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Introduction: Platelet-rich plasma is widely used for different types of clinical situations, but universal standardization of procedures for its preparation is still lacking.

Methods: Scoping review of comparative studies that have assessed at least two alternatives in one or more stages of preparation, storage and/or administration of PRP or its related products. A systematic search was conducted in MEDLINE, Embase, and LILACS. Two authors screened references independently. Data extraction was performed iteratively, and results were presented for each included comparison.

Results: Thirty-nine studies were included after assessing full texts, focusing on the comparison of PRP to a related product, types of anticoagulants, centrifugation protocols, commercial kits, processing time, methods for activation, and application concomitantly to other substances. Only laboratory outcomes were assessed, as platelet, leukocyte and growth factor concentrations.

Conclusion: Results showed great variability related to methods employed in different stages of PRP processing, which may explain the variability observed in clinical trials assessing the efficacy of PRP for different clinical situations.
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INTRODUCTION

Platelet-rich plasma (PRP) has been advocated as a therapeutic option for a vast array of clinical situations in different fields of Medicine and Dentistry (Albanese et al., 2013; Robins, 2017). The therapeutic effects of PRP have been attributed to the supraphysiological concentration of growth factors and cell adhesion molecules (Marx, 2004), ultimately leading to, among other effects, angiogenesis, cell proliferation, deposition of collagen, and mesenchymal stem cell differentiation (Smyth et al., 2013).

Despite the increasing demonstration of its efficacy by previous research (Roselló-Camps et al., 2015; Martinez-Zapata et al., 2016; Sadabad et al., 2016; Li et al., 2017), there is still considerable uncertainty about the characteristics of PRP that may lead to optimal results. Clear recommendations about the ideal concentration of platelets and growth factors are still lacking, although a number of studies suggest a dose-effect relation with a ceiling effect (Giusti et al., 2009). Additionally, other characteristics of PRP still remain object of debate, such as the benefits related to white blood cells in PRP (L-PRP) (Bielecki et al., 2012; Wang et al., 2018b).

The variability of procedures applied for preparing PRP and other related products, including plasma-rich fibrin (PRF), along all stages of preparation, such as centrifugation, activation and types of anticoagulants, challenges a uniform recommendation of standardized procedures (Russell et al., 2013). Different terminologies and classification schemes have been proposed to embrace the diversity of procedures for the preparation of PRP (Ehrenfest et al., 2010, 2014; DeLong et al., 2012; Magalon et al., 2016; Lana et al., 2017), as well as frameworks to allow discrimination and specification of processing quantitative and qualitative standards (Gentile et al., 2020).

From the clinical perspective, the lack of standardization hampers the comparation of results from clinical trials that may had employed different protocols for PRP production. This fact may explain the heterogeneity of results observed in these trials and contributes to the uncertainties related to the clinical effects of PRP (Vos et al., 2014). Additionally, the diversity of methods embedded in PRP preparation defies the delineation of regulatory norms, which, by its turn, may contribute to the permissiveness toward substandard practices.

The objectives of this scoping review were to identify and summarize methods employed for preparation, storage and administration of PRP and its related products, and to identify the gaps of knowledge, following an evidence-based approach.



MATERIALS AND METHODS


Study Design

This scoping review was developed in five stages, namely (i) definition of the research question, (ii) elaboration of search strategies, (iii) assessment of study eligibility, (iv) data extraction, and (v) summary of findings. This methodological framework was first proposed by Arksey (Arksey and Malley, 2005) and later revised by Levac (Levac et al., 2010). The study report was structured in a way to contemplate all items of the PRISMA extension for scoping reviews (PRISMA-ScR) (Tricco et al., 2018). A protocol describing the review methods was a priori developed and made available at Open Science Framework (doi: 10.17605/OSF.IO/3WZEP).



Definition of the Research Questions

Research questions were prospectively defined to reflect the aspects susceptible to variability during preparation, storage and administration of PRP. Research questions are presented in Box 1. These questions were iteratively expanded during the stage of data extraction.


Box 1. Predefined research questions.

• Methods for obtaining PRP (e.g., open systems, closed systems).

• Activation methods.

• Centrifugation protocols.

• Methods applied for quality control.





Search Strategies

Search strategies were applied in MEDLINE (via PubMed), Embase (via Elsevier) and LILACS – (via Biblioteca Virtual em Saúde, BVS), on 23rd November 2018 (Supplementary Material). Additionally, reference lists of included studies were hand searched aiming at identifying potentially eligible studies.



Eligibility Criteria, Study Screening and Data Extraction

Inclusion and exclusion criteria were iteratively defined along data extraction, as previously recommended by Arksey and Levac (Arksey and Malley, 2005; Levac et al., 2010; Table 1). Different types of primary study designs, such as randomized controlled trials, non-randomized trials and in vitro studies were considered for inclusion, provided they had assessed at least two alternatives for any stage of preparation of PRP. Studies conducted before 2000 were not considered for inclusion, given that they might not reflect the current standard of practice due to the fast evolution of the field along the last two decades.


TABLE 1. Inclusion and exclusion criteria.

[image: Table 1]Screening of studies was performed at two stages. At the first stage, titles and abstracts were screened independently by two authors, with resolution of disagreements by consensus. At the second stage, full texts were assessed and confronted against the inclusion and exclusion criteria, as they were iteratively defined. Both stages of study screening were conducted in the Rayyan platform (Ouzzani et al., 2016).



Data Extraction

Data extraction was performed in a Microsoft Excel® spreadsheet (2016). The framework for data extraction was a priori defined in a way to reflect the research questions. The final framework was achieved after incorporating relevant aspects.



Summary of Findings

Study screening was documented and presented in a PRISMA flow diagram. Results were presented narratively, grouped by stage of preparation and administration of PRP.



RESULTS

Electronic searches retrieved 2,757 references. Two additional references were additionally identified. After removing duplicates, titles and abstracts of 2,552 references were screened, leading to a selection of 94 studies. Thirty-nine studies were included after the assessment of full texts (Figure 1). The list of excluded studies at the full text stage and reasons for exclusion are presented in Supplementary Material.
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FIGURE 1. Study flow diagram.



Characteristics of Included Studies


Study Design

One non-randomized clinical trial was included (Alhumaidan et al., 2011). The other included studies were in vitro controlled studies employing different methods for any one of stage of production of PRP or related products.



Research Questions

Included studies addressed different research questions, namely (i) comparison of PRP to related products; (ii) different commercial kits for PRP processing; (iii) types of anticoagulants; (iv) centrifugation protocols; (v) time for PRP processing; (vi) activation methods; and (vii) combined use with other substances.



Comparisons of Included Studies


PRP compared to other platelet concentrates

Five studies compared the characteristics of PRP to other platelet concentrates (Lachert et al., 2011; Cavallo et al., 2014; Kobayashi et al., 2015; Mariani et al., 2015; Kieb et al., 2017). These studies compared PRP with PRP with leukocytes (L-PRP) (Cavallo et al., 2014; Mariani et al., 2015); powdered PRP (Kieb et al., 2017); and PRF (Kobayashi et al., 2015).

In the study by Cavallo et al. (2014), PRP was compared to L-PRP, regarding the potential of inducing in vitro chondrocyte proliferation, concentration of growth factors (GFs) and production of cartilage matrix. L-PRP was demonstrated to present higher concentration of GFs. Both types of platelet concentrate induced chondrocyte proliferation, however PRP was associated with more expressive cell proliferation after seven days of cell culture. PRP-L induced higher levels of genic expression of hyaluronic acid synthase-2.

Mariani et al. (2015) compared PRP to L-PRP in relation to antimicrobial properties, after incubation assays with different pathogens. Both types of platelet concentrate inhibited bacterial growth during a four-hour period of incubation.

Kieb et al. (2017) compared PRP to PRP powder. PRP powder was obtained after sequential stages of depuration of cell components, leading to protein concentration of 30 g/ml. Platelet, leukocyte and GF concentrations were assessed. Both PRP and PRP powder presented higher concentration of GFs (VEGF, bFGF, PDGF-AB and TGF-b1), when compared to whole blood. PRP powder showed higher concentrations of these GF, when compared to PRP.

In the study by Kobayashi et al., PRF was compared to PRP in relation to concentration of GF and the angiogenic and healing effects (Kobayashi et al., 2015). Higher concentration of PDGF-BB was observed in PRP. Results for angiogenic GFs (VEGF and DLL1) were deemed inconsistent. The scratch assay showed better responses of healing for PRF. Similarly, PRF was considered superior regarding neovascularization.

Xian et al. (2015) compared the potential to induce keratinocyte and fibroblast differentiation for PRP with different concentrations (10% PRP and 20% PRP). Concentrations of GFs, cell viability and responses to the scratch assay were also assessed. Higher concentrations of HGF and VEGF-a were found in 10% PRP. Other GFs were not detected in neither of the two groups. Cell cultures with 10% PRP presented more abundant keratinocyte proliferation, however, cultures with 20% PRP showed more collagen fibers types I and III.



Comparisons between PRP with different GFs and platelet concentrations

Han et al. (2007) compared PRP with different concentrations of TGF-β1 and PDGF, by assessing its potential to induce proliferation of periodontal ligament cells. The effects on cell proliferation and differentiation occurred following a dose-response gradient, with an ideal concentration of TGF-β1determined to be in the range of 50 to 100 ng/ml. No increments were observed with concentrations higher than 100 ng/ml, suggesting a ceiling effect.

The ideal platelet concentration for activated and non-activated PRP, regarding the potential to induce mesenchymal cell proliferation, was addressed by Wang et al. (2018a) Proliferation cell was increasingly more pronounced for platelet concentration from 200.000/ml to 1.500.000/ml, but with no further increments above 1.500.000/ml, which reinforces the existence of a ceiling effect.



Commercial kits for PRP preparation

Four studies compared the performance of different commercial kits, regarding platelet, leukocytes and GF concentration and platelet activation (Castillo et al., 2011; Magalon et al., 2014; Degen et al., 2017; Fitzpatrick et al., 2017).

Castillo et al. (2011) compared three commercial kits for PRP preparation (MTF Cascade, Arteriocyte Magellan, and Biomet GPS III PRP), in relation to platelet, leukocyte concentrations and to the concentration of PDGF-AB, PDGF-BB, TGF-β1, and VEGF. There was no statistically significant difference in relation to platelet concentration across different types of commercial kits. However, leukocyte concentration was significantly lower for the MTF Cascade system, followed by the Arteriocyte Magellan system. PRP produced by the Biomet GPS III system presented the highest leukocyte concentrations. There were observed differences related to the concentration of PDGF-AB, PDGF-BB, and VEGF, with no differences in TGF-β1 concentration. Arteriocyte Magellan yielded PRP with statistically higher concentrations of PDGF-AB and PDGF-BB, when compared to MTF Cascade. PRP produced by Biomet GPS III presented the highest concentration of VEGF.

The performance of several systems was assessed by Degen et al. Commercial kits that were tested included Arteriocyte Magellan, Biomet GPS III, Arthrex Angel 2% and 7%, Emcyte Genesis CS and Harvest SmartPrep APC + (Degen et al., 2017). Centrifugation protocols varied across different commercial kits, respecting the recommendations of manufacturers. Outcomes assessed included platelet and leukocyte concentration and pH. Overall, there was no significant differences related to platelet concentration, except for the 7% Arthrex Angel system, which led to higher concentrations of platelets than Genesis CS (2,310,000 ± 524,000 vs. 1,129,000 ± 264,000/mm3). In relation to leukocyte concentration, the observed variability did not reach statistical significance, with the exception of 2% Arthrex Angel, that showed statistically significant differences when compared to GPS III (11,000 ± 4,500 vs 27,300 ± 7,100/mm3). The pH of PRP obtained with SmartPrep APC + was lower (6.95 ± 0.06) when compared to other systems (≥ 7.26 ± 0.06).

Fitzpatrick compared four commercial systems for PRP production (PS III, Smart-Prep2, Arteriocyte Magellan, and ACP), in relation to platelet and leukocyte concentration, pH and platelet activation (Fitzpatrick et al., 2017). ACP system was associated with lower platelet concentration (1 to 1.7 times basal values), when compared to the PS III, Smart-Prep2 and Arteriocyte Magellan systems, which were associated to increases in platelet concentration in the magnitude of 3 to 6 times of basal values. The only system associated with leukocyte reduction was the ACP system (1,300/mm3; reduction of 5 to 22 times the basal values). The other systems were associated with increases in the concentration of leukocytes from 3 to 5 times the basal values. Mean pH of end product ranged between 6.59 (SmartPrep) to 7.05 (GPS). Lower levels of pH were associated with ACD-A.

In the study by Magalon et al., five systems were compared, two using a gel separation (SelphylSystem e RegenPRP), and three using centrifugation (Mini GPS III, Arthrex ACP, and the system developed in the laboratory study) (Magalon et al., 2014). Outcomes assessed included platelet, leukocyte and GF (VEGF, PDGF-AB, EGF, and TGF-b1) concentrations, and platelet activation. Mini GPS III System yielded higher platelet concentrations, when compared with the laboratory system, which by its turn was associated with higher platelet concentrations than the Regen PRP and Selphyl Systems. Mini GPS III and Regen PRP systems produced PRP with leukocyte concentration, as oppose to the Selphyl System, and the laboratory system, which led to leukocyte concentrations lower than basal values. Mini GPS III System was associated with higher concentrations of VEGF and EGF.



Anticoagulant and antiaggregating agents employed during PRP preparation

Amaral et al. (2016) compared PRP obtained with different anticoagulants regarding the potential of inducing proliferation of mesenchymal cells. Anticoagulants employed were EDTA, sodium citrate and ACD-A. Outcomes assessed were platelet and GF (TGF-1 and VEGF) concentrations, mean platelet volume. PRP generated from blood samples collected with EDTA exhibited more platelets, followed by sodium citrate and ACD-A. The number of platelet cells obtained with sodium citrate was 16,3% lower in relation to the EDTA samples, while the number of platelets in ACD-A samples was 23% lower than EDTA and 8% lower than sodium citrate. However, mean platelet volume was higher in EDTA samples, which suggests alterations in platelet morphology and reduced cell viability. Despite these findings, no difference in relation to TGF-1 and VEGF concentrations. Sodium citrate samples were associated with less proliferation of mesenchymal cells.

Two protocols for PRP production were compared by Anitua et al., one called physiological protocol, with less anticoagulants (0.4 mL of trisodium citrate 3,8%) and less intense platelet activation to a conventional protocol (0,9 mL of trisodium citrate 3,8%) (Anitua et al., 2016). Therefore, two interventions were simultaneously applied, preventing estimates for each intervention in separate. Assessed outcomes were platelet concentration, platelet activation, GF concentration (TGFβ1, IGF-1, VEGF, and PDGF-AB), and induction of fibroblast proliferation. Physiological protocol was associated with higher platelet and GF concentration, although exhibiting less platelet activation.

The employ of anticoagulants (ACD-A or heparine), in isolation or combined to the antiaggregant PGE1, was assessed by Fukaya and Ito (2014) Two activation methods were employed (0,5% Triton X and calcium gluconate 8.5%), beyond a control group with no activation. Assessed outcomes included platelet and PDGF-BB concentrations. In relation to platelet concentration, results were inconsistent across different samples, preventing conclusions. Both for inactivated and calcium-gluconate activated PRP, higher PDGF-BB concentrations were obtained with the concomitant utilization of ACD-A and PGE1. Results for PRP activated by Triton X were inconsistent across tested samples.

Kraus et al. (2018) compared ACD-A to sodium citrate, in relation to platelet concentration and morphology, through automatized analysis. The utilization of ACD-A was associated with higher platelet concentration, as well as with evidence of a more intense platelet activation, when compared to the employ of sodium citrate.

Other study compared three different types of EDTA, sodium citrate and ACD-A during PRP production for alopecia treatment in males (Singh, 2018). Platelet concentration and morphology were assessed, however clinical outcomes were not reported. Platelet concentration was higher in ACD-A samples (310%), when compared to EDTA (110%), or sodium citrate (100%) (p < 0,001). Morphological aspects, such as size, shape and the activation pattern, were more preserved in ACD-A samples.



Methods for activation

Lachert et al. (2011) compared GF concentration in PRP and in platelet gel, before and after thawing. Platelet gel was obtained by activating PRP with thrombin solution. TGF β1 concentration was 7 to 9 times higher in platelet gel. Higher concentrations were obtained after thawing. The same finding was observed in relation to PDGF-AB concentrations.

Lee et al. (2013) compared inactivated PRP to PRP activated by lyophilized thrombin plus calcium chloride. Assessed outcomes were GF (PDGF-AB, PDGF-BB and TGF-β) concentrations. There were no statistically significant differences related to GF concentrations between activated and inactivated PRP.

Vahabi et al. (2017) compared the effects of PRP activated by 10% calcium gluconate to inactivated PRP, in relation to the potential to induce fibroblasts and osteoblasts proliferation in vitro. Activated PRP was associated with more intense cell proliferation, with statistically significant results.

In the study by Anitua et al. (2016) two different protocols for PRP production were compared, namely the physiological protocol, employing lower quantities of anticoagulants and activators, and the conventional protocol. Due to the combined employment of interventions, separate estimates for each intervention were not possible. PGRF-Endoret was the activation substance in both study arms, with varying concentrations (20 microl/ml in the physiological protocol and 50 microl/ml in the conventional protocol). The physiological protocol was associated with higher platelet and GF concentrations, but with lower platelet activation.

Sadeghi-Ataabadi et al. (2017) compared different concentrations of calcium chloride (2.5; 5 and 10%) to activate PRP. Authors assessed the properties of the fibrine matrix and the potential to induce fibroblast proliferation. Higher rates of cell adhesion and cell proliferation were obtained with 2.5% calcium chloride. Cultures with PRP activated by 10% calcium chloride presented cells with fusiform morphology and a parallel configuration of stress fibers, while cultures with PRP activated with lower concentrations of calcium chloride showed typical fibroblast cells and stress fibers distributed in a net configuration.

Cavallo et al. (2016) compared 10% calcium chloride, 10% autologous thrombin, calcium chloride plus autologous thrombin, or 10% type I collagen. Assessed outcomes included concentrations of VEGF, TGF-β1 and PDGF-AB. Activation by collagen type I was associated with an overall reduction of GF concentrations. PRP activated by thrombin, calcium chloride plus autologous thrombin, and 10% type I collagen showed an immediate release of PDGF, and a progressive pattern of VEGF release along the period from 15 min to 24 h. Calcium chloride was associated with a progressive release of all GFs, with release starting from 15 min after activation up to 24 h.

Çetinkaya et al. (2016) compared activation by freezing to 10% calcium gluconate. Freezing temperature was −80°C for 24 h. Assessed outcomes included IGF-1, PDGF-BB, and βFGF concentrations. There was statistically significant difference related to PDGF concentration, favoring activation by freezing. There were no statistically significant differences concerning other GFs.

Thermal methods of activation were compared to activation with thrombin in the study by Du et al. (2018). The thermal protocol consisted in centrifugation under 4oC, with subsequent reheating to 37oC. Assessed outcomes included platelet count, GF (VEGF, PDGF-AB, PDGF-BB, TGF-α, βFGF, EGF and IGF) concentration. Platelet concentration was significantly higher with PRP activated by thermal methods. The pattern of GF release was considered more stable in samples activated with the thermal protocol.

Tunali et al. (2014) compared activation by the employ of titanium tubes to PRP with no activation, having assessed the histological properties of the fibrin net. Titanium activation was associated with larger fibrin nets.

Two studies compared the effects of activated and non-activated PRP on clinical outcomes. In the study conducted by Gentile et al. (2017) one group of participants with androgenetic alopecia were treated with autologous non-activated PRP and the other group was treated with calcium-activated PRP. Both activated and non-activated PRP groups presented increases in epidermal thickness and number of follicles, but concentrations of PDGF-BB, TGF-β1, and VEGF were higher in activated PRP. In Gentile et al. (2020), participants with androgenetic alopecia received activated and non-activated PRP. Short-term results in trichoscopy with non-activated PRP were more expressive than those observed in the activated-PRP group. This difference was statistically significant (p < 0.01). Long-term results of hair density also favored non-activated PRP (Gentile and Garcovich, 2020a).



Centrifugation protocols


Single versus double centrifugation

Single centrifugation protocol was compared to double centrifugation for PRP production in the study by Carofino et al. (2012). Single centrifugation protocol consisted in centrifugation under 1,500 rpm for 5 min. Double centrifugation involved a first centrifugation under 1,500 rpm for 5 min, followed by a second centrifugation under 6,300 rpm for 20 min. Centrifugal force was not reported. Assessed outcomes included platelet and leukocyte concentrations. Single protocol resulted in platelet concentration 3.6 times the basal values, while the double protocol resulted in increases of 3.3 times the basal values. Double centrifugation protocol was associated with lower leukocyte concentrations.

Mazzocca et al. (2012) compared three centrifugation protocols, in relation to platelet, leukocyte and GF (VEGF, HGF, IGF-1 and PDGF-AB) concentration and in relation to the potential to induce proliferation of human bone and muscle cells. Protocol 1 consisted in a single centrifugation under 500 rpm for 5 min. Protocol 2 involved a single centrifugation under 3200 rpm for 15 min. Protocol 3 involved two centrifugations, the first under 1500 rpm for 5 min, and the one under 6,300 rpm for 20 min. Centrifugal forces were not reported.

Protocol 2 was associated with higher platelet counts when compared to protocols 1 and 3. There was no statistically significant differences between protocols 1 and 3. Protocol 2 also resulted in the highest leukocyte counts (20,500 ± 6,700/mm3), while Protocol 1resulted in lowest leukocyte counts (600 ± 300/mm3). Protocol 3 resulted in intermediate values for leukocyte counts (1,700 ± 1,800/mm3), with values lower than those in whole blood (5,600 ± 1,700/mm3). Protocol 2 was the most effective in obtaining higher GF concentrations, with exception of VEGF-A. Protocol 1 was associated to higher concentrations of HGF, IGF-1 and PDGF-AB, in comparison to Protocol 3. Protocol 3 was more effective in inducing osteoblast proliferation, with no differences between Protocols 1 and 2. There was no difference across the three protocols in relation to myocyte or tenocyte proliferation.

Pochini et al. compared a single centrifugation protocol to two commercial kits employing double centrifugation, namely the Magellan and the GPSIII systems, in relation to platelet, leukocyte and GF (FGF-2 e TGF-beta1) concentrations (de Pochini et al., 2016). Both systems are associated with high leukocyte concentrations in the end product. The single centrifugation protocol consisted in applying a centrifugal force of 650 g for 8 min. The protocols of double centrifugation were performed as recommended by each manufacturer. The single-centrifugation protocol was associated with higher concentrations of TGF-β1, but with a lower concentration of FGF-2, when compared to both double-centrifugation protocols. The platelet concentrations obtained by the employ of the Magellan system was 2.7 (CI95% 2.11-3.95) times higher than those of samples processed with the GPSIII system. PRP obtained by the employ of the single-centrifugation protocol presented the lowest platelet concentrations. The GPSIII system was associated with the highest leukocyte concentrations, followed by the Magellan system.

Tamimi et al. (2007) compared a single-centrifugation protocol to double centrifugation for the prepare of PRP gel (Tamimi et al., 2007). Single centrifugation protocol consisted in applying 280g (1500 rpm) for seven minutes. The double centrifugation protocol consisted in applying 160 g (1300 rpm) for 10 min during the first centrifugation, followed by a second centrifugation of 400 g for 10 min. Platelet count and the ultrastructural analysis of PRP gel were assessed. Higher platelet concentrations were observed with the employ of the double-centrifugation protocol (352% of basal values), in comparison with single centrifugation (232% of basal values). However, the double-centrifugation protocol was associated with ultrastructure alterations of PRP gel, with fibrin agglutination.

Three centrifugation protocols for PRP processing were compared in the study by Kutlu et al. (2013) Protocol 1 employed single centrifugation at 43 g (1000 rpm) for 10 min. Protocol 2 employed double centrifugation, with the first at 103 g (2400 rpm) for 10 minutes and the second at 230 g (3600 rpm) for 15 min. Protocol 3 employed a first centrifugation at 129 g (3000 rpm) for three minutes and the second at 129 g (3000 rpm) for 13 min. PRP obtained by double-centrifugation protocols (Protocols 2 and 3) were associated with higher platelet concentrations. There was no statistically significant difference between Protocol 2 and 3.



Centrifugal forces

Kececi et al. (2014) employed a double-centrifugation protocol, by varying the centrifugal forces during the second centrifugation. The first centrifugation was performed at 250 g for 10 min. The second centrifugation was performed at 300, 500, 750, 1000, 1500, and 2000 g for 10 min. Platelet concentrations increased as centrifugal forces raised from 300 to 2000 g. The magnitude of increases was of 1.92, 2.16, 2.80, 3.48, 3.67, and 3.76 times basal values for centrifugal forces of 300, 500, 750, 1000, 1500, and 2000 g, respectively.

Ehrenfest et al. compared four commercial centrifuges (original L-PRF centrifuge®, A-PRF 12®, Salvin 1310® and LW -UPD8® for the processing of L-PRF (Ehrenfest et al., 2018). All samples were centrifuged once at 400 g for 12 min. Cell morphology and features of the fibrin matrix were assessed. The PRF obtained with the Intra-Spin® centrifuge showed a highly polymerized fibrin matrix, with thick fibrin fibers and cells presenting physiological morphology. The other centrifuges produced PRF with thinner fibrin fibers, and irregular body cells with reduced dimensions.

In the study by Perez et al. (2014) the effects of varying centrifugal forces in both stages of double-centrifugation protocols were investigated. First centrifugation applied centrifugal forces ranging from 50 to 820 g (50, 70, 100, 190, 280, 370, 460, 550, and 820) for 10 min. The second centrifugation applied forces of 200, 400, 800, 1200, and 1600 g for 10 min, after a standard first centrifugation at 100 g for 10 min. Authors assessed platelet concentrations and platelet integrity. For the first centrifugation, greatest platelet concentrations were observed between 70 to 100 g, with decreases being observed above 190 g. The recovery rate of leukocytes ranged between 5 to 10%, independently of the centrifugal force applied during the second centrifugation. The most effective protocol for optimizing platelet concentration (5 times the basal values) was the double-centrifugation protocol, at 100 g for 10 min during the first centrifugation, followed by a second centrifugation at 400 g for 10 min. This protocol was also associated with platelet integrity.



Duration of centrifugation

Eren et al. (2016) compared 10 to 12-minute centrifugation for PRF processing, in relation to GF concentrations and cell composition of the end product. A single-centrifugation protocol at 400 g (2660 rpm) for 10 or 12 min was applied. The analyses carried out at 24 and 72 h showed higher concentration of VEGF, in samples obtained with the 12-min centrifugation protocol. The duration of the centrifugation did not influence the concentration of PDGF and TGF-ß or the platelet concentration.

Yin et al. compared double-centrifugation protocols, by applying different durations and forces of centrifugation in both stages (Yin et al., 2017). The assessed outcomes included platelet function and the potential to induce proliferation of mesenchymal cells. First centrifugations were performed at 10 g for 15min; 110 g for 15min; 130 g for 10 min; 130 g for 15 min; 160 g for 10 min; 160 g for 15 min; or 180 g for 10 min. Second centrifugation was performed at 80 g for 10 min; 180 g for 15 min; 250 g for 10 min; 250 g for 15 min; 450 g for 10 min; or 450 g for 15 min. Results indicated that a first centrifugation at 160 g for 10 min, followed by a second centrifugation at 250 g for 15 min led to the highest platelet and GF concentration, with preservation of the platelet function (P < 0.05). PRP obtained under these conditions induced more proliferation and migration of mesenchymal cells (P < 0.05), but with no impact over cell survival.



Duration of PRP processing time

Abu Kasim and Al-Hassan (2016) compared processing times for PRP produced at room temperature. PRP obtained with an 8-h processing time was compared to samples processed along 24 h. Platelet and leukocyte counts, platelet activation, and pH were assessed. PRP prepared along the 24-h period exhibited lower leukocyte concentrations. Differences in pH were observed, with lower pH for samples prepared in 24 h (pH = 7.3 ± 0,05), when compared to 8-hour samples (pH = 7,4 ± 0,13) (p < 0.001). Authors concluded that the differences were not clinically relevant, however no microbiological testing was performed to guarantee lack of contamination.



Storage conditions

The utilization of residual plasma at 20 to 24°C after centrifugation with glucose additive solution at room temperature for storing PRP was evaluated in the study by Alhumaidan et al. (2011). Authors assessed platelet and leukocyte counts, and platelet morphology. There were no differences related to platelet or leukocyte counts. Samples stored in the glucose additive solution presented more physiological morphology, when compared to the storage in residual plasma.



Combined use of PRP and other substances

Carofino et al. (2012) assessed the utilization of PRP in isolation or simultaneously to lidocaine 1%, bupivacaine 0.5%, and methylprednisolone, in relation to the potential to induce tenocyte proliferation (Carofino et al., 2012). All three substances resulted in less tenocyte proliferation (p = 0,05), with more pronounced reductions observed lidocaine and bupivacaine.

The influence of two types of iodinated contrast on the PRP characteristics were assessed in one study, considering that iodinated contrasts are frequently employed to guide intra-articular application of PRP (Dallaudiere et al., 2018). Assessed outcomes were platelet concentration, percentage of platelet aggregation, and platelet activation. Iodinated contrasts employed were Iodixanol and Iopamidol. There were no differences between PRP in isolation to PRP in association with both types of contrasts.

The association of PRP to hyaluronic acid in relation to final TGF-b1 and PDGF-AA concentration was assessed in another study. Release of TGF-b1 and PDGF-AA on the fifth day were greater with PRP combined to hyaluronic acid.

Most important results are synthesized in Supplementary Table 2.



DISCUSSION

Our results reflect the great variability embed in each step necessary for the preparation of PRP and related products, from the choice of anticoagulants during blood collection to the use of activation methods.

Studied anticoagulants included EDTA, ACD-A and sodium citrate. The employ of ACD-A was associated to the preservation of platelet morphology, with no effects on GF concentrations. Sodium citrate was associated with greater induction of proliferation of mesenchymal cells.

Double-centrifugation protocols was associated with higher platelet concentrations and to the decrease of leukocyte concentrations. However, these protocols are associated with lower concentrations of GFs, such as HGF, IGF-1 and PDGF-AB, probably by the loss of GFs contained within leukocytes. For PRP gel, double-centrifugation protocols lead to ultrastructural alterations of the fibrin net and fibrin agglutination.

The duration of the centrifugation time has also been shown to influence the concentration of at least some GFs. Centrifugation at 400 g for 12 min seems to be superior to 400 g for 10 min, regarding the concentration of VEGF. The same was observed in relation to the centrifugal force. For double-centrifugation protocols, the optimal centrifugal force for the first centrifugation seems to range between 70 to 100 g. For the second step, centrifugation at 2000 g for 10 min result in a platelet concentration 3.76 times greater than the basal values. When platelet integrity and viability were considered, the optimal centrifugation protocol was at 100 g for 10 min for the first centrifugation, followed by a second centrifugation at 400 g for 10 min.

Commercial kits currently available for PRP preparation employ different protocols of centrifugation, and therefore, variability in the characteristics of the end product are expected. Indeed, the platelet concentration ranged from 1.7 to 6 times the basal values, across kits from different manufacturers. In relation to the time of PRP processing, one study compared 24-h to 8-h processing time. No differences were observed in relation to platelet concentrations; however, microbiological tests were not performed to ensure the safety of extending the processing time.

Activation of PRP by calcium gluconate 10% was associated with greater potential of inducing osteoblast and fibroblast proliferation, but not to higher platelet or GF concentrations in some studies. Thermal activation seems to be a viable alternative, being associated with higher platelet concentrations, when compared to the activation by calcium gluconate 10%. For PRF processing, the employ of titanium tubes as an activation method was associated to more extensive fibrin net.

Concomitant application of PRP to lidocaine, bupivacaine and methylprednisolone was found to impact the expected biological action of PRP, therefore, caution should be taken when considering the combined use of these substances. The same was not observed with iodinated contrasts, commonly used to guide intra-articular injections, or with hyaluronic acid, that may even have a synergic effect, increasing GF release.

All this variability in PRP processing imposes one further question, related to definition of the ideal characteristics of PRP, in terms of the optimal platelet and GF concentrations. Some of the included studies point to a dose-response effect between the platelet and GF concentrations and the expected biological effects of PRP, with a ceiling effect.

To the best of our knowledge, this is the first attempt to review comparative studies that focused on different methods for each stage of PRP processing. In the systematic review conducted by Gentile et al. focusing on optimal concentration of PRP, results shown that higher concentrations of PRP may be associated with a significant decline in cell proliferation (Gentile and Garcovich, 2020b), which stresses the need for standardization of procedures in this regard. In other systematic review, recently conducted by Chahla et al. (2017) studies in which PRP was used for musculoskeletal conditions were assessed in relation to the reporting of the applied methods for PRP processing or of the composition of the final product. Authors found that only 10% of studies provided a clear description of the preparation protocol and only 16% provided quantitative parameters on the final composition of PRP.

The major limitation of the present study refers to the need of analyzing each step of the production process independently. We acknowledge that PRP production is a sequential process, rather than a combination of independent steps, but a framework to explore all types of results presented in included studies was needed. As most included studies assessed a single step in the process rather than sequential processes, the applied framework was built to reflect how comparative research in the field is being developed. Our scoping review did not embrace all sources of diversity related to the preparation and administration of platelet-rich plasma, but the reason for this was the fact that we did not identify any study comparing different techniques for certain steps of the production process. As our study included only comparative research, it was not possible to present evidence or draw conclusions on questions such as the use of handmade techniques in comparison to use of commercial kits, or the effects of light activation versus other methods of activation. Similarly, we did not find comparative research on the influence of red blood cell or peripheral blood mononuclear cells or on the role of image guidance during the application of platelet concentrates.

Protocols for PRP production should be clearly defined for each stage of processing, in accordance with desired biological effects. All studies included in this review focused on laboratorial outcomes, such as platelet, leukocyte, and GF concentrations, or on the potential to stimulate cell proliferation. The choice of this type of outcome relies on feasibility issues, however, the lack of clinical trials comparing PRP obtained from different methods precludes ultimate conclusions about the definition of best methods for PRP processing, under the perspective of efficacy, effectiveness and safety. This conundrum becomes even more complex, considering the vast universe of clinical situations for which PRP has been used. It is logical to assume that the ideal characteristics of PRP should differ in relation to platelet, leukocyte and GF concentration, for each type of clinical situation.



CONCLUSION

Evidences found in this scoping review showed great variability related to methods for different stages of PRP processing, such as choice of anticoagulants during blood collect, centrifugation protocols, employ of activation methods, among others. This variability may justify the variability of clinical effects of PRP across different clinical trials.



AUTHOR CONTRIBUTIONS

DP, ÂB, and RR developed the study protocol, performed searches, screened references, performed narrative synthesis, and developed the first draft. AA and AM-J participated in the protocol elaboration and revised the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

Projeto de Apoio ao Desenvolvimento Institucional do Sistema Único de Saúde (PROADI–SUS), Hospital Sírio-Libanês and the Brazilian Ministry of Health



ACKNOWLEDGMENTS

The authors are thankful to João Batista da Silva Júnior and to Christiane da Silva Costa, from ANVISA, for their valuable comments along the conduction of this review.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcell.2020.598816/full#supplementary-material



REFERENCES

Abu Kasim, H., and Al-Hassan, F. (2016). Assessment of platelet concentrate prepared from fresh and overnight held whole blood. Asian J. Pharm. Clin. Res. 9, 16–20. doi: 10.22159/ajpcr.2016.v9i6.11715

Albanese, A., Licata, M. E., Polizzi, B., and Campisi, G. (2013). Platelet-rich plasma (PRP) in dental and oral surgery: from the wound healing to bone regeneration. Immun. Ageing 10:3. doi: 10.1186/1742-4933-10-23

Alhumaidan, H., Cheves, T., Holme, S., and Sweeney, J. D. (2011). Manufacture of pooled platelets in additive solution and storage in an ELX container after an overnight warm temperature hold of platelet-rich plasma. Am. J. Clin. Pathol. 136, 638–645. doi: 10.1309/AJCPFD87THDWCSVA

Amaral, R., Silva, N., Haddad, N., Lopes, L., Ferreira, F., Bastos Filho, R., et al. (2016). Platelet-Rich plasma obtained with different anticoagulants and their effect on platelet numbers and mesenchymal stromal cells behavior in vitro. Stem Cells Int. 2016:7414036. doi: 10.1155/2016/7414036

Anitua, E., Prado, R., Troya, M., Zalduendo, M., de la Fuente, M., Pino, A., et al. (2016). Implementation of a more physiological plasma rich in growth factor (PRGF) protocol: anticoagulant removal and reduction in activator concentration. Platelets 27, 459–466. doi: 10.3109/09537104.2016.1143921

Arksey, H., and Malley, L. O. (2005). Scoping studies: towards a methodological framework. Int. J. Soc. Res. Methodol. 8, 19–32. doi: 10.1080/1364557032000119616

Bielecki, T., Ehrenfest, D. M. D., Everts, P. A., and Wiczkowski, A. (2012). The role of leukocytes from L-PRP / L-PRF in wound healing and immune defense: new perspectives. Curr. Pharm. Biotechnol. 13, 1153–1162. doi: 10.2174/138920112800624373

Carofino, B., Chowaniec, D. M., McCarthy, M. B., Bradley, J. P., Delaronde, S., Beitzel, K., et al. (2012). Corticosteroids and local anesthetics decrease positive effects of platelet-rich plasma: an in vitro study on human tendon cells. Arthroscopy 28, 711–719. doi: 10.1016/j.arthro.2011.09.013

Castillo, T. N., Pouliot, M. A., Kim, H. J., and Dragoo, J. L. (2011). Comparison of growth factor and platelet concentration from commercial platelet-rich plasma separation systems. Am. J. Sports Med. 39, 266–271. doi: 10.1177/0363546510387517

Cavallo, C., Filardo, G., Roffi, A., Kon, E., Marcacci, M., Desando, G., et al. (2014). Platelet-rich plasma to stimulate cartilage healing, which product? a comparative in vitro study. Osteoarthr. Cartil. 22:S487. doi: 10.1016/j.joca.2014.02.926

Cavallo, C., Roffi, A., Grigolo, B., Mariani, E., Pratelli, L., and Merli, G. (2016). Platelet-Rich plasma: the choice of activation method affects the release of bioactive molecules. BioMed. Res. Int. 2016:6591717. doi: 10.1155/2016/6591717

Çetinkaya, R. A., Eker, I., Yilmaz, S., Ünlü, A., Pekel, A., Saǧkan, R. I., et al. (2016). A new method for activating platelets in platelet-rich plasma to use in regenerative medicine: a cycle of freezing and thawing. Rev. Haematol. 101:646.

Chahla, J., Cinque, M. E., Piuzzi, N. S., Mannava, S., Geeslin, A. G., Murray, I. R., et al. (2017). A call for standardization in platelet-rich plasma preparation protocols and composition reporting. J. Bone Jt. Surg. 99, 1769–1779. doi: 10.2106/JBJS.16.01374

Dallaudiere, B., Crombé, A., Gadeau, A. P., Pesquer, L., Peuchant, A., James, C., et al. (2018). Iodine contrast agents do not influence platelet-rich plasma function at an early time point in vitro. J. Exp. Orthop. 5:47. doi: 10.1186/s40634-018-0162-164

de Pochini, A. C., Antonioli, E., Bucci, D. Z., Sardinha, L. R., Andreoli, C. V., Ferretti, M., et al. (2016). Analysis of cytokine profile and growth factors in platelet-rich plasma obtained by open systems and commercial columns. Einstein (Sao Paulo) 14, 391–397. doi: 10.1590/S1679-45082016AO3548

Degen, R. M., Bernard, J. A., Oliver, K. S., and Dines, J. S. (2017). Commercial separation systems designed for preparation of platelet-rich plasma yield differences in cellular composition. HSS J. 13, 75–80. doi: 10.1007/s11420-016-9519-9513

DeLong, J., Russel, R., and Mazzocca, A. (2012). Platelet-Rich plasma: the PAW classification system. Arthroscopy 28, 998–1009. doi: 10.1016/j.arthro.2012.04.148

Du, L., Miao, Y., Li, X., Shi, P., and Hu, Z. (2018). A novel and convenient method for the preparation and activation of prp without any additives: temperature controlled PRP. Biomed Res. Int. 2018:1761865. doi: 10.1155/2018/1761865

Ehrenfest, D. M., Pinto, N. R., Pereda, A., Jiménez, P., Corso, M., and Del, et al (2018). The impact of the centrifuge characteristics and centrifugation protocols on the cells, growth factors, and fibrin architecture of a leukocyte- and platelet-rich fibrin (L-PRF) clot and membrane. Platelets 29, 171–184. doi: 10.1080/09537104.2017.1293812

Ehrenfest, D. M. D., Andia, I., Zumstein, M. A., Zhang, C., Pinto, N. R., and Bielecki, T. (2014). Classification of platelet concentrates (Platelet-Rich Plasma-PRP. Platelet-Rich Fibrin-PRF) for topical and infiltrative use in orthopedic and sports medicine: current consensus, clinical implications and perspectives. Muscles. Ligaments Tendons J. 4, 3–9.

Ehrenfest, D. M. D., Bielecki, T., Del Corso, M., Inchingolo, F., and Sammartino, G. (2010). Shedding light in the controversial terminology for platelet-rich products: platelet-rich plasma (PRP), platelet-rich fibrin (PRF), platelet-leukocyte gel (PLG), preparation rich in growth factors (PRGF), classification and commercial. J. Biomed. Mater. Res. 95A, 1280–1282. doi: 10.1002/jbm.a.32894

Eren, G., Gürkan, A., Atmaca, H., Dönmez, A., and Atilla, G. (2016). Effect of centrifugation time on growth factor and MMP release of an experimental platelet-rich fibrin-type product. Platelets 27, 427–432. doi: 10.3109/09537104.2015.1131253

Fitzpatrick, J., Bulsara, M. K., McCrory, P. R., Richardson, M. D., and Zheng, M. H. (2017). Analysis of platelet-rich plasma extraction: variations in platelet and blood components between 4 common commercial kits. Orthop. J. Sport. Med. 5:2325967116675272. doi: 10.1177/2325967116675272

Fukaya, M., and Ito, A. (2014). A new economic method for preparing platelet-rich plasma. Plast. Reconstr. surgery. Glob. open 2:e162. doi: 10.1097/GOX.0000000000000109

Gentile, P., Calabrese, C., De Angelis, B., Dionisi, L., Pizzicannella, J., Kothari, A., et al. (2020). Impact of the different preparation methods to obtain autologous non-activated platelet-rich plasma (A-PRP) and activated platelet-rich plasma (AA-PRP) in plastic surgery: Wound healing and hair regrowth evaluation. Int. J. Mol. Sci. 21:431. doi: 10.3390/ijms21020431

Gentile, P., Cole, J. P., Cole, M. A., Garcovich, S., Bielli, A., Scioli, M. G., et al. (2017). Evaluation of not-activated and activated PRP in hair loss treatment: role of growth factor and cytokine concentrations obtained by different collection systems. Int. J. Mol. Sci. 18:408. doi: 10.3390/ijms18020408

Gentile, P., and Garcovich, S. (2020a). Autologous activated platelet-rich plasma (AA-PRP) and non-activated (A-PRP) in hair growth: a retrospective, blinded, randomized evaluation in androgenetic alopecia. Expert Opin. Biol. Ther. 20, 327–337. doi: 10.1080/14712598.2020.1724951

Gentile, P., and Garcovich, S. (2020b). Systematic review-The potential implications of different platelet-rich plasma (Prp) concentrations in regenerative medicine for tissue repair. Int. J. Mol. Sci. 21:5702. doi: 10.3390/ijms21165702

Giusti, I., Rughetti, A., D’Ascenzo, S., Millimaggi, D., Pavan, A., Dell’Orso, L., et al. (2009). Identification of an optimal concentration of platelet gel for promoting angiogenesis in human endothelial cells. Transfusion 49, 771–778. doi: 10.1111/j.1537-2995.2008.02033.x

Han, J., Meng, H. X., Tang, J. M., Li, S. L., Tang, Y., and Chen, Z. B. (2007). The effect of different platelet-rich plasma concentrations on proliferation and differentiation of human periodontal ligament cells in vitro. Cell Prolif. 40, 241–252. doi: 10.1111/j.1365-2184.2007.00430.x

Kececi, Y., Ozsu, S., and Bilgir, O. (2014). A cost-effective method for obtaining standard platelet-rich plasma. Wounds a Compend. Clin. Res. Pract. 26, 232–238.

Kieb, M., Sander, F., Prinz, C., Adam, S., Mau-Möller, A., Bader, R., et al. (2017). Platelet-Rich plasma powder: a new preparation method for the standardization of growth factor concentrations. Am. J. Sports Med. 45, 954–960. doi: 10.1177/0363546516674475

Kobayashi, M., Kawase, T., Okuda, K., Wolff, L. F., and Yoshie, H. (2015). In vitro immunological and biological evaluations of the angiogenic potential of platelet-rich fibrin preparations: a standardized comparison with PRP preparations. Int. J. Implant Dent. 1:31. doi: 10.1186/s40729-015-0032-0

Kraus, M., Neeb, H., and Strasser, E. (2018). ACD vs. sodium-citrate as an anticoagulant for platelet rich plasma (PRP) preparation influences the extent of platelet shape change during spreading-quantitative morphometric data from standardized robotic darkfield microscopy. Hamostaseologie 38, A66–A67. doi: 10.1055/s00034925

Kutlu, B., Tiǧlı Aydın, R. S., Akman, A. C., Gümüşderelioglu, M., and Nohutcu, R. M. (2013). Platelet-rich plasma-loaded chitosan scaffolds: preparation and growth factor release kinetics. J. Biomed. Mater. Res. B. Appl. Biomater. 101, 28–35. doi: 10.1002/jbm.b.32806

Lachert, E., Misiak, A., Antoniewicz-Papis, J., Kubis, J., Tomaszewska, A., Janik, K., et al. (2011). Evaluation of the concentration of platelet growth factors in platelet concentrate (PC), the basic component of platelet-gel. Vox Sang. 101:47.

Lana, J. F. S. D., Purita, J., Paulus, C., Huber, S. C., Rodrigues, B. L., Rodrigues, A. A., et al. (2017). Contributions for classification of platelet rich plasma - proposal of a new classification: MARSPILL. Regen. Med. 12, 565–574. doi: 10.2217/rme-2017-0042

Lee, J. W., Kwon, O. H., Kim, T. K., Cho, Y. K., Choi, K. Y., Chung, H. Y., et al. (2013). Platelet-rich plasma: quantitative assessment of growth factor levels and comparative analysis of activated and inactivated groups. Arch. Plast. Surg. 40, 530–535. doi: 10.5999/aps.2013.40.5.530

Levac, D., Colquhoun, H., and O’Brien, K. K. (2010). Scoping studies: advancing the methodology. Implement. Sci. 5:69. doi: 10.1186/1748-5908-5-69

Li, F.-X., Li, Y., Qiao, C.-W., Zhu, J., Chen, J., and Zhang, P.-Y. (2017). Topical use of platelet-rich plasma can improve the clinical outcomes after total knee arthroplasty: a systematic review and meta-analysis of 1316 patients. Int. J. Surg. 38, 109–116. doi: 10.1016/j.ijsu.2016.12.013

Magalon, J., Bausset, O., Serratrice, N., Giraudo, L., Aboudou, H., Veran, J., et al. (2014). Characterization and comparison of 5 platelet-rich plasma preparations in a single-donor model. Arthroscopy 30, 629–638. doi: 10.1016/j.arthro.2014.02.020

Magalon, J., Chateau, A. L., Bertrand, B., Louis, M. L., Silvestre, A., Giraudo, L., et al. (2016). DEPA classification: a proposal for standardising PRP use and a retrospective application of available devices. BMJ Open Sport Exerc. Med. 2:e000060. doi: 10.1136/bmjsem-2015-000060

Mariani, E., Canella, V., Berlingeri, A., Bielli, A., Cattini, L., Landini, M. P., et al. (2015). Leukocyte presence does not increase microbicidal activity of platelet-rich plasma in vitro. BMC Microbiol. 15:149. doi: 10.1186/s12866-015-0482-489

Martinez-Zapata, M. J., Martí-Carvajal, A. J., Solà, I., Expósito, J. A., Bolíbar, I., Rodríguez, L., et al. (2016). Autologous platelet-rich plasma for treating chronic wounds. Cochrane Database Syst. Rev. 25:CD006899. doi: 10.1002/14651858.CD006899.pub3

Marx, R. E. (2004). Platelet-Rich plasma: evidence to support its use. J. Oral. Maxillofac. Surg. 62, 489–496. doi: 10.1016/j.joms.2003.12.003

Mazzocca, A. D., McCarthy, M. B. R., Chowaniec, D. M., Cote, M. P., Romeo, A. A., Bradley, J. P., et al. (2012). Platelet-rich plasma differs according to preparation method and human variability. J. Bone Joint Surg. Am. 94, 308–316. doi: 10.2106/JBJS.K.00430

Ouzzani, M., Hammady, H., Fedorowicz, Z., Elmagarmid, A., Chalmers, T., Smith, H., et al. (2016). Rayyan—a web and mobile app for systematic reviews. Syst. Rev. 5:210. doi: 10.1186/s13643-016-0384-384

Perez, A. G. M., Lana, J. F. S. D., Rodrigues, A. A., Luzo, A. C. M., Belangero, W. D., and Santana, M. H. A. (2014). Relevant aspects of centrifugation step in the preparation of platelet-rich plasma. ISRN Hematol. 2014:176060. doi: 10.1155/2014/176060

Robins, R. J. (2017). Platelet rich plasma: current indications and use in orthopaedic care. Med. Res. Arch. 5, 1–17. doi: 10.18103/mra.v5i6.1293

Roselló-Camps, À, Monje, A., Lin, G.-H., Khoshkam, V., Chávez-Gatty, M., Wang, H.-L., et al. (2015). Platelet-rich plasma for periodontal regeneration in the treatment of intrabony defects: a meta-analysis on prospective clinical trials. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 120, 562–574. doi: 10.1016/j.oooo.2015.06.035

Russell, R. P., Apostolakos, J., Hirose, T., Cote, M. P., and Mazzocca, A. D. (2013). Variability of platelet-rich plasma preparations. Sports Med. Arthrosc. 21, 186–190. doi: 10.1097/JSA.0000000000000007

Sadabad, H. N., Behzadifar, M., Arasteh, F., Behzadifar, M., and Dehghan, H. R. (2016). Efficacy of platelet-rich plasma versus hyaluronic acid for treatment of knee osteoarthritis: a systematic review and meta-analysis. Electron. physician 8, 2115–2122. doi: 10.19082/2115

Sadeghi-Ataabadi, M., Mostafavi-Pour, Z., Vojdani, Z., Sani, M., Latifi, M., and Talaei-Khozani, T. (2017). Fabrication and characterization of platelet-rich plasma scaffolds for tissue engineering applications. Mater. Sci. Eng. C. Mater. Biol. Appl. 71, 372–380. doi: 10.1016/j.msec.2016.10.001

Singh, S. (2018). Comparative (quantitative and qualitative) analysis of three different reagents for preparation of platelet-rich plasma for hair rejuvenation. J. Cutan. Aesthet. Surg. 11:127. doi: 10.4103/jcas.jcas_108_18

Smyth, N., Murawski, C., Fortier, L., Cole, B., and Kennedy, J. (2013). Platelet-Rich plasma in the pathologic processes of cartilage: review of basic science evidence. Arthroscopy 29, 1399–1409. doi: 10.1016/j.arthro.2013.03.004

Tamimi, F. M., Montalvo, S., Tresguerres, I., and Blanco Jerez, L. (2007). A comparative study of 2 methods for obtaining platelet-rich plasma. J. Oral Maxillofac. Surg. 65, 1084–1093. doi: 10.1016/j.joms.2006.09.012

Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, H., Levac, D., et al. (2018). PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanationThe PRISMA-ScR statement. Ann. Intern. Med. 169, 467–473. doi: 10.7326/M18-0850

Tunalı, M., Özdemir, H., Küçükodacı, Z., Akman, S., Yaprak, E., Toker, H., et al. (2014). A novel platelet concentrate: titanium-prepared platelet-rich fibrin. Biomed Res. Int. 2014:209548. doi: 10.1155/2014/209548

Vahabi, S., Yadegari, Z., and Mohammad-Rahimi, H. (2017). Comparison of the effect of activated or non-activated PRP in various concentrations on osteoblast and fibroblast cell line proliferation. Cell Tissue Bank. 18, 347–353. doi: 10.1007/s10561-017-9640-9647

Vos, R., Windt, J., Weir, A., de Vos, R.-J., Windt, J., and Weir, A. (2014). Strong evidence against platelet-rich plasma injections for chronic lateral epicondylar tendinopathy: a systematic review. Br. J. Sports Med. 48, 952–956. doi: 10.1136/bjsports-2013-093281

Wang, K., Li, Z., Li, J., Liao, W., Qin, Y., Zhang, N., et al. (2018a). Optimization of the platelet-rich plasma concentration for mesenchymal stem cell applications. Tissue Eng. Part A 25, 333–351. doi: 10.1089/ten.tea.2018.0091

Wang, S., Fan, W., Jia, J., Ma, L., Yu, J., and Wang, C. (2018b). Is exclusion of leukocytes from platelet-rich plasma (PRP) a better choice for early intervertebral disc regeneration? Stem Cell Res. Ther. 9:199. doi: 10.1186/s13287-018-0937-937

Xian, L. J., Chowdhury, S. R., Bin Saim, A., and Idrus, R. B. H. (2015). Concentration-dependent effect of platelet-rich plasma on keratinocyte and fibroblast wound healing. Cytotherapy 17, 293–300. doi: 10.1016/j.jcyt.2014.10.005

Yin, W., Xu, H., Sheng, J., Zhu, Z., Jin, D., Hsu, P., et al. (2017). Optimization of pure platelet-rich plasma preparation: a comparative study of pure platelet-rich plasma obtained using different centrifugal conditions in a single-donor model. Exp. Ther. Med. 14, 2060–2070. doi: 10.3892/etm.2017.4726


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Pachito, Bagattini, de Almeida, Mendrone-Júnior and Riera. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Technical Procedures for Preparation and Administration of Platelet-Rich Plasma and Related Products: A Scoping Review



		INTRODUCTION



		MATERIALS AND METHODS



		Study Design



		Definition of the Research Questions



		Search Strategies



		Eligibility Criteria, Study Screening and Data Extraction



		Data Extraction



		Summary of Findings







		RESULTS



		Characteristics of Included Studies



		Study Design



		Research Questions



		Comparisons of Included Studies



		PRP compared to other platelet concentrates



		Comparisons between PRP with different GFs and platelet concentrations



		Commercial kits for PRP preparation



		Anticoagulant and antiaggregating agents employed during PRP preparation



		Methods for activation



		Centrifugation protocols



		Single versus double centrifugation



		Centrifugal forces



		Duration of centrifugation



		Duration of PRP processing time



		Storage conditions



		Combined use of PRP and other substances















		DISCUSSION



		CONCLUSION



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES















OPS/images/cover.jpg
, frontiers
in Cell and Developmental Biology

Technical Procedures for
Preparation and Administration of
Platelet-Rich Plasma and Related

Products: A Scoping Review









OPS/images/fcell-08-598816-g001.jpg
[ Screening } [ Identification J

Eligibility

References retrieved from electronic
searches
(n=2,757)
(MEDLINE = 2,008, LILACS = 124,
Embase = 625)

References
retrieved from
other sources

|

(n=2)

(n=2,552)

References after removing duplicates

|

Titles and abstracts screened
(n= 2,552)

Excluded references
(n= 2,458)

l

Full texts assessed

for inclusion
(n=94)

|

Included studies in the
narrative synthesis
(n= 39)

Excluded full texts
(n=155)






OPS/images/logo.jpg
, frontiers
in Cell and Developmental Biology





OPS/images/fcell-08-598816-t001.jpg
Inclusion criteria

e Comparative research
that have assessed at
least two alternatives in
one or more stages of
preparation, storage
and/or administration of
PRP or its related
products.

Exclusion criteria

e Studies published in languages other than English,
Spanish and Portuguese.

e Studies conducted before 2000.

e Secondary studies (e.g., systematic reviews,
narrative reviews).

e Non-comparative studies.

e Comparative studies in which quantitative analyzes
were not reported.

¢ Animal studies.

e PRP for transfusion.

o Studies enrolling participants under antiplatelet
therapy.

o Studies comparing platelet concentrates to other
types of blood components.






