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Abstract
Background and Objectives. L-PRF (Leukocyte- and Platelet-Rich Fibrin) is one of the 4
families of platelet concentrates for surgical use and is widely used in oral and maxillofacial
regenerative therapies. The objective of this third article was to evaluate how the changes of
the L-PRF protocol may influence its biological signature, independently from the
characteristics of the centrifuge.
Materials and Methods. In each volunteer donor, veinous blood was taken in 2 groups,
respectively Intra-Spin 9ml glass-coated plastic tubes (Intra-Lock, Boca-Raton, FL, USA) and
A-PRF 10ml glass tubes (Process, Nice, France). Tubes were immediately centrifuged at 2700
rpm (around 400g) during 12 minutes to produce L-PRF clots, or at 1500 rpm during 14
minutes to produce A-PRF clots. All centrifugations were done using the original L-PRF
centrifuge (Intra-Spin system, Intra-Lock), as recommended by the 2 manufacturers. All
clots were collected into a sterile surgical box (Xpression kit) and compressed into
membranes. Half of the membranes were placed individually in culture media and
transferred in a new tube at 7 experimental times: 20 minutes, 1 hour, 4h, 24h, 72h, 120h and
168h. The releases of Transforming Growth Factor β-1 (TGFβ-1), Platelet Derived Growth
Factor AB (PDGF-AB), Vascular Endothelial Growth Factor (VEGF) and Bone
Morphogenetic Protein 2 (BMP-2) were quantified using ELISA kits at these 7
experimental times. The remaining membranes were used to evaluate the initial quantity of
growth factors of the L-PRF and A-PRF membranes, through forcible extraction.
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Results. The slow release of the 3 tested growth factors (TGFβ-1, PDGF-AB and VEGF) from
original L-PRF membranes was significantly much stronger (more than twice stronger,
p<0.001) at all experimental times than the release from A-PRF membranes. No trace of
BMP2 could be detected in the A-PRF membrane. A slow release of BMP2 was detected
during at least 7 days in the original L-PRF. Moreover, the original L-PRF clots and
membranes (produced with 9mL blood) were always significantly larger than the A-PRF clots
and membranes (produced with 10mL blood). The A-PRF membranes dissolved in vitro after
less than 3 days, while the L-PRF membrane remained in good shape during at least 7 days.
Discussion and Conclusion. The cumulative curves are defining the biological signatures
of the tested product. The original L-PRF signature is always more than twice stronger than
the A-PRF signature. The same centrifuge was used for both products in this study; only the
protocol (particularly the centrifugation forces) was different. The original L-PRF protocol
allowed producing larger clots and membranes and a more intense release of growth factors
than the modified A-PRF protocol. The exact impact of the tubes should also be investigated
in the future. Both protocols are therefore very significantly different, and the clinical and
experimental results from the original L-PRF shall not be extrapolated to the A-PRF. Finally,
the comparison between the total released amounts and the initial content of the membrane
(after forcible extraction) highlighted that the leukocytes living in the fibrin matrix are
involved in the production of significant amounts of growth factors.
Keywords. Blood platelets, growth factors, leukocytes, platelet-rich plasma, regenerative
medicine, wound healing.

1. Introduction
Leukocyte- and Platelet-Rich Fibrin (L-PRF) is one of the 4 main families of platelet
concentrates for surgical use [1-4], and it is frequently used in oral and maxillofacial surgery
as a surgical adjuvant to improve healing and promote tissue regeneration[5-12]. The
original L-PRF protocol was open-access, very simple and inexpensive [1]: blood is taken in
9ml tubes without anticoagulant and immediately centrifuged at 2700 rpm during 12
minutes. The blood coagulation during centrifugation allows the formation of the L-PRF clot
in the middle of each tube [13]. The L-PRF clot can be then used directly [14,15] or
compressed into a membrane [16,17] or a cylinder plug [18,19], depending on the expected
application. The original system is nowadays marketed in only one form as a CE and FDA
cleared inexpensive material under the name Intra-Spin L-PRF (Intra-Lock, Boca-Raton, FL,
USA). In the first description of the architecture and properties of this regenerative material,
it was shown that the L-PRF clot or membrane contains most platelets and half of the
leukocytes from the initial blood harvest, with an increased ratio of lymphocytes [13].
Because of this specific cell composition within a strong fibrin network, the L-PRF acronym
was justified and L-PRF started to be described as a real autologous tissue and an optimized
blood clot [5].
The release of growth factors is one of the main objectives justifying the use of platelet
concentrates in regenerative medicine [20-22], even if other parameters shall not be
neglected (matrix and cell content)[23-25]. In previous works, it was shown that the L-PRF
membrane presents in vitro during at least 7 days a very intense slow release of many growth
factors (particularly the growth factors released by the platelets) and related molecules
[18,26,27], all involved in the acceleration and control of healing and tissue regeneration:
Transforming Growth Factor β1 (TGFβ1), Platelet-Derived Growth Factor AB (PDGF-AB),
Vascular Endothelial Growth Factor (VEGF), Thrombospondin-1 (TSP-1), Fibronectin and
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Vitronectin. This intensity and pattern of release were compared with other forms of platelet
concentrates (particularly with some Platelet-Rich Plasma gel)[27], and it was claimed that
this growth factors slow release profile can be considered as a biological signature of each
platelet concentrate gel as a regenerative healing biomaterial [27,28]. From these studies, it
was shown than the natural combination of growth factors, platelets and adequate fibrin
network was the key to obtain a strongly sustained release of these factors. It was also
advocated that the presence of cells in L-PRF was participating to some supplementary
growth factors production [26].
With the development of this method worldwide, some authors tried to prepare LPRF using different centrifuges or even protocols. The protocols, even when they may appear
often identical (same g force and time) did not use the same hardware (centrifuge and tubes).
Using different centrifuges and kits, L-PRF clots were not identical in terms of weight and
volume. The main reason of these changes of hardware was economic, the main idea behind
was to use a cheaper centrifuge and to try to get an acceptable result with it. Unfortunately,
these changes of materials and/or methods are now a source of considerable confusion and
bias in the literature [29-31], as these changes are affecting considerably the architecture
and cell content of the L-PRF material [18].
The original L-PRF was developed as an open-access protocol, but the material was
initially selected carefully, using some high-quality very stable centrifuge in order to reach
the best possible clot and result. In the first 2 parts of this series of articles, we demonstrated
that 3 low-cost laboratory centrifuges (A-PRF, Salvin, LW) frequently encountered for the
production of L-PRF (even if not CE/FDA cleared for this application) presented in fact a
much higher level of vibrations than the original L-PRF system (Intra-Spin). These vibrations
were directly responsible of the perturbation of the fibrin architecture and the critical
damage of the cell content of the L-PRF clots and membranes. Moreover, size and weights of
the clots and membranes were very different with these centrifuges in comparison to the
original L-PRF. It was concluded that A-PRF, LW and Salvin centrifuges were not suitable for
the production of original L-PRF clots and membranes through the standard 400g protocol
developed initially for the L-PRF.
To conclude logically this series of studies, the objective of this third article was to
evaluate how the changes of the protocol alone (for example reduction of the g forces) may
influence the biological signature of the L-PRF clots and membranes, independently from the
characteristics of the centrifuge. To reach this objective, the slow release of some growth
factors from an original L-PRF membrane was compared with the slow release of an A-PRF
(Advanced Platelet-Rich Fibrin) membrane, as both products can be prepared using the
original L-PRF machine.

2. Materials and methods
2.1. Preparation of L-PRF and A-PRF
For the production of L-PRF and A-PRF clots and membranes, blood collection was
carried out on six volunteer donors, 3 males and 3 females, non-smokers, aged between 30
and 40 years old, with no history of recent aspirin intake or any medication neither disease
correlated with the coagulation process. For each volunteer, eight tubes of blood were
obtained without anticoagulant from the antecubital vein, respectively 4 Intra-Spin 9ml
glass-coated plastic tubes (Intra-Lock International Inc., Boca-Raton, FL, USA) and 4 A-PRF
10ml glass tubes (Process, Nice, France).
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The blood was collected quickly (17 seconds mean value, less than 20 seconds per
tube) and immediately (before 1 minute) centrifuged at room temperature at 2700 rpm
(around 400g) during 12 minutes to produce L-PRF clots, or at 1500 rpm during 14 minutes
to produce A-PRF clots. All centrifugations were done using the original L-PRF centrifuge
(Intra-Spin system, Intra-Lock, Boca Raton, FL, USA), as recommended by the
manufacturers of both A-PRF (Process) and Intra-Spin L-PRF (Intra-Lock). The A-PRF was
initially developed on the original centrifuge (Intra-Spin), before to become an independent
technique with its own centrifuge. The use of the same centrifuge allowed to neutralize the
parameter related to the quality of the centrifuge, as it was shown in the first part of this
research that the Intra-Spin centrifuge was by far the most stable machine and the only one
without significant vibrations.
Four Intra-Spin L-PRF clots were produced for each donor: 2 were used to quantify
the release of molecules during the experiment, and 2 were used for immediate extraction by
force and quantification. Four Process A-PRF clots were produced for each donor: 2 were
used to quantify the release of molecules during the experiment, and 2 were used for
immediate extraction by force and quantification. The clots were finally collected carefully
into a sterile adapted surgical box (Xpression kit, Intra-Lock, Boca-Raton, FL, USA) and
compressed into membranes for the next step of the study.
2.2. Sample preparation
In the release quantification group, each L-PRF or A-PRF clot was gently pressed into
a membrane, and placed in a 10 mL tube with 4 mL of sterile DMEM (Dulbecco's Modified
Eagle's Medium). Then, at each experimental time, the membrane was transferred in a new
tube of 4 mL sterile DMEM, and the previous 4 mL were stored at -80°C before ELISA
quantification. The membrane transfer was done at 7 experimental times: 20 minutes, 1
hour, 4 hours, 24 hours (day 1), 72 hours (day 3), 120 hours (day 5) and 168 hours (day 7).
This procedure was done separately for the 4 membranes (2 L-PRF, 2 A-PRF) of each donor,
thus 24 membranes were separately treated, in order to calculate means and standard
deviations.
In the group for immediate extraction by force, each L-PRF or A-PRF membrane was
cut in small pieces and homogenized in 1 mL sterile DMEM using a Polytron extractiondispersing machine (Polytron, Kinematica AG, Lucerne, Switzerland). Then, a final
centrifugation (15000rpm during 10 minutes) was performed in order to remove residual
particulates. About 1 mL of solution was then collected and stored at -80°C before ELISA
quantification. This procedure was done separately for the 4 membranes (2 L-PRF, 2 A-PRF)
of each donor, thus 24 membranes were separately treated, in order to calculate means and
standard deviations.
2.3. ELISA quantification and data collection
When all the samples were collected, quantifications of 4 molecules were performed
by using classically available ELISA kits (Quantikine, R&D Systems, Minneapolis, MN, USA):
Transforming Growth Factor β-1 (TGFβ-1), Platelet Derived Growth Factor AB (PDGF-AB),
Vascular Endothelial Growth Factor (VEGF) and Bone Morphogenetic Protein 2 (BMP-2).
Absorbances were read using a microplate reader ELISA X500, then concentrations were
calculated. For intra- and inter-study comparisons, all the results were finally referred to a 1
mL volume, and then expressed as total weight of molecules (nanograms for TGFβ-1 and
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PDGF-AB, picograms for VEGF, picograms for BMP2). For each molecule and each
experimental period, means and standard deviations were calculated. Differences at each
time between L-PRF and A-PRF data were assessed using a paired t-test (p<0.01).
Finally, for each tested molecule, the total released amounts were calculated and
these results were then compared to the initial amount forcibly extracted from the membrane
soon after L-PRF and A-PRF preparation. The ratio between the total released quantity and
the initial extracted quantity was calculated.

3. Results
As a first macroscopic observation, the original L-PRF clots and membranes produced
with 9ml blood were always much larger than the A-PRF clots and membranes produced
with 10ml blood (Figure 1). The difference was not calculated, but it appeared systematically
that the L-PRF were at least 30% bigger than the A-PRF clots and membranes.

Figure 1. Original Intra-Spin L-PRF (A) and A-PRF (B) clots in their respective official tubes just
after centrifugation. The aspect of the 2 kinds of clots in the tube was since the beginning very
different. Clots were then collected and placed in the PRF surgical box (Xpression, Intra-Lock) for
compression into membranes (C) to be used for the slow release test. The original Intra-Spin L-PRF
membrane was produced with the original L-PRF protocol (2700rpm, 12 minutes) and 9mL blood. The
A-PRF membrane was produced with the specific A-PRF protocol (1500rpm, 14 minutes) and 10mL
blood. However, in comparison to the original L-PRF membrane, the A-PRF clots and membranes
appeared obviously much smaller, more fragile and not so clearly separated from the red blood cell
part.

During the test, the original L-PRF membrane remained in good shape up to the last
experimental time (7 days), while the A-PRF membrane completely dissolved in the medium
between the first and the third day. For this reason, the last A-PRF value was measured at the
day 3 experimental time. Significant amounts of TGFβ-1, PDGF-AB and VEGF were found at
each experimental times, even 7 days after production with the original L-PRF membrane
and up to 3 days with the A-PRF membrane (Figure 2). These amounts of molecules
presented a specific slow release kinetic. TGFβ-1, PDGF-AB and VEGF releases showed
similar general profiles, characterized by a quick increase of the release during the first 24
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hours. For original L-PRF, a significant but slower release until day 5 (120 h) was observed;
during the last 2 days of the experiment, membranes continued to release significant
amounts of these molecules, but very slowly. For the A-PRF, the release also slowed down
after the first day, but the release stopped quickly thereafter with the complete dissolution of
the A-PRF membrane.

Figure 2. Slow release of TGFβ1 (A), PDGF-AB (B), VEGF (C) and BMP2 (D) from an original LPRF membrane and from an A-PRF membrane during 7 days in vitro. Values are expressed as the
cumulative mean quantity of molecules at 20 minutes, 1 hours, 4 hours, 24 hours, 72 hours (3 days),
120 hours (5 days) and 168 hours (7 days).

The slow release of TGFβ-1, PDGF-AB and VEGF from an original L-PRF membrane
(Intra-Spin) was always significantly much stronger (p<0.001) at all experimental times than
the release from an A-PRF membrane. All results were presented as graphs (Figure 2) to
follow the cumulative released mean amounts of each molecule during the first 168 hours
after L-PRF and A-PRF membrane preparation respectively. The gradient of the curves
revealed the force of the slow release during the experimental periods. These curves were
defining the biological signatures of the original L-PRF membrane produced with Intra-Spin
system and of the A-PRF membrane. The original L-PRF signature was always more than
twice stronger than the A-PRF signature.
For the evaluation of BMP2, no traces of BMP2 could be detected in the A-PRF
membrane, and the values represented in the Figure 2 are considered as the unavoidable
experimental background noise. On the contrary, a slow release of BMP2 was clearly detected
during at least 7 days in the original L-PRF, even if the quantities remained quite small.
For the original L-PRF, the total quantity of released factors was in all cases
significantly higher than the total amounts extracted just after membrane preparation
(Table). However the ratios between these values (total slow release/initial quantity) were
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very different according to the molecule: TGFβ-1, VEGF and BMP2 following the same high
ratio (around 7), while PDGF-AB ratio was much closer to 1.
For the A-PRF, the total quantity of released factors and the total amounts extracted
just after membrane preparation were significantly smaller than for the L-PRF membrane
(Table). In A-PRF, the ratios between these values (total slow release/initial quantity) were
also very different according to the molecule: TGFβ-1 and VEGF following the same high
ratio (around 4.5 or 5, lower than for L-PRF), while PDGF-AB ratio was much closer to 1
(similar to L-PRF).
TGFβ-1
(nanog)

Tested molecule

VEGF
(picog)

PDGF-AB
(nanog)

BMP-2
(picog)

Total released after L-PRF 315.5 (±21.1)
168h (sum of the
amounts measured at
each experimental time) A-PRF 92.1 (±25.4)

6602 (±704)

67.1 (±9.8)

580 (±73)

2445 (±782)

20.9 (±8.1)

NA

Total extracted at T0 L-PRF 44.4 (±3.7)
from the membrane
A-PRF 18.6 (±4.8)

994 (±159)

44.4 (±4.2)

79 (±10)

514 (±188)

15 (±5.8)

NA

Ratio between
slow released and
extracted molecules

6.64

1.51

7.34

4.76

1.39

NA

L-PRF

7.1

A-PRF 4.95

Table. Comparison between the total released quantity at the end of the experimental
time (after 168 hours) and the initial extracted quantity of each tested molecule in an
original L-PRF membrane and in an A-PRF membrane. Results are expressed as means and
standard deviations.

4. Discussion
This study compared accurately the biological signatures of 2 kinds of L-PRF
materials, the original L-PRF (Intra-Spin) and the modified protocol A-PRF. A-PRF is in fact
a variation of the original L-PRF using a much lower centrifugation speed, a slightly longer
centrifugation time, and glass tubes [32]. This technique was initially proposed on the
original L-PRF centrifuge (using 1500 rpm) before it was definitively associated with the
specific A-PRF centrifuge (using 1300 rpm) tested in the 2 previous parts of this series of
articles. It was therefore a perfect model to compare the impact of the change of protocol
alone on the biological signature of a PRF membrane, as both original L-PRF and A-PRF can
be produced using the exact same centrifuge.
The main observation of this experiment was that A-PRF clots showed a much lower
release of growth factors and a weaker biological signature than the original L-PRF.
Moreover, the A-PRF clots dissolved quickly in the tubes, while the original L-PRF remained
in good shape even after 7 days in vitro. The second observation was that all A-PRF clots and
membranes (produced with 10ml blood) were at least 30% smaller than the original L-PRF
clots and membranes (produced with 9ml blood). It was previously proven in this series of
articles that the vibrations of the A-PRF centrifuge were leading to the formation of an even
much smaller clot and membrane. In this study, the same stable original centrifuge (Intra-
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Spin) was used to produce both L-PRF and A-PRF clots to neutralize the centrifuge
vibrations variable, and the main difference that could explain these differences of size of the
clots and of biological signature of membranes was the change of the protocol, mostly the
forces of centrifugation, but also the proprietary type of tubes and the time of centrifugation.
In a previous work, it was shown that the production of L-PRF clots did not seem to
be affected by the use of glass tubes or glass coated plastic tubes [13], therefore the
differences of tubes between A-PRF and L-PRF may not explain the observed differences.
However, this shall be confirmed in future research, as there are many kinds of glass tubes
and glass coated plastic tubes. The Intra-Spin tubes were selected very specifically following
the long L-PRF experience to fulfill CE and FDA clearance, while nothing is known about the
source of the A-PRF tubes (except they are for in vitro diagnostic and made in China). This
difference may have an impact in the results and should be investigated. Moreover, it was
shown that there is very little impact in using longer centrifugation time with an original LPRF, as it is common to centrifuge during 18 minutes when patients are under anticoagulant
treatment [19]. The increase of centrifugation time mostly gives a bit more time for a fibrin
clot to polymerize. It was not needed to last longer than 12 minutes for the original L-PRF in
most cases, but A-PRF seems to need this supplementary time to finish its gel polymerization
(14 minutes in total).
As a conclusion, these differences of size, aspect and biological signature of the clots
and membranes between the original L-PRF and A-PRF can be probably associated with the
change in the centrifugation forces. It confirms the need for using forces around 400g (2700
rpm in the original centrifuge), in order to do a proper separation of the blood constituents
with an adequate gradient of centrifugation and collect a large and proper L-PRF clot. The
use of a lower g force and speed (1500 rpm for A-PRF) did not seem enough for a proper
separation of the blood constituents and lead to the preparation of a clot (A-PRF) of much
smaller size, weaker biological signature and lower fibrin polymerization, even when the
tubes were larger (10ml) and if an adequate stable centrifuge was used.
In previous publications, it was advocated that the cell population of a L-PRF
membrane was responsible of the production of new growth factors [26]. Indeed the total
release quantities after 7 days of many growth factors were always much higher than the total
quantities detected after forcible extraction from the whole membrane just after preparation
[26]. In this new study, the same observation can be done for L-PRF, and the result obtained
with A-PRF somehow confirmed it. The comparison of the results between L-PRF and A-PRF
also highlighted that cells must be placed in a specific environment to massively produce
more molecules. TGFβ-1, VEGF and BMP2 presented the same high ratio (around 7 for LPRF) between total slow release / initial quantity, revealing somehow the activity of
production of these molecules by the cells within the clots. The lower ratios of A-PRF
revealed also a lower production activity. On the contrary, PDGF-AB ratio was quite stable
around 1 for both products, as this molecule is mostly contained and released by platelets
initially collected in the sample. Therefore this study also confirmed the need to protect the
viability of the cells and even pointed out the need for an activation of the cells by the
centrifugation process. This notion of activation is the most logical explanation for the very
strong differences of biological signatures between original L-PRF and A-PRF, particularly
the interesting result with BMP2.
BMP-2 is an important osteoinductive molecule belonging to the TGF-β
superfamily of proteins and playing particularly an important function in bone development.
For this reason, recombinant forms of this molecule were marketed in a few countries for the
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treatment of bony defects in orthopaedic and maxillofacial surgery, with mixed or
controversial results [33] related to the difficult control of the effects of this molecule in a
direct therapeutical approach. The release of small quantities of BMP2 from the original LPRF probably contributed in some way to the stimulation of bone cell proliferation and
differentiation observed in vitro by the L-PRF [34,35] and to the positive clinical effects of
L-PRF during bone regeneration [14]. However, its importance in the global equation of the
L-PRF (combining, many cells, many growth factors into a specific fibrin matrix) is
impossible to point out at this time [23,27,34].
It is interesting to notice that BMP2 was not detected with A-PRF (detected as a
noise, probably under the detection threshold of 29 pg/mL), while the company marketing it
used the release of BMP2 as a commercial argument for the A-PRF protocol. The exact origin
of the BMP2 detected in the L-PRF is difficult to point out, as BMP2 is a molecule specific to
bone cells, the ELISA kit itself was designed mostly for bone tissue extracts and bone cell
culture supernatants. Small quantities of BMP2 can be detected in the blood in some
conditions [36], but its overexpression blood is often associated with various pathologies
[37,38]. As BMP2 is not supposed to be released by platelets, consequently the different cell
populations (mostly leukocytes) living in the L-PRF clot released BMP2. As BMP2 levels were
quite low after forcible extraction from the initial L-PRF clot, consequently the L-PRF cells
released and produced this molecule step by step during the experiment. The combination of
these observations in both L-PRF and A-PRF supported the conclusion that the quantity and
state of the cell population within the L-PRF clot defines a large part of its biological
signature.
Finally, the evaluation of the slow release of key growth factors from a PRP gel or a LPRF membrane appeared again as a quite simple method of characterization of the biological
signature of an activated platelet concentrate gel. It was already used in several publications
[27,28], and it illustrated quite well the differences of growth factor content, cell content
and fibrin architecture of different products. The slow release pattern is so characteristic
from a product, that it should be evaluated systematically in all kinds of products to define
their exact biological signature prior to compare them or analyze their clinical effects.

5. Conclusion
The slow release of the 4 tested growth factors from original L-PRF membranes was
much stronger than the release from A-PRF membranes. Moreover, the original L-PRF clots
and membranes (produced with 9mL blood) were always significantly larger than the A-PRF
clots and membranes (produced with 10mL blood). The A-PRF membranes dissolved in vitro
after less than 3 days, while the L-PRF membrane remained in good shape during at least 7
days. The same centrifuge was used for both products in this study; only the protocol
(particularly the centrifugation forces) was different between the original L-PRF and the APRF. Consequently, it can be concluded that the original L-PRF protocol allows to produce
larger clots and membranes and a more intense release of growth factors than the modified
A-PRF protocol. The exact impact of the tubes should also be investigated in the future. As a
general conclusion for this series of articles, it was clearly proven that the centrifuge
characteristics and centrifugation protocols have a very significant impact on the cell,
growth factors and fibrin architecture of a L-PRF clot and membrane, and that any
modification of the original L-PRF material and method shall be clearly investigated and
identified separately from the original methods, in order to avoid to create confusion and
inaccurate results in the literature.
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