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ABSTRACT

Introduction

The use of leukocyte and platelet- rich fibrin (L-PRF) in regenerative
surgery has increased exponentially in the last decade. That
success has lead various centres to have introduced the
biomaterial as a routine inclusion in oral grafting procedures.
Evidence suggests that the physical properties of fibrin play an
essential role in homeostasis of blood clots. Only a limited number
of studies have investigated the features of fibrin fibre diameter of
L-PRF concentrates.

Aims and objectives
To investigate and compare the fibrin network and fibrin fibre
diameter of L-PRF prepared by two different methods.

Methods

Blood was collected from a single volunteer using established
protocols. The resultant L-PRF clots were then prepared and
examined using scanning electron microscopy. The results were
subjected to statistical analysis.

Results

L-PRF prepared using the modified method had larger diameter
fibrin fibres than that prepared using the official protocol. The
difference was statistically significant (P=0.001). There was also
a larger amount of thicker fibrin fibres observed in the modified
L-PRF group.

Conclusions

Preparation methods affect the fibrin fibre diameter of L-PRF. This
may have consequences that influence the biological properties
of the biomaterial.

INTRODUCTION

The use of leukocyte and platelet- rich fibrin (L-PRF) in regenerative
medicine has increased exponentially in the last decade.' First
introduced by Choukroun et al. in 2001,? this autologous, blood
derived platelet concentrate that has been extensively used in
oral surgical procedures, with clinical success in the fields of
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surgical implantology and regenerative periodontology."? Because
of its popularity, various centers centres have introduced the
biomaterial as a routine inclusion in oral grafting procedures'.
Although Choukroun had specified the original method of L-PRF
preparation, this protocol had been modified over time, with several
variants of L-PRF now being made available.® * The modification
of the original protocol included updating the equipment and
materials used, as well as varying the centrifuge time and force.*
This resulted in two further variants of L-PRF being introduced i.e.
advanced PRF (A-PRF) and advanced PRF+ (A-PRF+).* Both of
these variants use a lower centrifugal force when compared to the
original protocol and this is thought to have distinct advantages
over the original preparation method.®*

Figure 1: Modified L-PRF (left) and A-PRF (right)
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An important component of the biological advantages of L-PRF
concentrates, is its specific structure which comprises a dense
fibrin network, with high concentrations of platelets and leukocytes
interspersed within the mesh of fibrin fibres.® It is thought that this
allows growth factors to be trapped, and released over a prolonged
period thereby enhancing healing and regeneration.®” Recently,
the role of fibrin structure has been researched for its role in blood
clots.®"" Evidence suggests that the physical properties of fibrin fibres
play an essential role in homeostasis of blood clots by affecting their
mechanical and biological contribution properties. & > However, only
a limited number of studies have investigated the features of fibrin
fibre diameter of L-PRF concentrates.'s'

With the increase in popularity of L-PRF, several authors have
reported positive clinical results using L-PRF that is prepared using
non-standardised equipment or materials.”>'” An example of this
type of “modified” L-PRF has been clinically documented in previous
publications by Peck et al.'® '® This deviation from the proposed
protocol may result in structural and functional changes to the
consequences to the biomaterial that is being produced.?°?? In this
report, using scanning electron microscopy (SEM), we analyse and
compare the fibrin network and fibrin fibre diameter of two different
methods of L-PRF preparation i.e. our modified protocol for the
preparation of L-PRF as previously described by Peck et al, and
A-PRF+, prepared via the recommended protocol as previously
outlined in the literature. 181

Figure 2. PRF Box with prepared L-PRF before compression

Figure 3: Modified L-PRF and A-PRF+ (Low magnification)

MATERIALS AND METHODS

The study was conducted at the Dental Faculty, University of
the Western Cape, Cape Town, South Africa in 2017. Ethical
clearance was obtained from the Research Ethics Committee of
the university with the following reference number: BM 16/3/31

Preparation of the L-PRF samples

Thirty six milliliters of blood was obtained from a single 30-year-old

healthy male volunteer via venipuncture of the left antecubital vein.

Two methods were used to prepare L-PRF, i.e. :

1. Modified L-PRF: Blood samples were collected in 9ml blood
collecting tubes that contain clot activator i.e., Vacuette® 9ml
serum tubes with Z Serum Clot Activator (Greiner BioOne
International AG, Germany). The blood samples were then
centrifuged at 400g for 12 minutes in a standard benchtop
centrifuge (PLC-083, Hicare International, Taiwan).

2. A-PRF+Blood samples were collected in 10 ml A-PRF+™
tubes (Process for PRF, Nice, France), and centrifuged for
1300RPM for 8 minutes, using a dedicated tabletop centrifuge
(PRF DUO™, Process For PRF, Nice, France).

After being centrifuged, the blood from both groups separated
into 3 distinct layers (Fig 1). From previous reports, the layers could
be distinguished as a topmost layer consisting of acellular platelet

poor plasma, Modified L-PRF/A-PRF+ in the middle, and red blood
cells at the bottom of the test tube.> © In order to standardise
L-PRF thickness, the resultant L-PRF clots from both groups were
removed from the tubes, and subjected to controlled compression,
using a specifically designed tool i.e., the PRF Box® (Process for
PRF, Nice, France) (Fig 2).2% All the samples were then transferred
for preparation for scanning electron microscopy analysis.

Preparation for scanning electron microscopy (SEM)

All the samples were fixed using 2.5% gluteraldehyde in phosphate
buffered saline (PBS) for 1 hour. Each specimen was removed and
washed in PBS for 5 minutes (twice) and thereafter distilled water
for 5 minutes (twice). The specimens were then dehydrated serially
with 50%, 70%, 90% and 100% ethanol, with each dehydration
step taking 10 minutes. The samples were then transferred to the
Electron Microscope Unit, Department of Physics, University of
the Western Cape, for critical point drying, gold-palladium coating,
and mounting for SEM analysis.

Scanning electron microscope observation

The surface microstructure of each specimen was analysed
using the same scanning electron microscope (AURIGA Field
Emission High resolution SEM, Carl Zeiss Microscopy GmbH,
Jena, Germany). All measurements of the fibrin networks were
carried out at 10 000 times magnification. At least 200 fibres
were randomly selected from each group and measured for
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Figure 4: Modified L-PRF (High magnification)
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Figure 5: A-PRF + (High magnification)

analysis using ImageJ version 1.510 software developed by
Wayne Rasband (National Institutes of Health, USA). The data
was captured using Microsoft Excel 2010 (Microsoft Corporation,
Washington, USA) and statistically analysed using the Mann-
Whitney U and Wilcoxon W tests.



www.sada.co.za / SADJ Vol 73 No. 4

Figure 6: The distribution of fibrin fibre diameters for Modified
L-PRF (group 1) and A-PRF+ (group 2) measured as length in nm

RESULTS

Descriptive analysis of Modified L-PRF and A-PRF+ Fibrin fibre
networks

Under low magnification (1000 times) both samples show similar
morphological characteristics. A dense mesh of fibres was evident
with scattered cells seen on the surface for each sample (Fig
3). For the Modified L-PRF sample, more irregular bodies were
present, possibly signifying the presence of platelets (Fig 3).%
This may be characteristic of the region observed and may not
be representative of the sample as a whole.® No distinction in fibre
architecture for the 2 groups was seen at this level of magnification.
When observing the samples at higher magnification (10 000
times), the fibre mesh showed distinct characteristics (Figs 4
and 5). For both groups, the fibres were densely arranged in a
netlike structure with clear spacing and crosslinking seen. Distinct
differences could be noted with regards to fibre diameter, with
both groups showing non-uniform fibre thickness. Thicker fibres
were interweaved with thinner fibres and many of the fibres
showed irregular surface characteristics indicative of platelet-fibrin
fibre interaction.?* The presence of cellular bodies could be noted
for both groups. Distinguishing between both groups solely on the
basis of SEM analysis, was difficult.

Table 1 a,b: Results of testing the difference in fiberfibre
diameter ( Length in nm) between both groups with the Mann
Whitney test:

206 | 23806 40711.00

19390.000
Wilcoxon W
-3.343

Asymp. Sig. (2-tailed)

Analysis of Modified L-PRF and A-PRF+ fibrin fibre thickness

A total of 437 fibrin fibre samples were analysed from both groups.
The fibres were measured in nanometres (nm) with a range of 100-
808nm and a mean of 281nm being observed for the Modified
L-PRF group. For the A-PRF+ group, fibre diameters ranged from
43-742nm with a mean diameter of 256nm. For both the groups,
statistical analysis revealed that the mean fibre diameter was not a
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clear reflection of the various fibre groups present. It also showed
that the fibrin fibre diameters were not equally distributed in each of
the groups and that a wide range of fibre diameters were present
(Fig 6). These fibre groups were present in both Modified L-PRF
and A-PRF+, but were significantly different in their distribution
for the two versions of L-PRF. Of the two groups tested, Modified
L-PRF was characterized by larger diameter fibres and had a
higher amount of thicker fibres when compared to A-PRF+ (Fig 6).
Because of the wide range of fibre diameters noted in each of
the sample groups tested, arbitrary size classes were selected to
betterillustrate the range of fibre diameters seen. This size selection
was based on a previously published model which analysed
human fibrin networks.?® Consequently the fibre diameters were
categorised into 3 groups based on “thickness” i.e. thin (lowest
thickness to 85nm), intermediate (86 - 202nm), and thick (203nm
to highest). This is represented by histogram A.

Histogram A: The distribution of “thin, intermediate and thick”
fiberfibres of Modified L-PRF (group1) and A-PRF+ (group 2)

DISCUSSION

L-PRF in its various forms has shown promising results in both
in-vitro and in-vivo studies." '*'° This is attributed to the structural
integrity of the biomaterial which results in a matrix that contributes
to the prolonged release of various growth factors as well as
provides a network for the migration of cellular components.?®
The process of preparing L-PRF was initially documented by
Choukroun in 2001.2 However since the original protocol was
introduced, several authors have attempted to replicate the platelet
concentrate using non-standardized methods.'™"®  Although
clinically successful, the ultrastructure of these L-PRF variants has
not been reported upon extensively.

The data from this study indicates that using both the A-PRF+
protocol as well as the modified protocol for the preparation of
L-PRF that we used, may vyield L-PRF clots that appear similar
macroscopically. Both preparation methods resulted in separation
of the centrifuged blood into 3 three distinct layers as previously
described. When examining L-PRF clot size, the resultant L-PRF
clots appeared smaller for the Modified L-PRF group, however
this was not quantified statistically. We speculate this may be
due to using a 9ml blood collecting tube as opposed to 10ml in
the A-PRF+ group. However, the size of the collecting tube may
not be the only factor affecting L-PRF size, since recent research
indicates that using different centrifuges may affect L-PRF clot
size.?0-22

Compressed L-PRF clots from both groups appeared similar
under low magnification (x1000), with a dense fibre network and
large range of fibre diameters being seen. The density of the fibre
networks seen in this study has previously been reported upon
and is thought to be related to the compression of the clots in
the PRF-Box™.23 When the fibre diameters were analysed as thin,
intermediate, and thick, the majority of fibres in both groups were
classified as thick. This differs from the findings of Vieira et al.
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2009,% who reported that the predominant fibre patterns were
thin.

Previous studies that have examined the features of fibrin
associated with L-PRF, have often used the mean diameter of the
fibres to describe the characteristics of the L-PRF clot or are limited
to a subjective description of the fibre diameter.'® ° In the present
study, statistical analysis revealed that using the mean diameter,
did not reflect the range and frequency of the fibre types observed.
Therefore when analyzing fibre diameters for Modified L-PRF
and A-PRF+, we identified clear groupings (Fig 6). These were
statistically significantly different for the two L-PRF groups, with
the Modified L-PRF showing a higher number of larger diameter
fibres as compared to A-PRF+ (Table 1). The exact reasons for
this difference in not known, but is probably due to differences
in the centrifugal force, centrifuge time, centrifuge make, agents
present in the blood collecting tubes and shape of the blood
collecting tubes.?* 26 Because all the samples were taken from
the same individual in a 15 minute period, the above may serve
as an adequate explanation for the differences in fibre diameters
seen. However one must consider that for different individuals or
in instances where blood is collected from the same individual
at different times, that other factors such as pH, the presence of
zinc, ionic strength, concentrations of calcium, polyphosphate,
fibrinogen, fibrinogen binding proteins and thrombin, may also
influence fibre thickness and network density.®'

The tubes used to collect blood to prepare Modified L-PRF, are
coated with silica. Silica is a known procoagulant. It binds to
plasma proteins and has the ability to cause reversible structural
changes to these molecules.?"?® This is dependent on the size of
the silica particle, with smaller silica particles demonstrating the
ability to shorten coagulation time and increase the activation of
factor X, whilst at the same time activate platelets.?® The fact that
silica coated tubes were used in the preparation of the Modified
L-PRF, may further contribute to the morphological differences
seen between the 2 groups.

The individual fibre diameters seen in the samples tested may
have implications for the mechanical stability of each L-PRF clot.?®
Clots with thicker fibres tend to be less elastic than those with
thinner fibres and may be more readily degraded by the fibrinolytic
system.® 2 This may have consequences for the biological
behaviour of L-PRF since structural integrity and the controlled
release of growth factors is thought to be a major contributing
factor to its clinical success. Therefore, one might assume that
because A-PRF+ has a lower amount of thick fibres than Modified
L-PRF, that its rate of dissolution may be slower than that of
the Modified L-PRF. As such, its ability to remain intact may be
prolonged as compared with other platelet concentrates and
may explain the extended release of growth factors as recently
reported.®*

CONCLUSIONS

To the author’'s knowledge, this is the first presentation of the
morphological fibre characteristics of an L-PRF clot prepared
using a specific modified protocol as previously described
by the authors. When compared to an established protocol,
the resultant L-PRF clot appears morphologically similar to its
A-PRF+ counterpart with a dense fibrin network interspersed with
platelets and other blood cells. However, clear differences are
noted for the fibrin fibre diameter with Modified L-PRF showing a
higher proportion of larger diameter fibres. The reason for these
differences is speculated to be associated with the different
protocols used to prepare the platelet concentrates. One might
therefore assume that changes in the protocol of preparation of
L-PRF may directly affect it morphological structure. Whether
these differences affect the clinical efficacy of these biomaterials
is unclear, and warrants further research.
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