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Abstract 

Introduction: Over the years, centrifugation systems have undergone significant transformations, 
adapting in shape to facilitate their application in dental clinics and advancing in operational technology. While 
centrifuge designs may vary in numerous ways, one critical distinction between the centrifuge is the angle at 
which centrifugation takes place. Aim of the Study: The objective of this experimental study is to assess and 
measure the volume of the end product, specifically the PRF clot obtained using horizontal centrifugation and 
fixed-angle centrifugation to ascertain which method produces a larger quantity of PRF clot. Material and 
Methods: The study was conducted on a cohort of 6 male and female patients. Blood was drawn from each patient 
into two 10ml glass tubes without anticoagulants or additives, destined for centrifugation in the two centrifugation 
systems. The tubes were split into two sets of six tubes each, labeled with the letters H (for tubes to be centrifuged 
horizontally) and L (for tubes to be centrifuged at a fixed angle), along with numbers from 1 to 6 for each tube pair 
corresponding to a patient. Results and Discussions: It has been proven that horizontal centrifugation produces a 
bigger PRF clot. Considering the insights gained from this study alongside the ANOVA test results, we conclude 
that horizontal centrifugation using the Bio-PRF system results in a larger PRF clot compared to fixed-angle 
centrifugation. One possible explanation is the variance in g-force distribution between fixed-angle and horizontal 
centrifugation. This variance led to marginally smaller quantities of PRF clots in the second tube batch, albeit not 
significantly so. Conclusions: In conclusion, the appearance and methodology of the two types of PRF we 
obtained are highly similar but not identical, with disparities in PRF clot quantity and consequently, in cellular 
properties. Notably, H-PRF exhibited a greater clot quantity compared to L-PRF. 
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INTRODUCTION 

Platelet-Rich Fibrin (PRF) is a fibrin matrix in which platelet cytokines, growth factors, 
and cells are trapped and can be released over time, serving as a resorbable membrane. 
Choukroun and his associates were among the pioneers in using the PRF protocol in oral and 
maxillofacial surgery to enhance healing in dentistry. PRF is considered a healing biomaterial, 
and studies have shown its application in various dental disciplines [1][2]. 

The history of these products illustrates the evolving trends in research over the years. 
It began with an interest in fibrin matrix alone as a healing material, then shifted to the 
healing properties of platelets, and finally focused on growth factors (both circulating and 
from platelets) for tissue regeneration. Among all these elements, which can be considered the 
most important? Given our general understanding of coagulation and healing—and a certain 
degree of common sense—it is now considered that all these elements are important and 
should be properly combined to achieve the best clinical outcomes. Fibrin, platelets, growth 
factors with slow release, leukocytes, and other cells are the key players in the natural healing 
process, and together they form a kind of processed tissue derived from blood. This complex 
combination is key to optimal performance. For this reason, PRF has often been described as 
an "optimized blood clot" that can be surgically manipulated and used. This description is 
actually true (more or less) for all well-designed platelet concentrate products [3][4][5]. 

Platelet concentrate therapy was developed to naturally enhance the regenerative 
potential of platelets present in the blood. PRF is achieved by centrifuging blood into various 
components, including red blood cells, plasma, white blood cells, and platelets. The final PRF 
clot is a concentrate of white blood cells, platelets, and fibrin [6][7]. 

It is important to understand that inflammation and wound healing are regulated by a 
series of growth factors. These growth factors can stimulate or inhibit cellular migration, 
adhesion, proliferation, and differentiation. While growth factors are present in all tissues, it 
is important to note that blood serves as the primary reservoir for numerous growth factors 
and cytokines responsible for angiogenesis and tissue regeneration. Growth factors typically 
exist as inactive or partially active precursors that require proteolytic activation [8][9][10]. 

Over time, centrifugation systems have undergone numerous changes, both in terms 
of their shape to facilitate their use in dental clinics and in terms of their operating 
technology. The design differences between centrifuges can be numerous, but this aspect is 
not very important. One crucial aspect between the two types of centrifuges used in this 
experiment is the angle at which centrifugation occurs [11][12][13]. 

In horizontal centrifugation, as in the Bio-PRF centrifuge, the tube radius is larger, the 
RCF (Relative Centrifugal Force) is higher, and the forces are more efficient. Therefore, the 
time required for complete centrifugation is only 2/3 of the time required for centrifugation 
in the Duo Quattro Advanced PRF centrifuge by Choukroun, where the angle is fixed at 33 
degrees and the tube radius is smaller [14][15]. 

Aim and objectives 
The aim of the experimental study is to evaluate and quantify the amount of the final 

product, namely the PRF clot obtained through horizontal centrifugation (a newer technique) 
and fixed-angle centrifugation (a well-established technique in the market), in order to 
determine which method yields a greater quantity of PRF clot. 



Medicine in Evolution Volume XXX, No. 3, 2024 

 
438 

MATERIAL AND METHODS 

The study was conducted on a cohort of 6 male and female patients who presented to 
a private clinic in Timi oara in the year 2021. Inclusion criteria for the study included ages 
between 25 and 30 years old, with patients not having chronic health issues. Blood was 
collected from each patient in two 10ml glass tubes without anticoagulant or additives, to be 
centrifuged in the two centrifugation systems. The tubes were divided into 2 sets of 6 tubes 
each, and each set was labeled with the letters H (for tubes to be centrifuged horizontally) and 
L (for tubes to be centrifuged at a fixed angle), along with numbers from 1 to 6 for each pair of 
tubes corresponding to a patient. 

For the preparation of H-PRF, blood was collected from each donor in 10 ml glass 
tubes without additives and anticoagulant, and these were centrifuged at 700 RCF for 8 
minutes in a centrifuge where centrifugation is performed horizontally (Bio-PRF system). 

The time required for horizontal centrifugation is 2/3 of that for fixed-angle 
centrifugation. Therefore, the 12-minute protocol used in this study on a fixed-angle 
centrifuge perfectly equates to an 8-minute protocol used on a horizontal centrifuge, both set 
at 700g. 

For the preparation of L-PRF, blood was collected from each donor in 10 ml glass 
tubes without additives and anticoagulant, and these were centrifuged at 2700 RPM for 12 
minutes in a fixed-angle centrifuge (Duo Quattro Advanced PRF by Choukroun). 

After centrifugation, the tubes were placed in a rack with a linear attachment to 
measure the size of the PRF clots. This allowed us to compare the quantity of PRF clots 
obtained through the two centrifugation techniques. 

 

 
Figure 1. The tubes to be centrifuged horizontally are labeled with the letter H and numbers from 1 to 6, while 

their counterparts are found in the batch of tubes marked with L 

RESULTS 

To analyze the results obtained through the two techniques, after centrifuging the 
blood tubes, we photographed all the tubes. Using a ruler attached to the metal stand, we 
measured each PRF clot in centimeters. 
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Figure 2. Comparative measurement of the two clots 

 
To better observe and compare the results obtained, we created three charts. In Chart 

1, we displayed the measurements in centimeters for each test tube from the two batches. At 
first glance, the graphical representation shows the difference between the H tubes 
(horizontally centrifuged) shown in blue and the L tubes (vertically centrifuged) shown in 
red. 

 

 
Chart 1. Quantity of PRF clots measured in centimeters 

 
In Chart 2, we displayed the average measurements in centimeters: the H tubes 

(horizontally centrifuged) are shown in blue, and the L tubes (vertically centrifuged) are 
shown in red. 
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Chart 2. Average clots of H-PRF vs. L-PRF in centimeters 

 
In Chart 3, we displayed the difference in centimeters between the clots of H-PRF and 

L-PRF for each pair of test tubes. 
 

 
Chart 3. Difference between H-PRF and L-PRF clots for each pair of tubes, measured in centimeters 
 
From Table 1, the following observations can be made: the smallest values belong to 

the L-PRF tubes, while the largest values belong to the H-PRF tubes. 
 

Table 1. ANOVA test results for PRF clot measurements 
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Thus, it has been demonstrated that horizontal centrifugation produces a larger PRF 
clot. Combining the experience gained from this experiment with the data obtained from the 
ANOVA test in Table 1, we can state that horizontal centrifugation using the Bio-PRF system 
results in a larger PRF clot compared to a PRF clot obtained through fixed-angle 
centrifugation. 

DISCUSSIONS 

In the experimental study we conducted, we analyzed the amount of PRF clot 
obtained based on the centrifugation system used. The Choukroun Duo Quattro Advanced 
PRF system has stood the test of time, and the benefits of PRF obtained with this system are 
indisputable. However, as technology evolves over the years, new approaches emerge 
offering additional benefits and advantages. The Bio PRF system promises these new benefits 
and advantages through horizontal centrifugation. 

Choosing the best centrifugation system to obtain the optimal PRF clot can be 
challenging and requires extensive knowledge in this field. Since the Bio-PRF system is 
relatively new, there are not many studies on this system that uses horizontal centrifugation, 
making it difficult for clinicians to choose the best system currently available on the market. 
To assist clinicians in making an informed decision, we decided to conduct this study. Based 
on our findings, we can state the following [16]. 

By measuring the PRF clots, we demonstrated that the clots obtained with the Bio PRF 
system through horizontal centrifugation have a larger volume and better cellular properties 
compared to those obtained with the Choukroun Duo Quattro Advanced PRF system using 
fixed-angle centrifugation. Since the Bio PRF system is relatively new to the market, there are 
not many studies that clarify this precisely. One explanation is that the distribution of g-forces 
differs between fixed-angle and horizontal centrifugation, as explained in more detail by 
Richard J. Miron in his book. This difference resulted in slightly smaller PRF clot quantities 
from the second batch of tubes, but not significantly. 

We emphasize that the statements about the superior cellular properties of H-PRF 
clots from batch 1 are based on recent studies by Masako Fujioka-Kobayashi, Michihide Kono, 
and Richard J. Miron, without us conducting these histological and microscopic studies in this 
paper. [17] 

This study highlights the quantitative difference between PRF obtained using a fixed-
angle centrifugation system and PRF obtained using a horizontal centrifugation system. By 
correlating the amounts of PRF clots, we can assert that PRF clots obtained through horizontal 
centrifugation provide clinicians with a larger and higher-quality PRF membrane in terms of 
cellular properties, resulting in a significantly improved treatment. The advantages of this 
technique are not only related to the clot but also to shorter working times, which enhance 
treatment efficiency. Reducing working times is always advantageous for clinicians as it saves 
time, allowing for the treatment of more patients and offering them shorter waiting times. 

The results of this study align with our expectations based on an in-depth review of 
the specialized literature. 

The Choukroun Duo Quattro Advanced PRF system, which has been long established 
in the market, may lose ground to these new horizontal centrifugation systems due to their 
technique yielding a superior final product in all respects. [18][19] 

In conclusion, while the Choukroun Duo Quattro Advanced PRF system has 
successfully stood the test of time and its benefits cannot be contested, the advantages offered 
by the Bio-PRF system through horizontal centrifugation cannot be overlooked. This system 
can be considered essential for current clinical situations. [20][21] 
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CONCLUSIONS 

In conclusion, the appearance and technique of the two types of PRF we obtained are 
very similar but not identical, with a difference in the quantity of the PRF clot and, 
consequently, in the cellular properties. H-PRF was found to have a larger clot quantity than 
L-PRF. The specialized literature lacks sufficient data on this aspect; however, a study by 
Fujioka-Kobayashi and collaborators in 2020 demonstrated that H-PRF obtained through 
horizontal centrifugation has better separation and a larger PRF clot quantity, as well as better 
cellular properties compared to PRF obtained through fixed-angle centrifugation. These 
properties need to be studied more deeply, and a comparison between horizontal and fixed-
angle centrifugation in terms of both clot quantity and cellular properties would bring many 
advantages to clinical dental practice. 
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