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Abstract. Numerous studies have explored the suitability of 
biocompatible materials in regenerative medicine. Platelet 
concentrates are derived from centrifuged blood and are named 
according to their biological characteristics, such as platelet-
rich plasma, platelet-rich fibrin and concentrated growth factor. 
Platelet concentrates have gained considerable attention in soft 
and hard tissue engineering. Indeed, multiple components of 
autologous platelet concentrates, such as growth factors, fibrin 
matrix and platelets, serve essential roles in wound healing. 
Current studies are focused on cutting-edge strategies to meet 
the requirements for tissue restoration by improving the prop-
erties of autologous platelet concentrates. In the present review, 
applications of platelet concentrates for tissue engineering are 
discussed, presenting a selection of recent advances and novel 
protocols. In addition, several aspects of these strategies, such 
as the advantages of lyophilized platelet concentrates and 
the combination of platelet concentrates with biomaterials, 
stem cells or drugs are discussed. The present review aims 
to summarize novel strategies using platelet concentrates to 
improve the outcomes of wound healing.
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1. Introduction

Regenerative medicine and tissue engineering aim to restore 
both the structure and functions of damaged tissues (1). In 
recent years, novel and more efficient regenerative strate-
gies have been devised. These emerging approaches employ 
specific biocompatible and bioactive composite or natural 
scaffolds, into which cells or bioactive molecules are incorpo-
rated to construct a dynamic environment for wound healing 
in damaged tissues (2). However, the development and optimi-
zation of low-cost and effective therapeutic methods remains 
the primary goal (3).

Several studies have focused on autologous platelet 
concentrate derivatives, which may delay complications and 
boost tissue regeneration. It has been >40 years since the first 
generation of autologous platelet concentrates, termed platelet-
rich plasma (PRP), was produced (4). Since then, other platelet 
concentrates have been established, including platelet-rich 
fibrin (PRF) and concentrated growth factor (CGF). Platelet 
concentrates have three standard characteristics: i) They act as 
scaffolds, ii) they serve as a source of GF and iii) they contain 
live cells (Fig. 1 describes the rationale of using platelet 
concentrates in tissue regeneration) (5). These characteristics 
make platelet concentrates suitable candidates for tissue regen-
eration in clinical practice. The clinical applications of these 
types of derivatives of platelet concentrates in sports, spine and 
musculoskeletal medicine, ophthalmology and oral surgery 
have increased over the past few decades, resulting in positive 
clinical effects due to their ability to rapidly regenerate tendon, 
muscle and bone cartilage and speed up wound healing (6). 
Platelet concentrate injections in the knee for curing early 
osteoarthritis have achieved satisfying clinical results (7,8). 
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Platelet concentrates may serve as filling material for post-
extraction alveolar sockets, resulting in increased bone quality 
and soft-tissue healing (9,10). In addition, dormant corneal 
ulcers associated with surgery may be healed by platelet 
concentrates prospectively (11). Chronic ulcers, character-
ized by a prolonged, self-perpetuating inflammatory phase, 
slow and defective formation of extracellular matrix and a 
decreased rate or a failure of re-epithelialization are general 
complications associated with diabetes or bedsores (12-17). 
Platelet concentrates provide a novel standard of chronic 
wound care and achieve satisfying healing effects in the clinic. 
These positive results suggest that platelet concentrates may be 
used to effectively manage simple clinical issues.

However, the single use of platelet concentrates may not 
always provide satisfactory clinical results, particularly as 
complex clinical issues are concerned, such as substantial 
wounds accompanied with infection, where the high demands 
of wound healing result in a high degree of tissue tension. 
Occasionally, the goal is to restore tissues rapidly with 
improved healing results, such as in skin and cartilage, with 
the restored tissue being similar to the normal tissue, thus 
making it functionally better or compared with the simple use 
of platelet concentrates. In addition, prolonged degradation of 
platelet concentrates is required to keep pace with the slow 
regeneration of bones. Thus, it is necessary to develop platelet 
concentrates further, such that they are suitable for use in 
complex clinical applications and meet regenerative expecta-
tions. The present review highlights novel strategies utilizing 
platelet concentrates for tissue engineering and discusses 
several aspects of these strategies, such as lyophilized platelet 
concentrates, as well as the combination of platelet concen-
trates with biomaterials, stem cells or medications. The aim 
of the present review is to discuss the current progress in the 
field and highlight potential avenues for development strate-
gies utilizing platelet concentrates with improved quality and 
performance for different therapeutic applications. Therefore, 
a comprehensive and detailed review on modifying strategies 
of platelet concentrates in various types of tissue regeneration 
is provided. An overview is presented in Fig. 2.

2. Methods

This detailed review focuses on research employing platelet 
concentrates for novel tissue engineering applications. A 
comprehensive literature search was performed to identify 
appropriate studies for inclusion, incorporating several data-
bases (Fig. 3) and using permutations of multiple search terms as 
follows: Platelet Rich Plasma; PRP; Platelet Rich fibrin; Platelet 
Rich Fibrin; PRF; Platelet-Rich Fibrin; Leukocyte Platelet 
Rich Fibrin; Leukocyte Platelet-Rich Fibrin; LPRF; L-PRF; 
Advanced Platelet Rich Fibrin; Advanced PRF; A-PRF; APRF; 
Injectable Platelet Rich Fibrin; IPRF; Concentrated Growth 
Factors; CGF and Soft Tissue Regeneration; Soft Tissue Wound 
Regeneration; Soft Tissue Wound-Healing; Wound Healing; 
Bone Regeneration; Bone Formation; Tissue Engineering. 
The inclusion criteria comprised studies published in the 
English language and both in vitro and in vivo evaluations of 
novel tissue regeneration applications of platelet concentrates. 
Methods, objectives, conclusions, potential future directions 
and potential shortcomings of included studies were reviewed.

3. Classification and preparation of platelet concentrates

Platelet concentrates may be defined as autologous biological 
products obtained following centrifugation of peripheral 
blood. Different centrifugal speeds result in various types 
of platelet concentrates and the characteristics are compared 
and summarized in Table I. PRP was introduced in the 1970s 
and is recognized as the first generation of platelet concen-
trates (4). PRP is produced by a two-step procedure: Blood 
is collected and centrifuged at high speeds after the addition 
of an anticoagulant. The plasma, erythrocytes and buffy coat 
separate at the top, bottom, and in the middle layer, respec-
tively. The buffy coat contains platelets and leukocytes. Blood 
cells are removed and the remnants are centrifuged at a higher 
speed. Finally, PRP is collected from the bottom layer. To 
obtain insoluble PRP, bovine serum or 2% of calcium chloride 
are added. This process converts plasmatic fibrinogen into 
insoluble fibrin scaffolds and activates the platelets (18-20). 
However, the primary concern with this procedure is the pres-
ence of chemical or biological additives that may have adverse 
effects on tissue regeneration and delay wound healing.

Consequently, in 2001, the optimization of the preparation 
protocol was introduced by Choukroun, a second generation 
of platelet concentrates called PRF, which was subsequently 
renamed as leukocyte PRF (L-PRF), an enhanced version of 
PRP (21,22). PRF has three primary advantages: i) Chemical 
or biological additives are absent, which avoids their related 
adverse reactions; ii) fibrin clots are naturally formed, so there 
is no requirement to add platelet activators, such as bovine 
serum or calcium chloride; iii) a higher concentration of host 
immune cells is collected in the fibrin matrix (3,23). Since low-
speed centrifugation preserves more immune cells, GF and 
cytokines (24), this procedure has gained popularity, resulting 
in the production of advanced PRF (A-PRF) and injectable 
PRF (i-PRF). In a standard protocol, PRF is centrifuged at 
708 x g for 12 min, whereas A-PRF is processed at 208 x g for 
8 min (25) and i-PRF is centrifuged at 60 x g for 3 min (26). 
Another advantage of i-PRF is that it produces a solid fibrin 
clot within 15 min, which gives operators adequate time to 
handle it and combine with other materials.

CGF is considered the third generation of autologous 
plasma and is prepared by a different centrifugation method. 
These platelet concentrates are produced by centrifuging 
blood samples at dynamic speeds, which increases the density 
of the fibrin matrix and the concentration of GF (27). However, 
it is not easy to differentiate A-PRF and CGF either macro-
scopically or microscopically due to their similar principles 
of preparation and they are thus classified as the same type of 
platelet concentrate (Table I) (28).

4. Rationale of using platelet concentrates in tissue restora-
tion

The wound-healing process consists of five stages: 
Hemostasis, inflammation, cell proliferation, migration and 
tissue remodeling/maturation (29,30). Platelets, GF, leukocytes 
and fibrous proteins serve essential roles in these phases. The 
aim of the present review is not to describe their functions 
in detail. The respective functions of the primary ingredients 
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of platelet concentrates in the wound-healing process may be 
generally summarized as stated below.

GF serve critical roles in wound healing. These cytokines 
originate from cells, including platelets and leukocytes, or 

Figure 1. Schematic of the rationale of using platelet concentrates in tissue regeneration. GF, growth factor.

Figure 2. Platelet concentrates and application strategies. PRP, platelet-rich plasma; i-PRF, injectable platelet-rich fibrin; GF, growth factor; BMSC, bone 
marrow stromal cells; A-PRF, advanced PRF; HA, hydroxyapatite; L-PRF, leukocyte PRF; CGF, concentrated GFs; ADSC, adipose-derived stem cell; h-DPC, 
human dental pulp cells; MTA, mineral trioxide aggregate.
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plasma. In general, GF stimulates the proliferation of stem 
cells (Fig. 1). These factors include platelet-derived growth 
factor (PDGF), vascular endothelial growth factor (VEGF), 
basic fibroblast growth factor (bFGF) and transforming growth 
factor-β (TGF-β) (31,32). They serve different roles in different 
phases of the wound-healing process. The function of PDGF 
may be summarized as follows: First, it initiates and drives the 
wound-healing process by guiding neutrophils, macrophages 
and fibroblasts into the wound site from the early stage; subse-
quently, it activates macrophages and other cells possessing 
the potential for differentiation, such as fibroblasts, thereby 
resulting in provisional extracellular matrix synthesis, stem cell 
proliferation and collagen synthesis; finally, it triggers remod-
eling of the wound by activating and cross-linking collagen (33). 
Angiogenesis is a part of the tissue remodeling/maturation 
phase in wound healing. In this phase, both bFGF and VEGF 
promote endothelial cells to migrate and proliferate and 
differentiate into new blood vessels. Furthermore, TGF-β may 
promote angiogenesis, collagen synthesis and collagenase 
secretion and modulate osteoblastic cell division (31).

During the synthesis of autologous fibrin scaffolds, the 
3-dimensional fibrin nano-scaffold incorporates the platelets in 
a non-diffusible mode and binds platelet- and plasma-derived 

GF before they attach to their corresponding cell-surface 
receptors (20). As the fibrin matrix is gradually degraded, 
GF and platelets are slowly released into the injured site at 
a rate consistent with that required for tissue growth (34,35). 
Furthermore, the fibrin matrix provides mechanical support, 
plastic-elastic stiffness and space for cellular migration and 
proliferation (Fig. 1) (36,37). Thus, platelet concentrates 
fulfill different requirements for tissue restoration by linking 
molecular and cellular events.

5. Strategies to enhance the properties of platelet concen-
trates for clinical applications

General. The tissue regeneration process involves cells, signaling 
biomolecules and scaffolding. The reparative protocols intro-
duced in the present review focus on the application of platelet 
concentrates in several forms, either lyophilized or blended 
with (bio)materials (chitosan, silk fibrin, metal nanoparticles, 
mineral trioxide aggregate graft materials and hydroxyapatite) 
and/or stem cells [adipose-derived stem cells, bone marrow 
stromal cells (BMSC) and human dental pulp cells] or those 
modulated with drugs (antagonism and synergism) to enhance 
tissue regeneration. An overview is provided in Table II.

Table I. Comparison of characteristics of platelet concentrates.

 PRF
Classification/ Platelet-rich ---------------------------------------------------------------------------------------------------------- Concentrated
author (year) plasma L-PRF i-PRF A-PRF growth factors Ref.

Anticoagulants
  Miron et al (2017) Yes No No No No (26)
  Isobe (2017)      (86)
Preparation (RCF/g) 
centrifuge tube
  Hatakeyama et al (2014) 700/8+1600/8 708/12 60/3 208/8 Altered speed (19)
  Miron et al (2017) (plastic tubes) (glass tubes) (plastic tubes) (glass tubes) (glass tubes) (26)
  Pitzurra et al (2020)      (25)
Contents
  Miron et al (2017) Leukocytes, GF Leukocytes,  Leukocytes, GF Leukocytes,  Leukocytes,  (5)
  Masuki (2016) and fibrinogen GF and fibrin and fibrinogen GF and fibrin GF and fibrin (87)
Morphological
characteristics
  Miron et al (2018) Liquid Solid Liquid Solid Solid (3)
  Isobe (2017)      (86)
Fibrin formation
  Miron and Zhang (2018) Requirement Natural Delayed Natural Natural (3)
  Hatakeyama et al (2014) to be induced  formation   (19)
  Anitua et al (2019)      (20)
  Ghanaati et al (2014)      (23)
  Malli et al (2019)      (27)
Fibrin density
  Masuki (2016) - + - ++ ++ (87)
  Isobe (2017)      (86)
Degradable rates
  Isobe (2017) Fast Moderate Fast Moderate Moderate (86)

L-PRF, leukocyte platelet-rich fibrin; i-PRF, injectable PRF; A-PRF, advanced PRF; GF, growth factor; -, none; +, medium amount; ++, large amount.
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Lyophilized platelet concentrates. Lyophilization, a process 
comprising sublimation and desorption of water from the 
frozen sample, may improve protein stability, extend shelf-
life and preserve the biological activity of samples (38-41). 
Therefore, although it is not necessary to use platelet concen-
trates after lyophilization immediately, there may be concerns 
regarding whether lyophilization affects the restorative 
abilities of platelet concentrates. Based on the current body of 
knowledge, it is not easy to differentiate between the number 
of GF between lyophilized and fresh PRF. Furthermore, during 
the process of lyophilization, the structure of the fibrin matrix 
is altered substantially. For instance, the pore size of the fibrin 
matrix is enlarged, which accelerates its degradation rate. The 
process of lyophilization may also damage the structure of 
leukocytes and this may reduce immunological rejection. Since 
the amount of GF in lyophilized and fresh platelet concentrates 
retains consistency, the in vitro osteogenic capacity of BMSC 
sheets treated with fresh or lyophilized platelet concentrates 
is unaffected (41). Owing to the changes in the structure of 
lyophilized platelet concentrates, adhesion and migration of 
stem cells in vivo may in turn be affected, which may improve 
bone regeneration in bone defects compared with the fresh 
preparations (42). However, results regarding lyophilized 
PRF are inconsistent. For instance, one study reported that 
lyophilized PRF appears to retain an architecture similar to 
that of fresh PRF (both lyophilized and fresh PRF exhibit an 
abundance of leukocytes with nuclei distributed within the 
fibrin matrix) (43). However, the sponge structure of lyophi-
lized PRF has a larger internal space than that of fresh PRF, 
while the structure of fibrin is similar in both types of PRF. 
The conclusion derived from this contrasting scenario is that 

lyophilization of PRF may preserve its bioactivity in tissue 
regeneration. On the other hand, another concern is whether 
mixing lyophilized and fresh PRF at different ratios is better 
than the use of lyophilized or fresh PRF alone. Studies have 
indicated that mixing lyophilized and fresh PRF at a 1:1 ratio 
may exert improved healing effects in vivo, as TGF-β was 
released more steadily, which confirmed the hypothesis that 
fresh/lyophilized PRF not only prolongs the release of GF but 
also delays the peak of release (44).

We hypothesized that lyophilization may not influence cell 
sheets in vitro due to the constant levels of GF in lyophilized 
and fresh PRF preparations. However, structural changes occur 
due to lyophilization, such as enlarged pore size, which serve 
pivotal roles in wound healing and influence proliferation, 
adhesion and migration of stem cells in vivo. Consequently, 
further investigations are required to verify whether lyophi-
lized PRF exhibits increased tissue-restorative capacities 
compared with fresh PRF.

Platelet concentrates combined with biomaterials. Biomaterials 
are widely used in tissue engineering for their unique biological 
characteristics, which may be used to cover the shortcomings 
of platelet concentrates. Potential shortcomings of platelet 
concentrates include the possibility that released cytokines 
may not sustain tissue regeneration for a prolonged period 
and that platelet membranes may be vulnerable to mechanical 
stress (4,30,45), limiting their surgical applicability. Therefore, 
the following section addresses several approaches that have 
been proposed to overcome this problem.

Chitosan. Chitosan contributes to several phases of wound 
repair via the promotion of cellular organization (46). This 

Figure 3. Flow chart of the screening process for the identification and inclusion of relevant publications.
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Table II. Studies evaluating the effects of strategies/advanced techniques of platelet concentrates in tissue regeneration.

A, Lyophilization

Author (year) Setting Research direction Conclusion Ref.

Wang et al (2019) In vivo and Bone and osteoblasts LPRF promotes BMSC proliferation and osteogenic (41)
 in vitro  differentiation; bone regeneration with LPRF
   and BMSC in mice.
Li (2014) In vivo and Bone and MSC Lyophilization favors PRF promotes Runx2-mediated (42)
 in vitro  osteogenic lineage commitment in alveolar bone
   cells in alveolar bone cells mainly;
   bone regeneration and mineralization.
Liu et al (2019) In vivo and Bone and BMSC Combination of fresh and lyophilized PRF favors BMSC (44)
 in vitro  osteogenic differentiation in vitro and bone
   formation in vivo.
Zhang et al (2017) In vivo Bone Lyophilization preserves the clinical effects. (43)
   of PRF with tissue healing

B, Combination with (bio)materials

Method/author (year) Setting Research direction Conclusion Ref.

Chitosan
  Mohammadi et al (2016) In vivo Full-thickness Chitosan and PRP combinations promote wound healing (47)
  wound healing by promoting collagen synthesis.
  Shimojo et al (2016) In vitro Human ADMSCs Composite scaffolds control the release of and enhance (48)
   the proliferation of ADMSCs.
  Wang et al (2019) In vitro Murine-derived cell CGF loaded on chitosan-alginate stably releases GF and (49)
   presents superior osteogenic effects.
  Ansarizadeh et al (2019) In vitro Bone marrow MSCs Composite scaffolds present higher Young's modulus and (50)
   MSC viability and lower degradation rate.
Silk fibrin
  Lee et al (2010) In vivo Bone A combination of PRF and silk fibroin presented faster (54)
   bone formation than the unfilled group.
SNPs
  Khorshidi et al (2018) In vitro Antimicrobial Modification of L-PRF by SNPs exhibits antimicrobial (57)
  properties properties, mainly for viridans streptococci and
   higher mechanical strength.
MTA
  Woo et al (2018) In vitro h-DPCs The synergic effects of MTA and PRF promote the (58)
   differentiation of h-DPCs into odontoblast-like cells
   through the activation of BMP/Smad signaling pathway.
Graft materials
  Abdullah (2016) In vivo Bone A combination of PRF and β-TCP accelerates bone (59)
   regeneration compared to PRF alone.
  Karayurek et al (2019) In vivo Bone A combination of PRF and autograft presents superior (60)
   bone regeneration than other graft materials.
HA
  Ohba et al (2012) In vivo Bone Electrically polarized HA/PRP gel activated osteogenic (61)
   cells to enhance bone regeneration.
  Sadeghinia et al (2019) In vitro h-DPSCs PRP-fibrin glue/chitosan-gelatin/nano HA provides rich GF (62)
   to promote differentiation and proliferation of h-DPSCs.

C, Combination with stem cells

Method/author (year) Setting Research direction Conclusion Ref.

ADSC
  Stessuk et al (2016) In vitro Fibroblasts and A combination of ADSC and PRP stimulates fibroblasts (67)
  keratinocytes and keratinocytes to proliferate.
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biomaterial serves a role during proliferation and matrix 
generation, which may reduce the formation of disoriented 
connective tissue. Biocompatible membranes adsorbed with 
PRP and chitosan have excellent wound-healing effects (47). 
The composite scaffolds control the release of cytokines and 
enhance the proliferation of stem cells compared with platelet 
concentrates alone.

Furthermore, chitosan may be made porous and stabi-
lized by different treatments, yielding improved properties 
that may then be combined with platelet concentrates (48). 
Lyophilized platelet concentrates are more rapidly combined 
with biomaterials when compared with fresh ones. By 
loading the lyophilized platelet concentrates on the chitosan 
membrane, the physical properties may be tuned; two primary 
advantages have been described (49,50). First, the degradation 
rate is slow, which ensures a steady and prolonged release of 

GF. Furthermore, their enhanced mechanical strength makes 
them more suitable for surgery. Combination with absorbable 
biomaterials, such as chitosan, provides a feasible approach 
to prepare wound dressings. The synthetic membrane may be 
designed to not only provide adequate mechanical strength for 
surgery but also delay the release of GF in platelet concen-
trates, matching the speed of tissue regeneration.

Silk fibroin. Silk fibroin offers good biocompatibility, 
slow degradation and excellent mechanical properties (51-53). 
When tissue defects are too large, platelet concentrates 
filling the defects may not be sufficient and in such cases, the 
combination of silk fibroin and PRF is a potentially suitable 
option (54). Owing to the excellent biocompatibility of silk 
fibrin, tissue regeneration may be accelerated by such synthetic 
biomaterials. However, slow degradation may induce immuno-
reaction and has an adverse impact on bone formation, as the 

Table II. Continued.

C, Combination with stem cells

Method/author (year) Setting Research direction Conclusion Ref.

  Chen et al (2014) In vitro Maxillofacial A mixture of PRF and ADSC cures injury of maxillofacial (70)
  soft tissue soft tissue by irradiation better than PRF or ADSC alone.
  Sun et al (2014) In vivo Myocardial tissue PRF-embedded autologous ADMSC protects left ventricle. (71)
Bone mesenchymal cells
  Park et al (2017) In vivo Bone Increased bone formation. (68)
  Wang et al (2017) In vivo Bone The combined application of an MSC sheet with nano-HA (72)
   and granular PRF promotes bone regeneration
   in large bone defects.
  Wang et al (2016) In vivo and Periodontal ligament Periodontal ligament stem cells/PRF/jaw bone MSCs (73)
 in vitro and jaw bone MSC induce periodontal ligament- and bone-like tissue.
  Wu et al (2017) In vivo Bone MSC + PRF releasate induce hyaline-like cartilage in defects (74)
   and present better results than PRF or MSC alone.
h-DPC
  He et al (2016) In vitro h-DPC When h-DPC is added before blood centrifugation during (75)
   the preparation of PRF, the PRF-h-DPC complex
   is successfully developed.

D, Combination with drugs

Method/author (year) Setting Research direction Conclusion Ref.

Antagonism
  Steller et al (2019) In vitro Osteoblasts PRF and PRP enhance bone healing in patients with (81)
   osteonecrosis of the jaw and PRF is better than PRP.
  Borsani et al (2018) In vitro Osteoblasts Cotreatment with resveratrol and CGF protect (83)
   osteoblasts treated with bisphosphonates.
Synergism
  Xu et al (2016) In vivo and Human A combination of G-Rg1 and PRF augments the effect (84)
 in vitro breast ADSC of neovascularization and adipogenesis compared
   to G-Rg1 or PRF alone.
  Raafat et al (2018) In vivo Bone formation Statins loaded on PRF promote better bone healing and (85)
   bone maturation than each material alone.

LPRF, leukocyte platelet-rich fibrin; BMSC, bone marrow stem cells; BMP, bone morphogenetic protein; CGF, concentrated growth factors; MSCs, mesen-
chymal stem cells; SNPs, silver nanoparticles; MTA, mineral trioxide aggregate; β-TCP, β-tricalcium phosphate; HA, hydroxyapatite; PRP, platelet-rich plasma; 
h-DPSCs, human dental pulp stem cells; ADSC, adipose-derived stem cells; ADMSC, adipose-derived mesenchymal stem cells; h-DPC, human dental pulp cells; 
G-Rg1, ginsenoside Rg1.
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scaffolds would occupy the space for bone formation. Thus, it 
is necessary to further explore the relationship between biode-
gradability and osteo-induction and calibrate the degradation 
rates of scaffolds for optimal bone formation.

Metal nanoparticles. Metal-derived nanoparticles are 
biocompatible, multifunctional and versatile materials, 
which are widely used as diagnostic and drug delivery tools 
in anticancer and antibacterial therapy (55). In the majority 
of cases, platelet concentrates are exposed to the oral cavity, 
where a large number of microorganisms may interfere with 
the treatment (56). Silver nanoparticles (SNP) have both high 
biocompatibility and antimicrobial properties. Preparation 
of platelet concentrates with the addition of SNP improved 
both the antibacterial abilities, primarily via the inhibition of 
viridans streptococci, and enhanced mechanical strength (57). 
A range of metal particles are being applied in medical 
research for different purposes and these nanoscale particles 
may endow platelet concentrates with novel biological proper-
ties (57). Appropriate nanoalloy particles not only improve the 
properties of platelet concentrates but also broaden the scope 
of clinical application.

Mineral trioxide aggregate (MTA). MTA is widely used in 
endodontic applications, including pulp capping, root perfora-
tion repair and root-end filling, to induce pulp regeneration 
and facilitate dentin bridge formation without causing inflam-
mation. In 2016, Woo et al (58) aimed to evaluate the effect 
of combined MTA and PRF on odontoblastic differentiation 
in human dental pulp cells (h-DPC). Indeed, the combination 
exhibited a synergistic effect by accelerating differentiation 
via activation of the bone morphogenetic protein (BMP)/Smad 
signaling pathway. Since both materials promote pulp and 
dentin regeneration, their combination may represent a novel 
therapeutic strategy in the context of pulpitis.

Graft materials. Graft materials are frequently employed 
to improve bone volumes for dental surgery, such as autografts, 
allografts, xenografts and alloplastic grafts. However, the 
effects of grafts on osteogenesis may be limited without the 
assistance of autologous bioactive ingredients. Of note, platelet 
concentrates may help overcome these issues. The bone regen-
eration capacity of PRF mixed with β-tricalcium phosphate 
is higher than that of PRF alone, although the difference is 
only significant in the initial two weeks post-surgery (59). 
Furthermore, there are discrepancies regarding the effects of 
PRF combined with different grafts on bone formation and 
maturation (60). Autograft-PRF exhibits outstanding results 
in the formation of new bone when compared with any other 
combinations and the xenograft-PRF combination is also 
promising for such applications (60). This may be ascribed to 
the abundance of bioactive BMSC in autografts, which may 
cooperate with platelet concentrates to actively regenerate 
bone tissue. In addition, autografts may reduce immunological 
rejection compared to other types of grafts. In general, platelet 
concentrates provide a plethora of bioactive molecules, which 
may promote bone regeneration and deposition in graft 
materials (59,60). Thus, the use of platelet concentrates for 
improving the effects of graft materials should be further 
studied.

Hydroxyapatite (HA). HA is a calcium phosphate 
compound that serves as a bone stuffer due to its mineral 
composition being similar to that of bone tissue. However, its 

use in surgery is limited owing to the challenge of handling HA 
at operation sites. Consequently, it is necessary to deliver HA 
granules using biomaterials. A liquid platelet concentrate may 
be appropriate for carrying HA granules (61). After thoroughly 
mixing the HA with platelet concentrates, the blend may be 
solidified prior to being implanted into tissue defects. On the 
other hand, fibrin glue and activated PRP loaded on composite 
scaffolds based on chitosan-gelatin/nanohydroxyapatite may 
improve osteogenic differentiation and proliferation of dental 
pulp stem cells (62). However, synthetic scaffolds offer certain 
advantages. First, platelets are typically scattered on the 
surface of the membrane, suggesting that the release of GF is 
smooth. In addition, the fibrin glue may guide the stem cells 
to adhere to the network structure and stimulate cells without 
further migration, which limits mesenchymal cell mobility. 
Finally, the scaffold provides a microenvironment rich in GF 
to promote differentiation and proliferation of stem cells. Both 
fibrin glue and PRP may promote the synthesis of the extracel-
lular matrix.

Platelet concentrates combined with stem cells
Adipose-derived stem cells (ADSC). ADSC have a high poten-
tial to differentiate into several types of cells. In addition to 
their multipotent differentiation ability, the paracrine func-
tions of ADSC also influence tissue regeneration (63). Certain 
studies suggested that the ability of ADSC to repair tissues 
originates from stimulating collagen synthesis, cellular matrix 
protein synthesis and dermis revascularization (64-66). The 
scaffolds and GF in platelet concentrates favor the prolifera-
tion of ADSC. It may thus be assumed that the combination of 
platelet concentrates and ADSC enhances tissue regeneration.

PRP functions co-operatively with conditioned medium 
obtained from adipose-derived MSC (ADMSC) to promote 
the proliferation and migration of fibroblasts and keratinocytes 
in vitro (66). It is assumed that PRP is able to interact with the 
conditioned medium from ADMSC to exert beneficial effects. 
However, although conditioned medium stimulates prolif-
eration in a concentration-dependent manner, excessive PRP 
concentrations may have adverse effects on proliferation. This 
may be attributed to GF-inhibiting proteins within the complex 
mixture produced by platelets (such as platelet concentrates 
containing high levels of proteolytic enzymes inhibiting cell 
growth) (67-69). Furthermore, a deeper association between 
the activities of different cells was determined; a low concen-
tration of PRP may promote the proliferation and migration 
of ADMSC and fibroblasts. In addition, the paracrine activity 
of ADMSC stimulates keratinocyte proliferation. Thus, there 
is a promising prospect for healing of cutaneous ulcers by 
exploiting the reparative synergy between ADMSC and PRP 
in the clinic.

It is particularly challenging to re-establish a sufficient 
blood supply after maxillofacial soft-tissue defects caused by 
irradiation. This leads to difficulties in recovering the damaged 
tissue to its pre-damaged condition both in terms of function 
and aesthetics. The abundance of GF in platelet concentrates 
and the multipotent differentiation potential and paracrine 
ability of ADSC provide an opportunity for healing this kind 
of tissue damage. A combination of platelet concentrates and 
stem cells induces adequate angiogenesis and reduces apop-
totic activities (70). Acute myocardial infarction is another 
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vital issue. Embedding ADMSC in the PRF scaffold was 
reported to improve acute myocardial infarction. An ADMSC-
embedded PRF scaffold preserved left ventricle thickness and 
function, ameliorated LV remodeling and inhibited inflamma-
tory reactions and oxidative stress in a rat model (71). This 
improvement may be due to three reasons: First, PRF scaf-
folds provide a suitable environment for ADMSC to survive 
for a longer period; furthermore, the ADMSC-embedded PRF 
scaffold may induce the formation of more abundant vessels 
than direct ADMSC implantation alone; finally, implanting a 
PRF scaffold on the infarcted LV surface provides mechanical 
support and limits LV dilatation, thereby preserving the 
cardiac function to a certain extent.

BMSC. BMSC serve important roles in osteogenesis. It 
is possible to combine BMSC with platelet concentrates to 
produce bone tissue. The combined autologous BMSC and 
PRP may promote structural allogenic bone graft healing in 
a rabbit bone defect model. Abundant bridging trabeculae 
and increased expression of relevant osteoblastic proteins 
were determined in BMSC and PRP, suggesting the effective-
ness of this combination (68). In 2017, Wang et al (72) also 
demonstrated that therapeutic application of MSC in isolation 
induces a lesser degree of central bone regeneration in bone 
defects when compared to combination treatment with both 
MSC and PRF. In the future, this cotreatment may improve 
clinical outcomes in patients receiving structural allografts. 
Periodontitis, a widespread chronic disease, destroys both 
soft and hard tissues. With traditional treatment, it is hard to 
regenerate the complete periodontium, including periodontal 
ligament (PDL), cementum and alveolar bone. Loading the 
PDL and jaw bone MSC sheets on PRF to restore periodontal 
defects is a novel approach (73). The two above-mentioned 
stem-cell types were used to form cell sheets that were able 
to differentiate into PDL- and bone-like tissues, respec-
tively. Furthermore, PRF was used as a 3-dimensional fibrin 
network to support, sustain and nourish the cell sheets in the 
space between the simulated root surface and alveolar bone. 
After the implantation, PDL and bone-like structures were 
successfully induced in corresponding sites. It is not easy for 
articular cartilage to regenerate after injuries, even though 
progenitor cells are present in the superficial zone. Though 
autologous chondrocyte implantation is an established strategy 
for repairing cartilage injuries, there is a chance that fibrocar-
tilage may form. In addition, pure BMSC injection leads to a 
small proportion of stem cells attaching to the defect sites to 
repair the injured cartilage, which may lead to unsatisfactory 
cartilage restoration. However, BMSC injection combined with 
PRF releasates offers improved results (74). PRF releasates 
may increase the thickness of the regenerated cartilage and 
improve the histological morphology, which may be ascribed 
to the roles of GF. Thus, the combination of PRF releasates 
and BMSC highlights an alternative strategy for autologous 
chondrocyte implantation to cure cartilage defects.

Stem-cell treatment has gained popularity in recent years. 
It is a feasible means of combining stem-cell treatment with 
platelet concentrates, as the platelet concentrates provide scaf-
folds for cells to adhere to and migrate from and the GF may 
promote stem-cell proliferation (67,68,70-74). In addition, the 
activities of different types of cells may synergistically interact 
to produce beneficial outcomes.

h-DPC. Dental pulp regeneration is an important aspect 
of recovery from pulpitis and periapical disease. Therapeutic 
assistance, aimed at facilitating such regeneration, currently 
involves the use of differentiated cells, biological scaffolds and 
GF. There is an urgent requirement to develop more appropriate 
biocompatible scaffolds. Addition of an h-DPC suspension to 
blood prior to centrifugation during PRF preparation may be 
a feasible approach (75). This method distributes h-DPC to the 
buffy coat along with leukocytes, preserving h-DPC viability. 
This is because h-DPC are naturally occurring human cells, 
such as leukocytes. The reviewed study provides a novel 
method for preparing a combination cell-PRF complex, which 
may be generalizable to the incorporation of other stem cell 
types (such as BMSC) (75).

Combination of platelet concentrates with drugs
Antagonism. Certain medications used during the treatment 
process may cause adverse effects. For instance, bisphos-
phonates are used to manage osteoclast-mediated osseous 
resorption. However, long-term administration of bisphospho-
nates may result in a rare but adverse complication, namely 
osteonecrosis of the maxillary and mandibular bones (76-78). 
This side-effect may be ascribed to cytotoxic effects on osteo-
blasts, which may prevent cells from proliferating, adhering 
and migrating (79,80). Owing to the impact of GF in platelet 
concentrates in terms of promoting the settlement, adhesion, 
proliferation and migration of osteoblasts, Steller et al (81) 
combined bisphosphonates with platelet concentrates to 
preserve the activity of osteoblasts. Different types of platelet 
concentrates may be able to inhibit bisphosphonates on 
different levels. However, PRF may have advantages over PRP 
in promoting stem-cell proliferation. This discrepancy may be 
due to two reasons. First, the release of GF from PRP occurs 
more rapidly than that of PRF due to the natural scaffold in 
PRF. Furthermore, a higher concentration of leukocytes in 
PRF may positively influence cell proliferation and migra-
tion, although the function of leukocytes is disputed (81). The 
plant-derived stilbenoid resveratrol has anti-inflammatory, 
antioxidant and bone-protective properties (82). In addition, 
it may enhance the therapeutic outcomes of CGF treatment 
in bisphosphonate-related osteonecrosis of the jaw (83). In 
particular, resveratrol may modulate the effects of CGF to 
protect osteoblasts. However, the influence of resveratrol on 
CGF against bisphosphonate-induced osteonecrosis is not 
always synergistic, as the outcome is dependent on experi-
mental conditions.

Synergism. As mentioned above, engineered adipose 
tissues have recently gained popularity for use in reconstruc-
tion of soft-tissue defects. However, adipocytes are fragile 
and it is difficult to preserve them after grafting due to an 
inadequate blood supply. Ginsenoside Rg1 (G-Rg1) and PRF 
have been used to pretreat human breast adipose-derived stem 
cells (HBASC) prior to being seeded in a 3-dimensional porous 
sponge scaffold of collagen type I (84). G-Rg1 and PRF may 
induce the expression of angiogenic factors and G-Rg1 may 
increase the paracrine activity of HBASCs. Therefore, it is 
reasonable that the combination of G-Rg1 and PRF may result 
in the production of more adipose tissue than that produced 
by any material alone. Statins may increase BMP-2 expres-
sion directly to promote bone formation and may modulate the 
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activities of osteoclasts and osteoblasts. PRF, an autologous 
fibrin scaffold, may not only serve as a carrier for statins, but 
also enhances bone formation due to its biological proper-
ties (85). The combination of PRF and statins provides superior 
osteosis, upregulation of both BMP-2 and VEGF protein and 
elevated bone anabolic serum markers as compared with those 
in samples treated with simvastatin or PRF separately.

Reasonable combinations of platelet concentrates with 
drugs may reduce side effects and enhance the effects of 
drugs due to the mutual effects between drugs and cytokines 
in platelet concentrates (81,83-85). Furthermore, the fibrin 
matrix scaffold may serve as carriers for drugs in the target 
location. Thus, it is recommended to implement a combination 
of platelet concentrates and drugs to solve clinical issues.

6. Conclusions

Autologous platelet-derived concentrates are biocompatible 
products containing cytokines, platelets, leukocytes and fibrin, 
and may be regarded as a slow-release system, which ensures 
sustained delivery of active principles and GF for ~2 weeks. 
Of note, the release kinetics may influence the entire process 
of tissue regeneration. However, certain problems remain that 
must be addressed to optimize the formulation intended for 
tissue regeneration. The present review provided numerous 
novel applications of platelet concentrates for a wide range of 
tissue regeneration applications. Such applications aim to meet 
the demands for treatments and overcome the shortcomings of 
platelet concentrates. The freeze-drying method is an effective 
method for preserving the viability of platelet concentrates for 
comparatively longer periods, without any concerns regarding 
the loss of their effects in tissue regeneration. Combination 
with biomaterials, such as chitosan and silk fibrin, may enhance 
physical strength, making it suitable for suture in surgery. The 
synergistic effects of platelet concentrates and bone regenerative 
materials, including HA and graft materials, may induce rapid 
bone regeneration in diseases associated with bone loss, such 
as periodontitis and bone defects caused by tumors, amongst 
others. The addition of stem cells provides a novel approach 
for the rehabilitation of tissue morphology. Particularly in the 
skin and cartilage, it is necessary to restore the defective tissue 
to normal levels, which is important for aesthetics and normal 
function. Due to the complexity of clinical issues, tissue defects 
associated with infection and tissue damage caused by side 
effects of drugs are common in the clinic. Nanometal particles, 
such as nano-silver, have significant anti-bacterial properties. 
Combination of nano-silver and platelet concentrates provides 
integrated methods to inhibit bacteria and promote tissue 
regeneration for patients with burn damage. The antagonism 
of platelet concentrates to osteonecrosis induced by long-term 
administration of bisphosphonates provides a suitable method 
for curing patients with osteonecrosis. The efficacy and suit-
ability of these creative approaches require to be further verified 
in clinical trials. Certain limitations remain in the field of tissue 
regeneration using platelet concentrations as follows: i) No 
studies are currently available on the application of modified 
methods using platelet concentrates, to the best of our knowl-
edge, and thus, modified methods that may be used in the clinic 
were not reviewed; ii) particularly the underlying mechanisms 
remain elusive. In the future, studies on the detailed mechanisms 

of modification should be performed and evaluation of these 
experimental methods in the clinic should be performed. The 
use of platelet concentrates has demonstrated positive clinical 
effects in several fields of regenerative medicine. Simple 
administration of platelet concentrates cannot always meet the 
complex demands of clinical issues. Furthermore, different 
types of tissue have different healing periods. Future studies 
focusing on the methods of establishment of platelet concen-
trates as a multifunctional medical procedure, meeting the 
complex clinical issues, are thus required. In addition, the prop-
erties of platelet concentrates are important for clinical use, 
such as the ability to tightly bind with the tissue-surrounding 
defects and strong resilience, avoiding disruption. Thus, addi-
tional studies on modified strategies using platelet concentrates 
and prospects for clinical use are required.
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