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Abstract

Background

Platelet-rich plasma (PRP) has proven to be a very safe therapeutic option in the
treatment of tendon, muscle, bone and cartilage injury. Currently, several commercial
PRP separation systems are available for the preparation of PRP. The concentrations of
blood components in PRP among these separation systems vary substantially.

Purpose
To systematically review and evaluate the differences between the concentration
of blood components in PRP produced by various PRP separation systems.

Methods

MEDLINE/Pubmed, the Cochrane Central Register of Controlled Trials (CENTRAL)
and EMBASE were searched for studies that compared the concentration of blood
components and growth factors in PRP between various separation systems and
studies that reported on the concentration of blood components and growth factors
of single separation systems. The primary outcomes were platelet count, leukocyte
count, and concentration of growth factors (Platelet Derived Growth Factor-AB
(PDGF-AB), Transforming Growth Factor-B1 (TGF-B1), Vascular Endothelial Growth
Factor (VEGF). Furthermore, the preparation protocols and prices of the systems
were compared.

Results

1079 studies were found of which 19 studies were selected for inclusion in this
review. The concentration of platelets and leukocytes in PRP differed largely
between, and to a lesser extend within, the studied PRP separation systems.
Additionally, large difference both between and within the studied PRP separation
systems were found for all the growth factors. Furthermore, preparation protocols
and prices varied widely between systems.

Conclusion

There is a large heterogeneity between PRP separation systems regarding
concentrations of platelets, leukocytes and growth factors in PRP. The choice for
the most appropriate type of PRP should be based on the specific clinical field of
application. As the ideal concentration of blood components and growth factors
for the specific fields of application are yet to be determined for most of the fields
of application, future research should focus on which type of PRP is most suitable
for the specific fields of application.
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Introduction

Platelet-rich plasma (PRP) is small volume of autologous blood plasma that has
been enriched with blood-derived platelets[21]. PRP is considered to have beneficial
effects on many healing processes as a result of the growth factors contained in the
platelets alphagranules[43]. The use of PRP for clinical applications in periodontal
and oral surgery, maxillofacial surgery, plastic surgery and the treatment of chronic
skin and soft-tissue ulcers has been extensively investigated[22,33,47,53]. PRP has
proven to be a very safe therapeutic option; complication are rarely reported as PRP
is derived from autologous blood[42]. In orthopaedic surgery and sports medicine,
the use of PRP is of increasing interest over the last decade. PRP has shown to
have a beneficial effect on the healing of tendon, muscle, bone and cartilage
injury[15,58]. Clinical studies on the efficacy of platelet-rich plasma in the treatment
of symptomatic knee osteoarthritis[31,39,52] and chronic tendinopathy such as
patellar tendinopathy[14,17] and lateral epicondylitis[19,23,40,41] have shown

beneficial effects of PRP injections.

Currently, several commercial PRP separation systems are available for the preparation
of PRP[15]. The concentrations of blood components in PRP (platelets, leukocytes
and growth factors e.g. PDGF, TGF-B1 and VEGF) among these separation systems
vary substantially[15]. Studies comparing the differences in blood componentsin PRP
from these separation systems report varying outcomes in terms of concentration
of blood components and growth factors[7,36,50]. To gain more insight into the
differences between the concentration of blood components and growth factors in
PRP produced by the different separation systems, we conducted a systematic review
of literature on studies investigating the blood components and growth factors in PRP.
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Materials and methods

Inclusion criteria
Studies

The literature search performed for this review was limited to studies that compared
the concentration of blood components and growth factors in PRP between different
PRP separation systems and studies that reported on the concentration of blood
components and growth factors of single PRP separation systems. We only included
studies investigating human blood taken from healthy adult (>18 years) volunteers.
The literature search was limited to papers in the English, German, French and Dutch

language.

PRP separation systems

Only studies reporting on PRP separation systems that are currently commercially
available were included.

Outcome measures

This review primarily focused on the platelet count, the leukocyte count, the platelet
enrichment factor([platelet concentration in PRP]/[platelet concentration in whole
blood]) and growth factors (Platelet Derived Growth Factor-AB (PDGF-AB), Platelet
Derived Growth Factor-BB (PDGF-BB), Transforming Growth Factor-B1 (TGF-B1),
Vascular Endothelial Growth Factor (VEGF), Epidermal Growth Factor (EGF),
Fibroblast Growth Factor-2 (FGF-2), Hepatocyte Growth Factor (HGF) and Insulin-
like Growth Factor (IGF)). Furthermore, the preparation protocols (amount of whole
blood needed, number of centrifugations, time of centrifugation) and prices of the

different PRP separation systems were compared.

Search strategy

We searched MEDLINE/Pubmed, the Cochrane Central Register of Controlled Trials
(CENTRAL) and EMBASE up until March 2017 to identify relevant studies concerning
the concentration of blood components in PRP. There were no constraints based
on publication status. In MEDLINE, the following search strategy was used and was
modified for uses in other databases:

80



Concentrations of blood components in commercial PRP separation systems

Humans

Platelet-Rich Plasma

1AND 2

Blood Platelets or platelet count

Leukocytes or leukocyte count

Platelet-Derived Growth Factor

3 AND 4 AND 5

3 AND 6

70R8

The search was performed by one of the authors (B.O.). References of retrieved

W e N U kEWNR

publications were also used to add studies potentially meeting the inclusion criteria
that were missed by the electronic search. Abstracts from scientific meetings and

review articles were excluded.

Review process

To identify relevant articles for this review, the title and abstract of the articles
found by the above-mentioned search strategy were reviewed. After the selection,
the full manuscripts were reviewed for definitive selection. All identified studies
were independently reviewed by two reviewers (B.O. and J.P.) for inclusion using
the above-mentioned criteria. In case of disagreement, a third reviewer (A.V.) was

consulted to resolve the disagreement.

Data collection

The following data were extracted from the included trials: study design (comparative
study or study describing one separation device), study characteristics (e.g. number
of blood samples), concentration analysis methods, type of outcome, results of the
study and the main conclusion(s) of the study. This information was extracted by one
author (B.O.). If necessary, authors were contacted for additional information about

their specific paper.

The companies producing the PRP separation systems were contacted to gain
information about the specific preparation protocols. In case a company did not

respond to the request, literature was searched for the preparation protocol.
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Statistical analysis

First, the 95% confidence intervals (Cl) were calculated for each of the blood
components studied in the included studies using the mean concentration, the
standard deviation and number of samples. The following formula was used: x +x \/in
where X is the mean concentration, y the critical value of the t distribution based on
the sample size of the study, 0 the standard deviation and 1 the number of samples
studied. Forest plots were created usingthe meanand the 95% Cl. Differences
in concentrations within and between the different PRP separation systems were
explored informally by eye-ball test. Additional statistical analyses of differences
within and between the different separation systems were not conducted. As a
substantial part of the data in the included studies was presented in graphs, which
led to missing quantitative data, descriptive results of the studies that compared two
or more PRP preparation systems were summarized in a table. Analyses were
conducted in SPSS (version 15.0; SPSS, Chicago, lllinois) and Microsoft Excel, Microsoft
Office 365 (Microsoft Corporation, Redmond, WA, USA).
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Results

Search results

The search was performed on September 17, 2016, with a final search update
to check for recently published relevant articles on April 11, 2017. The search of
MEDLINE/Pubmed, the Cochrane Central Register of Controlled Trials (CENTRAL)
and EMBASE databases provided 1079 citations of which 179 were duplicates. After
reviewing the titles and abstracts of the 900 remaining studies, 791 studies were
excluded for not meeting the inclusion criteria. The manuscripts of the remaining
109 studies were reviewed after which 90 studies were excluded: 19 studies were

selected for inclusion in this review (figure 1).

No additional studies were found by checking the references of the selected articles.

Potential studies for inclusion from search of databases (n = 1079)

MEDLINE/Pubmed (609); EMBASE (446); CENTRAL (24)

Duplicate studies excluded (n = 179)

-
<«

v
I Articles screened on title and abstract (n = 900) |

<—| Excluded based on title and abstract (n = 791) |

A 4

Included for review of manuscript and application of inclusion
criteria (n = 109)

Excluded (n = 90):
e No commercially available PRP kit (n = 60)
No full-text available or conference abstract (n = 22)
No outcome study (n = 5)
No human study (n = 1)
Data used twice in different articles (n = 1)
No data available (n = 1)

3

Included in review (n = 19)

Figure 1: flow diagram of the search process.

Characteristics of the included studies

The characteristics of the included studies are summarized in table 1. 14 studies
compared the concentration of blood components in PRP between different PRP
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separation systems. In eight studies commercially available separation systems were
compared. Five studies reported the concentration of blood components of single
separation systems. The number of samples analyzed varied between 3 and 102. Ten
different commercially available separation systems were studied. The GPSIII system
was studied the most: ten times in total followed by the ACP system which was
studied in five studies. The PRGF, Magellan and SmartPrep systems were all studied
three times; the Cascade and RegenPRP were studied in two studies and the Prosys,
KYOCERA and GLO systems were only studied in one study.

Outcome measures

The platelet concentration was the most studied outcome measure, studied in thirteen
of seventeen studies. Other outcome measures were the leukocyte concentration
(12/17), red blood cell concentration (5/17) and the platelet enrichment factor (7/17).
With regard to growth factors, TGF-B1 was studied the most (9/17), followed by PDGF-
AB and VEGF (both 8/17). Other reported growth factors were IGF (4/17), PDGF-BB
(3/17), EGF (3/17), HGF (2/17) and FGF-2 (1/17). As TGF-B1, PDGF-A and VEGF were by
far the most studied growth factors, further statistical analyses were only performed
for these three growth factors.

PRP separation systems

The preparation protocols for the different PRP separation systems are summarized
in table 2. The majority of the systems use a dual spin method (6/10). Both the
centrifugal force (range 350-2008g) as the total centrifugation time (range 5-21
minutes) differed largely between systems. Also, a wide variation in price per kit

(range 95-500S) was found between the systems.
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Laboratory results
Concentration platelets, leukocytes and platelet enrichment factor

The concentrations of platelets and leukocytes found in the included studies
are presented in figure 2. The concentration of platelets in PRP differed largely
between, and to a lesser extend within, the studied PRP separation systems. The
highest concentration of platelets was produced by the Cascade system; the
lowest concentration of platelets was produced by the ACP system. Regarding the
concentration of leukocytes in PRP, large differences were found between, but not
within, the separation systems. The highest concentration of leukocytes was found
in the PRP produced by the GPS IIl system, the PRP produced by the ACP system
contained the lowest number of leukocytes. Although only reported in four studies,
large difference between PRP separation systems were found for the platelet
enrichment factor. The highest platelet enrichment factors were found for the GPS IlI
and SmartPrep system (respectively 3.93[32] and 3.79[30]); the lowest for the ACP,
RegenPRP and Cascade systems (respectively 1.31[32], 1.59[32] and 1.62[7]).

Concentration growth factors

The concentrations of the growth factors PDGF-AB, TGF-B1 and VEGF found in the
included studies are presented in figure 3. Large differences both between and
within the studied PRP separation systems were found for all the growth factors.
Additionally, no differences in concentration of PDGF-AB and TGF-B1 were found
between the higher (GPSIIl, SmartPrep and Magellan) and lower platelet yielding
devices (ACP, Cascade, PRGF and RegenPRP) as for the higher (GPSIIl, SmartPrep,
Magellan and RegenPRP) and lower leukocyte yielding devices (ACP and Cascade).
However, the concentration of VEGF tended to be higher in PRP produced by systems
that yield higher concentrations of platelets and leukocytes (GPS, Magellan).
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Results comparative studies

As not all selected studies provided exact data, descriptive results of the studies
comparing two or more PRP separation systems were used(7,25,29,32,36,46,54,57].
The Arthrex ACP and Biomet GPS Ill separation kits were the only kits that have been
compared in more than one study: the concentration of platelets, leukocytes and
growth factors was significantly higher in favor of the Biomet GPS 111[32,36,46,54].
Overall, the Arthrex ACP showed lower platelet and leukocyte concentrations in
studies comparing the ACP with the systems other than the GPS lll; the concentration
of growth factors, however, was largely comparable[32,46]. The Biomet GPS IIl on
the other hand, showed significantly higher concentrations of leukocytes compared
to other devices[7,32,46]. Furthermore, the GPS Ill produced a higher concentration
of platelets than the RegenPRP-kit and the Prosys PRP Kit[32,46], but no significant
differences in platelet concentrations were found between the Biomet GPS Il kit and
the Cascade and the Magellan kit[7]. The concentration of growth factors did not

significantly differ in most of the studies.
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Discussion

The objective of this review was to assess the differences between the concentrations
of blood components and growth factors in PRP between the various PRP separation
systems. The findings in this review demonstrate that there is a large heterogeneity
among various systems regarding the concentrations of platelets and leukocytes.
Regarding the concentrations of growth factors, there is a large heterogeneity both
between and within the different systems. Furthermore, the concentration of VEGF
tended to be higher in PRP produced by systems that produce higher concentrations of
platelets and leukocytes.

Concentration platelets

There was a large difference in concentration of platelets between the systems
studied in this review. Roughly, the systems studied in this review can be divided
in high- and low-yielding devices. This division in high- and low-yielding devices has
been described before by Dhurat et al.[11]. Dhurat et al. described that PRP devices
can usually be divided into lower (2.5-3 times baseline concentration) and higher
(5-9 times baseline concentration) systems. The low-yielding devices in this review
produce PRP with a platelet concentration around 500x10™ uL, whereas the high-
yielding devices generally produce platelet concentrations over 750x10™ L. Among
the high-yielding devices were the GPSIIl, SmartPrep and the Magellan systems;
the lower concentration systems concerned the ACP, Cascade, PRGF and RegenPRP
systems. These findings correlate well with the findings in this review.

The concentration of platelets in PRP is of importance as the mechanism of action
of PRP is mainly based on the growth factors and cytokines found in the a-granules
in the platelets. However, there is no consensus about the optimal concentration of
platelets in PRP: some authors report platelet concentrations of >200x10° uL[37] to
be a therapeutic concentration, whereas others report concentrations of 1000x10°
uL[35]. In the present study, the platelet concentrations of all of the PRP separation
systems exceeded a platelet concentration of >200*103 ul which implies that all the
devices met the definition for therapeutic effective PRP as defined by Mazzucco[37].

Concentration leukocytes

Comparable to the concentration of platelets in PRP, the concentration of leukocytes

differed largely between the systems studied in this review. Additionally, no
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large differences within the systems were found. PRP separation systems can be
divided into systems producing high and systems producing a low concentration
of leukocytes. The concentration of leukocytes in PRP is a direct result of the
preparation method that is used. Buffy coat-based systems, for example, produce
PRP with high concentrations of leucocytes as the buffy coat is rich in leukocytes.
Plasma-based systems, in contrast, are designed to separate only the platelet
and plasma portions of whole blood and therefore contain low concentrations of
leukocytes[11,15,50]. The majority of separation systems in current literature yield
leukocyte-rich PRP. As also shown in this review, the ACP, Cascade and PRGF systems
are known to produce leukocyte-poor PRP. Currently, the inclusion of leukocytes in
PRP is subject to debate as both beneficial and adverse effects of leukocyte inclusion
have been suggested[50]. Potential beneficial effects of leukocyte inclusion include
their role in tissue remodeling and their increased antibacterial and immunological
resistance[12,44]. Furthermore, the presence of leukocytes in PRP is associated
with an increased concentration of growth factors, especially VEGF[9,10,28,64]. On
the other hand, the inclusion of leukocytes might have catabolic and inflammatory
effects on the targeted tissue as a result of the release of pro-inflammatory cytokines
by leukocytes which is associated with decreased proliferation and with increased
apoptosis[1,4,5,8,38,49,59,60,61,62]. As the aim of this review was to evaluate the
differences between the concentration of blood components in PRP produced by the
various PRP separation systems, no definitive answer can be provided on whether
leukocyte-rich or leukocyte-poor is best based on the results of this review. There is,
however, increasing evidence that the type of PRP (leukocyte-rich or leukocyte-poor)
should be matched to the specific clinical field of application. In the treatment of
knee osteoarthritis, for example, the use of leukocyte-poor PRP seems to be more
beneficial than leukocyte-rich PRP[48]. In the treatment of chronic tendinopathy
in contrast, the use of leukocyte-rich PRP is superior to leukocyte-poor PRP[20]. To
gain more insight in the specific indications for the different types of PRP, future
research should focus on which type of PRP is most suitable for the specific fields of
application.

Concentration growth factors

A wide variation was found regarding the concentrations of growth factors both
between different systems as within systems. These differences can partly be

explained by the use of the specific ELISA kits. The assays of growth factors contained
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in the platelets may be influenced by the incomplete removal of platelets and red
blood cells and therefore give variable results[36]. Data within studies are comparable
but comparison between studies is less reliable which limits the relevance of these
findings. In this review, it seemed, however, that the concentration of VEGF tended to
be higherin PRP produced by PRP kits that produce higher concentrations of platelets
and leukocytes. Higher amounts of growth factors have indeed been correlated with
higher amounts of platelets and leukocytes[55,63]. Although evidence about the
role of the specific growth factors is scarce, in vitro studies suggest that that PDGF
and TGF-b are the two most important growth factors in PRP[3,6,34,45]. In contrast
to the platelet and leukocyte concentration, there is no evidence about an ideal
concentration of growth factors in PRP for tissue regeneration. Therefore, future
studies are necessary to reveal the exact mechanisms of growth factors in PRP and
their role in tissue regeneration.

Preparation protocols

Besides a large heterogeneity in concentrations of platelets, leukocytes and growth
factors between systems, the preparation protocols for the different systems also
differed largely. Wide ranges were found for both the centrifugal force (350-2008g)
as the total centrifugation time (5-21 minutes). There are many ways of preparing
PRP, the most common methods are the plasma-based and the buffy coat- based
method[29]. Although not known for all systems in this review, most systems used
the buffy coat-based method. As mentioned earlier, buffy coat-based systems
produce PRP with high concentrations of leucocytes as the buffy coat is rich in
leukocytes[11,15,50]. Although the ideal concentration of blood components and
growth factors for the specific field of application has yet to be determined by
future research, the field of application should play an important role in the choice
for the most appropriate PRP separation system. Other factors like the volume of
whole blood needed, the final volume of PRP and the usability and reliability of the
separation system could also be taken into consideration. Finally, the price of the
systems can be taken into consideration as a wide variation in price per kit (range
95-5008) was found.

Strength and limitations

This is the first systematic review that offers a comprehensive overview of the
concentration of blood components in PRP produced by all the commercially available
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PRP separation systems and that analyzes the differences between the systems in
terms of concentration of blood components and growth factors. Initially this study
was designed as a meta-analysis. Unfortunately, despite all authors were contacted,
we had to deal with a lot of missing data and no raw data was available for the
majority of the studies. This limited the statistic options available for analyzing the
differences between systems and therefore a meta-analysis could not be conducted.
To overcome the missing data, descriptive results of the studies that compared two
or more PRP preparation devices were summarized. Furthermore, the number of
samples studied in the included studies was rather small; only five of the 19 studies
used 20 or more samples and ten of the 19 studies used even 10 or less samples,
which also limits the comparison between systems.

However, as the review of literature provided in the discussion showed, future
research on the components of PRP should not focus on the concentration of the
components, but rather on the optimal concentration of platelets, leukocytes and
growth factors for the different fields of application. The use of leukocyte-rich PRP
in chronic tendinopathy has been extensively investigated and been proven to
be superior to leukocyte-poor PRP[20]. For other applications, osteoarthritis for
example, the evidence is limited and well-designed clinical studies are necessary to
gain more insight into which formulation of PRP is most suitable.

In conclusion, this review demonstrates that there is a large heterogeneity between
different systems with regard to the concentrations of platelets, leukocytes and
growth factors in PRP. Also, the preparation protocols for the different systems differ
largely. The choice for the most appropriate type of PRP should be based on the
specific clinical field of application. As the ideal concentration of blood components
and growth factors for the specific fields of application are yet to be determined for
most of the fields of application, future research should focus on which type of PRP
is most suitable for the specific fields of application.

93




Chapter 5

References

1.

10.

11.

12.

13.

14.

15.

Anitua E, Zalduendo M, Troya M, Padilla S, Orive G. Leukocyte inclusion within a platelet
rich plasma-derived fibrin scaffold stimulates a more pro-inflammatory environment and
alters fibrin properties. PLoS One. 2015;10(3):e0121713.

Anitua E, Zalduendo MM, Alkhraisat MH, Orive G. Release kinetics of platelet-derived and
plasma-derived growth factors from autologous plasma rich in growth factors. Ann Anat.
2013;195(5):461-6.

Anitua E. Plasma rich in growth factors: preliminary results of use in the preparation of
future sites for implants. Int J Oral Maxillofac Implants 1999;14:529-35.

Assirelli E, Filardo G, Mariani E, Kon E, Roffi A, Vaccaro F, Marcacci M, Facchini A, Pulsatelli
L. Effect of two different preparations of platelet-rich plasma on synoviocytes. Knee Surg
Sports Traumatol Arthrosc. 2015;23(9):2690-703.

Braun HJ, Kim HJ, Chu CR, Dragoo JL. The effect of platelet-rich plasma formulations
and blood products on human synoviocytes: implications for intra-articular injury and
therapy. Am J Sports Med. 2014;42(5):1204-10.

Carlson NE, Roach RB. Platelet-rich plasma-clinical applications in dentistry. ] Am Dent
Assoc 2002;133:1383-6.

Castillo TN, Pouliot MA, Kim HJ, et al..Comparison of growth factor and platelet
concentration from commercial platelet-rich plasma separation systems.Am J Sports
Med. 2011;39:266-271.

Cavallo C, Filardo G, Mariani E, Kon E, Marcacci M, Pereira Ruiz MT, Facchini A, Grigolo B.
Comparison of platelet-rich plasma formulations for cartilage healing: an in vitro study. J
Bone Joint Surg Am. 2014;96(5):423-9.

Davis VL, Abukabda AB, Radio NM, Witt-Enderby PA, Clafshenkel WP, Cairone JV,
Rutkowski JL. Platelet-rich preparations to improve healing. Part Il: platelet activation
and enrichment, leukocyte inclusion, and other selection criteria. J Oral Implantol.
2014;40(4):511-21.

Denapoli PM, Stilhano RS, Ingham SJ, Han SW, Abdalla RJ. Platelet-Rich Plasma in a
Murine Model: Leukocytes, Growth Factors, Flt-1, and Muscle Healing. Am J Sports Med.
2016;44(8):1962-71.

Dhurat R, Sukesh M. Principles and Methods of Preparation of Platelet-Rich Plasma: A
Review and Author’s Perspective. ) Cutan Aesthet Surg. 2014;7(4):189-97.

Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet concentrates:
from pure platelet-rich plasma (P-PRP) to leucocyte- and platelet-rich fibrin (L-PRF).
Trends Biotechnol. 2009;27:158-167.

Dragoo J.L., Korotkova T., Wasterlain A.S., Pouliot M.A., Kim H.J., Golish S.R. Age-Related
Changes of Chondrogenic Growth Factors in Platelet-Rich Plasma. Oper Tech Orthop
2012;22(2):49-55.

Dupley L, Charalambous CP. Platelet-Rich Plasma Injections as a Treatment for Refractory
Patellar Tendinosis: A Meta-Analysis of Randomised Trials. Knee Surg Relat Res.
2017;29(3):165-171.

Engebretsen L, Steffen K, Alsousou J, Anitua E, Bachl N, Devilee R, Everts P, Hamilton B,
Huard J, Jenoure P, Kelberine F, Kon E, Maffulli N, Matheson G, Mei-Dan O, Menetrey
J, Philippon M, Randelli P, Schamasch P, Schwellnus M, Vernec A, Verrall G. 10C
consensus paper on the use of platelet-rich plasma in sports medicine. Br J Sports Med.
2010;44(15):1072-81.

94



Concentrations of blood components in commercial PRP separation systems

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Evanson JR, Guyton MK, Oliver DL, Hire JM, Topolski RL, Zumbrun SD, et al. Gender and
age differences in growth factor concentrations from platelet-rich plasma in adults. Mil
Med 2014;179(7):799-805.

Everhart JS, Cole D, Sojka JH, Higgins JD, Magnussen RA, Schmitt LC, Flanigan DC. Treatment
Options for Patellar Tendinopathy: A Systematic Review. Arthroscopy. 2017;33(4):861-872.

Everts PA, Devilee RJ, Brown Mahoney C, van Erp A, Oosterbos CJ, Stellenboom M,
Knape JT, van Zundert A. Exogenous application of platelet-leukocyte gel during open
subacromial decompression contributes to improved patient outcome. A prospective
randomized double-blind study. Eur Surg Res. 2008;40(2):203-10.

Filardo G, Di Matteo B, Kon E, Merli G, Marcacci M. Platelet-rich plasma in tendon-related
disorders: results and indications. Knee Surg Sports Traumatol Arthrosc. 2016.

Fitzpatrick J, Bulsara M, Zheng MH. The Effectiveness of Platelet-Rich Plasma in the
Treatment of Tendinopathy: A Meta-analysis of Randomized Controlled Clinical Trials. Am
J Sports Med. 2017;45(1):226-233.

Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA. Platelet-rich plasma:
from basic science to clinical applications. Am J Sports Med. 2009;37: 2259-72.

Gentile P, Cervelli V. Use of platelet-rich plasma in maxillofacial surgery. J Craniofac Surg.
2012;23(5):1580-2.

Gosens T, Peerbooms JC, van Laar W, den Oudsten BL. Ongoing positive effect of platelet-
rich plasma versus corticosteroid injection in lateral epicondylitis: a double-blind
randomized controlled trial with 2-year follow-up. Am J Sports Med. 2011;39(6):1200-8.

Hamilton B, Tol JL, Knez W, Chalabi H. Exercise and the platelet activator calcium chloride both
influence the growth factor content of platelet-rich plasma (PRP): overlooked biochemical
factors that could influence PRP treatment. Br J Sports Med 2015;49(14):957-960.

Howard D, Shepherd JH, Kew SJ, Hernandez P, Ghose S, Wardale JA, et al. Release of
growth factors from a reinforced collagen GAG matrix supplemented with platelet rich
plasma: Influence on cultured human meniscal cells. J Orthop Res 2014;32(2):273-278.

Kaux JF, Le Goff C, Renouf J, Peters P, Lutteri L, Gothot A, Crielaard JM. Comparison of the
platelet concentrations obtained in platelet-rich plasma (PRP) between the GPS™ Il and
GPS™ IIl systems. Pathol Biol (Paris). 2011;59(5):275-7.

Kaux JF, Le Goff C, Seidel L, Peters P, Gothot A, Albert A, et al. Comparative study of five
techniques of preparation of platelet-rich plasma. Pathol Biol (Paris) 2011;59(3):157-160.

Kobayashi Y, Saita Y, Nishio H, Ikeda H, Takazawa Y, Nagao M, Takaku T, Komatsu N, Kaneko
K. Leukocyte concentration and composition in platelet-rich plasma (PRP) influences the
growth factor and protease concentrations. J Orthop Sci. 2016;21(5):683-9.

Kushida S, Kakudo N, Morimoto N, Hara T, Ogawa T, Mitsui T, et al. Platelet and growth
factor concentrations in activated platelet-rich plasma: a comparison of seven commercial
separation systems. J Artif Organs 2014;17(2):186-192.

Leitner GC, Gruber R, Neumuller J, Wagner A, Kloimstein P, Hocker P, et al. Platelet content
and growth factor release in platelet-rich plasma: a comparison of four different systems.
Vox Sang 2006;91(2):135-139.

Lisi C, Perotti C, Scudeller L, Sammarchi L, Dametti F, Musella V, Di Natali G. Treatment
of knee osteoarthritis: platelet-derived growth factors vs. hyaluronic acid. A randomized
controlled trial. Clin Rehabil. 2017.

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

95




Chapter 5

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Martinez-Zapata MJ, Marti-Carvajal AJ, Sola |, Expdsito JA, Bolibar |, Rodriguez L, Garcia J,
Zaror C. Autologous platelet-rich plasma for treating chronic wounds. Cochrane Database
Syst Rev. 2016;(5):CD006899.

Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE, Georgeff KR. Platelet-rich
plasma: growth factor enhancement for bone grafts. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1998;85:638-46.

Marx RE. Platelet-rich plasma (PRP): what is PRP and what is not PRP? Implant Dent.
2001;10:225-8.

Mazzocca AD, McCarthy MB, Chowaniec DM, et al..Platelet-rich plasma differs according
to preparation method and human variability.) Bone Joint Surg Am. 2012;94:308-316.

Mazzucco L, Balbo V, Cattana E, Guaschino R, Borzini P. Not every PRP-gel is born equal.
Evaluation of growth factor availability for tissues through four PRP-gel preparations:
Fibrinet, RegenPRP-Kit, Plateltex and one manual procedure. Vox Sang 2009;97(2):110-118.

McCarrel TM, Minas T, Fortier LA. Optimization of leukocyte concentration in platelet-rich
plasma for the treatment of tendinopathy. J Bone Joint Surg Am. 2012;94(19):e143(1-8).

Meheux CJ, McCulloch PC, Lintner DM, Varner KE, Harris JD. Efficacy of Intra-articular
Platelet-Rich Plasma Injections in Knee Osteoarthritis: A Systematic Review. Arthroscopy.
2016;32(3):495-505.

Mi B, Liu G, Zhou W, Lv H, Liu Y, Wu Q, Liu J. Platelet rich plasma versus steroid on lateral
epicondylitis: meta-analysis of randomized clinical trials. Phys Sportsmed. 2017;45(2):97-104.

Mishra AK, Skrepnik NV, Edwards SG, Jones GL, Sampson S, Vermillion DA, Ramsey ML,
Karli DC, Rettig AC. Efficacy of platelet-rich plasma for chronic tennis elbow: a double-
blind, prospective, multicenter, randomized controlled trial of 230 patients. Am J Sports
Med. 2014;42(2):463-71.

Mlynarek RA, Kuhn AW, Bedi A. Platelet-Rich Plasma (PRP) in Orthopedic Sports Medicine.
Am J Orthop (Belle Mead NJ). 2016;45(5):290-326.

Molloy T, Wang Y, Murrell G. The roles of growth factors in tendon and ligament healing.
Sports Med. 2003;33:381-394.

Moojen DJ, Everts PA, Schure RM, et al. Antimicrobial activity of platelet-leukocyte gel
against Staphylococcus aureus. J Orthop Res. 2008;26:404-410.

Ogino Y, Ayukawa Y, Kukita T, Koyano K. The contribution of platelet-derived growth
factor, transforming growth factor-betal, and insulin-like growth factor-I in platelet-rich
plasma to the proliferation of osteoblast-like cells. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2006;101(6):724-9.

Oh JH, Kim W, Park KU, Roh YH. Comparison of the Cellular Composition and Cytokine-
Release Kinetics of Various Platelet-Rich Plasma Preparations. Am J Sports Med.
2015;43(12):3062-70.

Plachokova AS, Nikolidakis D, Mulder J, Jansen JA, Creugers NH. Effect of platelet-rich
plasma on bone regeneration in dentistry: a systematic review. Clin Oral Implants Res.
2008;19(6):539-45.

Riboh JC, Saltzman BM, Yanke AB, Fortier L, Cole BJ. Effect of Leukocyte Concentration on
the Efficacy of Platelet-Rich Plasma in the Treatment of Knee Osteoarthritis. Am J Sports
Med. 2016;44(3):792-800.

Rubio-Azpeitia E, Bilbao AM, Sanchez P, Delgado D, Andia |. The Properties of 3 Different Plasma
Formulations and Their Effects on Tendinopathic Cells. Am J Sports Med. 2016;44(8):1952-61.

96



Concentrations of blood components in commercial PRP separation systems

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Russell RP, Apostolakos J, Hirose T, Cote MP, Mazzocca AD. Variability of platelet-rich
plasma preparations. Sports Med Arthrosc. 2013;21(4):186-90.

Schar MO, Diaz-Romero J, Kohl S, Zumstein MA, Nesic D. Platelet-rich concentrates
differentially release growth factors and induce cell migration in vitro. Clin Orthop Relat
Res 2015;473(5):1635-1643.

Shen L, Yuan T, Chen S, Xie X, Zhang C. The temporal effect of platelet-rich plasma on
pain and physical function in the treatment of knee osteoarthritis: systematic review and
meta-analysis of randomized controlled trials. J Orthop Surg Res. 2017;12(1):16.

Sommeling CE, Heyneman A, Hoeksema H, Verbelen J, Stillaert FB, Monstrey S. The use of
platelet-rich plasma in plastic surgery: a systematic review. J Plast Reconstr Aesthet Surg.
2013;66(3):301-11.

Sundman EA, Cole BJ, Fortier LA. Growth factor and catabolic cytokine concentrations
are influenced by the cellular composition of platelet-rich plasma. Am J Sports Med
2011;39(10):2135-2140.

Weibrich G, Kleis WK, Hafner G, et al. Comparison of platelet, leukocyte, and growth
factor levels in point-of-care platelet-enriched plasma, prepared using a modified
Curasan kit, with preparations received from a local blood bank. Clin Oral Implants Res.
2003;14:357-362.

Weibrich G, Kleis WK, Hitzler WE, Hafner G. Comparison of the platelet concentrate
collection system with the plasma-rich-in-growth-factors kit to produce platelet-rich
plasma: a technical report. Int J Oral Maxillofac Implants. 2005;20(1):118-23.

Weibrich G, Kleis WK, Streckbein P, Moergel M, Hitzler WE, Hafner G. Comparison of
point-of-care methods for preparation of platelet concentrate (platelet-rich plasma). Int J
Oral Maxillofac Implants. 2012;27(4):762-9.

Willits K, Kaniki N, Bryant D. The use of platelet-rich plasma in orthopaedic injuries. Sports
Med Arthrosc. 2013;21(4):225-30.

Yin W, Qi X, Zhang Y, Sheng J, Xu Z, Tao S, Xie X, Li X, Zhang C. Advantages of pure platelet-
rich plasma compared with leukocyte- and platelet-rich plasma in promoting repair of
bone defects. J Transl Med. 2016;14:73.

Yin WJ, Xu HT, Sheng JG, An ZQ, Guo SC, Xie XT, Zhang CQ. Advantages of Pure Platelet-
Rich Plasma Compared with Leukocyte- and Platelet-Rich Plasma in Treating Rabbit Knee
Osteoarthritis. Med Sci Monit. 2016;22:1280-90.

Zhang L, Chen S, Chang P, Bao N, Yang C, Ti Y, Zhou L, Zhao J. Harmful Effects of Leukocyte-
Rich Platelet-Rich Plasma on Rabbit Tendon Stem Cells In Vitro. Am J Sports Med.
2016;44(8):1941-51.

Zhou Y, ZhangJ, Wu H, Hogan MV, Wang JH. The differential effects of leukocyte-containing
and pure platelet-rich plasma (PRP) on tendon stem/progenitor cells - implications of PRP
application for the clinical treatment of tendon injuries. Stem Cell Res Ther. 2015;6:173.

Zimmermann R, Arnold D, Strasser E, et al. Sample preparation technique and white cell
content influence the detectable levels of growth factors in platelet concentrates. Vox
Sang. 2003;85:283-289.

Zimmermann R, Jakubietz R, Jakubietz M, Strasser E, Schlegel A, Wiltfang J, Eckstein R.
Different preparation methods to obtain platelet components as a source of growth
factors for local application. Transfusion. 2001;41(10):1217-24.

97






