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Abstract

Review Article

Introduction

The separation of blood components in a centrifuge is 
performed by the application of centrifugal force, measured 
by relative centrifugal force  (RCF), which is expressed as 
multiples of earth’s gravitational (g) field, which is equivalent 
to 9.81  m/s². Centrifugal force refers to the outward force 
applied to objects in circular motion [Figure 1], undergoing 
acceleration, responsible for changing the direction of 
movement, i.e., centrifugal acceleration. This force is directed 
outward in relation to the circular path. To determine the 
centrifugal force to which the samples will be subjected, a 

rotational speed in revolutions per minute (RPM), the speed of 
a centrifuge rotation, and the maximum radius (R) of rotation 
of the examples in millimeters (mm) are required, with the 
result of the RCF given in g (a measure of acceleration due to 
gravity of the Earth).

Investigations of endogenous blood‑derived growth factors have increased in the past two decades. The initial protocols for blood concentrates, 
such as platelet‑rich‑plasma, utilized anticoagulants followed by bovine thrombin to catalyze fibrin polymerization. Subsequently, 
platelet‑rich‑fibrin (PRF) protocol was developed to eliminate anticoagulants and thrombin. The PRF production was described in a vertical 
rotor centrifuge with an angle of ~33°. Many commercial enterprises have attempted to replicate this protocol with a multitude of different 
centrifuges. These attempts have utilized revolutions per minute (RPM) to develop their protocol to generate PRF. However, RPM is a variable 
parameter, as it depends on the design and radius of the centrifuge. The separation of blood components is highly dependent on the relative 
centrifugal force (RCF) generated, which is based on the applied centrifugal force, expressed as multiples of earth’s gravitation (g) field. 
RCF is a function of the acceleration due to the gravity of the earth, g = 9.81 m/s². RCF, not RPM, is the key factor for the sedimentation of 
the cells and proteins within blood concentrates. RCF is determined using the maximum centrifuge radius for calculation. The initial PRF 
was generated by applying an RCF of 700 ×g. Accordingly, so far, a large number of studies existing about PRF are not comparable, as they 
were technically prepared with different RCFs. In addition, due to the nonstandardized measurement methods, in some published studies, 
incorrect RCF values are published as the authors did not know how to calculate the RCF correctly. This is the case for a widespread blood 
concentrate called leukocyte‑PRF, which is commercially available. Recently, we introduced the low‑speed centrifugation concept (LSCC) 
for the production for solid and liquid PRF matrices. This concept is based on the above‑mentioned initial PRF protocols, which represents 
a relatively high RCF. It shows that a systematic reduction of 700 ×g to 44 ×g can significantly increase the cells and growth factors 
within the same blood concentrates. The LSCC concept was established initially for a fixed rotor centrifuge with a radius of ~110 mm. The 
present narrative review highlights the necessity of standardization in the generation of blood concentrates, which utilizes RCF, rather than 
commercial protocols.
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In 1998, platelet‑rich‑plasma  (PRP), considered the first 
generation of blood concentrates, was applied in oral 
and maxillofacial surgery.[1] Shortly thereafter, in 2000, a 
different technique from PRP was described that did not 
use anticoagulants, creating the blood‑derived concentrate 
using a simple glass‑based tube without additives, referred as 
platelet‑rich‑fibrin (PRF).[2] Subsequently, much research has 
been performed in the field of blood‑derived concentrates, 
with the increasing focus on the second generation of blood 
concentrates. Various publications have highlighted the 
biological benefits of blood concentrates up to 2006.[3‑6] In 
these studies, the concentration of platelets and leukocytes 
could be demonstrated as a result of the application of relatively 
lower  (700  ×g) RCF.[3] In comparison, the PRP protocol 
required high RCF  (3000 ×g) in the second centrifugation 
step.[7] Accordingly, the second‑generation blood concentrates 
were referred to as leukocyte‑PRF (L‑PRF). Over time, L‑PRF® 
became a trademark currently distributed under the IntraSpin® 
System (BioHorizons®, Boca Raton, Florida, USA).

The scientific inquiry into the field of blood concentrates has 
demonstrated the significant role of centrifugation protocol 
on the composition and biologic properties of the isolates. 
A  study by Ghanaati et  al. showed for the first time an 
increase in the number of neutrophils and macrophages in 
the PRF fibrin mesh by reducing the RCF from 710 ×g to 
208 ×g.[8 ] Accordingly, after reduction of RCF, higher cellular 
accumulation within the fibrin clots of equal volume. This new 
concept protocol has been adopted by Advanced‑PRF (A‑PRF) 
protocol, distributed under the A‑PRF® trademark distributed 
by Choukroun (Process, Nice, France).

There are increasing efforts on the commercialization of PRF 
with a growing number of brands and protocols available on 
the market, such as L‑PRF®,[9] A‑PRF®[8], or Concentrated 
Growth Factors  (CGFs®)[10] among others. These protocols 
may be distinguished on the bases of different centrifuge 

equipment  (rotors, etc.), different protocols  (RCF and 
centrifugation time), and tubes with varying material. Each 
of these aspects can affect the properties of the blood isolates. 
This narrative review seeks to present some relevant aspects 
for the preparation of blood concentrates, correlating them 
with their variations, with focus on RCF.

Platelet‑rich Fibrin

Following blood centrifugation in glass‑based tubes, a 
yellowish clot containing a fibrin mesh is obtained, the red 
blood cell portion is disposed, and the yellowish clot is 
used. This clot occurs by the polymerization of fibrinogen 
present in the blood during the centrifugation process. The 
polymerization of fibrin is influenced by the composition 
and surface characteristics of the collection tubes. This fibrin 
mesh has a three‑dimensional shape, with good strength and 
elasticity, which clinically facilitates its implantation during 
surgery[3] [Figure 2a and b].

Entrapped within polymerized fibrin, PRF contains leukocytes 
and platelets. These cells release growth factors and cytokines 
once implanted in the host surgical site. The growth factors 
and cytokines typically include transforming growth 
factor (TGF‑β), insulin‑like growth factor 1, platelet‑derived 
growth factor, vascular endothelial growth factor  (VEGF), 
fibroblastic growth factor, epidermal growth factor, and 
platelet‑derived epidermal growth factor. These mediators 
are essential in modulating the inflammatory response and 
promoting wound healing. Given the repair processes, the 
leukocytes present in this fibrin mesh will also contribute 
to angiogenesis and lymphogenesis through the expression 
of cytokines.[11] Accordingly, the PRF matrix will serve as a 
drug delivery system for cells and promotes tissue recovery.[12]

Another protocol for the isolation of blood concentrates 
includes generation of liquid PRF.[13,14] This requires the 
application of a relatively low RCF for a shorter duration, 
prior to polymerization of fibrinogen within plastic‑based 
tubes[15] [Figure 2c].

The formula for calculation of RCF requires information on the 
radius of the rotor and RPM according to the following formula:

RCF = 1.12 × r × (RPM/1000)2

Figure  1: Schematic illustration of the centrifugation process during 
the rotation of a body (red symbol) and the resulting centrifugal force 
(green arrow) and centripetal force (blue arrow) in relation to the maximum 
radius (orange line)

Figure  2: Preparation of platelet‑rich‑fibrin in clinical setting. 
(a) Platelet‑rich‑fibrin clot directly after centrifugation showing the 
interface between the fibrin clot and the red phase.  (b) Separated 
platelet‑rich‑fibrin clots.  (c) Liquid platelet‑rich‑fibrin collection after 
blood centrifugation

cba
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It is of paramount importance that scientific and clinical 
protocols communicated in a standard format that may be 
replicated by others. For this reason, the reporting of the 
L‑PRF protocol may be considered inaccurate because it lists 
the centrifugation RCF at 400 × g.[3] However, the location of 
the rotor at which the RCF was measured was not reported.

Recently, some studies from our group presented an approach to 
standardize the terminology for PRF production by focusing on 
RCF obtained from minimum radius, clot radius, and maximum 
radius[16,17]  [Figure  3]. It became important to identify the 
correct protocol for each centrifuge.[18,19] The maximum RCF 
is commonly used for the calibration of centrifuges to achieve 
a more reliable standardization. Using the average radius to 
calculate the RCF, i.e., the mean between the maximum and 
minimum, will make the measurement variable. The same 
is applicable when using the PRF clot as a reference for the 
radius,[18] as the position of the formed clot is not constant. This 
is due to the different angles and distances from the center of 
the rotors in different centrifuge brands. The location of the 
fibrin clot may also vary based on how much blood is contained 
in each tube. Therefore, if one uses the standard rotor location, 
i.e., of maximum RCF, the L‑PRF® protocol may be considered 
to be produced by RCF of ~ 700 ×g and not ~ 400 ×g. A letter 
to the editor questioning these new findings on L‑PRF[20] could 
be answered based on an editorial by our group, highlighting 
the importance of standardization of the PRF protocol.[18]

Accordingly, the maximum radius should be considered for 
the determination of the RCF value in blood concentrate 
production, using various centrifuges available on the market. 

Otherwise, the PRF production process would be different and 
the quality of the fibrin mesh, as well as the number of cells 
and growth factors, will not be comparable. Consequently, 
the gained scientific data obtained might be useless as they 
remain incomparable.

Low‑Speed Centrifugation Concept

In reviewing the literature over the past 15 years, there have 
been relatively few controlled clinical trials investigating the 
effect of PRF in dental surgery.[21] Moreover, the existing data 
have been obtained by different PRF protocols, using different 
tubes and centrifuges operated at different RCFs.[21] As a result, 
both health organizations and insurance companies in many 
countries have denied to accept the positive contribution of 
PRF as a blood concentrate beneficial for wound healing 
processes.

In an effort to improve the therapeutic outcomes, the low‑speed 
centrifugation concepts (LSCC) have been developed.[13] The 
main principle of LSCC is a universal approach to obtain 
blood concentrates from 710  ×  g to 44  ×  g in different 
physical conditions, i.e., solid or liquid, and for different 
applications in medicine and dentistry. LSCC was established 
on a specific fixed angled centrifuge with a maximum radius 
of 110  mm  (PRF for Process, Nice, France). A  number of 
in vitro and in vivo studies have been conducted to establish 
this concept.[22‑24] The effects of three different RCFs carried out 
for 8‑min centrifugation on cells and growth factors within the 
same blood concentrate have been investigated. The reduction 
of RCF from 710 × g to 44 × g led within the same blood 
volume to an eightfold higher platelets and a sixfold higher 
leukocyte concentration, while TGF‑β and VEGF experienced 
a sixfold and threefold increase, respectively [Table 1]. The 
same concept has been studied for 3‑min centrifugation time.[25]

Therefore, the present evidence suggests that a reduction in the 
RCF from 700 × g to 44 × g can lead to properties that may 
be clinically beneficial. Knowing that systematic reduction 
of RCF will significantly increase the biological capacity of 
blood concentrates, increasing the number of leukocytes an 
platelets, as a consequence increasing the number of growth 
factors released, such as VEGF and TGF‑β,[13] further ongoing 
clinical trials will show to what extent the two other lower RCF 
protocols of the LSCC, i.e., 177 × g and 44 × g, will also have 
a clinical benefit. Multiple clinical studies on the three LSCC 
protocols are ongoing and will answer this question.

Figure  3: Schematic illustration of the blood centrifugation process 
shows the differences between the minimum radius (1), clot radius (2), 
and maximum radius (3). 1 <2 <3 and the different relative centrifugal 
force values. The maximum radius (3) has to be considered to calculate 
the relative centrifugal force for platelet‑rich‑fibrin production

Table 1: Standardized protocols according to the low‑speed centrifugation concept

Protocol RPM Time (min) G‑force (xg) Cell composition (/µl) Growth factors (pg/mL)
High RCF 2400 8 710 Leukocytes <2.0×103

Platelets <2.0×105

TGF‑β1 <2000
VEGF~0

Medium RCF 1200 8 177 Leukocytes <2.0×103

Platelets >4.0×105

TGF‑β1 >2000
VEGF >10

Low RCF 600 8 44 Leukocytes >4.0×103

Platelets >6.0×105

TGF‑β1 >4000
VEGF >20

RCF: Relative centrifugal force, TGF: Transforming growth factor, VEGF: Vascular endothelial growth factor, RPM: Revolutions per minute
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Conclusion

Currently, there are different PRF protocols in the literature 
for the production of PRF using centrifuges with different 
rotors. These protocols are based on the RPM value and not 
on the RCF, which is calculated out of the maximum rotor 
radius with a standardized mathematical formula. When the 
RCF is calculated at the maximum radius of the rotor, which 
is generally considered standard for centrifuge calibration, the 
RCF for the L‑PRF® protocol is approximately 700 × g and 
not 400 × g, as previously reported. When looking at the PRF 
literature, there are many different protocols, so the existing 
data are not comparable. Recently, the LSCC was established 
to show a systematic reduction of RCF from 710 × g to 44 × g, 
which leads to a threefold to eightfold increase of cells and 
their growth factors within the same blood concentrates. LSCC 
provides three different protocols to the scientific community to 
produce liquid and solid PRF regardless of the centrifuge used. 
Ongoing controlled clinical studies are necessary to examine 
the clinical effects of modulating cells and growth factors by 
the PRF preparation protocol on wound healing.
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