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Abstract Over the past decade, platelet-rich plasma

(PRP), a platelet-concentrated plasma fraction, has been

widely investigated and applied to regenerative medicine.

The clinical utility of PRP is supported by evidence that

PRP contains high concentrations of platelet-related

growth factors and normal concentrations of plasma-

derived fibrinogen, both of which contribute synergistically

to the regenerative process. Additionally, its superior cost-

efficacy versus conventional therapies is attractive to many

clinicians. However, current disadvantages of PRP include

a relatively complicated preparation procedure and variable

operator-dependent efficacy. An additional disadvantage is

the use of bovine thrombin, an animal-derived biological,

as a coagulant. Many of these disadvantages are overcome

by recent advances in preparation procedures and devices;

for example, Joseph Choukroun simplified the platelet-rich

fibrin preparation procedure and improved handling effi-

ciency without the aid of animal-derived factors. With

advancements in cell processing technology, there has been

a general shift in cell therapy from autologous to allogeneic

treatment; however, autologous PRP therapy will not easily

be replaced by allogeneic treatment in the near future.

Therefore, to provide more predictable regenerative ther-

apy outcomes using autologous PRP, further investigations

should address developing a standardized procedure for

PRP preparation to augment its efficacy and potency,

independent of donor variability. We would then propose

that operators and clinicians prepare PRP according to the

standardized protocol and to carefully evaluate the clinical

scenario (i.e., recipient factors comprising skeletal defects)

to determine which factor(s) should be added to PRP

preparations. This careful approach will lead to improved

clinical outcomes for patients.

Keywords Platelet-rich plasma � Platelet-rich fibrin �
Quality control � Standardization � Regenerative medicine

Introduction

Platelet-rich plasma (PRP) is a platelet-concentrated

plasma fraction. As demonstrated in previous studies [1–6],

growth factors derived from platelets are present and

concentrated in PRP preparations (Table 1). By contrast,

growth factors derived from other cell lineages, such as

colony-stimulating factors and hepatocyte-growth factors,

as well as plasma-derived components such as albumin and

fibrinogen, are not as concentrated. Recently, PRP has been

increasingly used for the regeneration and reconstruction of

skeletal and connective tissues in the periodontal and

maxillofacial fields [7, 8]. In this review article, we present

recent advances in the development and modification of

platelet-derived biomaterials and discuss their future use by

focusing on a standardized preparation of these platelet-

derived biomaterials.

Historical background

Advances in platelet-derived biomaterials for regenerative

medicine are illustrated in chronological order in Fig. 1. As

a biomaterial, PRP was first applied as a ‘‘glue’’ in surgical
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operations in the 1970s and is essentially identical to the

present-day fibrin glue [9]. Currently, fibrin glue is gen-

erally prepared from platelet-poor plasma (PPP) [10];

several different protocols for this preparation now exist;

therefore, the end products have been characterized and are

distinct from one another. Based on results from earlier

reports [9] and its application in surgical fields, fibrin glue

is generally considered to have a positive effect on tissue

repair and regeneration [11, 12].

From the earliest reports on the efficacy of fibrin glue,

almost 30 years elapsed since PRP was identified as a

promising reservoir of growth factors, and subsequently,

began to be applied in regenerative medicine. Break-

through studies in the late 1990s and early 2000s found that

PRP facilitated skeletal regeneration [13–15]. Based on the

theory that multiple growth factors involved in tissue

regeneration are highly concentrated in PRP, Marx et al.

tested the feasibility of using PRP in alveolar ridge aug-

mentation and proposed PRP to be effective in the field of

oral and maxillofacial surgery [16].

Due to the inherent liquid-form of PRP, preparations are

converted to a gel-form prior to clinical use. This conversion

was achieved by adding bovine thrombin to PRP preparations

to minimize the rapid diffusion of growth factors at the site of

application. This procedure continues to be a conventional

method for clotting as reported in several review articles [17–

19]. In 2006, Choukroun and co-workers developed a novel

technique for the purpose of eliminating xenofactors [20].

Using this technique, liquid PRP clotting was achieved by

stimulating only the endogenous coagulation pathway. As a

result, this technique has simplified the PRP preparation

Table 1 Major growth factors

and cytokines contained in

platelet-rich plasma

Category Factor Biological function

Growth factors PDGF Stimulate cellular growth, proliferation, healing, and cellular

differentiation through regulation of a variety of cellular processesTGF-b

IGF-I

VEGF

EGF

Angiogenic factors VEGF Exert a fundamental role in the process of blood vessel formation

Pro-inflammatory

cytokines

IL-1 Promote systemic inflammation

IL-6

TNF-a

Other factors Serotonin Influence the biological aspects of wound healing

Histamine

Dopamine

Calcium

Adenosine

PDGF platelet-derived growth factor, TGF-b transforming growth factor-b, IGF-I insulin-like growth

factor-I, VEGF vascular endothelial growth factor, EGF epithelial growth factor, IL-1 interleukin-1, IL-6

interleukin-6, TNF-a tumor necrosis factor-a

Fig. 1 A chronological table illustrating recent advances in the

development of PRP and its derivatives. Note 1: The protocols for

preparation of PRP and PRGF are modified by individual clinicians

based on the scientific evidence available at the time. Therefore,

protocols for preparation of PRP and PRGF should be standardized to

allow for appropriate comparisons of clinical data between interna-

tional laboratories/investigators. Note 2: PRGF is characterized by the

elimination of leukocytes to suppress their pro-inflammatory effect,

whereas leukocytes are enriched in A-PRF to exploit their anti-

bacterial and osteoinductive actions. PRP platelet-rich plasma, PRF

platelet-rich fibrin, CGF concentrated growth factors, PRGF plasma-

rich in growth factors, A-PRF advanced-platelet-rich fibrin, i-PRF

injectable-platelet-rich fibrin, GTR guided tissue regeneration
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protocol. This so-called ‘‘second generation of PRP,’’ des-

ignated as platelet-rich fibrin (PRF), has been increasingly

used as a PRP substitute in regenerative medicine. Other

favorable developments will be introduced in the ‘‘Innovation

surrounding the clinical use of PRP’’ section.

Major factors in PRP

As described in the ‘‘Historical background’’ section, fib-

rinogen and fibrin are also components of PRP. Although

most studies have focused primarily on growth factors,

fibrinogen and its converted form, fibrin, also play key

roles in tissue repair and regeneration [21, 22]. We con-

firmed these functions by in vitro cell culture experiments

[23]. Fibrinogen and fibrin, in conjunction with growth

factors, effectively support cell adhesion and proliferation

by increasing collagen production.

The mechanism of action may be explained by the

specific characteristics of fibrin. Fibrin functions as an

‘‘adhesive’’ scaffolding material for adherent cells to con-

centrate at the site of tissue regeneration in vivo or to

increase the number of cells in in vitro studies [22, 23].

Additionally, fibrin functions as an ‘‘adhesive’’ carrier for

growth factors to control their release and sustain their

bioactivity for longer time periods [24, 25].

Importantly, the concentration ratio of fibrinogen to

thrombin influences the mechanical and chemical properties

of the PRP clot. As thrombin concentration increases, rela-

tively thinner, more tightly packed fibrin strands are formed

[25–27]. By contrast, low thrombin concentrations yield clots

with thicker fibers, fewer branch points, and larger pores [25].

Fibrin fiber diameter affects the amount of surface area

available for cell interactions during platelet activation aswell

as for cell adhesion in tissue regeneration [28]. Micro-pores

composed of thin fibrin fibers that form within clots can

function as scaffolds for cell proliferation, migration, and

differentiation, as well as for delivery of growth factors.

Furthermore, crosslinking between fibrin fibers mechanically

stabilizes the architecture of fibrin networks and limits the

fibrinolytic activity of plasmin [27]. Therefore, fibrin clots

with structural crosslinkingwould be expected to have greater

stability and clot duration against fibrinolysis. Overall, the

quality and quantity of fibrin fibers, in addition to growth

factors, affect the potency and efficacy of PRP both directly

and indirectly in tissue regeneration and repair.

Clinical advantages of PRP

Although the effects of PRP on skeletal regeneration

remain unclear and controversial, connective tissue

wounds, can be successfully and predictably regenerated or

repaired. From a clinical point of view, PRP has several

remarkable advantages. The primary advantage of PRP is

in its non-stimulative and bioactivity-supporting role.

Compared to other synthetic biomaterials, PRP augments

physiologic healing or regenerative processes without

interfering with their homeostatic balance [9, 29]. For

example, when applied to the regeneration or repair of

periodontal tissue, PRP does not ankylose teeth, as has

been observed in bone morphogenetic protein treatment

[30, 31]. In addition, PRP rarely causes complications such

as membrane exposure, an unwanted outcome that has been

observed in cases using non-biodegradable (Gore-Tex�) or

biodegradable barrier membranes [32, 33].

A second advantage of PRP is its outstanding cost to

benefit ratio. While some investigators have recently sug-

gested substituting recombinant growth factors for PRP,

the cost for a PRP preparation is definitively less expensive

than the combination of other biomaterials and recombi-

nant growth factors. If a similar growth factor cocktail is

prepared from individual recombinant growth factors, the

cost would be at least 10 times higher than that of an

equivalent PRP preparation. Recent advances in biotech-

nology and protein engineering have, to some extent,

improved the quality of recombinant growth factors by

overcoming barriers of bacterial expression systems such

as the lack of post-translational modification mechanisms

and limited capacity for disulfide bond formation [34].

However, this does not necessarily imply that all com-

mercially available recombinant growth factors are as

efficient or as potent as native growth factors. Therefore,

recombinant growth factor cocktails are cost-prohibitive

and are not currently ideal substitutes for PRP.

Third, PRP preparations for regeneration and repair

procedures can be prepared on-site in a timely manner.

PRP preparations do not require factory-like machines or

expensive devices. In Japan, a new regenerative medicine

law was established in 2014 and has since been enforced

(November, 2014). Under this law, PRP preparations

should be prepared at a Clean Bench or in a Safety Cabinet.

The initial investment for producing PRP preparations,

which includes centrifuges, would not exceed 700,000 yen

(approximately US$8,400 in December, 2014) at the min-

imum. Therefore, in our opinion, it would be affordable for

most private clinics to invest long term in basic facilities to

produce PRP preparations.

A fourth advantage of using autologous PRP is the

extremely low risk for infection. In allogeneic PRP, even

after appropriate donor screening tests for pathogenic

bacteria and viruses, the risk of transmission of unknown

infections to recipients remains. In addition, the possibility

of allogeneic PRP preparation-induced allergic and ana-

phylactic reactions cannot be ruled out, as can occur after

platelet transfusions [35].
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These major advantages support the clinical use of

autologous PRP preparations in regeneration and repair

processes.

Clinical disadvantages of PRP

The first disadvantage of PRP is the variable preparation

quality of the technique-sensitive preparation method. The

second disadvantage is the time-consuming nature of the

PRP preparation method, which usually requires at least

30 min. These disadvantages may be stressful for some

clinicians. The third disadvantage is the continued use of

bovine thrombin for clotting the liquid preparation of PRP

[17–19]. In this regard, concerns have been raised as to the

transmission of unknown infections from animal-derived

biologicals, such as bovine thrombin, to PRP recipients [36].

Nevertheless, in an effort to overcome the first two

disadvantages (i.e., technique-sensitive quality and time/

labor-intensive PRP preparations), automated preparation

systems have been newly developed. Furthermore, some of

the automated systems are capable of generating autolo-

gous thrombin for clotting PRP preparations, which

addresses the third concern of animal-derived biologicals.

Thus, at present, PRP can be prepared with safer and more

user-friendly methods to be used by clinicians in a variety

of fields. Subsequent challenges focus on expanding the

clinical applications of PRP by highlighting particular

characteristics of PRP. These issues will be discussed

further in the following sections.

Innovation surrounding the clinical use of PRP

To overcome its disadvantages and to enhance the perfor-

mance of PRP, several research groups and manufacturers

have attempted to develop novel devices to modify PRP

preparations.

Automated preparation

Many improvements and modifications have reduced the

time-consuming process and frustration associated with on-

site preparation of PRP. The development of various

automated PRP preparation systems, regarded as a highly

successful innovation, has been marketed by several

manufacturers: Harvest, 2M Engineering, Thermogenesis,

CaridianBCT, and Magellan. However, the purpose of this

section is not to evaluate those products. Instead, we sug-

gest that individual users carefully examine the perfor-

mance and operability of different systems.

Other minor modifications have improved centrifugation

and autologous thrombin preparation and have reinforced

anti-bacterial action. In the immediate years following the

use of PRP by Marx et al. [13, 16], many investigators have

attempted to optimize the speed and efficiency at which

platelets were collected using a double-centrifugation

procedure. In a previous study [1], we reported that the

optimal speed for centrifugation was 2400 rpm

(950g) 9 10 min and 3600 rpm (2200g) 9 15 min for the

first and second spin, respectively. Importantly, it should be

noted that although collecting platelets is faster and more

efficient, faster centrifugation speeds beyond an optimum

level may over-activate platelets and result in the release

and diffusion of growth factors into other fractions [37].

Optimization of these conditions has been considered in

automated PRP preparation systems; when choosing man-

ual preparation, individual clinical operators should deter-

mine optimal conditions based on the recovery of key

growth factors.

To eliminate bovine thrombin from the clotting process,

human thrombin, especially autologous thrombin, is a more

optimal replacement. In Japan, human thrombin extracted

from donor blood is marketed as a hemostatic agent and

could be subject to ‘‘off-label use’’ for clotting PRP

preparations, in a broad sense, under the Medical Practi-

tioners Law or the Dental Practitioners Law. Yet, rather

than an allogeneic source, autologous thrombin is highly

recommended and preferable. Since Harvest and other

manufacturers produce automated thrombin preparation

kits along with the PRP preparation systems described

above, clinical operators may easily prepare autologous

thrombin using those systems. It is also possible to man-

ually prepare autologous thrombin using a separate device.

Alternatively, the supernatant of PRF preparations, in

which thrombin activity is found, may be used as an

autologous thrombin preparation.

Anti-microbial properties

PRP has often been demonstrated to suppress the growth of

particular species of bacteria such as Staphylococcus au-

reus [38–40]. In addition, a recent study suggests that PRP

may provide an early protection against bacterial contam-

ination during surgical procedures [41]. However, it has

also been reported that PRP promotes growth of Pseu-

domonas [39]. In a preliminary animal study [42], we

confirmed that PRP has the potential to protect wounds

from infection and simultaneously suppress severe

inflammatory reactions. Yet, in a preliminary in vitro study

using Escherichia coli (Kawase et al., unpublished obser-

vations), we also determined that the anti-bacterial action

of freeze-dried PRP is very weak despite the presence of b-
defensin-2, a cysteine-rich cationic low molecular weight

anti-microbial peptide [43]. Burnouf et al. recently sug-

gested that the PRP bactericidal or anti-microbial activity
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against particular bacterial strains, such as E. coli, Pseu-

domonas aeruginosa, Klebsiella pneumonia, and S. aureus,

is carried by plasma components rather than by platelets or

white blood cells [44]. Therefore, we would caution that

although the anti-bacterial action of PRP is favorable, it

should not be overestimated or considered comparable in

efficacy to antibiotic therapy.

Plasma rich in growth factors (PRGF)

PRGF was developed by Anitua et al. in 1999 [45, 46]. In

our opinion, PRGF is considered a minor variation of PRP.

However, according to Anitua and colleagues, PRGF can

be distinguished from other PRP preparations by its purely

autologous and biocompatible formulation obtained

through a one-step centrifugation process using sodium

citrate as the anticoagulant and calcium chloride as the

platelet activator and as the coagulant [47]. Furthermore,

PRGF has moderate platelet concentrations and does not

contain white blood cells. Therefore, PRGF avoids the

potential pro-inflammatory effects of proteases and acid

hydrolases, both components of white blood cells [47]. The

differences between PRP and PRGF fractions are illus-

trated in Fig. 2. The clinical significance of these obser-

vations has yet to be clearly demonstrated by independent

investigators.

PRF

PRF is a fibrin meshwork that contains platelets, white

blood cells, serum, and concentrated growth factors [20].

The macroscopic (A) and scanning electron micrograph

(SEM) (B) composition of PRF are shown in Fig. 3. As

described in preceding sections, the primary advantage of

PRF is its simple preparation protocol that does not require

anti-coagulants or coagulants, reduces the number of cen-

trifugation steps, and eliminates the process of fractiona-

tion. Thus, this preparation protocol allows clinical

operators to avoid more time-consuming and technique-

sensitive fractionation processes and also reduces patient

waiting time. For these reasons, PRF has been increasingly

utilized around the world.

In the case of PRP, individual-based variation in effec-

tiveness is explained by differences in the preparation

procedure as well as by performance-based variability

between individual operators. In contrast, the ‘‘de facto

standard’’ procedure of PRF preparation minimizes the

variability incurred by centrifuge speed and operator skill,

and enables operators to provide PRF preparations of

consistent quality to patients. Therefore, compared to PRP

preparations, it is theoretically possible to compare the
Fig. 2 Differences between platelet-rich plasma and plasma rich in

growth factors. BC buffy coat, RBC red blood cell fraction

Fig. 3 Macroscopic (a) and SEM (b) observations of platelet-rich fibrin. Arrows represent leukocytes. FBN fibrin fibers, PLT platelets
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clinical effectiveness of PRF preparations of similar caliber

that are obtained from different hospitals and clinics.

Choukroun’s group and others have theorized and fur-

ther modified PRF to produce A-PRF (leukocyte-enriched,

advanced type), i-PRF (injectable type), and CGF (con-

centrated growth factors) [48–50]. Although the prepara-

tion of CGF adopts a seamless two-step centrifuge speed

control, CGF is almost identical to PRF. The differences

between PRF/CGF and A-PRF fractions are shown in

Fig. 4. Both the A-PRF and i-PRF preparations are char-

acterized by platelets, leukocytes, circulating stem cells,

and endothelial cells concentrated in the fibrin clot [48]. By

reducing the centrifuge speed, leukocyte infiltration into

the red blood cell fraction is minimized. Furthermore, the

red blood cell fraction adjacent to the fibrin clot is not

completely eliminated. In fact, Choukroun considered

these PRF modifications as ‘‘blood concentrates’’ and not

‘‘platelet concentrates’’ [48].

Particular leukocytes, such as monocytes, are generally

believed to be involved in the anti-bacterial activity of PRP. In

contrast to Anitua’s suggestion that leukocytes should be

eliminated from PRP [47], Choukroun notes the beneficial

effects ofmonocytes on bone growth, vascularization, and the

production of vascular endothelial growth factor (VEGF).

Therefore, it is implied that these PRF modifications have

enhanced bactericidal and skeletal regenerative properties

due to a greater number of monocytes and endothelial cells.

The clinical advantages of these PRF modifications have yet

to be verified by independent investigators.

Freeze-dried PRP

In order to preserve and enhance the stability of PRP and

its derivatives, freeze-drying technology has been explored

in the literature. In 2001, Wolkers et al. first developed

freeze-dried platelets for the treatment of bleeding prob-

lems [51]. By adding trehalose, platelets could be pre-

served for longer periods of time (presumably for months)

without significant damage. The innovative prehydration

process in freeze-drying procedures and the rehydration

process for clinical application enabled the return of

membrane and protein components to activity levels that

are remarkably similar to those of fresh platelets [52].

These biomaterials are now utilized in battlefield clinics for

the treatment of injured soldiers [53]. To build on this

innovation, Pietramaggiori et al. demonstrated that carrier-

free, freeze-dried human PRP facilitated wound healing

without severe side effects in a chronic wound model in

diabetic mice [54, 55].

To improve the handling efficiency of PRP prepara-

tions in regenerative therapy, we recently developed

hybrid biomaterials by combining PRP and biodegradable

polyglactin 910 mesh or collagen sponge [42, 56]. This

hybrid material is expected to allow clinicians to avoid

time-consuming and technique-sensitive procedures for

on-site PRP preparation and to facilitate more rapid

response to emergency use in various surgical fields,

including periodontal and oral surgeries. This material can

be cut to an appropriate size and adapted to the site of

injury. In vitro and preclinical animal studies [42, 56]

demonstrated that this hybrid material stimulates cell

proliferation and facilitates wound healing even after a

month-long preservation.

It is generally believed that PRP should be prepared and

applied immediately after drawing blood from the patient.

This is based on the principle that autologous PRP is safer

in that it eliminates disease transmission and immuno-

genicity, which may be more likely to occur using non-

autologous PRP. In addition to the well-known biological

and medical advantages of immediate preparation and

application, the economical advantage is that neither

freezers nor other facilities are required for preservation.

However, we emphasize that freeze-dried PRP preparations

from a selected allogeneic source, under strictly performed

quality control, can be a better alternative to freshly pre-

pared autologous PRP. We expect that freeze-drying

technology will further expand the clinical application of

PRP in the future.

PRF barrier membrane

It has been a challenge to fabricate a barrier membrane

using PRF. Guided tissue regeneration (GTR) therapy

protects the space for periodontal tissue regeneration from

epithelial down-growth using barrier membranes [57].

These membranes are classified by their biodegradability,

and most are essentially bio-inert, except for collagen

Fig. 4 Differences between platelet-rich fibrin/concentrated growth

factors and advanced-platelet-rich fibrin
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membranes [58, 59]. However, if a barrier membrane

were bioactive and facilitated wound healing, it would be

a convenient replacement for conventional treatment that

combines the use of growth factors, scaffolds, and

spacers.

A promising candidate for use as a barrier membrane is

a heat-compressed PRF membrane [60]. Compressed PRF

membranes biodegrade at the site of implantation within

approximately 10 days. However, GTR membranes are

expected to function for at least 4–8 weeks or longer. To

increase PRF membrane stability, we recently developed a

heat-compression technique that is expected to reduce the

surface area and increase cross-linkage between fibrin

fibers within PRF preparations [60]. As expected, this heat-

compressed material was more resistant to biodegradation.

In addition, this material facilitated fibroblast and/or

myofibroblast proliferation as well as collagen deposition.

These results suggest that the heat-compressed PRF

membrane functions not only as a barrier membrane but

also as a carrier of growth factors to facilitate wound

healing. When applied to GTR therapies, we propose that

this material will facilitate skeletal regeneration as illus-

trated in Fig. 5.

Platelet lysate

Platelet lysate has recently been developed as a substitute

for fetal bovine serum (FBS) in the expansion of stem cells

[61–63]. Platelet lysate is prepared by freeze-thawing,

centrifugation, and filtration of platelet concentrates. The

resulting extracts contain high levels of the growth factors

stored in the platelets. Compared to FBS, the advantage of

platelet lysate is the effect of immature stem cell expansion

without inducing maturation. Therefore, in a sense, platelet

lysate does not directly contribute to regenerative therapy

but rather directly supports cell processing prior to stem

cell therapy.

Several manufacturers have developed and marketed

platelet lysates for laboratory use only (not for clinical

use). Currently, a kit for the preparation of platelet lysate is

also commercially available. In a clinical setting, even if

prepared from allogeneic sources, platelet lysate may be

useful to minimize immunological rejection of allogeneic

platelets and leukocytes. In addition, if fibrin clot formation

is not favorable, platelet lysate may be used as an alter-

native means, in combination with appropriate carrier

materials or polymer compounds such as polyethylene

glycol (PEG) and gelatin hydrogel [64, 65], in regenerative

therapies.

Recipient factors that influence clinical outcomes
of platelet-rich plasma therapy

The most critical factor affecting the success of PRP and its

derivatives in regenerative therapy is the quality of PRP

preparations. As described in preceding sections, prepara-

tion quality can be improved with standardized preparation

procedures and well-trained operators or automated

preparation systems. Nonetheless, it is essentially impos-

sible to significantly augment the efficacy and potency of

individual PRP preparations.

In regard to recipient factors, the conditions of alveolar

bone defects vary with individual patients. Specific factors

found in alveolar bone defects are important for achieving

successful therapy using PRP preparations. According to

the gold triangle standards for tissue engineering [66], stem

cells (or appropriate progenitor cells), scaffolds, and

growth factors continuously and cooperatively function to

build tissues and organs during in vitro cell processing.

This principle can also be applied to tissue regeneration

in vivo. For example, if the injury site does not contain

sufficient numbers of vitalized mesenchymal stem cells (or

osteoblastic progenitor cells), a PRP preparation may not

effectively facilitate alveolar bone regeneration.

In addition to stem cells, scaffolds, and growth factors,

we believe that ‘‘vascularization’’ should be included as

the fourth factor in the gold standard for tissue regeneration

in vivo (Fig. 6). For example, if neovascularization is not

promoted at the injury site, stem cells will not be effective

in skeletal regeneration in response to the scaffolds and

growth factors provided by PRP. Therefore, we suggest

that clinicians carefully evaluate whether individual clini-

cal cases are suitable for applications of PRP by focusing

on stem/progenitor cells and vascular endothelial cells,

Fig. 5 Scheme of proposed functions of the heat-compressed

platelet-rich fibrin membrane in guided tissue regeneration therapy
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neither of which are significantly provided by PRP

preparations.

Future perspective: autologous or allogeneic PRP
preparations?

The optimization of individual- and sample-dependent

efficacy and potency of PRP preparations remains to be

addressed in future investigations. These issues are com-

mon for all biologicals. From a pharmaceutical perspective,

perhaps a more effective approach would be to collect and

pool highly bioactive PRP preparations obtained from

selected donors. This approach is classified as an ‘‘allo-

geneic cell therapy.’’ Using this approach, although

appropriate quality control minimizes the risk of disease

transmission and other adverse effects, a longer time period

is required to ensure quality results from clinical trials and

to obtain approval from the appropriate regulatory agen-

cies. Perhaps, more importantly, these processes would

certainly increase the cost of PRP products at the industrial

production level. However, to reduce the total cost of cell

processing, cell therapy is now shifting from autologous to

allogeneic use. Therefore, clinicians may need to consider

the use of allogeneic PRP products in future regenerative

therapies.

Alternatively, it is theoretically possible to use PRP,

prepared on-site from selected healthy donors, directly in

non-donor patient recipients. Although recent advances in

preservation technology have expanded the applicability of

PRP, thus increasing the therapeutic uses of PRP [42, 51,

54, 56], to our knowledge, it is practically impossible to

find suitable on-site donors and to ensure the safety of

individual samples in a timely manner in a clinical setting.

However, if on-site preparation and immediate use of

allogeneic PRP is pursued, well-trained operators and

clinicians should perform the preparation and quality

control of PRP preparations according to guidelines or

standardized protocols for both medical and economic

reasons. Such protocols are not yet standardized interna-

tionally, but individual research groups have recently

proposed various standardized protocols for the preparation

of autologous PRP [6, 28, 37]. Additionally, the Interna-

tional Cellular Medical Society has released guidelines for

the use of PRP [67]. This current trend implies that there is

an increasing need for international standardized protocols

for operators/clinicians and their societies. Therefore, these

protocols and guidelines will hopefully be expanded to the

preparation of allogeneic PRP and established in the near

future.

Concluding remarks and our proposal

As described in the previous section, there are many future

perspectives on the preparation and use of PRP. However,

we believe autologous use will continue to be the con-

ventional method in the near future, as autologous prepa-

ration remains the safest and most economical choice for

both patients and clinicians. In order to minimize individ-

ual-based variations in efficacy and potency, it is necessary

to have standardized protocols to produce the most clini-

cally efficacious preparations. In some cases, it may be

necessary to eliminate inappropriate blood samples (i.e.,

patient donors). Furthermore, to optimize clinical results,

we propose the rigorous determination of any insufficient

recipient factors at the site of regeneration/repair (i.e.,

donors in autologous therapy) and the delivery of these

insufficient factors (e.g., calcium phosphate bone substi-

tutes or stem/progenitor cells), together with platelet-

derived biomaterials, to these sites. The careful preparation

and quality control of PRP, in combination with the rig-

orous evaluation of recipient implantation sites, will lead to

improved clinical outcomes for patients.
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