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Peripheral nerve injury (PNI) is a common disease in clinic, and the regeneration process of
peripheral nerve tissue is slow, and patients with PNI often suffer from the loss of nerve
function. At present, related research on the mechanism of peripheral nerve regeneration
has become a hot spot, and scholars are also seeking a method that can accelerate the
regeneration of peripheral nerve. Platelet-rich plasma (PRP) is a platelet concentrate
extracted from autologous blood by centrifugation, which is a kind of bioactive
substance. High concentration of platelets can release a variety of growth factors after
activation, and can promote the proliferation and differentiation of tissue cells, which can
accelerate the process of tissue regeneration. The application of PRP comes from the
body, there is no immune rejection reaction, it can promote tissue regeneration with less
cost, it is,therefore, widely used in various clinical fields. At present, there are relatively few
studies on the application of PRP to peripheral nerve regeneration. This article summarizes
the literature in recent years to illustrate the effect of PRP on peripheral nerve regeneration
from mechanism to clinical application, and prospects for the application of PRP to
peripheral nerve.

Keywords: peripheral nerve regeneration/repair, platelet RICH plasma therapy, schwann cell, wallerian
degeneration, critical review

INTRODUCTION

Peripheral nerve injury is a common nervous system condition associated with a high disability rate.
Currently, the best treatment for nerve injury is restoring nerve continuity through microsurgical
tension-free anastomosis or autogenous nerve transplantation. This treatment approach does not
improve slow nerve regeneration and incomplete postoperative functional recovery. Thus,
regeneration and repair of peripheral nerve injury is the focus of intense research.

Although injured nerve can be reconstructed the continuity, this, however, does not create a
suitable microenvironment of nerve regeneration (Fowler et al., 2015). Platelet rich plasma (PRP) is a
concentration of autologous platelets that releases various growth factors, hence promoting tissue
regeneration. PRP has many applications. For example, in stomatology, a randomized controlled
clinical trial showed that PRP and its derivatives prevent alveolar bone atrophy and enhance alveolar
tissue regeneration (Ucak Turer et al., 2020). A multicenter, double-blind, randomized controlled
trial in foot and ankle surgery showed that PRP injection outperforms traditional glucocorticoid
injection in plantar aponeurosis treatment (Peerbooms et al., 2019). In sports medicine, a double-
blind randomized control study showed that PRP injection can effectively improve healing of old
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TABLE 1 | Summary of clinical application of PRP.

Application Intervention

stomatology Injectable platelet-rich fibrin with connective tissue graft

for the treatment of deep gingival recession defects

prevent alveolar bone atrophy and enhance alveolar tissue
regeneration
PRP injection outperforms traditional glucocorticoid injection

Evaluating of Platelet-Rich Plasma Therapy for Peripheral Nerve Regeneration

Outcome References
Ucak Turer et al. (2020)

Peerbooms et al. (2019)

in plantar aponeurosis treatment

Foot and ankle injection
sports medicine injection
chronic sports injection

improve healing of old meniscus injury
pain relief and functional recovery of lateral humeral

Kaminski et al. (2019)
Mishra et al. (2014), Merolla

injury epicondylitis (tennis elbow) patients receiving PRP are better et al. (2017)

joint surgery injection local PRP injection effectively relieves pain in patients with Duymus et al. (2017), Lisi
knee joint osteoarthritis, promoting functional recovery et al. (2018)

ophthalmology external application PRP can relief the symptoms of secretory dry eye Garcia-Conca et al. (2019)

wound healing Injection and external application

meniscus injury (Kaminski et al., 2019). In chronic sports injury
treatment, it is reported that pain relief and functional recovery of
lateral humeral epicondylitis (tennis elbow) patients receiving
PRP are better relative to controls (Mishra et al., 2014; Merolla
et al, 2017). In joint surgery, local PRP injection effectively
relieves pain in patients with knee joint osteoarthritis,
promoting functional recovery and its effects are superior to
traditional hyaluronic acid (Duymus et al., 2017; Lisi et al., 2018).
In ophthalmology, PRP can be used to treat secretory dry eye
(Garcia-Conca et al., 2019). PRP is also reported to significantly
accelerate wound healing (Mohamadi et al., 2019; Zhang et al,,
2019). PRP applications are summarized in Table 1.

In conclusion, decades of clinical practice show that PRP
promotes tissue repair and regeneration. Moreover, this
approach does not need special equipment and training, and is
cost effective, making it of great value in regenerative medicine
(Etulain, 2018). Here, we comprehensively review the effects of
PRP on peripheral nerve regeneration, the mechanisms
underlying PRP promotion of peripheral nerve regeneration,
and PRP clinical applications for peripheral nerve regeneration.

PERIPHERAL NERVE REGENERATION

Peripheral nerve injuries are clinically prevalent and injury types
can be classified as open nerve injuries, such as glass injury,
machine crush injury, sharp instrument injury, and crush injury,
or and closed injuries like nerve compression disease (such as
carpal tunnel syndrome and cubital tunnel syndrome). Each
injury mechanism causes varying damage to the nerve tissue,
surrounding soft tissue, and its blood supply, hence recovery also
differs. Thus, injury type significantly affects peripheral nerve
recovery. Age, gender, patient’s health, and underlying diseases
are also important factors in peripheral nerve regeneration
(Kuffler and FOY, 2020). Nerve injury triggers Wallerian
degeneration in the distal nerve. The distal myelin sheath,
Schwann cells, and axons disintegrate and cell debris is
phagocytized by macrophages. Axon and myelin phospholipids
degeneration leaves Schwann cells in the basal lamina, which
encapsulate nerve fibers. The Schwann cell linings in the basal
layer are called endoneurial tubes or Bungner bands. Axon
regeneration occurs along the Bungner zone. Schwann cells are

It can significantly accelerate wound healing, promote
vascularization and granulation tissue regeneration

Mohamadi et al. (2019),
Zhang et al. (2019)

critical in the process of nerve regeneration, from Wallerian
degeneration to axonal myelination. Schwann cells regulate
nerve regeneration by interacting with various cells in the
regeneration microenvironment. This section discusses
peripheral nerve regeneration through Wallerian degeneration,
axon regeneration, and Schwann cells (Fawcett and KEYNES,
1990).

Wallerian Degeneration

Nerve damage close to the cell body causes neuron death. When
damage is far from the cell body, nerve fibers regenerate. The
axon disintegration and nerve demyelination at the distal end are
called Wallerian degeneration. Wallerian degeneration is a
unique form of axonal degeneration and a necessary process
after peripheral nerve injury. Upon nerve damage, Schwann cells
and neuroendymal fibroblasts undergo gradual apoptosis and
2 days later, axons degenerate due to Ca®" and Na' release.
Subsequently, injured axons release neuropeptides like
substance P and calcitonin gene-related peptide (CGRP) to
cause neurovascular dilatation. Neural vessel expansion and
chemotaxis due to the release of monocyte chemoattractant
protein-1 by Schwann cells promotes migration and
recruitment of macrophages (Toews et al., 1998). Macrophages
may then phagocytize the axon and myelin sheath debris, creating
a good environment for nerve regeneration. Macrophages may
also secrete vascular endothelial growth factor (VEGF-A),
promoting new blood vessel formation in the nerve. At this
stage, intact Schwann cells release nerve growth factor (NGF),
ciliary neurotrophic factor (CNTF), brain-derived neurotrophic
factor (BDNF), and glial derived nerve growth factor (GDNE),
thus stimulating formation of new Schwann cells. Schwann cells,
in an interlaced and linear arrangement, form a Bungner band,
which directs subsequent axon regeneration.

Peripheral Nerve Regeneration

Upon peripheral nerve injury, damaged axons, non-neuronal
cells, Schwann cells, neuroendymal fibroblasts, and
macrophages constitute the nerve regeneration
microenvironment. For instance, during vein bridging after
sciatic nerve defect, fibrin deposition occurs first in the nerve
space after injury. Next, red blood cells, granulocytes, platelets,
macrophages, and endothelial cells infiltrate the nerve root space
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(Min et al,, 2021). Macrophages form the largest proportion of
this cell population, while vascular endothelial cells have the
smallest. Peripheral nerve cells also react rapidly after injury,
migrating from the nerve stump to the nerve space. Peripheral
nerve cells migration follows the fiber deposition network,
forming circular channels to control migration of nerve
fibroblasts and endothelial cells. Inflammatory cell numbers
decrease gradually with time. VEGF-A release by macrophages
promotes formation of new blood vessels at the two nerve ends.
Newly generated blood vessels are consistent with the long axis of
the nerve. Schwann cells migrate on the basis of
neovascularization and form schwann cell cords (Cattin et al.,
2015). The regeneration of Schwann cells was guided by SCs and
is divided into two slow stages (86 pm/day). In the initial stage,
axon regeneration does not occur simultaneously with SC
regeneration. In the second stage, the speed was 433 pm/day,
and the migration and axon took place simultaneously (Torigoe
et al., 1996). Netrin1/DCC between Schwann cells and axons is a
key signal for axon regeneration. Netrin, a family of extracellular
adhesin-related proteins has a key role in nervous system axonal
guidance. Schwann cells guide and promote nerve regeneration
via Netrinl binding to DCC receptor on axons (Dun and
PARKINSON, 2017). Nerve regeneration of the defect model
requires deposition of fibrin and the formation of 3D scaffolds for
cell crawling. Over time, fibrin scaffolds are gradually replaced by
regenerated axons and SC cords.

Role of Schwann Cells in Axonal

Regeneration After Peripheral Nerve Injury
SCs and non-neuronal cells like macrophages, fibroblasts,
and lymphocytes cooperate in nerve repair. SCs interact with
various cells to regulate nerve regeneration. Schwann cells
may be myelinated or unmyelinated (Remak cells), with
myelinated Schwann cells having a larger diameter than
Remak cells, which are mainly distributed around small
sensory and autonomic axons (Stratton and SHAH, 2016).
Upon peripheral nerve injury (such as transection injury),
macrophages are the main non-nerve cell type present.
Additionally, Schwann cells remaining in the nerve stump
also promote macrophages recruitment by releasing cytokine
monocyte chemoattractant protein-1 and leukemia
inhibitory factor (Kroner et al., 2014). Macrophages have
two phenotypes; M1 macrophages that are proinflammatory,
and the anti-inflammatory M2 macrophages that promote
tissue regeneration. Monocyte chemotactic factor-1 release
by SCs promotes macrophage polarization towards the M2
phenotype. However, both macrophage types are essential for
peripheral nerve regeneration. VEGF is the main factor
released by macrophages. In hypoxic condition,
macrophages adapt to the microenvironment by secreting
VEGE-A, which stimulates blood vessel formation in the
direction of nerve regeneration. These newly polarized
vessels promote and guide Schwann cell proliferation and
cross the nerve stump. The growth arrest-specific gene 6
(Gas6) expressed by macrophage is reported to bind to
TYRO3, a Tam tyrosine kinase receptor expressed in SCs,
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to improve and accelerate human axon myelin formation
(Stratton et al., 2018). Macrophage-expressed Slit-3 binds to
Robol on the surface of migrating Schwann cells to keep SCs
in the neural space. Migration of neurofibroblasts and SCs
promotes SC arrangement and formation of strand through
ephrinb2-ephb signal interaction (Parrinello et al., 2010).
Upon nerve injury, damaged SCs and axons downregulate
myelin gene expression in Schwann cells and activate a series
of repair support functions. Increased c-jun transcription
factor levels in SCs leads to the recoding, dedifferentiation,
and transformation of SCs into repair type SCs (Jessen and
MIRSKY, 2016). Repair type SCs enhance recruitment of
inflammatory cells (macrophages, neutrophils) in nerve
injury sites by releasing a series of pro-inflammatory
cytokines. These cell types also release a variety of
neurotrophic factors like NGF, BDNF, and fibroblast
growth factor (FGF). Repair SCs bridge the nerve stump
by forming a bungner band. Moreover, fibroblasts can
interact with repair type SCs and secrete extracellular
matrix molecules like tendon protein and tenascin-C (an
ECM glycoprotein). Some ECM molecules can enhance SC
migration and axonal proliferation by binding to integrin on
the surface of SCs (Zhang et al., 2016; Qu et al., 2021).

PLATELET RICH PLASMA PROMOTES
PERIPHERAL NERVE REGENERATION

As an autogenous active substance, PRP has high levels of
platelet, growth factors, leukocytes, fibrin, and various
bioactive factors, including fibronectin, osteonectin, and
vitronectin). These components are critical for tissue
repair. First, platelet activation can stop bleeding and
release various growth factors. Different growth factors
influence all aspects of tissue repair. White blood cells help
clear local pathogens and necrotic tissues. Fibrin can form a
three-dimensional network structure in injured tissue and
provide a scaffold for tissue regeneration.

There are six evidences of PRP’s potential to promoting nerve
regeneration: 1) neuroprotection and prevention of neuronal
apoptosis, 2) stimulation of vascular regeneration, 3)
promotion of axonal regeneration, 4) regulation of
inflammatory response in the microenvironment, 5) alleviation
of nerve collateral muscle atrophy, and 6) improvement of human
nervous system parameters (Sanchez et al., 2017a). Here, PRP
effects on SCs, regulation of inflammatory environment, and
axon regeneration were extensively introduced.

Platelet Rich Plasma
PRP refers to the platelet concentrate extracted from autologous
blood by centrifugation. PRP also contains various growth
factors, including PDGF, TGF-B, VEGF, EGF, and IGF-1,
which are secreted via platelet degranulation. These growth
factors mainly exist in platelet alpha granules. The basic
components of PRP was list in Table 2.

Upon platelet activation, alpha granules fuse with the cell
membrane, triggering degranulation and growth factor
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TABLE 2 | Summary of the components of PRP.

Evaluating of Platelet-Rich Plasma Therapy for Peripheral Nerve Regeneration

Contents Functions Stages
Platelet Hemostasis Debridement stage
White cell Clear local pathogens and necrotic tissues

Fibrin Form a 3D network structure in injured tissue and provide a scaffold for tissue regeneration

Leukocyte Local anti-infection and inflammatory regulation Inflammatory stage
TGF-B Regulation of inflammatory

PDGF Angiogenesis stimulation; mitogenesis; macrophage activation

VEGF Vasculogenesis; increase perifollicular vessel size during the anagen growth phase Reconstruction stage
Cytokines Promote regeneration process

EGF Angiogenesis stimulation; cell growth, proliferation

HGF Angiogenesis stimulation

FGF Angiogenesis stimulation

IGF-1 Angiogenesis stimulation

TABLE 3 | Summary of classifications of PRP (Huang et al., 2017).

Classification Content

P-PRP Platelets with low-density fibrin network after activation, without leukocytes

L-PRP Platelets with low-density fibrin network and leukocytes

P-PRF Platelets with high-density fibrin network and without leukocytes

L-PRF Platelets and half of the leukocytes, with a high-density fibrin network

A-PRF Platelets with high-density fibrin network and high concentration growth factor ~ Gel
CGF High concentration of growth factor

release. PRP also contain high levels of white blood cells
(neutrophils, monocytes, lymphocytes), which phagocytize
invading pathogens and foreign bodies. The fibrin in PRP
forms a three-dimensional network structure after platelet
activation and aggregation, providing a scaffold for repairing
the tissue. According to this principle, Dohan and
Choukroun proposed the 2nd generation of PRP, namely
Plantelet Rich Fibrin (Dohan et al., 2006). Dohan believes
that blood can coagulate naturally during centrifugation
without anticoagulant, and fibrin can produce a more
suitable structure in such a slow polymerization process.
In 2014, Choukroun developed advanced PRF (A-PRF) via
centrifugation at 1,500 rpm for 14 min (Ghanaati et al., 2014).
Compared with previous PRF, this PRF is looser and has
greater porosity, which is conducive to the diffusion of
oxygen and nutrients, and cell proliferation. Cells and
growth factors can chemically bond with fibrin, thus
minimizing cells and growth factor loss during production.
In 2017, Choukroun et al. introduced injectable-PRF (I-PRF)
obtained by centrifugation at 700 rpm/60G, for 3 min. This
PRF has great plasticity relative to traditional PREF,
surmounting limitations of gel-like PRF application (Miron
et al,, 2017). Third stage PRP is concentrated growth factor
(CGF), which was proposed by Sacco (unpublished data).
CGF 1is obtained via differential centrifugation from
anticoagulant-free blood. This centrifugation
method fully activates platelets, releasing more growth
factors from alpha granules and producing growth factor-

venous

Characteristics Biomechanical properties

Liquid solution or gel Dissolves quickly

Liquid solution or gel Dissolves quickly

Gel Solid gel, cannot be injected

Solid gel or blood clot, cannot be injected
Solid gel, cannot be injected

Dissolves quickly

Gel or blood clot

Liquid solution

rich, CD34" cells. CGF can be prepared in liquid, loose gel,
and gel states according to different blood vessels. The
classifications of PRP is shown in Table 3.

Regulation of Platelet Rich Plasma on

Schwann Cells

SCs have important roles in peripheral nerve injury repair and
regeneration. SC proliferation and migration bridges the nerve
stump to form the Bungner band, promotes axon regeneration
by secreting various active substances, including neurotrophic
factors, and can differentiate into myelin sheath at the mature
stage of nerve regeneration. PRP contains a high concentration
of growth factors, which promote SC proliferation and
migration. A recent in vitro study of the effects of P-PRP
on SCs suggests that platelet-derived growth factor (PDGF-
BB) and insulin-like growth factor-1 (IGF-1) may be the main
cytokines affecting SC proliferation and migration. In that
study, PDGF-BB and IGF-1 antibodies counteracted the
proliferation and migration of human SCs cultured in the
presence of P-PRP (Pereira et al, 2020). This study also
confirmed the positive effect of P-PRP on nerve growth
factor secretion by SCs and indicated that low P-PRP
concentration (5%) was better. The effect of P-PRP on the
biological behavior of SCs was also evaluated in vitro. Primary
SCs were cultured in different P-PRP concentrations. Cell
growth assays and flow cytometry were used to assess their
proliferation. RT-qPCR and ELISA were used to evaluate
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P-PRP effects on NGF and glial cell line derived neurotrophic
factor (GDNF) production by SCs. Cell migration was
evaluated by micrometastasis assay. These assays found that
P-PRP significantly affects Schwann cells behavior, with
proliferation and migration highest at 2.5-20% P-PRP
(Zheng et al., 2016). An analysis of the effects of P-PRP and
PPP (platelet poor plasma) on spiral ganglion neurons found
that P-PRP-treated spiral ganglion cells had a good survival
rate and that their proliferation rate was greater than that of
the blank control group (Stolle et al., 2018). Wang et al. (2020)
reported a L-PRF autologous scaffold for peripheral nerve
injury. the SCs proliferation and secretion of neurotrophic
factors and its anti-inflammatory effect in vitro were evaluated.
The results indicated that L-PRF can increase SC proliferation,
neurotrophic factors secretion, and suppress SC PG-LPS-
induced inflammatory responses. Qin et al. (2016a) examine
the effects of CGF on the migration, proliferation and
neurotrophic factor secretion of SCs. These researches proof
that the CGF could significantly promote the proliferation and
neurotrophic factor (NGF & GDNF) secretion of SCs. And it
could also promote SCs migration partly through the integrin
beta 1-mediated activation of the focal adhesion kinase
pathway (Qin et al., 2016b).

Regulation of Platelet Rich Plasma on
Inflammatory Cells

Peripheral nerve injury repair involves various inflammatory
cells, including macrophages. Macrophages fall into two
phenotypes-the classical activated macrophage M1 and
selectively activated macrophage M2 (Delavary et al, 2011).
The proinflammatory M1 macrophages mainly express nitric
oxide synthase (NOS) and are involved in antigen
presentation. Normal tissues get damaged by inflammatory
reactions. M2 macrophages mainly express arginase type 1
(Arg-1), secrete consistent cytokines, and suppress immune
response, playing critical roles in tissue repair. Early stage
nerve injuries are mainly associated with M1 macrophages,
which phagocytize the myelin sheath and other cell debris
upon distal nerve disintegration. Thus clearing substances
affecting nerve regeneration and creating a good environment
for nerve regeneration. In the late stage of inflammatory reaction,
M2 macrophages are the main phenotype and they promote
fibrosis and tissue regeneration.

Schwann cells is known to express particular growth factors at
extremely high levels post-injury. When assessing peripheral
nerve injury, the expression of growth factors such as GDNF,
FGF5 and Shh, but not classic M2-inducing cytokines (IL4, IL10,
IL13), seem to dominate the nerve during peak stages of debris
clearance (Painter et al., 2014). Schwann cells do not secrete high
levels of classic M2-associated cytokines, but are potent inducers
of M2-phenotypes in macrophages and that these macrophages
promote axonal outgrowth. It has also been shown, recently,
using Schwann cell transplant in PNI, that macrophage
modulation may be one of the contributing mechanisms
leading to enhanced regeneration following Schwann cell
transplant therapy (Stratton et al., 2016).

Evaluating of Platelet-Rich Plasma Therapy for Peripheral Nerve Regeneration

As an autologous platelet concentrate, PRP growth factors
regulate inflammatory response after injury, which can promote
macrophage aggregation, enhancing phagocytosis and antigen
presentation. PRP also promotes transformation into M2
macrophages, hence promoting tissue repair and regeneration.
PRP can also promote transformation into M2 macrophages by
activating JK1/3-STAT6 pathway, hence promoting tissue healing
via macrophage activation (Lana et al, 2019). In vivo studies
(Nishio et al, 2020)found that PRP promotes macrophage
aggregation during tissue healing, and the effect of PRP on
inflammatory cells depends on the composition and
concentration of white blood cells, platelets, and red blood
cells in PRP. LR-PRP (Leukocyte Rich PRP) can lead to a
more obvious inflammatory response, and the aggregation and
infiltration of inflammatory cells stimulate tissue repair faster. On
the other hand, because LR-PRP more strongly induces
metabolism, it can stimulate the proliferation and regeneration
of tissue cells faster. A recent in vitro study (Wang et al., 2020)
using L-PRF as an inducible scaffold for SCs to examine the
effects of PRF on SC proliferation, neurotrophic substance
secretion, and the anti-inflammatory effect of L-PRF on PG-
LPS induced inflammation found that L-PRF influences nerve
regeneration and neuroinflammation. Highlighting its potential
as an autogenous biological additive for peripheral nerve
regeneration.

Promoting Axonal Regeneration

The vascular system of the peripheral nerve consists of two parts:
the peripheral vascular system (the peripheral blood vessels
around the perineurium connected to the external vascular
network through perforating vessels) and the internal vascular
network (the vascular network around the neurointima
composed of arterioles and venules capillaries involved in
substance exchange in neurons). Nerve tissue are separated
from vascular tissue by the vascular nerve barrier, which is
comprised of the neuro fascicle and neuro intima. The fascicle
mainly offers mechanical connection and due to numerous
fibroblasts and myofibroblasts on its membrane, it has a
strong anti-tension effect. The main function of nerve intima
wrapping axoplasm is to maintain the stability of axonal internal
environment and substance exchange. In the study of peripheral
nerve model (Caillaud et al., 2019), vascular response is divided
into two stages. In the early stage (Ist week), the dilation and
release of various blood vessels results in vasodilation while the
number of blood vessels is unchanged, promoting macrophage
recruitment and cell debris debridement. In the 2nd stage, the
blood vessel number increases, promoting axonal elongation, cell
proliferation, and myelination.

As a platelet concentrate, PRP contains various cytokines that
promote regeneration, including VEGF, a powerful angiogenic
factor. VEGF is specific to the vascular endothelium, has
chemotaxis effects, and promotes the proliferation and
migration of the vascular endothelium. VEGF is a crucial
modulator of angiogenesis during embryonic development and
regeneration of peripheral nerves. Additionally, VEGF promotes
neuronal survival and promotes axonal growth. An in vitro study
of VEGF gene therapy in the treatment of postpartum brachial
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FIGURE 1 | Wallerian degeneration happens after injury of peripheral nerve, which include disintegration of axon and nerve demyelination at the distal end. The
debris of nerve tissue are engulfed by macrophages recruited from peripheral blood or nerve tissue, which can provide a suitable environment for nerve regeneration.
Monocyte chemoattractant protein-1 (MCP-1) secreted by Schwann cells promote recruitment of macrophages. PRP exert positive effect on recruitment and
polarization of macrophage. After Wallerian degeneration, the process of nerve tissue regeneration begin. VEGF-A released by Schwann cell and activated
macrophage play a significant role in the process of the formation of neovessels which supply oxygen and nutrients to the formation of “bands of Blinger”. At the same
time, intact Schwann cells secrete nerve growth factor (NGF), brain-derived neurotrophic factor and glia-derived neurotrophic factor (GDNF) which stimulate the
proliferation of Schwann cell and formation of “bands of Bunger”. As the formation of neovessels, Schwann cells migrate along the vascular which also guide
regeneration of axon. PRP contain high concentration of various growth factor which can promote effectively biological activity of Schwann cells, such as migration,
secretion of NGF and proliferation. Additionally, high concentration of VEGF in PRP can improve revascularization.

plexus palsy showed that brachial plexus injury after birth leads to
loss of motor neurons. If motor neurons are permanently lost,
organ function will also be lost. VEGF is also neuroprotective and
can improve motor neuron survival and reduce their
susceptibility to ischemic environments (Pereira Lopes et al.,
2011; Hillenbrand et al, 2015). An in vitro study of the
application of VEGF gene therapy to nerve regeneration found
a positive correlation between increased vascularization and
enhanced nerve regeneration, suggesting that VEGF
application may support and promote the growth of
regenerated nerve fibers through the combined effects of
angiogenesis, neurotrophy, and neuroprotection (Pelletier
et al.,, 2015). Takeuchi et al. Evaluated the promotion of PRP
on axon growth, and added neutralizing antibodies against VEGF

to the cocultures with PRP. The results indicated that addition of
PRP to the cocultures promoted axon growth, and the axon
growth was significantly suppressed by the addition of
neutralizing antibodies against VEGF (Takeuchi et al., 2012).
Besides VEGF, brain-derived neurotrophic factor (BDNF) in
PRP also promotes nerve regeneration. There is few report to
directly demonstrate the positive effect of PRP-derived BDNF on
neuron or axon elongation. Because the concentration of BDNF
in PRP was low. However, Recent in vivo studies show that BDNF
promotes the survival and differentiation of neurons as well as
endothelial cell survival to maintain blood vessel stability (Lu
et al,, 2019). Castro reported that the PRP could increased the
expression of BDNF in nerve trauma site (Castro et al., 2019).
And Zhao’s study further indicated the positive combined effect
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of PRP and BDNF on axonal remyelination (Zhao et al., 2013).
The neural regeneration process and the effect of PRP was
summarized in Figure 1.

Other Relevant Experimental Evidence

For experimental rats, the most widely used model is the nerve
defect model because it allows dynamically observation of the
process of nerve regeneration. A rat peripheral nerve defect
models was used to assess the effect of PRP and hyaluronic
acid on peripheral nerve regeneration. The defect was bridged by
allogeneic aortic graft, and PRP and hyaluronic acid were added
into the aorta. The control group received nerve transplantation.
At 12 weeks after operation, morphometric, histological,
electromyography and gait analyses showed that axonal and
nerve regeneration and the recovery of electromyography and
gait in PRP group were better than those in control group (Firat
et al., 2016). PRF was transformed into a nerve conduit (PRF-
NGC), and a 5 mm-long nerve defect area was established and
bridged with a prf-ngc, autologous nerve graft (ANG) and
polyurethane nerve conduit. Histological evaluation conducted
after 12 weeks showed that the experimental group treated with
PRF as the nerve conduit bridging defect was significantly better
than the other two experimental groups in terms of myelin sheath
thickness and number of regenerated axons. The authors
postulated that the nerve conduit made of PRF has great
clinical application potential (Huang et al., 2020). Roth et al.
(2017) reported that PRF nerve conduit and nerve
transplantation have similar therapeutic effects on sciatic nerve
defect in rats. Therefore, PRF can be used as a substitute for nerve
graft in the treatment of nerve defects (Roth et al, 2017). In
addition, PRP combined with acellular nerve allografts (ANAs)
has been found with good therapeutic effects in the repair of long
nerve defects, and can replace autologous nerve transplantation.
Zheng et al. (2014) used the acellular nerve graft to bridge the
nerve stump in a rat model of nerve defect, and compared the
histological, electrophysiological and neurotrophin expression of
PRP, PPP, and autologous nerve across the transplantation
groups. Compared with the other two experimental groups,
ANA + PRP group had the largest number of axonal
regeneration and the highest expression of neurotrophins. In
addition, they found that ANA + PRP group and autologous
nerve transplantation group had similar benefits in reducing
atrophy of the target organ. In the same nerve defect model,
Abbasipour dalivand and other scholars used silica gel tube to
bridge the defect in rats, and evaluated the effect of PRP on nerve
regeneration. At 4, 6, 8 weeks after operation, PRP improved
nerve regeneration significantly. Abbasipour-Dalivand et al
(2015) studied the effect of PRP and SCs (differentiated from
rabbit mesenchymal stem cells) on nerve regeneration in a nerve
defect model using tissue engineering neurology. The control
group was fibrin combined with SCs added into the tissue
engineering nerve. According to their results, the number of
regenerated nerve fibers and the thickness of myelin sheath in the
tissue engineering group with PRP and SCs were higher than
those in the control group. Also, the compound muscle action
potential and nerve conduction were better than those in the
control group. As such, the authors concluded that PRP gel is a
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good medium for SCs and can effectively promote nerve
regeneration. Ye et al. (2012) Ikumi made PRF into membrane
and wrapped it in the anastomotic site of rabbit sciatic nerve
model. Although he did not find significant differences in
electrophysiological recovery and muscle wet weight ratio
recovery between the experimental group and the control
group, the SC activation degree and the number, as well as
diameter of axon regeneration in the experimental group were
significantly higher than those in the control group (Ikumi et al.,
2018). Application of low-frequency shock wave combined with
local injection of PRP in the treatment of rabbit sciatic nerve
crush injury has also been effective (Zhu et al., 2020).

In recent years, renewed type of PRP and combination with
other materials, such as stem cell or tissue engineering neural
conduit, are utilized in peripheral nerve regeneration and recent
process were summarized in Table 4.

The Clinical Application of Platelet Rich
Plasma in Promoting the Peripheral Nerve

Regeneration

Peripheral nerve injury is a common clinical nervous system
disease with a substantial impact on the health and quality of life
of patients. The condition can be caused by several factors.
Common causes include nerve continuity interruption due to
trauma, and peripheral nerve compression damage caused by
anatomical structure variation of specific parts of nerve (also
known as peripheral nerve entrapment syndrome), such as
cubital tunnel syndrome, carpal tunnel syndrome, dorsal

interosseous nerve compression syndrome (supinator
syndrome), and interosseous palmar nerve entrapment
syndrome (Pronator teres syndrome). There are also

peripheral nerve demyelinating lesions caused by immune
system diseases, such as Guillain Barre syndrome. Peripheral
nerve damage can also be caused by diabetes. In recent years,
clinical studies have revealed the therapeutic effect of PRP on
peripheral nerve injury. More research has focused on the
treatment of carpal tunnel syndrome.

Shen et al. (2019) conducted a prospective, randomized,
single-blind, head-to-head clinical trial involving 52 patients
with unilateral moderate carpal tunnel syndrome. The study
compared the effects of ultrasound-guided local injection of
PRP and 5% glucose on carpal tunnel nerve recovery. Patients
who received a single dose of PRP had better postoperative
(Boston  carpal  tunnel  questionnaire, BCTQ) and
neuroelectrophysiological recovery than those who received
glucose injection. Local injection of glucocorticoid is one of
the traditional conservative methods for treating patients with
carpal tunnel syndrome. A study compared the efficacy of local
glucocorticoid injection and PRP injection in the treatment of
patients with mild carpal tunnel syndrome, and found that the
clinical effect of PRP local injection was superior to hormone
treatment (Uzun et al, 2017). In a prospective randomized
controlled study, Catapano et al. (2020). Compared the hand
holding strength, postoperative rest days, Visual analog score
(VAS), and BCTQ between two groups of patients. According to
their results, the use of PRP as an adjuvant treatment of carpal
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TABLE 4 | Summary of some recent process of PRP on peripheral nerve regeneration.

Type of Model Intervention Outcome Ref
study
In vivo cavernous nerve injury in intracavernosal (IC) injection of chitosan activated ~ This simultaneous accelerated the regeneration of Wu et al.
rats platelet rich plasma (cPRP) myelinated axons of the cavernous nerve, reduced (2022)
apoptosis, and enhanced the proliferation of the corporal
smooth muscle cells at an earlier stage
In vivo Bilateral cavernous nerve Probed samples using a cytokine antibody array ~ This study provides evidence for the role of CXCL5 and ~ Wu et al.
injury in rats and performed ELISA CXCR2 as mediators of PRP effects in the preservation of ~ (2021)
EF after CN injury
In vivo facial nerve regeneration in  atitanium-prepared platelet-rich fibrin membrane  local T-PRF membrane application positively contributes ~ Sentuirk et al.
rabbits was wrapped in a tube around the damaged area  to observable improvement in facial movements following ~ (2020)
healing after facial nerve injury. Electrophysiologically, the
warning threshold findings were determined to recover
earlier. Longer followup studies with standard methods, in
which surgical and treatment protocols can be refined,
can be of benefit in clarifying the effects of PRF on nerve
healing
In vivo Facial nerve regeneration in~ The injured nerves were covered with Chitosan gel has a positive efect on nerve healing and Sahin et al.
rats spongostan impregnated with a solution of CHT  applying it along with PRP can enhance the effect of (2021)
with PRP (1:1) chitosan
In vitro SCs proliferation in vitro and  Sophisticated polycaprolactone/gelatin The fabricated nerve guide conduit exhibited promising  Samadian
andinvivo  Sciatic nerve defect in rats nanofibrous nerve guided conduit containing physicochemical and biological activates favorable for PNI - et al. (2020)
platelet-rich plasma treatment
In vivo Sciatic nerve defect in rats PRFr (0.1 ml) and adipose derived stem cells (10°  This injection approach may provide a successfully Chuang et al.
cells/0.1 ml) were injected into the defect site employed technique to target sciatic nerve defects in vivo,  (2020)
and the combined strategy of ADSCs with PRFr appears
to have a superior effect on nerve repair
In vivo Sciatic nerves in Rats PRP infiltration in defect site PRP had a significant effect (p < 0.05) on the sciatic nerve  Kokkalas et al.
repair when compared with the control group (2020)
In vivo Facial nerve injury in rats PRF infiltration conbined with topical tacrolimus compared to PRF alone, PRF with topical tacrolimus Mourad et al.
in defect site application led to the best regeneration result after a FN  (2021)

tunnel syndrome was superior and effective in improving the
prognosis of patients. Another prospective (Wu et al., 2017),
randomized, single-blind, controlled trial confirmed that patients
with carpal tunnel syndrome who received PRP exhibited a better
prognosis. Collectively, these studies indicate that PRP plays an
active role in the repair of peripheral nerve injury.

In recent years, many exciting case reports on other types of
peripheral nerve injury have emerged. Garcia de Cortdzar et al.
(2018) reported a 28-year-old female patient with finger nerve
entrapment, who suffered from loss of index finger sensation and
nerve pain for a long time. Therefore, neurolysis and PRP
injection were performed during her operation. In the early
postoperative period, the neuralgia of the patient was
significantly relieved, and the finger nerve showed signs of
recovery. Besides, there was no adverse reaction from the PRP
application. These findings further suggest that PRP can play a
positive role in alleviating neuralgia and promoting the recovery
of nerve function. Studies (Sdnchez et al., 2014) have also shown
that local ultrasound injection of PRP can effectively cure patients
with post-traumatic peroneal nerve palsy. Kuffler (Kuffler et al.,
2011) successfully treated a 12 cm ulnar nerve defect, which had
been injured for 3.25 years with PREF filled fibrin nerve conduit,
and successfully restored the normal lifestyle of a patient suffering
from ulnar nerve function and neuralgia. Additionally, Kuffler
(Kuffler, 2013) found that PRF could promote nerve regeneration
and functional recovery, and effectively alleviate the symptoms of

crush injury

neuralgia. These results further clarified the role and mechanism
of PRP in relieving neuralgia. Collectively, these cases further
reveal the enormous therapeutic potential of PRP. In addition to
the common peripheral nerve injury of limbs, the incidence of
nerve injury in maxillofacial surgery is relatively common.
Sagittal osteotomy of mandibular ramus is a common
operation in maxillofacial surgery. Tabrizi et al. (2018) carried
out a double-blind randomized controlled clinical study to
determine whether PRP can promote alveolar nerve recovery
after sagittal osteotomy. According to their results, PRF was
effective in the treatment of injured alveolar nerve. The
clinical application of PRP on peripheral nerve regeneration
was summerized in Table 5.

There is a controversy regarding the whether PRP is
beneficial or not in clinic. In my opinion, the method
standardization is not the only aspect that caused the
conflicting results. PRP is with complex composition, and
has been widely studied for its regenerative potential, which
is ascribed to its capability to secrete growth factors, cytokines,
and ECM, thereby promoting migration, proliferation,
stabilization, and differentiation of endothelial, fibroblast,
and stem cells. Due to different preparation methods, the
components of PRP are different, among which the number
of leukocytes is an important criterion (Huang et al., 2017).
According to the different concentration of leukocytes in the
PRP, PRP can be classified into Leukocyte poor platele-rich
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TABLE 5 | Summary of clinical application of PRP on peripheral nerve regeneration.

Type of Clinical case
study

Case report  unilateral moderate carpal
n=>52 tunnel syndrome

Case report  Mild carpal tunnel syndrome
n =40

Mata carpal tunnel syndrome
analysis

n =191

Case report  carpal tunnel syndrome

n =60

Case report  Radial nerve injury

n=1

Case report  Peroneal nerve palsy in
n=1 traumatic knee dislocations
Case report  peripheral nerve gaps
n=1

Case report  Peripheral neuropathic pain
n=1

Case report A zone 4-5 ulnar nerve
n=1 laceration

Case report  Neurosensory disturbance
n=21 (NSD) after sagittal split

osteotomy (SSO) surgery

Intervention

ultrasound-guided local injection of PRP or
5% glucose

Local glucocorticoid injection or PRP
injection
PRP injection

Injected with one dose of 3 ml of PRP using
ultrasound guidance and the control group
received a night splint

Four months after the trauma, serial
intraneural infiltrations of PRP were
conducted using ultrasound guidance

Eleven months after the trauma with severe
axonotmesis, serial intraneural infiltrations of
PRGF were started using ultrasound
guidance

A 12-cm-long nerve gap was bridged with a
collagen tube filled with autologous platelet-
rich fibrin

A 12-cm-long nerve gap was bridged with a
collagen tube filled with autologous platelet-
rich fibrin

Damaged tissue was removed and bridged
with 22-cm length of sural nerve which was
surrounded with collagen tube combined
with PRP.

PRF was applied after the osteotomy and
before fixation on one osteotomy side. The
other osteotomy side served as the control

Outcome

Patients who received a single dose of PRP had
better postoperative (Boston carpal tunnel
questionnaire, BCTQ) and neuroelectrophysiological
recovery than those who received glucose injection
Clinical effect of PRP local injection was superior to
hormone treatment

the use of PRP as an adjuvant treatment of carpal
tunnel syndrome was superior and effective in
improving the prognosis of patients

The PRP group exhibited a significant reduction in the
VAS score, BCTQ score, and CSA of MN compared
to the those of control group 6 months post-
treatment

Fourteen months after the injury and 11 months after
the first PRP injection, functional recovery was
achieved. The EMG showed a complete
reinnervation of the musculature of the radial nerve
dependent

Plasma rich in growth factors (PRGF) infiltrations
enhanced healing process of peroneal nerve palsy
with drop foot

The conduit filed with platelet-rich fibrin can induce
limited, but appropriate, sensory and motor recovery
across a 12-cm nerve gap repaired 3.25 years post
trauma, without sacrificing a sensory nerve, can
reduce existing excruciating neuropathic pain to
tolerable, and allow avoidance of an indicated upper-
extremity amputation

PRF could promote nerve regeneration and
functional recovery, and effectively alleviate the
symptoms of neuralgia

After 2 years follow-up, the patient got a satisfactory
recovery of the function of ulnar nerve

PRF may enhance the recovery of paresthesia
following SSO. All subjective tests showed enhanced
recovery of NSD.
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Plasma (P-PRP) and Leukocyte Rich PRP (L-PRP). PRP with
different leukocyte content has different effects on cell
regeneration and tissue healing. The leukocytes in L-PRP will
increase the level of pro-inflammatory cytokine, including IL-
land TNF-a, further induced inflammation in normal and
injured tissue. Yin et al. compared the effect of L-PRP and
P-PRP on extracellular matrix formation and the NF-«xB
signaling pathway in human articular chondrocytes. This
report indicated that suggested that leukocytes in L-PRP
activated the NF-kB signaling pathway via the delivery of IL-
1 and TNF-a to counter the beneficial effects of growth factors
on extracellular matrix formation in HACs. P-PRP may be more
suitable for the treatment of osteoarthritis (Yin et al., 2017).
Zhou et al. compared the effect of L-PRP and P-PRP on cartilage
regeneration in a cartilage defects model in rabbits and found
that leukocytes in L-PRP might activate NF-«xB pathway via the
delivery of IL-1 beta and TNF-a to induce harmful effects on
cartilage regeneration and result in the inferior effects of L-PRP

compared with P-PRP. P-PRP may be more suitable than L-PRP
for the treatment of cartilage defects (Xu et al., 2017). From a
physiopathological point of view, in some situation, excessive
inflammatory response may lead to hyperplasia of fibrillar
connective tissue around the site of nerve injury. This
hyperplasia could cause nerve compression or gap. However,
few report support this side effect of L-PRP on nerve
regeneration. On the contrary, many reports have indicate
the positive effect of the appropriate inflammatory response
induced by L-PRP or L-PRF on peripheral nerve regeneration
(Wang et al., 2020).

Beside, PRP is activated to release growth factors by using
stimulants such as thrombin, calcium chloride, and collagen.
However, the exact concentration and procedure for PRP
activation is not well established (Sédnchez et al., 2017b). The
controversy around PRP in clinic is complex. It relates to lots of
factors such as components, indications, activation condition,
and so on. In order to establish the role of PRP in clinic fully,
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extensive clinical studies are required to optimize the therapeutic
protocol and hence the efficacy and safety.

To sum up, studies on the application of PRP in the treatment
of peripheral nerve injury have increased substantially in the past
10 years. It is noteworthy that most of the studies have revealed
that patients with peripheral nerve injury receiving PRP
treatment have a rapid recovery. However, some studies have
reported conflicting results on whether PRP can promote
peripheral nerve regeneration. For example, Raeissadat et al.
(2018) conducted a clinical randomized controlled trial on the
treatment of carpal tunnel syndrome using PRP, and found no
significant difference in the outcome between the PRP group and
the control group. It should be noted that in the clinical
application of PRP, the production methods (including
centrifugal time, relative centrifugal force, etc.) have not been
standardized, and thus, PRP products produced at present do not
have uniform quality control. Therefore, uniformity in PRP
production process and better-quality control in the future is
likely to expand its application in other fields and further realize
its potential in clinical treatment.

Prospect of Clinical Application of Platelet

Rich Plasma

PRP is widely used to promote tissue repair and regeneration
because of its abundant cytokines. Recently, a study evaluated the
current status of PRP research worldwide using bibliometrics. A
total of 8,499 studies on PRP were retrieved, and the number of
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