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Abstract
Tissue engineering is nowadays an emerging approach that aims to replace or regenerate diseased or damaged organs with 
engineered constructs. Considering the key role of growth factors (GFs) in the tissue regeneration process, these biomolecules 
are considered an important part of the tissue engineering process, so the presence of growth factors in engineered scaffolds 
can accelerate tissue regeneration by influencing the behavior of cells. Platelet-rich plasma (PRP), as an autologous source 
of a variety of growth factors, is considered a therapeutic agent for the treatment of degenerative diseases. Regarding its 
ability to promote the healing process and tissue regeneration, PRP therapy has attracted great attention in bone and cartilage 
tissue engineering. Incorporating PRP and its derivatives into engineered scaffolds not only bioactivates the scaffold, but 
the scaffold matrix also acts as a sustained and localized growth factor release system. In addition, the presence of a scaffold 
can promote the bioactivity of GFs by providing an environment that facilitates their interaction, leading to enhanced effects 
compared to their free form. This review presents a brief overview of PRP's role in bone and cartilage tissue regeneration with 
the main focus on scaffold-mediated PRP delivery. In addition, the classification of platelet-rich products, current extraction 
techniques, terminology, and scaffold bioactivation methods are presented to provide a better understanding of the basics 
and the key aspects that may affect the effectiveness of therapy in bone and cartilage tissue engineering.
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1 Introduction

Bone and cartilage tissue, the major load-bearing connec-
tive tissues of the human body, are usually injured for vari-
ous reasons, including trauma, surgeries, and degenerative 
diseases. Nowadays, millions of patients are suffering from 
bone and cartilage defects globally, and their quality of life 
is significantly compromised. Although bone and cartilage 
are both classified in the orthopedic category, they are pretty 
different tissues [1]. Bone is the primary constituent of the 
musculoskeletal system that has a vital role in preserving 
the form of the body, transmitting the muscular forces, and 

protecting the bone marrow as well as soft tissues within the 
cranial, pelvic, and thoracic cavities because it can provide 
rigidity and hardness due to the high mineralization of its 
Extracellular Matrix (ECM) [2]. The highly complex struc-
ture of bone ECM is comprised of organic and inorganic 
components. The collagen fibers, mostly type-I collagen, 
make the organic phase responsible for tissue flexibility. In 
contrast, the inorganic phase is composed of calcium phos-
phate, especially Nanocrystalline Hydroxy Apatite (nHAp), 
and provides mechanical strength and toughness [2, 3]. Fur-
thermore, four cell types are supported by bone ECM to 
contribute to osteogenesis, including osteoblasts, osteocytes, 
bone lining cells, and osteoclasts [3]. Bone tissue is also 
highly vascularized, which is necessary for the distribution 
of nutrients and oxygen, as well as the removal of waste 
products [4]. On the other hand, cartilage is an elastic and 
strong avascular connective tissue found in several organs 
such as the nose, ear, and rib cage that performs critical bio-
mechanical functions, including wear resistance, load bear-
ing, and shock absorption [5]. The ECM of human cartilage 
is mainly composed of proteoglycans, which include a core 
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protein with covalently linked Glycosaminoglycans (GAGs) 
and a collagenous network. Collagen fibers are responsible 
for tensile strength and shear stress tolerance, whereas GAGs 
contribute to the cartilage's capacity to resist compressive 
loads [2]. According to the collagen/GAG compositions in 
the ECM, different cartilage types with various mechanical 
properties exist. Fibrous cartilage, for example, is rich in 
collagenous fibers (both type I and II collagens), but hya-
line cartilage has a higher content of GAGs and a lower 
content of collagen fibers (mainly type II collagen) [2, 3]
The interface between articular cartilage and bone, known 
as osteochondral tissue, exhibits gradual gradients in multi-
ple properties including structure, biochemistry, mechanics, 
electrical conductivity, and metabolism, ranging from the 
stiff and dense characteristics of bone to the more flexible 
and gel-like properties of cartilage [6, 7]. Articular carti-
lage, calcified cartilage, and subchondral bone are the three 
major layers of this gradient tissue [8, 9]. For example, the 
porosity, pore size, collagen, water concentration, and com-
pressive modulus vary over the full thickness spanning the 
osseous tissue to the cartilage region [2, 8, 10].

In general, considering the vital functions of bone and 
cartilage, efficient treatment of their defects is still a chal-
lenging issue clinically [2]. Human bones have exceptional 
regenerative properties because of their outstanding dynamic 
structure, so most bone injuries, such as fractures, defects, 
and local necrosis, can be treated routinely. However, this 
ability is ineffective in repairing significant bone defects 
(with a critical size limit of 2.5 cm) caused by fractures, 
traffic accidents, and bone tumor resection. In these cases, 
it is essential to induce and support osteogenesis to repair 
the defect. Current bone therapies (autografts and allografts) 
have drawbacks such as limited bone mass, difficulties at the 
donor site, infection, and immunological rejection, restrict-
ing their clinical applications [11–13]. In cartilage tissue, 
wound healing is inhibited because it is avascular, and nutri-
ents and cell infiltration required for tissue repair cannot 
reach the lesion. Autografting, microfractures, and Autolo-
gous Chondrocyte Implantation (ACI) are all current treat-
ments for facilitating cartilage regeneration; nevertheless, 
they all have disadvantages and are unable to repair func-
tional hyaline cartilage, making long-term prognosis unclear. 
If healing occurs, it frequently results in the development of 
fibrous cartilage, which causes stiffer tissue at the injury site 
and long-term performance problems. On the other hand, 
osteochondral defects are extremely difficult to treat due to 
the highly different characteristics of subchondral bone, cal-
cified cartilage, and articular cartilage [13, 14]. In the face of 
the staggering growth in demand for regenerative solutions 
for bone and cartilage, scientists have developed new areas 
to meet the needs of patients.

Nowadays, the tissue engineering approach has attracted 
extensive attention in the field of tissue regeneration [11]. 

Its goal is to develop 3D scaffolds that mimic the natural 
tissue, working as a porous structure for the growth, migra-
tion, and adhesion of cells to replace the injured tissue [15, 
16]. Several requirements must be met by an ideal scaffold, 
including well-mimicking the natural environment of ECM, 
biocompatibility, especially after degradation, good mechan-
ical characteristics in loadbearing conditions, and optimal 
structure for nutrients and gas diffusion [17]. A thorough 
understanding of the composition and structure of the tissue 
leads to the fabrication of a superior scaffold to solve the 
clinical challenges of bone and cartilage defects [18]. Devel-
oping scaffolds with high mechanical support, biocompat-
ibility, biodegradability, and osteoinductive characteristics 
is the basis for bone and cartilage tissue engineering [1, 2]. 
Ceramics, metals, and polymers have been used to substitute 
natural tissue at injury sites [15]. All of these biomaterials 
have advantages and disadvantages, allowing researchers to 
choose one or a combination of them based on their applica-
tion to fabricate a suitable scaffold for injured tissue healing 
[11, 19, 20].

In the field of tissue engineering, both biological factors 
and physical characteristics of scaffolds can contribute to 
improved tissue regeneration. While the natural healing pro-
cess is complicated and differs between bone and cartilage, 
understanding this basic biology is essential for biomaterial 
design. To improve the bioactivity of scaffolds, bioactive 
materials, functional groups, proteins, and peptides must be 
included on the surface or bulk of the scaffolds. The tissue 
engineering scaffold could function as a delivery agent and 
a cell-anchoring entity or contribute to cell colonization, 
adhesion, differentiation, and proliferation by incorporating 
biological agents such as cells, growth factors (GFs), and 
drugs [1, 15, 21].

The use of GFs has received considerable clinical interest 
among biochemical approaches. GFs are important polypep-
tide molecules that facilitate cell-ECM interaction and send 
particular messages to a subset of cells. By binding to cell 
surface receptors and activating signaling pathways, GFs, 
which are secreted by a fraction of cells, can up-regulate 
or down-regulate cellular activities (adhesion, proliferation, 
and differentiation) [22]. Because GFs have been demon-
strated to be present during tissue development and regen-
eration, their controlled release from scaffolds is a common 
approach for improving tissue repair. The direct use of GFs 
on their own or in scaffolds has a variety of challenges, 
including the rate of release, appropriate dosage, half-life, 
stability, cost, and long-term side effects. Therefore, despite 
successful in-vitro results, only a few studies have proceeded 
to clinical trials. Different GFs are involved in the regen-
eration of diverse tissues. Several studies have shown the 
perspective of GFs utilization in bone and cartilage tissue 
engineering. For example, bone growth can be stimulated by 
the interaction of Bone Morphogenetic Protein-2 (BMP-2) 



676 S. Baghersad et al.

or Bone Morphogenetic Protein-7 (BMP-7) with osteoblast 
precursors. Furthermore, Transforming GF (TGF) or Con-
nective Tissue GF (CTGF) can stimulate cartilage devel-
opment, while Vascular Endothelial GF (VEGF) promotes 
vascular or neural formation [21, 23].

Platelet-rich plasma (PRP) serves as a biological mate-
rial that is harvested from autologous Whole Blood (WB) 
and enriched in GFs such as Platelet-derived GF (PDGF), 
Transforming GF β1 (TGF-β1) and Transforming GF β2 
(TGF-β2). The high content of GFs and their autologous 
source make them a therapeutic agent for the treatment of 
degenerative diseases [24]. Nowadays, regarding its abil-
ity to promote wound healing and tissue regeneration, PRP 
therapy has attracted great attention in various biomedical 
fields, including orthopedic and plastic surgery, and derma-
tology [25, 26]. Incorporation of PRP as a source of GFs 
into the tissue engineering scaffolds may be advantageous. 
In addition, PRP-activated scaffolds may serve as a localized 
system for GF sustained delivery. The publication record 
(Fig. 1) indicates that the volume of research carried out on 
the use of PRP in cartilage and bone tissue engineering has 
increased since 2012. For instance, the quantity of scien-
tific studies published in 2021 pertaining to cartilage tissue 
engineering and bone tissue engineering has exhibited an 
approximately twofold increase in comparison to the number 
of publications recorded in 2012.

This review presents a brief overview of PRP role in 
bone and cartilage tissue regeneration with the main focus 
on scaffold-mediated PRP therapies.

2  Introduction to PRP

PRP refers to the term used for platelet concentrates in 
hematology that attempts to take advantage of PRP’s func-
tional properties for the treatment of severe thrombopenia 

[27]. This term was first used by Kingsley et al., who 
worked on blood coagulation disorders in patients who 
suffer from congenital factor V deficiency [27, 28]. Some 
attempts were reported by Owren et al. to recognize the 
plasma-containing factors affecting blood coagulation 
(factors V and VI) [28]. The first PRP investigations were 
conducted on the components of the blood coagulation 
process.

The idea of topical use of platelet concentrate was 
announced by Matras in 1970 [29]. Schulz et al. studied 
the effect of various fibrin preparations on reimplantation 
in rat skin, which indicated that PRP acts as an excellent 
adhesive and hemostatic agent [30]. After the first publica-
tions by Matras in the early 1970s, the application of autolo-
gous platelet-fibrinogen-thrombin mixtures was evaluated 
in different fields of medicine, such as ophthalmology [27]. 
Rosenthal et al. used this biological mixture as a corneal 
adhesive for sutureless lamellar keratoplasty in the rabbit 
[31], and then they utilized the same mixture as a sealant 
for experimental penetrating corneal wounds [32]. In the 
field of surgery and neurosurgery, this mixture was used 
as a sealant-adhesive for microvascular anastomosis [33] 
and a physiological sealant for cerebrospinal fluid leakages, 
respectively [34]. Two years later, Fischer et al. investigated 
the application of gelatin platelets (gel foam) to be a part of 
a suture-free method of anastomosis for nerve transplan-
tation. In a way, the gelatin platelet is formed like a tube 
and wrapped around the ends of the anastomosis to prevent 
suture-induced reactions in the vicinity of the anastomosis 
[35].

The first clinical report about the wound-healing poten-
tial of PRP was reported by Knighton et al. in 1986 [27]. 
They studied the treatments of nonhealing chronic wounds 
with autologous Platelet-derived Wound Healing Fac-
tors (PDWHF) and achieved acceptable results, indicating 
PDWHF potential in the acceleration of the healing process 
[36].

Platelet concentrate-based technologies were introduced 
in oral and maxillofacial surgery by Marx et al. in 1998 for 
bone grafts [27]. This idea was inspired by Tayapongsak 
et al.’s 1994 study, where they incorporated Autologous 
Fibrin Adhesive (AFA) with cancellous bone for mandibu-
lar continuity reconstructions [37]. The polymerization of 
blood fibrinogen into a fibrin gel serves as the foundation 
for both platelet concentrates and fibrin glues [27]. Since the 
early 1990s, Marx and colleagues have conducted research 
on the biological effects of GFs within platelets, specifically 
PDGFs, on enhancing bone graft continuity in the mandible. 
They have also evaluated the impact of PRP on increasing 
bone formation rate and improving bone graft integrity and 
density for up to six months. Gradient density centrifugation 
was used in their study to isolate and concentrate platelets to 
obtain PRP as an autologous source of PDGFs. Their results 

Fig. 1  The number of publications focused on the PRP application 
in Bone Tissue Engineering (BTE) and Cartilage Tissue Engineering 
(CTE) from 2012 to 2022 (June).  Source ISI Web of Science
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demonstrated that PRP, as a source of GFs, could lead to 
greater bone density [37].

2.1  Classification of Platelet‑rich Products

Platelet concentrate products, generally known as PRP or 
Platelet-rich Fibrin (PRF), are extensively utilized in regen-
erative medicine and as surgical adjuvants. Due to the lack 
of a specific manufacturing technique or even an appropriate 
standard for characterization and classification, there were 
ambiguities in developing concentrated platelet-based prod-
ucts about 40 years ago [38].

The current classification system of concentrated plate-
let-based products contains four main categories according 
to their fibrin architecture and cell content (mostly leuko-
cytes). They are mainly classified as Pure PRP (P-PRP) or 
Leukocyte-Poor PRP, Leukocyte-and Platelet-Rich Plasma 
(L-PRP), Pure PRF (P-PRF), or Leukocyte-Poor PRF, and 
Leukocyte-and PRF (L-PRF) (Fig. 2). P-PRP and L-PRP 
products are used as an injectable liquid solution for sports 
lesions or as wound dressing and sutures in an activated 
gel form. P-PRF and L-PRF products are only employed 
in a strongly activated gel form and behave like a real solid 
material [38].

2.2  Extraction Methods

In 1954, when Kingsley, for the first time, used PRP, there 
was no particular protocol for PRP isolation [28]. Ger-
man authors released the first report on the method of 
PRP preparation in the 1970s, focusing on the number of 
platelets and assessing their function [39]. Knighton et al. 
[36]employed a procedure that required double centrifu-
gation to prepare PDWHF in 1986. Then, in 1997, With-
man et al. prepared PRP with a gradient cell separator, a 
typical method in hematology labs. The obtained product 
was referred to as PRP, but it was known that the eventual 
product would be fibrin gel; hence, platelet gel was the 
first product of this protocol [40]. RP was also made by 

Marx et al. using a cell separator [37]. Anitua introduced 
one of the first PRP preparation procedures in 1999, which 
involves a single centrifugation stage and many pipetting 
steps. PRGF contained no leucocytes and had lower plate-
let and GF content than other products. PRGF gel was pro-
duced by activating PRGF using materials such as calcium 
chloride. Biotechnology Institute (BTI), one of the pioneer 
companies in platelet concentrate products, developed this 
cost-effective manual protocol [27, 41].

Nowadays, PRP is obtained from autologous blood 
by differential centrifugation. In this process, blood con-
stituents are sedimented according to differences in spe-
cific gravity, so each layer includes the components with 
the same density; the lower density is at the top of the 
centrifugation tube, and the higher density is at the bot-
tom. In general, the PRP preparation process can be done 
manually using either the “PRP method” or the “buffy-
coat approach” [42]. These procedures need two-step 
centrifugation, but their primary differences are the cen-
trifugation rate and the WB storage temperature prior to 
the procedure.

In the “PRP method,” blood is collected into a tube 
containing anti-coagulants such as Acid Citrate Dextrose 
(ACD). It is important to highlight that blood should not 
be cooled before or during the procedure. The blood tube is 
then centrifuged with low forces and constant acceleration 
to separate erythrocytes from the remaining components of 
WB, which are sorted into three layers based on their densi-
ties (Fig. 3a). The top and middle layers are transferred to 
an anticoagulant-free tube to prepare PRP. The platelet con-
centrate is obtained by centrifuging the new tube at a higher 
speed. After the second centrifugation, PRP is extracted by 
discarding the top two-thirds of the volume (known as poor-
platelet plasma, or PPP) and then resuspending the remain-
ing amount to be homogenized [42].

In the “buffy-coat approach”, a blood sample is taken 
from the patient and kept between 20 and 24 degrees Cel-
sius. For the first stage, it is centrifuged at high speed. 
Then, three layers are created (Fig. 3b), similar to the “PRP 
approach”. To separate leucocytes, the middle layer, also 
known as the buffy-coat layer, is transferred to another tube 
and centrifuged at a lower speed. However, leukocyte filters 
can be employed to separate leukocytes instead of the second 
centrifuge [42]. The PRP prepared using these procedures 
(or similar ones) is known as “homemade PRP” [43].

Today, some companies commercialize PRP kits based 
on centrifugation principles. These commercial kits allow 
us to make PRP from a small amount of blood (50ml) in a 
reproducible manner [42]. The kits vary greatly in terms of 
centrifuge type, time from isolation to consumption, cost of 
equipment and reagents, and method ergonomy and com-
plexity [41]. Although there are differences between the var-
ious kits and methods, it is impossible to determine which Fig. 2  Classification of platelet concentrates products
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one is better because different applications need different 
concentrations of PRP [42].

2.3  GFs Content

PRP has been known as a rich source of GFs since the 1990s 
[44]. The existence of PDGF, TGF-b1, and TGF-b2 was 
proved by Marx in 1998 that have beneficial effects on the 
enhancement of bone grafts used in oral and maxillofacial 
surgery [37].

When platelets are activated, they release a large number 
of different factors and participate in the formation of fibrin 
scaffolds and, subsequently, fibrin clots [40]. Fibrin clot for-
mation is essential for hemostasis and is one of the key steps 
in the wound-healing process. At first, fibrin tissue adhesives 
were the only usage of platelet-rich products (not as healing 
stimulators). The platelets were only responsible for support-
ing a stronger fibrin polymerization and, therefore, a more 
efficient tissue sealing than basic fibrin glues [27].

Platelets could release some GFs, including PDGF 
(a-b), TGF (α-β), VEGF, Epidermal GF (EGF), Fibroblast 
GF (FGF), CTGF, and Insulin-like GF - 1 (IGF -1). Each 
GF plays a special role in the stimulation of chemotaxis, 
mitogenesis, differentiation of stem cells, angiogenesis, pro-
tein secretion/synthesis, and wound healing (Fig. 4) [42].

3  Scaffold Bioactivation by PRP

Scaffolds are porous 3D-constructed structures that facili-
tate cell-biomaterial interactions while also supporting cell 
survival, proliferation, and differentiation temporarily. While 
scaffolds degrade and are gradually replaced by native ECM, 
it is necessary to provide adequate transport of gases, nutri-
ents, and regulatory factors within the structure [45, 46].

A scaffold that promotes cell ingrowth, adhesion, and dif-
ferentiation can be considered ideal. Utilizing bioactive bio-
materials that can facilitate the interaction/adhesion of cells 

Fig. 3  Schematic presentation 
of PRP extraction methods; a 
PRP-method, and b Buffy-coat 
method

Fig. 4  Effect of PRP on stem 
cells in bone and cartilage 
formation [56]
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to scaffolds has attracted significant interest in this area [47]. 
Moreover, physical, and external stimuli (e.g., mechanical 
or electrical stimulation) and biochemical signaling can be 
utilized to create a bioactive scaffold. Increasing the bioac-
tivity of the scaffolds enhances cell growth and the scaffold's 
adhesion to the host tissue and increases the differentiation 
of immature cells in combination with an improvement in 
angiogenesis. As a result, bioactivated scaffolds may accel-
erate tissue regeneration, leading to more functional tissues.

Bioactive compounds are biochemical signals and bio-
logical cues that improve cell-scaffold communication and 
thereby promote scaffold biocompatibility. Bioactive agents, 
such as binding proteins or peptides, genes, and GFs, have 
extensive therapeutic applications in a variety of fields, 
including cancer therapy [48], vascularization, and regen-
erative medicine [49, 50]. GFs are commonly employed in 
regenerative medicine as a supplement to the tissue culture 
media or scaffold, among other biological substances. Addi-
tionally, GFs can be injected directly into the lesion site or 
put within the scaffold; the scaffold complex containing 
the GFs can subsequently be injected or implanted into the 
lesion site. The most significant issue with direct injection 
of GFs is the potential for a short initial burst release, neces-
sitating re-injection. Furthermore, because GFs have a lim-
ited half-life, they may lose their activity before interacting 
with a target cell. In recent years, GF delivery has emerged 
as one of the most significant Drug Delivery System (DDS) 
applications in tissue engineering. Providing a sustained pat-
tern of GF release while maintaining their bioactivity in the 
therapeutic window appears to be challenging. The incor-
poration of PRP into a tissue engineering scaffold is one of 
the bioactivation strategies based on GF delivery. Autolo-
gous PRP avoids the need for expensive recombinant GFs 
or animal-derived products that involve a risk of an immune 
reaction. In contrast to scaffold-mediated PRP delivery, the 
rapid release and short half-life of the PRP-containing GFs 
in direct injection of PRP at the lesion site restricts their 
adequate accessibility for the longer time periods required 
for tissue repair. Due to the short platelet lifespan of 7 to 10 
days, several injections of PRP are required to generate an 
effective response. In general, PRP products are mechani-
cally unstable, which restricts their use in mechanically 
injured tissue such as the joints [51]. For instance, to repair 
cartilage, it is important to release GFs gradually over 30 
days at the site of the lesion. Therefore, finding a strategy to 
improve the retention duration of GFs produced by PRP at 
the lesion site is necessary. In this approach, the combination 
of designed scaffolds and PRP may induce a superposition 
effect in which PRP improves the bioactivity of the scaffold, 
and the scaffold supports the bioactivity of GF and enables 
its sustained release through immobilization.

Therefore, pre-encapsulation of PRP into an appropri-
ate carrier under mild conditions may be useful to provide 

further protection against scaffold manufacturing. Compared 
to pre-formed scaffolds, injectable hydrogels that are formed 
in situ could be exploited with less interference or harm for 
the localized distribution of PRP and its derivatives. The 
biomaterial's charge is one of the characteristics that affect 
the encapsulation rate of GFs, which is crucial when select-
ing a scaffold material. In physiological conditions, GFs 
have a positive charge; therefore, selecting biomaterials with 
a negative charge, such as Hyaluronic Acid (HA), is an effec-
tive technique for forming ion interactions and controlling 
the release behavior and GF loading capacity [11].

4  Bone Regeneration via PRP‑Delivering 
Scaffold

Bone loss or injury can arise from diverse factors, includ-
ing surgical procedures, advanced age, accidents, resection 
of bone tumors, and other causative agents. Even though 
bones are capable of self-repair, this ability can fail in cases 
of extensive damage [52–54]. BTE, as a potential alterna-
tive to the conventional use of bone grafts, is an innovative 
technique for regenerating and repairing bone defects that 
combines material science, engineering principles, and cell 
biology. BTE consists of a combination of cells, GFs, and an 
adequate substrate that exhibits osteoinductive and osteocon-
ductive properties. Due to the increasing interest and devel-
opment of BTE over the years, it focuses on novel therapies 
that address the limitations of existing grafting materials 
(i.e., immune rejection, secondary injury, pathogen transfer, 
and restricted availability) and achieve great regeneration. 
In this field, which aims to mimic the structure and function 
of the natural bone ECM, cells, bioactive compounds, and 
biomaterial scaffolds offer a three-dimensional environment 
for bone regeneration [55–58].

PRP and its derivatives have been recently used for many 
therapeutic purposes and tissue engineering applications 
[59, 60]. According to the crucial biological function of 
PRP-containing GFs in cell-ECM interactions during regen-
erative activity, they are being employed extensively in BTE 
[61]. GFs such as PDGF, TGF-, and IGF are associated with 
bone development and regeneration because they contain 
proteins known to be present during wound healing and to 
mimic bone healing conditions. These factors are abundant 
in PRP and can be applied to cells to promote bone repair. 
In the presence of these stimuli, stem cells are more likely 
to differentiate into an osteogenic lineage. In addition, PRP 
minimizes inflammation, promotes superior tissue healing, 
and minimizes the risk of disease transmission and immu-
nogenic reactions [56].

In addition to delivering important signals as a natural 
reservoir of GFs in hard and soft tissue regeneration, PRP 
has been used with natural or synthetic biomaterials for the 



680 S. Baghersad et al.

fabrication of engineered scaffolds to address its inadequa-
cies. It has been claimed that the purpose of employing PRP 
in such combinations is to promote wound healing, angio-
genesis, cell proliferation, migration, and differentiation. 
Combinations of natural hydrogels, such as HA/PRP for the 
treatment of osteoarthritis and chitosan/PRP for osteoblast 
development, have been developed previously [59].

Since the first use of PRP in bone formation and growth, 
it has been utilized in many forms, such as hydrogels, intra-
articular injections, and artificial bone grafts [55]. PRP-
derived GFs’ actions are summarized in Table 1 [56].

PRP has been widely used in the repair and regeneration 
of cartilage and bone as a scaffold and/or as part of a com-
posite [62]. Although several research have been conducted 
to evaluate the effect of PRP on bone defect regeneration, 
the results are controversial.

Marx et al. employed PRP for the repair of maxillofacial 
defects and observed that it accelerated the development of 
autogenous bone transplants and increased bone density. 
Further clinical studies indicate an osteogenic potential of 
PRP but did not include control groups [63].

PRP has been shown to improve the aggregation and 
cohesiveness of bone substitutes since the PRP’s GFs could 
provide a nutritive environment to the Mesenchymal Stem 
Cells (MSCs). In-vitro studies indicate that a concentration 
of 2–5% PRP is ideal for the osteogenic differentiation of the 
MSCs, and any concentration below or above can inhibit the 
osteogenic potential of MSCs. Likewise, an increase in the 
concentration of MSCs causes a significant enhancement in 
cell proliferative activity. However, conditions need to be 
optimized for clinical studies [56].

According to the results of clinical research, even though 
PRP contains an abundance of GFs that promote bone repair, 
it is inefficient. The reason for this can be attributed to the 
fact that these GFs are released almost immediately upon 

exposure to body fluid, with complete exhaustion of the fac-
tors occurring within the first day. Since bone repair occurs 
over a period of 4 to 6 weeks, the effect of the PRP is insig-
nificant. This necessitates that the PRP be delivered in such 
a way that the GFs can be delivered sustainably throughout 
the period of bone regeneration. Consequently, it is essential 
to distribute PRP via a biodegradable carrier with a control-
lable degradation rate [56]. In this regard, PRP has been 
combined with various biomaterials, such as gelatin hydro-
gels, chitosan, Poly Lactic-co-Glycolic Acid (PLGA) mesh, 
and tricalcium phosphate scaffolds, to prolong the release of 
GFs. Different in-vitro and in-vivo studies have revealed that 
the combination of PRP with these various biomaterials is 
substantially more effective than pure PRP [64].

In addition to PRP, bone-derived biomaterials such as 
HAp have been utilized in biomedical applications. HAp, 
which is the primary mineral component of bone tissue, 
has been extensively applied with positive results to clini-
cal bone tissue engineering efforts. One clinical study on 
the repair of induced periapical lesions using HAp scaffolds 
utilized HAp/PRP, HAp alone, PRP alone, and no interven-
tion as the control group. In this 20-patient trial, full bone 
regeneration was observed in all treated groups, with the 
most rapid regeneration occurring in the HAp/PRP group 
at six months, followed by the PRP and HAp groups at nine 
months and one year, respectively. Thus, a combinatorial 
approach accelerates healing, whereas HAp scaffolds and 
PRP alone result in complete tissue regeneration [65].

Nowadays, the fabrication of PRP-activated scaffolds has 
attracted increasing attention due to their outstanding poten-
tial in bone repair. In a study, a novel therapeutic platform 
for the treatment of Rheumatoid Arthritis (RA) was obtained 
by combining Black Phosphorus Nanosheets (BPNs) with 
PRP/chitosan thermoresponsive hydrogel (Fig. 5). PRP can 
effectively enhance the adhesion and capability of MSCs 

Table 1  GFs released from PRP and their functions [56]

GFs Functions

PDGF – Serve as a chemoattractant and a recruiter of osteoprogenitor cells and promote the proliferation of cells at a 
high level to increase the number of stem cells

– Increase collagen and non-collagen synthesis
– Increase bone collagen degradation
– Stimulate the production of several matrix molecules like fibronectin, collagen, and HA
– Stimulate the contraction of collagen matrices
– Increase the glycosaminoglycans (GAGs), neovascularization, and amount of granulation tissue

TGF-β – Be responsible for the cell differentiation and proliferation
– Promote mitogenesis and osteogenic differentiation of osteoprogenitor cells
– Regulate changes in the gene expression, inhibit mitogenesis and cell growth through the MAP kinase and 

cyclin-dependent pathways
– Regulate proliferation, differentiation, alteration in cell morphology, chemotaxis, and adhesion of the osteogenic 

progenitor cells at the site of wound healing
IGF – Enhance collagen synthesis as well as osteoblast differentiation and proliferation

– Have an essential role in the development of the growing skeleton and in the maintenance of bone mass by aging
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on hydrogels. The BPNs/Chitosan/PRP hydrogel greatly 
reduced the degree of edema in arthritic mice, as shown 
by the study's findings. Consequently, this multi-component 
hydrogel based on the unique photothermal properties of 
BPNs and consequently phosphorus-driven osteogenesis, 
as well as cell compatibility provided by PRP, opens a new 
door for treating RA [66].

In another study, Wu et al. reported fabricating a scaf-
fold encapsulated with living human Adipose-derived Stem 
Cells (hASCs) and PRP using a vapor-phase sublimation 
and deposition procedure. Sterile water was used to pro-
duce ice templates for accommodating the cells and PRP 
during the process. Under regulated processing conditions, 
water molecules were evaporated by vapor sublimation of 
ice templates while poly-p-xylylene replaced the templates 
through the vapor-phase deposition. Parylene served as the 
matrix of the final scaffold, which was encapsulated with 
living hASCs and PRP [67].

In addition, Alkaline Phosphatase (ALP) expression at 
an early stage and calcium mineralization at a later stage 
demonstrated a considerable increase in osteogenic differ-
entiation of hASCs directed by the PRP (Fig. 6). In contrast, 
investigations of adipogenic activity by lipid droplet for-
mation revealed inhibition of adipogenesis with decreased 
intracellular lipid accumulation, and significant downregula-
tion of adipogenic differentiation was observed in compari-
son to osteogenic results. This fabrication method for scaf-
folds combines delicate living hASCs with PRP within the 
structure, which is a straightforward and clean process [67].

There are several BTE studies that employ PRP as a bio-
active factor to promote bone regeneration. Table 2 contains 

their fabrication strategy and their key findings. The utiliza-
tion of PRP alongside novel carriers and biomaterials pro-
vides controlled release of GFs, while new methodologies 
underscore its adaptability. With its versatile attributes, PRP 
emerges as a potent tool for advancing bone repair strategies 
and reshaping the approach of regenerative medicine.

5  Cartilage Regeneration via PRP‑Delivering 
Scaffold

The articular cartilage diseases have long-lasting harmful 
effects because of the tissue's low potential for spontane-
ous healing. The current techniques for articular cartilage 
regeneration are non-surgical, microfracturing, intra-articu-
lar injections, and engineered scaffolds with or without cell 
inclusion. These approaches have not yet produced hyaline 
cartilage with an organized zonal structure and sufficient 
mechanical properties. Additionally, these methods for 
entering the clinic must be accessible and cost-effective [81].

Recently, there has been a growing emphasis on the fabri-
cation of biomaterials and scaffolds from autologous tissues 
for use in tissue engineering and regenerative medicine. It 
could prevent the risk of animal disease transmission and 
foreign body rejection. Despite the limited availability of 
autologous human tissues, blood-derived sources remain one 
of the most intriguing. As previously stated, PRP's GFs con-
tribute to tissue repair and wound healing. These GFs bind 
to certain membrane receptors (such as Tyrosine Kinases 
(RTKs)) and activate the passive messenger proteins in 
the cell cytoplasm. The activated proteins then activate the 

Fig. 5  Effect of PRP on stem cells in bone and cartilage formation [56]
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genes for cell division. After mRNA transcription is upregu-
lated, the initiation of cascades promotes tissue repair and 
regeneration [82].

Exogenous materials, such as autologous PRP can facili-
tate the self-repairing stimulation of endogenous tissue [81]. 
PRP is utilized as an autologous source of GFs, cytokines, 
and proteins to stimulate cell proliferation and induce chon-
drogenic differentiation, which may repair cartilage defects. 
Moreover, numerous studies have indicated that PRP has a 
high potential for cartilage regeneration due to its biocom-
patibility and efficacy in stimulating chondrogenesis [83].

In-vitro, in-vivo, and preclinical research on articular 
cartilage tissue engineering have shown that PRP and its 
derivatives have beneficial and unique features. The pres-
ence of PDGF can drive proliferation and collagen synthesis; 
TGF-β can decrease the catabolic activity of Interleukin-
1(IL-1) and boost the proliferation, ECM synthesis, and 
synthetic activity of chondrocytes, and FGF assists in the 
activation of several anabolic pathways. Migration of MSCs 
and human subchondral progenitor cells may be triggered by 
the co-action of FGF and TGF-β signaling molecules. GFs 
can enhance the proliferation rate of MSCs regardless of 
the donor's age and stimulate chondrogenic differentiation 
of stem cells. In addition, PRP exhibits anti-inflammatory 
properties because its GFs recruit resident stem cells to 
the site of injury, where they are induced to release addi-
tional GFs and anti-inflammatory cytokines (IL-4, IL-10, 
and IL-13), resulting in a greater increase in collagen and 
matrix synthesis, and consequently cartilage regeneration. 
The inhibitory effect of PRP-containing GFs (e.g., IGF-1) 

on apoptotic factors may suppress the expression of pro-
grammed cell death proteins [82, 84].

Drengk et al. [85] examined the effects of PRP on chon-
drocyte and MSC proliferation and chondrogenic differen-
tiation. PRP was employed as a potent source of autologous 
GFs and an autologous scaffold on freshly isolated chon-
drocytes and MSCs. First, chondrocytes were isolated from 
pieces of cartilage from the femoral condyle of an adult 
female sheep, and MSCs were isolated from the sheep's 
bone marrow. Next, PRP was prepared from the blood that 
was collected from the ear vein of the anesthetized sheep. 
Finally, the isolated cells were subjected to a two- or three-
dimensional growth system, with or without PRP. They 
found that PRP had a proliferative effect on chondrocytes in 
a 3-Dimensional (3D) environment and on MSCs in a mon-
olayer environment. They also noticed that as chondrocyte 
proliferative activity increased, the chondrogenic phenotype 
decreased. Although their results were promising, they did 
not discuss how PRP functions.

Elder et al. [86] used a double centrifugation process to 
prepare allogenic PRP to investigate the chondrogenesis dif-
ferentiation capability of three-dimensional PRP hydrogel 
constructs. Stromal cells from canine bone marrow were 
encapsulated in the form of beads made from 2% sodium 
alginate or an alginate/PRP mixture (3:1 mixture of freshly 
prepared PRP and 2% alginate). The prepared beads were 
then cultured in a chemically defined chondrogenic medium 
with and without TGF-β3. The results indicated that the 
proliferative effect of PRP in the absence of TGF-β3 was 
minimal. However, compared to alginate beads, alginate/

Fig. 6  Evaluation of the 
osteogenesis activities scaffolds 
with and without PRP based on 
their a early-stage osteogenesis 
marker ALP expression at day 
10 and b mature-stage marker 
calcium mineralization forma-
tion (with Alizarin red staining) 
at day 21. c Fluorescence 
images of osteocalcin expres-
sion (green channel) at day 21 
[67]
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PRP beads exhibited greater chondrogenesis potential. The 
addition of TGF-β3 substantially increased the chondrogenic 
potential of alginate/PRP beads.

Liou et al. [24] conducted a study on the chondroinduc-
tive activities of PRP on adult human MSCs derived from 
Infrapatellar Fat Pad Adipose Stem Cells (IFP-ASCs) and 
Bone Marrow (BM-MSCs). Their findings indicated that 
increased PRP concentration and exposure time could hin-
der chondrogenesis. Although PRP is helpful as a joint pain 
reliever, its mechanism of action is not believed to directly 
involve the stimulation of MSC-mediated hyaline cartilage 
formation; instead, its effect on other proliferative and dif-
ferentiating factors may aid in cartilage regeneration.

In recent years, lab and clinical interest have increased in 
PRP-activated scaffolds. Scaffolds developed for cartilage 
tissue engineering could be combined with PRP to improve 
chondrogenesis potential and localized sustained release of 
GFs at the defect site, which may result in accelerated heal-
ing. A study explored the cartilage regenerative potential of 
a complex containing autologous PRP and injectable HA 
hydrogel. On the medial femoral condyle of the porcine 
model, focal cartilage lesions of different sizes were created. 
After six months of observation, the models were sacrificed 
for additional analysis. In the HA/PRP-treated group, there 
was more integration with native tissue and ECM synthesis 
without hypertrophic cartilage, indicating hyaline-like carti-
lage regeneration (Fig. 7). These results demonstrate the effi-
cacy of HA/PRP in regenerating cartilage defects measuring 
8.5 mm in diameter and osteochondral defects measuring 6.5 
mm in diameter and 5 mm in depth [81].

In another study, Seker et  al. [82] developed a 3D 
macroporous cryogel scaffold for tissue engineering appli-
cations using oxidized dextran (OD; 0.5, 1, 2, and 4%) 
and Platelet Lysate (PL). After implantation, the PL/OD 
cryogels with a macroporous network and pore diameters 
ranging from 10 to 200 μm degraded entirely in 90 to 240 
days (depending on the OD concentration). Histochemical 
studies revealed a high level of cell and tissue penetration 
through the porous structure of PL/OD. Among four distinct 
OD concentrations, only PL/OD4 had quite toxic effects on 
cells, whereas the other three samples were non-toxic. After 
a week of seeding hASCs on PL/OD2, the results indicated 
that 3D cryogels were able to maintain cell viability and 
revealed significant cell spreading and filopodia formation. 
PL/OD2 also increased the chondrogenic potential of hASCs 
by chondroinductive factors.

In 2020, Bolandi et al. [87] designed a localized sustained 
release system for articular cartilage regeneration by fab-
ricating a composite hydrogel based on alginate/polyvinyl 
alcohol incorporating PRP-encapsulated Alginate sulfate 
microbeads. They showed that by using alginate sulfate 
microbeads, which serve as a sustained growth factor deliv-
ery system, PRP could preserve its bioactivity significantly Ta
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and have a continuous presence during the healing process. 
The sulfated groups in the alginate sulfate microbeads 
played the role of binding sites, so GFs attached to them 
were released gradually by cell requirement and departed 
from the system. In addition, MSCs encapsulated into this 
composite hydrogel illustrated a higher proliferation rate and 
upregulated expression of collagen type ΙΙ, Aggrecan, and 
SOX9, as cartilage-critical genes, compared to the direct 
treatment by PRP.

Li and his colleagues [88] have designed a bioink com-
posed of Silk Fibroin (SF) and PRP (v/v) concentrations of 
12.5%, 25%, and 50%. According to the release profiles, SF-
PRP bioinks provide a controlled release of GFs. Then, scaf-
folds of SF/PRP bioinks were created using the bioprinting 
technique. Characterizations of scaffolds revealed an excel-
lent porous structure, good mechanical characteristics, and a 
suitable degradation rate. Furthermore, the live-dead analy-
sis showed that 3D-printed scaffolds were biocompatible. In 
addition, the histological and immunohistochemical results 
of in-vitro tests were superior to those of the control group 
(pure SF). The higher collagen and GAG contents of SF/PRP 
scaffolds (more than 50% PRP, v/v) compared to the control 
group confirmed the potential use of these 3D-printed scaf-
folds in cartilage regeneration.

Table 3 lists the recent studies on PRP-activated scaf-
folds for cartilage tissue engineering. These investigations 
underscore the central role of PRP in conducting cellular 
responses and chondrogenesis. Additionally, studies explor-
ing PRP-activated scaffolds provide a promising frontier, 
offering a potent strategy to enhance chondrogenesis and 
facilitate targeted GF release for accelerated healing. This 

confluence of research underscores the multifaceted poten-
tial of PRP in cartilage tissue engineering, suggesting an 
exciting approach for future advancements in regenerative 
medicine.

6  Conclusion and Future Perspective

The regeneration of bone and cartilage tissue is a physi-
ological process that is intricate and well-coordinated. 
This process involves several molecular, cellular, and bio-
chemical processes. Multiple compounds, including GFs, 
are involved in tissue repair. These GFs are well-known for 
their impact on cell adhesion, proliferation, and differen-
tiation. PRP delivers a natural combination of autologous 
GFs and is a promising therapy for accelerating tissue heal-
ing, allowing for a quick recovery after bone or cartilage 
defects. Even though various papers have elaborated on the 
benefits of blood derivatives, especially PRP, in tissue engi-
neering applications, there are still several obstacles to be 
addressed. Depending on the preparation method, the com-
position of PRP may be altered. This necessitates additional 
study for the establishment of standard protocols. Moreo-
ver, the autologous nature of PRP is a crucial consideration 
because its composition varies between patients based on 
age, sex, and patient comorbidities, which might decrease 
the comparability and reproducibility of different PRP stud-
ies. A comprehensive analysis, such as a high-throughput 
assay, should resolve these challenges to get more robust 
and predictable clinical outcomes. In addition to the com-
position of PRP, how it is delivered has a significant impact 

Fig. 7  Images illustrating the 
macroscopic appearance of the 
repaired area. FT stands for full 
thickness; HA for hyaluronic 
acid hydrogel [81]
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Table 3  Recent studies on PRP-incorporated scaffold for CTE

Scaffold Experimental groups Major findings Refs.

Alginate/PVA hydrogel – Blank (Hydrogel or MSCs)
– Free PRP + Alg/PVA hydrogel
– PRP–encapsulated Alg sulfate (AlgS) 

microbeads + Alg/PVA hydrogel

– Compressive modulus was increased by 
increasing PVA content up to 25% and 
then decreased dramatically

– By increasing the content of PVA, the 
swelling ratio increased from 15.17 to 
22.24 folds

– Synthesized AlgS microbeads support the 
sustained release of PRP GFs for 14 days, 
which preserves their bioactivity more 
than free PRP

– rADMSCs in contact with PRP-loaded 
AlgS beads show more proliferation and 
have a higher deposition of collagen type 
ΙΙ and GAGs than free PRP-treated ones

– Stem cells encapsulated into the PRP-
included hydrogel sustained release 
system show upregulated expression of 
collagen type ΙΙ, Aggrecan, and SOX9), as 
cartilage-critical genes, compared to the 
direct treatment by PRP

[87]

HA hydrogel – Blank
– HA
– HA + PRP

– The full-thickness cartilage defect with 
8.5 mm in diameter and osteochondral 
defect with 6.5 mm in diameter and 5 mm 
in depth exhibited superior regeneration 
treated by the combination of HA hydrogel 
and autologous PRP

[81]

Oxidized dextran PL/OD0.5
PL/OD1
PL/OD2
PL/OD4
Oxidized dextran (OD; 0.5, 1, 2, 4%)

– Pore sizes range between 10 and 200 μm
– The cryogels completely degraded within 

90–240 days post-implantation, depending 
on OD concentration

– Histochemical analysis revealed high 
levels of cell and tissue infiltration into the 
pores of PL/OD

– In-vitro cytotoxicity findings indicated 
that the extracts of PL/OD0.5, PL/OD1, 
and PL/OD2 showed no cytotoxic effect, 
whereas that of PL/OD4 exhibited a mod-
erate cytotoxic effect on cell cultures

– hASCs seeded on PL/OD2 retained their 
viability and showed extensive spreading 
and filopodia formation after 7 days

– PL/OD2 also supported the chondrogene-
sis of hASCs in the presence of chondroin-
ductive factors

[82]

SF hydrogel – Pure SF
– PRP gel (50%)
– SF-PRP (50%)
– SF-PRP (25%)
– SF-PRP (12.5%)

– Improvement in the SF-PRP group com-
pared with the pure SF controls, according 
to the histological and the immunohisto-
chemical findings

– The SF-PRP (50% PRP, v/v) scaffolds 
allowed the largest increases in collagen 
and GAG, compared with the pure SF 
group

[88]
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Table 3  (continued)

Scaffold Experimental groups Major findings Refs.

SF scaffold – ADSC-SS + 10% PRP
– ADSC-SS + 10% FBS
– ADSC-SS + commercial chondrogenesis 

medium

– Proliferation of the ADSC-SS PRP was 
significantly increased

– Chondrogenesis in ADSC-SS PRP
– Increase in GAG and TGF-β1 secretion
– The absence of mineral deposition
– Increased surface marker proteins on 

chondrogenic progenitors
– Stable mRNA expression of type 1 col-

lagen up to 14 days and then significantly 
decreased on day 21

– Presence of type 2 collagen in the ADSC-
SS PRP and positive control groups

[89]

Aminated hyaluronic acid (HA-NH2) 12 groups:
– 3 Ginipin concentration: 0.05, 0.1, 0.2% at 

37 ℃ (repeat the 0.2% at 25 °C)
– 3 HA-NH2 concentration:
10, 20, and 30 mg/mL

– Crosslinking with 0.1 and 0.2% genipin 
improved the mechanical properties of the 
scaffolds

– The scaffolds exhibited an interconnected 
and macroporous structure

– The G′ values were higher than the G″ val-
ues, indicating that PL/HA-NH2 scaffolds 
had typical viscoelastic properties

– The scaffolds were both cytocompatible 
and hemocompatible

– hASCs were able to attach, spread and 
proliferate on the scaffolds for 21 days-
duration

[90]

Chitosan (CS), SF, and nHAp – Untreated
– Treated with BMSCs
– Treated with BMSCs + PRP
– Treated with Lv.control.BMSCs + PRP
– Treated with Lv.BMP.2. BMSCs + PRP

– The lentivirus-mediated BMP-2 and PRP 
increased the cell viability of the BMSCs, 
induced the expression of associated genes 
and enhanced osteogenic differentiation 
in-vitro

– The endogenous expression of BMP-2 in 
BMSCs was low, whereas the Lv-BMP-2 
BMSCs expressed significantly higher 
BMP-2 compared with the Lv-control 
BMSCs and non-infected BMSCs at the 
mRNA and protein levels

– The cell viability of cells was significantly 
increased by infection with Lv-BMP-2 in 
BMSCs with PRP, compared with that in 
other groups

– The Lv.BMP.2.BMSCs + PRP upregulated 
the expression of ALP, type I collagen and 
type II collagen, compared with expres-
sion in the Lv-control group

– The mineralized nodules were more 
intense in the LvBMP-2-modified 
BMSCs + PRP group, compared with 
those in the other groups

– In the BMP-2 BMSCs + PRP group, it was 
found that the surface region of the recov-
ered cartilage was smooth and shiny, and 
covered with hyaline-like cartilage tissue

– The enhanced expression of BMP-2 
combined with PRP treatment induced the 
expression of genes for cartilage forma-
tion, which facilitated tissue regeneration 
in the rabbit knees

[91]
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Table 3  (continued)

Scaffold Experimental groups Major findings Refs.

Hyaluronic acid-tyramine (HATA) hydrogel – HATA 
– HATA-PL50
– HATA-PL100

– The storage modulus is highest at a  H2O2/
TA molar ratio of 0.5

– By increasing the polymer concentration, 
the degradation rate was lower

– The hMSCs attached and spread out in PL 
enriched matrix

– hMSCs laden HATA hydrogels with PL 
induced a

cartilage like extracellular matrix deposition 
in-vitro

– Growing deposition of collagen type II 
and proteoglycans over time

– Deposition of the new ECM, gel degrada-
tion, and the formation of a tough dense 
matrix

[92]

Porous chitosan scaffolds – Stabilized Porous Chitosan (SPCHT)
– Activated PRP (αP-PRP)/SPCHT

– The pores in the scaffold presented with 
an elongated morphology with a short 
length

– Increase in cell number in αP-PRP/
SPCHT compared with SPCHT scaffolds

– Chondrocytes grown on αP-PRP/SPCHT 
scaffolds expressed high levels of type II 
collagen and type I was almost undetect-
able, whereas cells on SPCHT scaffolds 
acted vice versa

[93]

Nondegradable elastic polyurethane (PU) 
porous scaffold

– Native cartilage
– PU/cell
– PU/PRP/cell

– More even cell distribution and higher cell 
density

– Promoted chondrocyte proliferation
– Induced higher level expressions of aggre-

can and type II collagen gene
– Increased content of newly developed 

glycosaminoglycans
– Produced high-quality cartilaginous tissue

[94]

Type 1 collagen/PRP (COL/PRP) scaffolds – Thrombin-activated PRP/collagen
– Collagen activated PRP/collagen

– The COL/PRP scaffolds were not cyto-
toxic to fibroblasts

– The PDGF and FGF content in the throm-
bin group was at a higher level and lasted 
for a long period of time

– The same role of collagen and thrombin in 
the release of TGF-β1 and VEGF

[95]

3D-printed PLGA scaffold – PLGA
– PRP/PLGA
– PRP/MSCs/PLGA

– Cross section of the PLGA 3D scaffold 
had no pores and was smooth, with the 
brittle-fracture characteristics

– PLGA scaffold were hydrophilic
– Real-time gene expression analysis 

revealed that PRP stimulated both chon-
drogenic and osteogenic differentiation of 
MSC seeding into PLGA scaffolds

– This scaffold has a great capacity for cell 
transportation, GFs release, and excellent 
mechanical strength, which would greatly 
contribute to the progress of cartilage tis-
sue engineering

[96]

Embedded sodium alginate (SA) based 
hydrogel in 3D scaffold of chitosan (CH)/
chondroitin sulfate (CS)/ SF

– CH/CS/SF
– SA embedded in CH/CS/ SF
– SA/PRP embedded in CH/CS/ SF

– Scaffolds showed the interconnected 
porous structure

– SA/PRP-based cartilage construct exhibits 
higher metabolic activity, glycosamino-
glycan deposition, expression of collagen 
type II, and aggrecan in comparison to the 
SA-based cell-scaffold construct

[97]
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on its regenerative properties. Combining biomaterials with 
PRP is an intriguing method for PRP delivery. Currently, 
PRP therapy requires multiple treatments, such as multiple 
injections. This leads to highly variable GF concentrations, 
which reduces therapeutic predictability. Biomaterials can 
function as controlled-release devices, enabling sustained 
delivery of certain GF combinations. Therefore, biomaterial 
properties such as stiffness, degradability, porosity, and bio-
activity are expected to affect the release profile of PRP and 
bone/cartilage repair. Although several studies have started 
to investigate the concept of combining PRP with biomateri-
als, comprehensive approaches are required not only to affect 
PRP half-life during scaffold fabrication positively but also 
to prolong its release depending on the application.
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