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1 | INTRODUCTION

Abstract

Platelet-rich fibrin (PRF), a second-generation platelet concentrate, has been the focus
of intensive research endeavors over the past 2 decades. Over the years, however,
numerous reports have inaccurately reported relative centrifugal force (RCF) val-
ues, which has caused considerable confusion in the field. Furthermore, the use of
trade names such as leukocyte and platelet-rich fibrin (L-PRF) and advanced platelet-
rich fibrin (A-PRF) has further confused many readers, since studies have not always
used centrifugation parameters with equal rotor sizes, angulation of tubes, and/or tube
design. This has led to considerable misperception in the report of relative centrifu-
gal force. Herein is described necessary parameters pivotal for the future report of
RCF in studies related to PRF, which include: 1) dimensions of the rotor (radius at
the clot and end of the tube); 2) rotor angulation for the tube holder; 3) revolutions
per minute (RPM) and time; 4) RCF value calculated at either the RCF-minimum,
RCF-clot, or RCF-maximum; 5) composition and size of tubes used to produce PRF;
and 6) centrifugation model used. This editorial aims to minimize confusion in the

field and create more transparent research reporting RCF values in future studies.
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angulation, tube sizes and/or manufacturer of the centrifuga-
tion system and this article aims to define a guideline for future
studies reporting RCF values in studies related to PRF.!! One

Platelet-rich fibrin (PRF) has been extensively studied as a
regenerative material capable of facilitating hard and soft tis-
sue regeneration under various clinical indications.!™ Var-
ious research groups have further shown that different bio-
logical properties of PRF collected from a given individual
may result based on centrifugation speeds; i.e. relative cen-
trifugal forces (RCFs).”~ Over the years however, numer-
ous reports have misrepresented RCF values which have
been re-transcribed in a several studies by various authors.!?
Various research groups have continued to misrepresent RCF
values with little detail provided on the rotor sizes, rotor

of the confusions that has been created in the field over the
years is that various research groups may report RCF values
at the PRF clot (referred to as RCF-clot; location at which
the PRF clot is formed),lz‘14 whereas others have reported

1516 or maximum?®:!7-20 of

RCEF values either at the minimum
centrifugation tubes (referred to as RCF-min or RCF-max).
This article aims to clarify these misunderstandings and pro-
poses that a consensus be reached regarding more accurate
means to report g-force values in future studies investigating

PRFE.
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FIGURE 1 Graphic representation of a centrifugation with the
standard locations where the “relative centrifugal force” (RCF) or
gravity (g) is measured. Both depend on several parameters, including:
the speed (rotation/revolutions per minute, RPM), the rotor diameter
and rotor angulation. Standard locations for the calculation of RCF for a
centrifuge with a rotor with fixed angle are: the minimal r,,;;, at the top
inside (shortest distance to rotor), the clot r, in the middle of the

fibrin clot (middle of the tube), and maximal RCF value .

(at largest
distance to rotor)

2 | DEFINITION AND
CALCULATION OF RELATIVE
CENTRIFUGAL FORCE

One of the areas that has led to considerable confusion over
the years is that RCF values have been calculated at various
regions along a centrifugation tube without reporting where
these RCF values were derived. Since RCF values are subject
to significant changes depending on the rotor radius (distance
between the tube and the rotor axis) (Fig. 1), it is impor-
tant to understand that an increase in radius simply caused by
changes in rotor angulations and rotor diameter has a dramatic
effect on RCF values. For these reasons, it is important to have
a basic understanding of RCF values including calculations
to obtain RCF-min, RCF-clot, and RCF-max. The formula for
RCF (RCF = 11.18 x r x (N/1,000)? where N is revolutions
per minute and r is the radius in cm)?! favors greater values
at larger radiuses since the radius plays a multiplying role on
final RCF values. As depicted in Figure 1 representing a cen-
trifuge (which typically range in angulation from 30° to 45°),
RCF values can easily be doubled between the RCF-min and
RCF-max based on this increased radius distance (Table 1).
Another confusion that has been created and expressed in sev-
eral articles is that many studies related to PRF have often
used RCF-min, RCF-clot, or RCF-max values without report-
ing exactly where these RCF values were derived. This has
caused significant difficulty for researchers to further repro-
duce data, and a general lack of understanding has been cre-
ated as a result. Herein we propose that all future articles

TABLE 1 RCEF calculation (minimum: RCF
maximum: RCF,_,, and RCF
using the calculator for the two most frequently used centrifuges for the

average: RCF,,,

min>
1ot Where clot is formed, respectively)
preparation of PRF: the IntraSpin L-PRF centrifuge and the Duo
Centrifuge, depending on the rotor angulation and RPM

Device RCF,;, RCF,, RCF,,  RCF4,

IntraSpin

Rotor angulation: 33°

Distance to rotorinmm ~ 40mm  60mm 80mm 50 mm
2,700 RPM 326 489 653 408

PRF Duo

Rotor angulation: 40°

Distance to rotor in mm 63mm 87mm 110mm 77 mm
1,300 RPM 119 164 208 145
2,700 RPM 513 708 897 628

RPM = rotations per minute; RCF = relative centrifugal force.

If the RPM and rotor radius are known, a nomogram chart?> (Rickwood, p. 287)
can be used to determine the RCF. RCF (or g) can be calculated by using the
following formula: RCF = 11.18 X r X (N/1,000)

For this equation, r is the radius in centimeters from the center of the rotor to the
sample during centrifugation and N is the rotor speed in RPM.

report the following parameters in studies related to PRF: 1)
dimensions of the rotor (radius at the clot and end of the tube);
2) rotor angulation for the tube holder; 3) revolutions per
minute (RPM) and time; 4) RCF value calculated at either the
RCF-min, RCF-clot, or RCF-max; 5) composition and size of
tubes used to produce PRF; and 6) centrifugation model used.

Each of the above-mentioned parameters may influence
regeneration success with PRF. It is therefore appropriate to
emphasize the importance of both standardizing and reporting
of RCF parameters as a major factor under the control of the
clinician. Only when the factors under the clinician's control
are standardized can both researchers and clinicians begin to
assess other variables that may influence clinical outcomes to
the extent that they should be standardized.

An example of text to include in a Materials & Methods
section would present as follows: “Leukocyte and Platelet-
Rich Fibrin (L-PRF) membranes were produced using a proto-
col of 2,700 RPM for 12 minutes (RCF-clot = 408 g). L-PRF
membranes were produced using an Intraspin centrifugation
device (33° rotor angulation, 50 mm radius at the clot, 80 mm
at the maximum, Intra-Lock, Boca Raton, Florida) using
9-mL glass-coated plastic tubes (Intra-Lock).”

Similarly, a second example using A-PRF may be described
as follows: “Advanced Platelet-Rich Fibrin plus (A-PRF+)
membranes were produced using a protocol of 1,300 RPM
for 8 minutes (RCF-max = 208 g). A-PRF+ membranes were
produced with 10-mL glass tubes using a Duo Quattro cen-
trifugation device with a 40° rotor angulation with a radius of
88 mm at the clot and 110 mm at the max (Process for PRF,
Nice, France).”

In this way, additional parameters are included in each
of the Materials & Methods sections of future publications
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on the topic with a more accurate ability to reproduce the
data set.

3 | USE OF TRADE NAMES IN
STUDIES RELATED TO
PLATELET-RICH FIBRIN

One of the disadvantages in the literature has been the
overlapping use of various trade names such as L-PRF in a
variety of studies that have not appropriately used proprietary
protocols. As previously highlighted, numerous studies have
previously referenced L-PRF using an array of protocols
ranging from 2,500 to 3,000 RPM for 10 to 12 minutes on
various-sized centrifuges, using various centrifugation tubes,
at various rotor angulations, or using centrifuges fabricated
from ranging manufacturing quality. In an attempt to increase
the reproducibility of data, it is imperative that trade names
such as L-PRF and A-PRF protocols be specifically applied
solely when using their according centrifugation protocols
(L-PRF = 2,700 RPM for 12 minutes on an IntraSpin Device;
RCF-clot = 408 g, A-PRF+ = 1,300 RPM for 8 minutes on
a Duo Quattro Centrifuge; RCF-max = 200 g). Attempts to
reproduce an L-PRF membrane with a centrifugation device
of different quality, using, different centrifugation tubes,
on rotors of various dimensions and angulations should
therefore be avoided in future studies. Recently, the concept
of ‘biological signature’ has been proposed as a means to
specifically address how one PRF membrane fabricated on
one centrifugation device, may be entirely dissimilar from
another if produced on a second centrifugation device with a
different rotor size, rotor angulation, or produced in different
tube sizes/compositions (even if RCF-clot/RCF-max values
are comparable).” Owing to the quality and parameters
differences in centrifugation devices (not all centrifugation
systems are built with the same rotor sizes, tube angulations
and quality manufacturing), it is imperative that should
trademarks be used, their according centrifugation devices
be appropriately used. This letter highlights the need to avoid
inappropriately using trade names when specific proprietary
protocols and devices are not explicitly used.

4 | CONCLUSIONS

When evaluating, and definitively when comparing medical
devices and protocols, factual accuracy is of utmost impor-
tance. Within this letter, we highlight a minimum of six cri-
teria that must be reported in all studies related to PRF to
increase the transparency of research data in future publi-
cations. We further highlight the need to avoid inappropri-
ately using trade names such as L-PRF and A-PRF when
specific proprietary protocols and devices are not explicitly
used. It is therefore important to highlight that the same pro-

tocol used in different clinics/patients increases the likeli-
hood of having similar biological characteristics and clinical
responses. We therefore encourage a stricter peer-review pro-
cess regarding the report of RCF values in future scientific
publications related to PRF to minimize future misrepresen-
tations/inaccuracies in the field and increase the transparency
of research related to platelet-rich fibrin. One should naturally
only use devices and consumables that have been certified for
use/application in patients as a class II medical device.
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