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Abstract: In the field of platelet concentrates for surgical use, most products are termed Platelet-Rich Plasma (PRP). Unfortunately, this term is very general and incomplete, leading to many confusions in the scientific database. In this article,
a panel of experts discusses this issue and proposes an accurate and simple terminology system for platelet concentrates
for surgical use. Four main categories of products can be easily defined, depending on their leukocyte content and fibrin
architecture: Pure Platelet-Rich Plasma (P-PRP), such as cell separator PRP, Vivostat PRF or Anitua’s PRGF; Leukocyteand Platelet-Rich Plasma (L-PRP), such as Curasan, Regen, Plateltex, SmartPReP, PCCS, Magellan, Angel or GPS PRP;
Pure Plaletet-Rich Fibrin (P-PRF), such as Fibrinet; and Leukocyte- and Platelet-Rich Fibrin (L-PRF), such as
Choukroun’s PRF. P-PRP and L-PRP refer to the unactivated liquid form of these products, their activated versions being
respectively named P-PRP gels and L-PRP gels. The purpose of this search for a terminology consensus is to plead for a
more serious characterization of these products. Researchers have to be aware of the complex nature of these living biomaterials, in order to avoid misunderstandings and erroneous conclusions. Understanding the biomaterials or believing in
the magic of growth factors ? From this choice depends the future of the field.
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1. PLATELET CONCENTRATES TERMINOLOGY: A
HISTORY OF CONFUSIONS LEADING TO A BLIND
LIBRARY OF KNOWLEDGE
The development of surgical adjuvants for the local
stimulation of healing is an important field of research in
biomaterial and pharmaceutical sciences. The first act of
healing associates many actors, first of all platelets, leukocytes, fibrin matrix and many growth factors. All these actors
work in synergy during the coagulation process, and many
products logically tried to mimic these natural mechanisms
in order to improve healing on a surgical site. This trend
started many years ago with fibrin glues (autologous, or
more frequently allogeneous) [1, 2], and evolved recently
with platelet concentrates technologies [3]. The concept of
these latter [4] is to use a centrifugation procedure (often in 2
steps) in order to concentrate and collect most platelets from
a blood harvest (taken with anticoagulant), and to inject them
into a wounded site in order to improve healing. The activa-

*Address correspondence to this author at the LoB5 Unit, Chonnam National University School of Dentistry, 77 Yongbong-Ro, Buk-Gu, Gwangju
500-757, South Korea; E-mail: LoB5@mac.com

1873-4316/12 $58.00+.00

tion of the product (with thrombin for example) induces the
platelet growth factors release and the polymerization of
fibrinogen (released by platelets or free in the plasma) into
fibrin [5], leading to a platelet gel.
Platelet concentrates and fibrin glues are thus in fact not
so different, both being based on similar technologies of polymerization of blood fibrinogen into a fibrin gel [3, 6].
However the concept of platelet-rich product was often
wrongly summarized by one magical concept: growth factors. This craze for growth factors often led to forget the key
roles of the other actors present in these blood-derived products: between mystical belief, commercial interests and scientific truth, for many researchers in this field it required
several years to accept the key role of fibrin [7, 8] and sometimes leukocytes in these products. When considering the
complexity of coagulation and healing, growth factors are
only actors among many others. The platelet concentrates are
more complex products than classical pharmaceutical preparations, because their clinical effects are dependent on the
intrinsic versatile and adaptive characteristics of the patient
blood and on the numerous -and often not investigated- actors contained in these products [9]. Platelet concentrates are
in fact blood concentrates, and their biology is as complex as
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blood itself. These products are living biomaterials, and are
more difficult to handle and evaluate than synthetic materials
shaped on demand.

injected during activation with bovine thrombin. Moreover,
the leukocyte content of the product used by these authors
was not confirmed.

The terminologies used in the field thus significantly
suffered from the initial confusions about these products and
mystical belief in platelet growth factors. The craze for platelet concentrates technologies started first in oral and maxillofacial surgery after the first article of Marx et al. [10]. These
authors used the term « Platelet-Rich Plasma (PRP) », in
reference to the term used for platelet concentrates in hematology for the treatment of patients suffering from severe
thrombopenia. The “platelet-rich plasma (PRP)” term was
first used in 1954 by Kingsley to designate thrombocyte concentrate during blood coagulation experiments [11], and is
still used today in blood transfusion science.

From this moment, the term “PRP” was used everywhere, whatever the platelet concentrate technology was [3].
During the following years, most studies have employed
various in-house protocols, where the basic two-step centrifugation process was modified with regard to centrifugation forces (from 160g to 3000g) and time (from 3 to 20 min
for the different centrifugation steps). The definition of these
parameters frequently seems to be empirical, and crossexamination of these technical data is an impasse. In most
articles, the various platelet concentrates were not correctly
described or characterized, particularly concerning their cell
contents. Most authors were somehow considering that all
platelet concentrates were the same, whatever was inside.

However, the concept of platelet concentrate for topical
use was in fact much older than the article of Marx and coworkers. A few years after the first publications of Matras
about fibrin glues [1], autologous preparations called
« platelet-fibrinogen-thrombin mixtures » were tested in ophthalmology [12, 13], general surgery [14] and neurosurgery
[15]. Another author called it « gelatin platelet (gel foam) »
[16]. These platelet-rich products were only used as fibrin
tissue adhesives, and not as healing stimulators: the platelets
were only supposed to support a stronger fibrin polymerization, and therefore a more efficient tissue sealing than basic
fibrin glues. Growth factors and healing properties were then
not considered.
A first clinical demonstration that platelet concentrates
promote healing locally was reported by Knighton et al. in
1986 [17]. These authors used the term “platelet-derived
wound healing factors” (PDWHF) for a preparation produced using an empirical 2-step centrifugation procedure.
Using this protocol, these authors treated 49 patients with
chronic non-healing cutaneous ulcers and reported good outcomes. In other articles in 1988 and 1990 [18, 19], these
authors used a slightly different term to define their technique: “platelet-derived wound healing formula (PDWHF)”.
These authors already used the term “platelet-rich plasma” as
a general term of transfusion medicine, but it did not refer to
the final product for clinical use itself. A few years later,
Whitman et al. [20] presented their clinical results in oral
and maxillofacial surgery, using a platelet concentrate that
was produced by a gradient density cell separator from the
hematology laboratory. It was named PRP during collection,
but the authors understood that the final product was a fibrin
gel, and therefore named it “platelet gel”. Unfortunately, in
all these studies, the exact content of these products remained unknown, particularly concerning the leukocyte content. Only platelets were quantified.
The use of the “PRP” term thus truly started with Marx et
al. [10], in a first study about the use of these platelet-rich
products during bone graft reconstruction in maxillofacial
surgery. The clinical results for bone healing were very interesting and sustained the use of these technologies in this
field. This PRP terminology was maybe too general, but it
was adequate: the PRP from Marx et al. was produced using
a cell separator from the hematology laboratory, and therefore was very similar to a professional PRP for transfusion.
But this product was also used as a fibrin gel, since it was

This confusing situation created incredible inconsistencies in the literature. It is frequent to see articles where
authors quantified the growth factor content of these products, but without activating the platelets [21, 22]: obviously
it cannot lead to relevant results and conclusions. The releasates are often tested, but without investigating the key
role of the fibrin matrix in the release kinetics [21-24], even
if this parameter was proved to be a considerable issue [25,
26]. It is also frequent to read in vitro cell studies where PRP
and cell lineages in culture are coming from 2 different donors [21, 22], or even 2 different species [23, 24]: considering that many platelet concentrates also contain leukocytes,
cell cultures with platelet concentrates are often cocultures
with leukocytes [27, 28], but many authors did not take this
key issue into consideration. As a whole, the enormous literature on the field is very difficult to review, and the published results are so contradictory that this literature could be
called a blind library of knowledge.
2. IN SEARCH FOR A BETTER TERMINOLOGY: A
SLOW EVOLUTION
The vagueness of the terminology and the associated lack
of characterization of the various platelet concentrates were
key issues, and several actors of this field tried to identify
and define clearly some of these products.
First, some companies started to use specific commercial
names for their products in order to give them a better visibility. In 1999, Anitua (Biotechnology Institute, BTI, Vitoria, Spain, a dental implant company) described a manual
version of the original PRP technology, using a one-step
centrifugation process and several pipetting steps [29]. The
final product was called PRGF (Plasma [29] or Preparation
[30] Rich in Growth Factors), and contained no leukocyte
and lower platelet and growth factor concentrations than
other products [31]. It could be activated with calcium chloride in order to produce a PRGF gel. Other companies also
tried to use similar strategies, such as Vivostat PRF (PlateletRich Fibrin): this latter is in fact only another variation of the
cell separator PRP technology [4]. Using the name of a
commercial product to define a specific version of the platelet concentrate technology is a smart solution and of great
help for a better understanding of the data published in the
literature. Unfortunately, it also raises serious suspicions of
commercialism [32], since these names are not based on the
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consensual classification of a scientific reality, but only
shaped by the need of commercial communication.
Some techniques however were so different from the
initial PRP concept, that the need for a different name became obvious and natural. When Choukroun et al. described
in 2001 the Platelet-Rich Fibrin (PRF) technique [33], it was
considered as a second-generation platelet concentrate technology [3, 34-38]. Indeed Choukroun’s PRF shows very different characteristics than the other products: blood is collected without anticoagulant and centrifuged immediately,
leading to the natural formation of a strong PRF clot in the
middle of the tube (without the addition of any adjuvants or
triggering factors). PRF is a solid biomaterial [39-42], an
optimized natural blood clot [43, 44], and not an injectable
liquid platelet suspension like the PRPs. The platelet activation and the fibrin polymerization are not the final step of the
process, they are the process [43]. With the invention of this
technique, the key role of the fibrin matrix in these technologies became an obvious issue [3], even if the confusions persisted. At least, it was obvious that platelet concentrate technologies resulting in strong fibrin biomaterials could not be
called PRP anymore. But another issue was raised by the
studies on PRF: PRF also contains leukocytes [36, 43]. The
immune parameters started to be investigated and the key
role of leukocytes was hypothesized and pointed out [25, 27,
28].
Obviously, the fibrin architecture and leukocyte content
could not be forgotten. An important series of opinions and
original articles challenged the spineless consensus on the
historical PRP term and gave the opportunity to create a better terminology.
In Bielecki et al.’s opinion in 2006 [45], the authors insisted on the different forms of PRP used in clinical practice:
PRP could be injected without thrombin (for example in
chronic severe elbow tendinosis)[46], but was more often
used after activation with thrombin (or another activator)
resulting in a gelatinous mass formation. These authors
therefore proposed to define Platelet-Rich Plasma as an inactive substance, while “platelet-rich gel” (PRG) represented
the biologically active fibrin matrix rich in platelets, leukocytes and related active molecules (growth factors, serotonin,
catecholamines, von Willebrand factor, proaccelerin, osteonectin and others released from the platelet granules). The
presence of leukocytes was also pointed out, but no other
specific terminology was proposed. In 2008, Everts et al.
completed this first opinion [47], insisting on the leukocyte
content and the 2 forms (activated/non activated) of these
products. A more accurate terminology was proposed: the
inactivated product was named platelet-leukocyte rich
plasma (P-LRP), and the activated gel was named plateletleukocyte gel (PLG).
The proposals of these 2 groups were significant contributions for the clarification of these products, and these
authors used these new terminologies in several following
articles [48-57]. However, this terminology remained incomplete [32]: indeed, some PRPs do not contain leukocytes
[31], and non activated PRPs cannot be considered as inactive products, their full activation is only delayed and more
natural (after the contact with the tissues on the site of injection)[46]. Moreover, even after activation, these gels (PRG,
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PLG or whatever the name) never reach the degree of natural
fibrin polymerization obtained in the PRF subfamily [43,
58].
The final step in this terminology history was the definition of a full classification system for all platelet concentrates [4]. Four families were simply designed, based on their
leukocyte and fibrin content. Liquid platelet concentrate suspensions (before activation) were named PRP: “Pure Platelet-Rich Plasma” (P-PRP) without leukocytes, “Leukocyteand Platelet-Rich Plasma” (L-PRP) with leukocytes. On the
contrary, solid platelet concentrate biomaterials, with a
strong fibrin architecture (and therefore always activated),
were called PRF: “Pure Platelet-Rich Fibrin” (P-PRF) without leukocytes, “Leukocyte- and Platelet-Rich Fibrin”
(L-PRF) with leukocytes. The main commercially available
technologies were classified following these principles
(Table 1). This classification is probably the more simple
and accurate [32], but a few clarifications are still necessary
in order to find a consensus terminology.
3. FINDING A CONSENSUS TERMINOLOGY
A terminology must be simple, accurate and pragmatic. It
also must avoid commercial interests and thus remain scientifically homogeneous [59]. For clarity and to be userfriendly, we should avoid the multiplication of pointless acronyms that only create confusions. Following these principles, a consensus on a simple terminology has been reached
and summarized in the Table 1.
First of all, all the products of this category are « platelet
concentrates ». This is the general term that defines all these
products: activated or not, with or without leukocytes, all
these products concentrate the platelets.
Second, the previous classification from 2009 [4] should
be considered as a good and user-friendly system to classify
products by their leukocyte content and fibrin architecture.
Indeed, considering that most of the literature on the topic
used the acronym PRP, and since this term is still valid for
some of these products, this acronym should be completed
but conserved in order to keep the coherence of the database.
When searching « PRP » articles on Medline, « P-PRP » and
« L-PRP » are immediately identified. For this reason, the
term « L-PRP » should be preferred to « P-LRP » for this
subfamily, even if both are correct from a strict meaning
standpoint.
« PRG » [45] and « PLG » [47] acronyms are too general
and should therefore be avoided. Indeed from a strict definition standpoint, P-PRF and activated P-PRP are both Platelet-Rich Gels, and L-PRF and activated L-PRP are both
Platelet-Leukocyte Gels, but the PRP and PRF families show
two completely different fibrin matrix architectures [5, 43,
58]. Moreover PRG and PLG also contain plasma in the gel,
as a colloidal solution trapped within the fibrin mesh. For all
these reasons, the activated version of a P-PRP should simply be a « P-PRP gel » (and not a PRG), and the activated
version of a L-PRP should simply be a « L-PRP gel » (and
not a PLG). The 2 PRF subfamilies only exist in the gel
form, so they do not need a more accurate terminology.
Three last parameters remained outside this first classification/terminology system: the platelet concentration rate,
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Classification of the main available (and Marketed) Methods of Production of Platelet Concentrates, in the 4 main Families of Products and their Associated Terminology (AP: Automated Procedure; MP: Manual Procedure). Many Other
Custom-Made or Open-Source Protocols are Available, all of them being Variations on the same basic Concepts; but all
the Techniques Fall within this Terminology/Classification System

Platelet Concentrate Class and
Terminology
P-PRP (Pure Platelet-Rich Plasma),
before activation
(P-PRP gel, after activation)

L-PRP (Leukocyte- and Platelet-Rich
Plasma), before activation

Methods of Production
(Generic name, detailed appellation when existing, company, city, country).
AP

MP

AP

(L-PRP gel, after activation)

MP

•

Cell separator PRP.

•

Vivostat PRF (Vivolution, Alleroed, Denmark).

•

Anitua’s PRGF (Preparation or Plasma Rich in Growth Factors, BTI BioTechnology Institute, Vitoria, Spain).

•

Nahita PRP (Nahita, Navarra, Spain).

•

PCCS PRP (Platelet Concentrate Collection System, 3I, Palm Beach Gardens, FL, USA).

•

SmartPReP PRP (Harvest Corp, Plymouth, MA, USA).

•

Magellan PRP (Magellan APS (Autologous Platelet Separator), Medtronic, Minneapolis,
MN, USA).

•

Angel PRP (Angel Whole Blood Processing System (AWBPS), Sorin Group, Mirandola,
Italy).

•

GPS PRP (Gravitational Platelet Separation System, Biomet Biologic, Warsaw, IN, USA).

•

Friadent PRP (Friadent-Schütze, Vienna, Austria).

•

Curasan PRP (Curasan, Kleinostheim, Germany).

•

Regen PRP (Regen Laboratory, Mollens, Switzerland).

•

Plateltex PRP (Plateltex, Prague, Czech Republic).

•

Ace PRP (Surgical Supply and Surgical Science Systems, Brockton, MA, USA).

P-PRF (Pure Platelet-Rich Fibrin)

MP

Fibrinet PRFM (Cascade Medical, Wayne, NJ, USA).

L-PRF (Leukocyte- and Platelet-Rich
Fibrin)

MP

Choukroun’s PRF (Process, Nice, France).

the leukocyte concentration rate, and the proportion of the
various sorts of leukocytes. First, the platelet collection efficiency can be very different between the various available
systems [31, 60, 61]. However, the clinical impact of the
platelet concentration rate is difficult to determine through
the available literature: the studies often concluded that a low
or moderate platelet concentration promoted the best results,
but these in vitro and in vivo data are quite theoretical and
difficult to extrapolate to clinical situations [62-65]. This
notion of platelet concentration rate is probably very important in some clinical fields where the platelet concentrate is
injected like a pharmaceutical liquid preparation (particularly
injections for tendons and muscles in sport medicine) [46,
66, 67]. However, when the platelet concentrate is used as
surgical adjuvant on a wounded and bleeding site, the local
blood flow considerably dilutes the impact of the platelet
concentration rate, and the biomaterial characteristics of the
product then prevail: fibrin architecture and cell content.
Moreover, when PRP gels are used as surgical adjuvants, the
platelet concentrate is often placed in suspension in some
acellular plasma (rich in fibrinogen) in order to increase the
volume of fibrin gel after activation: this simple technical
handling logically causes a dilution and a critical decrease of

the platelet concentration rate. However, the platelet concentration also influences the strength of the final fibrin network, so this parameter is in fact also interlinked with the
fibrin architecture of the material.
From the experience in sport medicine, where PRPs were
used as liquid pharmaceutical injectable preparations, a 5fold platelet concentration rate may be considered as a relevant baseline for the definition of PRP subfamilies, since
concentrations higher than 5-fold often gave the best clinical
results. However, this baseline is probably not universal and
therefore not valid for all clinical applications. Moreover, if
it may be applicable for the PRP subfamilies, it can not be
used for the PRF class since all PRF products are per definition solid biomaterials with a strong fibrin architecture
(therefore not injectable), and thus have reached an adequate
level of platelet concentration required for a strong fibrin
polymerization. For all these reasons, this notion of platelet
concentration rate was kept outside this general classification
consensus, but a specialized subclassification for injectable
PRPs in sport medicine is proposed in this special issue of
Current Pharmaceutical Biotechnology.
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On the contrary, the leukocyte concentration was often
neglected in the literature, and the leukocyte concentrate rate
and the leukocyte formula were even rarely suggested as
parameters [43], even if many clinical results may be related
to these actors of healing [28, 68]. All these parameters
should be assessed carefully now, in order to improve our
knowledge and maybe improve this first classification/terminology system in the future.
As a conclusion, the purpose of this search for a terminology consensus is not to play on words, but to influence
the way of thinking of all researchers in this field: it is no
more acceptable now to see scientific articles about these
technologies where the exact content of the tested products is
unclear, and where the final state (activated or not) and fibrin
architecture are not assessed. Without a better understanding
of the polymorphic and adaptive nature of these products, the
field of platelet concentrates may finally lose a big part of its
credibility, showing uncontrolled contradictory results (often
easily explained by the presence of leukocytes and other
uncharacterized parameters), and all its potential for the future will be lost. Understanding the biomaterial or believing
in the magic of growth factors? From this choice depends the
future of the field.

Current Pharmaceutical Biotechnology, 2012, Vol. 13, No. 7
[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]
[19]

DISCLOSURE OF INTEREST
The authors declare no competing financial interests.
ACKNOWLEDGEMENTS

[20]

[21]

This work was supported by the LoB5 Foundation for
Research, Paris, France.
[22]

REFERENCES
[1]
[2]
[3]

[4]

[5]
[6]

[7]
[8]
[9]

[10]

Matras, H. Die Wirkungen vershiedener Fibrinpraparate auf Kontinuitat-strennungen der Rattenhaut. Osterr. Z. Stomatol., 1970,
67(9), 338-359.
Gibble, J.W.; Ness, P.M. Fibrin glue: the perfect operative sealant?
Transfusion, 1990, 30(8), 741-747.
Dohan, D.M.; Choukroun, J.; Diss, A.; Dohan, S.L.; Dohan, A.J.;
Mouhyi, J.; Gogly, B. Platelet-rich fibrin (PRF): a secondgeneration platelet concentrate. Part I: technological concepts and
evolution. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.,
2006, 101(3), e37-44.
Dohan Ehrenfest, D.M.; Rasmusson, L.; Albrektsson, T. Classification of platelet concentrates: from pure platelet-rich plasma (PPRP) to leucocyte- and platelet-rich fibrin (L-PRF). Trends Biotechnol., 2009, 27(3), 158-167.
Mosesson, M.W.; Siebenlist, K.R.; Meh, D.A. The structure and
biological features of fibrinogen and fibrin. Ann. N.Y. Acad. Sci.,
2001, 936, 11-30.
Man, D.; Plosker, H.; Winland-Brown, J.E. The use of autologous
platelet-rich plasma (platelet gel) and autologous platelet-poor
plasma (fibrin glue) in cosmetic surgery. Plast. Reconstr. Surg.,
2001, 107(1), 229-237; discussion 238-229.
Clark, R.A. Fibrin and wound healing. Ann. N.Y. Acad. Sci., 2001,
936(355-367.
van Hinsbergh, V.W.; Collen, A.; Koolwijk, P. Role of fibrin matrix in angiogenesis. Ann. N.Y. Acad. Sci., 2001, 936, 426-437.
Everts, P.A.; Hoffmann, J.; Weibrich, G.; Mahoney, C.B.; Schonberger, J.P.; van Zundert, A.; Knape, J.T. Differences in platelet
growth factor release and leucocyte kinetics during autologous
platelet gel formation. Transfus. Med., 2006, 16(5), 363-368.
Marx, R.E.; Carlson, E.R.; Eichstaedt, R.M.; Schimmele, S.R.;
Strauss, J.E.; Georgeff, K.R. Platelet-rich plasma: Growth factor
enhancement for bone grafts. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endod., 1998, 85(6), 638-646.

[23]

[24]

[25]

[26]

[27]

[28]

1135

Kingsley, C.S. Blood coagulation; evidence of an antagonist to
factor VI in platelet-rich human plasma. Nature, 1954, 173(4407),
723-724.
Rosenthal, A.R.; Harbury, C.; Egbert, P.R.; Rubenstein, E. Use of a
platelet-fibrinogen-thrombin mixture as a corneal adhesive: experiments with sutureless lamellar keratoplasty in the rabbit. Invest.
Ophthalmol., 1975, 14(11), 872-875.
Rosenthal, A.R.; Egbert, P.R.; Harbury, C.; Hopkins, J.L.; Rubenstein, E. Use of platelet-fibrinogen-thrombin mixture to seal experimental penetrating corneal wounds. Albrecht Von Graefes
Arch. Klin. Exp. Ophthalmol., 1978, 207(2), 111-115.
Pearl, R.M.; Wustrack, K.O.; Harbury, C.; Rubenstein, E.; Kaplan,
E.N. Microvascular anastomosis using a blood product sealantadhesive. Surg. Gynecol. Obstet., 1977, 144(2), 227-231.
Silverberg, G.D.; Harbury, C.B.; Rubenstein, E. A physiological
sealant for cerebrospinal fluid leaks. J. Neurosurg., 1977, 46(2),
215-219.
Fischer, H. A method of suture-free anastomosis of nerve transplantation is being reported, using facial nerve as the example
(author's transl). Laryngol. Rhinol. Otol. (Stuttg.), 1979, 58(2), 154156.
Knighton, D.R.; Ciresi, K.F.; Fiegel, V.D.; Austin, L.L.; Butler,
E.L. Classification and treatment of chronic nonhealing wounds.
Successful treatment with autologous platelet-derived wound healing factors (PDWHF). Ann. Surg., 1986, 204(3), 322-330.
Knighton, D.R.; Doucette, M.; Fiegel, V.D.; Ciresi, K.; Butler, E.;
Austin, L. The use of platelet derived wound healing formula in
human clinical trials. Prog. Clin. Biol. Res., 1988, 266, 319-329.
Knighton, D.R.; Ciresi, K.; Fiegel, V.D.; Schumerth, S.; Butler, E.;
Cerra, F. Stimulation of repair in chronic, nonhealing, cutaneous
ulcers using platelet-derived wound healing formula. Surg. Gynecol. Obstet., 1990, 170(1), 56-60.
Whitman, D.H.; Berry, R.L.; Green, D.M. Platelet gel: an autologous alternative to fibrin glue with applications in oral and maxillofacial surgery. J. Oral Maxillofac. Surg., 1997, 55(11), 1294-1299.
Gassling, V.L.; Acil, Y.; Springer, I.N.; Hubert, N.; Wiltfang, J.
Platelet-rich plasma and platelet-rich fibrin in human cell culture.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2009,
108(1), 48-55.
Dohan Ehrenfest, D.M.; Del Corso, M.; Inchingolo, F.; Sammartino, G.; Charrier, J.B. Platelet-Rich Plasma (PRP) and PlateletRich Fibrin (PRF) in human cell cultures: growth factor release and
contradictory results. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2010, 110(4), 418-421.
He, L.; Lin, Y.; Hu, X.; Zhang, Y.; Wu, H. A comparative study of
platelet-rich fibrin (PRF) and platelet-rich plasma (PRP) on the effect of proliferation and differentiation of rat osteoblasts in vitro.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2009,
108(5), 707-713.
Dohan Ehrenfest, D.M.; Del Corso, M.; Inchingolo, F.; Charrier,
J.B. Selecting a relevant in vitro cell model for testing and comparing the effects of a Choukroun’s Platelet-Rich Fibrin (PRF) membrane and a Platelet-Rich Plasma (PRP) gel: tricks and traps. Oral
Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2010, 110(4),
409-411.
Dohan Ehrenfest, D.M.; de Peppo, G.M.; Doglioli, P.; Sammartino,
G. Slow release of growth factors and thrombospondin-1 in
Choukroun's platelet-rich fibrin (PRF): a gold standard to achieve
for all surgical platelet concentrates technologies. Growth Factors,
2009, 27(1), 63-69.
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.
Dohan Ehrenfest, D.M.; Diss, A.; Odin, G.; Doglioli, P.; Hippolyte,
M.P.; Charrier, J.B. In vitro effects of Choukroun's PRF (plateletrich fibrin) on human gingival fibroblasts, dermal prekeratinocytes,
preadipocytes, and maxillofacial osteoblasts in primary cultures.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2009,
108(3), 341-352.
Dohan Ehrenfest, D.M.; Doglioli, P.; de Peppo, G.M.; Del Corso,
M.; Charrier, J.B. Choukroun's platelet-rich fibrin (PRF) stimulates
in vitro proliferation and differentiation of human oral bone mesenchymal stem cell in a dose-dependent way. Arch. Oral Biol., 2010,
55(3), 185-194.

1136 Current Pharmaceutical Biotechnology, 2012, Vol. 13, No. 7
[29]

[30]
[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

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(4), 529-535.
Anitua, E.; Sanchez, M.; Orive, G.; Andia, I. The potential impact
of the preparation rich in growth factors (PRGF) in different medical fields. Biomaterials, 2007, 28(31), 4551-4560.
Weibrich, G.; Kleis, W.K.; Hitzler, W.E.; Hafner, G. Comparison
of the platelet concentrate collection system with the plasma-richin-growth-factors kit to produce platelet-rich plasma: a technical
report. Int. J. Oral Maxillofac. Implants, 2005, 20(1), 118-123.
Dohan Ehrenfest, D.M.; Bielecki, T.; Del Corso, M.; Inchingolo,
F.; Sammartino, G. Shedding light in the controversial terminology
for platelet-rich products: Platelet-Rich Plasma (PRP), PlateletRich Fibrin (PRF), Platelet-Leukocyte Gel (PLG), Preparation Rich
in Growth Factors (PRGF), classification and commercialism. J.
Biomed. Mater. Res. A, 2010, 95(4), 1280-1282.
Choukroun, J.; Adda, F.; Schoeffler, C.; Vervelle, A. Une opportunité en paro-implantologie : le PRF. Implantodontie, 2001, 42, 5562.
Sunitha Raja, V.; Munirathnam Naidu, E. Platelet-rich fibrin: evolution of a second-generation platelet concentrate. Indian J. Dent.
Res., 2008, 19(1), 42-46.
Dohan, D.M.; Choukroun, J.; Diss, A.; Dohan, S.L.; Dohan, A.J.;
Mouhyi, J.; Gogly, B. Platelet-rich fibrin (PRF): a secondgeneration platelet concentrate. Part II: platelet-related biologic features. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.,
2006, 101(3), e45-50.
Dohan, D.M.; Choukroun, J.; Diss, A.; Dohan, S.L.; Dohan, A.J.;
Mouhyi, J.; Gogly, B. Platelet-rich fibrin (PRF): a secondgeneration platelet concentrate. Part III: leucocyte activation: a new
feature for platelet concentrates? Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. Endod., 2006, 101(3), e51-55.
Choukroun, J.; Diss, A.; Simonpieri, A.; Girard, M.O.; Schoeffler,
C.; Dohan, S.L.; Dohan, A.J.; Mouhyi, J.; Dohan, D.M. Plateletrich fibrin (PRF): a second-generation platelet concentrate. Part IV:
clinical effects on tissue healing. Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. Endod., 2006, 101(3), e56-60.
Choukroun, J.; Diss, A.; Simonpieri, A.; Girard, M.O.; Schoeffler,
C.; Dohan, S.L.; Dohan, A.J.; Mouhyi, J.; Dohan, D.M. Plateletrich fibrin (PRF): a second-generation platelet concentrate. Part V:
histologic evaluations of PRF effects on bone allograft maturation
in sinus lift. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2006, 101(3), 299-303.
Mazor, Z.; Horowitz, R.A.; Del Corso, M.; Prasad, H.S.; Rohrer,
M.D.; Dohan Ehrenfest, D.M. Sinus floor augmentation with simultaneous implant placement using Choukroun's platelet-rich fibrin as the sole grafting material: a radiologic and histologic study
at 6 months. J. Periodontol., 2009, 80(12), 2056-2064.
Del Corso, M.; Sammartino, G.; Dohan Ehrenfest, D.M. Re:
"Clinical evaluation of a modified coronally advanced flap alone or
in combination with a platelet-rich fibrin membrane for the treatment of adjacent multiple gingival recessions: a 6-month study". J.
Periodontol., 2009, 80(11), 1694-1697; author reply 1697-1699.
Dohan Ehrenfest, D.M.; Lemo, N.; Jimbo, R.; Sammartino, G.
Selecting a relevant animal model for testing the in vivo effects of
Choukroun’s Platelet-Rich Fibrin (PRF): rabbit tricks and traps.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod., 2010,
110(4), 413-416.
Simonpieri, A.; Choukroun, J.; Del Corso, M.; Sammartino, G.;
Dohan Ehrenfest, D.M. Simultaneous sinus-lift and implantation
using microthreaded implants and leukocyte- and platelet-rich fibrin as sole grafting material: a six-year experience. Implant Dent.,
2011, 20(1), 2-12.
Dohan Ehrenfest, D.M.; Del Corso, M.; Diss, A.; Mouhyi, J.; Charrier, J.B. Three-Dimensional Architecture and Cell Composition of
a Choukroun’s Platelet-Rich Fibrin Clot and Membrane. J. Periodontol., 2010, 81(4), 546-555.
Dohan Ehrenfest, D.M. How to optimize the preparation of Leukocyte- and Platelet-Rich Fibrin (L-PRF, Choukroun’s technique)
clots and membranes: introducing the PRF Box. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. Endod., 2010, 110(3), 275-278.
Bielecki, T.; Gazdzik, T.S.; Szczepanski, T. Re: "The effects of
local platelet rich plasma delivery on diabetic fracture healing".
What do we use: Platelet-rich plasma or platelet-rich gel? Bone,
2006, 39(6), 1388; author reply 1389.

Ehrenfest et al.
[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Mishra, A.; Pavelko, T. Treatment of chronic elbow tendinosis with
buffered platelet-rich plasma. Am. J. Sports Med., 2006, 34(11),
1774-1778.
Everts, P.A.; van Zundert, A.; Schonberger, J.P.; Devilee, R.J.;
Knape, J.T. What do we use: platelet-rich plasma or plateletleukocyte gel? J. Biomed. Mater. Res. A, 2008, 85(4), 1135-1136.
Bielecki, T.; Gazdzik, T.S.; Szczepanski, T. Benefit of percutaneous injection of autologous platelet-leukocyte-rich gel in patients
with delayed union and nonunion. Eur. Surg. Res., 2008, 40(3),
289-296.
Bielecki, T.M.; Gazdzik, T.S.; Arendt, J.; Szczepanski, T.; Krol,
W.; Wielkoszynski, T. Antibacterial effect of autologous platelet
gel enriched with growth factors and other active substances: an in
vitro study. J. Bone Joint Surg. Br., 2007, 89(3), 417-420.
Cieslik-Bielecka, A.; Bielecki, T.; Gazdzik, T.S.; Arendt, J.; Krol,
W.; Szczepanski, T. Autologous platelets and leukocytes can improve healing of infected high-energy soft tissue injury. Transfus.
Apher. Sci., 2009, 41(1), 9-12.
Cieslik-Bielecka, A.; Bielecki, T.; Gazdzik, T.S.; Cieslik, T.;
Szczepanski, T. Improved treatment of mandibular odontogenic
cysts with platelet-rich gel. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endod., 2008, 105(4), 423-429.
Cieslik-Bielecka, A.; Gazdzik, T.S.; Bielecki, T.M.; Cieslik, T.
Why the platelet-rich gel has antimicrobial activity? Oral Surg.
Oral Med. Oral Pathol. Oral Radiol. Endod., 2007, 103(3), 303305; author reply 305-306.
Wrotniak, M.; Bielecki, T.; Gazdzik, T.S. Current opinion about
using the platelet-rich gel in orthopaedics and trauma surgery. Ortop. Traumatol. Rehabil., 2007, 9(3), 227-238.
Everts, P.A.; Devilee, R.J.; Brown Mahoney, C.; van Erp, A.;
Oosterbos, C.J.; Stellenboom, M.; Knape, J.T.; 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), 203-210.
Everts, P.A.; Jakimowicz, J.J.; van Beek, M.; Schonberger, J.P.;
Devilee, R.J.; Overdevest, E.P.; Knape, J.T.; van Zundert, A. Reviewing the structural features of autologous platelet-leukocyte gel
and suggestions for use in surgery. Eur. Surg. Res., 2007, 39(4),
199-207.
Everts, P.A.; Overdevest, E.P.; Jakimowicz, J.J.; Oosterbos, C.J.;
Schonberger, J.P.; Knape, J.T.; van Zundert, A. The use of autologous platelet-leukocyte gels to enhance the healing process in surgery, a review. Surg. Endosc., 2007, 21(11), 2063-2068.
Moojen, D.J.; Everts, P.A.; Schure, R.M.; Overdevest, E.P.; van
Zundert, A.; Knape, J.T.; Castelein, R.M.; Creemers, L.B.; Dhert,
W.J. Antimicrobial activity of platelet-leukocyte gel against
Staphylococcus aureus. J. Orthop. Res., 2008, 26(3), 404-410.
Fernandez-Barbero, J.E.; Galindo-Moreno, P.; Avila-Ortiz, G.;
Caba, O.; Sanchez-Fernandez, E.; Wang, H.L. Flow cytometric and
morphological characterization of platelet-rich plasma gel. Clin.
Oral Implants Res., 2006, 17(6), 687-693.
Dohan Ehrenfest, D.M.; Coelho, P.G.; Kang, B.S.; Sul, Y.T.; Albrektsson, T. Classification of osseointegrated implant surfaces:
materials, chemistry and topography. Trends Biotechnol., 2010,
28(4), 198-206.
Weibrich, G.; Kleis, W.K. Curasan PRP kit vs. PCCS PRP system.
Collection efficiency and platelet counts of two different methods
for the preparation of platelet-rich plasma. Clin. Oral Implants
Res., 2002, 13(4), 437-443.
Weibrich, G.; Kleis, W.K.; Buch, R.; Hitzler, W.E.; Hafner, G. The
Harvest Smart PRePTM system versus the Friadent-Schutze platelet-rich plasma kit. Clin. Oral Implants Res., 2003, 14(2), 233-239.
Choi, B.H.; Zhu, S.J.; Kim, B.Y.; Huh, J.Y.; Lee, S.H.; Jung, J.H.
Effect of platelet-rich plasma (PRP) concentration on the viability
and proliferation of alveolar bone cells: an in vitro study. Int. J.
Oral Maxillofac. Surg., 2005, 34(4), 420-424.
Graziani, F.; Ivanovski, S.; Cei, S.; Ducci, F.; Tonetti, M.; Gabriele, M. The in vitro effect of different PRP concentrations on osteoblasts and fibroblasts. Clin. Oral Implants Res., 2006, 17(2),
212-219.
Uggeri, J.; Belletti, S.; Guizzardi, S.; Poli, T.; Cantarelli, S.; Scandroglio, R.; Gatti, R. Dose-dependent effects of platelet gel releasate on activities of human osteoblasts. J. Periodontol., 2007,
78(10), 1985-1991.

In Search of a Consensus Terminology in the Field of Platelet Concentrates
[65]

[66]

Weibrich, G.; Hansen, T.; Kleis, W.; Buch, R.; Hitzler, W.E. Effect
of platelet concentration in platelet-rich plasma on peri-implant
bone regeneration. Bone, 2004, 34(4), 665-671.
Mishra, A.; Collado, H.; Fredericson, M. Platelet-rich plasma compared with corticosteroid injection for chronic lateral elbow tendinosis. P.M. R., 2009, 1(4), 366-370.

Received: July 20, 2010

Accepted: September 06, 2010

Current Pharmaceutical Biotechnology, 2012, Vol. 13, No. 7
[67]

[68]

1137

Mishra, A.; Woodall, J. Jr.; Vieira, A. Treatment of tendon and
muscle using platelet-rich plasma. Clin. Sports Med., 2009, 28(1),
113-125.
Woodall, J., Jr.; Tucci, M.; Mishra, A.; Benghuzzi, H. Cellular
effects of platelet rich plasma: a study on HL-60 macrophage-like
cells. Biomed. Sci. Instrum., 2007, 43, 266-271.

