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Abstract

Platelet-rich fibrin (PRF) is prepared from whole blood without any exogenous coagulation
factors. Several preparation methods have now been introduced, particularly with differences
in centrifugation parameters including g-force and time to improve their regenerative poten-

tial. Nevertheless, the centrifugation systems have not yet been clearly investigated for their
influences on the PRF clot properties. The aim of the present study was to visually and

histologically characterize the cell separation manner and blood cell localization on the
whole PRF clots prepared by two different centrifugation system, fixed-angle and horizontal
centrifugation. Leukocyte- and platelet-rich fibrin (L-PRF) was prepared on a fixed-angle

centrifuge machine (IntraSpin, Intra-Lock, FL, USA) at 2700 rpm (~400 g at the RCF-clot;
~700 g at the RCF-max) for 12 min. The PRF prepared by horizontal centrifugation was
prepared on a horizontal centrifugation (H-PRF) (Eppendorf 5702, Eppendorf, Germany) at

700 g at the RCF-max for 8 min. The cell morphology and localization were observed on the
surface of PRF clots by scanning electron microscopy (SEM) and histologically by transaxial

frozen sections by means of a film method. L-PRF clots demonstrated a sloped separation
between the upper plasma and the bottom red blood cell (RBC) layers according to the angle
of the rotor. Red dots were often observed on the distal walls of the tubes in the upper layers,

consisting of aggregations of RBCs, leukocytes and platelets by SEM and histology. Clots
produced on the horizontal centrifuge showed much smoother cell layer distribution/separa-

tion along the tube surfaces when compared to L-PRF. Horizontal centrifugation also demon-
strated more evenly distributed platelets throughout the PRF clots when compared to L-PRF
that gathered the majority of cells along the distal tube surface or within the buffy-coat region.

In summary, it was found that horizontal centrifugation resulted in a more uniform blood cell
separation of PRF clots when compared to the accumulation of cells gathered along the distal

tube surfaces produced prepared by fixed-angle centrifugation. Future research is needed to
evaluate the benefit of horizontal centrifugation in clinical practice.
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Introduction

The use of autologous platelet concentrates has gained tremen-

dous momentum in recent years as a modality to stimulate tissue

regeneration [1–3]. Platelet rich plasma (PRP) was a first-

generation platelet concentrate with use of anti-coagulants that

favored up to a 6–8 fold increase in platelet concentrations [4–6].

Early experiments revealed the ability for several key growth

factors found in blood including platelet-derived growth factor

(PDGF), transforming growth factor β1 (TGF-β1), and vascular

endothelial growth factor (VEGF) to be significantly expressed in

higher levels when compared to whole blood favoring the mod-

ulation of tissue repair and wound healing [7–12].

PRP has since been successfully combined with various bio-

materials including collagen membranes and bone grafting mate-

rials to improve their tissue integration [13–18]. Despite its

widespread use, one of the main reported drawbacks of PRP

included its use of anti-coagulants, an event that interferes with

the natural wound healing process [19,20]. More recently, platelet

rich fibrin (PRF) was proposed as a method to concentrate cells

from whole blood without the use of anti-coagulants [21,22]. PRF

involves the formation of a fibrin clot following centrifugation

and may be utilized as a regenerative agent with a concentration

of host platelets and leukocytes as well as autologous growth

factors.

For years, production of PRF has been prepared using fixed-

angle centrifugation yet most scientific laboratories as well as

medical centrifuges utilize horizontal swing-out bucket rotors

owing to their better ability to separate layers based on density.

Interestingly the majority of centrifuges that are commercially
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available for the production of PRF are fixed-angle centrifugation

systems that are typically utilized for pelleting samples to the

bottom of centrifugation tubes and not necessarily efficient at

separating cell layers effectively.

Recently, our research group demonstrated via a novel quan-

tification method of PRF-based matrices that PRF produced via

horizontal centrifugation led to a greater yield and concentra-

tion of platelets and leukocytes when compared to commonly

utilized fixed-angle centrifuges[23]. Furthermore, more recently

it was shown that PRF produced via fixed-angle centrifugation

accumulated the majority of cells on the distal (back of tube

wall) surfaces with uneven distribution of cell types throughout

the layers[24]. To date however, little data exists comparing the

visual and histological differences between PRF clots produced

on both centrifugation systems. Furthermore, difficulty exists

previously with technically cutting large samples embedded in

paraffin, however the film transfer methods [25] was developed

to enable the preparation of sections from large samples without

shrinkage. The aim of the present study was to characterize by

visual, scanning electron microscopy (SEM) as well as histol-

ogy the PRF clots produced on fixed-angle versus horizontal

centrifugation and assess differences in cell layer separation.

Materials and Methods

Preparation of PRF Clots

Blood samples were collected from 4 volunteer donors who gave

informed consent, and the blood was then processed for PRF clots

preparation. All procedures performed in this study involving human

participants 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 amendments or compar-

able ethical standards. No internal review board (IRB) was required

for this study because the human samples were not identified, as

previously described [26]. All blood samples were obtained from

members of our laboratory between the ages of 30 and 60. For

L-PRF preparation, 2 tubes of 10 mL of whole blood without antic-

oagulants in plain glass tubes (Chixin Biotech, Wuhan, China) were

centrifuged at 2700 rpm (~400 g at the RCF-clot and ~700 g at the

RCF-max) for 12 minutes on a fixed-angled centrifuge machine

(Intra-Spin system, Intra-Lock, Boca Raton, FL, USA). Horizontal

centrifugation (H-PRF) was carried out using 2 tubes of 10 mL of

blood in glass tubes (Chixin Biotech) using at 700 g for 8 minute

protocol (5702 Eppendorf, Hamburg, Germany). The time required

for centrifugation carried out on a horizontal requires 2/3 of that of

a fixed-angle centrifuge (https://druckerdiagnostics.com/horizontal-

vs-fixed-angle/). Therefore, the 12 minute protocol utilized in this

study on the fixed-angle centrifuge equates perfectly to an 8 minute

protocol utilized on a horizontal centrifuge at the same RCF value

(both 700 g).

Scanning Electron Microscope (SEM) Imaging

The PRF clots were fixed at 37°C for 1 h, then at 4°C overnight

using 2.5% glutaraldehyde (Merck, Darmstadt, Germany) in 0.1 M

sodium cacodylate buffer (pH 7.4; Merck). Thereafter, the speci-

mens were dehydrated through an ascending ethanol series, dried

in hexamethyldisilazane (Sigma). Dried specimens were mounted

onto aluminum stubs by means of double-adhesive conductive tabs

(Portmann Instruments, Biel-Benken, Switzerland). The speci-

mens were then sputter-coated with 15 nm of platinum in a CCU-

010 sputtering device (Safematic, Bad Ragaz, Switzerland) and

stored in a desiccator. SEM images were obtained with a DSM

982 Gemini digital field emission SEM (Zeiss, Oberkochen,

Germany) at an accelerating voltage of 5 kVand aworking distance

of 7 mm.

Histological Sample Preparation

The PRF clot specimens were fixed in 4% formaldehyde in

phosphate-buffered saline (PBS) on ice while shaking longitudin-

ally for 24 hours and embedded in Polyfreeze tissue freezing

medium (Sigma, St. Louis, MO, USA) after sucrose equilibration.

The frozen specimens were sectioned into 8-µm-thick slices in the

chamber of a cryomicrotome (Hyrax C60, Zeiss, Oberkochen,

Germany) with an adhesive film (Cryofilm Type 2 C(16UF),

Section-Lab, Hiroshima, Japan) using Kawamoto’s film transfer

method[25]. The sections were stained with hematoxylin

(Section-Lab). The images were captured with a digital micro-

scope (VHX-6000, Keyence, Osaka, Japan).

Results

Macroscopic Observation of L-PRF and H-PRF (Figure 1)

The PRF clots were prepared on two different centrifugation

systems, namely fixed-angle for the production of L-PRF and

horizontal centrifugation for the production of H-PRF. The two

PRF clots showed obvious differences in their layer separation.

L-PRF demonstrated a sloped or ‘angled’ separation of plasma

and red blood cell (RBC) layer separation owing to the angle of

the rotor whereas PRF produced by horizontal centrifugation

produced a clean distinct layer separation (Figure 1).

Interestingly, many red dots were observed on the distal surface

of centrifugation tubes produced using the fixed-angle L-PRF

protocols (Figure 1b).

Microscopic and Histological Observation of L-PRF and
H-PRF (Figures 2-5)

PRF clots were further investigated by SEM and histological

assessment for cell distribution and surface configurations

(Figures 2–5). A previously described protocol using frozen sec-

tions and film technique was selected in order to accurately orient

the PRF clots. It was observed that three distinct typical patterns

were observed on the distal walls of L-PRF clots, including RBC

clusters on the smooth or wavy fibrin clot surfaces, whereas

clusters of leukocytes, platelets and crushed RBCs were occa-

sionally found (Figure 2b-d). Histological observation further

confirmed these two pattern-types (Figure 4b and c). The border

between the plasma and RBC layers included a more dense fibrin

networks covered with many blood cells (Figure 2e). Many leu-

kocytes were found at this layer (Figure 4d).

Within H-PRF clots, two typical patterns were observed on the

surface, including fewer blood cells on the smooth clot surfaces, with

more found located on the rough surfaces (Figure 3b and c). The

PRF clots included mainly abundant platelets within the clots with

a few clusters located on the actual clot surface (Figure 5b and c).

The border between the plasma and RBC layers included a dense

fibrin network with many leukocytes (Figures 2d and e, 5d).

Interestingly, aggregated clusters of platelets with leukocytes was

found in both L-PRF and H-PRF within the RBC layer approxi-

mately 5-mm below from the precise separation typically referred to

as the red ‘buffy-coat’ zone (Figures 4e, 5e).

Discussion

The present article investigated for the first time PRF clots pro-

duced by either fixed-angle and horizontal centrifugation utilizing

SEM as well as macroscopic and microscopic evaluations. In

general, it was observed that the majority of cells were located

on the distal surface of L-PRF clots whereas cells were found

more evenly distributed when H-PRF protocols were utilized.

These findings are in accordance with previous work by our
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group demonstrating that horizontal centrifugation of PRF accu-

mulated up to 4 times more cells (especially leukocytes) within

the plasma layers when compared to fixed-angle centrifugation

[27]. Thus, the aim of the present study was to further investigate

utilizing histological assessment differences between fixed-angle

and horizontal centrifugation of PRF. A very recent study by

Takahashi et al. (2019) demonstrated that most cells accumulated

on the distal surface of PRF clots when various fixed-angle

centrifugation systems were utilized (no comparison to horizontal

centrifugation was performed)[24]. Within the present study, our

group aimed to histologically evaluate for the first time that

horizontal centrifugation of PRF led to more cells evenly distrib-

uted throughout the PRF clots when compared to fixed-angle

centrifugation. Based on the various uses of PRF in clinical

practice, membrane more evenly distributed in cells[24].

One interesting finding in the present study was the significant

number of cell clusters located on the distal surface of L-PRF

clots produced on fixed-angle centrifugation (Figure 1b). It was

also interesting to note that utilizing either centrifugation system,

the clots tended to be composed of smooth surfaces near the

upper portion of the PRF clot (Figure 2b, 3b) whereas had

a more roughened and fibrillar shape near the buffy coat region

(Figure 2e, 3d). Noteworthy, most publications to date demon-

strating PRF clots within scientific journals typically select

images demonstrating a fibrillar image with entrapment of cells

however, we note within the present study that in fact this repre-

sents only a small percentage of the overall appearance of the

PRF clots.

Thereafter, histological assessment was utilized to investigate

cell distribution within PRF clots utilizing either L-PRF or H-PRF

protocols (Figure 4, 5). By macroscopic observation, it was found

that L-PRF protocols produced an angle separation of plasma and

RBC layers whereas H-PRF produced an even horizontal separa-

tion. Cell separation from both groups demonstrated that the

majority of cells were located at the distal surface utilizing

L-PRF protocols whereas cells were more evenly distributed

Figure 1. (a) Illustration of PRF produced via fixed-angle (L-PRF) and horizontal centrifugation (H-PRF). (b) Visual representation of layer separation
following either L-PRF or H-PRF protocols. L-PRF clots are prepared with a sloped shape and multiple red dots often observed on the distal surface of
PRF tubes while H-PRF was prepared with a horizontal layer separation between the upper plasma and lower red corpuscule layer.
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following H-PRF preparation (Figure 6). This is particularly of

significant relevance when the PRF clots are flattened and uti-

lized as thin membranes for regenerative purposes such as cover-

ing various defects or underneath suture closure sites (Figure 6).

In general, it is easier to accumulate platelets in the upper

plasma layer since they are lighter (less dense) when compared to

white blood cells. For this reason, platelet distribution within the

upper layers is much easier to achieve when compared to leuko-

cytes which are much closer in cell density to red blood cells.

Leukocytes are much more difficult to accumulate within the PRF

matrix, and this is especially true when utilizin fixed-angle cen-

trifugation where the number of RBCs outnumber WBCs

typically 1000:1 and the majority of cells accumulate along the

back distal surface of PRF tubes where they generally cannot

separate accurately[28]. Furthermore, our group previously

demonstrated that while platelets could be increased in yield by

~20% on horizontal centrifugation versus fixed angle, leukocytes

demonstrated a pronounced and marked increase in comparison

(closer to 400%)[28]. White blood cells in particular are impor-

tant during wound healing, especially during biomaterial integra-

tion and tissue formation [29–33].

Furthermore, it is important to note that in either protocol, the

majority of cells were located within the buffy coat region.

Interestingly, some platelet clusters with containment of leukocytes

Figure 2. SEM images of the distal surface of PRF clots prepared utilizing the L-PRF protocol. (a) The described areas observed by SEM. The L-PRF
clots surfaces showed typically three types as shown in B-D. (b) The clusters of red blood cells (RBCs) were observed overlaying a smooth clot
surface. (c) The wavy surface was observed including RBCs. (d) The rough surface included leukocytes, platelets and crushed RBCs. (e) The dense
fibrin networks were observed including RBCs at the border between the yellow plasma and red RBC layers. (f) Many RBCs were observed within
a fibrin network in the RBC layer.

Figure 3. SEM images of the distal surface of PRF clots prepared utilizing the H-PRF protocol. (a) The described areas observed by SEM. The H-PRF
clots surfaces showed typical two types shown in b and c. A smooth clot surface was observed in pattern (b) and a rough surface were less frequently
observed in pattern (c). (b) Few leukocytes and RBCs were observed on the smooth surfaces. (c) The rough surfaces included leukocytes, platelets and
RBCs. (d, e) The fibrin networks twisted around the leukocytes with platelets at the border between the yellow plasma and red RBC layers. (f) Many
RBCs were observed within a fibrin network in the RBC layer.
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were also found sunk within the RBC layer located within 5-mm

below the yellow plasma layer (Figures 4e, 5e). Based on these

findings, it may be recommended that this specific red ‘buffy coat’

zone is also quite rich in leukocytes and platelets. Recently, a study

by Thanasrisuebwong et al investigated the influence of fractiona-

tion methods on physical and biological properties of liquid PRF

and found that the inclusion of the red buffy coat zone significantly

increased growth factor release from liquid PRF[34]. Future

research investigating specifically the quantity of the buffy coat

zone including vs excluding the red zone is of great clinical interest

requiring further optimization and clinical guidelines.

In conclusion it was demonstrated that L-PRF clots produced

via fixed-angled centrifugation generated an angled separation

between the upper plasma and lower RBC layer as a result of

Figure 4. Histological observation of the frozen section of L-PRF sectioned trans-axially. (a) The panoramic view of the sections from the whole PRF
clot including the RBC layer stained with hematoxylin. The L-PRF clots and RBC layer were separated by a fixed-angle. The distal wall showed two
typical patterns shown in b and c. (b) A lots of RBCs with few leukocytes were located on fibrin networks on the distal surface. (c) The aggregated
cluster consisting of platelets, leukocytes and RBCs were occasionally observed. (d) Many leukocytes were located at the border between the PRF clot
and the RBC layer. (e) The aggregated clusters of cells containing leukocytes were occasionally observed within the RBC layer within the red buffy
coat zone.

Figure 5. Histological observation of the frozen section of H-PRF sectioned trans-axially. (a) The panoramic view of the sections from the whole PRF
clot including the RBC layer stained with hematoxylin. The H-PRF clots and RBC layers were separated evenly and horizontally with no obvious
accumulation of cells on the distal surface. The clots showed two typical patterns shown in b and c. (b) The fibrin networks were observed in the clots
with many platelets with few leukocytes/RBCs. (c) The aggregated cluster consisting of leukocytes and a few RBCs were occasionally observed. (d)
Many leukocytes were located at the border between the clots and RBC layer. () The aggregated clusters of cells containing leukocytes were
occasionally observed in the RBC layer within the red buffy coat zone.
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the angle of the rotor. Red dots were frequently observed on the

distal surfaces of L-PRF clots and this was also observed more

frequently via either SEM analysis or histological assessment.

The H-PRF clots produced on a horizontal centrifuge showed

much more evenly distributed cell layers when compared to

L-PRF. In both protocols, a higher number of platelets and

especially leukocytes were located within the buffy coat region

up to 5 mm within the red buffy coat region. Based on the

findings from the present study, future research is now needed

to evaluate the benefit of horizontal centrifugation for various

clinical procedures in medicine and dentistry.
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