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ABSTRACT

Introduction: Nowadays, there are many articles about Platelet Rich Plasma/Platelet Rich Fibrin
families. A novel platelet-rich product called titanium prepared platelet-rich fibrin (T-PRF) has
stronger and thicker fibrin than that of the classic glass tube prepared platelet-rich fibrin. Strong
fibrin structure is important to extend the time for resorption of fibrin in-vivo, and increase the
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release time of growth factors.

Objective: In this preliminary study of a new centrifugation method, we aimed to change the
direction of fibrin formation during the platelet aggregation, and make T-PRF much denser and
more resistant. According to our hypothesis, it can make it possible to use in guided bone, and
guided tissue regeneration more successfully.

Methods: Blood samples of 10 healthy male volunteers were collected, and four 10ml blood
samples, one for each of four groups, were transferred to a Ti tube from each volunteer. The first
group was centrifuged for a 20-minute period clockwise (T-PRF group), and the other groups were
centrifuged for a total of 20 minutes with two-minute (2min MT-PRF group), five-minute (5 min MT-
PRF group), and ten-minute (10min MT-PRF group) periods clockwise and counter-clockwise.
Results: By hematoxylin and eosin stain, the 10min MT-PRF group showed a better-organized
network with continuous integrity compared to the other groups. With the immunofluorescent
staining, fibrin seemed thicker and better organized in the 10 min MT-PRF group. SEM
examination showed more complex and denser fibrin clusters in the 10 min MT-PRF group than
the other groups.

Conclusion: This pilot study defines 10 min MT-PRF as a new autogenous product with superior
fibrin network. Our results showed that, fibrin formation was made more organised and denser with

2-way direction centrifugation.

Keywords: Tissue engineering; biomaterial(s); centrifugation; scanning electron microscopy (SEM);

wound healing; blood; histomorphometry.

1. INTRODUCTION

When developed in 2001 by Chouckroun [1], the
leukocyte and platelet-rich fibrin (L-PRF) moved
itself to the forefront of other blood products, as it
was obtained as a result of natural clotting, it was
completely autogenous, and no foreign
anticoagulant or clotting agent was used [2].

L-PRF is also a natural fibrin matrix that consists
of leukocytes, proteins like vitronectin,
fibronectin, bone morphogenetic proteins (BMP),
cytokines, and growth factors, and it activates the
vascular system and angiogenesis, releases
growth factors like platelet-derived growth factor
(PDGF), insulin-like growth factor (IGF), vascular
endothelial growth  factor (VEGF), and
transforming growth factor (TGF) that are
involved in tissue healing [3-8]. Due to L-PRF’s
natural fibrin framework properties, growth
factors can keep their activity in fibrin mesh that
allows for their progressive release over time (7—
11 days) and stimulate tissue regeneration
effectively [7].

In recent years, L-PRF has begun to be widely
used for soft and hard tissue healing [9-16]. It
has been reported in studies on healing of soft
tissue that employing PRF alone as a soft tissue
graft has been very successful, and it has
considerable advantages compared to other non-
autogenous materials or autologous subepithelial
connective tissue grafting [9-16]. Nevertheless,
many studies have shown that the L-PRF

resorption period is 7-11 days in vivo in humans,
which is successful in soft-tissue healing;
however, its success with guided bone
regeneration (GBR) and guided tissue
regeneration (GTR) techniques in bone healing
remains unclear. Moreover, silica in the glass
tube is required for the formation of platelet
activation and the formation of fibrin in L-PRF.
Some physicians [17] worry about a possible
health hazard with glass-evacuated blood
collection tubes with silica activators. O’Connell
[17] described the unavoidable silica contact.

New products (titanium prepared platelet-rich
fibrin (T-PRF), advanced platelet-rich fibrin (A-
PRF), and concentrated growth factors (CGF))
have been developed in recent years to improve
L-PRF and to get rid of the limitations. The
achievements of these blood concentrations that
are fully autogenous have been evaluated in
studies [18-23]. Despite this, there are still a
number of question marks. The first basic
guestion to be asked is what purpose we can use
these second generation platelet-rich products
for:

1. For soft tissue healing?

2. As a biological material in addition to the
graft material used in the hard tissue
healing, for providing to faster healing
rates and enhanced tissue regeneration?

3. As a biological barrier membrane in the
hard tissue healing?
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4. As a scaffold to the stem cells, growth
factors, or other biological materials in
applications?

5. As a hard tissue graft material alone? Or
for all of these goals?

We believe that the more advanced newly
developed products are required for the
improved L-PRF beside the need for further
qgualified clinical and experimental studies in
order to answer these important problems.

Titanium has noncorrosive and
hemocompatibility properties. These are key
properties for biomaterials that come into contact
with the blood [24-27]. In our study group’s initial
trials, we observed that titanium-induced platelet
activation similar to glass tubes, and the clot
produced in the titanium tubes was clinically
identical compared to glass tubes. The fibrin
structure of T-PRF seemed to have been woven
more tightly and thicker than classic L-PRF. We
also established that the fibrin carpet formed with
titanium had a firmer network structure. Strong
fibrin structure is important to extend the time for
resorption of fibrin and increase the release time
of growth factors [18,20,23]. T-PRF is also used
to avoid any short- and/or long-term negative
effects of dry glass or glass-coated plastic tubes
and to eliminate the concerns regarding silica.

In this pilot study, we aimed to modify T-PRF and
make this autogenous product much denser and
more resistant and therefore to extend the
resolved period of fibrin. We invented a
centrifuge which can also reverse the tube filled
with blood after a certain time to produce T-PRF.
According to our hypothesis, when this is
achieved, it can make it possible to use in GBR
and GTR more successfully.

2. MATERIALS AND METHODS

Blood samples were collected from 10 healthy
male volunteers (age range of 23 to 37 years) at
the GATA Haydarpasa Hospital (Istanbul,
Turkey). None of the participants had systemic
diseases, and none were smokers. The
participants had not taken medications within 2
weeks that could interfere with coagulation. The
patients who were selected for the study were
informed about the study schedule with all details
and signed informed consent, and the study was
conducted in accordance with the Helsinki
Declaration of 1975, as revised in 2000. The
study protocol was approved by the Institutional
Committee of Ethics in Dental Research of the

Faculty of Dentistry at Cumhuriyet University
(Sivas, Turkey).

A blood sample of each volunteer was drawn
from the antecubital vein of the subject’s right or
left arm in four attempts (a total of 40 ml blood,
10 ml for each of the four groups, was collected
from patients with 10 ml injectors). 10 ml blood
was transferred to grade IV titanium tube for
each group. The blood was quickly collected, and
the titanium tubes were immediately centrifuged
with a specific table centrifuge at room
temperature. The first group was centrifuged at
2700 RPM for a 20-minute period clockwise (T-
PRF group), and the second, third, and fourth
groups were centrifuged at 2700 RPM for two-
minute (2 min MT-PRF group), five-minute (5min
MT-PRF group), and ten-minute (10 min MT-PRF
group) periods clockwise and counter-clockwise
(MT-PRF groups were centrifuged rotating one
clockwise and one counter-clockwise in 2-
minute, 5-minute, and 10-minute periods for a
total of 20 minutes). After centrifugation, the T-
PRF clots were removed from the tubes using
sterile tweezers, separated from the RBC base
using scissors, and placed on sterile woven
gauze. In each series, the clots were left on
sterile woven gauze to release their serum slowly
over 20 minutes. Half of each clot, after
sectioning the clot into two parts along its long
axis, was processed for SEM evaluation and
fixed in 2.5% glutaraldehyde. The other half of
each clot was sectioned for a second time into
two parts along its long axis; one part was used
for the fluorescence microscopy analysis, and
the other part was used for the light microscopy
analysis.

2.1 Histological Procedures for
Microscopy

Light

The T-PRF clots were dehydrated in increasing
gradients of alcohol (70%, 95%, and 100%) and
placed in toluene before including the paraffin.
After complete dehydration, the clot was 0.5 mm
thick. For each T-PRF membrane, a series of 20
successive 7-mm sections was created along the
long axis of the clot (i.e., 140 mm of the clot
thickness could be analysed in a longitudinal and
reliable manner). These sections were stained
with hematoxylin and eosin.

2.2 Histological Procedures for the

Fluorescence Microscopy

The frozen sections of the T-PRF clot specimens
were used for the direct immunofluorescent
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method (DIF) (Fibrinogen, FITC (Ventana,
Catalogue Number: 760-2685). An automatic
immunohistochemical staining device, Ventana
BenchMark XT (Ventana Medical Systems, Inc.,
Arizona, USA), was used, and the
immunofluorescent staining was performed using
a human fibrinogen antibody. The sections were
evaluated with a fluorescent microscope (Laika
DM 2500, Leica and Zeiss Co., Cambridge,
England).

SEM

2.3 Histological Procedures for

Evaluation

The morphologic evaluation of the T-PRF clots
was conducted with a scanning electron
microscope (LEO 440, Leica and Zeiss Co.,
Cambridge, England). The clots were fixed in
2.5% glutaraldehyde for 1 hour and treated for
desiccation. The specimens were sputter coated
with 20 nm of gold/palladium and subsequently
examined in a scanning electron microscope.
Photographs were taken at 20 kV wusing a
magnification from 51 to 5000.

2.4 Histomorphometric Analysis

Histometric analysis was performed by an
examiner blinded with respect to the treatment
rendered. Pictures from three different areas of
each section (0,348 mm?) were taken with an
attached camera photofluorescence microscope
in groups with an original magnification x400
(Laika DM 2500, Leica and Zeiss Co.,
Cambridge, England). The digital images were
saved on a computer. The Clemex Vision-Lite
5.0 software (Clemex Technologies, Quebec,
Canada) was used for the histomorphometric
analysis.

2.5 Statistical Analysis

Statistical computations were carried out using
software programme (SPSS 14.0, SPSS Inc.,
Chicago, IL, USA). After evaluation of normality
with  Kolmogorov-Smirnov test, data were
analysed with Mann-Whitney U test for pairwise
comparisons. P values less than 0.05 were
considered statistically significant.

3. RESULTS
3.1 Light Microscopy Study

With the hematoxylin and eosin staining, it was
observed that fibrin clot was formed in each of
the four group samples.

3.1.1 2 min MT-PRF group

In terms of fibrin structure with the hematoxylin
and eosin stain of the same samples, the 2 min
MT-PRF samples showed a flabbier fibrin texture
and erythrocyte islets in the fibrin were observed

(Fig. 1).

Fig. 1. The light microscopy analysis of the 2
min MT-PRF clot. Hematoxylin and eosin
staining
(a) Flabbier fibrin network (light pink (n)) and cellular
components (c) were detectable. The border (b)
between the cellular structures (c), and fibrin network
(n).
(b) Fibrin texture (n) and erythrocyte islets (r) in the
fibrin were observed.
(c) Fibrin network (n) with continuous integrity. Red
blood cells (r) embedded in the entire fibrin network.
The magnifications (G) are indicated in each panel.
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3.1.2 5 min MT-PRF group

The 5-minute group samples showed well-
organised structure with hematoxylin and eosin
stain. The leukocyte nuclei were stained dark
blue with hematoxylin. Small erythrocyte islets
were observed in the fibrin network (Fig. 2).

Fig. 2. The light microscopy analysis of the 5
min MT-PRF clot. Hematoxylin and eosin
staining
(a) The mature fibrin network (light pink (n)) and
cellular components (c) were easy detectable. The
border (b) between the cellular structures (c), and
fibrin network (n).

(b) Cellular structures (c) embedded in the fibrin mesh
(n). The leukocyte nuclei (I) were stained dark blue
with hematoxylin. Erythrocyte islets (r) in the cellular
area (c) were observed.

(c) Well-organised, wooly fibrin (n). Red blood cells (r)
embedded in the fibrin network. The magnifications
(G) are indicated in each panel.

3.1.3 10 min MT-PRF group

The 10-minute MT-PRF group samples showed
well-organised  fibrin  mesh  structure by
hematoxylin and eosin stain. The 10min MT-PRF
group showed the best-organised network with
continuous integrity compared to the other
groups. The RBCs and cytoplasm of the
leukocytes were easily detectable, as they were
a darker pink. The leukocyte nuclei were stained
dark blue with hematoxylin (Fig. 3).

Fig. 3. The light microscopy analysis of the 10
min MT-PRF clot. Hematoxylin and eosin
staining
(a) Mature, and dense fibrin network (light pink (n))
and cellular components (c) were well separated from
each other. Thick border (b) between the cellular
structures (c), and fibrin network (n). Leukocyte (1),
and erythrocyte (r) islets in the cellular area (c) were
observed.
(b) Well-organised, mature, wooly, and often textured
fibrin (n). The magnifications (G) are indicated in each
panel.

3.1.4 T-PRF group

The T-PRF group showed a well-organised fibrin
mesh structure with continuous integrity by
hematoxylin and eosin stain (Fig. 4).
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3.2 Fluorescence Microscopy Study

3.2.1 2 min MT-PRF group

The fibrin networks were not observed to be
mature and dense in this group. Wide dark areas
were observed in a messy and fragmented-
looking fibrin structure. The areas rich in collagen
in the form of islands draw attention (Fig. 5a).

3.2.2 5 min MT-PRF group

With the immunofluorescent staining, the fibrin
network appeared mature and dense in this
group. A mature and dense T-PRF fibrin network
was present with big gaps between the fibrin
meshwork (Fig. 5b).

Sl
Gx100

Gx400 N

Fig. 4. The light microscopy analysis of the T-
PRF clot. Hematoxylin and eosin staining
(a) Mature fibrin network (light pink (n)) and cellular
components (c) were well separated from each other.
Border (b) between the cellular structures (c), and
fibrin network (n) was easily detectable. Leukocytes
(1), in the cellular area (c) were observed.
(b) Well-organised, and mature, fibrin (n). The
maghnifications (G) are indicated in each panel.

3.2.3 10 min MT-PRF group

With the immunofluorescent staining, the 10 min
MT-PRF group’s fibrin seemed thicker and best
organised, compared to the other groups. The
fibrin network with small gaps appeared mature
and dense (Fig. 5c).

3.2.4 T-PRF group

With immunofluorescent staining, the T-PRF
group’s fibrin network appeared mature and
dense. However, it can be said that the fibrin
network was not as dense as the 10 min MT-
PRF group’s fibrin and gave a more loosely
woven carpet impression (Fig. 5d).

3.3 SEM Evaluation

In all groups, the RBCs were located either
outside of the matrix or adhered to the matrix at
the border of the red area and yellow clot. A
comparison of the images between all groups
revealed that fibrin seemed thick and best
organised in the 10min MT-PRF group. The T-
PRF and 5min MT-PRF groups had also a well-
organised  fibrin  mesh  structure. SEM
examination showed that more complex and
denser fibrin clusters occurred in the 10 min MT-
PRF group than the other groups. In the 2 min
MT-PRF group, cells were located in the fibrin
matrix (Fig. 6).

3.4 Histomorphometric Evaluation

Histometric analysis from fluorescence
microscopy images of 10min MT-PRF group and
T-PRF group examples showed that 10min MT-
PRF group fibrin network covers a statistically
significant larger area than T-PRF groups
network (Fig. 7).

4. DISCUSSION

In this study, we evaluated different centrifuge
methods to create more powerful fibrin structure.
We have shown that the structure of T-PRF
fibrin, the second generation of a blood
concentrate, can be made denser with the help
of bidirectional rotatable centrifugation, without
adding any substances and without destroying its
autogenous structure. We have also shown that
the densest fibrin network could be achieved by
rotating 10 minutes clockwise and 10 minutes
counter-clockwise (10 min MT-PRF group), and
fibrin mesh separates from the cells well and
platelets aggregate and also erythrocytes
decompose in full.

Many studies have shown the positive
regenerative effects of L-PRF in soft and bone
tissues [7-16,28-31]. But it was still unknown
which one was the most effective technique and
how the releasing period of the cells increased in
the fibrin scaffold depending on varying
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centrifugation time and speed or type of tube.
Recently, Ghanaati et al. [19] developed a new
fibrin structure (A-PRF) with a decrease in
centrifugation speed and an increase in
centrifugation time. They stated that specific cell
types were scattered differentially depending on
the centrifugal force. Ghanaati et al. [19] used A-
PRF as a biological material in addition to the
graft materials used in hard tissue to promote
faster healing.

We believe with this study that the innovations of
platelet rich products which previously focussed
on the duration and speed of centrifugation may
be directed to the direction of centrifugation.
Although A-PRF [19], and CGF [21-22] products
associated with duration and speed of
centrifugation are claimed to offer additional
advantages due to excess growth factors, they
have not been shown to be advantageous in
terms of their natural fibrin matrix structure. This
means that the use of these products alone is not
predictable in terms of osteoconductive way.
They have been mostly proposed to be
employed in hard tissue healing as a biological
material together with graft materials.

In spite of this, we observed in our previous
studies that when we used T-PRF with non-
autogenous graft materials, the magic was
ruined, resorption time of the graft material was
not shortened, and the inflammatory response in
the system caused by the foreign substances
resorption in the tissues was just as when we
placed the graft [23]. Our previous studies have
shown that T-PRF with a conventional
centrifugation method can also be used alone
successfully for hard tissue healing [18-23].
According to our hypothesis, modified T-PRF
(10min MT-PRF) that offers a much denser
natural matrix will be more successful than T-
PRF in terms of the osteoconductive effect. We
also believe that the healing agents and the
growth factors it invites to the region due to its
osteoinductive properties are as important as the
growth factors in the contents of the natural
matrix that remains longer in the body.

In this pilot study, we have tried to modify T-PRF
and make this autogenous product much denser
and more resistant. The aim of this study was to
increase the effectiveness of T-PRF by means of
extending the period of resorption. In this study, it
was observed that fibrin clot was formed in each
of the four group samples. The T-PRF, 5 min
MT-PRF, and 10 min MT-PRF groups showed
well-organised structure, but when compared

between groups, the best results were seen in
the 10 min MT-PRF group.

Fig. 5. The immunofluorescent microscopy
analysis of the 2min MT-PRF group, 5min MT-
PRF group, 10min MT-PRF group, and T-PRF

group fibrin network structure
(a) The 2min MT-PRF group. Non-uniform fibrin
network (n) with big gaps (g).

(b) The 5min MT-PRF group. Mature and dense fibrin
network with large gaps (g) between the fibrin
meshwork. (¢) The 10min MT-PRF group. Well-
organised, often textured fibrin carpet (n) with small
gaps (9)

(d) The T-PRF group. Mature, and uniform fibrin
network (n) with small gaps (g). The magnifications
(G) are indicated in each panel.
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Fig. 6. Scanning electron micrographs of the
2min MT-PRF group, 5min MT-PRF group,
10min MT-PRF group, and T-PRF group fibrin
network structures
(a) The 2min MT-PRF group. Loosely woven fibrin
network (n). Cellular components (c) were enmeshed in
the fibrin matrix. (SEM; original magnification x 5000).
(b) The 5min MT-PRF group. Organized and mature fibrin
structure tended to form a network (n). The red blood
cells (r) trapped within the fibrin matrix. Platelets were
often enmeshed in the fibrin network but sometimes
appeared as aggregates (p (white circle)) (SEM; original
magnification x 5000).

(c) The 10min MT-PRF group. Well-organised, mature,
wooly, and often textured fibrin carpet (n). The red blood
cell (r) in the outer surface of the thick fibrin carpet.
(SEM; original magnification x 5000).

(d) The T-PRF group. Well-organised fibrin mesh
structure. (SEM; original magnification x 5000).
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Fig. 7. Results of the histometry
measurements (mm2)
8p< 0.05 vs. T-PRF group

The complex structure of the fibrin matrix and its
density are key parameters of any platelet
concentrate [3,32]. Growth factors and cytokines
can be released by a suitable biologically carrier
such as a fibrin matrix that supports their release
in the wound environment. The greater the
density of the fibrin clot, the more it can be a
stronger biological healing matrix by supporting
cell migration and growth factor release [3,32].
When the centrifuge runs, most platelets are
activated in a few minutes after contacting the
tube walls, which initiates the coagulation
cascade, and as a result, the clot is formed. This
clot consists of a three-dimensional fibrin scaffold
that contains activated platelets, growth factors,
cytokines, and other blood cells [32]. In this
study, we evaluated different centrifuge methods
to create more powerful fibrin structure. The 10
min MT-PRF group showed a better-organised
network with continuous integrity compared to
the other groups. This result showed that, for the
fibrin matrix maturation, the centrifugal method
was also important, like centrifugation time.
Fibrin formation was made more organised and
denser with 2-way direction centrifugation.

5. CONCLUSION

This pilot study defines modified T-PRF (10 min
MT-PRF group) as an autogenous platelet and
leukocyte-rich fibrin product with a superior fibrin
network to T-PRF. More research on clinical
parameters such as resorption time, clinical
success, and many other aspects of this new
product are required.

This study was supported by the Scientific
Research Project Coordination Center of the
Gulhane Military Medical Academy.
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