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Abstract

Platelet concentrates such as platelet-rich plasma (PRP), platelet-rich fibrin (PRF), and concentrated growth factors
(CGF) are the Autologous Biomaterials of interest in regenerative medicine for their high growth factor content and
simplicity of preparation. These products, which are obtained from peripheral blood by differential centrifugation
protocols, represent a low-cost, biocompatible solution to tissue repair and regeneration for an extensive variety of clinical
specialties from orthopedics, dentistry, and dermatology. This review contrasts and compares PRP, PRF, and CGF based
on preparation protocols, cellular and molecular contents, growth factor release kinetics, and clinical applications. PRP,
the first-generation concentrate, contains high platelet density but requires the addition of exogenous anticoagulants. PRF
is a second-generation product with a fibrin matrix to provide slow growth factor release without additives. CGF, the
newest development, uses variable centrifugation speeds to produce a denser fibrin matrix with a potentially higher
regenerative potential. Current evidence suggests that the variations in preparation influence not just the biological
activity, but also the clinical efficacy of each concentrate. While the most common, PRP is being progressively supplanted
by PRF and CGF due to the fact that they are simple to use and additive-free. Nevertheless, standardization guidelines
and comparative clinical studies are lacking, and therefore the optimization of treatment results is also challenging. In
general, PRP, PRF, and CGF all possess distinct strengths in regenerative medicine. Additional understanding of their
biologic profiles and handling during clinical practice is needed to individualize them in patient-tailored therapy and also

to develop evidence-based guidelines for future application.
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Introduction

One of the main objectives of contemporary tissue
engineering and regenerative medicine is the restoration
of damaged or dysfunctional tissues resulting from
degenerative disease, trauma, or reconstructive surgery
[1,2]. The main drawback with the conventional
therapies - including grafting, synthetic biomaterials,
and exogenous growth factor delivery systems - are their
high cost, risk of rejection, and relatively poor
compatibility with the host tissues [3,4]. It is with this
background that the need for regenerative medicine

arose.

Growth factors play a central role in the
coordination of tissue regeneration, including
fundamental cell activities like cell division, migration,
angiogenesis, and differentiation. Of the natural sources
of growth factors, platelets stand out as a rich source of
biological molecules like transforming growth factor-§
(TGF-B), platelet-derived growth factor (PDGF), and
vascular endothelial growth factor (VEGF) [5]. It is
because of this reason that autologous platelet-derived
biomaterials have emerged with popularity as
regenerative materials owing to their biocompatibility,

safety, and ease of preparation. Platelet concentrates are
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isolated from peripheral blood by differential
centrifugation [6]. They possess a unique combination
of a high concentration of growth factors and a fibrin
network that regulates the spatial and temporal release
of bioactive signals at the wound site. Therapeutic
efficacy depends not only on growth factor
concentration but also on fibrin architecture and release
kinetics [7]. This has led the field of tissue engineering
to focus on optimizing the composition based on
platelets.

Historically, Max S first described the components
of white blood cells in 1865 and identified small
anucleate bodies in the blood, which were subsequently
recognized as platelets [8]. Nearly 2 decades later,
Bizzozero [9] built upon this work and provided an
accurate account of the platelet role, emphasizing their
central role in the process of blood coagulation. But it
was not until 1969 that a method of storing platelets with
maintenance of their hemostatic function was
accomplished, a major achievement in transfusion
medicine and clinical application of platelets [10]. After
that, the development of platelet concentrates has
developed over the past few decades, keeping pace with
the development of regenerative medicine and
biomaterials. PRP was the first generation of such
products, which were initially launched in the 1970s
[11] and more popularly in the 1990s [12] with its
platelet and associated growth factor concentration. It is
widely used in numerous areas such as orthopedics,
sports medicine, and dentistry. But PRP requires the use
of anticoagulants and often causes transient release of
bioactive molecules, which limits its regenerative
potential in some cases [13]. Because of these
limitations, PRF was developed in the early 2000s by
Choukroun et al [14] as a second-generation
concentrate. PRF is independent of anticoagulants and
contains a fibrin matrix with a feature for slow and
prolonged release of growth factors. More recently,
concentrated growth factors (CGF), developed by Sacco
[15], are the third generation. CGF is developed from a
alternating speed rates centrifugation protocol, varied
speed of spinning, with higher-density fibrin matrix.
The evolution from PRP to CGF represents a move
towards increasingly simple, additive-free, and highly
biologically active preparations most closely resembling

the physiological mechanisms of healing.

However, to date, despite its increasing
application in clinical settings, evidence is still
piecemeal. In particular, although PRP, PRF, and CGF
are described in the literature as if they were equivalent
products, they differ widely in their production
techniques, cellular component, fibrin mesh structure,
and release kinetics of growth factors. In addition to this
lack of standardization in centrifugation techniques and
lack of standardization in reporting platelet and
leucocyte concentrations, it is particularly significant to
point out that randomized head-to-head comparison
studies of PRP, PRF, and CGF are limited. In response
to these limitations, this narrative review aims to
provide a structured comparison of PRP, PRF, and CGF
by integrating existing evidence on their preparation
methods, biological properties, fibrin network
architecture, growth factor release kinetics, and clinical
applications. For this narrative comparison, a structured
search on the literature using the search engines of
PubMed, Scopus, and Web of Science is employed,
encompassing literature published between 2010 and
2025. In order to find the most related literature on
platelet concentrates, a combination of keywords such
as: Platelet rich plasma, platelet rich fibrin,
concentrated growth factor, regenerative medicine,
tissue engineering, and growth factor release kinetics is
employed. For the synthesis of this narrative
comparison, peer-reviewed research papers, clinical and
preclinical studies, and high-quality narrative reviews

published in English are employed.

Biological background

Platelets or thrombocytes are minute fragments of
cells that are absent of nuclei; instead, they contain
cytoplasmic components such as a-granules, dense
granules, and lysosomes that are made up of numerous
active molecules that are required in hemostasis. They
are derived from megakaryocytes found in the bone
marrow. They are discoid shaped and are supported by
microtubules (Figure 1), which is similar to the
cytoskeleton found in other cell types that provides them
with shape and structure. When these platelets get
activated due to injury to the blood vessel walls and
contact with blood, among other factors such as
encountering collagen surfaces, then these tiny particles
change shape to be adhesive with the capacity to release

these a-granules to the environment surrounding them.
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The a-granules are endowed with numerous growth
factors such as PDGF, TGF-B, VEGF, and IGF-1,
making these granules particularly useful within
regenerative medicine [13,14]. These factors are
particularly important in various cellular processes that
include angiogenesis, cell migration, cell division, and
degradation of extracellular matrices. Other than their

function within hemostasis processes in the blood, these
platelets are today found to take part in processes that
include affecting wound healing and regulation within
the immune processes within the organism. They are set

to take an advantageous application within autologous

treatments; these applications particularly include the
use of PRP, PRF, and CGF [13,14].

Figure 1 Representative Images of Platelets. (A) A peripheral blood smear from a human subject stained using Wright-
Giemsa reveals platelets (arrows) scattered among red blood cells and leukocytes. The platelets display a pale grayish-
blue cytoplasm with distinct purple-red granules. The original image was taken from a 35-mm slide (100% magnification)
[16]. (B) A scanning electron microscope image shows resting (unstimulated) human platelets. Most exhibit a discoid
shape (d), with numerous surface indentations (arrows) corresponding to openings of the surface-connected canalicular
system, which communicates with the external environment (15,000% magnification) [17]. (C) An ultrastructural view of
resting platelets highlights various internal components. Visible structures include the SCCS, dense tubular system (DTS),
mitochondria (M), a-granules (G), dense bodies (DB), coated vesicles (CV), glycogen particles (GLY), and microtubules
(MT), which appear in both cross-sectional and longitudinal orientations at the edges of the discoid platelet. Image
captured at 46,000% magnification; scale bar represents 0.5 pm [16].

Stimulated, more so after coagulation or is a 2-fold agonist, inducing synthesis of extracellular

mechanical injury (e.g., centrifugation), platelets secrete
their signaling molecules, in the form of a-granules, into
the extracellular matrix. Perhaps one of the most potent
growth factors is PDGF since it will induce proliferation
and migration of fibroblasts, smooth muscle cells, and
mesenchymal cells-a most crucial step towards tissue
remodeling. Transforming growth factor-beta (TGF-B)

matrix (ECM) and modulating inflammation, a very
crucial point in homeostatic wound healing. Vascular
endothelial growth factor is a potent angiogenic
stimulus, promoting the formation of new vessels for
oxygen and nutrient supply to regenerating tissue [18].
Additionally, insulin-like growth factor-1 (IGF-1) plays
arole in cell survival and differentiation, particularly in
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muscle and bone [19,20], whereas EGF induces
proliferation of epithelial and endothelial cells to
enhance repair of the skin and mucosae [21]. Basic
fibroblast growth factor (bFGF) [22] and HGF [23] are
other molecules that induce these repair processes
by inducing mobilization  of stem cells and tissue-
specific repair pathways. The synergistic activity of
these growth factors makes platelet concentrates
extremely effective in triggering as well as sustaining
multifactorial biological cascades related to healing.
Interestingly, the concentration and release patterns of
these factors in PRP, PRF, and CGF differ with the
preparation technique. Clarification of individual and
combined roles of these growth factors is mandatory in
order to leverage the best possible therapeutic efficacy
of platelet based treatments in clinical settings.
Platelet-mediated tissue repair is a multi-step,
complex process mediated by platelet activation within
injured tissue. Platelets adhere to and are activated by
collagen exposed on vascular injury, and they release a
cascade of growth factors, cytokines, and chemokines
from their a-granules. These bioactive molecules initiate

the first phase of healing, hemostasis, by stimulating

fibrin clot formation, a provisional matrix and migration
scaffold for cells. Then, the growth factors that are
secreted reach and activate the fibroblasts, endothelial
cells, and the mesenchymal stem cells to migrate
towards the wound. Growth factors PDGF and TGF-
promote cell proliferation and cell production of ECM,
whereas VEGF promotes angiogenesis to facilitate
proper oxygenation and nutrition [24]. IGF and EGF
regulate epithelialization and cell differentiation, which
is important as the tissue is remodelling. Platelets also
regulate local immunity by regulating macrophage
polarization and preventing excessive inflammation to
render the environment regenerative, and not fibrotic
[25]. In platelet concentrates like PRP, PRF, and CGF,
the fibrin network acts as a depot for controlled release
of growth factors to extend the timeframe of the
biological response beyond that of the short-lived post-
trauma phase. Regulated release mimics physiological
healing cascades and induces regeneration in hard and
soft Platelets thus

orchestrate the regenerative microenvironment in a way

tissues. initiate healing and

critical to successful tissue repair.
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Figure 2 The preparation protocols for 3 autologous blood-derived products: PRP, PRF, and CGF. While all are obtained

through centrifugation of whole blood, they differ in centrifugation speed, duration, and tube type. PRP typically involves

anticoagulant use and 1 or 2 centrifugation steps to concentrate platelets. PRF is produced without anticoagulants using

a single, fixed-speed spin, allowing fibrin clot formation. CGF requires a variable-speed centrifugation program to yield

a denser fibrin matrix enriched with growth factors. (Drawn with Biorender)

Source: Authors.



Trends Sci. 2026; 23(7): 13160

50f19

Table 1 Main types of PRP, PRF, and CGF products. This is a summary of the most common and principal types, though

several other variations also exist.

Highlights

Abbreviation Full
P-PRP or Pure Platelet Rich
Pure-PRP Plasma

Characterized by high platelet concentration, along with a lack or shortage of
leukocytes and a low-density network of fibrin; often used in cosmetic treatments

and therapies.

Leukocyte-Poor

Consists of leukocytes (low) and platelets suspended within a low-density fibrin
network; suited to soft tissue trauma where a controlled inflammatory response

can assist healing.

LR-PRP contains both platelets and leukocyte (high). It is particularly beneficial
in treating pressure ulcers and diabetic foot ulcers, conditions that require rapid

tissue regeneration and reduced risk of infection.

P-PREF is a variation of PRF with a focus on high platelet and fibrin concentrations
and the deliberate exclusion of leukocytes. P-PRF is thus considered suitable for
soft tissue procedures where improved healing and minimized inflammation are of
the highest priority.

L-PRF is a valuable method that is used in periodontal surgeries. This is obtained
using a gradual process of centrifugation that effectively concentrates leukocytes,
fibrin, and platelets within a clot matrix. Leukocytes contribute to the healing

process and angiogenesis.

i-PRF is the liquid form of PRF that is obtained with a lower centrifugation rate
and a shorter duration, producing a viscous liquid. This makes it easily injectable
into soft tissue or mixable with a different grafting material to enhance tissue

regeneration outcomes.

LP-PRP ’
Platelet-Rich Plasma
Leukocyte-Rich
LR-PRP ’
Platelet-Rich Plasma
Pure Platelet-Rich
P-PRF s
Fibrin
Leukocyte-Platelet
L-PRF . _
Rich Fibrin
) Injectable Platelet
1-PRF . o
Rich Fibrin
Concentrated
CGF
Growth Factor

A thick fibrin matrix rich in platelets, leukocytes, and growth factors is used for

extended tissue regeneration, especially in the dental and orthopedic disciplines.

Source: Authors

Platelet-rich plasma

tissue regeneration and healing [31]. PRP has shown

Platelet-Rich Plasma is defined as an autologous
blood derivative containing a platelet concentration
above baseline levels [26]. PRP was first introduced in
1954 by Kingsley [27]. To address variability in PRP
preparations, classification systems have been
developed to categorize PRP based on content and
method of preparation. One of the most widely accepted
is the classification by Ehrenfest [28], which divides
PRP into 4 main types based on the presence or absence
of leukocytes and fibrin architecture. To date, PRP has
been further classified into multiple types, with the third
generation represented by CGF (Table 1). PRP
preparation methods vary significantly, resulting in
different concentrations of blood components and
growth factors [29,30]. Key growth factors in PRP

include PDGF, TGF-B, VEGF, and EGF, which promote

efficacy in treating various conditions, including knee
osteoarthritis, tendinopathies, and wound healing [31].
However, the optimal composition and preparation
method for specific clinical applications remain unclear
[32]. Standardization of PRP preparation protocols and
reporting is crucial for comparing study results and
determining the most effective formulations for
different treatments[30].

Centrifugation is one of the key steps in the
preparation of PRP and influences platelet concentration
and purity. Single-spin and double-spin are 2 commonly
used protocols. Low-speed single centrifugation in
single-spin protocol spins the blood apart into buffy
coat, plasma, and red cells. Platelet-rich fraction is
recovered over the buffy coat but generates more diluted
levels of platelets and can include a higher leukocyte
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count or plasma. Double-spin, in contrast, is a 2-stage
process: First spin for the separation of red cells and
plasma/buffy coat and second spin at higher speed for
concentrating the platelets. The method is more prone to
provide more platelets and the facility to alter leukocyte
content but takes more effort and time. Selection of
protocol depends upon clinical need, demands of
platelet and leukocytes, and availability of equipment.
Standardization is difficult because protocols vary
(Figure 2). Currently there are still many versions of
manual PRP acquisition, with no uniformity (Table 2).
In recent years, novel classification frameworks have
emerged beyond the Dohan Ehrenfest system,
incorporating not only leukocyte and fibrin content but
also quantitative platelet concentration, growth factor
profiling, and activation status[33]. Moreover, the
concept of “personalized PRP” has been introduced,
emphasizing the need to tailor PRP formulations to

patient-specific biological parameters and clinical
indications [34].

The addition of separation gel is a great
improvement in PRP formulation, leading to enhanced
uniformity, as well as purity, of the end product.
Biologically inert, this polymer reduces inflammatory
responses, leading to an improvement in PRP quality.
Importantly, it is easy to adjust the density of the
separation gel in order to yield PRP containing only
platelets or a given population of leukocytes, depending
on what therapy it has been formulated for. Moreover,
separation gel reduces procedural heterogeneity in
manipulation as well as allows for consistent
reproduction of identical preparations, especially in
clinics with limited cell-separation technologies (Table
2; No. 4 and 5). However, it is important to closely
choose the right type of gel, as different commercial
preparations have a potential for compromising platelet

function or interfering with plasma constituents.

Table 2 Various protocols for PRP isolation from peripheral blood (Source: Authors).

No. Type Author Method % Recovery Note
. . . Step 1: 400 g/15 min .
1 2 steps Segabinazzi and Podico [35] . 28 +13% Tradition
Step 2: 1,000 g/10 min
Step 1: 200 g/12 min .
2 2 steps Machado et al. [36] . 40 £19% Tradition
Step 2: 1,600 g/8 min
Step 1: 300 g/10 min .
3 2 steps Carvalho et al. [37] . 51.29% - 78.73% Tradition
Step 2: 700 g/15 min
Step 1: 100 g/15 min
4 2 steps Muthu et al. [38] . 86% - 99 % Gel
Step 2: 1,600 g/20 min
Gel
5 1 step Author Step 1: 1,500g/10 min >90% (Biothérapie Pure-
PRP Kit)

PRP therapy has numerous advantages making it
an ideal candidate in regenerative medicine. First, PRP
is autologous; therefore, there are no worries about
immune rejection and disease transmission. PRP holds
significant amounts of growth factors such as PDGF,
TGF-B, and VEGF that stimulate cell growth and
angiogenesis [1]. Additionally, PRP can be isolated in a
rather straightforward process from peripheral blood. In
essence, PRP has shown potential applications in
regenerative medicine with promising results in sports
injuries to joints, wounds that are unresponsive to
treatments, hair loss disorders (alopecia), and

reconstructive surgery. Despite these numerous benefits

and potential uses, PRP has some key shortcomings as
well. The most significant key implication is
heterogeneity in preparation techniques; therefore,
heterogeneity among subjects and among studies with
regard to platelet count per appointment, cell count per
appointment, and release of growth factors. This implies
that one cannot compare results with regard to efficacy.
Furthermore, PRP efficacy has been questioned with
regard to various applications due to contradictory
results from RCTs. Additionally, there are intrinsic
(age-related factors in patients such as baseline platelet
count and other con) and technical (factors such as

centrifugation speed and activator use) factors that
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render it impossible to produce similar results. Another
con (shortcoming) is that there would be immediate
release of growth factors from PRP that might be
limiting its use if aimed to be therapeutic in the medium
to distant term without incorporating matrices/carriers
like other cell types. Also, PRP must be made with the
aid of other substances such as thrombin that might be
potential indicators for immune reactions that may lead
to possible contamination. Nevertheless, PRP is highly
therapeutic; therefore, it needs significant research
aimed at optimizing its efficacy and application in
medicine.

Platelet-rich fibrin

Choukroun et al. [39] developed PRF, the second-
generation platelet concentrates. PRF is a second-
generation autologous platelet concentrate derived from
human blood through centrifugation [40,41]. It contains
growth factors and cytokines entrapped in a fibrin
matrix, promoting wound healing and tissue
regeneration [42]. PRF has diverse applications in
dentistry, orthopedics, and aesthetic medicine, including
hair restoration, skin rejuvenation, and scar revision
[43]. Its advantages include ease of preparation, cost-
effectiveness, and prolonged release of growth factors

[40, 41]. PRF offers superior advantages compared to
PRP, with no need for anticoagulants or exogenous
compounds.

Recent studies have suggested that centrifugation
methods are of importance in establishing the yield and
quality of PRF used in regenerative medicine. Lower
relative centrifugation forces (RCF) are associated with
higher concentrations of platelets, leukocytes, and
growth factors in PRF products [44,45]. Low-speed
centrifugation (LSCC) has been proposed to improve
PRF quality [44]. Moreover, centrifuge characteristics,
such as vibration levels, also influence the composition
and integrity of PRF [46]. Diversification of protocols
has led to the development of various PRF types,
including L-PRF, A-PRF, and I-PRF, each with distinct
cellular and growth factor profiles [47] (Table 1).
Standardization of PRF preparation protocols is needed
to provide reproducibility and clinical efficacy [48]. The
centrifugation time, force applied, and tube properties
greatly impact the resulting PRF product [49,50],
highlighting the need for optimized protocols in the field
of regenerative medicine. Many different protocols have
been developed over time; the table below summarizes
them (Table 3).

Table 3 Standard protocols for PRF preparation (Source: Authors).

No. Type Authors Protocol
1 L-PRF Choukroun et al. [39] 2,700 rpm*12 min
2 A-PRF Ghanaati et al. [51] 1,500 rpm>14 min
3 A-PRF+ Fujioka-Kobayashi et al. [52] 1,300 rpm*8 min
4 I-PRF Mourio et al. [53] 3,300 rpmx2 min

Over the years, several methodologies for PRF
preparation have been developed with the aim to
enhance cellular composition, fibrin architecture, and
the release of growth factors. The original L-PRF
protocol, developed by Choukroun et al. [39], employs
a centrifugation of 2,700 rpm for 12 min, thus setting the
stage for subsequent methodologies. Ghanaati et al. [51]
introduced the A-PRF protocol, which employs a lower
centrifugal force of 1,500 rpm for 14 min, with the aim
to improve the entrapment and stabilization of
leukocytes in the fibrin matrix. Later, Fujioka-
Kobayashi et al. [52] took it a step further by developing

A-PRF+, which features an even lower speed and time

(1,300 rpm for 8 min) to improve the preservation of
monocytes and accelerate the polymerization of fibrin.
The latest innovation is the injectable i-PRF, which was
developed by Mourdo et al. [53] using a centrifugation
speed of 3,300 rpm for only 2 min, allowing the final
product to be retained in a liquid form before clotting.
Compared to solid PRF forms, i-PRF offers unique
advantages for integration with grafting materials and
for therapeutic administration via injection[53]. Each
method has specific advantages depending on the
clinical goal-solid scaffolds for surgical application
versus liquid preparations for injection-highlighting the
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need for a personalized approach in regenerative
medicine.

Concentrated growth factors

CGF as proposed by Sacco [15], represent the third
generation of autologous platelet concentrates and are
processed by a unique protocol involving variable-speed
centrifugation. Unlike PRP and PRF, which follow
fixed-speed protocols, CGF is prepared by variating the
speeds and acceleration phases with specialized
centrifuges like the Medifuge (Silfradent, Italy). The
long-established protocol yields a denser and more
networked fibrin matrix with an increased concentration
of plateletstogether with a high level of associated
leukocytes and CD34+ stem-like cells [54]. The
biological architecture of CGF allows for long-term
release of growth factors like PDGF, TGF-B, and VEGF
with the ability to enhance angiogenesis, fibroblic
proliferation and remodeling of the extracellular matrix
[15]. Compared to PRP, requiring the addition of
anticoagulants and characterizied by rapid but transient
factor release; and PRF, yielding a stable matrix with
slow release kinetics, CGF offers a synergistic
partnership between facile application and form and
strength and healing potential. More importantly, CGF
also requires the introduction of no external substance,
implements a one-step processing protocol and yields a
long-lasting biologically active matrix favorable for
long-term healing. CGF is obtained using a
pre-programmed variable-speed protocol, including 30 s
acceleration, 2 min at 2,700 rpm, 4 min at 2,400 rpm,
4min at 2,700 rpm, 3 min at 3,000 rpm, and ~36s
deceleration, for a total of approximately 12 -13 min
[15].

Numerous studies have demonstrated the
concentrations of growth factors in CGF and PRF to be
equal to or higher than those in classical PRP [55,56].
CGF and PRF have equal potential in bone healing and
tissue regeneration as demonstrated by extensive
clinical and preclinical evidence [57]. Of note is the
higher tensile strength and total volume of growth
factors in CGF as compared to PRF [58], features
expected to improve its physical strength and extent of
biological action. Comparative analysis  has
demonstrated differences in the 3-dimensional
architecture of the platelets, leukocytes, and bioactive
entities in CGF and new generations of PRF such as A-

PRF [59]. Both CGF and A-PRF facilitate cellular
proliferation and serve as potent biological scaffolds and
reservoirs for long-term release of the growth factors
and thereby create a conducive microenvironment for

healing of tissues.

Biological properties and release kinetics

Platelet concentrates such as PRP, PRF, and CGF
exert their regenerative potential primarily through the
localized delivery of biologically active molecules,
particularly growth factors and cytokines. The
concentration, spatial distribution, and temporal release
of these molecules are critical in determining the
biological efficacy of each preparation.

Growth factor content and platelet concentration

Numerous studies have quantified the levels of
growth factors across PRP, PRF, and CGF preparations.
PRP, by design, yields the highest initial concentration
of platelets, often exceeding 3 - 5 times the baseline
level. This corresponds with elevated immediate release
of PDGF, TGF-f, VEGF, and EGF. However, due to the
absence of a dense fibrin scaffold, these factors are
released in a rapid burst phase, peaking within the first
few hours post-application [55,56].

In contrast, PRF and CGF contain slightly lower
total platelet counts but benefit from a more structured
fibrin network. This architecture serves as a natural
reservoir, enabling sustained and gradual release of
growth factors over 7 - 14 days[59]. Comparative
studies have shown that CGF, in particular, may contain
higher cumulative levels of TGF- and VEGF than PRF
due to its denser and more cross-linked fibrin matrix
[60].

Release kinetics

PRP exhibits a burst-type release profile with up
to 90% of stored GFs released within the first 24 h [59].
This may be beneficial in acute injuries where
immediate stimulation is desirable. However, it lacks
the long-term release needed for sustained tissue
remodeling.

PRF, especially advanced forms like A-PRF and
A-PRF+, demonstrates a slow-release profile due to its
fibrin entrapment. Studies have confirmed that these
matrices maintain steady GF release for over a week
[52]. CGF mirrors this behavior but extends the duration
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further. Its denser fibrin framework allows for the
gradual elution of GFs, supporting prolonged
angiogenesis, stem cell recruitment, and ECM synthesis.

Biological effects

The sustained release kinetics of PRF and CGF
directly influence cellular responses. TGF- promotes
myofibroblast activation and ECM production; PDGF
recruits fibroblasts and smooth muscle cells; VEGF

induces robust neovascularization; and IGF-1 supports

cell survival and differentiation. The presence of
leukocytes and CD34" cells in CGF may further enhance
immunomodulation and tissue remodeling [59].

Taken together, while PRP delivers a high-dose,
short-lived stimulus ideal for initial inflammatory phase,
PRF and CGF provide a more physiological, time-
controlled delivery suitable for orchestrating later
phases of healing. CGF’s superior tensile strength and
cellular content make it particularly advantageous in

long-term regenerative contexts.

Table 4 Comparative summary of platelet concentrates (Sources: Authors).

Parameter PRP PRF CGF
Platelet Concentration +++ ++ ++
Growth Factor Peak High (0 - 24 h) Moderate (3 - 7d) Moderate-High (5 - 14d)
Release Kinetics Burst Sustained Extended Sustained
Scaffold Density Low Moderate High
Leukocyte Content Variable-Present Present High (with CD34+)
Main Application Acute injury Soft tissue healing Long-term regeneration

Note: +++ indicates highest relative levels.

Despite the growing body of literature supporting
the clinical use of platelet concentrates, comparative
evidence among platelet-rich plasma, platelet-rich
fibrin, and concentrated growth factors remains
inconsistent. Reported therapeutic outcomes vary
substantially due to heterogeneity in preparation
protocols, centrifugation parameters, platelet and
leukocyte concentrations, and outcome measures across
studies. In particular, direct head-to-head randomized
controlled trials comparing PRP, PRF, and CGF under
standardized conditions are scarce. As a result,
differences in clinical efficacy are often inferred from
indirect comparisons rather than robust comparative
data. These limitations complicate evidence-based
decision-making and underscore the need for
standardized preparation protocols and well-designed
comparative clinical studies.

Clinical applications

Dentistry and oral surgery

These preparations are rich in growth factors that
stimulate tissue repair, with applications including
socket preservation, implant surgery, bone regeneration,
and managing conditions like bisphosphonate-related

osteonecrosis [52]. In dentistry and implantology, these

3 are utilized to facilitate bone and soft-tissue repairing
(for sinus lifts, ridge augmentations, periodontal
defects). PRP has an abundant amount of GFs (PDGF,
TGF-B, VEGF) concentrated in a liquid that facilitates
quicker grafting; however, the results are transitory.
PRF offers a fibrin sponge that releases GFs after days
to weeks; these facilitate improved periodontal repairing
and implant osseointegration; meta-analyses found PRF
to result in significantly higher bone filling and
attachment increments compared to other devices [61].
CGF has an even more compact fibrin matrix with more
platelets and CD34" progenitor cells; these facilitate
angiogenesis and secondary bone formation. CGF was
shown to significantly improve bone repairing and
implant implantation in the maxillary sinus
augmentation model compared to controls [62]. Though
these are significant breakthroughs, efficacy still varies;
most studies stress that various techniques that pair
platelet concentrates with bone grafting (“sticky bone”
approaches) result in maximally superior results [61,62].

Dermatology and aesthetic medicine
In dermatology and aesthetic medicine, PRP has
the most established concentrate form. Clinical research

and systematic reviews confirm PRP (often injected or
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microneedled) promotes the production of collagen and
enhances skin texture and density besides raising hair
density and circumference in patients with androgenetic
alopecia [52]. PRF (particularly injectable i-PRF) has
attracted interest due to possibly prolonged dermal
fibroblast activation by the slower release fibrin mesh.
Initial experiences with i-PRF indicate that it might
optimize the efficacy of acne scars and alopecia;
however, rigorous testing is still required. The
concentrated GF and cytokines in CGF indicate possible
prolonged activation of fibroblasts to renew skins;
evidence is still evolving. In hair regrowth, PRP has
reliably been shown to raise hair density and caliber
[52]; PRF and CGF are still investigational;
theoretically, though, these might prolong treatment
success due to the fibrin scaffold that supports fibroblast

activation.

Orthopedics and sports medicine

In orthopedics and sports medicine, PRP
injections are commonly administered within the joint
space to manage injuries due to degradation and
overuse. Recent meta-analyses indicate that PRP results
in significant pain relief and functional recovery in
patients with knee arthritis and that PRP often surpasses
HA in efficacy [63]. Additionally, conjoining PRP with
HA results in greater improvements in pain and function
compared with PRP alone [63]. PRP has also
regenerative applications in managing tendinopathies
(lateral epicondylitis and Achilles tendinopathy). In
2024, PRP injections resulted in superior pain relief with
prolonged effectiveness (more than 6 months) over
corticosteroid injections in managing tennis elbow [64].

PRF and CGF are more infrequently administered as

isolated intra-articular injections. Furthermore, these are
mostly investigated within surgical applications as
matrices within repairs (supplementing tendon or
ligament transplants). In PRF and CGF matrices, there
might be certain cell infiltration supported by the fibrin
structure. Yet, current conclusive data within
musculoskeletal repairs with PRF and CGF remain
mostly within the realm of ongoing investigations.
Importantly, PRF and CGF can be more beneficial with
application within musculoskeletal reconstructive
implants/matrix biomaterials due to structural and

immunomodulatory function.

Regenerative medicine and tissue engineering

PRF and CGF are utilized as autologous
biomaterial substrates in regenerative medicine and
tissue engineering applications. The 3D fibrin network
in PRF and CGF acts as an extracellular matrix analog
to facilitate cell adhesion and migration [65]. he PRF
membranes intended for mesenchymal stem cell (MSC)
transplantation improve osteogenic and angiogenic
processes. The higher GF and progenitor cell contents in
CGF create a microenvironment conducive to cell
growth. These matrices are utilized in more
sophisticated platforms such as hydrogel matrices,
collagen sponge substrates, and 3D printed bio-inks.
The application of PRF and CGF matrices with EVs and
biofabrication has potential “smart” regenerative
applications. In these therapeutic applications, PRF and
CGF matrices function as biomimetic carriers to release
GFs over time; PRP provides an initial GF release with
subsequent PRF/CGF release and structural support
[65].

Table S Clinical applications across specialties (Sources: Authors).

Field

PRP

PRF

CGF

Dentistry &
Oral Surgery

High platelet/GF dose for bone
grafts and  sinus lifts;
accelerates bone regeneration

and soft-tissue healing.

3D fibrin scaffold with
sustained GF release; improves
periodontal regeneration,
socket preservation, implant

healing [61].

Dense fibrin matrix rich in
CD34* cells;

angiogenesis and osteogenesis

enhances

(e.g. in infected-socket implant

placement) [62].

Dermatology
& Aesthetic

Proven for skin rejuvenation
and acne scar remodeling;

significantly increases hair

Injectable i-PRF yields longer-
lasting GF delivery for dermal
remodeling; early evidence of

Experimental in aesthetics; rich
in GFs/cytokines may support
prolonged skin regeneration

(ongoing studies).
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Field

PRP

PRF

CGF

density and thickness in

alopecia [66]

benefit in skin and Thair

restoration [67].

Orthopedics &
Sports

Improves knee osteoarthritis

and chronic tendinopathies;

Used

scaffold in tendon/ligament

experimentally as a

Under investigation for bone

and soft tissue healing; high

Medicine intra-articular injections yield repair and cartilage GF/Stem cell content suggests
pain relief and functional gains engineering; provides natural potential in tissue repair.
[64] matrix support [65].
Regenerative  Delivers a rapid GF burst but 3D fibrin matrix supports MSC  Rich reservoir of GFs and
Medicine lacks structural scaffold (less engraftment, angiogenesis, and progenitor cells; promising as

suited as standalone tissue

scaffold).

controlled GF release [65,68].
Ideal  for
bioprinted constructs.

grafting  and

an advanced biomaterial for
and 3D
biofabrication (e.g. bioinks).

stem-cell therapies

Limitations and challenges

However promising platelet concentrates are, they
are plagued with inherent scientific deficiencies.
Specifically, there is a remarkable divergence on the
preparation protocols. Centrifugal speed and duration of
centrifugation vary significantly. Moreover, the choice
of anticoagulants or activators is divergent [69,70].
Consequently, the platelet concentration, number of
leukocytes, and release of growth factors are
significantly different across PRP, PRF, and CGF. This
inherent diversity makes it difficult to compare results
or interpret them. In fact, it has been pointed out that
“absence of unified standards for PRP preparations,
classifications and clinical applications” confuses the
matter. There is a dearth of comparative clinical data.
Very few small-scale randomized trials have
comparatively evaluated the effectiveness of PRP, PRF,
and CGF. Most of the available data are pilot or case
series trials [71,72]. Therefore, the combined outcome
is based on indirect comparisons and not on direct
comparative trials. Moreover, the inherent variability
due to the donor is yet another confounding factor. Age
of the donor, initial platelet count, and the donor’s health
condition significantly affect the final preparation. For
instance, one study has shown that each decade of the
donor’s age resulted in a reduction of 32,000
platelets/uL. of PRP. Also, a unit increase in the initial
platelet count increased the platelet output of PRP by
3.8x [73]. Such inherent variations render 2 different
preparations bearing the same name to possess different

biology [74]. In other words, inherent scientific

deficiencies preclude the drawing of evidence-based
conclusions on which preparation is the best preparation
for which condition.

In the clinic, these scientific uncertainties are
reflected as real-world challenges. There is no data to
support which is the “best” concentrate to administer in
a given patient, as there are no head-to-head studies of
efficacy [75]. For example, while there is some data
suggesting that PRP is good for rapid healing of soft
tissues, while CGF/PRF is better suited to bone healing
[76], there are no standardized guidelines, with some
studies suggesting that CGF is better than PRF, while
others suggest that CGF = PRF [57,77,78]. There are
also unpredictable patient responses, with some
responding very well, while others respond poorly, or
not at all, which is most likely due to variability in
product composition, as discussed. There are also issues
with reproducibility. Even within a given practice, small
variations in centrifugation or technique can lead to
variability in product [79]. And variability between
practices makes it even more difficult to interpret
outcome studies, as what was considered to be PRF or
CGF in one trial may or may not be similar to what was
considered to be those things in another, making meta-
analysis very difficult[80]. There are also some inherent
limitations of these products. Both PRF and CGF
produce solid blood clots that must be used
immediately, as they cannot be molded or stored. They
also are of very low tensile strength, which makes them
unable to support heavy loads, as they are best suited to

augmenting soft tissues or filling non-load bearing
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defects [81]. And, lastly, many of these are issues of
cost. Good preparation sets and centrifuges are costly,
as are good techniques, which are not always widely
available. Moreover, in most healthcare delivery
systems, procedures using these products are not
covered by insurance, which makes them less widely
available.

On the translational side, platelet concentrates are
in an unclear regulatory environment globally. In most
countries, PRP, PRF, and CGF are Ilabeled as
“minimally manipulated” autologous blood products,
which puts them beyond the purview of drug regulations
[82]. But there is no standardized global classification
system. Even in Europe, there are variations in
regulations in different countries. In one case, PRP was
labeled a “non-standardized medicinal product” in
Swiss law, while in other countries, PRP was labeled
differently based on variations in blood product
directives [83]. This creates a situation where there is no
standardized global system for clinical trials or approval
of platelet concentrates (PCs). Then there are quality
control and production systems. PCs are mostly
produced in a bedside setting. So, there are no “industry-
scale” batches with standardized specifications [84].
Few institutions follow GMP-like standards for
autologous concentrates. EU directives for blood
components are more oriented toward safety and quality
[83]. But it is “practically difficult” for manufacturers
and clinicians to bring platelet concentrate preparation
fully under these standards. This makes it difficult to
ensure scalability in terms of potency and purity. From
a practical standpoint, these are mostly manual
procedures with variations in equipment and methods.

Among the frontier areas, some show great
potential, but also many questions remain. A promising
new application of PRP is the use of platelet-derived
extracellular vesicles (EVs): Nano-sized exosomes
derived from activated platelets [74,85]. Recent reviews
indicate that PRP-EVs contain the same growth factors
and microRNAs as conventional PRP, and may even
have an advantage in terms of penetration and immune
system interaction. Theoretically, EVs might be
developed into an off-the-shelf biologic [86]. Yet, the
development of EVs from pure, isolated EVs remains in
its infancy, with challenges in isolation, dosage, and a
lack of large, confirmatory studies in human patients.

Similarly, PRF and CGF are being explored for use in

bioactive scaffolding in the emerging field of tissue
engineering. PRF/CGF scaffolds, for instance, have
been incorporated into bioinks in 3-dimensional
bioprinting of custom-made grafts [87]. Such constructs
may facilitate the healing of either bone or cartilage,
again with efficacy established in small studies only
[88,89]. But in addition, broad questions exist in the
development of platelet concentrates themselves.
Should concentrates be customized on the basis of the
starting level of a patient’s platelets/GFs? How should
leukocytes best be concentrated? Can ‘good’ versus
‘bad’ platelet concentrates be distinguished, depending
on the application? The answers, of course, would
require better biomarkers, and a standardized set of
endpoints. But, in a welcome development, the field has
begun to come together in terms of proposed solutions,
such as a ‘PAW’ system of product definition (Platelet
count, Activation strategy, White cell
concentration)[90]. Some also urge the establishment of
a ‘minimal set’ of information in studies, describing the
exact preparation and composition, and the conduct of
‘indication-specific’ randomized controlled trials [91].
The conclusion, then, would be that, despite the great
scientific potential of the new applications of platelet
concentrates (EVs, bioengineering scaffolds, stem cell
mixtures, and so on), these also indicate a need for

rigorous validation.

Future perspectives

In addition to traditional wuses, platelet
concentrates are currently being increasingly redefined
as flexible platforms in the field of regeneration, and not
as static components derived from blood. Research in
biomaterials science and bioengineering is currently
enabling enhanced precision in the control of platelet-
derived bioactivity and delivery rates [92]. There is a
shift towards moving from empirically based autologous
concentrates to rationally based function-oriented
strategies in regeneration [93]. Another area with great
potential is personalized platelet therapy. Instead of a
universal strategy, doctors will soon be able to
personalize PRP therapy according to individual patient
profiles [94]. This may involve personalizing the
platelet dose or supplementing it with individual patient
profiles of specific cytokines based on patient levels of
either platelets or growth factors. Point-of-care testing

kits are being developed to determine individual
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biomarkers and provide guidance on the best possible
composition of the concentrate. Recent literature reports
the potential of multi-omics studies (genomics,
proteomics, and metabolomics) to predict PRP efficacy
and develop personalized treatments [69,70].

Notably, platelet-derived bioengineered products
are on the horizon. Scientists are working on developing
‘off-the-shelf” platelet biologics of defined potency.
This can be achieved by bioengineering/synthetic
modification of platelet exosomes for the delivery of
specific molecular cargo, and the use of gene-editing in
progenitor cells for the secretion of targeted growth
factors and anti-inflammatory signals [95,96]. The
potential of platelets in biomimetic platforms for
regeneration has been utilized in these approaches.
Thus, the current focus of the field of platelet research
has transformed from the use of autologous blood
fractions to complex, customized platforms for
regeneration. Although these new technologies are
promising, their translation into mainstream practice
depends on standardization and rigorous clinical studies

for validation of safety and efficacy.

Conclusions

Although all 3 are sourced from the same
biological origin, PRP, PRF, and CGF are known to be
different regeneration modalities with considerable
variations in terms of preparation procedures, fibrin
network morphology, cellular contents, and release
profiles of growth factors. These variations are
associated with different biological and clinical
outcomes, thus indicating the need to treat PRP and
PRF/CGF as different therapeutic agents with their own
sets of clinical utilities and limitations. Although
considerable progress has been made in understanding
their overall regeneration abilities in various medical
and dental fields, the area is currently hindered by
considerable variations in preparation procedures and
lack of adequate comparative studies in clinical settings.
Thus, drawing concrete inferences about their relative
efficacies and choice in various clinical settings is
currently not possible and will depend on future
advances in terms of improved comparative studies and
strategic combinations with newer biomaterials and/or
platelet-derived extracellular vesicles and/or

personalized regeneration strategies in the future.
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