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Platelet-rich fibrin (PRF) matrices were originally prepared using plain glass tubes without

the aid of coagulation factors because coagulation factor XII is activated by glass

surfaces. Recently, the use of silica-coated plastic tubes as a substitute of glass tubes

has been recommended for PRF preparation. This recommendation is owing not only to

the shortage of glass tubes for medical use in the market, but also the higher coagulation

activity of silica-coated plastic tubes and equal quality of PRF. However, these matrices

are not the same. To evaluate the differences, we compared glass- and silica-coated

plastic tubes in terms of platelet distribution and quantity in concentrated growth factors

(CGF). CGF matrices were immediately prepared from freshly collected blood samples,

fixed after red thrombus removal, and divided into two equal pieces sagittally. One piece

was used for CD41 detection and the other was applied as an isotype control. Platelet

distribution in CGF matrices was examined, without embedding or sectioning, by a

novel method using invisible near-infrared imaging. The dehydrated membranous CGF

matrix was more transparent. Thus, the fluorescence signal was clearly detectable with

less scattering. Platelets were distributed mainly in the distal side of the glass-prepared

CGF matrix, but homogeneously in the silica-prepared CGF matrix. Platelet count was

positively correlated with fluorescence intensity. Although not yet fully developed, this

imaging technique enabled us to recognize the differences in platelet distribution and

quantity in CGFmatrices by excluding bias caused by the technical limitations of scanning

electron microscopy and conventional immunohistochemical methods.

Keywords: concentrated growth factors, platelet, distribution, near-infrared imaging, CD41

https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://doi.org/10.3389/fbioe.2020.00600
http://crossmark.crossref.org/dialog/?doi=10.3389/fbioe.2020.00600&domain=pdf&date_stamp=2020-06-16
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:kawase@dent.niigata-u.ac.jp
https://doi.org/10.3389/fbioe.2020.00600
https://www.frontiersin.org/articles/10.3389/fbioe.2020.00600/full
http://loop.frontiersin.org/people/962696/overview
http://loop.frontiersin.org/people/968117/overview
http://loop.frontiersin.org/people/995743/overview
http://loop.frontiersin.org/people/995526/overview
http://loop.frontiersin.org/people/995489/overview
http://loop.frontiersin.org/people/519456/overview
http://loop.frontiersin.org/people/957142/overview
http://loop.frontiersin.org/people/996420/overview
http://loop.frontiersin.org/people/866929/overview
http://loop.frontiersin.org/people/489063/overview


Yamaguchi et al. Platelet Distribution in Different CGFs

INTRODUCTION

Almost three decades have passed since the pathophysiological
roles of platelets in wound healing have attracted attention
and platelets have been applied in the form of platelet-rich
plasma (PRP) in regenerative therapy (Marx et al., 1998). In
the meantime, various types of platelet concentrates have been
developed (Kawase, 2015). Because of their simple operation
without specific technical requirements, platelet-concentrated
fibrin matrices, generally designated as platelet-rich fibrin
(PRF) (Kawase and Tanaka, 2017), have been recently used
preferentially in regenerative dentistry. PRF preparation is
triggered simply through the activation of intrinsic coagulation
pathways by the inner surface of glass tubes without the aid of
any coagulation factor during or after blood collection. However,
from a biomedical point of view, platelets are entrapped in
insoluble fibrin matrices and therefore can hardly be quantified
for quality assurance of individual PRF preparations and
subsequent PRF therapy.

Platelets contained in fibrinmatrices have been conventionally
evaluated by the subtraction method (Watanabe et al., 2017).
We pointed out the inaccuracy of this indirect method and
developed a direct method using tissue-plasminogen activator
to efficiently digest fibrin matrices without severely damaging
the platelets (Kitamura et al., 2018b). This method is superior
in quantification, recovery rate, and reproducibility. However,
to evaluate platelet distribution in fibrin matrices, histological
and microscopic methods are required. In earlier studies, platelet
distribution was examined using scanning electron microscopy
(SEM), which is powerful for the observation of platelets
distributed on the surface of fibrin matrices. However, it can
hardly be used to examine platelet distribution on the inside
of the matrix, and platelets were identified simply by their
morphology. In contrast, immunohistochemical methods can
clearly and specifically demonstrate platelet distribution in thin
sections. Although it is possible to reconstruct three-dimensional
images of the original specimens from accumulated section
images, it is inferior in quantification.

In this study, we focused on the high transmittance of
near-infrared (NIR) light in our body (Smith et al., 2009)
and developed a novel method to quantitatively visualize
platelet distribution in insoluble platelet-concentrated fibrin
matrices, without paraffin embedding or sectioning. Owing
to technical and interpretation biases, it is generally difficult
to appropriately reconstruct a three-dimensional platelet
distribution by the conventional histochemical examination.
Light in the visible range (400–660 nm), which is used for
conventional immunofluorescence staining, cannot efficiently
pass through biological materials. We applied the NIR imaging
technique to examine the effects of glass and silica-coated plastic
tubes on platelet distribution in concentrated growth factors
(CGF), a type of PRF matrix.

MATERIALS AND METHODS

Preparation of CGF Matrices
Blood samples were collected from 15 healthy non-smoking
male and female volunteers aged 31–72 years. Depending on

the purpose of each experiment, minimal but essential numbers
of donors were randomly selected for sample collection. In
the experiments using CGF matrices prepared from whole-
blood samples (see Figure 7), blood samples were collected
twice with intervals of 1 week at minimum. The numbers of
samples used are stated in individual figure legends. The study
design and consent forms for all procedures performed were
approved by the ethics committee for human participants of
the Niigata University School of Medicine (Niigata, Japan) in
accordance with the Helsinki Declaration of 1964 as revised
in 2013.

Blood (∼9mL) was collected from the volunteers by
peripheral venipuncture in one of the antecubital fossa veins
into plastic vacuum plain blood collection tubes (Neotube
#NP-PN0909; NIPRO, Osaka, Japan). The blood sample was
immediately transferred to glass tubes (NICHIDENRIKA-
GLASS Co., Ltd., Kobe, Japan) or silica-coated plastic tubes
(Neotube #NP-PS0909; NIPRO) and placed on a fixed-angle
rotor (Medifuge centrifuge, SILFRADENT, Santa Sofia, Italy)
to start the centrifugation process (Kobayashi et al., 2012;
Tsukioka et al., 2019). Especially in the case of silica-coated
tubes, coagulation began as soon as blood collection started
and therefore, fibrin clot formation varied with the order
of blood collection. To minimize such variations, we first
collected blood samples in plain plastic tubes and then
transferred the samples into glass- or silica-coated tubes
(eight tubes maximum) within a short period of time
(∼2 min).

There could be an additional option, i.e., use of silica-coated
or silica-containing glass tubes, to more clearly highlight the
effects of silica microparticles on CGF matrix formation. From
a basic scientific point of view, this option was interesting
enough to stimulate our curiosity. However, we did not expand
this pursuit for the following 2 reasons. First, because both
glass surface and silica microparticle are similarly capable of
activating coagulation cascade, an additive or synergistic effect
of these materials could occur on fibrin clot formation. If so, it
may be difficult to identify coagulation induced predominantly
by silica microparticles alone. Second, it is regarding to the
commercial and clinical availability. Either silica-coated or silica-
containing glass tubes are not commercially available or not used
in clinical settings. We may use home-made silica-containing
glass tubes; however, we are concerned that readers may be
confused about our experimental design or strategy. To avoid
unexpected outcomes, we decided not to perform such an
additional experiment.

After cutting off red blood cell (RBC) fraction, i.e., clot,
using scissors, CGFmatrices were gently washed with phosphate-
buffered saline (PBS) and fixed in 10% neutralized formalin
(FUJIFILM Wako Pure Chemical Corp., Osaka, Japan) for 3–5 h
in plastic tubes to prevent the collapse of CGF shape. Thereafter,
CGFmatrices were transferred to PBS and stored at 4◦C until use,
usually within 48 h.

To obtain the basic characteristics of individual blood
samples, the number of platelets and other blood cells in
whole-blood samples and PRP preparations was determined
using an automated hematology analyzer (pocH 100iV, Sysmex,
Kobe, Japan).
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FIGURE 1 | Illustration of sample preparation for immunohistochemical examination. (A) PPP- or PRP-derived fibrin matrices and (B) whole-blood-derived CGF

matrices were divided into two pieces using a rotary cutter. The cross-sectional area was unfolded if the edge (surface of the fibrin matrix) was folded to be maximized

and placed on the lid of a culture dish before dehydration on KimWipes. Note: “RBC clot” is equal to “red thrombus”.

Modified Immunohistochemical
Visualization of Platelet Distribution in CGF
Matrices
Fixed CGF matrices were equally divided into two pieces. One
piece was used for the detection of CD41+ platelets and the
other was used as an isotype control (Figure 1). The CGF pieces
were dehydrated using KimWipes (Kimberly-Clark Corp., Dallas,
TX, USA) and washed twice in PBS containing 0.1% Tween 20
(0.1T-PBS) in 6-well plates for 10min using a vortex mixer. After
dehydration, the CGF pieces were blocked for 24 h in 2% Block
Ace solution dissolved in 0.1T-PBS (BA-TPBS) in 2-mL sample
tubes at 4◦C.

The CGF pieces were then dehydrated, washed twice as

described above, and probed with a mouse monoclonal human

CD41 antibody (BioLegend, San Diego, CA, USA) at 3:1000
dilution in a 1:1 mixture of BA-TPBS and IMMUNOSHOT

mild (Cosmobio, Tokyo, Japan) for 24 h at 4◦C. The CGF
isotype controls were treated with a non-immunized mouse
IgG (BioLegend).

After primary antibody treatment, the CGF pieces were

dehydrated, washed four times in 0.1T-PBS using a vortex

mixer, and probed with NIR dye-conjugated goat anti-mouse
IgG (1:4,500 dilution in BA) (iFluor 790; AAT Bioquest, Inc.,
Sunnyvale, CA, USA) for 90min at 4◦C.
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FIGURE 2 | (A) Structure of the hand-made 10-well plate. (B) Appearance of wet CGF matrix and dehydrated membranous CGF matrix and positional relationship

between the CGF membranes and wells.

The CGF pieces were dehydrated and washed four times
with 0.1T-PBS using a vortex mixer. After removing excess
buffer solution, wet CGF pieces were placed on the lids of 100-
mm culture dishes and scanned at 800 nm using a Pearl NIR
imaging system (Li-Cor, Lincoln, NE, USA). Then the CGF
pieces were dehydrated using KimWipes and scanned again. This
imaging system can detect two wavelengths (700 and 800 nm).
We confirmed in a preliminary study that the longer wavelength
produced significantly higher transmission. Thus, presently we
used iFluor 790 dye. In this imaging system, the dye is excited
by an 800 nm channel laser source (solid-state laser diode at
785 nm) and an emission at 820 nm is detected using a cooled
CCD detector.

The total florescence intensity of each half of the CGF matrix
or membrane was measured using software provided by Li-Cor
and the fluorescence intensity of the background was subtracted
from that of the matrix. The fluorescence intensity of CD41
antibody-reactive proteins was expressed by the ratio of CD41 to
the corresponding isotype control.

Correlation Between Fluorescence
Intensity and Fluorescence Dye
Concentration
The relationship between fluorescence intensity and NIR dye-
conjugated secondary antibody was examined in the absence of
platelets. The antibody solution was initially diluted at 1:10 in
0.1T-PBS and then serially diluted. Each dilution was transferred
to a well of a hand-made black 10-well plate (Figure 2A). The
plate was covered with a highly transparent seal and scanned

using a Pearl Imaging system. The corresponding background
value was subtracted from each measured value.

To evaluate the reduction in fluorescence intensity by
dehydrated CGF membranes, the 10-well plates that were filled
with diluted dye solutions and shielded were covered by CGF
membranes (Figure 2B) and scanned as described above.

Correlation Between Fluorescence
Intensity and Suspended Platelets Count
PRP was prepared from whole-blood samples anticoagulated
using acid-citrate-dextrose formula A (Terumo, Tokyo, Japan)
by the double-centrifugation method (Aizawa et al., 2020).
The platelets were suspended in PBS containing 0.1% bovine
serum albumin and fixed in 20% neutralized formalin at a final
concentration of 10% (FUJIFILMWako Pure Chemical Co. Ltd.)
for 30min. The platelets were washed twice with 0.1T-PBS and
probed with CD41 antibodies in BA-TPBS for 24 h. As in the
case of CGF matrices, single platelets were washed and probed
with secondary antibodies for 90min. After washing, the platelets
were suspended in 0.1T-PBS and scanned in a black 96-well plate
(Nunc, Rochester, NY, USA). Platelet count was determined using
an automated hematology analyzer.

Correlation Between Fluorescence
Intensity and Platelet Count in CGF
Matrices
To measure the fluorescence intensity of known platelet
counts in CGF matrices, platelet-poor plasma (PPP) and
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FIGURE 3 | (A) A standard curve of the relationship between NIR dye dilution

and fluorescence intensity. N = 8. (B) Reduction in the fluorescence intensity

of wet and compressed CGF matrices prepared using glass and silica-coated

plastic tubes on the standard curve. N = 5 (CGF membranes prepared using

glass tubes), N = 3 (CGF membranes prepared using silica-coated tubes). No

statistical difference was observed between glass and silica-coated tubes.

PRP were prepared in plain plastic tubes by the double-
centrifugation method from whole blood samples in the absence
of anticoagulants and immediately centrifuged again in glass
tubes using a Medifuge centrifuge. The resulting platelet-poor
and -rich fibrin matrices were quickly washed in PBS and fixed
in 10% neutralized formalin for 3 h. The matrices were examined
immunohistochemically and their fluorescence intensities were
measured as described above.

Statistical Analysis
The data are expressed as mean ± standard deviation in
Figures 3, 4 or represented by box plots in Figures 5, 7. For two-
group comparisons, Student’s t-test was performed to compare
mean values (SigmaPlot 12.5; Systat Software, Inc., San Jose, CA,

FIGURE 4 | Standard curve for immunostained platelet count and

fluorescence intensity. Immunostained platelets were suspended in 0.1T-PBS,

counted, and scanned. N = 6.

USA). P < 0.05 was considered statistically significant. Linear
regression was carried out and the coefficient of determination
(R2) was calculated by SigmaPlot.

RESULTS

Correlation Between Measured
Fluorescence Intensity and Fluorescence
Dye Dilution or Immunostained Suspended
Platelets
To validate the accuracy of quantification based on analysis of
the NIR imaging system, we examined the relationship between
measured fluorescence intensity and fluorescence dye dilution.
As shown in Figure 3A, these parameters exhibited a linear
relationship within a wide range. Possible inhibitory effects of wet
CGF matrices or dehydrated CGF membranes on fluorescence
dye intensity were then examined. As shown in Figure 3B,
regardless of tube type, wet CGF matrices (6–8mm in thickness)
reduced the signal intensity by∼40–50%, while dehydrated CGF
membranes (∼1mm in thickness) reduced the signal by∼20%.

The relationship between the measured fluorescence intensity
of immunostained platelets and platelet count in suspension
was examined. As revealed in Figure 4, a linear standard curve
was obtained between these parameters within a wide range as
observed above.

Correlation Between Fluorescence
Intensity and Immuno-Stained Platelets
Contained in CGF Matrices
The quality of the data obtained was sufficient for validating
the accuracy of the quantification of the imaging system.
However, fixed fibrin fibers possibly influence the quantification
by scattering, reflection, and shielding. Thus, we examined the
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FIGURE 5 | (A) Macroscopic observations of immunostained PPP- and

PRP-derived fibrin membranes. A couple of half fibrin matrices, which were

derived from the same fibrin matrices, were used for non-specific detection

using an isotype control (left) and specific detection using a CD41 antibody

(right). These observations are representative of the other five samples

obtained from different donors. (B) Box plot of fluorescence intensity in PPP-

and PRP-derived fibrin matrices prepared using glass and silica-coated plastic

tubes N = 6.

relationship between the measured fluorescence intensity of
immunostained fibrin matrices and platelet count in the fibrin
matrices. Because it takes ∼24 h to determine platelet count
in fibrin matrices using the digestion method (Kitamura et al.,
2018b), we first prepared PPP and PRP and counted platelets
before centrifugation.

Imaging data of platelet distribution in dehydrated CGF
membranes are shown in Figure 5A. In PRP-derived fibrin
membranes, regardless of tube type, CD41-specific signals were
more apparent than non-specific signals. By contrast, in PPP-
derived fibrin membranes, the fluorescence signals were similar.
As shown in Figure 5B, quantification of these data clarified that
higher fluorescence intensities, expressed by the signal-to-noise
ratio, were obtained in PRP-derived fibrin membranes compared
with those in PPP-derived fibrin membranes. In addition, a

FIGURE 6 | Scatter plot of the relationship between platelet count in PPP and

PRP preparations used for fibrin matrix formation and fluorescence intensity in

the resulting PPP- and PRP-derived fibrin matrices. Platelet count was

determined in the absence of anticoagulants prior to preparation of fibrin

matrices N = 6.

significant difference was observed between glass and silica-
coated plastic tubes only in PRP-derived fibrin membranes.

The relationship betweenmeasured fluorescence intensity and
platelet count in dehydrated fibrin membranes prepared using
glass tubes is represented by a scatter plot in Figure 6. A strong
correlation was observed between fluorescence intensity and
platelet count in dehydrated fibrin membranes (R2 = 0.838).

Examination of CGF Matrices Prepared
Using Plain Glass Tubes and Silica-Coated
Plastic Tubes
Through these preliminary investigations, we validated that this
method was applicable for evaluating platelet distribution in CGF
matrices. Images of platelet distribution in wet and dehydrated
membranous CGF matrices are shown in Figures 7A,B. In both
images, glass tubes gathered platelets at distal surface regions,
while silica-coated tubes distributed platelets dispersively but
homogeneously. However, clearer images were obtained in
dehydrated CGF membranes.

Total fluorescence intensity was measured and expressed
as signal-to-noise ratio in Figure 7C. As observed in
dehydrated PRP-derived fibrin matrices (Figure 5B), the
specific fluorescence signals were significantly higher in wet
silica-prepared CGF matrices than in wet glass-prepared ones.
By contrast, in dehydrated samples, the specific fluorescence
signals in glass-prepared matrices was higher than those in
silica-prepared matrices.

To examine platelet distribution in dehydrated CGF
membranes more carefully, images were randomly selected from
different sets of samples and digitally enlarged, as shown in
Figure 8. Although the platelets were relatively gathered at the
outer edge of the interface to the RBC clot in the glass-prepared
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FIGURE 7 | (A) Macroscopic observations of immunostained wet CGF matrices. A couple of half fibrin matrices, which were derived from the same fibrin matrices,

were used for non-specific detection using an isotype control (right) and specific detection using a CD41 antibody (left). These observations are representative of the

other five samples obtained from different donors. (B) Macroscopic observations of immunostained dehydrated CGF membranes. A couple of half fibrin membranes,

which were derived from the same fibrin matrices, were used for non-specific detection using an isotype control (left) and specific detection using a CD41 antibody

(right). These observations are representative of the other five samples obtained from different donors. (C) Box plot of fluorescence intensity in wet and dehydrated

membranous CGF matrices prepared using glass and silica-coated plastic tubes N = 6.
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FIGURE 8 | Digitally enlarged macroscopic observations of immunostained

dehydrated CGF membranes prepared using (A) glass tube and (B)

silica-coated plastic tubes. These observations are representative of the other

five samples obtained from different donors.

CGF membrane, other platelets were generally distributed in
the distal surface region. By contrast, platelets were distributed
homogeneously in the silica-prepared CGF membrane.

DISCUSSION

Difference in Platelet Distribution in Glass-
and Silica-Prepared CGF Matrices
From the results of SEM and additionally of
immunohistochemical staining or simulation studies using
liquid PRF preparations (Kobayashi et al., 2012; Watanabe
et al., 2017; Miron et al., 2019a; Tsujino et al., 2019b), it is

generally believed that centrifugation distributes platelets based
on the difference in density gradient in the PRF matrix and in
the plasma fraction of citrated blood samples. Thus, platelet
density decreases as the distance to the rotor axis decreases
(Kobayashi et al., 2012; Ghanaati et al., 2014; Dohan Ehrenfest
et al., 2018; El Bagdadi et al., 2019; Miron et al., 2019a). However,
these modalities are limited in that such morphological data
are semi-quantitative and at times inappropriately represent
the corresponding data because of technical or operational
bias. To overcome this shortcoming, it is necessary to evaluate
individual PRFmatrices from the surface to deep regions without
sectioning. In this study, we applied an NIR imaging technology
to examine whole-fibrin matrices and successfully demonstrated
platelet distribution in the CGF matrices (for technical details,
see the following subsections).

The main finding of this study is that platelet distribution
in glass-prepared CGF matrices is distinguishable from that
in silica-prepared ones. In the glass-prepared CGF matrices,
platelets were distributed mainly on the distal side of the surface
regions. In addition, platelets did not necessarily decrease in
number with increasing distance from the interface of the
red thrombus and still existed on the upper regions in all
samples tested. By contrast, platelets were distributed widely
and homogeneously in the silica-prepared CGF matrices. In a
previous study of CGF matrices (Kobayashi et al., 2012), we
examined platelet distribution on the surface regions using
SEM and obtained similar findings. While comparing glass
tubes to silica-coated tubes (Tsujino et al., 2019b), we previously
demonstrated that high-speed centrifugation accumulated
platelets on the distal surface regions in glass-prepared matrices,
but homogeneously in silica-prepared matrices.

In addition, although it is well-known that individual
variations are generally large in terms of the characteristics
of platelet concentrates, this study demonstrated that platelet
distribution in CGF (and probably other platelet-concentrated
fibrin) matrices can be classified in pattern by the type of blood
collection tube.

What Causes the Difference in Platelet
Distribution Pattern?
With low-speed centrifugation, it is difficult to observe a
difference in platelet distribution. However, as the centrifugation
speed increases, platelets are gradually accumulated on the distal
side of glass tubes and thus the difference in platelet distribution
is easily recognized in comparison to that in silica-coated tubes
(Tsujino et al., 2019b). This difference can be explained by
the different mechanisms of matrix formation (Figure 9). In
glass tubes, blood cells and relatively large proteins contained
in plasma, such as coagulation factor XII (Mr = 80 kDa), are
thought to be pressed on the distal wall by centrifugal force
to more easily and efficiently activate the intrinsic coagulation
cascade. Thus, it is speculated that initial contact takes placemore
efficiently on the distal surface of the tube. As fibrin fibers, which
are end products of the coagulation cascade, are formed more
actively, platelets are expected to aggregate on fibrin fibers more
frequently. Coagulation could be induced even on the proximal
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FIGURE 9 | Illustrations of possible difference in coagulation mechanisms in plain glass and silica-coated tubes. (A) Glass tube. (B) Silica-coated plastic tube. FB,

fibrin; PLT, platelet; XII, coagulation factor XII; XIIa, activated coagulation factor XII; SiO2, silica microparticle.

wall, but its activity is thought to be much lower than on the
distal wall. As a result, fibrin fibers and platelets are preferentially
distributed on the distal side of CGF matrices.

On the contrary, in silica-coated plastic tubes, silica
microparticles are easily and immediately detached from the
inside wall and suspended in blood samples as blood is aspirated
into the tubes. Silica microparticles existing ubiquitously in
blood samples efficiently activate the coagulation reaction and
thus form fibrin fibers homogeneously in the CGF matrix.
This speculation is supported by the observation that silica-
prepared matrices usually possess higher water-holding capacity,
as evaluated by the thickness of the half-matrix (Figure 2), than
that of glass-prepared matrices.

Limitations of this Imaging Technique
Conventional SEM can be used to examine platelet distribution
on the surface regions of platelet-concentrated fibrin
matrices. However, observations representative of other
hidden accumulated data are sometimes biased by the most
frequently observed findings and/or investigators with
strongly “fixed” hypotheses. On the contrary, conventional
immunohistochemical methods only provide information on
selected two-dimensional planes (i.e., sections) of samples.
Three-dimensional (3D) image reconstruction theoretically
makes it possible to understand more precisely how platelets are
distributed in the matrix at higher magnifications from serial
sections. However, this process is complicated, time-consuming,
and laborious, and immunohistochemical data are not fully
quantitative at similar staining levels.

Even though long incubation time is required, the NIR
imaging method conveniently provides quantitative data on

platelet distribution by the principle behind projection of three-
dimensional objects to two-dimensional planes. Moreover, the
NIR imager used in this study has a wide dynamic range
and can therefore sensitively detect and quantify targeted
markers. Although there are considerable technical limitations
(see below), we suggest that the data obtained are reliable not only
qualitatively but also quantitatively.

In terms of technical limitations, it should be noted that
PRF matrices are composed of intertwined and cross-linked fine
fibrin fibers. Thus, in addition to attenuation by the “inverse-
square law,” the fluorescence signal is scattered, absorbed,
reflected, shielded, and diffused so that its intensity is generally
attenuated and the image becomes blurred. In this study,
we observed that the images of platelet distribution in wet
CGF matrices looked slightly hazy and that the fluorescence
intensity of wet CGF matrices was lower than that of dehydrated
CGF membranes.

As for the shielding effects of dehydrated CGF membranes,
fluorescence intensity was reduced by∼20% at 800 nm. Although
these effects may negatively influence the quantitative capability,
the simultaneous acquisition of both quantitative and qualitative
data is the biggest advantage of this technique.

Clinical Relevance
Because silica (SiO2) is a component of glass, some researchers
believe that fibrin matrices with almost equal quality can be
prepared using silica-coated tubes. In fact, silica-coated tubes
have been recommended for PRF preparation (Dohan et al., 2006;
O’Connell, 2007; Dohan Ehrenfest et al., 2012), but the reported
results vary. In the slow-speed centrifugation for advanced PRF
(A-PRF) preparation, using the immunohistochemical method,
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we previously demonstrated that platelet distribution in silica-
prepared matrices was distinguishable from that in glass-
prepared ones (Tsujino et al., 2019b). Similarly, adopting high-
speed centrifugation in this study, platelet distribution was
observed to be different. Taken together with our previous
findings regarding silica contamination and cytotoxicity (Tsujino
et al., 2019b,c; Masuki et al., 2020) these data suggest that silica-
coated tubes cannot be used to prepare any type of PRF matrix
with almost equal quality as that of glass tubes.

At present, the type of NIR imaging device used in this
study is expensive (>100,000 USD), and the proposed method
requires 2–3 days of preparation. Thus, even though the running
cost is actually low, it is difficult to standardize or popularize
this method for routine point-of-care testing. However, this
is a promising technology to ensure the quality of platelet-
concentrated fibrin matrices for more reliable and highly
qualified randomized clinical trials (Kitamura et al., 2018a;
Kawase et al., 2019; Tsujino et al., 2019a).

We have claimed the importance and necessity of quality
assurance for any type of platelet concentrate used in regenerative
therapy (Kawase et al., 2019). Standardization of preparation
protocol is also important but not perfect for standardization
of product and therapeutic quality (Kobayashi et al., 2012;
Gomez et al., 2015; Chahla et al., 2017; Fadadu et al., 2019;
Miron et al., 2019a,b; Saltzman et al., 2020). To minimize the
difference in clinical outcomes by excluding outliers (e.g., fewer
platelet-concentrated samples) and improve therapy to become
more predictable, individual products should be tested based on
standardized criteria. In the case of anticoagulated liquid forms
of PRP and its derivatives, the quantity and quality of platelets
and white blood cells can be evaluated and considered the main
criteria (Kitamura et al., 2018a; Tsujino et al., 2019a; Aizawa
et al., 2020). The coagulation activity and platelet activation
status may be counted as additional criteria (Milants et al.,
2017). By contrast, in the case of solid forms of PRF and its
derivatives, platelet count and activity can hardly be evaluated for
technical limitations, even though the coagulation activity may
be evaluated by the appearance or strength of the resulting fibrin
fibers (Isobe et al., 2017a,b; Kawabata et al., 2017).

Our novel imaging method enabled us to evaluate platelet
count and distribution in insoluble fibrinmatrices.We previously
developed the digestion method to accurately determine platelet
count (Kitamura et al., 2018b). However, this method did not
reveal the exact part of the platelet-concentrated fibrin matrix
without careful dissection. Instead, the current study clarified
that platelets are not concentrated in the bottom region, which
corresponds to the “buffy coat” in PRP preparation. Thus, our
previous (Tsujino et al., 2019b) and present data cooperatively
caution against the selective collection of “buffy coat” regions,

which has often been performed for better clinical outcome,
especially by “well-informed” clinicians. From a physical and
medical point of view, it would be better to use whole PRF
matrices at once than to examine individual divided regions and
subsequently combine the data.

CONCLUSIONS

The imaging technique that we developed and introduced in
this study enables to evaluate platelet quantity and distribution
at once in insoluble fibrin matrices. We believe that this
technique will contribute to standardizing the quality of platelet-
concentrated fibrin matrices for regenerative therapy. Using
this technique, we demonstrated that regardless of centrifugal
speed, PRF matrices prepared using silica-coated tubes are
distinguishable from those prepared using glass tubes.
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