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Abstract
Objectives Several studies have recently demonstrated that only marginal improvements in platelet and leukocyte concentrations are
achieved following standard injectable platelet-rich fibrin (i-PRF) protocols. Due to these previous findings, a novel harvesting technique
was recently developed to collect higher concentrations of platelets/leukocytes specifically from the buffy coat layer (C-PRF) following
faster centrifugation protocols. The aim of this study was to investigate the regenerative properties and effects on growth factor release
and cellular activity of PRF collected through this novel harvesting technique compared to standard i-PRF protocols.
Materials and methods The upper 1-ml layer collected through standard i-PRF protocols at low centrifugation speeds was
compared with 1 mL of C-PRF collected from the buffy coat layer following high centrifugation protocols (3000×g for 8 min
on a horizontal centrifuge) to specifically concentrate cells within the platelet/leukocyte-rich buffy coat layer. Thereafter, the
expression of seven different growth factors, including PDGF-AA, PDGF-AB, PDGF-BB, TGF-β1, VEGF, IGF-1, and EGF,
was characterized for up to 10 days. Then, gingival fibroblast biocompatibility was investigated at 24 h (live/dead assay);
migration was investigated at 24 h; proliferation was investigated at 1, 3, and 5 days; and the expression of PDGF and TGF-β
was investigated at 3 days. Collagen 1 immunostaining was also quantified at 14 days.
Results At all investigated time periods, a significant increase in growth factor release was observed in C-PRF. In particular, the
release of PDGF-AA, TGF-β1, and EGF exhibited the highest increases when compared with that in i-PRF. While both i-PRF
and C-PRF exhibited high biocompatibility and induced significantly higher fibroblast migration and proliferation when com-
pared with that of the control tissue culture plastic group, C-PRF showed the greatest potential for cell migration and prolifer-
ation. Furthermore, C-PRF induced significantly higher mRNA levels of TGF-β and PDGF levels at 3 days and greater collagen
1 staining when compared with induced by i-PRF.
Conclusions In the present study, it was found that C-PRF collected specifically from the buffy coat layer following higher centrifu-
gation protocols exhibited an up to a threefold increase in growth factor release when compared with that exhibited by standard i-PRF.
This significantly promoted higher gingival fibroblast migration, proliferation, gene expression, and collagen I synthesis.
Clinical relevance The findings of the present study demonstrate that a more potent formulation of liquid platelet concentrate than
that obtained from the upper plasma layer following a short and slow centrifugation protocol (i-PRF protocol) can be obtained for
clinical use by specifically harvesting cells in the platelet- and leukocyte-rich buffy coat layer following an 8-min 3000×g
centrifugation protocol (C-PRF protocol).
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Introduction

Platelet concentrates, as concentrates of autologous blood-
derived growth factors, have been utilized in regenerative
medicine and dentistry for over 2 decades [1, 2]. Platelet-
rich plasma (PRP) was first developed for widespread use
not only in regenerative dentistry but also in maxillofacial
surgery, orthopedic surgery, and esthetic medicine [3–7].
Protocols for harvesting PRP involve the use of anticoagulants
and high g-forces to selectively separate blood cells based on
density. Due to these high g-forces, a top platelet-poor
(acellular) layer is typically produced within the upper layer
and a platelet-rich (buffy coat; middle) layer and a bottom red
blood cell (RBC corpuscle) layer. Since anticoagulants are
utilized, the cell layers are separated without coagulating,
and the standard centrifugation cycles of specific harvesting
kits typically range from 15 min to 1 h. Despite the wide-
spread use of PRP, recently, concerns have been raised due
to the finding that anticoagulant incorporation in formulations
has been shown to negatively impact tissue regeneration [3, 8,
9].

Over the past decade [10], platelet-rich fibrin (PRF) has
gained tremendous momentum, having been utilized for a
variety of dental and medical procedures. PRF was developed
as a second-generation platelet concentrate with the aim of
eliminating the need for anticoagulants [10]. To accomplish
this task, centrifugation needs to be carried out much more
quickly and efficiently to prevent blood clotting prior to cell
layer separation. Following a typical 8–12 min centrifugation
period, a three-dimensional fibrin matrix that acts as a scaffold
that favors the slow and gradual release of growth factors over
time as the fibrin mesh is slowly degraded in the body over a
10–14 day period is produced [11–13]. PRF has since been
extensively utilized in many fields of regenerative dentistry
for the treatment of gingival recessions, intrabony defects,
sinus grafting, extraction sockets, and many other conditions
[14]. Advantages include faster healing, increased angiogen-
esis, lower costs (when compared to PRP), and complete im-
mune biocompatibility [15–18].

In 2017, it was demonstrated that by further reducing cen-
trifugation speed and time and by using centrifugation tubes
with more hydrophobic materials (to reduce clotting times),
injectable PRF (termed i-PRF) with advantages over PRP was
obtained [19]. Furthermore, a number of studies have further
demonstrated that the cellular activity of i-PRF is superior to
that of PRP [19–22]. More recently, however, several studies
have begun to comment on the surprisingly low yield of iso-
lated platelets and leukocytes following the centrifugation
protocols of i-PRF [23, 24]. Although greater cell activity is
observed when utilizing i-PRF, the release of several growth

factors from PRP, as well as the total platelet yield, is higher
[19].

Owing to these combined findings, alternative protocols to
further improve the platelet and leukocyte yields of i-PRF
have been attempted. For instance, an increase in the centrifu-
gation time from 3 to 4 to 8 min to further accumulate platelets
in the upper i-PRF layer has been proposed [25].
Alternatively, an increase in centrifugation speed has also
been proposed (2700 rpm (~ 700×g) at the RCF-max; ~
400×g at the RCF-clot), which has since been shown to lead
to higher platelet yields and concentrations [26, 27]. We have
previously shown that the production of PRF via horizontal
centrifugation (as opposed to conventional fixed-angle centri-
fugation) leads to up to a fourfold increase in platelet and
leukocyte yields [24].

In parallel, a novel technique to quantify cells within plate-
let concentrates following centrifugation by sequentially pi-
petting 1 mL layers of blood following centrifugation was
proposed [24]. This highly effective quantification method
reveals the exact concentration/location of various blood cells
in 10 separate layers following centrifugation and provides a
tool to directly investigate PRF protocols based on the final
cell composition. By utilizing such approaches, it was found
that, compared with baseline values, approximately 35% and
30% increases in the yields of total platelets and leukocytes,
respectively, were observed when standard i-PRF protocols
were followed.

Surprisingly, it was also found that following L-PRF
protocols (2700 rpm for 12 min), the majority of cells
were found within the buffy coat layer, with the upper
4 mL being completely devoid of cells [28]. There was
an approximately tenfold increase in baseline concentra-
tions specifically in this 0.3–0.5 mL buffy coat layer di-
rectly above the RBC corpuscle layer produced using
higher centrifugation protocols [28]. The PRF obtained
from this harvesting technique was given the working
name concentrated PRF (C-PRF). It was hypothesized that
based on the extensive increase in the yield of platelets
and leukocytes, C-PRF would exhibit higher growth fac-
tor release as well as superior cellular activity. Therefore,
the aim of this study was twofold. First, a new centrifu-
gation protocol was developed with the aim of accumu-
lating the greatest concentrations of platelets and leuko-
cytes within the buffy coat. To achieve this, a horizontal
centrifuge was utilized. The second aim was to compare
the total growth factor release of PRF obtained through
this newly developed C-PRF protocol with that of PRF
obtained through the clinically utilized liquid i-PRF pro-
tocol over a 10-day period and to investigate the regener-
ative properties of human gingival fibroblasts in vitro.
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Materials and methods

Preparation of i-PRF and C-PRF

Blood samples were collected from 6 volunteer donors (12
total samples) who gave informed consent, and the blood
was then processed for i-PRF and C-PRF preparation. All
procedures performed in this study involving human partici-
pants were performed in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. No internal review
board (IRB) was required for this study because the human
samples were not identified, as previously described
(BASEC-Nr: Req-2017-00824) [19]. All blood samples were
obtained from members of our laboratory between the ages of
30 and 60. For i-PRF preparation, 2 tubes of 10 mL of whole
blood without anticoagulants were centrifuged at 300×g for
5 min on a horizontal centrifuge (5702 Eppendorf, Hamburg,
Germany) based on previous findings that horizontal centrifu-
gation protocols generate higher concentrations than those
generated by fixed-angle centrifugation protocols [24]. C-
PRF protocols were developed utilizing a horizontal centri-
fuge with a maximum g-force of 3000×g. Utilizing 9-mL
plastic white PET tubes (Greiner, Bio-One, USA), the collect-
ed blood was centrifuged at 3000×g for 5 min, 8 min, or
12 min to determine the cell layer separation following proto-
cols that utilized a previously described complete blood count
quantification system [24]. Following protocol optimization,
the 1-mL upper liquid layer of the i-PRF and C-PRF samples
were collected from the buffy coat layer (Fig. 1), transferred to
6-well plastic culture dishes containing 5 ml of cell culture
media (DMEM; Gibco, Life Technologies, Carlsbad, CA,
USA) and processed as described below.

Complete blood count analysis of C-PRF

Three volunteers donated 6 tubes of blood for each of the 3
tested protocols and an additional 1 tube of blood that acted as
a control. Each pair of tubes was utilized to balance the cen-
trifuge during the centrifugation cycle and centrifuged for
3000×g for 5, 8, or 12 min. All tubes, from the top 1-mL layer
through the bottom 1-mL layer, were investigated as previous-
ly described [24].

Protein quantification by ELISA

To determine the amount of growth factors released from i-
PRF and C-PRF at 15 min, 60 min, 8 h, 1 day, 3 days, and
10 days, samples were placed in an incubator at 37 °C to allow
for growth factor release into the culture media. At each time
point, 5 mL of culture media was collected, frozen, and re-
placed with 5 mL of additional culture media. Protein

quantification was carried out using ELISA. At the designated
time points, PDGF-AA (DY221, range = 15.60–1000 pg/mL),
PDGF-AB (DY222, range = 15.60–1000 pg/mL), PDGF-BB
(DY220, 31.20–2000 pg/mL), TGF-β1 (DY240, range =
31.20–2000 pg/mL), VEGF (DY293B, range = 31.20–
2000 pg/mL), EGF (DY236, range = 3.91–250 pg/mL) and
IGF-1 (DY291, range = 31.20–2000 pg/mL) were quantified
using an ELISA kit (DuoSet, R&D Systems, Minneapolis,
MN, USA) according to the manufacturer’s protocol as previ-
ously described [29]. Absorbance was measured at 450 nm
and 540 nm using a microplate reader (Tecan Infinite 200 Pro,
Tecan Group Ltd., Männedorf, Switzerland), and the differ-
ence in the values were used for further calculation.

Cell culture

Platelet concentrates, including i-PRF and C-PRF, were incu-
bated for 3 days, and conditioned media was collected and
utilized in future experiments as 20% of the total volume as
previously described [19]. Human gingival fibroblasts (HGF-
1) were purchased from ATCC (Manassas, VA, USA). All
cells were detached from tissue culture plastic using 0.25%
EDTA-trypsin (Gibco) prior to reaching confluency. The cells
used for experimental seeding were from passages 4–6. The
cells were cultured in a humidified atmosphere at 37 °C in
growth medium consisting of DMEM (Gibco), 10% fetal bo-
vine serum (FBS; Gibco), and 1% antibiotics (Gibco). The
mediumwas changed 2 times per week. The cells were seeded
in 20% conditioned media from i-PRF or C-PRF in growth

Fig. 1 Visual representation of layer separation following either the i-
PRF (300×g for 5 min) or C-PRF protocol (3000×g for 8 min). Plasma
was collected from the buffy coat region within the 1-mL layer above the
RBC layer
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medium at a density of 10,000 cells per well in 24-well plates
for cell viability and proliferation experiments and at a density
of 50,000 cells per well in 24-well plates for real-time PCR
and collagen staining. Control cells were incubated in DMEM
and collected at the same time as the cells incubated in PRF
conditioned media.

Cell viability assay

Twenty-four hours after the cells were seeded on a φ13-mm
plastic tissue culture coverslips (Sarstedt, Newton, NC, USA),
they were evaluated using a live–dead staining assay accord-
ing to the manufacturer’s protocol (Enzo Life Sciences AG;
Lausen, Switzerland). Fluorescence images were quantified
with a fluorescence microscope (Nikon Eclipse E800,
Nikon, Tokyo, Japan). Thereafter, cell viability was expressed
as the percentage of live cells versus dead cells following
growth in i-PRF or C-PRF conditioned media in culture.

Cell migration assay

The migration assay was performed using a 24-well plate and
polyethylene terephthalate filters with a pore size of 8 μm
(ThinCert™, Greiner Bio-One GmhH, Frickenhausen,
Germany). After being starved in DMEM containing 0.5%
FBS for 12 h, 10,000 resuspended cells were seeded in the
upper compartment in DMEM containing 0.5% FBS. The
lower compartment of each well was filled with 20% condi-
tioned media in DMEM containing 10% FBS. After 24 h, the
cells were fixed with 4% formaldehyde for 2 min. Thereafter,
the cells were permeabilized with methanol for 15 min and
stained with Giemsa solution (Merck, Darmstadt, Germany)
for 20 min. The upper side of the filter membrane was rinsed
and gently wiped with a cotton swab to remove the cell debris.
The number of cells on the lower side of the filter was counted
with the counting tool of a digital microscope (Keyence).

Proliferation assay

HGF-1 cells were quantified by a luminescent cell viability
assay (CellTiter-Glo®, Promega, Madison, WI, USA) at 1, 3,
and 5 days. At the designated time points, living cells were
quantified using a luminescence plate reader (TECAN Infinite
200 Pro).

Real-time PCR analysis

Total RNA was harvested from HGF-1 cells 3 days post-
stimulation to investigate the mRNA levels of TGF-β and
PDGF-A. Primers and probes for the genes were generated
based on the primer sequences shown in Table 1. RNA isola-
tion was performed using a High Pure RNA Isolation Kit
(Roche, Basel , Swi tzer land) . A Nanodrop 2000

spectrophotometer (Thermo, Wilmington, DE, USA) was
used to quantify total RNA levels. Real-time RT-PCR was
performed by the GoScript™ Reverse Transcription system
(Promega) and quantified on an Applied Biosystems 7500
Fast machine using GoTaq® qPCR Master Mix (Promega).
The ΔΔCt method was used to calculate gene expression
levels normalized to the expression of glyceraldehyde 3-
phosphate dehydrogenase (GAPDH).

Collagen immunofluorescence staining

Fourteen days after being seeded on plastic tissue culture cov-
erslips, HGF-1 cells were fixed with 4% formaldehyde for
10 min, permeabilized in PBS containing 0.2% Triton X-100
and blocked in PBS containing 1% bovine serum albumin
(BSA, Sigma) for 1 h. Subsequently, the cells were incubated
overnight at 4 °C with a mouse monoclonal collagen type I
(COL-1) antibody (sc-59772, Santa Cruz, Dallas, TX, USA)
diluted 1:200 in PBS containing 1%BSA. After washing with
PBS, the cells were incubated for 1 h at 37 °C with a FITC-
conjugated mouse IgG secondary antibody (sc-516140, Santa
Cruz) diluted 1:100 in PBS containing 1% BSA. Prior to
viewing, the samples were mounted with Vectashield contain-
ing DAPI nuclear staining (Vector, Burlingame, CA, USA).
Images were captured by a Nikon Eclipse E800 fluorescence
microscope. The optical density of the fluorescence staining
for collagen from 3 independent experiments was quantified
using ImageJ software (NIH, Bethesda, MD, USA).

Statistical analysis

All experiments were performed in triplicate, and three inde-
pendent experiments were performed for each condition. The
means and standard errors (SEs) were calculated, and the sta-
tistical significance of the data was analyzed using one-way
analysis for the cell viability, migration, and real-time PCR
analysis experiments and using two-way analysis of variance
followed by the Tukey test for the ELISA and proliferation
experiments (*, p values < 0.05 was considered significant) by
GraphPad Prism 8.2 software (GraphPad Software, Inc., La
Jolla, CA, USA).

Table 1 List of primer sequences used for real-time PCR

Gene Primer Sequence (5′–3′)

hTGF-β F ACTACTACGCCAAGGAGGTCA

hTGF-β R TGCTTGAACTTGTCATAGATTTCG

hPDGF F CACACCTCCTCGCTGTAGTATTTA

hPDGF R GTTATCGGTGTAAATGTCATCCAA

hGAPDH F AGCCACATCGCTCAGACA

hGAPDH R GCCCAATACGACCAAATCC
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Results

Optimization of C-PRF protocols

Prior to initiating the C-PRF experiments, protocols of
3000×g for 5 min, 8 min, and 12 min were compared with
those of optimizing the accumulation of cells within the
buffy coat layer. It was found that the 5-min protocol was
unable to concentrate all cells within the buffy coat layer,

with the platelets remaining in the upper 4-mL layer
(Supplemental Fig. 1A). Following the 8-min protocol,
the sequential pipetting method results revealed that the
majority of platelets and leukocytes were located within
the buffy coat layer 6 region (Fig. 2). No further advan-
tage was observed following the 12-min protocol
(Supplemental Fig. 1B). For comparison purposes, a stan-
dard i-PRF protocol illustrated in Fig. 2, resulted in a
slight concentration of platelets and leukocytes in the

Fig. 2 The concentrations of different cell types found in each layer from
the 1-mL layer through the 10th 1-mL layer obtained through (A) the i-
PRF protocol (300×g for 5 min) and (B) the C-PRF protocol (3000×g for
8 min). Note that in the PRF obtained through the i-PRF protocol, the
majority of platelets and leukocytes was located in the 1-mL buffy coat

layer. In the PRF obtained through the C-PRF protocol, although a higher
concentration of platelets and leukocytes was found in the upper 1-mL
layer, the majority of the platelets and leukocytes was actually located in
the RBC layers
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upper 1-mL layer from which i-PRF was harvested. Note
that many platelets/leukocytes, however, remained in the
RBC layers. To harvest C-PRF, a 1-mL layer within this
buffy coat layer was collected and processed for further
analysis (Fig. 1).

Growth factor release from i-PRF and C-PRF

In the first set of experiments, the release of growth factors,
including PDGF-AA, PDGF-AB, PDGF-BB, TGF-β1,
VEGF, EGF, and IGF-1, from i-PRF and C-PRF was investi-
gated by ELISA (Figs. 3 and 4). The release of all growth
factors over the entire 10-day (240 h) period was marked
and significant. The C-PRF protocols resulted in a significant
2- to 3-fold increase in the release of many of the growth
factors investigated. The increases in the release of PDGF-
AA, TGF-β1, and EGF from C-PRF compared with those
from i-PRF were the most pronounced (Figs. 3 and 4).

Biocompatibility of i-PRF and C-PRF with human
gingival fibroblasts

In the first cell culture experiment, the effects of i-PRF and C-
PRF on the cell viability of human gingival fibroblasts were
investigated. It was found that both i-PRF and C-PRF demon-
strated excellent cell biocompatibility, as demonstrated by the
high percentage of living cells (> 95%, green cells, Fig. 5) and
few observable dead cells (red cells). It was therefore conclud-
ed that both i-PRF and C-PRF were fully biocompatible in the
present in vitro cell culture model (Fig. 5).

Influence of i-PRF and C-PRF on human gingival
fibroblast activity

Following the confirmation of high cell survival in the bio-
compatibility assays, the effects of i-PRF and C-PRF on gin-
gival fibroblast migration and proliferation and the mRNA
expression of TGF-β and PDGF-A were then investigated

Fig. 3 Protein quantification of
(A) PDGF-AA, (B) PDGF-AB
and (C) PDGF-BB at each time
point over a 10-day (240 h) period
for both PRF obtained through the
i-PRF protocol and that obtained
through the C-PRF protocol, as
determined by ELISA (Data rep-
resents means ± SE, *indicates a
significant difference between
groups (p < 0.05), * indicates sig-
nificantly higher than the other
group (p < 0.05))
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(Fig. 6). It was first found that while i-PRF induced a twofold
increase in cell migration when compared with that observed
in the control, a significantly higher fourfold increase was
observed when cells were cultured with C-PRF (Fig. 6A).
Furthermore, compared with i-PRF, C-PRF also induced sig-
nificantly higher cell proliferation 3 and 5 days after seeding
(Fig. 6B). The analysis of mRNA levels revealed that com-
pared with the control both i-PRF and C-PRF were able to
significantly upregulate TGF-β 3 days after seeding, inducing
a relative 50% increase in gene expression (Fig. 6C).
Significant 250% and 400% increases in the PDGF-A

mRNA level were observed for i-PRF and C-PRF, respective-
ly (Fig. 6D). The analysis of COL1 immunostaining revealed
that C-PRFwas able to significantly increase COL1A staining
when compared with that in the i-PRF and control tissue cul-
ture plastic groups (Fig. 6E, F).

Discussion

The use of regenerative modalities in dentistry has gradually
become more prominent in recent years with the aim of

Fig. 4 Protein quantification of
(A) TGF-β1, (B) VEGF (C) EGF
and (D) IGF-1 at each time point
over a 10-day (240-h) period for
both PRF obtained through the i-
PRF protocol and that obtained
through the C-PRF protocol, as
determined by ELISA (Data rep-
resents means ± SE, *indicates
significantly higher than the other
group (p < 0.05))
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improving the standard of care of a variety of treatment mo-
dalities in the fields of periodontology and implant dentistry.
One such proposed method to regenerate lost tissues is the use
of platelet concentrates, including PRP and PRF, which both
aim to concentrate supraphysiological doses of autologous
growth factors derived from the patient’s own blood [29, 30].

In 2017, it was shown that i-PRF favored the formation of a
stable fibrin clot, which has been shown to increase the slow
and gradual release of growth factors over time [19].
Nevertheless, the release of lower quantities and concentra-
tions of growth factors than expected from i-PRF have been
reported. Since then, it has been demonstrated that the initially
developed i-PRF protocols utilizing a fixed-angle rotor at low
g-forces are unable to concentrate platelets and leukocytes to
sufficient levels, generating only an approximately 35% total
platelet yield following centrifugation. For these reasons, at-
tempts to improve i-PRF formulations by either altering the
time of centrifugation or the g-forces used or by utilizing
horizontal centrifugation with modifications to the protocols
[24].

In the present study, a novel harvesting technique whereby
total platelets and leukocytes are specifically concentrated
within the buffy coat layer following higher speed centrifuga-
tion (3000×g for 8 min) was developed. This protocol also
does not utilize anticoagulants and produces PRF that remains
in liquid formulation following centrifugation. The results re-
vealed found that over 99% of total platelets was obtained and
that the leukocyte yield was greater than 80%. Previously, it
was shown that switching from a fixed-angle centrifuge to a
horizontal centrifuge most prominently improved the concen-
tration of leukocytes. Leukocytes are immune cells that play
vastly important roles in host immune system defense as well

as tissue regeneration by directing and recruiting various cell
types during the wound healing process [31–33]. Following
the development of adequate protocols to concentrate platelets
and leukocytes within a concentrated volume within the buffy
coat layer for the generation of C-PRF (Fig. 2), a comparative
series of in vitro experiments was performed to determine the
effect of C-PRF on growth factor release and gingival fibro-
blast activity.

It was first found that the release of all tested growth factors
markedly increase over a 10-day period when compared with
that in the i-PRF group. Furthermore, C-PRF induced a four-
fold significant increase in cell migration and proliferation in
gingival fibroblasts when compared with that induced by i-
PRF and further stimulated the gene expression of regenera-
tive growth factors and the synthesis of collagen.

One interesting finding was the visible changes in the
plasma layer following higher centrifugation protocols. It
was observed that the upper plasma layer was typically
clearer than the white layer visible within the buffy coat
layer. This layer was generally found directly above the
red corpuscle layer and required careful harvesting. In the
present study, an 18–21 gauge needle was needed to col-
lect the C-PRF. It is also interesting to note that in the
present study, a total volume of 1 mL was collected from
the plasma layer for all samples. However, the PRF buffy
coat typically ranges from 0.2 to 0.3 mL prior to harvest-
ing (data under review). Therefore, clinicians have the
ability to modify the final concentration of platelets and
leukocytes by increasing or decreasing the total volume
while maintaining a relatively fixed cell yield.

The present study further highlights the need for future
research in the field. To date, it remains relatively unknown

Fig. 5 Live/dead assay of human
gingival fibroblasts treated with i-
PRF and C-PRF at 24 h, including
the merged fluorescence images
of live/dead staining. The viable
cells appear green, and the dead
cells appear red. Data represents
means ± SE
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the most optimal protocol available with a wide range of avail-
able centrifugation protocols and hardware available on the
market [34]. Furthermore, most systematic reviews of ran-
domized clinical studies have demonstrated that PRF more
favorably induces soft tissue regeneration when compared
with bone regeneration [14]. There remains great interest in
continuously and steadily increasing our understanding of
platelet concentrates and the role of the various cell types
found in their formulations. Currently, there remains a need
to develop PRF tubes that further delay the clotting properties
of liquid i-PRF and/or C-PRF while simultaneously eliminat-
ing the need for unnecessary anticoagulants or the addition of
other nonautogenous to their formulations. Furthermore, ani-
mal and clinical studies investigating the ability of C-PRF to
lead to further clinical improvements in wound healing remain
necessary.

Conclusion

In summary, the results of the present study demonstrate a
successful harvesting technique for the collection of con-
centrated PRF, demonstrating improved platelet and leu-
kocyte concentrations when compared with those obtained
through conventional i-PRF protocols. C-PRF induced an
up to two-to-threefold increase in growth factor release
during a 10-day period and further elicited fourfold in-
creases in gingival fibroblast migration, PDGF gene ex-
pression, and collagen I synthesis when compared with
that induced by PRF obtained through conventional ap-
proaches. Future animal and human studies are now need-
ed to specifically investigate the regenerative potential of
C-PRF to further characterize the impact of C-PRF in the
clinic.

Fig. 6 (A) Cell migration at 24 h
and (B) cell proliferation at 1, 3,
and 5 days in HGF-1 cells. (C, D)
Real-time PCR analysis of the
mRNA levels of (C) TGF-β and
(D) PDGF in human gingival fi-
broblasts treated with i-PRF and
C-PRF at 3 days. (E) Quantitative
and (F) representative staining of
collagen I at 14 days (data repre-
sents means ± SE, * indicates
significantly higher than the con-
trol group (p < 0.05), ** indicates
significantly higher than all other
groups (p < 0.05), # indicates sig-
nificantly lower than all groups
(p < 0.05))
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