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Abstract

Background In recent years, platelet-rich plasma (PRP)
has been widely applied in orthopedics, maxillofacial sur-
gery, burns, and plastic surgery, especially in facial reju-
venation. Research is ongoing into new indications and
mechanisms of PRP to promote its wider, safer, and more
effective use in the clinic. This article reviews the possible
mechanisms of PRP in facial rejuvenation and related
research. It is expected that the application of PRP in this
field will increase.

Methods The use of PRP in facial rejuvenation was
screened using inclusion and exclusion criteria. The rele-
vant articles were searched through Pubmed digest data-
base, SCI full-text database, ScienceDirect full-text
database, and the CNKI full-text database. The different
effects and limitations of PRP were extracted.

Results A total of 108 articles were obtained, including 18
articles researching PRP in cells, 10 articles on animal
research using PRP, 16 articles on the clinical study of
PRP, 24 articles involving signs of skin aging, and four
articles on the limitations of PRP. The remaining articles
were related to the preparation of PRP, the introduction of
PRP, and other aspects.

Conclusion Based on in vitro and in vivo research, PRP
may play a role in promoting tissue regeneration, oxidative
stress and revascularization, which form the theoretical
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basis for the use of PRP in the clinical treatment of facial
rejuvenation.

Level of Evidence III This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine ratings,
please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.
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Introduction

With increasing material wealth and spiritual life, people
are paying increased attention to body aging problems,
especially facial aging. The main clinical signs of facial
aging include changes to the skin and soft tissue (such as
fat tissue), ligament, muscles, bone and other structural
changes that leads to facial wrinkles; abnormal secretion of
sebum leading to large pores; pigmentation caused by
abnormal pigment metabolism; gravity, lost capacity,
muscle atrophy, support ligament relaxation, and bone
resorption leading to skin laxity and collapse; and aging
and hormonal disorders leading to hair loss.
Subcutaneous injection of various fillers and muscle
control invasive surgery are common clinical treatments
[1-3]. In recent years, platelet-rich plasma (PRP) has been
widely used in patients for facial rejuvenation, with good
clinical effects. PRP is a platelet concentrate obtained after
centrifugation of autologous whole blood, the main com-
ponents of which are platelets and fibrin, with or without
leukocytes [4]. After platelet activation, the platelets
degranulate and secrete a variety of growth factors,
cytokines, microRNAs (miRNA) and other active
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molecules to promote tissue repair and regeneration.
Studies have shown that over 800 proteins are present in
this matrix [5], such as platelet-derived growth factor
(PDGF), transforming growth factor-B (TGF-f), vascular
endothelial growth factor (VEGF), epidermal growth factor
(EGF), and insulin-like growth factor 1 (IGF-1). These
proteins act on the target cells through paracrine, autocrine,
endocrine, and other means, affecting various cell types,
including osteoblasts [6], fibroblasts [7], endothelial cells
[8], and different sources of mesenchymal stem cells [9].
Various types of growth factors bind to cell surface
receptors, activating cell signaling pathways, which results
in the expression of genes and the synthesis of various
proteins required for tissue repair and regeneration [10].
PRP has been widely used in plastic surgery, orthopedics,
oral and maxillofacial surgery, dermatology, and other
departments. The concentration of purified PRP varies
because of its different preparation methods, resulting in
significant differences in its clinical effect [11-14]. In this
paper, we searched the PubMed digest database, the SCI
full-text database, the ScienceDirect full-text database, and
the CNKI full-text database to identify papers related to the
application of PRP in facial rejuvenation and then per-
formed a systematic review.

Materials and Methods
Search Strategy

Articles were searched for using the PubMed digest data-
base, the SCI full-text database, the ScienceDirect full-text
database, and the CNKI full-text database. The search
terms used were “platelet rich plasma[Title/Theme]”. In
addition, references of selected articles were searched to
analyze whether the references met our requirements.

Inclusion and Exclusion Criteria

Articles related to the application of PRP in facial reju-
venation, including cell research, animal research, clinical
research, and the signs of skin aging were included. Arti-
cles related to the preparation of PRP and the limitations of
PRP were also included, while articles involving orthope-
dics and the application of PRP in other diseases were
excluded. Non-science Citation Indexed articles and com-
ments were also excluded.

Article Selection
We analyzed all the retrieved articles using the inclusion

and exclusion criteria. The appropriate references were
cited based on the following standards: Study type,
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publication year, SCI factor, citation frequency, the
preparation method of PRP, the application of PRP, the
effect of PRP and so forth.

Results

After removing duplicates, the database search retrieved
2210 articles. Using the inclusion and exclusion criteria,
108 articles were included. There were 18 studies on cell
research with PRP, 10 articles were related to animal
research using PRP, 16 articles were related to clinical
research using PRP, 24 articles dealt with the signs of skin
aging, and four articles dealt with PRP’s limitations. The
remaining articles were related to the preparation of PRP,
the introduction of PRP, and so on (Fig. 1).

The Clinical Signs of Facial Aging

The main clinical signs of facial aging are wrinkles, large
pores, pigmentation, skin laxity, and hair loss. With age,
the functions of the sebaceous glands and sweat glands
decline, and epidermal thickness decreases [15]. Reduction
and degradation of extracellular matrix components (such
as collagen, elastin, proteoglycan, and polysaccharides)
cause dermal atrophy [16]. Decreased skin proliferation
potential, the loss of response to growth factors, reduced
production of type I and type III collagen, and overex-
pression of extracellular matrix-degrading proteases [17],
the loss of fat capacity [18], and gravity gradually produce
wrinkles. Ultraviolet radiation, smoking, and drinking can
also lead to wrinkles [19, 20].

Pores are enlarged because old keratin in skin is poorly
metabolized and blocks the pores. The old keratin mixes
with the accumulated sebum in the pores to form a solid
keratotic plug, which blocks the pores. Furthermore, with
age, collagen and elastin become thin and fragile, and
cannot effectively support the skin, leading to skin laxity
around the pores, which also results in enlarged pores
[21, 22].

Pigmentation is caused by a variety of factors, including
age, endocrine disorders (estrogen deficiency), genetic
factors, UV exposure, drugs, diet, light sensitivity, specific
physiology, and mood [23, 24]. Pigmentation is divided
into immediate pigment darkening (IPD) and delayed tan-
ning (DT). IPD is mainly caused by the redistribution of
melanosomes. DT is mainly caused by melanocyte prolif-
eration, the increase in dendrites and melanosomes,
increased melanin synthesis, and the transport of melano-
somes to keratinocytes [25-27]. Tagashira et al. [28]
demonstrated that ultraviolet light stimulates the endothelin
B receptor, which is a paracrine factor of melanocytes and
keratinocytes, further activating melanogenesis associated
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Fig. 1 A flow diagram of article retrieval method

transcription factor (MITF) to promote melanogenesis.
Marin-Castafio et al. [29] found that estrogen deficiency
could lead to disordered extracellular matrix synthesis and
degradation, leading to the accumulation of collagen, and
causing pigmentation.

Sagging skin is caused by age, genetics, disease, gravity
and other factors. With aging, the cell structure of skin has
corresponding changes. Decreased numbers of fibroblasts,
reduced collagen production, decreased barrier of the
stratum corneum, lower fat capacity, relaxation of the
ligaments of the facial soft tissue, bone resorption, and the
effects of gravity finally lead to facial skin sagging
[30-35].

The growth cycle of hair follicles includes a growth
phase, degenerative phase, quiescent phase, and shedding
phase. If the growth phase is terminated prematurely, it
leads to alopecia [36]. Alopecia is caused by a variety of
factors, such as aging, medication (e.g., chemotherapy,
high-dose vitamin A, and antidepressants), neuroendocrine
factors. Elevated levels of dihydroxy testosterone (DHT, a
testosterone metabolite) shorten the hair cycle and gradu-
ally reduce the number of hair follicles [37]. Excess sebum
elevates 5-alpha reductase levels and clog pores, which
causes hair root malnutrition. Harmful substances in
tobacco can damage vascular endothelial cells and reduce
the production of nitric oxide, leading to hair loss. In
addition, genetic factors (androgenic alopecia), mental and
emotional stress, unbalanced diet, malnutrition, and severe
illness can also lead to hair loss [38].

The Cell Research of PRP

When PRP acts on damaged or aged skin tissue, platelets
degranulate to release a large number of growth factors.
These growth factors attract inflammatory cells and
fibroblasts, stimulate collagen synthesis and endothelial
sprouting, causing a series of intracellular skin reactions,
including triggering gene expression [10, 39]. Platelet-
derived growth factor (PDGF) stimulates cell mitosis dur-
ing injury repair, and recruits neutrophils, macrophages,
and fibroblasts [40]. In addition, PDGF stimulates macro-
phages to produce and secrete growth factors, such as TGF-
B [41]. TGE-B is involved in the production of collagen,
especially type I and type III, and can effectively inhibit the
matrix metalloproteinases MMP-1, MMP-3, and MMP-9,
which further inhibits collagen breakdown [42, 43]. Col-
lagen formation can improve skin elasticity and wrinkles.
PDGF can upregulate the synthesis of IGF-1 and throm-
boxane-1 in epidermal regeneration. IGF-1 can increase the
vitality of keratinocytes and promote their formation [44].
IGF-1 can also enhance skin barrier function and resist
external stimulation. The dimeric PDGF, PDGF-BB, is
involved in tissue repair and promotes the synthesis of
extracellular matrix, collagen, and neovascularization by
promoting the proliferation of fibroblasts [45, 46]. Vascular
Endothelial Growth Factor (VEGF) promotes the formation
of three-dimensional blood vessels in vitro and induces the
infiltration of microvascular endothelial cells into collagen
gels to form capillary-like structures [47]. In vitro, VEGF
inhibits endothelial cell apoptosis through the phos-
phatidylinositol 3-kinase (PI3 K)-mediated PI3K/Akt
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pathway [48], promotes endothelial cell proliferation and
blood vessel formation, and increases vascular permeabil-
ity y [49]. The epidermal growth factor receptor (EGFR) is
mainly secreted by platelets, macrophages, and monocytes
[50]. EGF is involved in regulating cell proliferation,
migration, adhesion, and inflammation after binding to its
receptor [51].

Bertrand-Duchesne et al. [52] cultured venous
endothelial cells by removing EGF from PRP using anti-
body-coated beads, and found that the proliferation of
venous endothelial cells was significantly decreased. Sup-
plementation with recombinant human EGF increased the
proliferation of human venous endothelial cells in a dose-
dependent manner. Kim et al. [53] cultured human epi-
dermal fibroblasts in vitro and found that the expression of
type I collagen, and the MMP-1 protein and mRNA was
significantly increased by the application of 5% PRP.
Accumulation of newly synthesized collagen can improve
the integrity of the extracellular matrix of the skin and
stimulate fibroblasts to produce more collagen, thereby
increasing facial elasticity. Li et al. [54] cultured human
adipose stem cells in vitro. One group was supplemented
with 10% PRP and neuroinductive medium and the other
received neuroinductive medium only. Two weeks later,
the neural induction of adipose stem cells was detected.
The results showed that the levels of neuron-specific eno-
lase, annexin growth-associated protein (GAP-43), neu-
ronal cell adhesion molecule (NCAM), and synaptophysin
1 were significantly higher in the PRP/neuroinductive
medium group than in the neuroinductive medium alone
group. These results showed that PRP could promote cell
proliferation and neural differentiation of adipose stem
cells in vitro. Kakudo et al. [55] cultured human adipose-
derived stem cells and epidermal fibroblasts with activated
PRP at concentrations of 1, 5, 10, and 20%. At 5% PRP,
cell proliferation was significantly increased; however,
20% PRP did not significantly promote cell proliferation.
Sadoghi et al. [56] cultured human rotator cuff fibroblasts
in vitro with 1, 5, and 10% PRP. After 21 days of culture,
the fibroblasts were maximally stimulated at 5% PRP,
which suggested that 5% PRP could maximally stimulate
cell proliferation. Xian et al. [57] co-culture human ker-
atinocytes and fibroblasts in vitro with 10 and 20% PRP
and found that the growth rate of keratinocytes was higher
in 10% PRP, and hepatocyte growth factor and monocyte
chemokine-1, neutrophil activator protein 78, and vascular
endothelial growth factor had higher expression levels. At
20% PRP, the expression of type I and III collagen and
secreted granulocyte—macrophage colony-stimulating fac-
tor were increased.

Leukocytes in PRP are also involved in facial rejuve-
nation. Sclafani [39] believed that leukocytes in PRP
mainly release matrix MMPs and collagenase from
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neutrophils and monocytes, and promote the degradation of
the extracellular matrix. However, macrophages can
remove tissue debris and initiate tissue repair. Matrix
metalloproteinases can induce new collagen regeneration
by removing harmful collagen fragments and skin con-
nective tissue. Thus skin rejuvenation may be explained by
the promoting of tissue regeneration.

Cytologically, PRP can regulate the secretion of bio-
logical factors and the proliferation and differentiation of
many kinds of cells. PRP promotes collagen regeneration
and angiogenesis, reduces pigment secretion, and further
promotes facial rejuvenation (Table 1).

PRP Research in Animals

Cho et al. [71] produced photo-aging models from 30 nude
mice exposed to ultraviolet radiation for 8 weeks and then
divided them into three groups. One group received no
treatment, one group received saline injection, and the
other was injected with PRP. Subsequently, the formation
of wrinkles in the three groups was observed and tissues
were taken for analysis. There were significantly fewer
wrinkles in the nude mice injected with PRP than in the
other two groups. Dermal thickness, fibroblast prolifera-
tion, and collagen synthesis were significantly higher in the
PRP group than in the other two groups.

Bhang et al. [72] constructed skin wound models in
6-week-old female athymic nude mice and divided them
into four groups. One group was not treated, one group was
treated with PRP, one group was treated with human adi-
pose-derived mesenchymal stem cells, and the last group
was treated with PRP and human mesenchymal stem cells.
The results showed that the skin regeneration in the nude
mice injected with PRP with human mesenchymal stem
cells was good, and the proliferation of wound neovascu-
larization was significant. PRP could promote secretion of
growth factors by human mesenchymal stem cells and their
proliferation, and enhanced tissue repair. Liu et al. [73]
injected PRP into the bone marrow of OVX-SAMPS rats
once a month and found that PRP could restore cell aging,
promote cell proliferation, increase osteogenesis, reduce fat
formation, and resist cell aging, thus achieving anti-aging
effects. Aging delay was mainly reflected in the survival
time and aging phenotype.

Miao et al. [74] transplanted isolated epidermal cells,
hair papilla cells, and activated PRP mixture on the back
skin of 7-9-week-old male nude mice and monitored the
formation of hair follicles for 4 weeks. The number of new
hair follicles in the PRP group was higher in the trans-
planted area than that in the control group, and PRP
shortened hair cycle in the long-term. Houdek et al. [75]
created a full-thickness skin wound on SD rats and
implanted a PRP hydrogel formed by PRP and type I
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Table 1 The effects of PRP on various types of cells in vitro

Cell type PRP preparation (activation method) PRP The effect of PRP First author [Ref. no]
concentration
Keratinocyte No data (thrombin) 5% PRP Promoted keratinocyte Xiao et al. [58]
proliferation and
epithelial differentiation
Pigment cells 3000 rpm/5 min, then 3000 rpm/5 min No data Reduced melanin Shin et al. [59]
1600-1800 g/6 min, then 2000 g/5 min  No data production and Mehryan et al. [60]
pigmentation
Fibroblasts 3000 rpm/7 min, then 4000 rpm/5 min 5% PRP Promoted cell proliferation, Kim et al. [53]
(calcium chloride/thrombin mixture) 1r;crease;1 thg exprelsﬁlon
t t
1700 rpm/7 min, then 3200 rpm/5 min 5% PRP O Wype L and type Kakudo et al. [55]

(calcium chloride/thrombin mixture)
No data

100 g/15 min, then 600 g/5 min

3000 rpm/7 min, then 4000 rpm/5 min
(calcium chloride/thrombin mixture)
1700 rpm/7 min, then 3200 rpm/5 min

(calcium chloride/thrombin mixture)

Endothelial cells

No data

100 g/15 min, then 600 g/5 min
No data

300 g/20 min

Macrophages
Dendritic Cells

Hair follicle stem cells 1100 g/10 min

Adipose stem cells 1500 rpm/10 min, then 3000 rpm/10 min
215 dg/10 d min, then 863 g/10 min
2400 rpm/10 min, then 3600 rpm/15 min

200-300 g/15 min, then 1600 g/10 min

Mesenchymal stem cells

Fivefold PRP

collagen

Sadoghi et al. [56]

concentration
20% PRP Xian eeet al. [57]
No data Promoted the proliferation =~ Mooren et al. [61]
of endothelial cells and
the f ti f
0.8 ml of 1% © Jormation o Cenni et al. [62]
. capillaries in vitro,
FCS medium . -
induced the expression of
and 0.2 ml PRP .
bone growth factor in )
10% PRP endothelial cells Li et al. [63]
5% PRP Kakudo et al. [64]
No data Promoted the proliferation =~ Woodall et al. [65]
No data of macrophages and Czakai et al. [66]
dendritic cells and
increased cell viability
No data Promoted the increase in Cervelli et al. [67]
epidermis and hair follicle
bulge cells, and increased
of small blood vessels
10% PRP Promoted proliferation and Li et al. [54]
5% PRP multiple differentiation Castro et al. [68]
No data Promoted the Drengk et al. [69]
1% PRP differentiation and Murphy et al. [70]

proliferation

collagen into the wound surface. The PRP hydrogel pro-
moted the recruitment and differentiation of dermal-
derived stem cells, thereby promoting the growth of hair
and sebaceous glands. Kawazoe and Kim [76] compared
the effect of PRP and leukocyte-rich platelet plasma on
tissue hyperplasia using animal experiments and found that
leukocyte-rich platelet plasma promotes tissue healing by
promoting the formation of myofibroblasts to promote
wound healing.

In animal research, PRP can promote collagen regen-
eration, fat transplantation survival, shorten the hair growth
cycle, and promote hair growth (Table 2).

Clinical Research on PRP

In the clinic, botulinum toxins (Botox) are used to remove
wrinkles. Botox interferes with the release of acetylcholine
from the motor nerve endings, resulting in non-contraction
of muscle fibers. However, there are many side effects of
Botox, such as ptosis, local edema, ecchymosis, and facial
stiffness [81]. For large pores, the most common treatment
is a CO, laser. This results in three areas of thermal peel-
ing, thermal coagulation, and thermal effects in the skin
layer, which in turn cause a series of skin biochemical
reactions and stimulate the skin to repair itself [82]. Intense
pulsed light (IPL) technology can improve skin pigmen-
tation. Through selective photothermolysis, it conducts
heat to the blood vessel wall and causes damage to it.
Finally, the thrombosis is absorbed. IPL can penetrate the
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Table 2 The effect of PRP in various animal models

Animal type PRP preparation PRP Age Animal model The effect of PRP First
[Ref. no] (activation method) dose author
[Ref. no]
Female nude No data 1 ml 6-week-old Photo-aging Promoted dermal thickness, fibroblast Cho et al.
mice [71] model proliferation, and collagen synthesis [71]
Female nude 1500 rpm/10 min, 100 pl ~ 6-week-old  Skin wound Promoted the secretion and proliferation ~ Bhang
mice [72] then 3000 rpm/ model of human mesenchymal stem cells and et al.
10 min the recruitment and differentiation of [72]
SD rats [75] 5500 /3 h Nodata No data dermal stem cells [Houdek
et al. 75]
ovx-samp8 rats 3000 rpm/6 min 10pl  1-month-old Ovarian aging Recovered the potential of cell aging, Liu et al.
[73] and model promoted cell proliferation, increased [73]
10-month- osteogenesis, reduced fat formation,
old resisted cell aging
Male nude No data 5% No data Hair follicle Promoted new hair follicle formation, Xiao et al.
mice [58] transplantation shortened the hair growth cycle, [58]
C57BL/6J 328 ¢/10 min, then ~ 10%  1-3 days model promoted hair growth Miao et al.
female mice 4975 g/10 min old/ [74]
and nude (calcium chloride) 5-6 weeks/
male mice 7-9 week-
[74] old
FemaleC57BL/ 660 g/7 min, then 100 I 7-week-old Li et al.
6 mice [77] 2350 g/5 min [77]
(calcium chloride/
thrombin minture)
Male nude 160 g/10 min, then 0.21 ml 7-week-old Fat Promoted fat survival, reduced fat Oh et al.
mice [78] 400 g/10 min transplantation liquefaction, necrosis, and promoted [78]
Inbred male (calcium chloride/ model blood vessel growth
thrombin mixture)
Fisher rats [79] No data 1 ml No data Nakamura
et al.
[79]
New Zealand 1450 rpm/10 min, 1 ml 6-month-old Pires et al.
male rabbits then 2100 rpm/ [80]

[80] 10 min

skin and be absorbed by melanocytes. This thermal effect
also stimulates fibroblasts to secrete collagen [83]. In the
clinic, autologous fat transplantation is commonly used to
fill the cheeks, nasolabial folds, and sacral areas to improve
facial skin relaxation [84]. However, the low graft survival
rate represents a challenge. For hair loss, autologous hair
transplantation is commonly used in clinical practice. The
principle of hair implantation is to use microsurgical
techniques to remove healthy hair follicles from donors and
plant them in sparsely populated areas. However, the sur-
vival rate of hair transplantation is low, which limits its
therapeutic effect [85].

PRP has multiple functions. Clinically, PRP can be used
alone or in combination with lasers, biopolymer materials,
and water light needles to achieve good results in facial
rejuvenation treatment, especially in improving facial
wrinkles, reducing pigmentation around the eyes,
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improving the elasticity of the skin’s color texture, and
treating hair loss.

The Use of PRP

Mehryan et al. [60] injected PRP into the infrapatellar area
and periocular crow’s feet of 10 patients to observe the
recovery of wrinkles and underarm dark circles. After
3 months, the underarm dark circles of participants were
significantly reduced, wrinkles were significantly
improved, and they were satisfied with the results. Yuksel
et al. [86] injected PRP into the forehead, ankle, jaw, and
crow’s feet of 10 subjects twice a week for a total of three
injections. PRP significantly reduced wrinkles, improved
sagging skin, promoted skin firmness and induced facial
rejuvenation. Sclafani [87] injected platelet-rich fibrin
intradermally, subcutaneously, or into the periosteum in 50
patients for a mean follow-up of 9.9 months. The treatment
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range included deep nasolabial folds, atrophy of the middle
facial area, superficial wrinkles, and acne scars. The
patients received an average of 1.6 treatments. None of the
patients experienced swelling that lasted for more than
5 days. Most of the patients were satisfied with the results
of the treatment. Only one patient considered the
improvement to be limited.

Gentile et al. [88] treated the alopecia patients with PRP.
Half of the 23 patients had autologous PRP injected into
their scalp and half of them were injected with saline. After
3 treatment cycles, the average number and density of hairs
were increased in the PRP group. Under the microscope,
the epidermal thickness, the number of hair follicles, and
the density of small blood vessels were increased compared
with those of the control group. Studies have shown that as
the age of the patient increases, the ability for tissue
regeneration gradually declines, the expression of growth
factor receptors decreases, and the ability of fibroblasts to
produce collagen is reduced [89]. Vavken et al. [90] con-
firmed that young fibroblasts respond well to PRP treat-
ment. Furthermore, as age increases, the tissue regeneration
ability is poor and the expression of the cell growth factor
receptor is reduced, resulting in poor PRP action [91]. At
present, there are few reports of age-related changes in the
response to PRP in facial rejuvenation. However, young
fibroblasts respond well to PRP treatment, which may
imply that the regenerative ability of PRP will decline with
age [90] (Table 3).

The Use of PRP with Other Technology

Shin et al. [59] used a CO, lattice laser to treat 22 Korean
women, of which 11 cases were treated with the laser
combined with PRP. The results showed that women
treated with the plus PRP laser were more satisfied with the
treatment effect, their skin elasticity was better, and the
skin erythema index was lower than that of the women
treated with the laser alone. PRP increased the length of the
junction between the epidermis and the dermis, the content
of collagen, and the number of fibroblasts. Nita et al. [96]
used low-intensity carbon dioxide lasers combined with
PRP for neck rejuvenation. They found that PRP could
improve the survival rate of fat grafts and increase collagen
synthesis. Gentile et al. [97] used PRP combined with fat
transplantation to treat 50 women with breast soft tissue
defects and found that PRP could improve the survival rate
of fat transplantation and improve breast volume.

Garg performed hair transplants on 40 patients. One
group was treated with PRP and one group was treated
without PRP. PRP was observed to promote hair follicle
proliferation, increase hair density, and reduce the loss of
transplanted hair [98] (Table 4). Ulusal applied PRP with
hyaluronic acid to treat 94 patients with different degrees

of facial aging and found that the combination could
improve skin texture, pigmentation, and facial relaxation,
with high patient satisfaction [99] (Fig. 2).

Limitations

There are few reports of the side effects of PRP; however,
PRP treatment may have serious complications. Kalyam
et al. [104] reported one patient who was injected with PRP
to treat eyebrow wrinkles who eventually suffered irre-
versible blindness of the right eye and infarctions of the
optic nerve. This was the most serious complication of PRP
reported in the paper; however, it may have been caused by
operational errors and not PRP.

In this review, most of the articles we found only
focused on the effects of PRP and few commented on its
mechanism of action. The role of growth factors in facial
aging is unclear. This review mainly analyzed the appli-
cation of PRP in facial rejuvenation, but did not investigate
other applications of PRP. In the retrieved studies, there
was some confusion about the definition of leukocyte PRP,
platelet-rich fibrin (PRF), platelet growth factors (PGF),
and concentrate growth factors (CGF). In addition, some
papers reported that PRP has a significant effect, whereas
other papers reported no significant effect. This may be
related to the different preparation process and treatment
methods. There are many factors that could influence the
efficacy of PRP, for example, the centrifugal force, cen-
trifugation time, number of centrifugations, the activation
method, donor age, gender, disease status, the number of
platelets, and whether or not the PRP contains white blood
cells [105-107]. The number of injections and the interval
between them are also main factors affecting the efficacy of
PRP. Thus, the lack of PRP standardization is the main
problem with assessing its efficacy between studies.

Conclusion

This article reviewed the signs of skin aging and the
multiple roles of PRP in promoting facial rejuvenation
from cellular, animal, and clinical research aspects. The
main clinical signs of facial aging include facial wrinkles,
large pores, pigmentation, skin laxity, hair loss. Decreased
skin proliferation potential, reduced production of colla-
gen, the loss of fat capacity produced wrinkles. Abnormal
pigment metabolism and sebum secretion caused pigmen-
tation and large pores. Ligament relaxation and bone
resorption lead to skin laxity. The numerous growth factors
in PRP may present observed effects in facial rejuvenation.
PDGF recruits macrophages and fibroblasts and stimulates
macrophages to secrete growth factors, such as TGF-§,
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Table 3 The use of PRP in facial rejuvenation

PRP Sample  Experimental PRP preparation PRP PRP Observation  PRP effect First author
treatment size design (activation method) concentration  injection time [Ref. no]
range ratio dose
Infraorbital 10 Self-control 1600-1800 g/6 min, No data 1 ml 3 months 8 (+),2(—) Mehryan
dark circle study then 2000 g/5 min et al. [60]
Wrinkles 10 Self-control 3200 rpm/8 min 8 ml:1.5 m No data 3 months + Yukse
study et al. [86]
20 388 g/7 min, then 18 ml:5-6 ml  No data 2/4/8 weeks  85% (+) Elnehrawy
1376 g/5 min et al. [92]
134 1800 rpm/10 min, 9 ml:1 ml 0.4-0.6 ml 180 days 98.4 (+) Kamakura
then 3200 rpm/ et al. [93]
10 min
Deep 50 Self-control 1100 rpm/6 min No data No data 3-30 months Most patients  Sclafani
nasolabial study (+), 1 (=) [87]
fold 1461 1800 rpm/10 min, 9 ml:1 ml 20-25ml 180 days 98.4% (+)  Kamakura
then 3200 rpm/ et al. [93]
10 min
Alopecia 23 Randomized 1100 g/10 min(Ca®’t) 60 ml:9 ml 0.1 ml/em?® 12 months 16 (+), 4 (—) Gentile
controlled et al. [88]
study [88]
64 Self-control No data 60 ml:6-8 ml  0.2-0.3 ml/ 6 months 62 (+), 2 (—) Schiavone
study [95] each et al. [94]
10 [96] 1500 rpm/6 min, then 20 ml:4 ml injection 3 months 10 (+) Singhal
2500 rpm/15 min 8-12 ml et al. [95]
(calcium chloride)
+ represents a significant effect; — represents no significant effect
Table 4 The use of PRP with other technologies in facial rejuvenation
Combination Sample  experimental PRP preparation PRP Observation  PRP effect First author
size design (activation method) concentration  time [Ref. no]
ratio
PRP versus 22 Randomized 3000 rpm/5 min 12 ml:3 ml 1 month Improved facial Shin et al.
laser controlled (calcium chloride) [59]
study
13 Randomized, 1200 rpm/min, then 30 ml:15 ml 3 months wrinkles, skin elasticity ~ Hui et al.
double-blind 3500 rpm/5 min and texture [100]
controlled (calcium gluconate)
study
PRP versus hair 40 Randomized 3200 rpm/4 min 20 ml:3 ml 2/4/8 weeks, Promoted hair regrowth  Garg [98]
transplantation controlled 3/6 months  and increased hair
study density
41 A retrospective 1500 g/5 min 16 ml:3 ml 6 months Rossano
study et al.
[101]
PRP versus 94 Self-control 1800 rpm/20-50 min  No data 3/6 months  Improved skin firmness- Ulusal [99]
hyaluronic study sagging, skin texture
acid 31 A prospective  No data No data 6 months an.d minimized the Hersant
study skin pores et al.
[102]
PRP versus fat 82 Randomized 3000 rpm/15 min 27 ml:3 ml 3 months Improved the aesthetic Willemsen
transplantation controlled (calcium chloride) outcome et al.
study [103]
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Fig. 2 The multiple effects of PRP in facial rejuvenation

then produce collagen [42, 43]. Collagen formation can
improve skin elasticity and wrinkles. IGF-1 can also
enhance skin barrier function and resist external stimula-
tion. VEGF promotes endothelial cell proliferation and
blood vessel formation. EGF promotes cell differentiation
and re-epithelialization [61, 64]. PRP can promote the
proliferation and multiple differentiation of adipose-
derived stem cells, then improve the loss of fat volume
[54, 68]. PRP can also promote new hair follicle formation
and shorten the hair growth cycle, then promoted hair
growth [58, 74]. However, the mechanism of action for
these observed effects is still unknown. Many studies are
merely superficial observations.

In this article, cellular research showed that PRP could
promote the proliferation of fibroblasts, endothelial cells,
and hair follicle stem cells, thereby promoting angiogenesis
and collagen formation, increasing the number of hair
follicles, and reducing pigmentation. In animal studies,
PRP was demonstrated to increase the proliferation and
differentiation of stem cells in animal models, increase the
proliferation of collagen fibers, and promote fat trans-
plantation and hair follicle transplantation survival. In the
clinic, PRP, alone or in combination, can improve wrin-
kles, reduce pigmentation, improve pore size, improve skin
relaxation, and promote hair growth. Facial aging is not
only manifested in the generation of dynamic wrinkles,

loose skin, and the formation of age spots, but also in the
relaxation of ligaments, atrophy of the fat compartment,
and decreased muscle elasticity and bone absorption.
Whether PRP has a therapeutic effect on ligaments, muscle
elasticity, and bone resorption requires further study.

PRP contains a large number of growth factors and
active substances. The ratio of growth factors is similar to
that in vivo. PRP is convenient to prepare, easy to source,
low cost, and simple to administer. PRP has also been
clinically proven to be safe and effective. The good effi-
cacy of PRP may be related to paracrine effects, stem cell
regulation, and oxidation-reduction balance. However, the
biggest problem with biological therapy or cell therapy is
stability. This is the basis for the importance of quality
control. How to control PRP standardization is the main
problem. The description of the concept of PRP-related
platelet concentrates in the selected studies varied and the
classification was also inconsistent. This can easily lead to
confusion and inconvenience to those engaged in related
scientific research. Therefore, it is necessary to regulate the
preparation and purification methods of PRP, and classify
the concept of PRP. There are few reports and relevant
literature on the mechanism of PRP in promoting facial
rejuvenation. In addition, PRP may play a role in oxidative
stress, anti-aging and other aspects which provides a new
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