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 A B S T R A C T 
Resume

The clinical use of platelet-rich plasma (PRP) has gained prominence in orthopedic regenerative medicine due to its 
autologous nature and bioactive potential. However, the lack of standardization in preparation techniques, the excessive costs of 
commercial kits and the requirement for environments with microbiological control remain important limitations, especially in 
low-resource contexts. This study describes a closed, vacuum-based, low-cost system for PRP processing, which maintains high 
platelet concentration and good reproducibility. The protocol compared platelet yields from three operators using standardized 
tubes with specific anticoagulant dimensions and formulations. The centrifugation parameters were optimized to enhance platelet 
recovery while reducing leukocyte contamination and mechanical activation. The approach is scalable, economically feasible and 
suitable for implementation in public health systems.
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1. Introduction
Musculoskeletal diseases represent one of the leading causes 

of disability in the world, affecting millions of people annually1. 
According to the World Health Organization, musculoskeletal 

injuries are responsible for approximately 4.37 million deaths per 
year2. In addition, these conditions rank first among the causes 
of morbidity and mortality in individuals aged 0 to 39 years, 
resulting in about 150,000 deaths annually. The prevalence of 
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global musculoskeletal disorders has increased significantly, 
especially among the elderly, reaching up to 39.1% in some 
populations, being more frequent in women and individuals over 
80 years of age3,4.

Population aging has been one of the main factors associated 
with the increase in the incidence of these diseases. With the 
growth in life expectancy, there is a greater occurrence of 
osteoporosis, arthrosis and arthritis, conditions that compromise 
the mobility and quality of life. The correlation between 
aging and musculoskeletal injuries reinforces the need for 
effective therapeutic strategies to mitigate the impacts of these 
conditions4-6.

In this context, platelet-rich plasma (PRP) has emerged as a 
promising alternative for tissue regeneration and the treatment 
of musculoskeletal injuries. PRP consists of an autologous 
plasma fraction enriched with platelets and growth factors, such 
as platelet-derived factor (PDGF), transforming growth factor 
beta (TGF-β) and vascular endothelial growth factor (VEGF), 
which play key roles in angiogenesis, inflammatory modulation 
and extracellular matrix remodeling4,7-10.

Despite the growing clinical and scientific interest, the 
absence of standardization in the protocols for the preparation, 
processing and application of PRP still represents a significant 
limitation to its widespread adoption and comparative evaluation 
in clinical trials11-13. Another relevant limiting factor refers to 
the excessive costs and the need for specialized infrastructure 
required by commercial systems, which restricts its application 
in public health systems14.

In view of these limitations, it is essential to develop 
accessible, safe and replicable technologies that maintain the 
biological efficacy of PRP without compromising its quality. 
Affordable PRP processing devices are proposed to improve 
access to this therapy for underserved populations15. At the 
same time, comparative studies between autologous PRP and 
other emerging therapies, such as the use of mesenchymal stem 
cells, are essential to determine the best approaches according 
to the type and degree of tissue involvement16. The continuous 
evolution of research in this field may therefore result in more 
effective, standardized and widely available applications, with 
a direct impact on improving the quality of life of thousands of 
patients.

2. Rationale and Justification
2.1. Historical evolution of tissue regeneration

The field of tissue regeneration has historical roots dating 
back to the nineteenth century, when Rudolf Virchow proposed 
the theory of cellular pathology, laying the foundations for 
the modern understanding of the biological response to tissue 
damage17. This conception was expanded in the twentieth 
century with the discovery of mesenchymal stem cells (MSCs) 
by Friedenstein, et al, which revealed the potential of these 
multipotent cells for differentiation and modulation of the 
inflammatory microenvironment18. Since then, regenerative 
medicine has evolved as a promising field, particularly in 
orthopedics, where biological therapies such as platelet-rich 
plasma (PRP) and stem cell interventions offer intermediate 
alternatives between conservative treatment and invasive 
surgical procedures19.

2.2. Impact of musculoskeletal diseases and the need for new 
therapies

Musculoskeletal diseases represent one of the leading causes 

of global disability, affecting approximately 1.71 billion people, 
according to the World Health Organization2. Conditions such 
as chronic low back pain, osteoarthritis and tendinopathies not 
only compromise quality of life but also impose a substantial 
socioeconomic burden. It is estimated that low back pain is 
responsible for 7.5% of the years lived with disability on a global 
scale. In Brazil, these pathologies are among the main causes of 
sick leave, accounting for about 12% of sick leave16,20,21.

This scenario intensifies with population aging: by 2050, 
more than 2.1 billion people are expected to be over 60 years old, 
with a consequent increase in the prevalence of osteoarthritis, 
osteoporosis and other degenerative conditions2. In the sports 
field, musculoskeletal injuries affect about 30% of athletes 
per year, many of whom require regenerative interventions to 
avoid chronic dysfunctions and early reintegration into sport13. 
In view of this, therapies that promote tissue regeneration and 
functionality, such as PRP, become increasingly relevant.

2.3. PRP biological mechanisms and clinical applications

PRP is an autologous fraction of plasma with a high 
concentration of platelets, whose activation releases a cascade of 
bioactive growth factors - including PDGF, TGF-β, VEGF and 
IGF-1 - involved in angiogenesis, inflammation modulation and 
extracellular matrix remodeling11,21-23. This unique composition 
gives PRP the ability to accelerate tissue repair and control the 
inflammatory environment at various stages of healing.

Randomized controlled trials have shown that intra-articular 
infiltration of PRP significantly reduces pain and improves 
function in patients with knee osteoarthritis, with sustained 
clinical effects for up to six months11,24,25. Recognizing these 
results, the European Society for Sports Traumatology, Knee 
Surgery and Arthroscopy (ESSKA) has published consensus 
statements endorsing the efficacy of PRP in musculoskeletal 
settings, emphasizing the need for high-quality evidence and 
standardization of application protocols 7.

2.4. Standardization and challenges in the application of 
PRP

Figure 1: Centrifugation is an essential process for obtaining 
Platelet Rich Plasma (PRP). During this procedure, the collected 
blood is placed in a centrifuge, where it is spun at high speed. 
This allows the separation of blood components, concentrating 
platelets in a specific layer.
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Despite the advances, the absence of standardization in the 
protocols for the preparation and use of PRP remains a critical 
limitation of applicability. Variations in platelet concentration, 
presence of leukocytes and activators, centrifugation time and 
volume applied generate heterogeneity in therapeutic outcomes14. 
Comparative studies suggest that different formulations - such 
as leukoreduced versus leukocyte PRP - may have specific 
indications, being more suitable for certain phases of repair or 
types of injury26-29.

In addition, the excessive costs associated with commercial 
kits and the need for specialized infrastructure limit access to 
PRP in public health settings. In this sense, low-cost solutions 
and simplified preparation devices have emerged as viable 
strategies to democratize this technology, without compromising 
its biological efficacy30-36.

2.5. Comparisons to other regenerative therapies

PRP has been widely compared to other regenerative 
approaches, such as the use of MSCs and hyaluronic acid 
(HA). Studies show that PRP can have synergistic effects when 
combined with MSCs, enhancing chondrogenic differentiation 
and regeneration of articular cartilage11,15,24,25. In contrast, 
HA has been used as an adjunct to PRP to improve synovial 
viscosity and joint lubrication, especially in the initial stages of 
osteoarthritis13,24,25. The rational integration of these therapies 
can configure a personalized and multimodal approach to the 
management of musculoskeletal injuries.

3. Methods
3.1. Sample collection and ethical aspects

Peripheral venous collection of 36 mL of whole blood from 
healthy volunteers was performed using heparinized vacuum 
tubes (model TV090SH, ANVISA n° 10379860173; green cap; 
16×100 mm; 9 mL; 14 IU of heparin/mL) (Figure 2).

Figure 2: Vacuum peripheral blood collection minimizes risks 
of contamination in the procedure.

This study was conducted in accordance with strict 
institutional ethical standards, ensuring compliance with good 
practice guidelines in biomedical research. The procedures 
adhered to international standards for clinical studies, including 
the principles of the Declaration of Helsinki and relevant national 
ethical regulations.

Informed consent was obtained at all study stages, ensuring 
participants were fully aware of the research objectives, benefits 
and risks. This approach reinforces the study’s commitment to 

transparency, safety and respect for the autonomy of participants, 
fundamental elements for the responsible conduct of scientific 
research in the health area.

Thus, in addition to contributing to the evolution of 
orthobiological therapies, this platelet-rich plasma (PRP) 
protocol demonstrates feasibility for implementation in public 
and private health systems, promoting equity in access to 
regenerative interventions.

3.2. Centrifuge protocol

Centrifugation was used in two stages (Figure 3):

Figure 3: After the first centrifugation, we will have the 
separation of the blood components, with the red blood cells 
concentrated at the bottom of the tube.

3.2.1. First rotation (“soft spin”): separation of red blood 
cells with platelet preservation, at 80×g for 6 minutes in 9 ml 
heparinized vacuum collection tubes.

Following centrifugation, the plasma is drawn along with the 
buffy coat using an 18-gauge jelco needle, as depicted in the 
image. This material is then transferred to a 3 ml collection tube 
without additives (Figure 4).

Figure 4: Technique of collecting biological material while 
maintaining the vacuum and preserving the closed system to 
avoid contamination of the material.

3.2.2. Second rotation (“hard spin”): concentration of platelets 
in the lower portion of the plasma (Figure 5), at 250×g for 15 
minutes13.
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Figure 5: After the second centrifugation, all the cellular 
contents will be at the bottom of the tube, concentrating the 
platelet volume at 3 to 6 times the basal volume.

Excessive forces were avoided to prevent platelet 
activation, which will reduce the number of platelet counts, 
platelet aggregates can also generate a false indicator of lower 
concentration making manual counting (Figure 6), more reliable 
than automated counting and associated with the elevation of 
soluble P-selectin15. The radius of the rotor and the size of the 
tubes were considered according to Stokes’ law16.

Figure 6: Appearance of the PRP after collection of the second 
tube.

3.3. Hematological analysis

Platelet, leukocyte and erythrocyte counts were performed 
before and after centrifugation, using an automated hematology 
analyzer (model to be specified). EDTA tubes (4 mL, 13×75 
mm) were used for basal collection.

3.4. Statistical analysis

Data were analyzed with Student’s t-test and ANCOVA 
(adjusted for baseline platelet count), using SPSS v20.0 (IBM, 
Armonk, NY). Concentration factors (PRP/whole blood ratio) 
were calculated, with 95% confidence intervals.

4. Results
Preliminary analysis demonstrated a consistent 3- to 6-fold 

increase in platelet concentration in PRP compared to whole 

blood, with an inter-operator variation within acceptable limits 
(<10%). In the protocols with double centrifugation, a significant 
reduction in leukocyte content was observed, characterizing 
PRP as leukocytes-poor (LP-PRP) (Figure 7).

Figure 7: Poor balancing can cause excessive shaking, which 
in turn negatively impacts platelet activation. When the tubes 
are perfectly balanced, the centrifuge operates smoothly and 
efficiently, ensuring that the platelets are activated in a controlled 
and uniform manner. This is crucial for achieving a high-quality 
PRP.

Platelet activation was minimal as indicated by morphological 
analyses and biochemical markers, including quantification 
of sP-selectin levels (Figure 8). The complete evaluation of 
cytokines is underway, aiming to better characterize the bioactive 
profile of PRP and its therapeutic applicability37-44.

Figure 8: This protocol can concentrate platelets at values of 3 
to 6 times baseline.

5. Discussion
The high variability of commercial platelet-rich plasma 

(PRP) kits and their excessive costs remain a significant obstacle 
to their widespread adoption, especially in resource-constrained 
regions. Recent studies indicate that heterogeneity in PRP 
preparation methods directly impacts its clinical efficacy, making 
it essential to standardize protocols to ensure reproducibility and 
predictability in results8,37,38.

Our closed, vacuum-based system represents a practical and 
affordable alternative, eliminating the need for laminar flow 
fume hoods and complex infrastructure. This approach favors 
capillarity and reproducibility in clinical practice, allowing its 
implementation in environments with structural and financial 
constraints14. In addition, the use of closed systems reduces the 
risk of contamination and improves the safety of the procedure, 
which are fundamental aspects for its large-scale application.
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5.1. The role of absolute platelet dose in PRP

The results reinforce the transition from the traditional 
concept of “concentration factor” to the use of the absolute 
dose of platelets, as proposed by Everts et al. (2022). Evidence 
indicates that PRP clinical outcomes are more strongly correlated 
with absolute platelet count than with relative enrichment39. In a 
recent study, Everts et al. demonstrated that concentrations above 
one billion platelets per milliliter can optimize tissue repair by 
modulating inflammatory and angiogenic responses8,39,44,45.

In addition, quantitative analyses reveal that the activity of 
growth factors released by PRP is directly dependent on the 
number of platelets available, reinforcing the need for an absolute 
dose-based approach to maximize therapeutic effects. These 
findings directly influence the formulation of clinical protocols 
and suggest that greater control of platelet concentration can 
significantly improve outcomes in orthopedics and regenerative 
medicine39,46.

5.2. Standardization and security in the application of PRP

Standardization of tube material, volume and anticoagulant 
concentration (14 IU/mL of heparin) was essential to minimize 
losses and optimize sedimentation, as provided for by Stokes’ 
law15. Studies indicate that the appropriate choice of anticoagulant 
can directly influence the preservation of platelet functionality, 
impacting the release of growth factors and, consequently, the 
therapeutic effects of PRP15,40.

The literature suggests that double centrifugation techniques 
are more effective for obtaining platelet-rich and leukocytes-
poor PRP (LP-PRP), which can reduce undesirable inflammatory 
processes and increase the stability of bioactive factors. This 
approach has been instrumental in optimizing the use of PRP 
in musculoskeletal injuries and degenerative diseases, ensuring 
greater predictability of clinical outcomes41,44,46-48.

5.3. Expanding PRP to developing countries

The need for a reproducible and low-cost protocol is essential 
for the technique to be widely replicated and used in developing 
countries, benefiting a greater number of patients. The literature 
highlights that the accessibility of regenerative therapies is still 
a global challenge, with financial and structural barriers limiting 
their implementation in public health systems49.

Innovative alternatives, such as simplified centrifugation 
devices and the use of low-cost materials, have been explored 
to make PRP feasible in less favored populations. Models 
adapted for hospital use can significantly reduce costs without 
compromising the biological efficacy of the therapy13,40,47.

In addition, training and capacity building initiatives for 
health professionals in low- and middle-income countries are 
essential to ensure the correct application of PRP and maximize 
its clinical benefits. Easy-to-implement protocols and continuing 
education can facilitate the adoption of the technique on a large 
scale, promoting equity in access to regenerative therapies15.

5.4. Implications for public health and regenerative medicine

Orthobiologics therapies such as PRP, when accessible 
through low-cost preparation systems, can reduce surgical 
demand, shorten rehabilitation time and improve quality of 
life. This is particularly relevant in the management of chronic 
conditions such as osteoarthritis, which generate high economic 

and emotional impact13.

The development of our closed, accessible and patent-
free system is aligned with the principles of public health - 
universality and equity. We propose future multicenter studies 
for clinical validation in diverse orthopedic populations and 
conditions50.

6. Conclusion
This study proposes an innovative protocol for the preparation 

of platelet-rich plasma (PRP), characterized by reproducibility, 
scalability and economic viability. Using a closed vacuum-based 
system, we were able to optimize platelet concentration with 
minimal activation, ensuring a safe and effective alternative to 
commercially available kits.

In addition to demonstrating high yield and reliability, the 
protocol presented has the potential to democratize access to 
orthobiological therapies, especially in countries with limited 
resources. The simplification of the technique and its adaptation 
to different clinical scenarios can expand its use in public health 
systems, promoting equity in the provision of regenerative 
treatments.

In view of the promising results, large-scale clinical 
validation becomes essential to consolidate the effectiveness 
of the approach and establish standardized guidelines for its 
application. Future studies should explore the impact of PRP 
prepared by this method on various musculoskeletal conditions, 
enabling its definitive insertion into evidence-based medical 
practice.
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