a more intense release of growth factors. In contrast, in a similar study El Bagdadi
and co-workers (13) (2019) compared L-PRF vs. A-PRF vs. A-PRF+ and observed an increased in growth
factors release when RCF was reduced. Comparing findings is complicated by the heterogeneity in
methods used, such as type of tube (plastic or glass) and adaptation of RCF to the rcf-max or rcf-clot.
Moreover, neither of these studies evaluated the real effect of the centrifuge when the same PRF
matrices were prepared with the g force adapted for each device nor the impact of using a glass or
plastic tube.

Therefore, the primary aim of this study was to investigate whether the adaptation of the g force
for the above-mentioned PRF modifications (L-PRF, A-PRF, and A-PRF+) in 2 centrifuges have any
influence on their characteristics in terms of release of growth factors, morphology, cellular content,
and mechanical properties. Although speed and duration of centrifugation are crucial, timing of the
entire process also appears to be an important factor. Therefore, the secondary aim was to assess the
influence of time before and after centrifugation on L-PRF membrane morphology.

Material & Methods

Eight healthy volunteers were included in this study. The exclusion criteria comprised the following
conditions: anticoagulant medication 3 months before the study, pregnancy or lactation, history of
periodontal disease or any active systemic infection. A total of six 9-ml silica-coated plastic tubes
(BVBCTP-2, Intra-Spin, Intra-Lock, Florida, USA), and six 10-ml glass tubes (A-PRF tubes, Process for PRF,
Nice, France) were collected per participant. Three out of eight volunteers donated an extra 12 tubes of
blood for the timing experiments: six for the blood draw - centrifugation time (time before
centrifugation), and six for the centrifugation - membrane preparation time (time after centrifugation).
The tube distribution for each experiment is shown in Figure 1.

The use of human blood was approved by the KU Leuven ethical committee and registered with
identifier B322201628215. The procedures were executed according to the Helsinki Declaration and the
regulations of the University Hospital, which are approved by the ethical committee. An informed
consent was obtained from all subjects.
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A. Comparison PRF modifications

Preparation of the PRF clots/membranes

Three types of platelet concentrates were prepared with two different centrifuges and the g-force was
adapted for each protocol: leucocyte- and platelet-rich fibrin (L-PRF) (RCFclot 408 g, RCFmax: 653 g, for
12 min) (16); advanced platelet-rich fibrin (A-PRF) (RCFclot 193 g, RCFmax: 276 g for 14 min) (11); and
advanced platelet-rich fibrin+ (A-PRF+) (RCFclot 145 g, RCFmax: 208 g for 8 min) (12).
These clots were gently compressed into membranes using the specific design box for each protocol (L-
PRF: Xpression kit, Biohorizons, Birmingham, Alabama, USA ; A-PRF and A-PRF+: PRF Box, Process for
PRF, Nice, France). Two centrifuges were used, in which the g-force could be adapted: the DUO
centrifuge [Process for PRF, Nice, France, (DUO)] and the Intra-Spin centrifuge [Biohorizons,
Birmingham, Alabama, USA, (IL)].

Six different membranes were prepared: L-PRF-DUO, A-PRF-DUO, A-PRF+-DUO; and L-PRF-IL, A-
PRF-IL, A-PRF +-IL (Table 1). Following the manufacturer’s instructions, 10-ml glass tubes were used for
all the preparations in the DUO centrifuge, and 9-ml silica-coated plastic tubes for the Intra-Spin
centrifuge.

Release of growth factors

Each membrane (L-PRF-DUQ, L-PRF-IL, A-PRF-DUO, A-PRF-IL, A-PRF+-DUO, A-PRF+-IL) was placedin a 15
ml-tube with 5 ml of Dulbecco’s Modified Eagle medium (Sigma-Aldrich BVBA, Overijse, Belgium)
without antibiotics and changed to a new tube with sterile tweezers after 4 hours and then on day 1, 3,
7, and 14. After membrane collection at each time interval, the remaining medium was centrifuged at
1000 rpm for 10 minutes (VWR® Mega Star 6000R, VWR International BVBA, Haasrode, Belgium) to
remove any residue and thereafter frozen at -80° Celsius.

The concentrations of vascular endothelial growth factor (VEGF), transforming growth factor
beta-1 (TGF-B1), and platelet-derived growth factor-AB (PDGF-AB) were measured in duplicate with
commercially available enzyme-linked immunosorbent assay kits (ELISA, R&D Systems Europe,
Abingdon, UK) following the manufacturer’s instructions. The levels of bone morphogenetic protein-1
(BMP-1) were also recorded by another ELISA test (Abbexa, Cambridge Science Park, UK).
Measurements were conducted with a microplate reader (Multiskan Ascent®, Rev 1.2, Thermo Electron
Corporation, Vantaa, Finland) set to 450 nm (using 550 nm as a background reference). The exudate
released during compression of the clot into a membrane was kept to analyse the cellular content.

Cellular counting

Cellular counting was performed for all the membranes with a haematology analyser (CELL-DYN 3700,
Abbott GmbH & Co, Wiesbaden, Germany). Given the difficulty to dissolve the membranes without
damaging the cells, cellular counting was carried out indirectly following the protocol described by
Castro et al., (2019) (17) (Figure 2). All samples were frozen at -80° Celsius after addition of 10%
dimethylsulfoxide (DMSO) to avoid the formation of crystals inside the cells.

Macroscopic analysis

After centrifugation, the clots were removed from the tubes and weighed immediately. Standardized
pictures were taken of all the clots on a graph paper. Afterwards, the clots were transformed into a
membrane by gentle compression; membranes were weighed and standardized pictures taken. The
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length and the width of each clot and membrane were measured with software Imagel® (Image
Processing and Analysis in Java, 1.8.0_77). A horizontal (length) and a vertical (width) line were drawn
from the middle point of the clot or membrane with an angle of 90°.

Physical characteristics
Tensile tests were carried out on a TA.XT plus Texture Analyser (Stable Microsystems, Surrey, UK). The
membranes had previously been cut with a specially designed metal mould with a “dog-bone” shape.
The dimensions were 5 mm width in the narrowest middle part, 10 mm width at both ends, and 1 mm
in thickness. The shaped membranes were held with the tensile grips of the Texture Analyser
(A/MTG Mini), leaving the specimen free of tension. Next, the test was programmed on Exponent
software (Stable Microsystems, Surrey, UK) applying the tensile load at a constant speed of 0.5 mm/sec.
Stress-strain curve data were recorded and the elastic modulus was calculated by using the slope of the
stress/strain curve.

For the compression test, the same equipment was used but the membranes were cut with a
10-mm diameter metal punch, and the tensile grips were changed by a cylinder probe P/0.5 (Stable
Microsystems, UK). The specimens were compressed to about 50% (50% deformation) at a constant
speed of 0.5 mm/sec. Stress-strain curve data were recorded and the elastic modulus was calculated by
using the slope of the stress/strain curve.

B. Influence of Time in the Preparation of Platelet Concentrates

Timing: blood draw - centrifugation

Six extra 9-ml plastic silica-coated tubes were collected from three participants. One tube was
centrifuged immediately (< 1 minute) at 408 g for 12 min, whereas the remaining five were gently shaken
for 1, 3, 5, 7, and 10 min before centrifugation. Standardized pictures were taken of the corresponding
membranes. Morphology (length and width) was measured with Imagel as described for the
macroscropic analysis.

One L-PRF membrane from each time point (if a membrane could be obtained) was processed
for SEM analysis following the protocol described by Castro and co-workers(17) (2019). Briefly, each
membrane was fixed immediately after preparation in 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer for 24 h, rinsed with 0.2 M sodium cacodylate buffer and distilled water, and dehydrated in
ascending dilutions of ethanol (25, 50, 75, 95, and 100%). After dehydration, each sample was immersed
in hexamethyldisilazane 98% (Acros Organics, Geel, Belgium) for 10 min and air-dried at room
temperature. The specimens were coated with gold by an auto fine coater (JFC-1300, JEOL, Tokyo,
Japan). The images from the red part (face, the area previously in contact with the red blood cells) and
the middle part (tail) were taken using SEM (JSM-6610LV, JEOL).

Timing: centrifugation - membrane preparation

Another six 9-ml plastic silica-coated tubes form 3 patients were immediately centrifuged at 408 g for
12 min. L-PRF membrane were prepared immediately after centrifugation and after 30 min, 1h, 2h, and
3h, respectively.
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Data Analysis

In order to analyse growth factor release, the fixed effects coefficients and their variance-covariance
matrix were subjected to a multiple comparisons procedure with the best . The concentrations of
growth factors for each membrane were calculated, per time interval and cumulative concentration.

A linear mixed model was set up for each haematological cell type separately, with each protocol
as fixed factor and the subject as random factor. Normality of the residuals was assessed by means of
a normal quantile plot and data were log-transformed if the normal quantile plot indicated a distribution
that approached a log-normal distribution.

The data for the mechanical testing were analysed using descriptive statistics by reporting the
mean and standard deviation. An unpaired student t-test was used to compare all groups.

For the data of the time before/after centrifugation, a linear mixed model was applied with
donor as random factor. A normal quantile plot was used to assess the normality of the residuals.
Comparisons between timings were corrected for simultaneous hypothesis testing according to Tukey.

Results

Eight healthy subjects (4 women, 4 men) participated in this study. The mean age was 42.8 + 14.2 years
(range 29-60 years). No complications during blood collection were reported. In one subject, the L-PRF-
DUO membrane was completely dissolved at the 7-14 day time interval. The same occurred with the A-
PRF+-IL of another subject at the same time interval.

A. Comparison PRF modifications

Release of growth factors per time interval (Figure 3)

The highest amount of VEGF was released by A-PRF-DUO at 1-3 days (2241.4 pg/mb, 95%Cl 917.8-
3565.0). No statistically significant differences could be observed among any of the membranes
(different device/different setting) (p>0.05). For PDGF-AB, the maximum concentration of protein
released occurred during the 1-3 day time interval for all membranes. However, no statistically
significant difference amongst all membranes was observed (p>0.05). All membranes produced the
highest amount of TGF-B1 at the 1-3 day time interval. Statistically significant difference could only be
observed between A-PRF-DUO and A-PRF-IL in favour of the latter (p<0.05). Similarly, all membranes
produced the highest amount of BMP-1 at a 4h-1-day time interval. No significant differences could be
found between the membranes (p>0.05).

Cumulative measurement on release of growth factors (Figure 3)

The highest amount of VEGF over 14 days was released by L-PRF-DUO (6306.8 pg/mb, 95%Cl 1351.3-
9075.6). However, no statistically significance difference was found in comparison with other
membranes (p>0.05). For PDGF-AB, the highest amount was released by A-PRF-IL (83692.3 pg/mb,
95%Cl 63976.9-103407.7), but no statistically significant difference could be found between all
membranes (p>0.05). A-PRF+-DUO released the highest amount of TGF-B1 after 14 days (177974.1
pg/mb, 95%CI 136761.3-2191896.9). This did not reach statistical significance compared with the other
membranes (p>0.05). Likewise, A-PRF-IL produced the highest amount of BMP-1 after 14 days (1723.4
pg/mb, 95%Cl 731.5-4033.5) but no differences could be observed among any of the membranes
(p>0.05).
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Women released slightly more growth factors compared with men except for VEGF (L-PRF-IL),
PDGF (L-PRF-IL and L-PRF-DUQ), and TGF- B1 (L-PRF-IL and A-PRF *-IL), albeit not statistically significant
(p<0.05).

Cellular counting
All membranes contained more than 60% of leucocytes available in the initial blood sample. No
statistically significant differences were observed for any leucocyte cell type amongst protocols (p>0.05).
Similarly, all membranes presented more than 80% of platelets, except L-PRF-DUO (74.0%) and A-PRF+-
DUO (76.9%). These differences did not reach statistical significance (Figure 4).

The exudate showed a low cellular content with less than 3% of platelets and 1% of leucocytes
for all settings. No statistically significant differences were observed for the platelet count (p>0.05).
Statistically significant differences amongst white blood cells are shown in Figure 4E.

Macroscopic analysis (Table 2)

In terms of length or width no statistically significant differences could be observed among the different
clots. In terms of weight statistically significant differences (1.6 £ 0.4 gvs. 2.1 £ 0.6 g, p<0.05) were only
observed between L-PRF-IL clots vs. L-PRF-DUO clots. No differences in length, width, or weight were
observed in the membranes (p>0.05) (Figure 5).

After gentle compression of the clot in membranes, a minimal change in length of 0.08 cm, 0.09
c¢m, 0.10 cm, 0.08 cm, 0.06, and 0.10 cm was measured for L-PRF-IL, L-PRF-DUO, A-PRF-IL, A-PRF-DUO,
A-PRF+-IL, and A-PRF+-DUO, respectively. At the same time, a mean loss of 85.5% in weight was
recorded (L-PRF-IL: 81.7%, L-PRF-DUO: 87.1%, A-PRF-IL: 84.2%, A-PRF-DUO: 87.2%, A-PRF+-IL: 86.1%,
and A-PRF+-DUO: 86.6%).

Mechanical testing.

Figure 6 shows Young’s modulus obtained for the different membranes (mean and standard deviation).
In the tensile test, statistically significant differences were observed between L-PRF-IL vs. A-PRF-IL
(p<0.01), L-PRF-DUO vs. A-PRF+-DUO (p<0.001), and A-PRF-DUO vs. A-PRF+-DUO (p<0.05). No
statistically significant difference was found within the same protocol when the g force was adapted in
each device, i.e. L-PRF-IL vs. L-PRF-DUO.

For the compression test, statistically significant differences were observed between the
different centrifugation protocols and within the same protocol using different devices (Figure 6).

B. Influence of time in the preparation

Timing: blood draw - centrifugation.

The time interval between blood draw and centrifugation played a significant role. If the delay was > 5
min (in one patient even > 3 min) an amorphous blood clot was obtained and compression into a
membrane became impossible (Figure 7). Even shorter delays had an impact. For example, delays caused
a reduction in membrane length: for time intervals of <1, 1, 3, and 5 min lengths were 3.0+ 0.2 cm, 2.4
+0.5cm, 1.7 £ 0.1 cm, and 0.9 + 0.0 cm, respectively). The difference between <1 or 1 min on the one
hand and 3 min or 5 min on the other hand reached statistical significance (p<0.05). No statistical
significant difference could be observed for width measurements (p>0.05).
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SEM images from the above-mentioned membranes are shown in Figure 8. Membranes
prepared within 1 min after blood draw showed clusters of platelets, leucocytes and red blood cells
embedded in a well-organized fibrin matrix. As the time interval increased, looser cells and a denser and
disorganized matrix were observed.

Timing: centrifugation - membrane preparation (Figure 7).

The time interval between the end of centrifugation and the compression of the clot into a membrane
also had an impact. The longer this time interval, the smaller the membranes. Both in length and width,
statistically significant differences were found between membranes prepared immediately after
centrifugation and those prepared after 2 or 3 hours (p<0.05).

Discussion

The present study showed both the importance of adapting RCF of the centrifuge to obtain similar PRF
matrices and the differences among different PRF modifications. No statistically significant differences
could be observed among all six protocols in terms of growth factors release, cellular content, and
dimensions. The release of growth factors by L-PRF, A-PRF and A-PRF + had already been reported in
literature, but to date PRF clots had been examined and not the membranes. (13, 19) Ours is the first
study to test PRF membranes. Choosing membranes rather than clots is important because membranes
are most frequently used in oral surgery and treatment of chronic wounds. (20-22)

The role of growth factors in bone formation is widely recognised, particularly for bone
morphogenetic proteins (BMPs), PDGF, TGF- and VEGF. (23, 24) BMPs and PDGF induce migration and
proliferation of osteoprogenitor cells, whereas TGF-B stimulates cell growth and the synthesis of
extracellular matrix. (25) VEGF is known as a potent inductor of angiogenesis and osteoblast
proliferation. (26) Recently, Ratajczak and co-workers (27) described the angiogenic potential of L-PRF
in an in-vitro study. They concluded that L-PRF induced key steps of the angiogenic process such as
endothelial proliferation, migration, and tube formation. They also demonstrated that L-PRF was able
to induce blood vessel formation in vivo with a chorioallantoic membrane assay. Platelet concentrates
may release other bioactive factors that also play a role in the regeneration process. Some studies have
revealed that PRF constructs produced key immune cytokines, such as interleukin (IL) 1B, IL-6, IL-4, and
tumor necrosis factor. (28, 29)

Several papers (13, 15, 30) reported contradictory data on the impact of g-force on the above-
mentioned release in growth factors, but unfortunately with some methodological shortcomings (7, 31).
It is indeed important to use the same RCF of the centrifuge when comparing different protocols. When
adapting RCF for different centrifuges, the previously reported differences between different protocols
were no longer observed. Indeed, in the current study, no statistically significant differences could be
found among all membranes, prepared with different protocols, in terms of growth factors release,
cellular content, and dimensions.

In literature, the common way to express rotor speed is in terms of revolutions per minute (rpm).
(32, 33) However, rpm does not take into account the radius of the centrifuge. Since the radius is not
standardized for all centrifuges, RCF should be used because it also considers the distance of the tubes
to the axis of rotation. (34) Therefore, the rpm of two centrifuges can be the same, but the forces
applied to the particles in the tubes will differ significantly. Both the Intra-Spin and the PRF DUO
centrifuge have a fixed-angle rotor but they present a different rotation angle and radius (Table 2).
Consequently, RCF should be adjusted in both centrifuges if one would like to apply similar forces on the
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blood cells. If not, PRF constructs will be completely different. One limitation of this study is that the
angulation of the tubes inside the centrifuge is a variable that cannot be adapted. Thus, we assumed
that the angulation would have some effect on the distribution of the cells in the clot/membrane.
However, even without adapting this variable, no differences could be observed among all membranes.

The L-PRF clot lost 85% of its weight when compressed into a membrane. However, the clots
were compressed using a box where the force applied could not be registered, which may be a limitation
of this study. Nevertheless, this finding needs to be taken into consideration when using L-PRF clots in
a clinical application, for instance, for alveolar ridge preservation. If clots are used, it will be more
difficult to place 4-6 clots in one socket since their volume is larger than that of the membranes. (16, 35)
After some time, the clots will lose the exudate, leaving an almost empty socket. The latter might explain
the unfavourable clinical results when clots were used for ridge preservation instead of membranes.
(36)

Although there was no statistically significant difference, PRF clots produced with glass tubes
showed higher weight (mean 1.9 + 0.4 g) compared with those from silica-coated plastic tubes (mean
1.6 £ 0.3 g). Recently, the importance of centrifugation tubes on the final production of PRF matrices
has been highlighted(37). Bonazza and co-workers (38) already showed the influence of the material
and shape of the blood collection tube on the platelet concentrate, with differences in morphology,
fibrin network architecture, and cell distribution. They reported a higher weight of Concentrated Growth
Factors (CFG), a PRF-like product, obtained with a glass round-bottom tube. In glass tubes, blood begins
to coagulate immediately after blood collection, with larger fibrin recruitment. The use of these tubes
allowed to obtain CFGs that were larger, thicker and weighed more compared with those obtained with
plastic silica-coated tubes. (38, 39) However, their weight after compression, in membrane form, did
not differ between protocols in our study. Yamaguchi and co-workers(40) reported different platelet
distribution in the concentrated growth factors matrix when prepared with silica-coated plastic tubes or
glass tubes. Platelets were distributed mainly in the distal side of the glass-prepared CGF matrix, but
homogeneously in the plastic-prepared CGF matrix.

In this present study, statistically significant differences were found amongst different protocols
for both mechanical tests. Moreover, the results for the tensile testing were similar and showed no
statistically significant differences for the same protocol when the g-force was adapted in both
centrifuges, suggesting that the adaptation of the g-force may result in similar PRF matrices
independently of the device used. The results obtained from the mechanical testing for the six protocols
ranged between 0.3-0.6 MPa and between 0.1-0.3 MPa for the tensile strength and compression
strength, respectively. These data are similar to the results found in literature. (41), (42) For instance,
when compared with the elastic modulus in tension of a porcine dermal collagen membrane (0.3 £+ 0.1
MPa), (43) all PRF constructs showed higher values except A-PRF+-IL and A-PRF+-DUO.

In this study, and for the first time, the relevance of timing before and after centrifugation in
obtaining an optimal PRF construct is highlighted. The blood coagulation cascade has been studied
intensively. (44-46) Butenas and co-workers (47) reported that this first stage of the coagulation finished
after two minutes. The in-vivo clot formation has also been studied with real-time confocal microscopy.
(48) After 20 seconds, fibrin appeared on the upstream edge of the thrombus. Between 34 and 60
seconds, fibrin extended throughout the platelet thrombus. Accordingly, our findings showed the
importance of centrifuging blood within the first 60 seconds to avoid early formation (before
centrifugation and separation of the cells) of a coagulum inside the tube. These findings are in
accordance with those observed by Miron and co-workers (2019) (49). They also reported a 60- to 90
seconds interval between blood draw and the start of centrifugation.
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Conclusions

Within the limitations of this study, one can conclude that the adaptation of RCF for each centrifuge did
not result in differences in terms of release of growth factors, cellular content, dimensions, and
mechanical properties. However, the time between blood collection and centrifugation strongly
influenced the dimension and structure of the L-PRF membranes obtained.
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Figures

Figure 1. Scheme of the tube distribution for each experiment.
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Figure 2. Representation of steps for cellular counting. (A) initial blood; (B) tube after centrifugation with three
layers: platelet-poor plasma (PPP), fibrin clot (L-PRF clot), and red blood cells (RBC); (C) tube after removal of the
fibrin clot (PPP + RBC). (D) same tube of step C with physiological water (PW) until a volume of 9 ml (initial volume);
(E) L-PRF membrane prepared after compression of the clot; (F) tube with L-PRF exudate release during the
compression of the L-PRF clot + physiological water (PW) until a volume of 9 ml; (G) tube with initial blood

composition.
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Figure 3.
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Release of growth factors (VEGF, BMP-1, PDGF-AB, and TGF-B1). A: release per time interval; B:

cumulative release up to 14 days. Data from eight participants. *: p<0.05.
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Figure 4. Cellular counting of the exudate and the membranes for each protocol. (A) platelet count for exudate;
(B): platelet count for membrane; (C) white blood cell count for each exudate; (D) white blood cell count for each
membrane; (E) mean and standard deviation (sd) of the white blood cells count for the exudate. For each cell type,
different letters (a-c) indicate statistical significant difference (p>0.05) between protocols.
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Figure 5. Standardized pictures and measurements of the clots and membranes. The length and the width of each
clot and membrane were measured with a horizontal (length) and a vertical (width) line drawn from the middle
point of the clot or membrane with an angle of 90°.
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Figure 6. Graphical representation of the compression tests and tensile tests. Data from eight participants. *
p<0.05, ** p<0.01, ***p<0.001.
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Figure 7. Morphology of the L-PRF membranes depending on the time before and after centrifugation (n=3). A:
Timing between blood collection and centrifugation; B: Timing between centrifugation and L-PRF membrane
preparation.

Imm. 30 min 1 hour 2 hours 3 hours

Figure 8. Scanning electron microscopy images of the L-PRF membranes with different time points (<1 min, 1 min,
3 min, and 5 min) before centrifugation. (A) Represents the red part (face) of the membrane; (B) represents the
yellow part (tail).
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Tables

Table 1. Platelet rich fibrin matrices (L-PRF, A-PRF, and A-PRF *) prepared with the centrifuge Process for PRF, Nice,
France, (DUO)] and the Intra-Spin centrifuge [Biohorizons, Birmingham, Alabama, USA, (IL)].”

DEVICE TUBE SETTING
RCFjot RCFmax rotor rpm time
angulation
L-PRF-IL Intra-Lock, USA Plastic-coated 408 g 653 g 33° 27000 12 min

Process for PRF,
L-PRF-DUO Glass 408 g 653 g 40° 1825 12 min
France

A-PRF-IL Intra-Lock, USA Plastic-coated 193 g 276 g 33° 2200 14 min

Process for PRF,
A-PRF-DUO Glass 193 g 276 g 40° 1500 14 min
France

A-PRF+-IL Intra-Lock, USA Plastic-coated 145¢g 208 g 33° 1900 8 min

Process for PRF,
A-PRF+-DUO Glass 145¢g 208 g 40° 1300 8 min
France

Table 2. Clots and membrane dimensions (mean and standard deviation) in all protocols (n=8). Difference (A)
between clots and membranes in terms of length, width, and weight. sd: standard deviation.

Length (cm) Width (cm) Weight (g)
Clot

mean sd mean sd mean sd
L-PRF-IL 3.0 0.3 1.2 0.08 1.6 0.5
L-PRF-DUO 33 0.7 1.2 0.1 2.1 0.6
A-PRF-IL 29 0.3 1.2 0.1 1.6 0.3
A-PRF-DUO 3.0 0.3 1.1 0.1 2.0 0.3
A-PRF +-IL 2.9 0.3 1.1 0.1 1.5 0.3
A-PRF + -DUO 3.0 0.2 1.1 0.1 1.7 0.2

Membrane

mean sd mean sd mean sd
L-PRF-IL 2.9 0.7 1.0 0.1 0.26 0.09
L-PRF-DUO 3.2 0.5 1.0 0.1 0.27 0.08
A-PRF-IL 2.8 0.4 1.0 0.06 0.22 0.08
A-PRF-DUO 3.0 0.4 1.0 0.07 0.27 0.06
A-PRF + -IL 3.0 0.2 0.9 0.1 0.23 0.08
A-PRF + -DUO 2.9 0.5 0.9 0.1 0.22 0.06

Difference membrane-clot

mean sd mean sd mean sd
L-PRF-IL -0.08 0.6 -0.2 0.1 -1.3 0.4
L-PRF-DUO -0.09 0.2 -0.2 0.3 -1.8 0.6
A-PRF-IL -0.1 0.2 -0.2 0.2 -1.4 0.2
A-PRF-DUO -0.08 0.6 -0.1 0.6 -1.7 0.2
A-PRF + -IL 0.06 0.2 -0.2 0.2 -1.3 0.2
A-PRF + -DUO -0.1 0.3 -0.2 0.2 -1.5 0.3
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CHAPTER 5

Antimicrobial capacity of Leucocyte- and Platelet Rich Fibrin against

periodontal pathogens

Castro Ana B, Rodriguez Esteban H, Slomka Vera, Pinto Nelson, Teughels Wim & Quirynen Marc. (2019)
Scientific Reports 9; 8188.

Abstract

Aim: To evaluate the antibacterial properties against the main periopathogens cultured on agar plates
and in planktonic solution.

Materials & Methods: L-PRF membranes and 25ul L-PRF exudate were applied on different agar plates
seeded with Porphyromonas gingivalis, Prevotella intermedia, Fusobacterium
nucleatum, and Aggregatibacter actynomycetemcomitans. The plates were incubated for 72h. After
incubation, the areas of inhibition were measured. When L-PRF exudate showed inhibition against the
plated bacteria, vitality-qPCR was performed for the planktonic culture. Three different dilutions of L-
PRF exudate were used for vitality-gPCR and colony counting.

Results: The mean area of inhibition for P. gingivalis, P. intermedia, F. nucleatum, and A.
actynomycetemcomitans was 11.8 + 5.0 mm2 (p<0.05), 4.6 £ 5.2 mm2 (p<0.05), 2.6 £ 3.0mm2 (p>0.05),
and 2.0 £+ 1.8 mm2 (p>0.05), respectively. L-PRF exudate showed an area of inhibition
against P.gingivalis of 18.0 + 2.6 mm?2 (p<0.05). No inhibition could be seen for the rest of the bacterial
strains. The vitality-qPCR performed for P.gingivalis and the 3 dilutions of L-PRF exudate showed a
decrease of bacterial growth of 86%, 38%, and 24%, when compared to the control.

Conclusions: An L-PRF membrane has antimicrobial effect against the main periopathogens, especially
against P.gingivalis. The L-PRF exudate showed a strong inhibition against P.gingivalis on agar plates and
it decreases the number of viable P.gingivalis in a dose-dependent way.

Introduction

The classic experimental gingivitis studies in the 60s (1, 2) demonstrated the direct relation between the
accumulation of dental plaque and gingival inflammation. Dental plaque or dental biofilms are defined
as a matrix-embedded microbial population, adherent to each other and/or to surfaces or interfaces (3).
Studies on biofilm development in deep periodontal pockets showed that the deepest sites are
colonized predominantly by motile species (e.g. spirochetes) and gram-negative bacteria, located
adjacent to the epithelial lining of the pocket. Some of these bacteria are part of the red complex
(Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia) and the orange complex (e.g.
Fusobacterium nucleatum) (4). On the other hand, gram-positive rods and cocci are more dominant in
shallow sites, forming a firmly adherent band of microorganisms on the enamel or root surface (4)(5)(6).
One of the most solid associations between a periodontal pathogen and destructive periodontal disease
is provided by Aggregatibacter actinomycetemcomitans JP2, a potential etiologic agent of localized
aggressive periodontitis (7)(8)(9).

Traditionally, the goal of non-surgical periodontal therapy is to eliminate the microbial and/or
inflammatory etiology and to reduce the initial pockets to <5 mm. Antimicrobial agents are often used
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as adjuncts to initial therapy (10). If the desired pocket depths are not achieved, surgical treatment is
required (11, 12).

Recently, new tissue-engineering techniques have been proposed for regenerative procedures
after non-surgical periodontal therapy (13) or for bone augmentation (14, 15). Leucocyte- and platelet-
rich fibrin (L-PRF), a second-generation platelet concentrate, was introduced as an autologous
biomaterial that serves as a scaffold for regenerating cells. L-PRF is prepared from the patient’s own
blood, without adding any additives, and concentrates >90% of the platelets and >75% of the leucocytes
from the initial blood composition(16). It offers a continuous release of growth factors and other
bioactive substances that stimulate and protect the surgical site (17, 18). Different forms of L-PRF can
be prepared, the membrane most commonly used.

Two recent systematic reviews (19, 20) have shown the various applications of L-PRF, concluding
that favourable effects on hard and soft tissue healing and a decrease of postoperative discomfort could
be obtained when L-PRF was used. Several studies have described other biological properties of L-PRF
such as the antimicrobial effect against wound bacteria (21)(22). Given the cellular composition of L-
PRF (16) and its bioactive nature (17), the aim of this study was to evaluate the antimicrobial capacity of
an L-PRF membrane and L-PRF exudate against key periodontal pathogens (Porphyromonas gingivalis,
Prevotella intermedia, Fusobacterium nucleatum, and Aggregatibacter actinomycetemcomitans). The
null-hypothesis was postulated as (1) an L-PRF membrane and its exudate do not inhibit the four tested
bacterial strains when applied directly on a cultured Brain Heart Infusion (BHI) agar plate, and (2), L-PRF
exudate does not inhibit bacterial growth of the tested bacterial strains in planktonic form.

Materials & Methods

Bacterial strains

All bacterial species (P. gingivalis ATCC 33277, P. intermedia ATCC 25611, F. nucleatum ATCC 20482, A.
actinomycetemcomitans ATCC 43718) were maintained on blood agar (Oxoid, Basingstoke, UK)
supplemented with 5mg/ml hemin (Sigma, St. Louis, USA), 1mg/ml menadione (Calbiochem-
Novabiochem, La Jolla, CA, USA), and 5% sterile horse blood (E&O Laboratories, Bonnybridge, Scotland).
Overnight liquid cultures were prepared in BHI broth (Difco, Detroit, MI, USA). The bacteria were
cultured under anaerobic conditions (80% N,, 10% H, and 10% CO) for P. gingivalis, P. intermedia, and
F. nucleatum or aerobic conditions (5% CO,) for A. actinomycetemcomitans.

Leucocyte- and Platelet-Rich Fibrin (L-PRF) preparation

The participants in this study (n=9) were systemically healthy, non-smokers, without a history of
periodontal disease and who had not taken any antibiotics for at least 6 months before the study. Four
blood samples were collected from each volunteer (n=9) in a 9mL glass-coated plastic tube and
immediately centrifuged at 408 g for 12 minutes (Intraspin™, Intra-Lock, Boca Raton, FL, USA). The L-
PRF clot was compressed and transformed into a standardized membrane of 1 mm in thickness
(Xpression® box, Intra-Lock, Boca Raton, FL, USA). During this process, the released exudate was also
kept for further use at -80°C. Due to the low cellular content of L-PRF exudate (<2.5% of platelets and
<0.9% of leucocytes for the initial blood composition) (23), we could freeze it without damaging the
possible active molecules.
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Agar plate test

L-PRF membrane

BHI agar plates (Difco, Sparks, MD, USA) were seeded with an overnight culture 2 h before the
application of an L-PRF membrane and incubated in anaerobic (80% N, 10% H, and 10% CO,) or aerobic
(5% CO,) conditions, depending on the bacteria. The L-PRF membranes on the surface of a BHI agar plate
were in direct contact with P. gingivalis, P. intermedia, F. nucleatum or A. actinomycetemcomitans. The
incubation time was 72 h.

Standardized pictures (constant distance between agar plate and camera) were taken at
baseline and after 72 h. In order to verify the shrinkage, the difference in surface area of the membrane
between pictures at baseline and those after 72h was computed with PictZar® Pro 7.1 (Digital Planimetry
Software). Each image was calibrated based on the ruler that was attached to the agar plate. First, the
area of the L-PRF membrane at baseline was coloured (red) and its area was calculated. The same was
done for the L-PRF membrane after 72 h of incubation. The area free of bacterial growth around each
membrane was coloured (green) and calculated. To evaluate the shrinkage, the area of the L-PRF
membrane at baseline was subtracted from the area after 72 h (Figure 1).

The length and width of each membrane were measured at baseline and after 72 h with the
software Imagel® (Image Processing and Analysis in Java, 1.8.0_77). All images were individually
calibrated based on the ruler that was fixed to each agar plate. A horizontal (length) and a vertical (width)
line were drawn from the middle point of the membrane with an angle of 90°.

L-PRF exudate

Twenty-five microliters of L-PRF exudate, 25 pl of pure chlorhexidine (CHX) 0.12% (positive
control) and 25 pl of BHI broth (negative control) were applied directly to the surface of each BHI agar
plate, prepared and inoculated in the same way as in the previous experiment. The incubation time was
72 h. Standardized pictures were taken at baseline and after 72 h. The area free of bacterial growth
around each drop of L-PRF exudate was measured with the software PictZar® Pro 7.1.

L-PRF exudate dilution test
If inhibition with L-PRF exudate was detected, bacteria were cultured in BHI broth and optical densities

were adjusted using spectrophotometry (OD600, GeneQuant Spectrophotometer, Buckinghamshire,
UK) to an OD of 0.5-0.7 (ODggo= 0.5 = 1x10% colony forming unit/ml (CFU/ml). Three dilutions of L-PRF
exudate were prepared in a 96-well plate, for a total volume of 300 pl/well: ratio 1:1 (150 pl of bacteria
+ 150 pl of L-PRF exudate), ratio 1:2 (150 pl of bacteria + 75 ul of L-PRF exudate + 75 pl of saline), and
ratio 1:4 (150 pl of bacteria + 37.5 pul of L-PRF exudate + 112.5 pl of saline). The positive control consisted
of 150 pl of bacteria + 150 pl of saline. The incubation time was 24 h. One bacterial strain that was not
inhibited during the agar plate test was also cultured.

After 24 h, 90 pl of the mixtures mentioned above was taken for vitality quantitative PCR (qPCR).
Another 50 pl was used for microbial culturing and colony counting (CFU/ml). This experiment was
performed in triplicate.

Vitality gPCR

The vitality-DNA extraction was performed with a QlAamp DNA Mini kit (Qiagen, Hilden, Germany) (24).
Briefly, 90 ul aliquots of the samples were immediately incubated with 10 ul of propidium monoazide
(PMA) (Biotium, Hayward, CA, USA) at a final concentration of 100 pg/ml (24). Samples were incubated
in the dark for 5 min, following photo-induced cross-linking of PMA by 10-min light exposure using a 400
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W (500 Im) light source, placed 20 cm above the sample, while samples were kept on ice. The PMA
treated bacteria were pelleted by centrifugation at 20,000 x g for 10 min and DNA extraction was
performed using the QlAamp DNA Mini kit following the manufacturer’s instruction, extending the
incubation step of the bacteria in the lytic enzyme solution at 37°Cto 2 h.

A gPCR assay was performed with a CFX96 Real-Time System (Biorad, Hercules, CA, USA) using
the Tagman 5’ nuclease assay PCR method for detection and quantification of bacterial DNA. Primers
and probes were targeted against the 16S rRNA gene for the test group and for the negative control.
Tagman reactions contained 12.5 ul Mastermix (Eurogentec, Seraing, Belgium), 4.5 pl sterile H,0, 1 ml
of each primer and probe, and 5 ml template DNA. Assay conditions for all primer/probe sets consisted
of an initial 2 min at 50°C, followed by a denaturation step at 95°C for 10 min, followed by 45 cycles of
95°C for 15 s and 60°C for 60 seconds. Quantification was based on a plasmid standard curve (Table 1).

Colony counting (CFU/ml)

All samples were also diluted from 10 to 10 in PBS and plated by means of a spiral plater on blood
agar plates supplemented with 5mg/ml hemin (Sigma, St. Louis, USA), 1mg/ml menadione, and 5%
sterile horse blood. After 7 days of anaerobic (80% N,, 10% H, and 10% CO;) or aerobic (5% CO,)
incubation (depending on the bacteria), the total number of CFU/ml was counted by means of Fiji
software (Image Processing and Analysis in Java, 1.8.0_77). Briefly, all images were transformed into a
16-bit-image and a region of interest (ROI) with all colonies was selected. The image was then converted
into a binary image. The latter was modified (watershed) to improve the separation of each colony when
the colonies were too close. Finally, the count was performed based on the size and the circularity *
(Figure S1). If the number of colonies on an agar plate was above 300, this plate was considered not
countable. CFU/ml were calculated according to the dilution point.

Gram negative staining

Given the differences in values between the qPCR and the CFU reported in Table 3, a gram negative
staining was performed for A. actinomycetemcomitans (control and ratio 1:1). The samples were
analysed with the Axio Imager 2 Microscope (Carl Zeiss Microlmaging GmbH, Germany) with a 40x
magnification.

Ethical Statement

The use of human blood was approved by the ethical committee of the KU Leuven and registered with
identifier B322201628215. The procedures were executed according to the Helsinki Declaration and the
regulations of the University Hospital, approved by the ethical committee. Informed consent was

obtained from all subjects after the purpose of the study had been explained. The subjects were aware
that the results would be used in a scientific study.

Statistical analysis

For all variables, mean values and standard deviations were calculated. The normality of the data was
tested with the Kolmogorov-Smirnov test. The normally distributed data were then analysed with
Student’s T-test (parametric test) and the 95% confidence interval was computed. For non-parametric
data, the Wilcoxon test was used. A p value < 0.05 was considered statistically significant.
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Results

Demographic data

Nine systemically healthy adult volunteers (6 women, 3 men) participated in this study. Their mean age
was 37.7 + 15.3 years (range 25-60 years). No complications were reported during blood collection.

Agar plate test

L-PRF membrane
The mean area of inhibition was 11.8 + 5.0 mm?, 2.7 £ 5.2 mm?, 2.6 £ 3.0 mm?, and 0.6 = 1.7 mm? for P.
gingivalis, P. intermedia, F. nucleatum, and A. actinomycetemcomitans, respectively (Table 2). More
inhibition was found for P. gingivalis when compared to P. intermedia (p<0.05), F. nucleatum (p<0.05),
and A. actinomycetemcomitans (p<0.05).
Over the 72-hour time incubation period, shrinkage of the membranes was observed. The mean
shrinkage of the L-PRF membrane was 5.7 + 3.7 % after 72h of incubation at 37°C in both aerobic and
anaerobic conditions. The mean reduction in length and width was 1.0 £+ 0.5 mm and 0.5 £ 0.1 mm,
respectively. None of these changes (Table 2) were statistically significant (p>0.05).
However, since membrane shrinkage could have influenced the mean area of inhibition, it was
subtracted from the area of inhibition. After subtracting membrane shrinkage, P. gingivalis showed an
area of inhibition of 9.1 * 3.2 mm? (p<0.05). For P. intermedia, F. nucleatum and A.
actinomycetemcomitans no statistically significant inhibition could be measured (p>0.05).
L-PRF exudate

For the L-PRF exudate, only inhibition against P. gingivalis could be observed, with a mean area
of inhibition of 17 £ 2.6 mm2 (Table 3). For the positive control (CHX 0.12%), the mean area of inhibition
was statistically significantly larger (48.8 + 4.2 mm2, p<0.005).

Planktonic bacteria

Vitality gPCR

P. gingivalis and A. actinomycetemcomitans were considered for this analysis since they showed the
highest and the lowest amount of inhibition induced by the membranes, respectively. The vitality qPCR
analysis showed a mean reduction of 0.9 log (86%, p<0.001), 0.2 log (38%, p<0.05), and 0.1 log (24%,
p>0.05) in the growth of P. gingivalis when exposed to the L-PRF exudate with the ratios 1:1, 1:2, and
1:4, respectively. For the A. actinomycetemcomitans, a mean increase of 0.9 log (p<0.05), 0.7 log
(p<0.05), and 0.5 log (p<0.05) was observed for the respective ratios (Figure 2).

Colonies counting (CFU/ml)

For P. gingivalis, the standard culture test showed a mean of 2.4 x 102 CFU/ml in the control condition
and of 9.4 x 10°% 3.8 x 10, and 2.0 x 10 for the ratios 1:1, 1:2, and 1:4, respectively. For A.
actinomycetemcomitans, the mean CFU/ml for the control was 3.1 x 107, whereas the counting was 3.0
x 1011, 1.8 x 10, and 5.5 x 10%° for the respective ratios 1:1, 1:2, and 1:4 (Table 4).

Gram negative staining

In order to find an explanation for the differences observed between the vitality gPCR data and the
culture data for A. actinomycetemcomitans, gram staining was performed. As shown in Figure 2, in the
control group (Figure 2A) A. actinomycetemcomitans formed aggregated clusters known as auto-
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aggregation. In the ratio 1:1, the bacteria appeared looser than those in the control group and no auto-
aggregation was observed (Figure 2B). Since clusters of bacteria were counted as one colony in the
culturing method, and, all bacteria were counted as independent bacteria in the qPCR analysis, the
discrepancy between culturing and vitality gPCR could be explained via inhibition of auto-aggregation.

Discussion

The results in this study demonstrated antimicrobial activity of the L-PRF membrane against P. gingivalis.
No statistically significant inhibition could be observed for P. intermedia, F. nucleatum, and A.
actinomycetemcomitans. The L-PRF exudate also showed a clear inhibition against P. gingivalis on agar
plates. In planktonic form, a dose-dependent inhibition against P. gingivalis was observed for the L-PRF
exudate, whereas for A. actinomycetemcomitans an increase in bacterial growth was detected.

Several studies showed an antimicrobial effect of platelet concentrates against wound bacteria. Burnouf
and co-workers (21) described bacterial inhibition by platelet-rich plasma (PRP) against Pseudomonas
aeruginosa, Staphylococcus aureus, and Escherichia coli in planktonic form, after 3h of aerobic
incubation. Similar results were reported by Edelblute and co-workers (22) on using a clotted form of
platelet-rich plasma (PRP), after having added bovine thrombin. They concluded that the human platelet
gel supernatant inactivated opportunistic pathogens on the skin, such as S. aureus and Acinetobacter
baumannii, but not P. aeruginosa. However, controversial results were shown by Chen and co-workers
(26) stating that PRP had an antibacterial effect against S. aureus but not against E. coli or against P.
aeruginosa in patients with diabetes.

Only few articles examined oral microorganisms. For instance, Enterococcus faecalis and
Candida albicans isolated from the oral cavity were inhibited by pure-platelet-rich plasma (P-PRP), a
type of PRP without leucocytes (27, 28). Yang and co-workers (29) showed inhibition on P. gingivalis and
A. actinomycetemcomitans by PRP whereas no inhibition could be observed for F. nucleatum. In this
study, the effect of PRP and PRF was compared, concluding that PRP showed superior activity. It should
be noted that PRF was prepared by adding calcium chloride to PRP in order to activate the platelets and
convert fibrinogen into fibrin, which is not in line with the protocol to prepare PRF. Moreover, the
authors affirmed that in their study PRF had neither platelets nor leucocytes. However, by definition,
platelet concentrates are blood-derived products with an increased concentration in platelets, with or
without the presence of leucocytes (28, 30). Therefore, these results must be interpreted with caution.
More recently, Kour and co-workers (2018)(31) compared the antibacterial capacity of PRP, PRF, and
injectable-PRF (I-PRF) on P. gingivalis and A. actinomycetemcomitans. They concluded that all three
platelet concentrates showed some antibacterial activity against both bacteria. However, PRP and I-PRF
presented significantly greater inhibition against P. gingivalis compared to PRF. In the present study,
limited inhibition could be observed on A. actinomycetemcomitans, which differs from their results. The
bacterial strain used and the fact that they incubated A. actinomycetemcomitans anaerobically might
have influenced the effect of PRF.

P. gingivalis was the most inhibited bacteria strain in this study. However, there is no evidence
in the literature showing a direct effect of blood components on P. gingivalis. Proteinase inhibitors
constitute 10% of the protein content of human plasma and they can affect the gingipain activity, known
as the primary virulence factor of those bacteria. These proteinases also play an important role in the
survival of the bacterium within host cells, due to their implication in the cellular invasion and in
overcoming the protective defense mechanisms of epithelial cells(32, 33). An example of proteinase
inhibitors is the human alpha-2-macroglobulin, a large plasma protein found in blood, that inhibited
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RgpA and RgpB, but not Kgp in an in-vitro study(34). The alpha-granules from the platelets are also an
important intracellular storage of biologically active proteins(35, 36). Seven antimicrobial peptides have
been identified from human platelets, suggesting a direct antimicrobial role(37). However, the direct
relation between those peptides and the antimicrobial capacity of the L-PRF has not been proved yet.
For the L-PRF membrane, two theories could be advocated: (1) the living cells inside the fibrin matrix
constantly released antimicrobial peptides against the targeted bacteria, or (2) the antimicrobial
peptides were entrapped in the fibrin matrix and they were gently released as the fibrin matrix was
being disintegrated. Concerning the L-PRF exudate, no specific pathways are known between blood-
derived products and P. gingivalis. Therefore, further research should investigate this association.

Two effects on A. actinomycetemcomitans could be observed in this present study. First, there
was an effect on the auto-aggregation of these bacteria. One possible explanation is that the L-PRF
exudate might impair the aggregation of those bacteria(38). Given that most bacteria exist in
environments with fluctuating conditions (e.g. shear forces, nutrient availability or physiological
conditions), the bacteria within co-aggregated communities will survive and proliferate under conditions
that reduce the prevalence of single non-aggregated cells. For these reasons, co-aggregation processes
are likely to have an important ecological role in the development and maintenance of multiple-species
biofilm(39, 40). Regarding the second effect, bacterial growth stimulation of A. actinomycetemcomitans
was detected when it was in contact with the L-PRF exudate. Fresh human serum is known for enhancing
leukotoxic activity of these bacteria(41, 42). Johansson and co-workers (43) indicated that the increased
leukotoxicity of A. actinomycetemcomitans observed in the presence of human serum is caused by the
serum protease inhibitors, which counteract the proteolytic degradation of the leukotoxin.

To the best of our knowledge, this was the first time that the shrinkage of the L-PRF membrane
was considered, in surface as well as in length and width. A mean surface shrinkage of 5% in vitro after
3 days was reported. These results cannot be straightforwardly extrapolated to the clinical situation.
However, they provide insight into the dimensional changes that might occur when used in the oral
cavity. It must be noted that the shrinkage of the L-PRF membrane probably occurred progressively. The
area of shrinkage was thus gradually exposed, but not colonised by the surrounding bacteria. The
explanation for the absence of microbial growth in the area that became exposed after membrane
shrinkage is more complex, including factors such as antimicrobial activity at distance, antimicrobial
activity due to direct contact or growth inhibition due to mechanical coverage.

Within the limitations of this study, it can be concluded that an L-PRF membrane has
antimicrobial properties against P. gingivalis, whereas the inhibition against P. intermedia, F. nucleatum,
and A. actinomycetemcomitans was not statistically significant on agar plates. The L-PRF exudate
showed a strong inhibition against P. gingivalis on agar plates, but no inhibition could be observed for
the rest of the bacterial strains. Therefore, we cannot reject the first null-hypothesis. For the L-PRF
exudate, the second hypothesis cannot be rejected because A. actinomycetemcomitans even showed
increased growth. However, the L-PRF exudate has an antimicrobial effect against P. gingivalis in a dose-
dependent way.
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Figures

Figure 1. A: L-PRF membrane on BHI agar plate previously inoculated with an overnight culture of P. gingivalis. B:
Calculation of initial membrane surface area using PictZar® software (red area). C: After 72 hours of anaerobic
incubation, bacterial growth became visible (white colonies). D: Calculation of the membrane’s new surface area
(red area), in order to detect membrane shrinkage. E: Calculation of area without bacterial growth (green area).
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Figure 2. Effect of L-PRF exudate (1:1, 1:2, and 1:4 ratios) on P. gingivalis and A. actinomycetemcomitans in
planktonic form. Results of the vitality gPCR shown after log transformation related to the control (P.g and A.a,
respectively). Positive values represent bacterial growth. Negative values indicate bacterial inhibition. **: p<0.001;
*.

: p<0.05
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Figure 3. Gram negative staining of A. actinomycetemcomitans. A: Control, bacteria in aggregated clusters; B: ratio
1:1, bacteria in separate colonies.
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Tables

Table 1. Primers and probes used for the detection and qualification by vitality qPCR.

STRAIN Primer/Probe (5’-3’) Fragment length
Forward GCG CTC AAC GTT CAG CC
P. gingivalis Reverse CACGAATTCCGCCTGC 68 bp
Probe CAC TGA ACT CAA GCC CGG CAG TTT CAA
Forward CGG TCT GTT AAG CGT GTT GTG
P. intermedia Reverse CAC CAT GAATTC CGC ATA CG 99 bp
Probe TGG CGG ACT TGA GTG CAC GC
Forward GGA TTT ATT GGG CGT AAA GC
F. nucleatum Reverse GGC ATT CCT ACA AAT ATCTAC GAA 162 bp
Probe CTC TACACT TGT AGT TCC G
A. Forward GAA CCT TAC CTA CTC TTG ACA TCC GAA
actinomycetemcomit Reverse TGC AGC ACC TGT CTC AAA GC 80 bp
ans Probe AGA ACT CAG AGA TGG GTT TGT GCC TTA GGG

Table 2. Dimensions of L-PRF membranes at baseline and after 72h of incubation as well as the difference between

both observations (A ), and bacteria-free area (mm?) for nine participants (mean and standard deviation). * p <

0.05

P. gingivalis

A.

P.intermedia F. nucleatum

actinomyce-
temcomitans

L-PRF membrane mean ‘ sd ‘ mean ‘ sd ‘ mean ‘ sd ‘ mean sd
Length and Width (mm)
Baseling length 39.4 3.3 35.9 3.5 35.8 4.7 35.1 7.0
width 10.5 1.2 11.3 1.0 111 2.3 10.4 1.3
length 39.0 3.3 34.2 3.2 35.1 4.6 343 6.4
2h width 8.8 4.1 9.7 3.8 9.5 3.9 8.9 3.8
length mm 0.4 0.6 1.6 0.2 0.7 0.7 0.8 0.8
width mm 0.6 0.5 0.4 0.5 0.3 0.2 0.4 0.3
A length % 1.1 1.6 4.4 1.5 2.1 2.0 2.1 1.7
width % 6.7 4.9 3.7 2.9 55 7.6 4.1 3.5
Surface (mm?)
Baseline | membrane surface 37.0 4.6 333 6.0 35.4 5.1 32.2 7.9
72h membrane surface 34.4 4.4 31.1 11.1 33.6 5.0 30.5 7.0
shrinkage mm? 2.7 1.1 2.1 1.1 19 0.9 1.7 2.0
A shrinkage % 7.2 2.9 5.5 3.9 53 2.5 4.8 5.1
Area of bacterial growth
inhibition (mm?)
full area 11.8* 5.0 2.7 5.2 2.6 3.0 0.6 1.8
72h area without
shrinkage 9.1* 3.2 0.5 1.3 0.5 0.9 0.2 0.7
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Table 3. Mean bacteria-free area (mm?) and standard deviation for the L-PRF exudate and chlorhexidine 0.12%

(positive control). Data for nine participants. * p < 0.05.

L-PRF exudate (mm?) mean sd mean sd mean sd mean sd
L-PRF exudate 17.5% 2.0 0.0 0.0 0.0 0.0 0.0 0.0
72h chlorhexidine
48.0* 4.2 79.4* 7.0 28.8* 4.0 27.4% 3.0
0.12%

Table 4. Mean (t standard deviation, SD) gPCR and CFU counting (log values) for P. gingivalis and A.
actinomycetemcomitans. Control: 150 ul bacteria + 150 pl physiological water. Ratio 1:1 : 150 pl bacteria + 150 pl
L-PRF exudate, ratio 1:2 : 150 pl bacteria + 75 pl L-PRF exudate + 75 pl physiological water, and ratio 1:4 : 150 pl
bacteria + 37,5 pl L-PRF exudate + 112,5 pl physiological water. Data for 9 volunteers.

Groups mean sd Mean sd
Control 9.6 0.08 12.4 0.6
1:1 8.6 0.4 9.7 0.4
P.g
1:2 9.4 0.2 104 0.4
1:4 9.5 0.2 11.0 0.5
Control 10.4 0.2 7.5 0.2
1:1 11.3 0.3 11.2 0.6
A.a
1:2 11.1 0.3 11.2 0.3
1:4 10.9 0.2 10.7 0.3
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CHAPTER 6

Particle release from silica-coated plastic tubes and presence in PRF matrices

Castro Ana B, Andrade Catherine, Teughels Wim & Quirynen Marc. In progress.

Abstract

Background: Leucocyte and platelet rich fibrin was originally developed using glass tubes, so the
coagulation could start as soon as the blood contacted the inner wall of the tube. To avoid tube breaking
and contamination, silica-coated plastic tubes were introduced. This coating stimulates blood clotting
through the extrinsic pathway and results, as with glass tubes, in the activation of platelets and the
physiological formation of a fibrin mesh. Recently, the possible contamination of the PRF matrices by
silica released from the tube has been highlighted.

Aim: The aim of this study was to evaluate the presence of silica particles inside different PRF matrices
and the influence of the centrifugation protocol on their detachment.

Materials & Methods: The detached particles were quantified after centrifugation with ethanol
(control) and with blood (test) following three different centrifugation protocols (L-PRF, A-PRF, and A-
PRF+) using silica-coated plastic tubes and glass tubes. The enzymatic degradation of all three PRF
matrices were performed and the presence of silica particles was analyzed and characterized through
scanning electron microscopy with energy dispersive X-Ray spectroscopy (SEM-EDX).

Results: The number of microparticles detached after centrifugation for the plastic tubes filled with
ethanol was similar for all three protocols (p>0.05). No particles were detected when glass tubes were
used. In plastic tubes filled with blood, the amount of microparticles present at the bottom of the tube
increased as the g force augmented (95% of initial particles at the bottom of the tube for the L-PRF, 60%
for A-PRF, and 48% for A-PRF+). The SEM-EDX analysis confirmed that the particles detached after
centrifugation were silica microparticles. Due to the contamination of the sample with other elements
than Si during the enzymatic degradation of the clots, the quantification of the silica in each clot with
spectrophotometer was not reliable, and thus not performed.

Conclusions: The centrifugation protocols influenced the amount of silica microparticles present in the
PRF matrices. L-PRF presented the least amount inside the clot, and A-PRF+ the highest. The detachment
rate of these particles was independent of the centrifugation protocol.

Introduction

The coagulation cascade started with an endothelial injury and involves the activation, adhesion, and
aggregation of platelets as well as the deposition of a fibrin matrix to stop the bleeding. This succession
of events occurs in a physiological manner with a sequence of molecules activation. When cells
expressing the tissue factor (TF) protein are exposed to blood, this event immediately triggers the
clotting cascade following the intrinsic pathway. When the circulating factor VIl comes into contact with
the TF, they form an activated complex TF-Vlla that activates factor X. From here the common pathway
starts that will finalise with the transformation of fibrinogen to fibrin by thrombin. Blood clotting can be
also stimulated when plasma is exposed to certain types of artificial surfaces as glass or negatively
charged surfaces (i.e. silica coated). In this way, the extrinsic pathway is activated that will also result in
the production of a fibrin mesh (1).
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Leucocyte and platelet rich fibrin was originally developed using glass tubes to enhance the
physiological coagulation cascade inside the tube. In this way, the coagulation starts as soon as the blood
contacts the inner wall of the tube. Most of medical specializations are still using glass tubes to prepare
L-PRF. However, in dental offices those were replaced by silica-coated plastic tubes to avoid tube
breaking and contamination. Bonazza and colleagues (2016) (2) showed the influence of the material
and the shape of the blood collection tube on the platelet concentrate, with differences in morphology,
fibrin network architecture, and blood cell distribution.

Recently, the possible contamination of the PRF matrices by silica released from the tube has
been highlighted. Tsujino and co-workers (2019) (3) found significant levels of silica microparticles
incorporated into the A-PRF clot, regardless of tube brand or donor. This fact arose an important safety
issue related with the use of silica-coated tubes. However, numerous silica-based materials are used in
dentistry nowadays, from hydraulic calcium-silicate cements for vital pulp therapy (4) to calcium silicate-
based bioceramics in bone substitutes for bone regeneration (5). The hypothetic cytotoxic effect of
these particles seems to depend on their size (6, 7) and the type of exposure (inhalation, direct contact,
etc.) (8).

The presence of silica particles inside different PRF matrices and the influence of the
centrifugation protocol on their detachment have not been studied yet. Therefore, the primary aim of
this study was to evaluate the presence of silica particles inside different PRF matrices. As a secondary
aim, the impact of different centrifugation protocols (L-PRF, A-PRF, and A-PRF+) on the detachment of
silica particles from the tube was considered.

Materials & Methods

Quantification of detached particles of controls (baseline)

Following the methodology of Tsujino et al. (2019), ethanol was added to each tube: silica-coated plastic
tube (Intra-Lock, Boca Raton, Florida, USA) and glass tube (Process for PRF, Nice, France). Both ethanol-
filled tubes were centrifuged at the same conditions to prepare all three protocols as described above.
The suspension produced was transferred into plastic dishes. The concentration of detached particles in
suspension (100pl) was quantified with a spectrophotometer set to 615 nm (Multiskan Ascent®, Rev 1.2,
Thermo Electron Corporation, Vantaa, Finland). Silica-coated plastic tubes were considered as positive
controls (baseline) and glass tubes as negative controls. The experiments were performed in triplicates.

Quantification of detached particles after blood centrifugation in each protocol

L-PRF, A-PRF and A-PRF+ were prepared with silica-coated plastic tubes and with glass tubes following
the centrifugal protocol described above. After centrifugation, the clots were removed and kept for
further analysis. At the bottom of the remaining silica-coated plastic tubes, a white spot could be
detected (Figure 1). The residual red thrombus was carefully removed, keeping the white particles
attached at the bottom. Several centrifugation and washing steps were performed until the pellet
obtained was completely clean. The concentration of detached particles in suspension (100ul) was
quantified with a spectrophotometer set to 615 nm (Multiskan Ascent®, Rev 1.2, Thermo Electron
Corporation, Vantaa, Finland). The experiments were performed in triplicates.
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Enzymatic degradation of PRF matrices and chemical characteristics of the particles

After centrifugation, the clots were carefully removed from the tubes, washed with Phosphate Buffered
Saline (PBS) until the complete removal of red blood cells and cut into 6-8 pieces. Following the protocol
described by Tsujino et al. (2019), 2 ml of trypsin 0.1% + 1mM Ethylenediaminetetraacetic acid (EDTA)
were added for the degradation of the clots and incubated at 37°C overnight until almost complete fibrin
degradation. Fibrin remnants and cell debris were further lysed with 2 mL of 1 M KOH until complete
dissolution.

The remaining microparticles after enzymatic degradation were evaluated using a scanning
electron microscope with energy dispersive X-Ray spectroscopy (SEM-EDX, Nova 600 NanolLab™
DualBeam FIB, EPFL, Switzerland). A stream of primary electrons was focused onto the sample surface
resulting in a number of different waves being emitted. The secondary and backscattered electrons were
used for imaging while the X-rays provided chemical characteristics of the emitted atoms. The probed
depth in EDX analysis was around 1-3 um.

The particles detached after centrifugation at the ethanol-filled tube and tube with blood were
also characterized and then used as positive controls.

Results

Quantification of detached particles

The number of microparticles detached after centrifugation for the plastic tubes filled with ethanol was
similar for all three protocols (p>0.05). No particles were detected when glass tubes were used.
When evaluating the microparticles after centrifugation in plastic tubes filled with blood, the amount of
microparticles present at the bottom of the tube increased as the g force augmented [L-PRF (0.23 £ 0.02)
> A-PRF (0.17 £ 0.04) > A-PRF+ (0.11 £ 0.02)]. No particles were detected when glass tubes were used.
The comparison of the results described above for each protocol showed that 95% of initial
particles were sent to the bottom of the tubes for the L-PRF group. For A-PRF and A-PRF+, 60% and 48%
were recovered at the bottom of the tube (Figure 2).

SEM-EDX examination

The SEM-EDX analysis detected oxygen (O) and silica (Si) in both controls. It was confirmed that the
particles detached after centrifugation were silica microparticles (Figure 3).
In all clots (L-PRF-IL, A-PRF-IL and A-PRF+-IL), not only silica was detected but also other chemical
components as sulphur (S), potassium (K), and carbon (C). The presence of these other elements was
due to the degradation process of the clots.

Due to the contamination of the sample with other elements than Si, the quantification of the
silica in each clot with spectrophotometer was not reliable, and thus not performed.
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Discussion

This present study confirmed the influence of the centrifugation protocol on the presence of silica
particles inside PRF matrices. The higher the speed and longer the centrifugation, the less particles could
be found inside the clots. Moreover, it is also demonstrated that the silica particles are detached from
the inner wall of a silica-coated plastic tube during centrifugation. This appeared not to be influenced
by the centrifugation protocol.

Silicon, or Si, is one of the most abundant chemical components found on the Earth (9). Its oxide
forms, such as silicate (SiO4) and silicon dioxide, also known as silica (-SiO»-), are the main elements of
sand and quartz contributing to 90% of the Earth’s crust. Due to its unique chemical and physical
properties, Si based materials have been used in several industries such as construction, food industry,
consumer products, electronics, and biomedical engineering/medicine (10).

The environmental and health effects of these particles seemed to be related to their size and
geometry (micro-particles: 100um to 100 nm; nano-particles: 100 nm to 1 nm) (11). For example, the
aggregation behavior for amorphous SiO particles can be altered at different particle sizes (30 and 80
nm in diameter). Larger nanoparticles aggregate quickly, whereas smaller nanoparticles aggregate
slowly (12). The geometry of the particles also influenced the clearance rates due to the alteration in
the shape (13).

Due to their specific density (2.15-2.30 g/cm?3), which is higher than the red blood cells, silica
microparticles would precipitate during centrifugation. When evaluating the microparticles after blood
centrifugation in silica-coated plastic tubes in this present study, the amount of microparticles at the
bottom of the tube increased as the g force augmented. Thus, L-PRF presented the greatest amount at
the bottom and A-PRF+ the least. So, one can hypothesize that the rest of the particles would be
entrapped in the thrombus formed by the red blood cells or would remain inside the clot. The variation
in the presence of silica particles in the clots obtained with different protocols has been confirmed in
this present article. It is also important to notice that the composition of the particles remaining after
the in vitro degradation of the clot was heterogeneous, so its quantification using a spectrophotometer
may lead to biased results. Consequently, the results obtained by Tsujino and co-workers(3) (2019)
should be considered with caution. No silica microparticles were detected when glass tubes were used.

It has been reported in literature that silica microparticles, depending on their amorphousness
and size, can be harmful when inhaled (14, 15) Napierska and co-workers (16) (2012) reported a higher
release of pro-inflammatory mediators by pulmonary endothelial cells not directly exposed to these
particles. Most of the in vitro studies with epithelial human lung cells reported a time and dose-
dependent decrease in proliferation induced by Si based particles, regardless of the size in the sub-
micron range (17).

Several studies have evaluated the effect of Si or SiO particles when directly administered
intravenously. They have shown that both particles were cleared out within a month from the body with
no system toxicity (18, 19). Lu and co-workers (20), however, reported that although clearance of non-
porous NPs was significantly delayed, there were no differences in cell metabolic profiles. Overall the
in vivo studies on the cytotoxicity of Si based particles displayed no immunogenic and toxicity issues.

In the maxillofacial field, Masuki and co-workers (21) reported a significant reduction of
periosteal cells proliferation and viability when in contact with silica. However, amorphous silica is
actually used in a variety of products, including food and toothpaste. On the other hand, Giirbiizer and
co-workers (22) (2010) found also crystal-like particles on the outer surface of PRF prepared with glass
tubes.
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Within the limitations of this study, we can conclude that the centrifugation protocols influenced
the amount of silica microparticles present in the PRF matrices. L-PRF presented the least amount inside
the clot, and A-PRF+ the highest. The detachment rate of these particles was independent of the
centrifugation protocol.
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Figures

Figure 1. Images of the silica-coated plastic tubes after centrifugation. The amount of particles sent to the bottom

of the tubes can be clearly detected.

. L-PRF

A-PRF A-PRF+

Figure 2. A. Graphical representation of the silica microparticles detached from the tube after centrifugation and
the percentage of particles recovery at the bottom of the tube. B. Silica particles at the bottom of a well after
drying out. Note the differences amongst the three PRF protocols when centrifuged with ethanol and the amount

remaining at the bottom of the tube after blood centrifugation.
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Figure 3. SEM-EDX images and percentages of each chemical element present in the PRF matrices.
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CHAPTER 7/

Peri-implant bone structure at early healing after implant surface
functionalization with L-PRF: a micro-CT and histomorphological
analysis.

Castro Ana B, Cortellini Simone, Vasconcelos Karla F, Pamuk Ferda, Duyck Joke,
Jacobs Reinhilde & Quirynen Marc. In progress.

Abstract

Aim: To evaluate the effect of L-PRF coating on the peri-implant bone formation and angiogenesis at
early healing in a pig model.

Material & methods: Four implants were placed in the skull of twelve domestic pigs with an oversized
preparation (0.4mm): two 4.2x8mm Astra EV implants (OsseoSpeed® surface), and two 4.0x8mm
Blossom implants (Ossean® surface). Implants conditions were randomised as control Astra- (Astra EV
no coating), control Bloss- (Blossom no coating), test Astra+ (Astra EV coated with L-PRF), and test
Bloss+ (Blossom coated with L-PRF). Two follow-up periods were settled: 7 days (6 pigs) and 28 days
(6 pigs). The bone-to-implant contact (BIC) was histologically assessed for both follow-up periods. BIC
was also analysed with micro-CT for the bone samples at 28-days.

Results: Forty-eight implants were installed following the randomisation protocol. Histological analysis
at 7 days showed statistically significant higher mean BIC % values for Astra+ compared to Bloss+ (p=
0.001). Bloss+ was negatively affected by the L-PRF coating, showing the least BIC% (29.3% + 9.2). No
statistically significant differences were found amongst the other groups. At 28 days, Bloss- showed
significantly higher mean BIC% (84.4 % + 7.6) compared to the rest of the groups. No statistically
significant differences were found amongst the other groups. For the micro-CT analysis at 28 days
follow-up, the mean BIC% was 82.1% * 11.0 and 77.7% + 8.5 for Astra+ and Astra-, respectively
(p>0.05). For Blossom implants, a mean BIC of 89.3% + 3.8 was observed for coated implants, and
83.9% + 5.7 for non-coated (p>0.05). Further, none of the parameters describing the peri-implant bone
microstructure as measured on micro-CT were significantly affected by L-PRF functionalization.
Conclusion: The effect of L-PRF coating depended on the implant surface and the healing time. The
peri-implant bone formation was not improved by L-PRF implant surface functionalization.

Introduction

Osseointegration of titanium implants is a complex process involving interactions between immuno-
inflammatory responses, angiogenesis, and osteogenesis, resulting in the direct contact between bone
and the implant surface (1). The characteristics of the implant surface (e.g. topography and chemical
modifications) were recognised as one of the key factors for its integration in bone (2).

The sequence of healing events leading to osseointegration of a titanium implant was
elucidated for the first time in a dog model (3). At the first hours after implant installation, the gap
between the implant surface and the implant osteotomy was occupied with a blood clot mainly
composed by platelets, neutrophils, and monocytes/macrophages in a fibrin network. This coagulum
was partially replaced by a primitive granulation tissue after 4 days. Already during the first week,
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newly formed woven bone could be detected. In some regions, this woven bone was growing from the
lateral wall of the osteotomy (distance osteogenesis). However, de novo formation could also be seen
in direct contact with the implant surface (contact osteogenesis) especially on moderately rough
surfaces. After 2 weeks of healing, bone resorption started to occur, so bone in direct contact with the
implant at insertion started to disappear and was replaced by new bone. The mechanical stability of
the implant at this stage was replaced by biological bonding. This bone remodelling process resulted
in a fully functional bone after 6 to 8 weeks (4).

In 2011, Bosshardt and co-workers (5) studied the peri-implant bone healing and maturation
in human volunteers over a period of 6 weeks. Initial bone formation was observed as early as 7 days
at some distance of the implant surface. After 4 weeks, bone resorption was often found close to the
implant surface. The trabecular network connecting the pristine bone with the implant surface was
more mature and the new bone layer on the implant surfaces was thicker than before. At the end of
the study, the overall peri-implant bone density had also increased.

The clinical success of oral implants relies on their early osseointegration. In the lasts decades,
efforts have been made to chemically modify the implant surfaces to improve bone apposition. Several
coatings have been developed including carbon, bioactive glass, fluoride or hydroxyapatite (HA) (6).
Moreover, different studies demonstrated that the surface roughness of titanium implants affects the
rate of osseointegration and biomechanical fixation (7-10). In the early 90’s, Buser and co-workers (11)
examined the influence of different surface characteristics on bone apposition. The sandblasted and
acid-etched surface showed promising results, while the hydroxyapatite surface was not the first
choice and is currently not recommended. At the same time, a moderately rough, microporous surface
produced by anoxic oxidation was also developed (12).

The use of biological molecules on the implant surface was introduced to stimulate osteogenic
cells in the early stage of osseointegration, and consequently accelerate bone formation. A range of
extracellular matrix components, peptides, and growth factors have been proposed (13-15).
Biomimetic dental implants may accelerate osseointegration and its application may be also useful in
specific patients. For example, coating implants with factors known to induce endothelial cell
differentiation and proliferation may promote greater vascularity in highly cortical bone. Coating
implants with BMPs may also accelerate initial healing times during integration of the dental implant,
thereby reducing overall treatment times and improving implant success rates (16, 17).

As explained above, one fundamental phase of the healing process is the formation of a stable
fibrin clot in contact with the implant surface to provide a provisional scaffold for the migration of
differentiating osteogenic cells towards the implant surface. Based on this, the use of platelet
concentrates has also been studied for the functionalization of implant surfaces. Lollobrigida and co-
workers (2018) (18) studied the behaviour in vitro of different implant surfaces when in contact with
the L-PRF exudate and liquid fibrinogen. They concluded that both products promoted the formation
of a dense fibrin clot with high cellular content on micro/nano-rough surfaces in vitro. Oncu and co-
workers (2016) (19) reported that the application of L-PRF may increase the amount and rate of newly
formed bone during early healing and provided a faster osseointegration in an animal model. However,
clinical studies showed controversial results in the use of L-PRF as a coating biomaterial (20-22).

Therefore, the aim of this study was to evaluate the effect of the implant coating with L-PRF
membranes on the early peri-implant bone formation and early bone-to-implant contact for two
different implant surfaces. In order to observe the effect of the L-PRF on the peri-implant pristine bone
and newly formed bone, implants were placed with an oversized preparation of 0.4 mm.
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Materials and Methods

Experimental animals
Twelve female adult domestic pigs (Sus scrofa domestica) of 18 months old and with a weight of 200-

250 kg were chosen for this study. All experimental protocols complied with the ARRIVE guidelines and
were approved by the Ethical Committee for Animal Experimentation of KU Leuven (Belgium) under
the file number P044/2016. The procedures were carried out in accordance with the UK Animas
(Scientific Procedures) Act 1986 and EU Directive 2010/63/EU for animal experiments.

The minimum required sample size was estimated using the results of a previous animal study
also comparing two different implants systems (23).

Dental implants
Two types of implants were used in this study: Astra EV implants (Dentsply Sirona, Molndal, Sweden),

and Blossom implants (Intra-Lock International, Boca Raton, Florida, USA). The Astra EV™ implants with
OsseoSpeed® surface are obtained after a sandblasting of the surface and a chemical modification with
fluoridation. The Blossom implant (Biohorizons, Birmingham, Alabama, USA) has an Ossean® surface,
a calcium phosphate low impregnated surface with a micro-nano fractal topography.

Blood collection and L-PRF preparation

Eight 9-ml silica-coated plastic tubes were withdrawn from the jugular vein from each animal. The
blood was immediately centrifuged with a table centrifuge (Intra-Spin, Intra-Lock, Boca Raton, Florida,
USA) at 408 g for 12 min. After centrifugation, L-PRF clots were collected and transformed into
membranes by gently compression using a specific box designed for this purpose (Xpression box, Intra-
Lock, Biohorizons, Birmingham, Alabama, USA). The liquid released from this compression (L-PRF
exudate) was also kept.

Surgical protocol and follow up

Anesthesia was induced by intravenous injection of a cocktail of the following drugs: a premixed
combination of tiletamine and zolazepam (Zoletil 100°, Virbac, Barneveld, the Netherlands), added at
1/6 dilution to xylazine (Vexylans, CEVA, Brussels, Belgium), and injected at 1 mL/10 kg. A
concentration of 1% Propofol (Diprivan, Aspen Pharma Trading Itd, lIreland) intravenous
(10mg/kg/hour) was used to maintain anesthesia.

Implant surgery was performed in the parietal bone of the skull. Before incision, the skin of
each animal was shaved and disinfected with povidone iodine and local anaesthesia was also
administered. The parietal bone was exposed by a vertical incision and after releasing a full-thickness
flap, four implants were inserted with an oversized preparation (0.4mm): two 4.2 x 8mm Astra EV
implants (OsseoSpeed® surface), and two 4.0 x 8mm Blossom® implants (Ossean® surface). Implant
conditions and positions were randomised with a computer program (Research Randomizer, version
4.0) as control Astra - (Astra EV no coating), control Bloss - (Blossom® no coating), test Astra + (Astra
EV coated with L-PRF), and test Bloss + (Blossom coated with L-PRF) (Figure 1).

Each implant allocated in the test group (L-PRF coating) was firstly soaked in the L-PRF exudate.
One L-PRF membrane was cut in two pieces (face: red part; body: yellow part) and the face was
introduced in the osteotomy. Immediately afterwards, the coated implant was inserted (Figure 2).

The insertion torque of each implant was recorded by the Nobel Biocare iPad®-operated
Osseocare Pro Drill Motor. All implants were placed following the manufacturer’s surgical protocol,
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except that a final extra drill (diameter 4.6 for Astra implants and 4.4 for Blossom implants) was used
to obtain the oversized preparation of 0.4 mm around each implant, and were anchored apically. Full-
thickness flaps were carefully repositioned and sutured in two layers (Vicryl 3/0, Ethicon Inc., New
Jersey, USA; and Silk 1/0, Ethicon Inc., New Jersey, USA ).

Postoperatively, ibuprenorfine (0.005 mg/kg; im; Temgesic, Schering-Plough, Brussels,
Belgium) was administered as analgesic and a single dose of amoxicillin 15mg/kg (Duphamox LA,
Zoetis) as antibiotics.

Follow up

Two follow-up periods were settled. Half of the animals (n = 6) were euthanized 7 days after surgery
and the other half after 28 days. Anesthesia was induced by intravenous injection of a cocktail of the
following drugs: a premixed combination of tiletamine and zolazepam (Zoletil 100®, Virbac, Barneveld,
the Netherlands), added at 1/6 dilution to xylazine (Vexylans, CEVA, Brussels, Belgium), and injected
at 1 mL/10 kg, followed by overdose of barbiturate (Release, ecuphar, Belgie).

Specimen preparation

Implants were harvested with the surrounding bone tissue and all samples were immediately fixed in
a CaCOs; formalin. Those from 28-day follow-up underwent first micro-CT analysis before being
processed for histology. After fixation, bone samples were dehydrated in ascending series of ethanol
concentrations over a period of 15 days. Serial sections (4-um) were made starting from the central
region of the sample and perpendicular towards the long axis of the sample. Two serial sections per
sample in the most central cut area were selected and stained with Masson’s Trichome staining for
bone-to-implant contact analysis and general morphological analysis.

Micro-CT scanning and analysis

Micro-CT images were taken from the bone samples at 28-days of healing. It was considered that newly
formed bone would not be detected after 7 days of healing. Micro-CT scanning was performed on a
SkyScan 1275 high-resolution desktop system (Bruker, Kontich, Belgium). The scan protocol was set at
a source voltage of 100 kV, tube current of 100 pA, and a Cu filter of 1 mm was used to increase the
transmission through the samples and consequently reduce beam hardening artefacts. The pixel
resolution was established at 10 um, a rotation step of 0.25 degrees, a frame averaging of 3, and an
acquisition of 360°.

Image reconstruction was performed using the NRecon software + GPUReconServer (Bruker,
Kontich, Belgium). Smoothing of the projection images prior to reconstruction was done with a value
of 3. The ring artefacts were reduced with a strength of 7 and the beam hardening correction was set
at 30%. Data from each animal was encoded and all measurements were performed blinded for the
treatment allocation.

After reconstruction, 3D analysis of the samples was performed using CTAn software (Bruker,
Kontich, Belgium). The bone-to-implant contact (BIC) was examined in a 3-D (in %) and 2-D analysis (in
mm?). The BIC% in 3-D analysis was measured by the parameter percent intersection surface (S/T5%).
For the 2-D analysis, the parameter intersection surface was used. Moreover, bone quality of the peri-
implant area was also analysed. An axial ring was created around each implant with the same width as
the oversized preparation (0.4 mm) (figure on Table 3). That ring was considered as “newly formed
bone” given the oversized preparation. The bone trabecular pattern factor (Tb.Pf), percentage of bone
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volume (BV/TV%), trabecular thickness (Tb.Th), trabecular number (Tb.N), and trabecular separation
(Tb.Sp) were calculated.

Histological analysis
Digital microscopic images of histological sections from both follow-up periods (7 days and 28 days)
were captured by an automated slice scanner (Axioscan, Carl Zeiss, Oberkochen, Gemany). Bone-to-

implant contact was calculated in percentage (BIC = sum of the lengths of those parts of the implant
surface that are in contact with bone / total length of the implant surface ) in three different regions
of each implant: coronal, middle, and apical third. Each region was determined by dividing the implant
in 3 parts. Moreover, the total BIC % was calculated throughout the whole length of the implant,
starting from the neck of the implant. All measurements were performed with Zeiss Zen Lite software
(Carl Zeiss, Oberkochen, Gemany).

Statistical analysis

For the histological analysis, the average of all values in duplicate were calculated and processed on
the basis of a Frailty model that uses pig as a random model. Implant type, coating or not with LPRF
and position were considered as fixed factors. The zero values were modelled as '<lowest quantized
value>'. Comparisons were made between implant types and whether or not use of L-PRF.

For micro-CT, imaging data were analyzed using a linear mixed model with pig as random factor
and implant type and L-PRF coating as fixed factors. Comparisons were made between implant types
and coating L-PRF. For the analysis of the bone micro-structure around the implant a linear mixed
model was also used with the pig as random factor and the ring, implant and L-PRF coating as fixed
factors.

Results

Forty-eight implants were installed following the randomisation protocol. One pig from the 7-day
follow-up died due to complications during recovery and was considered as a control. Other animals
healed uneventfully. The mean implant insertion torque recorded was 11.8 Ncm % 3.9, which
confirmed the oversize preparation.

Micro-CT analysis

The oversized preparation was confirmed by the micro-CT of the control pig, with a BIC % value of
27.8%.

Peri-implant ring: bone-to-implant contact

The mean BIC% (3D analysis) after 28 days was 89.3% (* 3.8) and 83.9% (+ 5.7) for Bloss+ and Bloss-,
respectively (p>0.05). For Astra EV implants, a mean BIC of 82.1% (+ 11.0) was observed for coated
implants, and 77.7% (+ 8.5) for non-coated (p>0.05).

Also the 2D analysis showed no statistically significant differences amongst groups (p>0.05).

Peri-implant ring: bone micro-structure
For both implant surfaces, no statistically significant differences were found for any of the variables
(p>0.05). Data are shown in Table 3.

Histological analysis
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7 days follow-up

Astra+ showed statistically significant higher mean BIC % values than Bloss+ (p= 0.001). No significant
differences could be observed between Astra implants coated or not with L-PRF. Bloss- presented
significant greater mean BIC % compared to Bloss+. Data are presented in Figure 3.

No statistically significant differences could be observed amongst groups at 7 days follow-up
for the coronal, middle, and apical regions (p > 0.05). Data are shown in Table 1.

The histomorphological analysis showed the presence of a thick coagulum compatible with the
L-PRF membrane at the interface between the Blossom implant and the peri-implant bone. For the
rest of the conditions, a thin coagulum (red interface with red blood cells) could be observed. The
oversized preparation was filled with granulation tissue that was being transformed into woven bone
(immature bone) (Figure 4).

28 days follow-up

For the total BIC %, Bloss- showed the highest mean value (84.4% + 7.6). This condition was statistically
superior to the rest of the groups (Bloss+: 73.4% £ 10.7, Astra+: 71.2% * 8.6, and Astra-: 66.6% * 16.9).
Further, no statistically significant differences could be observed between implant systems coated or
not with L-PRF.

At the coronal region, Bloss- showed the highest mean BIC % (86.5% * 4.3). This condition was
statistically significant higher compared to Astra- (66.5% + 16.9; p=0.0001) and with Bloss+ (73.4% +
10.7; p= 0.0003). Data are shown is Table 2.

At the middle region, Bloss- presented also the highest mean BIC % (82.9% * 11.1). When
compared to an Astra- (55.7% + 24.9), Bloss- was significantly superior (p=0.0001). The mean BIC % for
Bloss- was also statistically significant greater to Bloss+ (71.6% + 11.9; p=0.002). For Astra implants,
Astra+ showed significant higher mean BIC % values than Astra- (p=0.01).

At the apical part, only the comparison between Bloss- vs. Astra- resulted in statistically
significant differences (85.3% + 11.7 vs. 69.1% + 16.3).

The histomorphological analysis showed the resorption or integration of the coagulum present
at 7 days-follow up for the Blossom implants coated with L-PRF. The oversized preparation was filled
with more matured bone in direct contact with the implant in the rest of the conditions. Bloss-
presented a well-organized trabecular bone in between the implant threads (Figure 5).
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Discussion

This in vivo study investigated the effect of L-PRF implant coating on the early bone-to-implant contact
(BIC) and early peri-implant bone formation around two different implant systems. Histologically at 7
days, Astra implants coated with L-PRF showed statistically significant higher mean BIC % than coated-
Blossom implants. However, no significant differences could be observed between Astra implants
coated or not with L-PRF. At 28 days, Bloss- showed the highest mean BIC% and this was statistically
superior to the rest of the groups. No statistically significant differences could be observed between
implant systems coated or not with L-PRF. Moreover, Blossom implants seemed to be negatively
affected by the L-PRF coating in both follow-up periods. In the radiological analysis, the L-PRF coating
provided a superior BIC %, although the differences were not statistically significant.

The domestic pig was the animal of choice in this study. Compared with small animal models,
such as rodents, large animal models are superior in many aspects to study diseases and pre-clinical
therapies. Because intra-oral factors such as mastication forces and disproportionate implant loading
can negatively affect periimplant bone formation, an extra-oral model was used. Moreover, the
maxillary bone is a very thick and massive in pigs, thus recent studies used the temporal and parietal
bone given also the higher accessibility (24, 25). The skull of the domestic pig consists of a thick cortical
bone with a dens trabecular bone underneath, which resembles the bone structure of the human jaws
(26, 27). In literature, temporal and parietal bone segments were used to evaluate the optimal timing
and long-term effects of fixation techniques (28) or for testing new biomaterials using calvarian defects
(29). Furthermore, platelet rich plasma (PRP) was also tested in peri-implant bone regeneration and
the pig was shown to be a suitable animal model because of the similar bone regeneration rate (1.2 -
1.5 mm/day) to the humans (1-1.5 mm/day) (30) (23) (31).

This model has certainly some limitations. Apart from a rather limited sample size, one does
not have to forget that in vivo experiments try to resemble as much as possible the real clinical
conditions. However, clinical trials remain the most accurate model. Several clinical studies evaluated
the application of L-PRF on the osseointegration process, reporting statistically significant higher 1SQ
values when implants were coating with L-PRF (19, 20, 32, 33). Similarly, Boora et al. (2015) (34)
recorded the early bone remodeling around implants coated or not with L-PRF at insertion. The L-PRF-
coated implants showed 50% less initial bone loss. However, Diana and co-workers (2018) could not
observed any significant effect of L-PRF coating on immediate implants with adequate primary
stability.

In the present study, the face of an L-PRF membrane was placed inside the osteotomy and the
implants were soaked into L-PRF exudate. Different techniques have been described in literature (e.g.
wrapping the implant with an L-PRF membrane, coating only with L-PRF exudate, coating with liquid
fibrinogen, etc...). The differences in the protocol may also explain the variances in the results.

While scanning samples containing metallic bodies, several methodological aspects should be
take into account. The settings used for image acquisition (100 kV, 100 pA, full 360° rotation with one
frame acquired at every 0.25 rotation steps and a 1 mm copper filter) provided the best images given
that a thick filter with high voltage increased the transmission through the sample and reduced beam
hardening artifacts. Further artifact reduction was achieved following the protocol described by de
Faria Vasconcelos et al. (2017) (35), through filtering of low-energy photons (36) and by excluding the
four voxels closest to the surface of the titanium screw using an expansion tool (37, 38). Our findings
showed some differences between the 2D histological and the 2D and 3D radiological analysis. The
biggest difference was found for the Bloss- with the least BIC % histologically and the presence of a
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thick coagulum in the gap whereas radiologically Bloss- was superior to the rest of the conditions. This
might be explained by the higher density of the coagulum radiologically. Generally, micro-CT
overestimates morphometric parameters when compared with histomorphometric evaluation (39).
This is probably the result of an additional segmentation step used in micro-CT (40). The discrepancy
between voxel size (14 pum) and histologic slide thickness (4 um) should be addressed as this may have
contributed to micro-CT overestimation, thus being a limitation of such an approach (40).

Two types of implants were used in this study. Astra EV implants (Dentsply Sirona, Molndal,
Sweden) have a polished neck followed by micro-threads for ensure positive biomechanical bone
stimulation and maintenance of marginal bone level (41) (42). The OsseoSpeed® surface is obtained
after sandblasting and chemical modification with fluoridation. Results reported from in vitro
experiments indicated that fluoride ions influence formation of both organic and inorganic
components of bone tissue. Thus, fluoride may increase the density of trabecular bone and enhance
the incorporation of collagen into bone matrix as well as alkaline phosphatase activity (43, 44).
Berglundh and co-workers (2007) (45) demonstrated that the amount of new bone that formed in the
chambers within the first 2 weeks of healing was larger at sites with a fluoride-modified surface (test)
than with a control (TiOblast) surface. Based on these findings, it was suggested that the fluoride-
modified implant surface promoted osseointegration in the early phase of healing following implant
installation.

Similar to our study, Abrahamsson and co-workers (2008) (46) studied the early per-implant
bone formation around fluoride-modified surfaces placed in an oversized preparation. They reported
a mean BIC % of 55.7% + 9.7 and of 63.7% % 19.3, after 2 weeks and 6 weeks, respectively. Those
findings are in accordance to what we have observed in our study when the Astra implants were not
coated with L-PRF. However, the oversized preparation in their study was of 1 mm compared to 0.4
mm from the present study. The gap size (0.4 mm) may have limited the beneficial effect of L-PRF in
the distance osteogenesis. Moreover, the detection of differences in bone quality and structure with
the micro-CT may have been also influenced by the gap size.

Up to now, the impact of L-PRF coating on fluoride-modified implant surfaces has not been
investigated. However, Thor and co-workers (2007) (47) showed that the contact between whole blood
and Ti alloy resulted in the binding of platelets to the material surface and in the generation of
thrombin—antithrombin (TAT) complexes. TAT complexes are formed in response to the high thrombin
level caused by coagulation. Since thrombin is rapidly bound by antithrombin, TAT is a good measure
for thrombin level in the blood. With whole blood TAT levels increased 1000-fold compared with
platelet rich plasma (PRP) and platelet-poor plasma (PPP), in which both almost no increase of TAT
could be detected. The haemostatic plug with its fibrin network on these materials might be an optimal
scaffold for regeneration of bone tissue. Augmented levels of contact activation (48) and presence of
fluoride ions (49) causes generation of a less dense fibrin network and in addition enhances the
fibrinolytic process as shown by Collet and co-workers, which could facilitate osteoblast migration into
the area (50).

The other implant system investigated in the present study was the Blossom implant (Intra-
Lock International, Boca Raton, Florida, USA). Its Ossean® surface has a calcium phosphate (Ca-P) layer
that together with the fractal topography, seems to be ideal for fibrin attachment, platelet deposition
and osteoblastic growth (51). The mechanical stability of the Ca—P coating requires a rough titanium
surface to ensure the mechanical stability of the coating. It has been shown that such biomimetic
coatings are more soluble in physiological fluids and resorbable by osteoclastic cells than high
temperature coatings such as plasma-sprayed hydroxyapatite (52, 53). Pre-clinical comparative models
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have demonstrated a higher BIC % for biomimetic calcium phosphate coatings than for uncoated
titanium implants during the initial phase of healing and higher cell differentiation in vitro (51).

The interaction between L-PRF membranes and the Ossean® surface has been already
investigated in vivo. Neiva and co-workers (2016) (54) examined the effect of L-PRF coating on bone
formation after immediate implant placement in dogs with a larger gap between the implant and the
surrounding bone. The Ossean® surface coated with L-PRF resulted in significantly higher bone fill of
the initial gap compared to non-coated. However, in the present study the use of L-PRF on Ossean®
surface seemed to negatively affect the early osseointegration. In vitro, titanium discs with an Ossean®
surface were coated with liquid fibrinogen and with L-PRF exudate. A dense fibrin network was formed
on the surface with abundant erythrocytes, platelets, and leucocytes. The authors concluded that
liquid L-PRF products promoted the formation of a dense fibrin clot on micro/nano-rough implant
surfaces in vitro. The adjunctive treatment of implant surfaces with the L-PRF exudate may provide
support to the contact of the fibrin with the surface. However, it is not clear yet if this would be
beneficial or detrimental for the early phases of osseointegration. The fact that a dense fibrin matrix
occupies the interface between the implant and the bone might jeopardize the early steps of
osseointegration on some surfaces. Plasma fibrin clots with a tight fibrin formation made of thin fibers
dissolve at a slower rate than those with a loose fibrin formation made of thicker fibers (50). In the
present study, traces from the L-PRF membrane could be found after 7 days in the implant-bone gap,
although also remnants of a blood clot were identified. Further studies should explain how L-PRF
membranes are dissolved or incorporated in the surrounding tissues and how these processes might
influence osseointegration.

Conclusions

The effect of the L-PRF coating seems to be dependent on the implant surface. The peri-implant bone
structure seems not to be affected by L-PRF implant surface functionalization.
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Figures

Figure 1. Schematic representation of the parietal bone (skull) of the animal. The coating was randomly allocated
(red cycle). Astra implants are colored in black; Blossom implants are indicated with stripes.

Figure 2. L-PRF coating of the tested implants. A: L-PRF clots in the Xpression box. B: ASTRA EV® implant is soaked
into L-PRF exudate. C: The face of the L-PRF membrane was inserted into the osteotomy. D: implant placement
with the L-PRF membrane coating the implant.

Figure 3. Total histological BIC % at 7 days and 28 days follow-up for all the conditions. St. diff.: statistical
significant differences. Different letters showed statistical significant differences (p<0.05).
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Figure 4. Histological images after 7 days follow-up. Note the oversized preparation in all images. A: Blossom

implant coated with L-PRF. A thick coagulum compatible with the L-PRF membrane (in red) was present in the

interface between the implant and the peri-implant bone. B: Blossom implant without coating. A thin coagulum

covered the interface between the implant and the peri-implant bone. C: Astra implant coated with L-PRF.

Granulation tissue and initial woven bone were present in the wound chambers. D: Astra implant without

coating. Granulation tissue and initial woven bone could be observed in between the implant threads.

Bloss+

Bloss-
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Figure 5. Histological and micro-CT images after 28 days follow-up. A: Blossom implant coated with L-PRF.
Coagulum resorption was occurring while newly formed bone (woven bone) appeared in the wound chambers.
B: Blossom implant without coating. More matured bone was present in between the implant threads. C: Astra
implant coated with L-PRF. The oversized preparation has been filled with matured bone. D: Astra implant
without coating. Woven bone is being converted into trabecular bone.

ﬂ Astra+
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Tables

Table 1. Percentage of bone-to-implant (BIC %) after 7 days follow-up in each implant region (coronal, middle
and apical) for the histological analysis. No statistically significant differences could be found amongst groups
(p>0.05).

7 days follow up

mean median sd

Astra+ 58.4 55.8 28.4

Astra- 54.4 58.3 14.5

CORONAL Bloss+ 59.7 50.9 24.8
Bloss- 57.1 56.3 11.0

Astra+ 51.3 50.2 27.2

Astra- 57.2 48.3 22.7

RUBBLE Bloss+ 34.3 18.1 29.8
Bloss- 52.0 53.9 21.7

Astra+ 48.5 51.8 13.8

Astra- 54.6 61.6 16.5

APICAL Bloss+ 22.1 23.2 11.5
Bloss- 48.3 53.6 15.8

Table 2. Percentage of bone-to-implant (BIC %) after 28 days follow-up in each implant region (coronal, middle
and apical) for the histological analysis. Different letters showed statistical significant differences (p<0.05).

28 days follow up

mean median sd

Astra+ 73.6 73.8 11.9 a,b

Astra- 72.2 74.6 12.9 a

CORONAL Bloss+ 72.5 72.3 7.4 a
Bloss- 86.5 88.2 4.3 b

Astra+ 71.1 74.4 10.9 a

Astra- 55.7 55.3 24.9 b

RUBDLE Bloss+ 71.7 68.4 11.9 a
Bloss- 82.9 86.8 11.1 c

Astra+ 71.1 68.6 11.0 ab

Astra- 69.1 65.8 16.3 a

APICAL Bloss+ 82.1 20.2 13.6 ab
Bloss- 85.3 86.6 11.7 b
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Table 3. Micro-CT parameters from the ring in direct contact with the implant surface (0.4 mm wide). The bone
in this region was considered newly formed bone due to the oversized preparation. No statistically significant
differences could be found for any of the variables.

Ring in contact with the implant surface

ASTRA + ASTRA - BLOSS + BLOSS -
mean sd mean sd mean sd mean sd
Percent intersection 82.0 11.0 89.3 3.8 89.3 3.8 77.7 85

surface (%)
Intersection surface

(mm?) 4,9448 6,819.2 3,485.9 7,406.0 3,485.9 7,406.0 2,682.9 5,093.9

Bone micro-structure

Trabecular thickness

0.11 0.02 0.10 0.03 0.12 0.02 0.13 0.02
(mm)
Trabecular number 30 2.72 35 2.3 4.7 0.3 4.8 0.2
(mm)
Trabecular separation 012 0.02 0.13 0.02 0.13 0.03 0.12 0.02
(mm)
Trabecular pattern 20 6.9 6.6 7.1 -0.4 6.8 -3.0 4.0
factor (mm)
Connectivity 24,810.6 19,6855 24,4352 11,782.6 22,8788 11,942.6 20,934.2 11,315.1
Structure model index 0.12 0.80 0.70 0.70 0.17 0.80 -0.60 1.50

BV/TV (%) 53.8 13.2 47.7 16.7 56.0 13.2 65.4 11.4
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CHAPTER 8

Effect of different platelet rich fibrin matrices for ridge preservation
in multiple tooth extractions: a split-mouth randomized controlled
clinical trial

Castro Ana B, Van Dessel Jeroen, Temmerman Andy, Jacobs Reinhilde & Quirynen Marc. (2021)
Journal of Clinical Periodontology, 00: 1-12.

Abstract

Aim: To evaluate the dimensional changes in alveolar ridge and bone structure after tooth extraction
when L-PRF or A-PRF+ were used in comparison to unassisted socket.

Materials & Methods: Twenty patients in need of at least three tooth extractions in the aesthetic zone
were included. L-PRF, A-PRF+ or control were randomly assigned. CBCT scans were obtained
immediately after tooth extraction and after 3 months of healing. Horizontal and vertical dimensional
changes of the ridge and socket fill were calculated. Histological and micro-CT analysis of bone biopsies
from the centre of the sockets were used to evaluate the bone structure after healing.

Results: Mean horizontal and vertical changes at 1-mm below the crest (buccal and palatal side) were
similar for the 3 sites (p>0.05). For the socket fill, L-PRF (85.2%) and A-PRF+ (83.8%) showed superior
values than the control (67.9%). The histological and radiological analysis reported more newly formed
bone for the PRF groups, without any differences between both.

Conclusions: PRF matrices failed to reduce the dimensional changes after multiple tooth extractions
in the premaxilla. After 3-months healing, both PRF matrices showed radiographically a significant
superiority for the socket fill. Histologically, they seemed to accelerate new bone formation.

Introduction

The alteration of the hard and soft tissue contour after tooth extraction has been extensively
studied (1-3). According to a systematic review of Tan and colleagues (2012), the mean horizontal bone
resorption after 6 months was 3.8 £ 0.2 mm at the crest. The vertical resorption was extended to 11-
22% after 6 months, whereas the horizontal resorption ranged from 29 to 63%. However, the extension
of alveolar bone resorption may vary dependig on tooth type as obseved by Couso-Queiruga and co-
workers (2021) (4) with a higher radiological horizontal bone resorption in molar sites vs non-molar
sites (3.61 vs 2.54 mm). An additional bone loss of 2.4 mm in width and of 1.1 mm in height has been
reported in sites with compromised buccal bone wall (5). Interestingly, these numbers only comprise
single tooth extractions, making the additional ridge resorption in cases with multiple extractions less
quantifiyable. Consequently, bone and/or soft tissue augmentation procedures would be necessary to
overcome the bone deficiency.

Different surgical techniques have been described to overcome this resorption process (6-8).
Even though different treatments have been attempted to prevent this, studies failed to show a
technique that totally compensates that event (9). The use of grafting biomaterials into extraction
sockets has been intensively studied (10-14). In a recent systematic review with meta-analysis (15),
alveolar ridge preservation (ARP) procedures were found to be effective in limiting physiologic ridge
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reduction compared to natural healing. However, a certain degree of bone resorption was detected
even if an ARP was used. The effect of ARP procedures is unpredictable, probably due to the influence
of local and systemic factors, which are not yet fully understood.

Biological additives, for instance platelet concentrates, have also been proposed as adjunctive
for bone regeneration. A second generation of platelet concentrates, leukocyte and platelet rich fibrin
(L-PRF) was introduced to eliminate the drawbacks of the first generation (16). L-PRF is a 100%
autologous fibrin matrix containing platelets and leucocytes obtained after blood centrifugation
without anticoagulants at high spin. The three-dimensional fibrin matrix in L-PRF serves as a scaffold
for the cells entrapped in it but also for the growth factors produced by these cells, resulting in a slow
and gradual releasing rate (17, 18). Moreover, the absence of bone substitute remnants has been also
seen as advantage for the use for this biomaterial for ARP (19, 20). It has been shown that the use of
L-PRF accelerates neoangiogenesis (21), stimulates the local environment for differentiation and
proliferation of surrounding cells (22), and continuously releases growth factors over a period of 7-14
days (23).

Recently, new PRF protocols [advanced platelet rich fibrin (A-PRF), and advanced platelet rich
fibrin+ (A-PRF+)] have been proposed reducing the g force and duration of the centrifugation (24, 25).
By reducing the relative centrifugal force, an increase in the release of growth factors and in the
concentration of leucocytes and platelets was envisaged. However, the clinical relevance of these
differences still needs to be demonstrated.

The aim of this study was to evaluate the dimensional changes in the alveolar ridge after tooth
extraction when L-PRF or A-PRF+ were used in comparison to unassisted socket healing (control).
Primary outcome variables were defined as the changes in horizontal width at crest-1 mm levels.
Secondary outcome variables were established as the changes in horizontal width at crest-3 mm and -
5 mm, and vertical resorption at the buccal and palatal side. The socket fill was defined as tertiary
outcome variable. Finally, the % of bone volume/tissue volume (BV/TV) and bone microstructure were
considered as quaternary outcome.

Material and Methods

The study was approved by the Ethical Committee of the KU Leuven, UZ Leuven University
Hospitals (S-57938, B322201525149) and conducted in accordance with the requirements of the
Helsinki Declaration of 1975 (revised in 2008) and with the CONSORT statements (26) (www.consort-
statement.org). The study was registered in Clinicaltrials.gov with the number NCT03268512.

Study population

From August 2015 to October 2018, patients in the need of at least three tooth extractions in
the aesthetic region (premaxilla, single-rooted teeth) were evaluated for initial study eligibility at the
Department of Periodontology (University Hospitals Leuven, Belgium). Patients fulfilling all criteria
were invited to participate in the study and provided written informed consent prior to inclusion (Table
1).

L-PRF and A-PRF+ preparation & surgical procedure

Eight blood tubes per participant were collected prior to any treatment. Four sterile 9-ml silica-
coated plastic tubes without anticoagulant (BVBCTP-2, Intra-Spin, Intra-Lock, Florida, USA) were used
to prepare L-PRF, and another 4 sterile 10-ml glass tubes without anticoagulant (DUO, Nice, France)
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for A-PRF+. These were immediately centrifuged at 2,700 rpm (RCFclot: 408 g) for 12 min to prepare
L-PRF (IntraSpin, Intra-Lock, Florida, USA) (19) and at 1,300 rpm (RCFclot: 145 g) for 8 min (DUO
Process, Nice, France) to prepare A-PRF+ (27). After centrifugation, each L-PRF/A-PRF+ clot was

collected from the tube and carefully separated from the red blood cells with a spatula. All L-PRF/A-
PRF+ clots were then transformed into 1-mm thick membranes by gentle compression using especially
designed boxes for each protocol (Xpression box, Intra-Lock, Florida, USA or A-PRF+ box, DUO Process,
Nice, France).

Tooth extractions were performed under local anaesthesia and sterile conditions with a
flapless approach. After extraction, the sockets were carefully cleaned and randomized as control or
test site by means of a computer program (Research Randomizer, version 4.0). L-PRF, A-PRF+ or control
were randomly assigned, leaving one empty socket/edentulous site between conditions. The position
of the extraction sites is presented in Figure 1. At the test sites (L-PRF or A-PRF+) 2-3 membranes,
depending on the size of the socket, were inserted and compressed with an amalgam plunger. A 3-4
mm full-thickness envelope was created at the buccal and palatal side to create space for 1-2 folded
membrane placed into this envelope to seal the socket. A crossed horizontal mattress suture (Vicryl
4.0, EthiconTM, Johnsson & Johnsson®, New Jersey, USA) was used to stabilize the L-PRF/A-PRF+
without any attempt for primary wound closure, followed by individual sutures for better adaptation
of the material when needed. At the control site, a cross-suture was applied to stabilize the coagulum
(Figure 2). Patients were unaware of the allocation of each treatment option. Immediately after tooth
extractions, a first cone beam-CT (CBCT) (TO) was taken in order to record the baseline conditions.

All patients were asked to take an analgesic three times a day (Paracetamol 1 g) for 3 days, and
use of an antiseptic mouth rinse (Perio-AidTM 0.12%, Dentaid®, Barcelona, Spain). All patients received
an immediate prosthesis and were advised not to remove it the first 24 hours after surgery.

Follow-up
One week after tooth extraction, patients were scheduled for suture removal and the

prosthesis was adapted. After three months of healing, a second CBCT (T1) was taken (Figure 3). This
second CBCT was also used for the planning of the implant surgery when desired.

Sample size calculation

The minimum required sample size was estimated using the results of a previous study
comparing L-PRF and unassisted healing for ARP (19). The power sample size was calculated to detect
a difference in horizontal bone resorption of 15-20% amongst treatments and control. A power analysis
in G*Power suggested a sample size of 16 participants for a split-mouth design with three groups (L-
PRF, A-PRF+, control) assuming 90% power with an a of 0.05. The sample size was, however, increased
to 21 patients due to a potential drop-out during follow-up.

CBCT acquisition and radiological analysis

To assess the alterations in the alveolar ridge, CBCT was taken immediately after tooth
extraction (TO) and another after a 3 months’ interval (T1) using a NewTom VGi evo CBCT (Cefla, Imola,
Italy). Clinical scanning protocol was fixed to a 10x10 cm field-of-view, a voxel size of 200 mm,
360°rotation, at 110kVp and using tube current modulation, which adapts emission according to the
patient and thus eliminates any risk of exposure to an unnecessarily high dose (28) (29).

Radiological analysis
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Both post-operative CBCT scans were spatially aligned using a rigid computer-assisted
registration (MeVisLab, MeVis Medical Solutions AG, Bremen, Germany) based on selected areas of
the dataset where no anatomical changes had taken place during follow-up (30) (31). Data from each
patient were encoded and all measurements were performed blinded without knowing treatment
allocation.

2D- Analysis
The matched post-operative CBCT scans were imported into Fiji software (32) and
measurements were performed using the same reference points and lines according to Temmerman
and co-workers (19). The following distances were measured from the centre of the socket according
to Jung and co-workers (33) and Temmerman and co-workers (19) (Figure 4):
- the thickness of the buccal bone at baseline (T0) at 1, 3, and 5 mm below the crest
- the horizontal ridge width at crest-1mm (HW-1mm), crest-3mm (HW-3mm), and crest-5mm
(HW-5mm) at the buccal/palatal side, in millimeters and later transformed to percentages
- the vertical resorption on both buccal and palatal side, in millimeters
- the socket fill defined as the highest point of viewable mineralized bone at the middle of the
socket; absolute values (in mm) and percentages were calculated by comparing the initial
depth of the socket and the depth after three months of healing

Biopsy collection

When patients wanted replacement of the missing teeth, implant surgery was planned. During
implant surgery, the osteotomy was initially prepared with a 2.0 mm trephine bur which allowed the
collection of a bone core biopsy. In the case of an edentulous ridge, a customized stent was prepared
from a dental cast before extractions as reference to determine the centre of the initial socket. After
collection, the biopsies were immediately frozen in liquid nitrogen and kept at -80°C.

Micro-CT scanning

Micro-CT scanning of bone biopsies was performed on a SkyScan 1172 high-resolution desktop
system (Bruker, Kontich, Belgium). The scan protocol was set at a source voltage of 100 kV, tube
current of 100 A, and a filter of 0.5 mm to reduce beam hardening. The frozen samples were putin a
vial to prevent them from drying out. This vial was then placed on the rotation stage between source
and detector. The magnification was fixed with the camera in the near position with respect to the
source, leading to a shorter scan time. The detector was used in the 4x4 binning mode leading to a
pixel resolution of 11 um. With an exposure time of 158 ms, a rotation step of 0.7 degrees, a frame
averaging of 6 and an acquisition over 180+ degrees, the total scan time was 9 min. The projections
were reconstructed using a modified Feldkamp cone-beam algorithm (NRecon) and 2-D cross-section
images of the bone samples were obtained. Smoothing of the projection images prior to reconstruction
was done with a value of 3. The ring artefacts were reduced with a strength of 7 and the beam
hardening correction was set at 30%. The image conversion window was [0.0 - 0.06]. Data from each
patient was encoded and all measurements were performed blinded for the treatment allocation.

The 3D bone (micro)structure was evaluated in terms of ratio between bone volume (newly
formed bone) and total tissue volume (%BV/TV), trabecular thickness (Tb.Th), trabecular number
(Tb.N), and trabecular separation (Th.Sp).
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Histological processing and morphometric analysis

After the micro-CT scanning, bone biopsies were fixed in 4% paraformaldehyde and decalcified
in 0.5M EDTA (pH 7.4)/phosphate buffered-saline at 4°C for 14 days, followed by dehydration and
embedding in paraffin. Three serial sections (4-um) were made starting from the central region of the
sample and perpendicular towards the long axis, and stained with haematoxylin and eosin for general
morphological analysis.

Histological sections were captured by an automated slice scanner (Axioscan, Carl Zeiss,
Oberkochen, Gemany), matched with the corresponding 2D micro-CT slices, and further processed in
CTAn (Bruker). Newly formed bone (quantitative) was automatically determined within the same
region of interest for micro-CT and histological coupes and bone volume fraction (%BV/TV) was
calculated. A descriptive qualitative analysis completed the histological evaluation. Data from each
patient was encoded and all measurements were performed blinded for the treatment allocation.

Statistical analysis

Treatments were compared by creating a linear mixed model with patient as random factor
and treatment as fixed factor was applied. Differences between treatments were corrected for
simultaneous hypothesis testing according to Tukey. Descriptive analyses expressed data as mean
values with standard deviations. All data were tested for normality using the Shapiro-Wilk test. A
second mixed-model was constructed for the histology and micro-CT analysis. Non parametric
comparisons between groups (Kruskal-Wallis, pairwise with automatic Bonferroni correction) were
used to explore significant interaction effects. Significant differences were noted a p <0.05.

Results

Demographic data

Twenty-one patients were included in this study (15 women, 6 men) (Table S1). Three patients
were smokers of <10 cig/day. One patient did not return for the second CBCT after 3 months of healing,
so he was excluded from the study (drop-out= 1). All sockets healed uneventfully. A total of 60 teeth
in the premaxilla were included for analysis (central incisors: 25, lateral incisors: 16, canines: 19). The
CONSORT flow chart is shown in Figure 1. Five out of the 20 included patients asked for teeth
replacement with dental implants. Those patients underwent implant surgery and bone samples could
be collected from the preserved sites (Table 2). The rest of the participants were provided with a
definitive and well-adapted full denture.

Radiological analysis

Thickness buccal bone

The mean thickness of the buccal plate at baseline at 1 mm below the crest was 1.1 + 0.3 mm,
0.9 + 0.3 mm, and 1.1 + 0.4 mm for L-PRF, A-PRF+, and control sites, respectively. Overall, no
statistically significant differences could be found at any level below the crest amongst groups
(p>0.05). Data is shown in Table 3.

Horizontal resorption

The mean ridge width differences between baseline (immediately after extraction) and three months
of healing were measured at three levels below the crest (HW-1 mm, HW-3 mm, and HW-5 mm) on
both the buccal and palatal sides (Table 4).
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Buccally:

No statistically significant differences at any of the levels below the crest (HW-1 mm, HW-3
mm, and HW-5) were found amongst groups (p>0.05). For the L-PRF, A-PRF+, and unassisted sites, the
values 1 mm below the crest were -1.6 £ 0.8 mm, -1.6 £+ 0.7 mm, -1.7 £ 1.0, respectively.

Palatally:

At the palatal side, a similar horizontal bone resorption was observed for all groups (L-PRF: -
0.6 + 0.7 mm, A-PRF+: -0.6 + 0.8 mm, control: 0.5 + 0.7 mm). No statistically significant differences at
any of the levels below the crest (HW-1 mm, HW-3 mm, and HW-5) were found amongst groups (p >
0.05).

Changes in the total ridge (width)
The overall mean changes in the width at crest-1 mm were -28.1% + 13.5, -28.1% + 11.8, and -26.4% +
12.3 for L-PRF, A-PRF+, and control, respectively. No statistical significant differences were reached
amongst groups (p>0.05) at any level below the crest (Table 5). Bone resorption was less pronounced
in all groups towards the apical part (crest-1 mm > crest-3 mm > crest-5 mm).

The fact that one socket had an unassisted socket at one or both sides or an edentulous ridge
or a remnant tooth did not influence the alveolar bone resorption. No statistically significant
differences could be found between positions (p>0.05).

Vertical resorption

The mean vertical height changes at the buccal side were 0.2 £1.2 mm, 0.2+ 1.1 mm, and -0.2
+ 0.8 mm for L-PRF, A-PRF+, and control, respectively (Table 4). Differences amongst groups were
however not statistically significant (L-PRF vs A-PRF+ p=0.9, tests vs control p=0.3). The mean vertical
height changes at the palatal aspect were -1.1 + 0.9 mm, -1.0 + 0.8 mm, and -1.0 + 0.9 mm, for L-PRF
sites, A-PRF+ sites, and control sites, respectively. Also here, no statistical differences were reached
(p=0.8).

Socket Fill

Statistically significant differences were found for the percentage of socket fill between L-PRF (85.2%
+ 22.9) vs. control (67.9% + 19.2) (p=0.005), and A-PRF+ (83.8% * 18.4) vs. control (67.9% + 19.2)
(p=0.01) (Table 6).

Morphometrical bone analysis

Histological evaluation

L-PRF and A-PRF+ presented a mean %BV/TV of 47.7 + 7.9% and 54.5 * 5.6%, respectively
(Figure 5). No statistical significant differences could be found between test groups (p>0.05). Both test
groups showed statistically significant more %BV/TV than the control group (34.7 + 6.9%) (p<0.05).

For the descriptive qualitative analysis of the samples, the main differences between test en
control groups were detected at the coronal portion. In the control samples, a zone rich in connective
tissue fibres (unmineralized tissue) could be found, compatible with the organic portion of bone matrix
that forms prior to the maturation of bone tissue. On the contrary, a mineralized tissue with trabecular
pattern was observed in both test groups.
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Micro-CT: 2D and 3D analysis

For the 2D and 3D analysis of %BV/TV, no statistical significant differences could be found
between test groups (p=0.18 and p=0.71, respectively). When compared to the control group, A-PRF+
showed statistical significant higher newly formed bone in both 2D and 3D analysis (p<0.001 and
p=0.04, respectively), whereas the differences between L-PRF and control did not reach the
significance (p=0.09 and p=0.64) (Figure 6).

Discussion

The present split-mouth randomized clinical trial analysed the effect of two different platelet
concentrates derivatives (L-PRF and A-PRF+) on ridge preservation after tooth extraction in comparison
to unassisted socket healing (blood clot). In the CBCT analysis, no statistically significant differences in
the horizontal and vertical dimension could be observed amongst the 3 groups after 3 months of
healing. However, both PRF matrices showed radiographically on the CBCT measurements a significant
superiority for the socket fill. Histologically, PRF matrices seemed to promote higher percentage of
newly formed bone in comparison to the control, after a 3-months healing period.

Over the last 20 years, the global burden of complete edentulism has diminished on average.
However, in contrast to high-income countries where the prevalence of edentulism is decreasing, an
opposite trend is observed in low- and middle-income countries, mainly as the result of increments in
periodontal diseases and caries (34, 35). Campbell and co-workers (36) reported that edentulous
patients wearing dentures had, on average, smaller residual ridges than those not wearing dentures.
Increased ridge resorption was attributed to the pressure form the prostheses. Similar conclusions had
been stated in the literature (37, 38).

The fact that in this study the resorption of both the buccal and palatal side barely differed
amongst groups, and that the vertical bone resorption at the palatal side was more extensive than at
the buccal side led us to hypothesize that the use of the full prostheses may have act as a co-founding
factor, masking the effect of the platelet rich fibrin (PRF) matrices. Recently it has been hypothesized
that L-PRF membranes might have the capacity to supress the catabolic events that are caused by
osteoclastic bone resorption, but that they cannot reverse the process once osteoclastogenesis has
started (39, 40). After tooth extraction, osteoclasts start to resorb the bundle bone (2, 41). Osteoclastic
activity can be intensified by different factors such as mechanical pressure. In the present study, all
patients enrolled were provided with a full immediate removable prosthesis. Mechanical pressure
transmitted continuously and/or intermittently through the prosthesis has been considered one of the
causative factors for bone resorption in denture-supporting tissues (42, 43). Moreover, Alrajhi and co-
workers (44) concluded that anterior maxillary areas had higher bone loss compared to posterior areas.
One needs to keep in mind that this is a common protocol in daily practice after multiple tooth
extractions. Consequently, ARP techniques in multiple tooth extractions when a mucosa-supported
prosthesis is also used might not have the same results as in single tooth extractions. However, the
evidence around the bone resorption pattern after multiple tooth extraction is scarce, what makes the
comparison of our results with others, at this moment, not possible.

In single tooth extraction studies where no provisional mucosa-supported prostheses were
provided, the use of PRF matrices showed promising results in the preservation of the alveolar ridge
(45, 46). Temmerman and co-workers (19) reported a mean change in horizontal dimension at 1 mm
below the crest of 1.4 mm (23%) and 5.0 mm (51%) for L-PRF group and control group, respectively. A
recent study (47) showed a mean change in width at 1 mm below the crest of 0.9 mm and 2.2 mm for
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L-PRF group and control group, respectively. Similar benefits have been reported in the literature (48-
51). However, the outcome seems to be very technique-sensitive (52, 53).

Another hypothesis that might contribute to explain the findings of this article is related to the
resistance of the L-PRF membranes to external forces and their stability under certain conditions.
Angiogenesis is a delicate process driven by surrounding tissue’s need for oxygen and nutrients, which
incites production of vascular endothelial growth factor (VEGF), fibroblast growth factors (FGFs), and
other pro-angiogenic stimuli (54). Recently, Ratajczak and co-workers (21) described the angiogenic
potential of L-PRF in an in-vitro study by inducing key steps of the angiogenic process such as
endothelial proliferation, migration, and tube formation. They also demonstrated that L-PRF was able
to induce blood vessel formation in vivo with a chorioallantoic membrane assay. However, all this
processes require wound stability to allow vessel sprouting to occur (55). In the present study, the use
of an immediate prosthesis may have also jeopardized the angiogenic capacity of the L-PRF and A-PRF+
by decreasing their stability inside the socket.

Hard and soft tissue alterations after tooth extraction have been well documented by
Cardaropoli and co-workers (1). Healing of an extraction socket was characterized by a sequence of
histological events, where the buccal bone was more extensively resorbed than the palatal/lingual
plate (2). This can be explained by the fact that the vestibular bone plates are generally thinner (56).
In the present study, there were no differences in width of the buccal bony plates amongst test and
control groups and they were in average around 1 mm thick for all groups. Given the mean values
reported in literature for the aesthetic zone (0.8 + 0.4 mm) (57), we can consider that the buccal bone
plates in our study were rather thick.

Socket fill was found to statistically differ between both PRF matrices and the control group in
this present study (L-PRF: 85%, A-PRF+: 83%, control: 67%). Similarly, the qualitative histological
analysis also showed the lack of mineralized tissue at the coronal part of the pre-existing socket in the
control group. These results are similar from those already reported in the literature for single tooth
extractions (19, 50). So despite the limited effect on the horizontal dimension, the use of both L-PRF
and A-PRF+ seemed to partially counteract bone resorption in the vertical dimension (mean bone gain
of 0.2 mm) and showed radiographically significant greater socket fill in comparison to the control.
Both parameters are crucial when considering the replacement of the missing tooth by an oral implant.

The biological characteristics of L-PRF and A-PRF+ have been extensively evaluated in vitro
studies (27, 58, 59). The A-PRF+ protocol reduced the g force and the duration of the centrifugation.
Some studies have reported an increase in growth factors release from A-PRF+ clots as well as a more
homogenous cellular distribution throughout the membranes (El Bagdadi et al., 2017, Ghanaati et al.,
2014). However, no differences could be found in the present study between L-PRF and A-PRF+ groups.
It is of utmost importance to understand the properties of the biomaterials that are currently used in
the clinical setting. However, it should be stressed that anatomical, functional and host factors may
have a strong influence in bone resorption/regeneration patterns. Therefore, care should be taken
when extrapolating in vitro results to the clinical practice.

In bone structural analysis, the present study showed more newly formed bone for both L-PRF and A-
PRF+ (around 50%) compared to the control group. Nevertheless, these results need to be interpreted
with caution given the limited sample size (n=5). Even when the sample size is small, a significant
difference indicates a true difference (with a minor error rate). However, the non-significant difference
between the two test treatments does not assure that this difference does not exist. In order to detect
a significant difference between 54.5% (A-PRF+) and 47.7% (L-PRF) with the observed variability, 22
subjects should have been included in each group for a power of 80%. However, the patients in this
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study were not obliged to undergo implant surgery, otherwise it might be considered ethically

qguestionable.

Limited evidence is reported in the literature on the qualitative/quantitative histological and
radiological analysis after the use of these biomaterials in ARP techniques. For instance, Canellas and
co-workers published higher values of %BV/TV for L-PRF compared to a control (L-PRF: 55.9 + 11.9%,
control: 36.7 £ 11.1%) in a histomorphometrical analysis (47). They reported similar percentages in
terms of newly formed bone as the ones presented in the current study. On a radiological analysis with
micro-CT, Hauser and co-workers (2013) (48) also observed a tendency for higher value %BV/TV in the
L-PRF group (+12.9%) compared to the control. Analysis of the trabecular morphology also revealed
the superiority of L-PRF versus the control group, although in that study trabecular thickness did not
reach statistical significance.

Clinicians should be aware of the limitations in the present study when using PRF matrices in
multiple tooth extractions with an immediate denture. However, up to now there is no evidence about
the use of PRF matrices in multiple extractions without the mechanical influence of a dental prosthesis.
Moreover, one does not have to forget the trauma and post-operative pain after multiple tooth
extractions. The use of L-PRF may reduce patient’s discomfort and fasten soft tissue healing (20, 60).
Moreover, the present study envisaged the possible acceleration of bone healing in the coronal part
three months after tooth extraction by using PRF matrices. Further research is needed to confirm this
hypothesis.

Conclusions

Within the limitations of this study, it can be concluded that PRF matrices used for ARP failed
to counteract ridge resorption that occurs after multiple extractions in the anterior maxilla after 3
months of healing. However, both PRF matrices showed radiographically a significant superiority for
the socket fill compared to an unassisted socket. Histologically, they seemed to accelerate new bone
formation. ARP techniques in multiple tooth extractions with the use of immediately mucosa-
supported prosthesis might jeopardize the final result.
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Figures

Figure 1. CONSORT flow diagram of the progress of the study (randomized controlled clinical trial). n= number of

patients.
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Figure 2. Surgical procedure for ridge preservation.
Occlusal view of the upper jaw after tooth extraction (A) L-
PRF clots (B1) and A-PRF+ clots (B2) before compression
into membranes. Envelope preparation for socket sealing
by insertion of the L-PRF (C1) and A-PRF+ (C2) membranes.
Placement of the L-PRF membranes (D1) and A-PRF
membranes (D2) into the sockets. Modified horizontal
mattress suture to keep the L-PRF (E1) and A-PRF+ (E2)
membranes in place without intention of primary closure.
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Figure 3. Representative cone-beam computed tomography of one patient at baseline (immediately after tooth
extraction, TO) and after 3 months of healing (T1). (A1): CBCT TO L-PRF group, (A2): CBCT T1 L-PRF group, (B1):
CBCT TO A-PRF+ group, (B2): CBCT T1 A-PRF+ group, (C1): CBCT TO control group, (C2): CBCT T1 control group.

ﬁ “

'

Figure 4. Linear measurements of the sockets. (A) The middle of the socket was determined at the axial view of
the CBCT (T0) based on the width of each socket. A 90° line was drawn in the middle of the socket defining the
cross sectional slide where the rest of the measurements were executed. (B) Cross-sectional view of a socket
after tooth extraction. The apex of the extraction socket at TO was marked, and a vertical reference line passing
the apex in the centre of the socket was also drawn. Perpendicular to the vertical reference, a horizontal
reference line was defined at the level of the crest, buccal and palatal HW-1 mm, HW-3 mm, HW-5 mm are
representing the measurements performed at three levels below the bone crest. The depth of the socket was
measured as the deepest point of the socket to the bone crest. (C1) Measurement of the initial socket depth at
the middle of the socket (vertical yellow line), perpendicular to the crest. (C2) Final socket depth by measuring

the distance between the bone crest and the highest bone level at the middle of the socket (blue dotted line).
Socket fill is calculated by comparing the initial depth of the socket and the depth after three months of healing.
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Figure 5. Histological and micro-CT 2D analysis of the bone samples. (A) L-PRF group; (B) A-PRF+ group; (C)
control group, and (D) summary of results. (1) haematoxylin and eosin staining overview, (2) segmentation of
bone (green) vs. soft tissue (blue), (3) micro-CT reconstruction. sd: standard deviation.

D L-PRF A-PRF+ Control
Histology
1 mean median sd mean median sd mean median sd
BV/TV(%) I 47.7 470 79 545 56.7 5.6 347 300 6.9
‘ mean median sd mean median sd mean median sd
BV/TV (%) | 434 438 8.7 50.7 510 45 350 355 4.2

Figure 6. Micro-CT 3-D analysis of the bone samples. (A) L-PRF group; (B) A-PRF+ group; (C) control group
(unassisted healing), and (D) summary of results. In the 3D reconstructions from the micro-CT, soft tissue is
colored in blue, and bone in green. Th.Th: Trabecular thickness, Tb.N: trabecular number, and Th.Sp: trabecular

separation.
A 0 A
D L-PRF A-PRF+ Control
mean median sd mean median il mean median 5d
BV/TV(%)] 406 46.9 4.6 518 544 6% 283 272 0.2
Th.Th [mm) 0.3 03 E15 Q.2 0z o4 ni 0.2 a7
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Table 1. Demographic data and inclusion and exclusion criteria. ASA-score: American Society of Anesthesiologist

(ASA)-score. Cl: central incisor, LI: lateral incisor, C: canine. Extracted teeth in () after drop-out.

Patient demographics

Age (years) mean + sd

64.4+12.0

Male/Female

6/15

Number extracted teeth

Cl: 26 (25), LI: 16, C: 21 (19)

L-PRF Cl:8(7), LI:5,C:8
A-PRF+ Cl:9,L:4,C:8(7)
Control Cl:9,LI:7,C:5(4)

Inclusion criteria

Exclusion criteria

ASA-score 1 or 2

any systemic condition that could interfere with
surgical procedure

at least three teeth needed to be extracted in the
anterior region (canine to canine)

any systemic condition that could interfere with
surgical procedure, (2) immunosuppression,

anticoagulation or platelet antiaggregation therapy

age between 18-80 years old

pregnancy or breast-feeding

radiotherapy or chemotherapy in head and neck
area

intravenous or oral bisphosphonate therapy

patients smoking > 10 cigarettes a day

Table 2. Distribution of implant placement and biopsy collection. The locations where an implant was placed in
the same position of a preserved socket are marked in bold. Pat: patient, GBR: guided bone regeneration.

N'umber of Implant location SOCk?ts GBR? B|op'sy Type of
implants location location replacement
Pat 1 4 13, 15, 23, 25 13, 23,11 no 13, 23,11 overdenture
Pat 2 4 13, 16, 21, 26 11,13, 22 no 11, 13, 22 overdenture
Pat3 6 12,14, 12%’ 22,24, 11, 13, 22 no 11, 13, 22 fixed bridge
Pat4 4 12,14, 22,24 11, 13, 22 no 11, 13, 22 overdenture
Pat5 6 11,14, 12(2’ 21,24, 11, 13, 22 no 11, 13,22 fixed bridge

Table 3. Baseline radiographic measurements of the thickness of the buccal bone plate. sd: standard deviation.

No statistically significant differences were computed amongst groups (p>0.05).

L-PRF A-PRF+ Control
mean | median | sd | range | mean | median | sd | range | mean | median | sd | range
;r:f;‘ 1.1 10 | 0.3 (ig)' 1.1 09 | 03 (3‘35)' 1.1 09 | 04 (;)_ '25)'
;r::; 1.1 12 | 03 (i'f)' 1.0 10 02 f‘f{ 1.0 10 04 (3'76)'
;':::1 1.1 12 | 04 (ig)' 1.0 09 | 03 (fff)_ 1.0 09 06 (;.(;), '13)'
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Table 4. Dimensional changes at the buccal and palatal site after three months of healing for L-PRF group, A-

PRF+ group, and control group. Horizontal width reduction measured at 1 mm (HW-1 mm), 3 mm (HW-3 mm),

and 5 mm (HW-5 mm) below the crest. Vertical changes measured in the middle of the extraction socket both

buccally and palatally. sd: standard deviation. Values are shown in millimeters.

| L-PRF A-PRF+ Control
Buccal
mean median sd mean | median sd mean median sd
HW-1 mm -1.6 -1.5 0.8 -1.6 -1.5 0.7 -1.7 -1.6 1.0
HW-3 mm -1.5 -1.4 0.8 -1.2 -1.1 0.6 -14 -1.5 0.8
HW-5 mm -1.0 -1.0 0.7 -0.9 -0.8 0.6 -1.0 -1.0 0.6
Vertical 0.2 0.3 1.2 0.2 0.1 1.1 -0.2 -0.2 0.8
Palatal
mean median sd mean median sd mean median sd
HW-1 mm -0.6 -0.5 0.7 -0.6 -0.3 0.8 -0.5 -0.3 0.7
HW-3 mm -0.4 -0.4 0.4 -0.4 -0.2 0.7 -0.3 -0.2 0.4
HW-5 mm -0.2 0.0 0.4 -0.3 0.0 0.6 -0.4 -0.1 0.6
Vertical -1.1 -0.9 0.9 -1.0 -1.0 0.8 -1.0 -0.9 0.9

Table 5. Total horizontal width (HW) reduction for L-PRF group, A-PRF+ group, and control group. Measurements

performed at 1 mm, 3 mm, and 5 mm below the crest. Values are shown in millimeters (mm) and in percentages

(%). HW-1mm: horizontal width reduction at 1 mm below the crest; HW-3mm: horizontal width reduction at 3

mm below the crest; HW-5mm: horizontal width reduction at 5 mm below the crest; sd: standard deviation.

| L-PRF | A-PRF+ | CONTROL
Millimeters (mm)

mean sd mean sd mean sd
HW-1 mm -2.2 1.0 -2.2 0.9 -2.2 1.1
HW-3 mm -1.8 -1.7 -1.6 0.9 -1.7 0.8
HW-5 mm -1.2 0.8 -1.2 0.8 -1.4 0.8

Percentage %

mean sd mean sd mean sd
HW-1 mm -28.1 13.5 -28.1 11.8 -26.4 12.3
HW-3 mm -22.2 9.7 -19.4 10.1 -20.8 9.0
HW-5 mm -14.4 10.1 | -14.6 9.6 -16.3 8.1

Table 6. Socket fill measurements in L-PRF group, A-PRF+ group, and control group. Values are shown in

millimeters (mm) and in percentages (%). *: statistically significant; sd: standard deviation.

L-PRF A-PRF+ Control p-values
L-PRF | L-PRFvs. | A-PRF+
mean | median | sd | mean | median | sd | mean & median | sd vs. A- control Vs.
PRF+ control
Socket 22. 18. 19.
fill (%) 85.2 86.5 9 83.8 88.9 4 67.9 71.8 5 0.9 <0.005 0.01
Socket |\ .5 67 30| 70 66 27| 54 51 | 23| 09 <0.05 <0.05
fill (mm)
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GENERAL DISCUSSION

1. Benefits of L-PRF in periodontal surgery: review of the literature

The objective of this PhD thesis was to characterize different PRF matrices and to examine their
regenerative potential in several oral surgical procedures. One of the objectives was achieved by
systematically reviewing the literature. Section 1, with chapters 1 and 2, evaluated the clinical applications
of L-PRF via two different systematic reviews. The first one, entitled “Regenerative potential of leucocyte-
and platelet-rich fibrin. Part A: intra-bony defects, furcation defects and periodontal plastic surgery. A
systematic review and meta-analysis” (1), thoroughly revised the evidence on the use of L-PRF in the
regeneration of periodontal tissues. In this case, a meta-analysis could be performed. Superior clinical
outcomes in terms of pocket depth reduction (PD), clinical attachment (CAL) gain and bone fill were
observed for L-PRF when compared to open flap debridement in the treatment of infrabony defects and
furcation defects. Similar conclusion have been drawn by a recent systematic review (2021) (2) where the
use of PRF in conjunction with OFD statistically significantly improved PD, CAL, and bone fill, yielding to
comparable outcomes to OFD + bone graft. The introduction of minimally invasive techniques for the
treatment of infrabony defects led to a change in the surgical approach, giving more importance to the
surgical technique than to the biomaterial used (3). At this moment, there are no clinical studies
evaluating the use of L-PRF in combination with the most evidence based minimally invasive techniques
(M-MIST, MIST, entire papilla preservation technique...). Further research will be of utmost importance to
assess the application of L-PRF in contemporary surgical techniques.

In mucogingival surgery, the addition of L-PRF to a coronal advanced flap (CAF) did not provide
better clinical results (PD reduction, CAL gain, root coverage, keratinized tissue width (KTW) gain or tissue
thickness). However, when L-PRF was compared to a connective tissue graft, similar outcomes were
recorded. These results are in accordance with what can be found in the most recent literature (4-6). In
this line, we conducted in our department a randomized clinical trial (7) regarding the use of L-PRF to
increase the keratinized tissue width (KTW) around implants compared to a free gingival graft (FGG),
defined as the “gold standard” (8, 9). In literature, the use of an apical positioned flap with a FGG is
considered the best combination. In our study, L-PRF was able to increase the peri-implant KTW with
lower surgical time and less postoperative discomfort for the patients in comparison with a FGG.
Therefore, this technique may be considered as an alternative of the FGG, although more evidence is
needed with a lager sample size.

The second systematic review included in this PhD thesis (“Regenerative potential of leucocyte-
and platelet-rich fibrin. Part B: sinus floor elevation, alveolar ridge preservation and implant therapy. A
systematic review”) (10) focused on the use of L-PRF on bone augmentation procedures and
osseointegration process. In this case, no meta-analysis could be conducted. The hypothesis that L-PRF
would also produce bone regeneration resulted in a lot of controversy due to the lack of well-conducted
randomized clinical trials (RCTs) comparing the use of L-PRF with other biomaterials. In sinus floor
elevation (SFE), it has been hypothesized that bone formation might occur without using any grafting
material, as a blood clot is the precursor of osteogenesis. This technique relies on the principle of space
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maintenance for the blood clot allowing its differentiation. In SFE procedures, this is achieved by placing
the implants simultaneously with the sinus lift where the implant serves as tent poles to keep the
Schneiderian membrane lifted, avoiding its collapse (Figure 1). Golcalves Zenobio and co-workers (2019)
reported a mean bone gain of 3.2 + 1.5 mm in the lateral window approach only using a blood clot after
6 months (11), whereas Molemans and co-workers (2019) observed a mean bone gain of 5.4 + 1.5 mm
using L-PRF as a sole filling material (12). After 6 and 12 months, the use of L-PRF was also superior for
example to the use of saline (12, 13).

In order to minimize the collapse of the membrane and provide bioactive components to the
graft, the combination of L-PRF with other grafting material has also been suggested. Pichotano and co-
workers (2019) reported a faster bone maturation (4 months vs. 8 months) when comparing L-PRF + DBBM
or DBBM alone. A higher early graft resorption could be observed in the L-PRF + DBBM group; being
however similar for the test at 4 months (33.1 + 10.7%) as for the control at 8 months (36.7 + 15.8%). In
both groups, the augmented bone presented adequate volume for implant placement (14). Similarly,
Nizam and co-workers (2018) performed the same comparison and they could not find any differences in
newly formed bone between groups after 6 months, time of evaluation where the faster healing with L-
PRF could no longer be seen (15).

-

Figure 1. L-PRF block application during sinus lift with lateral window approach and immediate implant placement.
A: preparation of the window at region 26. Note that the Schneiderian membrane has already been elevated. B:
Implant maintaining the membrane lifted. L-PRF block was already applied at the mesial part before implant
placement. C: Application of L-PRF block in the rest of the sinus cavity. D: View of the sinus cavity filled with the L-
PRF block. E: Collagen membrane in place to cover the window (double layer). L-PRF membrane application as
protection. F: L-PRF membranes on top of the collagen membrane before flap closure.

Another application of L-PRF during SFE procedures is when a membrane perforation occurs (16).
Onci and co-workers (2017) compared the bone formation and implant survival rate in patients with or
without sinus membrane perforation. A 100% implant survival rate was observed for both groups (17).
Moreover, a larger number of blood vessels and fibroblasts were observed when L-PRF was used
compared to a collagen membrane to close the perforation (18).
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The application of L-PRF in alveolar ridge preservation and in implant dentistry will be further
discussed below.

In both systematic reviews, not only the clinical outcomes were analysed but also the surgical and
centrifugation protocols. A high heterogeneity in surgical protocols was observed in terms of number of
L-PRF clots/membranes used and even in the millilitres of blood withdrawn from the patient. These are
important cofounding variables that have to be taken into consideration. This is of outmost importance
to be able to objectively compare results and standardize surgical protocols.

2. Characterization of PRF matrices: release of growth factors and composition

The other objective of this PhD thesis was achieved in both chapters 3 and 4, where the release of growth
factors and cellular content of the PRF matrices (L-PRF, A-PRF, A-PRF+) were evaluated. L-PRF, A-PRF and
A-PRF+ released growth factors up to 14 days (19, 20). However, no statistically significant differences
amongst the 3 PRF modifications could be observed. L-PRF membrane and Liquid Fibrinogen presented
high concentration of leucocytes and platelets, whereas L-PRF exudate had a low cellular content.

> Importance of growth factors released by PRF matrices

The growth factors analysed in both in vitro studies are crucial in wound healing. Platelets are known to
be a major source of transforming growth factor beta-1 (TGF-81), which is primarily involved in
inflammation, angiogenesis, epithelialization, and connective tissue regeneration. TGF-B1 facilitates the
recruitment of additional inflammatory cells and augments macrophage mediated tissue debridement
(21). It is also interesting to note that once the wound field is sterilized, TGF-B1 is able to deactivate
superoxide production from macrophages in vitro which may help to protect the surrounding healthy
tissue and prepare the wound for granulation tissue formation (22). Moreover, it is also involved in up
regulating the main angiogenic growth factor known as vascular endothelial growth factor (VEGF) (23).
This growth factor promotes the early events in angiogenesis, particularly endothelial cell migration and
proliferation as seen in several in vitro studies (24, 25). Since bone is a highly vascularized organ and
angiogenesis plays an important role in osteogenesis, VEGF also influences skeletal development and
postnatal bone repair. VEGF is highly concentrated in the hematoma formed after bone trauma (15-fold
higher than in plasma) and subsequently is involved in the initial processes of bone repair (26, 27).

Another growth factor analysed was platelet derived growth factor (PDGF). PDGF is a natural protein
found abundantly in bone matrix. It presents as dimers of A, B and C polypeptide chains linked by
disulphide bonds. PDGF is locally released by platelets during clotting following soft or hard tissue injury.
Once it is released, it binds to specific cell surface receptors promoting rapid cell migration (chemotaxis)
and proliferation (mitogenesis) in the area of injury (28, 29).

But the growth factors par excellence are the group of bone morphogenetic proteins (BMPs). BMPs are
members of the TGF-B superfamily, originally identified as proteins that induced the formation of bone
and cartilage tissues when implanted at ectopic sites in rats (30, 31). In vitro, BMPs have potent effects
on the regulation of growth and differentiation of chondroblast and osteoblast lineage cells. Until now, at
least 20 BMPs have been identified and they have been also tested in preclinical and clinical studies,
showing their definite potential in osteoinduction (32). In this PhD thesis, BMP-1 was found to be released
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from the L-PRF membranes. This BMP does not belong to the TGF- family but is a pro-collagen C-
proteinase that cleaves procollagens and induces accumulation of extracellular matrix. Some studies
suggested that BMP-1 might be also an activator of other BMPs (33, 34).

Multiple growth factors have been quantified from different platelet concentrates (35-37). Recently,
the secretome of L-PRF has been deciphered and 705 proteins related to platelet and neutrophil
degranulation were identified (38). After 3, 7 and 21 days of culture, more than 200 proteins were
secreted, amongst them TGF-B1, VEGF, hepatocyte growth factor (HGF), nerve growth factor (NGF), BMP
4 and 7, matrix metalloproteinase 9 (MM9), thrombospondin -1 (TSP1), insulin-like growth factor (IGF),
and fibroblast growth factor-7 (FGF7). Proteins with antimicrobial activity such as MMP9, cationic
antimicrobial protein-7 (CAP7), Myeloperoxidase (PERM), Bactericidal permeability-increasing protein
(BPI), and Cathepsin G (CATG) indicate neutrophil degranulation. These proteins have not been described
previously in platelet concentrates, possibly due to the fact that many of those platelet concentrates often
do not contain leucocytes. Moreover, the proteomic analysis highlighted the presence of proteins derived
from monocytes and CD4 lymphocytes in the secretome at day 3, confirming the presence of these cells
in the L-PRF.

» Clinical benefit and dosage

The use of biological agents in combination with grafting materials for bone regeneration has gained
considerable attention in the last decades. Recently, various clinical trials have validated the safety and
predictability of these approaches (39). Biologically active bone grafts could offer numerous advantages
over the traditional grafts because of the presence of growth factors. The fact that the graft itself can
stimulate the area to be regenerated could resemble the properties of the autogenous bone. However,
the existing evidence supported by randomized controlled clinical trial is still limited. Above all, there is a
lack of knowledge at a molecular and cellular level about the limit of this stimulation and about how fast
the saturation would be then reached.

Several of the above-mentioned growth factors have been applied in clinical and animal studies for
bone regeneration procedures (40, 41). For instance, the most commonly used and studied growth factor
is the recombinant human bone morphogenetic protein-2 (rhBMP-2), which has been successfully used
in bone regeneration (42, 43). On the other hand, PDGF has also been utilized for bone augmentation
procedures. According to the literature, the release of this growth factor by PRP varied around 5-8 ng/ml
during 7-14 days (44, 45). During the same period, the release of PDGF from L-PRF raged between 25 to
150 ng/ml (19, 46). However, the dose used in clinical studies when the growth factor is externally applied
was 300,000 ng/ml (0.3 mg/ml) (47).

Other growth factors as VEGF and TGF-B1 are less commonly used in the clinical setting. Schorn
and co-workers (2017) (48) described the use of VEGF with a dose of 18.4 ug/ml (184,000 ng/ml) during
vertical bone augmentation in combination with rhBMP-2 in a collagenous scaffold. After 12 weeks, this
combination showed significantly more bone volume density and more vertical bone gain around implants
in comparison to the control group (no intervention). The use of TGF-B1 has also been studied in
combination with B-tricalcium phosphate in a dose that ranges from 1 to 40 ng/ml (49). Bone height in
vivo was similar with or without TGF-B1; however, blood vessel density was significantly higher in the
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test group. The release of this factor by L-PRF varied from 40 to 120 ng/ml (19, 37), which is similar to
what is given externally.

The continuous release of growth factors from the L-PRF up to 14 days may have two origins: (1)
gradual fibrinolysis of the fibrin matrix and consequently the release of the growth factors attached to it;
and/or (2) active production of growth factors by the living cells embedded in the fibrin mesh. One of the
guestions that often arises is the viability of the cells inside the PRF matrices. The cell viability in PRF
matrices has not been specifically studied in this PhD thesis. However, the research group of Prof. Dr. lvo
Lambrichts (Hasselt University, Belgium) cultured various L-PRF clots to evaluate the viability of those cells
using the outgrowth method. Outgrowth colonies appear between days 7 and 14, confirming the presence
of vital cells inside the L-PRF (Figure 2).

Figure 2. Outgrowth colonies after incubation of L-PRF clots. Cells compatible with early endothelial progenitor cells
with a spindle-like morphology are observed. Images courtesy of Dr. J. Ratajczak and Dr. T. Vangansewinkel (Hasselt
University).

> Impact of age and gender

The macroscopic dimensions of PRF matrices (L-PRF, A-PRF, A-PRF+) have also been examined in
this PhD thesis. Similarly, Miron and co-workers in 2018 (50) compared the macroscopic parameters of
PRF membranes between females and males, as well as younger and older patients. They observed that
the size of PRF membranes produced from females was 17% larger than those from males. This was
explained by the fact that females, compared to males, generally show lower haematocrit levels in their
peripheral blood. The separation between plasma layers is easier in case of lower haematocrit levels.
Larger membranes were also observed in elderly patients, often showing lower concentrations of red
blood cells. Yajamanya and co-workers in 2016 (51) observed that the fibrin network of L-PRF-based
membranes was less dense as patient age increased. Whether these observations have a clinical impact
is still unclear.
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» Impact of g force on release of growth factors and physical characteristics

The study included in chapter 4, “Impact of g force and timing on the characteristic of PRF
matrices”, evaluated the impact of the relative centrifugal force (RCF) on the final properties of PRF
matrices. Several papers (52-54) reported contradictory data on the impact of g force on the above-
mentioned release of growth factors, with some methodological shortcomings (55, 56). It has been
suggested that A-PRF and A-PRF+, both with a lower RCF, presented a higher release of growth factors
and a more homogenous cellular distribution inside the PRF matrices (57) (58). However, Ehrenfest and
co-workers (53) (2018) compared L-PRF vs. A-PRF prepared with various centrifugation devices and
concluded that the L-PRF protocol allowed producing larger clots/membranes and a more intense release
of growth factors. In contrast, in a similar study El Bagdadi and co-workers (54) (2019) compared L-PRF vs.
A-PRF vs. A-PRF+ and observed an increased in growth factors release when RCF was reduced. Comparing
findings is complicated by the heterogeneity in methods used, such as type of tube (plastic or glass) and
adaptation of RCF to the rcf-max or rcf-clot. When we adapted the settings for the different centrifuges
in order to reach the same g force for each device, the previously reported differences between different
protocols were no longer observed. Indeed, no statistically significant differences could be found among
all membranes (L-PRF, A-PRF, A-PRF+), prepared with their specific protocols, in terms of growth factors
release, cellular content, and dimensions.

Regarding the physical characteristics, the study from chapter 4 concluded that a lower g force
reduced the membrane tensile strength. However, the results for the tensile testing were similar and
showed no statistically significant differences for the same protocol when the g force was adapted in both
centrifuges, suggesting that the adaptation of the g force may result in similar PRF matrices independently
of the device used. Ockerman and co-workers (2020) (59) examined the impact of antithrombotic drugs
on the structural and mechanical properties of the L-PRF. Those appeared not be affected by low doses
of anticoagulant, whereas high doses impaired L-PRF generation.

» Impact of timing

On the other hand, we have also evaluated the importance of timing before and after
centrifugation to obtain an optimal PRF construct. The results suggested that the blood should be
centrifuged within the first 60 seconds after collection. Our findings are in accordance with those reported
in the literature. For instance, Miron and co-workers (50) concluded that a 60- to 90-s interval between
blood draw and the start of centrifugation should be respected by clinicians to avoid significant changes
in the macroscopic morphology/size of fabricated PRF membranes.

The time interval between the end of centrifugation and the compression of the clot into a membrane
also had an impact. The longer this time interval, the smaller the membranes. Both in length and width,
statistically significant differences were found between membranes prepared immediately after
centrifugation and those prepared after 2 or 3 hours (p<0.05).
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3. Antimicrobial characteristics

Several studies have described the antibacterial properties of L-PRF (60, 61). The study included in this
thesis “Antimicrobial capacity of L-PRF against periodontal pathogens” (62) assessed the antimicrobial
properties of L-PRF against the main periopathogens cultured on agar plates and in planktonic solution.
We could conclude that an L-PRF membrane has an antimicrobial effect, especially against P. gingivalis.
The L-PRF exudate also showed a strong inhibition against P. gingivalis on agar plates and decreased the
number of viable P. gingivalis in a dose-dependent way. Among the microorganisms isolated from patients
suffering from severe periodontal pathologies, Porphyromonas gingivalis is the most commonly found
(63, 64). This Gram-negative and obligate anaerobic bacterium produces several virulence factors that
contribute to its pathogenicity by enabling the invasion of periodontal tissue and providing protection
against the host defence (65). The fact that the L-PRF might inhibit or reduce the growth of this bacteria
may have important clinical applications, for instance in periodontal regeneration or in the treatment of
medication-related osteonecrosis of the jaws (MRONJ) or osteoradionecrosis.

However, the mechanism(s) responsible for the L-PRF antimicrobial effect against periodontal
pathogens remained controversial. Existing evidence suggests that platelets may play multiple roles in the
antimicrobial host defence: they generate oxygen metabolites, including superoxide, hydrogen peroxide
and hydroxyl free radicals, capable of binding, aggregating, and internalizing microorganisms. In addition,
platelets also release an array of potent antimicrobial peptides (66). At the Department of Periodontology
at KU Leuven, we followed this research line in order to envisage the antimicrobial mechanisms of the L-
PRF (67). This study confirmed that L-PRF exudate caused the growth inhibition of P. gingivalis on agar
plates, in planktonic cultures and during the development of in vitro multispecies biofilms. This
antimicrobial effect was blocked in all models by exposing the L-PRF exudate to horseradish peroxidase.
Pepsin showed similar blocking effects on L-PRF exudate, with the exception of the developing
multispecies biofilm model. From these results, one can conclude that L-PRF exudate may release
peroxide and peptides, which may be responsible for its antimicrobial effect against P. gingivalis. Future
research is required to evaluate the effect of L-PRF on different strains of diverse bacterial species to
investigate the clinical relevance of these findings.

4. Characterisation of L-PRF bone block

With the project “Characterization of the L-PRF bone block: release of growth factors, cellular content,
and structure”, a new technique was explored that combines the beneficial properties of bone blocks and
particulated grafts reducing the disadvantages of both. The L-PRF block is formed by three components:
(1) the L-PRF membranes, which provide a matrix rich in activated platelets secreting a wide range of
bioactive molecules and growth factors, (2) the demineralized bovine bone mineral (DBBM), that offers
an inorganic scaffold, and (3) the Liquid Fibrinogen, that glues the scaffold and matrix together. This last
component comes also from the patient’s blood and in contact with the chopped L-PRF membranes
creates a form-retaining block structure. The role of this autogenous liquid seems to be crucial and
twofold: it mechanically glues all the components of the L-PRF bone block, and at the same time, it has
bioactive properties (68). Because the DBBM particles are embedded in a fibrin matrix, more space is
created between the graft particles, which might allow cell ingrowth from surrounding tissue, and gives
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more stability to the graft. Fibrin-based matrices are well known for delivering growth factors due to the
binding sites for cells, proteins and growth factors (69). Moreover, it has been suggested that DBBM might
have osteoinductive properties (70). Given the active production of growth factors by the L-PRF
membranes and derivatives, this might further stimulate the biological properties of DBBM particles
becoming a bioactive scaffold.

> Clinical application

Traditionally, autogenous bone blocks have been suggested for the treatment of extensive bony defects,
especially in a staged approach (71). However, this technique requires a second surgical site, which
increase patient morbidity and postoperative complications (72) (73). The L-PRF bone block is a new
concept in guided bone regeneration (GBR) with a tissue engineering approach, which relies on two
fundamental principles: a space-maintaining scaffold and a matrix that permits cell recruitment,
neovascularization, and delivers growth factors (74). The use of surgical techniques to improve treatment
outcomes and reduce patients’” morbidity has to be the goal of every clinician. In this sense, bone
harvesting from a secondary surgical site remains an important concern. The L-PRF bone block technique
seems to be successful in the treatment of horizontal bony defects without the need of autologous bone,
as reported in a proof-of-concept study performed in our department (Figure 3) (75). The combination
with Liquid Fibrinogen to form the L-PRF bone block increases ease in handling and predictability of the
augmentation procedure. Moreover, Mir-Mari and co-workers observed that the use of a bone substitute
in a form of a block improved the horizontal volume stability and reduced displacement of the bone
substitute after wound closure compared to particulate xenograft alone (76, 77). Further clinical studies
with longer follow-up period and histological analysis have to confirm the use of this technique in GBR
procedures.

Figure 3. Guided bone regeneration (GBR) with L-PRF bone block and collagen membrane. A: pre-operative view. B:
Full-thickness mucoperiosteal flap. C: Cortical perforation to stimulate vascularization to the graft. D: L-PRF bone
block in situ covered with collagen membrane fixed with tacks. E: L-PRF membranes covering the collagen membrane
as protection in case of a flap dehiscence. F: Bone regenerated after 9 months of healing. F: Implant placement in
the regenerated bone. H1: Cone beam computed tomography (CBCT) image of the initial situation, before GBR. H2:
CBCT image after GBR.
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> Potential role of L-PRF membranes in guided bone regeneration (GBR) procedures

L-PRF has also been used as a protection of the barrier membrane (Figure 3E), in case that a flap
dehiscence after bone augmentation procedures occurs. Recently it has been envisaged that L-PRF
stimulates fibroblast wound closure in vitro (78, 79), and promotes the ability of fibroblasts to induce
endothelial tube formation (79, 80). Another study (81) showed a higher cell adhesion and spreading on
the expanded polytetrafluoroethylene (e-PTFE) membranes when coated with L-PRF. This is of relevant
importance with this kind of membrane because of the high ratio of flap dehiscence or flap perforation
(Figure 4) (82). Flap dehiscence with membrane exposure is one of the most common complication in GBR
procedures with a significant detrimental influence on the outcome of bone augmentation (83). For the
edentulous ridges, the sites without membrane exposure achieved 74% more horizontal bone gain than
the sites with exposure. For peri-implant dehiscence defects, the sites without membrane exposure had
27% more defect reduction than the sites with exposure (84, 85).

The same principle is applied when L-PRF is used at the palatal donor site after the harvesting of
a free gingiva graft or a connective tissue graft. Various studies have shown faster wound healing and less
post-operative pain when using L-PRF (86, 87).

Figure 4. Guided bone regeneration (GBR) in the anterior zone (region 11). A: Visualisation of the horizontal bone
defect. B: GBR at region 11 with L-PRF bone block and non-resorbable membrane (e-PTFE). C: L-PRF membranes on
the e-PTFE membrane as protection D: 7 days post-op. Frontal view. E: 7days post-op occlusal view. F: 6 months
post-op. No membrane exposure/perforation occurred during the healing phase.

5. Benefits of L-PRF in periodontal surgery: new RCT studies

» Alveolar ridge preservation

The application of L-PRF in alveolar ridge preservation was evaluated via a systematic review and a
randomized clinical trial (chapter 8). The systematic review concluded that L-PRF improved the
preservation of the alveolar ridge in single tooth extractions and resulted in less buccal bone resorption
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compared to unassisted healing. Moreover, a better soft tissue healing and less post-operative pain was
frequently reported. However, there was a high variability in the data as well as in the surgical protocols,
which made the meta-analysis of the data impossible. Overall, the outcome seems to be very technique-
sensitive and somehow unpredictable (88, 89). With the study of chapter 8 (“Effect of different PRF
matrices for ridge preservation in multiple tooth extractions: A split-mouth randomized controlled
clinical trial”) (90), we aimed to continue with the research line started at our department with the study
of Temmerman and co-workers (91). In single tooth extraction, they reported a mean change in horizontal
dimension at 1 mm below the crest of 1.4 mm (23%) and 5.0 mm (51%) for L-PRF group and control group,
respectively (92). Similar benefits have been reported in the literature (93-96).

In the randomized clinical trial (RCT) included in this thesis we aimed to go further and evaluate the
effect of different PRF matrices after multiple tooth extractions. The mean change in horizontal dimension
at 1 mm below the crest was of 2.2 mm (26-28%) for all three groups (L-PRF, A-PRF+, and unassisted
healing) three months after tooth extraction.

The main difference with our study was the use of an immediate full denture that may have
jeopardized the healing of the test sites by destabilizing the L-PRF membranes inside the sockets.
Mechanical pressure transmitted continuously and/or intermittently through the prosthesis has been
considered one of the causative factors for bone resorption in denture-supporting tissues (97, 98).
Moreover, Alrajhi and co-workers (99) concluded that anterior maxillary areas had more early bone
resorption compared to posterior areas. One needs to keep in mind that the use of an immediate
prosthesis is a common protocol in daily practice after multiple tooth extractions. Consequently, alveolar
ridge preservation techniques in multiple tooth extractions when a mucosa-supported prosthesis is also
used might not have the same results as in single tooth extractions.

Another difference with Temmerman’s study is that extraction sockets with dehiscences were
included for analysis. That might explain why the control site showed more resorption than in our study
with multiple tooth extractions. The evidence around the bone resorption pattern after multiple tooth
extraction is limited, what makes the comparison of our results with others, at this moment, not possible.

» Osseointegration

The use of L-PRF in Implant Dentistry was approached by a systematic review and an in vivo study. In the
systematic review, better implant stability over time and less marginal bone loss were observed when the
implants were coated with L-PRF. However, a meta-analysis could not be performed due to the
heterogeneity of the data. Implant design influences primary stability and osseointegration during early
healing. However, when primary stability cannot be achieved, the addition of molecules to the implant
surface might improve bone to implant contact (BIC) at an early stage. L-PRF has shown to promote the
formation of a dense fibrin clot on nano-rough implant surfaces, which seems to be crucial to provide a
provisional scaffold for the migration of osteogenic cells (100). The section 3 (chapter 7) describes the
project “Peri-implant bone structure at early healing after implant surface functionalization with L-PRF:
a micro-CT and histomorphological analysis. (In progress)”, which aimed to evaluate the effect of L-PRF
coating on the peri-implant bone formation at early healing in a pig model. Although beneficial results
have been reported in literature, in the study included in this thesis the effect of the L-PRF coating seemed
to be dependent on the implant surface. The early osteointegration of the implants with a fluoride-
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modified surface (ASTRA implants, OsseoSpeed® surface) seemed to be enhanced when coated with L-
PRF. However, the implants with a calcium-phosphate coating (Blossom® implants, Ossean® surface)
appeared to be negatively affected by L-PRF. In vitro, the coating with L-PRF products resulted in a dense
fibrin network on the Ossean® surface with abundant erythrocytes, platelets, and leucocytes. The fact
that a dense fibrin matrix occupies the interface between the implant and the bone might be beneficial
or detrimental for the early phases of osseointegration. In the present study, traces from the L-PRF
membrane could be found after 7 days in the implant-bone gap, although also remnants of a blood clot
were also identified. Further studies should explain how the L-PRF membranes are dissolved or
incorporated in the surrounding tissues and how these processes influence osteointegration.

Similar to our study, Abrahamsson and co-workers (2008) (101) studied the early per-implant
bone formation around fluoride-modified surfaces placed in an oversized preparation. They reported a
mean bone-to-implant contact (BIC %) of 55.7% % 9.7 and of 63.7% + 19.3, after 2 weeks and 6 weeks,
respectively. Those findings are in accordance to what we have observed in our study when the Astra
implants were not coated with L-PRF. However, the oversized preparation in their study was of 1 mm
compared to 0.4 mm from the present study. The gap size (0.4 mm) may have limited the effect of L-PRF
in the distance osteogenesis. Moreover, the detection of differences in bone quality and structure with
the microCT may have been also influenced by the gap size.

One does not have to forget that in vivo experiments try to resemble as much as possible the real
clinical conditions. However, clinical trials remain the most accurate model. Several clinical studies
evaluated the benefits of the application of L-PRF on the osseointegration process (102-105). Statistically
significant higher 1SQ values, which increased continuously over time, have been reported in literature
when implants were coating with L-PRF (104, 106). Boora et al. (2015) (107) recorded the early bone
remodelling around implants coated or not with L-PRF at insertion. The L-PRF-coated implants showed
50% less initial bone loss. However, Diana and co-workers (2018) could not observed any significant effect
of L-PRF coating on immediate implants with adequate primary stability. Further research is needed to
envisage the effect of PRF coating on osseointegration.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5347939/#jcpe12658-bib-0006
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FUTURE PERSPECTIVES

Periodontal surgery has evolved a lot in recent years, as the demand from patients has also increased.
Today we see more complex cases, in which the clinician is often limited by the extent and morphology
of the bone defect, the amount of autogenous bone available, and the condition of the soft tissues. For
this reason, the addition of biological agents to graft materials might help to overcome some limitations
of the traditional techniques.

The use of PRF matrices started already twenty years ago, but we are still now trying to
understand its healing properties. Above all, there is still a lack of knowledge at a molecular and cellular
level of the extent to which we can exogenously stimulate the organism. When growth factors are added
to a bone graft, the concentrations sometimes are 1,000 to 100,000 times higher than what is released by
the L-PRF. Further research needs to be focused on determine the saturation point and to discard any
possible negative effect of this over-stimulation.

There is quite strong evidence that PRF matrices enhance soft tissue healing. However, their
application for bone regeneration somehow remains controversial. Even though it has been
demonstrated that PRF matrices stimulate the migration and proliferation of osteoblasts, the clinical
results seems to be very operator-sensitive. As for any other surgical technique or biomaterial, the correct
handling is essential. Well-designed studies with strict and rigorous protocols are needed to envisage the
real effect of PRF.

Another important perspective is to evaluate how we can further improve the characteristics of
L-PRF in order to enhance its benefits. For instance, an interesting topic would be the use of L-PRF as
carrier in drug delivery systems. Recently, it has been envisage the function of L-PRF as a local sustained
released device for antibiotics (108). Further research will provide more details about the kinetics and the
mechanisms to introduce the antibiotics in the L-PRF (109). Moreover, well-designed randomized clinical
trials should assess the clinical benefit and indications of modified L-PRF membranes with antimicrobials.

Patient’s characteristics need to be taken into account when using platelet concentrates. Blood
composition varies amongst patients and that might affect the properties of the L-PRF too. The
understanding of the ideal patient selection should be mandatory to have predictable outcomes.
However, the impact of the systemic health condition as diabetes, anticoagulant medication, (auto)-
immune diseases, etc. still needs to be further studied.

Nevertheless, these shortcomings might be countered by the modification of its properties during the
preparation. For instance, Kawase and co-workers (110) modified the L-PRF by using heat to compress the
clots. Their findings suggested that the heat-compression technique reduced the rate of biodegradation
of the L-PRF membranes without sacrificing its biocompatibility. Therefore, it may be useful as a barrier
membrane in guided tissue regeneration. Further improvements in the preparation of L-PRF will provide
new applications of this biomaterial. The understanding of the limits of L-PRF seems of utmost importance
to avoid controversial results and to provide the best treatment to our patients.
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The overall objective of this PhD thesis was to characterize different PRF matrices and to examine their
regenerative potential in several oral surgical procedures. The general hypothesis was that PRF products
have a positive effect when used alone or as adjuvant in bone grafting. This hypothesis was divided in four
subcategories: systematic reviews, in vitro, in vivo, and clinical studies. Each subcategory presented some
specific sub-hypotheses.

The first subcategory comprises two systematic reviews of the literature and a meta-analysis of
randomised controlled clinical trials regarding the application of L-PRF in oral surgery. In the both
systematic reviews, an electronic and hand search were conducted in three databases (Medline, Embase
and Cochrane). Only randomized clinical trials were selected and no follow-up limitation was applied. In
the first systematic review (chapter 1), three subgroups were created: intra-bony defects (IBDs), furcation
defects, and periodontal plastic surgery. Meta-analysis was performed in all the subgroups. Pocket depth
(PD), clinical attachment level (CAL), bone fill, keratinized tissue width (KTW), recession reduction and
root coverage (%) were considered as outcome. The main results of the quantitative analysis were that
the use of L-PRF resulted in a reduction of the pocket depth and a higher bone fill in intrabony defects and
furcation defects compared to open flap debridement. When L-PRF was compared to a connective tissue
graft in mucogingival surgery around teeth, similar outcomes were obtained. In the second systematic
review (chapter 2), the use of L-PRF in bone regeneration and implant procedures was studied. Fourteen
studies were included and three subcategories were created depending on the application: sinus floor
elevation (SFE), alveolar ridge preservation, and implant therapy. In SFE, for a lateral window as well as
for the trans-alveolar technique, histologically faster bone healing was reported when L-PRF was added
to most common xenografts. L-PRF alone improved the preservation of the alveolar width after single
tooth extraction, resulting in less buccal bone resorption compared to natural healing. In implant therapy,
better implant stability over time and less marginal bone loss were observed when L-PRF was applied.
Meta-analyses could not be performed due to the heterogeneity of the data.

The subcategory of in vitro studies involves 4 studies where the PRF matrices were characterized.
In chapter 3, the biological characteristics of the L-PRF membranes, L-PRF exudate, Liquid Fibrinogen as
well as of the L-PRF block were extensively studied. L-PRF membranes and the L-PRF block released growth
factors up to 14 days. L-PRF exudate and the Liquid Fibrinogen could also release growth factors at the
moment of collection. The L-PRF exudate presented a low cellular content in comparison with the L-PRF
membranes with more than 80% of platelets and more than 70% of leucocytes in the initial blood sample.
The microCT and SEM images revealed the bone substitute particles surrounded by platelets and
leucocytes, embedded in a dens fibrin network. In chapter 4, the biological and physical characteristics
of 3 types of PRF membranes (L-PRF, A-PRF and A-PRF+) using two different centrifuges (Intra-Spin and
Duo) with adapted relative centrifugal forces (RCF) were compared. Moreover, the impact of timing (blood
draw - centrifugation and centrifugation - membrane preparation) was assessed morphologically including
scanning electron microscopy. We concluded that the adaptation of the RCF for each centrifuge did not
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result in differences in terms of release of growth factors, cellular content, dimensions, and mechanical
properties. However, the time between blood collection and centrifugation strongly influenced the
dimension and structure of the L-PRF membranes obtained. The antimicrobial capacity of the L-RF
membranes and exudate against periodontal pathogens was evaluated in chapter 5. L-PRF membrane
showed antimicrobial effect against the main periopathogens, especially against Porphyromonas
gingivalis. The L-PRF exudate showed a strong inhibition against P. gingivalis on agar plates but no
inhibition could be observed for the rest of the bacterial strains. Aggregatibacter actinomycetemcomitans
showed increased growth in contact with L-PRF. However, the L-PRF exudate has an antimicrobial effect
against P. gingivalis in a dose-dependent way. The last in vitro study described in chapter 6 evaluated the
detachment of particles from the silica-coated tubes and its presence in different PRF matrices compared
to glass tubes. It was concluded that the centrifugation protocols influenced the amount of microparticles
present in the PRF matrices. L-PRF presented the least amount inside the clot, and A-PRF+ the highest.
The detachment rate of these particles was independent of the centrifugation protocol. Due to the
contamination of the sample with other elements than Si during the enzymatic degradation of the clots,
the quantification of the silica in each clot with spectrophotometer was not reliable, and thus not
performed.

The third subcategory was an in vivo study where the effect of L-PRF coating on the early peri-
implant bone formation and angiogenesis was evaluated in a pig model (chapter 7). Four implants were
placed in the skull of twelve domestic pigs with an oversized preparation (0.4mm). Implants conditions
with or without L-PRF were randomised and two follow-up periods were settled: 7 days and 28 days. To
assess the bone-to-implant contact, histological and micro-CT images were taken from the bone samples.
The early osteointegration of the implants with a fluoride-modified surface (ASTRA implants) seemed to
be enhanced when coated with L-PRF. However, the implants with a calcium-phosphate coating appeared
to be negatively affected by L-PRF. Thus, the effect of the L-PRF coating seemed to be dependent on the
implant surface. For both implant surfaces, the bone microarchitecture were not significantly affected by
the L-PRF functionalization.

In chapter 8, a randomised controlled clinical study evaluated the alveolar ridge changes and
bone structure after multiple tooth extraction when L-PRF or A-PRF+ were used for ridge preservation in
comparison to unassisted socket. Twenty patients in need of at least three tooth extractions in the
aesthetic zone were included. L-PRF, A-PRF+ or control were randomly assigned. CBCT scans were
obtained immediately after tooth extraction and after 3 months of healing. Horizontal and vertical
dimensional changes of the ridge and socket fill were calculated. Histological and micro-CT analysis of
bone biopsies from the centre of the sockets were used to evaluate the bone structure after healing. It
was concluded that PRF matrices failed to reduce the dimensional changes after multiple tooth extractions
in the premaxilla. After 3-months healing, both PRF matrices showed radiographically a significant
superiority for the socket fill. Histologically, they seemed to accelerate new bone formation.
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Het doel van dit sproefschrift was om verschillende PRF-matrices te karakteriseren en hun
regeneratief potentieel te onderzoeken in verschillende orale chirurgische applicaties. De hypothese was
dat PRF-producten een positief effect hebben wanneer ze alleen of als adjuvans bij bottransplantaties
worden gebruikt. Deze hypothese werd onderzocht in niveaus: systematische reviews, in vitro, in vivo en
klinische studies. Elke niveau onderzocht specifieke aspecten van de hypothese.

Het eerste deel omvat twee systematische reviews en een meta-analyse van gerandomiseerde
gecontroleerde klinische studies met betrekking tot de toepassing van L-PRF bij orale chirurgie. In beide
systematische reviews werd elektronisch en handmatig gezocht in drie databases. Er werden alleen
gerandomiseerde klinische studies geselecteerd en er werd geen follow-up beperking toegepast. In de
eerste systematische review (hoofdstuk 1) werden drie subgroepen onderscheiden: intra-bony defecten
(IBD's), furcatie defecten en parodontale plastische chirurgie. Meta-analyse werd uitgevoerd op alle
subgroepen. Pocketdiepte (PD), klinisch aanhechtingsniveau (CAL), bone fill, gekeratiniseerde gingiva
breedte (KTW), recessievermindering en wortelbedekking (%) werden als uitkomst beschouwd. De
belangrijkste resultaten van de kwantitatieve analyse waren de volgende: het gebruik van L-PRF
resulteerde in een vermindering van de pocketdiepte en een hogere botvulling in intra-bony en furcatie
defecten in vergelijking met open flap debridement. Wanneer L-PRF werd vergeleken met een
bindweefselgreffe bij mucogingivale chirurgie rond tanden werden vergelijkbare resultaten verkregen. In
de tweede systematische review (hoofdstuk 2) werd het gebruik van L-PRF bij botregeneratie en
implantaattherapie bestudeerd. Veertien studies werden geincludeerd en er werden drie subcategorieén
onderscheiden, afhankelijk van de toepassing: sinus lift (SFE), behoud van alveolaire kam en
implantaattherapie. In SFE, zowel voor een lateraal venster als voor de trans-alveolaire techniek, werd
histologisch snellere botgenezing gerapporteerd wanneer L-PRF werd toegevoegd aan de meest
voorkomende xenografts. L-PRF alleen verbeterde het behoud van de alveolaire breedte na de
verwijdering van een tand. Dit resulteerde in minder buccale botresorptie in vergelijking met natuurlijke
heling. Bij implantaattherapie werd een betere implantaatstabiliteit in de loop van de tijd en minder
marginaal botverlies waargenomen wanneer L-PRF werd aangebracht. Meta-analyses konden niet
worden uitgevoerd vanwege de heterogeniteit van de gegevens.

Het deel van de in vitro-studies omvat 4 studies waarin de PRF-matrices werden gekarakteriseerd.
In hoofdstuk 3 werden de biologische eigenschappen van de L-PRF membranen, het L-PRF exsudaat, het
vloeibaar fibrinogeen en van het L-PRF blok uitgebreid bestudeerd. L-PRF-membranen en het L-PRF-blok
geven groeifactoren vrij tot 14 dagen na bereiding. L-PRF exsudaat en het vloeibare fibrinogeen geven ook
groeifactoren af op het moment van verzamelen. Het L-PRF-exsudaat vertoonde een lage cellulaire inhoud
in vergelijking met de L-PRF-membranen, met meer dan 80% bloedplaatjes en meer dan 70% leukocyten
in het aanvankelijke bloedstaal. De microCT- en SEM-beelden onthulden dat de xenograft partikels
omgeven door bloedplaatjes en leukocyten, ingebed in een dicht fibrinenetwerk. In hoofdstuk 4 werden
de biologische en fysische eigenschappen van 3 typen PRF-membranen (L-PRF, A-PRF en A-PRF +) in
functie van de relatieve centrifugaal krachten (RCF) vergeleken. Bovendien werd de impact van timing
(bloedafname - centrifugeren en centrifugeren - membraanpreparatie) morfologisch beoordeeld met
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inbegrip van scanning elektronenmicroscopie. We concludeerden dat een aanpassing van de RCF voor
elke centrifuge niet resulteerde in verschillen in termen van afgifte van groeifactoren, cellulaire inhoud,
dimensies en mechanische eigenschappen. De tijd tussen bloedafname en centrifugatie had echter een
sterke invioed op de opmeting en structuur van de L-PRF-membranen. In hoofdstuk 5 werd de
antimicrobiéle capaciteit van de L-RF membranen en exsudaat tegen parodontale pathogenen
geévalueerd. Het L-PRF membraan vertoonde een antimicrobieel effect tegen de belangrijkste
periopathogenen, vooral tegen Porphyromonas gingivalis. Het L-PRF-exsudaat vertoonde een sterke groei
remming van P. gingivalis op agarplaten, maar er kon geen inhibitie worden waargenomen voor de rest
van de bacteriestammen. Aggregatibacter actinomycetemcomitans vertoonde een sterkere groei in
contact met L-PRF. Het L-PRF-exsudaat heeft echter een antimicrobiéle werking tegen P. gingivalis op een
dosisafhankelijke manier. In hoofdstuk 6 evalueerde de laatste in vitro studie het loslaten van partikels
uit de silica-gecoate buisjes en de aanwezigheid ervan in verschillende PRF-matrices in vergelijking met
glazen buisjes. De conclusie was dat de centrifugatieprotocollen de hoeveelheid microdeeltjes in de PRF-
matrices beinvlioedden. L-PRF vebat de kleinste hoeveelheid van alles in het stolsel en A-PRF + de grootste.
De mate van loslaten van deze partikels was onafhankelijk van het centrifugatieprotocol.

Het derde deel was een in vivo studie waarin het effect van L-PRF coating op de vroege peri-
implantaire botvorming werd geévalueerd in een varkensmodel (hoofdstuk 7). Vier implantaten werden
in de schedel van twaalf huis varkens geplaatst met een over-preparatie van 0.4 mm. Implantaatcondities
met of zonder L-PRF werden gerandomiseerd en er werden twee follow-uptijden bepaald: 7 dagen en 28
dagen. Om het contact tussen bot en implantaat te beoordelen, werden histologische en micro-CT-
beelden van de botmonsters genomen. L-PRF coating van implantaten met een fluoride gemodificeerde
oppervlak (ASTRA®-implantaten) lijkt de vroege osteointegratie van de implantaten te verbeteren. De
implantaten met een calciumfosfaatcoating (Blossom®-implantaten) bleken echter negatief te worden
beinvloed door L-PRF. Het effect van L-PRF-coating leek dus afhankelijk te zijn van het
implantaatoppervlak. Voor beide implantaatoppervlakken werd de botmicroarchitectuur niet significant
beinvloed door L-PRF-coating.

Hoofdstuk 8 bespreekt een gerandomiseerde gecontroleerde klinische studie die de alveolaire
kamveranderingen en botstructuur na extractie van meerdere tanden evalueerde wanneer L-PRF of A-
PRF + werden gebruikt voor het behoud van de kam in vergelijking met natuurlijke heling. Twintig
patiénten die minstens drie tandextracties in de esthetische zone nodig hadden, werden geincludeerd. L-
PRF, A-PRF + of controle werden willekeurig toegewezen. CBCT-scans werden onmiddellijk na het
verwijdering van tanden en na 3 maanden genezing genomen. Horizontale en verticale veranderingen van
de alveolaire kam werden berekend. Histologische en micro-CT-analyse van botbiopsies vanuit het
midden van de sockets werden gebruikt om de botstructuur na heling te evalueren. Er werd
geconcludeerd dat PRF-matrices de dimensionale veranderingen na meerdere tandextracties in de
premaxilla niet konden verminderen. Na 3 maanden genezing vertoonden beide PRF-matrices
radiografisch een significante superioriteit voor de socketvulling. Histologisch leken ze de vorming van
nieuw bot te versnellen.
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