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Background. Platelet-rich plasma (PRP) and its derivatives are used in several aesthetic, dental, and musculoskeletal procedures.
Their efficacy is primarily due to the release of various growth factors (GF), interleukins, cytokines, and white blood cells.
However, the PRP preparation methods are highly variable, and studies lack consistency in reporting complete procedures to
prepare PRP and characterize PRP and its derivatives. Also, all the tissue-specific (in vivo and in vitro) interactions and
functional properties of the various derivatives/factors of the PRP have not been taken into consideration by any study so far.
This creates a potential space for further standardization of the PRP preparation methods and customization of PRP/PRP
derivatives targeted at tissue-specific/pathology specific requirements that would enable efficacious and widely acceptable usage
of PRP as main therapy, rather than being used as adjuvant therapy. The main objective of our study was to investigate the
variability in PRP preparation methods and to analyze their efficacy and reliability. Method. This study considered articles
published in the last 5 years, highlighting the variability in their PRP preparation methods and characterization of PRP.
Following the PRISMA protocol, we selected 13 articles for the study. The selected articles were assessed using NHLBI quality
assessment tool. Results. We noted differences in (1) approaches to producing PRP, (2) extent of characterization of PRP, (3)
small scale and large-scale preparation methods, (4) in vitro and in vivo studies. Conclusion. We identified two studies
describing the procedures which are simple, reproducible, economical, provide a good yield of platelets, and therefore can be
considered methods for further tissue-specific and pathology-specific standardizations of PRP and its derivatives. We
recommend further randomized studies to understand the full therapeutic potential of the constituents of PRP and its derivatives.

1. Introduction

It is evident now that autologous platelet-rich plasma (PRP)
preparations have found several applications and their effi-
cacy in some cases is well established. Most of the evidence
is based on Class I/II clinical trials from around the world
[1]. PPR is used widely in the field of aesthetic medicine
and cosmetology as fillers or in rejuvenating procedures. In

musculoskeletal injury, it is injected at the site of musculoskel-
etal and tendon injury showing promising structural and func-
tionality improvements. PPR therapy is an approved and
acknowledged procedure in dental treatment protocols. In
wound healing studies, PRP injected into the nonhealing or
chronic wound sites or its application in the form of dressing
has shown appealing clinical outcomes [2]. The therapeutic
effect of PRP is attributed to its ability to release distinct types
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of growth factors, cytokines, and interferons. They promote
angiogenesis, fibroblast proliferation, epithelial cell prolifera-
tion, and healing at the site of the wound when used as an
adjunct to standard wound care practice [3-5]. But unlike
drugs/pharmaceuticals where the quality of a compound is
ensured by a standardized mechanized procedure, the bio-
logics field is in its adolescence. The protocols to prepare
autologous PRP vary from one setup to another [1, 2]. This
consequently adds variability to the outcomes of therapeutic
procedures. The variability can be attributed to two main fac-
tors, PRP preparation procedure and patient-related factors
[2, 5-9]. However, the preparatory procedures can be stan-
dardized, bringing them closer to the level of pharmaceuticals,
to bring the product variability into an acceptable range. It is
important to acknowledge the fact that like biologics, the
approved pharmaceuticals also have variable outcomes, but
they are favorable, backed with large volumes of scientific data
and hence their acceptability as standardized treatment. The
difference in the quality of PRP preparations arises from the
fact that various setups tend to use variations of the same pro-
cedure to increase the quality of their PRP. The variations are
seen in the amount of venous blood collected for processing,
tubes used for collection, use of anticoagulant, centrifugation
instruments, amount of G force used, time of centrifugation,
temperature control, usage of additives/activators in PRP,
pipetting methods (there is a human error involved here),
the volume of PRP, storage methods, and duration of storage
[2, 3, 9-11]. We have seen significant efforts in the direction
of standardization of biologics, especially by the mechaniza-
tion of the preparatory procedure using robotics and stan-
dardized kits. The effectiveness of the preparation procedure
can be measured and compared if the PRP/PRP products are
characterized, all the criteria transparently reported, and those
characteristics are within an acceptable range. This is not
always the case [1]. We have seen encouraging results in this
aspect where recent studies have characterized PRP/PRP
derived products across various criteria such as platelet
number/platelet yield, amount of growth factors(GFs), proin-
flammatory cytokines, anti-inflammatory cytokines, immuno-
phenotyping, platelet-derived extracellular vesicles, type and
number of lymphocytes present, fibrinogen levels, prothrom-
bin levels, P-selectin expression, IL-1ra levels, adhesion mole-
cules, lysosomal enzymes, lipopolysaccharide (LPS) of platelet
clot, and genes activated [2, 3, 11-16].

The efficacy of the PRP preparation is measured in vitro
using cell lines and in vivo studies. The subject/patient-
related factors such as overall health and age also play a sig-
nificant role when we think of the in vitro study outcome or
the clinical outcome. The age-related variability has been
seen in some factors but the overall quality of the harvest
of PRP, when compared between perfectly healthy adults
and elderly with comorbidities on medications, has been
without statistically significant differences [5].

PRP is considered safe and natural because it is from an
autologous source, prepared with minimal manipulation,
with fewer risks of infection transmission, and no immune
reactivity [17]. However, certain side effects have also been
noted namely, injection site infection and injury to blood
vessels and nerves, scar formation, calcification at the local
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site, allergic reaction to activated PRP, clot formation
upon accidental intravenous injection, and soreness at
the local site after an intramuscular injection has also been
reported [17].

PRP has evolved over the generations. The first genera-
tion saw validation of concentrated platelets, growth factors
(GFs), development of automated PRP preparation devices,
and recognition of anticoagulant’s role in sample collection.
The second generation introduced modifications to prepara-
tion protocols and developments of novel PRP derivatives,
such as platelet-rich fibrin (PRF), freeze-dried PRP, and
iPSC derived platelets. The third generation, emphasis was
on comparisons of PRP derivatives in terms of their ability
to retain and release growth factors, mechanical strength,
biodegradability, leukocyte population, and type. The fourth
generation emphasized the incorporation of tissue engineer-
ing aspects in PRP therapy, for example, a combination of
tissue-engineered periosteal sheets and PRP [11].

We also need to consider the cost factor. There are
broadly 3 types of methods available to prepare PRP: a
completely commercialized large-scale production method,
methods using commercial kits in small setups/clinics, and
low cost/traditional methods for small clinics [3, 5, 12, 18].
A small setup may not want to introduce high-end robotics
to process a few samples as dictated by patient load and pub-
lic acceptance. From the point of view of personalized med-
icine, this brings us to the challenge of standardizing the
available PRP processing procedure cost-effectively to ensure
its wide-scale accessibility and usage (Figure 1).

Agencies like FDA (Food and Drug Administration) in
USA, the Directive 2002/98/EC of the European Parliament
and Council of January 27, 2003, and agencies in Japan have
characterized and classified the PRP, laid down good
manufacturing practices (cGMP) regulations and ensured
compliance to guidelines [19]. PRP fits into the definition
of minimally manipulated tissue and autologous blood prod-
uct due to which it has avoided the regulatory hurdles of
extensive preclinical and clinical trial testing, and as a result,
its clinical practice may always outpace the supporting scien-
tific data [1]. There are classification criteria determined by
professional organizations available to help characterize
and standardize the PRP/PRP products such as (1) PAW
classification (2012), (2) Mishra’s classification (2012), (3)
PLRA classification (platelet, leucocyte, RBCs (red blood
cells), and activation) (2015), (4) DEPA classification (dose
of injected platelets, efficiency of production, purity of the
PRP, and activation of the PRP) (2016), (5) MARSPILL clas-
sification (M: method; A: activation, R: red blood cells, S:
spin, P: platelets, I: image guidance, L: leukocytes, L: light
activation)(2017), (6) International Society on Thrombosis
and Hemostasis (ISTH) classification (7) American Associa-
tion of Orthopedic Surgeons (AAOS) edited consensus
recommendations [2]. Parameters mentioned by these clas-
sifications are seldom used as they are expensive and time-
consuming to implement. A center of excellence in regener-
ative medicine can do it [2].

We need to evolve from our long-standing understand-
ing of pharmaceutical products where the pharmaceutical
molecule works as a switch, turning on or off a particular
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Venous blood is
collected using
vacutainer.

Centrifugation

Platelet fraction separated
and collected as PRP

Apheresis: Using apheresis
machine at blood bank or
collection center.

FIGURE 1: Preparation of PRP.

pathway(s)/enzyme(s)/receptor(s). In the case of Biologics,
the outcome is not determined by just one molecule but by
a variety of factors simultaneously interacting at various
levels. But first, the issue of standardization of PRP prepara-
tion involving standard protocols, equipment, and charac-
terization of PRP/PRP-derived products needs to be
addressed more broadly. The main objective of this study
is to discuss the various procedures available to prepare the
PRP and to investigate its efficacy.

2. Materials and Methods

2.1. Search Strategy. This systematic review follows the pro-
tocol established by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) checklist. A
comprehensive search was conducted in database search
engines like EBSCOHOST, SCOPUS, and PUBMED. Prior
to the literature search, the protocol was registered with
the International Prospective Register of Systematic Reviews
(PROSPERO ID: 307870).

2.2. Selection Criteria. Studies included in this systematic
review met these inclusion criteria, (1) the research articles
published between January 01, 2016, to July 31, 2022, and
(2) articles with full texts and published in the English
language. (3) Human studies conducted as prospective or
Randomized Controlled Trial (RCT), (4) both in vitro and
in vivo studies, and (5) articles describing the preparation
methods for Platelet Rich Plasma (PRP).

2.3. Selection Strategy. A comprehensive literature search
was conducted on July 31, 2022, using the electronic data-
bases (PUBMED, EBSCOHost, and SCOPUS). Following
search terms and keywords: ((“Platelet-rich plasma” OR
“PRP” OR “Activated PRP” OR “Leukocyte rich PRP” or
“Leukocyte poor PRP”) * AND (“Regenerative Medicine”
OR “Advanced Therapies” OR “Cell Therapy”)). Two
authors (RVT and VJ) performed the literature search inde-
pendently using the keywords for the articles to be included
in this study. The selected articles were screened for any

duplications following which, two reviewers (RVT & VJ])
independently reviewed the title and abstract for further
assessment of the studies for inclusion. The studies were
excluded which did not address the study objective or meet
the inclusion criteria. Finally, the full texts of the selected
articles were examined to determine the final exclusion for
our systematic review by reaching a consensus with all the
authors involved. We also excluded articles which were edi-
torials, opinions, commentaries, and book chapters. Any
study which duplicated or involved the animal models was
also excluded (Figure 2).

2.4. Data Collection & Analysis. After the content analysis of
the selected articles, the following data were extracted from
the study on a predetermined Excel sheet: (1) title, (2) type
of study (“in vivo” vs “in vitro”), (3) product type, (4) PRP
preparation procedure, (5) characterization of PRP, (6) addi-
tives or additional procedures used, (7) results.

2.5. Quality Assessment. During the content analysis of the
selected studies, the primary authors were contacted by email
if the study did not provide the data needed for this study.
We used the prevalidated Quality Assessment Tools for Obser-
vational Cohort and Cross-sectional Studies by the National
Heart, Lung, and Blood Institute (NHLBI) (https://www.nhlbi
.nih.gov/health-topics/study-quality-assessment-tools) to eval-
uate the quality of the selected study. In this systematic analysis,
we regarded the study determined to be good and fair, worthy
of being included in the resulting synthesis.

3. Results

3.1. Baseline Characteristics. We identified thirteen studies
that reported the methods used in preparing PRP. All the
studies considered were done in the last 5 years. Out of the
13 studies considered, twelve studies were in vitro studies,
and one study was in vivo (Table 1). The final product of
all the 13 studies considered was PRP with variations such
as PRP releasate, Platelet lysate (PL), PR-SRGF (platelet
releasate supernatant rich in growth factor), PRP gel, LR-
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ey | iNC1USION and exclusion criteria.

Articles excluded based on

(n=9)

F1GURE 2: The PRISMA protocol diagram for study selection.

PRP (leukocyte rich-PRP), LP-PRP (leukocyte poor-PRP),
and UCB-PRP (umbilical cord blood-PRP). Venous blood
was used to prepare the PRP in 12 research studies. How-
ever, there were differences in the method of collection.
From the total 13 studies, in eight studies the blood was col-
lected using commercial kits, of which two studies used a
varying concentration of anticoagulants (sodium citrate) to
study their effect on the yield of PRP, and one study used
umbilical cord blood. The other six studies processed the
collected blood with centrifugation using diverse types of
centrifuges (horizontal or fixed angle rotors) and conditions
(temperature or nontemperature controlled). One study
used single centrifugation with variable G values [17]; three
studies used double centrifugation with variable G values
[9, 13, 18]; another study used single centrifugation while
using a commercial kit [13]. All these methods followed
pipetting to collect the PRP from centrifuged samples. Inter-
estingly, the study by Bernardi et al. used a combination of
apheresis with single centrifugation to collect PL and PR-
SRGF [15]. Overall, four studies used apheresis as the direct
method for preparing PRP. All the studies characterized the
prepared PRP by looking at its comparative concentration of
platelets in PRP and whole blood samples. All the studies used
ELISA (enzyme-linked immunosorbent assay) method or kit

method to measure the value of growth factors or other factors
in PRP. Some studies measure specific factors such as IL-1Ra
or lysophosphatidic acid, while others uses a panel ranging
between 2-28 growth factors. Also, four studies considered
the WBC population in the PRP sample. The PRP activation
method was described in seven studies, and one of these study
used freeze-thawing (FT) to activate PRP, two studies used FT
with CaCl2 as an additional additive, another two studies used
CaCl2, one study used CaCl2 with activated thrombin, and
one study used activated serum with CaCl2. The efficacy of
the PRP or PRP-derived product can be an indirect measure
of the preparatory procedure. Six of the in vitro studies evalu-
ated the efficacy of produced PRP on cell lines, two of these
studies used commercial human cell lines, and one study used
autologous stem cell lines. Overall, one study (in vivo) consid-
ered the efficacy of PRP and PRP gel on wound healing. Also,
the study by Shimojo et al. analyzed the usage of PRP along
with artificially engineered scaffolding for a sustained release
of growth factors [11].

4. Discussion

Commonly used procedures are as follows: venous blood
collected using a vacutainer tube, syringe, or commercial kits
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are commonly used to prepare PRP [2]. Technologically
advanced and equipped centers may use apheresis which
gives leukocyte depleted PRP, which is a better quality PRP
than venous blood derived PRP, which may have few leuko-
cytes too [10]. However, there is a rising discussion about
the presence of number and type of WBCs in PRP in some
musculoskeletal studies, who argue that it is beneficial to
have few WBCs in PRP [16], on the contrary, some others
have stated that the leukocytes should be avoided in PRP
preparations because of their potential proinflammatory
effect [12]. Some centers worked with umbilical cord blood
collection from the umbilical vein of the fresh placenta and
added anticoagulants like acid citrate-dextrose (ACD) before
further processing [20]. Large-scale production of PRP using
closed systems in blood banks has been used [3]. Centrifuga-
tion is the main process used for density gradient-dependent
separation of PRP from whole blood samples, unlike aphere-
sis, or large-scale blood bank operations. Effect of normal
temperature vs temperature-controlled, fixed angle vs hori-
zontal rotors, single-spin method vs double spin methods,
and use of anticoagulant on the fold of platelet yield/GF’s
is well documented [11, 21]. In cases of frozen PRP, the
freeze-thaw cycle is considered to activate the PRP, as also
the high-speed centrifugation (1000-10,000G for the
extended duration) and has been damaging to the platelets,
causing degradation of platelets and release of platelet-
derived factors [21]. The nonactivated PRP obtained from
the previously mentioned methods is activated using
Calcium chloride (CaCl2), fibrin and/or thrombin, and
autologous serum to release growth factors (in vitro), both
in case of fresh PRP and freeze-thawed PRP [11, 12, 14].
New engineering techniques such as biologic scaffoldings
are also under analysis and development which would pro-
long the release of factors from platelets/PRP in vivo for
sustained therapeutic effects [13].

4.1. Addressing the Variability

4.1.1. Procedure Variability. The PRP preparation proce-
dures through generations of evolution have experimented
with various physical parameters to progress towards the
development of a standardized method and the most effica-
cious PPR/PRP product. The goal is still in distant sight. We
lack complete and transparent large-scale data [1, 9]. The
major reason for variations in the data and its comparability
is due to variable approaches in preparation methodology
such as the volume of blood collected for processing, method
of collection (apheresis vs venous blood), source of sample
(venous blood vs umbilical cord blood), different equipment,
single centrifugation vs double centrifugation methods, nor-
mal temperature processing vs temperature-controlled set-
tings, automation vs manual aspects, studies using fresh
PRP vs Freeze-thawed PRP, usage of anticoagulants, and
additives. [1]. Few authors believe that PRP products can
be used without an activation agent because platelets are
spontaneously activated upon exposure to dermal collagen
and thrombin after in vivo injection [22, 23]. The usage of
exogenous activating substances is controversial and
required to explain the activation status since different PRP
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activation agents influence the physical form of the final
product and may also influence the release curve of growth
factors [2]. A study with 4 subjects, by Pulcini et al., [10]
describe platelet yield by apheresis, measures selected plate-
let growth factors with respect to their osteogenic potential,
and identifies the genes activated by the PRP components
enhancing the osteogenic potential of cell lines used for
in vitro study. The study by Ojea-P’erez et al. [3] describe
the large-scale production (553 samples) of PRP. This study
aptly describes the method of preparation of frozen PRP
with monitoring of the quality/characteristics at regular
intervals, showing almost no significant deterioration of
quality/characteristics over time. Prior to using, the frozen
PRP is thawed and activated using CaCl2, which will help
in the release of factors from the platelets. The study sup-
ports its use in bone healing and regenerative medicine. A
study by Ulasliet al. [21] recruited 12 subjects, talks about
the collection of whole blood in sodium citrate (SC) 0.3%
solution as an anticoagulant, which follows 3 different proto-
cols, blood collection in tubes with 0.9 ml SC in protocol 1,
0.5ml SC in protocol 2 and no SC in protocol 3. The PRP
obtained from protocol 1 had high platelet count, highest
TGEF-bl (transforming growth factor bl) and PDGEF-BB
levels, while protocol 3 had elevated levels of WBCs in
PRP, correlating positively with the highest concentration
of VEGF (vascular endothelial growth factor) and total
VEGEF levels (p < 0.001 for both and r:0.693, r:0.603, respec-
tively). Another study by Machado et al. [18] recruited 32
subjects and used a remarkably simple, economical, and
highly reproducible approach called Turn Down-Turn Up
PRP Protocol Double Spin-Closed System, claiming results
that are consistent with current standards of quality for
PRP preparation for clinical trials suggested by the Ameri-
can Academy of Orthopedic Surgeons working group, who
presented the MIBO statement. Their PRP preparation in a
hospital facility is very economical, without considering the
expenses of equipment and laboratory personnel. Another
interesting study by Baba et al. [20] used Umbilical cord
blood-derived PRP (UCB-PRP) from 9 healthy deliveries
and compared its effect (osteogenic potential) on cryopre-
served autologous Mesenchymal stem cells (MSC) derived
from respective patients, after 3 years of storage. The study
primarily considered secretion of 3 platelets derived factors
platelet-derived growth factor-BB (PDGF-BB), an MSC
proliferation accelerator, transforming growth factor f1
(TGF-f1) of TGF-f superfamily, an extracellular matrix
production accelerator; and vascular endothelial growth fac-
tor (VEGF), an angiogenesis accelerator and measured the
osteogenic potential of UCB-PRP, which was found to be
intact even after 3 years of cryopreservation. The study did
not investigate any adverse effects of cryopreservation on
PRP or MSCs. A study by Darja BozZi¢ et al. observed vari-
ables like dimensions of the centrifuge rotor, volume of
blood, and erythrocyte sedimentation rate affecting quality
of PRP. It proposed a mathematically extrapolated model
of obtaining enriched PRP and extracellular vesicles suspen-
sion by centrifugation after considering the variables. Its rec-
ommended procedure could manufacture a product high
enough to merit the criteria for moderately concentrated
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PVRP by the PAW classification [9]. This study has numer-
ous limitations.

The observed studies had variations in procedures with
very few similarities such as platelet yield and all of them
measured and characterized GF. Even though their numeri-
cal data is available, statistical comparisons of these two
parameters across different studies may be nonsignificant/
difficult due to differences in their approach to getting plate-
let yield or the number and type of GF/platelet-derived fac-
tors considered.

4.1.2. Patient Variability. Demographic variables like age,
gender, presence, and absence of comorbidities, medication
usage must be considered as they address the pathophysiol-
ogical variations and hence the quality of PRP derived from
the patients [24]. The in vitro study by Pulcini et al., [10]
recruited 4 subjects between the age of 21 years and 59 years,
none were on antiplatelet medications, and they studied the
platelet yield and GFs in their samples. They applied the
freeze-thaw cycles to activate platelets before using them to
stimulate osteogenic growth in artificial human cell line cul-
tures. The study notes variations in cytokines and GFs
between aged and young subjects consistent with earlier
studies [25]. Higher levels of GF’s were noted in females
and subjects <25 years of age. The study acknowledges
reports from earlier studies where more proinflammatory
cytokines were noted in the aged population in comparison
to young subjects. However, it recommends considering
larger sample sizes to draw more conclusions. Earlier studies
have suggested that a higher concentration of cytokines and
GFs had no relation to cell proliferation in cell lines used for
testing PRP efficacy during in vitro studies [6, 26]. This
raises an important question, what should be the ideal con-
centration of platelets, cytokines, and GFs to facilitate cell
growth and proliferation in a particular tissue type. A study
by Pulcini et al., [10] noted the effect of different dilutions of
PRP on the proliferation of cells in commercial human cell
lines. Another study by Velier et al., [5] used PRP/PRP gel
in chronic wound care and addresses the patient related var-
iability. The study compared 5 young healthy adults (median
age 23 years) to 5 elderly patients (median age 85 years) with
comorbidities like acute coronary syndrome, acute renal fail-
ure, stroke, obesity, hypertension, and diabetes, and on med-
ications, with additional prescription for aspirin, clopidogrel,
and fluindione. They found that the intensity expression of
P-selectin after ADP stimulation was significantly higher in
healthy donors compared to elderly (p=0.03), while the
basal expression of P-selectin showed no statistical differ-
ence. P-selectin expression is a measure of platelet activation
[5]. Prothrombin concentration (p=0.01) was measured
higher in healthy donors. The researchers did not notice
any significant difference in the biological characteristics of
the therapeutic product PRP gel. The quality of the gel was
correlated to the rate of formation. The faster the gel was
formed, the more consistent it was. Linear correlations were
found between biological parameters and PRP gel time for-
mation. Overall, this study indicates that antithrombotic
drugs have no impact on platelets functionality in PRP and
PRP gel production. The limitations of the study were the
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small sample size, lack of evaluation on effects of oral antico-
agulant therapy on PRP gel formation, and the PRP process-
ing method had lower platelet yield in comparison to other
recorded methods [5].

4.1.3. Characterization of PRP. The product derived follow-
ing a standardized preparatory protocol requires desired
measurable characteristics (Figure 3). This is an indirect
measure of the potential of the preparatory procedure
followed. The measurable characteristics will have to be in a
range defined by different professional organizations [2]. The
measurable characteristics of PRP (in comparison with whole
blood/plasma measurements) are platelet count/folds of platelet
concentration, levels of GFs, cytokines, chemokines, proinflam-
matory and anti-inflammatory factors, adhesion molecules,
lysosomal enzymes, and extracellular vesicles. The PRP con-
tains a diverse group of factors which collectively are responsi-
ble for the therapeutic outcomes [4] (Figure 4). But there are no
studies available which consider the broader picture. This is due
to the extensive nature of the parameters which need to be
considered and the limitation of resources available for the
process [2]. Different cell types and tissues have variable
requirements of GFs or cytokines for their proliferation; also
multiple of these factors can have overlapping functions in dif-
ferent cell types [4]. This highlights the need to consider the
tissue specific requirements of the constituents in PRP/PRP
products. The majority of the PRP studies have involved the
musculoskeletal system and aesthetic medicine [1]. Most of
the PRP preparation methods considered here can obtain
higher platelet concentrations as compared to whole blood.
These samples on stimulation or mixing with activators, can
release various platelet factors which are the ultimate effectors
of PRP therapy. Some studies have appreciated few WBCs in
their PRP preparation. These studies claim that presence of
certain types and number of WBCs in PRP may help in heal-
ing musculoskeletal injuries [2]. The activated PRP shows ele-
vated levels of several factors, the composition of which has
been characterized in several in vitro studies using standard
ELISA based kits [3, 14, 15].

4.2. Outcome Measurements

4.2.1. In Vitro Studies. Studies have measured platelet
derived factors in PRP and were able to demonstrate specific
proosteogenic gene activation in MSC derived commercial
human cell lines [13, 18, 27] and umbilical cord derived
human autologous MSC cell lines [20]. The product was
characterized in terms of platelet yield and growth factors,
proliferation of the MSC’s in cell lines, and activation of spe-
cific genes was noted to measure the efficacy of the product.

4.2.2. In Vivo Studies. Study by Popescu et al. [2] used com-
mercially available kits, all requiring blood collection and
centrifugation, delivering injectable products which were
divided into distinct groups and compared as (1) A-PRP
(Activated PRP), (2) nonactivated PRP Vs calcium activated
PRP, (3) human follicle mesenchymal stem cells plus A-PRP,
(4) PRP plus Hyaluronic acid (HA) biofunctionalized scaf-
folding, and (5) PRP with fat graft and adipose derived
MSC. Variations were seen in the quality of the product
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FIGURE 3: Evaluation of PRP preparations.
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prepared using vacuum blood collection tubes with
anticoagulant, anticoagulant prefilled syringes, and blood
collection bags with anticoagulant. The product was charac-
terized in terms of platelet yield and growth factors, activa-
tion of specific genes was noted, and clinical efficacy was
the ultimate measure of the product’s quality. Study by
Velier et al. proved that the PRP’s wound healing potential
shows that it can be converted into gel form and applied as
dressing. This emphasizes the efficacy of the PRP in treat-
ment of chronic ulcers [5]. Musculoskeletal system-based
studies have demonstrated safety and efficacy of PRP in
human studies [1, 17]. We are now looking at the 4th gener-
ation approach where it is possible to design methods (using
engineering techniques) to maintain slow and sustained
release of platelet derived factors in vivo [13, 27].

When we discuss standardization of PRP preparation
procedures, we must consider the commonality in the vari-
ous reported PRP preparation procedures. The desired out-
comes of PRP preparation are (1) high yield of platelets,
(2) enhanced level of platelet derived factors in activated
PRP, (3) sterility of the product, and (4) reproducibility. A
2013 study by Shwetha et al. [12] describe a simple and
reproducible technique used to produce PRP from 22 differ-
ent subjects. It reported the highest yield of platelets (8.8 to
9.3 folds after 2nd spin), more than by any study so far.
The study uses 5ml tubes containing 3.2% sodium citrate
BD vacutainers with 0.5ml SC anticoagulant, subjected to
a double spin method at low speeds (300 g x5min 1Ist spin
and 700 gx17 min 2nd spin) and variable temperature (12
degree C and 18 degree C). The temperature differences
did not lead to any statistically significant platelet yield dif-
ferences. The platelet pellets obtained after the 2nd spin were
resuspended and activated using CaCl2 and/or thrombin.
The sample was centrifuged at 3000 g to measure GF’s and
other platelet factors. The GF levels were variable in compar-
ison to other previous studies, but it showed increased alpha
granule release by calcium. Anti-inflammatory cytokines
and chemokines showed no major differences between
plasma and activated PRP. Proinflammatory cytokines are
the ones that showed a significant increase in activated
PRP. There are similar studies in the recent past claiming
to develop high yield PRP. Therefore, we suggest that rather
than focusing too much on various procedures for a good
yield and irrespective of the procedures, we should focus
on achieving a desired range of platelet yield, desired quality
of PRP and desired level of platelet derived factors from that
yield, in other words, getting a product which is enhanced in
all parameters. The final product may be highly concen-
trated, in terms of constituents and can be diluted to desired
proportions for its in vitro or in vivo or tissue specific appli-
cation. The study by Pulcini et al. [10] points towards an
interesting approach where serial dilutions of PRP can help
us determine the optimum level of platelets and factors cus-
tomized for a particular tissue or pathological condition.
This approach finds support in the evidence found in a study
conducted on 29 subjects by Cassano et al. [28] where bone
marrow aspirate (BMA) was collected by the same surgeon.
Each sample was divided and processed using two types of
commercially available kits. PRP was processed using a stan-
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dardized kit and method. The biologic autologous condi-
tioned serum (ACS) was derived from it and used to
evaluate the osteogenic potential of BMA derived stem cells,
like in prior studies [7, 29]. Factors like IL-1ra, present in
ACS, correlated positively with osteogenic activity [8, 28].
This study highlights usage of tissue specific requirements
parameters to define quality of the PRP. This is in line with
other musculoskeletal in vitro studies which have high-
lighted the effect of specific platelet derived factors on the
osteogenic potential of stem cell lines [13, 18, 27]. A study
involving 15 subjects by Bernardi et al.,, [15] also highlights
that freeze-thawing technique for PRP can damage platelet
membranes and may potentially affect the quality of PRP,
especially in terms of slow and sustained release of factors
in vivo. This could affect the clinical outcome of PRP. These
findings can aid us in selecting between freshly prepared
PRP and freeze thawed PRP for specific applications. For
in vivo effects, the interaction of injected PRP and/or platelet
derived factors with the local tissue depends on the charac-
teristics of the product, and the altered pathophysiological
parameters at the site of lesion. Some randomized studies
have documented this interaction in osteoarthritis [8, 30].
More randomized studies are needed to understand the full
scope of the nature of this interaction in different tissues as
the requirements can be tissue specific [28, 31].

4.3. Limitations. In this study we evaluated the different pro-
cedures utilized in preparing PRP, several factors like har-
vesting techniques, blood collection technique, presence or
absence of activators, method of centrifugation may affect
the composition of the PRP which were not compared due
to lack of reporting of comparable data and resources. PRP
has several applications which were beyond the scope of this
article and so were not included. A different study for
reviewing the multiple functions and utilizations of PRP
can be performed. This study was limited to only in vitro
and in vivo research in human models; animal studies were
excluded from this research. Another limitation was lower
human participation in few studies and the lack of unifor-
mity in duration of the research performed.

5. Conclusion

Considering the variabilities in PRP preparation procedures,
study by Machado et al. describes a simple, economical,
highly reproducible approach and meets the current stan-
dards suggested by the American Academy of Orthopedic
Surgeons working group, who presented the MIBO state-
ment. Its platelet yield was 4.17-fold greater than the base-
line platelet count. This study is an example of a
systematic approach to attain the desired standardization
in PRP preparation. Another study by Amable et al.
describes a simple and reproducible technique to produce
PRP, reporting 8.8-to-9.3-fold platelet yield. There is a clear
relationship between the platelet yield and efficacy of the
PRP/PRP product. A study by Sanchez et al. established that
compared with hyaluronic acid injection in the osteoar-
thritic knee, PRP produced using the single spin technique,
reaching 2-fold concentration, showed a superior effect
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[32]. This evidence suggests that even relatively low platelet
concentrations may be effective. Interestingly, some studies
have also noted that extremely high platelet concentrations
(6-fold) may induce an inhibitory effect on osteoblast
activity and healing processes [33]. Despite several recom-
mendations, there is lack of consensus on the optimum con-
centration of platelets which is necessary to induce tissue
repair. Therefore, a potential futuristic approach could be
to obtain a highly concentrated product using either of the
two above mentioned high yielding methods, which can be
used in variable dilutions to obtain a tissue/pathology spe-
cific therapeutic desired level of platelets and activate. We
recommend multicentric, randomized in vivo and in vitro
studies to further evaluate the features of PRP derived factor
pool, study their multidimensional interaction in vivo, and
their rate of release, when using biologic scaffoldings. This
will facilitate designing of enhanced therapeutic proce-
dures/products. Careful consideration should be given to
patient variability and tissue/pathology specific PRP produc-
tion methods when formulating any universal guidelines.
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