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Intervertebral disc degeneration (IDD) is a globally occurring disease that represents a significant cause of socioeconomic problems.
Currently, the main method for treating IDD is surgery, including discectomy and vertebral fusion. Several in vitro experiments
demonstrated that platelet-rich plasma (PRP) could stimulate cell proliferation and extracellular matrix regeneration.
Additionally, in vivo experiments have proven that PRP injection could restore intervertebral disc height. Clinical studies
demonstrated that PRP injection could significantly relieve patient pain. However, further studies are still required to clarify the
roles of PRP in IDD prevention and treatment. This review is aimed at summarizing and critically analyzing the current

evidence regarding IDD treatment with PRP.

1. Introduction

Intervertebral disc degeneration (IDD) is becoming a seri-
ous medical and social problem. The global prevalence of
IDD exceeds 60% and is higher in men and older adults
[1], which results in high costs for society. During prog-
ress of IDD, dehydration of the nucleus pulposus, annulus
fibrosus tears, fracture of the cartilage endplate, and
release of inflammatory factors occur. IDD then leads to
lumbar disc herniation and discogenic pain, which cause
low back pain, and may severely affect spinal extension
and flexion. Because of the avascular tissue structure of
the intervertebral disc (IVD) with a poor self-healing
capacity, oral medication is generally ineffective. Current
IDD treatment methods mainly include bed rest, physical
therapy, epidural injections, surgical decompression, disc
replacement, and disc fusion [2]. Additionally, bioactive
agents have attracted considerable attention because of
the limited damage caused in their application, in which

the basic principle of IDD treatment is to delay or even
reverse the trend of IDD through the activity of the
agents’ components.

Many bioactive agents are currently applied to treat IDD,
with most direct treatment strategies for reversing IDD
involving the injection of active agents. Platelet-rich plasma
(PRP) is particularly attractive because of the high concen-
tration of platelets that releases a variety of multifunctional
growth factors (GFs) when activated and has been widely
used to repair various avascular tissues, including but not
limited to bones, cartilages, muscles, and tendons, and may
represent a new strategy for IDD biotherapy [3, 4].

2.1IVD and IDD

Anatomically, the IVD comprises a central highly hydrated
nucleus pulposus (NP), a peripheral thin layer of the annulus
fibrosus (AF), and upper and lower cartilage endplates
(CEPs) [5]. Histologically, the NP mainly comprises water
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and a low density of notochord and NP cells and the extracel-
lular matrix (ECM). The ECM mainly comprises collagen II
(COL 1II), elastin, fibers, and numerous proteoglycans espe-
cially aggrecan (ACAN) with negative charge. Physiologi-
cally, the hydrated NP can absorb the compressive pressure
of the spine. The AF mainly comprises COL I as a lamellar
ring structure of approximately 15-25 layers outside the
NP, and the outer AF layer comprises fibroblasts with a neu-
rovascular distribution, in which the nerves comprise spinal
sensory and postganglionic sympathetic fibers [6]. The CEPs
are located at both sides of the IVD and comprise a layer of
horizontal hyaline cartilage, where nutrients and oxygen
enter the IVD by free diffusion.

IVD homeostasis is a complex pathway, in which the fac-
tors associated with IDD are mainly genetic and environ-
mental. The genes associated with IDD mainly include
three types: (1) genes affecting intervertebral disc structure
(ACAN, COL, etc.), (2) genes of metabolic enzymes affecting
IVD metabolism (including matrix metalloproteinases
[MMPs], cyclooxygenase- [COX-] 2, and tissue inhibitor of
matrix metalloproteinases), and (3) inflammation-related
genes (including interleukin- [IL-] 1 and IL-6). Changes in
expression of these genes may affect homeostasis of the
IVD. Furthermore, environmental factors, including
repeated mechanical stimulation, poor nutritional supply,
deficiencies of oestrogen, and other definite risk factors
including obesity, cigarette smoking, and atherosclerosis
may affect homeostasis of IVD, which could contribute to
IDD [7]. In the early stages of IDD, the content of ACAN
and other proteoglycans initially falls. This decrease leads to
NP dehydration and atrophy, which alters the NP biome-
chanics. In advanced cases, the AF will directly bear the lon-
gitudinal pressure. The structure of the AF means that it is
more resistant to tension than compressive pressure,
resulting in a decrease in intervertebral disc height. At
the same time, anabolism and catabolic homeostasis of
the matrix are disrupted. This process is accompanied by
cellular senescence and morphological changes associated
with the aging of cells, reduced secretion of matrix pro-
teins, and possible secretion of inflammatory factors. This
could then lead to an inflammatory reaction, which fur-
ther exacerbates progression of IDD. MMP-1, MMP-3,
and MMP-13, a disintegrin-like and metalloproteinase
with thrombospondin motifs (ADAMTSs), and enzymes
that promote catabolism are highly expressed in the
degenerated disc. Additionally, COX-2, which may be the
cause of pain, is highly expressed. Pigment accumulation
in the NP makes it more difficult to distinguish it from
the AF, and the NP cell density is simultaneously reduced.
These degenerative changes directly lead to a weakening of
the mechanical function of the IVD, which in turn leads
to structural deformation, disc height loss of the IVD, seg-
mental instability of the spine, and ultimately structural
damages, including the AF tearing and NP protrusion,
resulting in discogenic pain [8] .

Reactive oxygen species (ROS) are a family of unstable
and highly reactive molecules with or without free radicals.
ROS are inevitably produced through the oxygen-using met-
abolic processes of IVD cells residing in an environment of
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low oxygen tension. Excessive ROS cause oxidative stress,
which activates various signaling pathways in disc cells,
including the NF-xB pathway, deteriorating the viability
and function of disc cells [9]. Injury to IVDs can also cause
inflammation-driven ROS production and result in neovas-
cularization and exposure of the otherwise hypoxic resident
cells to higher oxygen tension [10].

In summary, oxidative stress induces damage of micro-
environmental homeostasis and promotes degradation of
the matrix in IVDs. Consequently, a significant loss of elastic-
ity and the normal structure and biomechanical properties of
the disc matrix causes IDD.

3. PRP

PRP is an autologous blood concentrate that can release
abundant « particles containing high concentrations of pro-
liferation- and differentiation-promoting GFs and has been
widely used in oral surgery and orthopedics [11]. Different
equipment and preparation methods may lead to different
cells and types of cytokines and their concentrations in
PRP. Dohan Ehrenfest et al. [12] defined PRP in four catego-
ries according to the content of leukocytes and fibrins: pure
PRP (P-PRP), leukocyte-rich PRP (L-PRP), leukocyte
platelet-rich fibrin, and pure platelet-rich fibrin. Because
PRP is one component of the autologous plasma, it has the
following advantages: (1) in principle, immune rejection does
not occur; (2) it avoids the spread of diseases; and (3) it can
be readily prepared by centrifugation, which is much cheaper
than recombinant GFs. Furthermore, the main components
of PRP are GFs, inflammatory cells, and adhesion molecules.
GFs mainly include platelet-derived growth factor, trans-
forming growth factor-f (TGF-p), vascular endothelial
growth factor (VEGF), and epithelial growth factor. The
published experimental results have proven that PRP can
promote angiogenesis, cell proliferation, and collagen syn-
thesis, thereby repairing damaged tissues, including ten-
dons, ligaments, cartilage, and other avascular tissue with
a low self-healing ability. Notably, PRP may be effective
in repairing a patient’s atrophic multifidus and com-
pressed nerve roots [13-15]. Inflammatory cells in PRP
are mainly leukocytes, and L-PRP may promote regenera-
tion of cartilage and has a strong bactericidal effect. There-
fore, PRP has promising prospects in the treatment of
osteoarthritis, especially via augmented anti-inflammatory
effects, antioxidative chondrocyte proliferation, inhibited
MMP-1 activity, and calcification of the matrix [15, 16].
Furthermore, studies have shown that adhesive proteins
(fibrin, fibronectin, and vitronectin) in PRP, which can
serve as a carrier for stem cells and as tissue-engineering
scaffolds, play a role in promoting stem cell therapy with
good prospects for application [17].

4. In Vitro Study of the PRP Repair Function

More than 10 years of research on PRP has gradually
demonstrated its potential therapeutic effect for IDD.
Many in vitro studies explored how PRP functioned. In
2006, Akeda et al. [18] applied PRP to intervening porcine
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IVD cells (NP and AF cells) and reported that PRP soluble
releasate had a mild stimulatory effect on IVD cell prolif-
eration and increased the synthesis of proteoglycans and
collagen, whereas platelet-poor plasma (PPP) had no
effect. Additionally, PRP displayed stronger stimulative
effects in the AF compared with the NP. Chen et al. [19]
conducted research on the TGF-f1 in PRP and designed
a concentration gradient of TGF-f1 in PRP to stimulate
human NP (hNP) cells. The result showed that PRP
enhanced matrix gene expression (COL II and ACAN)
and proteoglycan accumulation compared with the PPP
intervention group and the control group. Additionally,
they demonstrated what the optimum PRP concentration
was when it contained 1ng/ml TGF-f1. Furthermore, they
proved that the PRP’s regeneration effects were via the
Smad2/3 pathway phosphorylation. Several years later, a
further study of Chen et al. [20] considered the entire
IVD ex vivo. Porcine IVDs were digested using chymopa-
pain. At 2 weeks after the administration of 10% porcine
PRP, mesenchymal stem cells (MSCs), or 10% PRP and
MSCs, decreased apoptosis was found and NP cell viability
was promoted in this ex vivo IVD system. COL II and
ACAN mRNA expression was significantly upregulated,
and ECM synthesis was promoted. Additionally, they
demonstrated that PRP could direct MSC differentiation
into chondrocytes. Pirvu et al. [21] compared the effects
of different PRP and platelet lysate (PL) concentrations
on bovine AF cells. They confirmed that both PRP and
PL were able to increase cell proliferation and glycosami-
noglycan accumulation in monolayer culture systems and
maintain the spherical shape of cells in whole-disc organ
culture. When using PRP or PL for an in vivo defect site,
PRP was better than PL for the formation of a stable bio-
logical sponge for absorbing and storing some small mol-
ecules that regulated tissue regeneration.

In 2016, Yang et al. [22] also considered TGF-f1 and
tested the effects of PRP originating from rabbits. They found
that PRP stimulated COL II, ACAN, and Sox-9 gene expres-
sion, suppressed COL X gene expression, and displayed the
ability to stimulate NP cell proliferation. Additionally, they
found that 2.5% PRP was the optimum concentration for
NP cell stimulation, which was inhibited by a TGF- 1 inhib-
itor or a Smad2/3 signaling pathway inhibitor. Inhibiting
TGF-f1 signaling significantly prevented the NP cellular
expression of Smad2/3 and matrix protein. Nikkhoo et al.
[23] reported that with PRP, IDD was able to recover its
mechanical properties. Studies have shown that PRP could
promote the proliferation of bone marrow NP stem cells,
producing an optimal effect when applied at 10%. PRP has
the ability to induce undifferentiated MSCs to express chon-
drocyte phenotype markers, including COL II and ACAN,
while reducing the expression of stem cell markers. It also
plays an important role in the differentiation of adipose-
derived stem cells into NP cells [24-27].

Some researchers studied another mechanism for the
treatment of IDD with PRP, namely, the anti-inflammatory
effect. In 2014, Kim et al. [28] used the combination of IL-
1 and tumor necrosis factor- (TNF-) & on immortalized
hNP (ihNP) cells and demonstrated upregulated MMP-3

and COX-2 expression, whereas ACAN and COL II expres-
sion was suppressed. Subsequently, they applied PRP,
whereby the NP cells recovered the downregulated COL II
and ACAN gene expression, reduced the increased MMP-3
and COX-2 gene expression, and suppressed cytokine-
induced proinflammatory degrading enzymes and media-
tors. In 2014, Liu et al. [29] used lipopolysaccharides to
induce an inflammatory condition in ihNP cells. There were
changes similar to IDD. Sox-9, COL II, and ACAN expres-
sion on culture with PRP in two dimensions were strongly
upregulated, and the inflammatory factors, including IL-1,
TNF-a, and MMP-3, were absent. In 2016, Cho et al. [30]
applied TNF-a to treat porcine AF cells and found that
MMP-1 was induced by TNF-a. Then, with cocultivation
by PRP, they came to a conclusion that PRP upregulated
COL II and ACAN gene expression and inhibited MMP-1
expression.

Other opinions have been presented regarding the effects
of PRP. High leukocyte concentrations in L-PRP may
increase the levels of proinflammatory factors (the major
components were IL-1f and TNF-«) and exacerbate the deg-
radation of ECM. Yin et al. [31] also demonstrated that IL-1f3
and TNF-« from L-PRP could activate the NF-xB signaling
pathway and promote prostaglandin E2 and nitric oxide pro-
duction, resulting in inhibited tissue regeneration.

Wang et al. [24] demonstrated that L-PRP treatment of
NP-derived stem cells significantly upregulated the expres-
sion of the inflammatory genes IL-1f and TNF-« and pro-
moted catabolism. The authors believed that leukocyte
exclusion from PRP might effectively prevent the activation
of the NF-«B signaling pathway.

Jia et al. [25] used P-PRP or L-PRP to treat rabbit NP
MSCs (NPMSCs) in vitro. The results showed that P-PRP
decreased the expression of stem cell markers and stimulated
differentiation into NP-like cells. Additionally, P-PRP had a
dose effect on NPMSCs, with the maximum proliferation at
10%. Because L-PRP has significantly higher TNF-« and IL-
1 concentrations, it induced differentiation of NPMSCs,
upregulated TNF-a and IL-1f expression, enhanced activa-
tion of the NF-xB pathway, and increased MMP-1 and
MMP-13 expression. Inflammation and catabolic reactions
resulted in reduced ECM production in differentiated
NPMSCs while P-PRP did not activate the NF-xB pathway.

Conversely, Mietsch et al. [32] put forward different
views in 2013. They reported that while PRP administration
had stimulatory effects on cell proliferation in cultured
NPC and MSC cultures, gene expression of chondrogenic
markers (ACAN, COL II, COL I, and Sox-9) was consider-
ably lower compared with TGF- 51, and matrix protein depo-
sition was weaker. Therefore, they did not reccommend PRP
to be applied in hNP tissue-engineering because of a probable
lack of an effective activator.

Hondke et al. [33] conducted a study on the proliferation,
migration, and ECM formation of early AF cells having Pfirr-
mann grades 2-3 and advanced AF cells having Pfirrmann
grades 4-5 from the degenerative tissue. They reported that
5% PRP was the optimum concentration for cell migration,
while COL I expression was decreased at this PRP concentra-
tion. Therefore, these authors were unable to conclude
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TaBLE 1: In vitro effects of PRP on IVD cells.

Year Study System used to obtain PRP Type of cells Dose

2006 Akeda et al. [18] SYMPHONY Porcine IVD NP cell AF cell 10% PRP, 10% PPP

2006 Chen et al. [19] Centrifuged hNP PRP (defined as TGF-f1 equivalent)

2009 Chen et al. [20] Centrifuged Porcine IVD organ induced 10% porcine PRP

2013 Mietsch et al. [32] Centrifugation and double filtration

2014 Kim et al. [28] GPS III System

2014  Liu et al. [29] Not declared

2014 Pirvu et al. [21] INTERCEPT Blood System
2016  Yanget al. [22] Centrifuged

2016  Cho et al. [30] Centrifuged

2018 Wang et al. [24] Two-step centrifugation

with chymopapain

Bovine AF cells

Rabbit NP cells

Porcine AF cells with TNF-«
Rabbit NP-derived stem cells

hNP MSC 10% PRP MSC
hNP 5%, 10% PRP
ihNP PRP (defined as TGF-f31 1 ng/ml equivalent)

25%-50% human PRP
25%-50% human platelet lysate

10%, 5%, 2.5%, and 1% volume fractions
of PRP

PRP of 1, 5, 10 x 107 platelets/ml
5%-20% rabbit P-PRP or L-PRP

2018  Jiaetal. [25] Two-step centrifugation NPMSCs 10% P-PRP or 10% L-PRP
2018 Hondke et al. [33] Not declared hAF PRP 5%

Time of analysis Activator Results

72h Thrombin+CaCl, Cell proliferationT, PG and col synthesisT, PG accumulation

NP cell proliferation and aggregationT; optimum at 1 ng TGF-f1 concentration in PRP.

7,9 days Thrombin

Thrombin
Acetic acid

4 weeks
7 days, 4 weeks

48h CaCl,

7 days, 4 weeks None

2, 4 days Sonication
1,2,3,4,5,6,and 7 10% CaCl, 100 U
days thrombin
24h IN HCL

14 days None

7 days 10% CaCl,

0, 7, 14, 21 days Freezing and thawing

Tissue construct T

COL II, AGN, SOX-9 mRNA T, GAG accumulation Tphosphorylation of Smad2/3 T,

apoptosis |

NP regeneration TmRNA involved in chondrogenesis and matrix accumulation
Cell proliferationT chondrogenic differentiation |
IL-1$ and TNF-« led matrix synthesis gene expression|; PRP degradation expression of

COX-2 and MMP-3|

The expression of chondrogenic markersT, inflammatory mediators ,matrix degrading

enzymes in ihNPc|

50% PL-DNA and GAG T. Matrix synthesis] of defect AF after PRP injection
mRNA of COL II, AGN, and SOX-9T; protein of COL X level TGF-b1/Smad2/3

T COLII and AGNT by 2.5% PRP

COL II and AGN mRNA T,MMPI1 mRNA, protein |
P-PRP: AGN, COL IIT, IL-183, TNF-q, IL-6, IL-8, MMP-1, MMP-13 mRNA,

IL-1p3, TNF-« production |

P-PRP: AGN, COL IIT L-PRP: IL-1, TNF-o MMP1, MMP-13 mRNA T NF-«B/p65

proteinT

Stimulated migration and cell viability in early COL I mRNA T, COL1 and 3 mRNA |

Abbreviations: ACT: activation; NP: nucleus pulposus; AF: annulus fibrosus; AGN: aggrecan; COL II: type II collagen; COX-2: cyclooxygenase-2; GAG:
glycosaminoglycan; IVD: intervertebral disc; MMP: metalloproteinase; MSC: mesenchymal stem cell; Sox-9:SRY-related high mobility group box gene-9;
PG: proteoglycan; PRP: platelet-rich plasma; P-PRP: leukocyte-poor PRP; R-PRP: leukocyte-rich PRP; TNF: tumor necrosis factor.

whether an AF-like ECM could be formed after stimulation
by PRP. In summary, 5% PRP has an optimal chemotactic
effect, but COL I expression in AF cells is significantly
decreased. The authors believed that PRP treatment inhibits
matrix formation of the AF.

In conclusion, in vitro, PRP was effective in stimulat-
ing IVD cell proliferation and ECM metabolism. The anti-

apoptotic and anti-inflammatory effects of PRP might
contribute to disc repair and symptom relief in IDD
patients in an early stage. Some mechanisms for PRP
treatment of IDD, including the Smad pathway, were
proposed over time and a direction for future research is
of PRP promotion of MSC differentiation into NP cells
(Table 1).
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TaBLE 2: In vivo effects of PRP in IVD degeneration animal models.

(a)
Year Study Animal model Dose Size of sample  Time of analysis after injection
2007 Nagae et al. [35] Rabbits, nucleotomy 20l 36 2, 4, and 8 weeks
2009 Kazuhide et al. [34] Rabbits, nucleotomy 20 ul 128 2, 4, and 8 weeks
2009 Chen et al. [20] Miniature porcine, chymopapain ~ No mention 14 4 and 8 weeks
2011 GB et al. [36] Rats, needle puncture 100 pl 18 2, 4, and 6 weeks
2012 Obata et al. [37] Rabbits, needle puncture 20l 12 8 weeks
2015 Gui et al. [38] Rabbits, needle puncture 100 pl 36 2 weeks
2016 Wang et al. [39] Rabbits, needle puncture 200 pl 40 1, 2, and 8 weeks
2016 Yang et al. [22] Rabbits, needle puncture 15ul 24 0, 4, 8, and 12 weeks
2016 Hou et al. [40] Rabbits 40 ul 60 4 and 8 weeks
(b)
Injection Acti
site ctivator Results
Lumbar None PRP+GHM group decreased IDD and increased PG; PRP+PBS group showed no differences
Lumbar None PRP+GHM had greater DHI, water content, AGN, and COL II mRNAT; fewer apoptotic cells in NP
;{1 }rlr(;tr)j;lc None PRP promote DHI and osteogenic MSC differentiation
Lumbar None Preserved IVD fluid content, decreased IVD degeneration
Lumbar Autolc;gz;usczeé}:m and Increased cell proliferation, no statistical differences on MRI findings
Lumbar 0.06 ml thrombin DHI maintained, NP signal intensity maintained; significantly low MRI grading
Lumbar None PRP moderate effect on MRI, DHI PRP +BMSC: well-preserved ECM, cell density, increased T2
signal intensity, MRi grading, and expression of COL II

Lumbar 100 U thrombin + 10% T2 signal intensity: PRP > control or PRP+TGF-f3 inhibitor; histology: PRP-less degeneration,

CaCl, strong COL II staining, and Smad2/3-pathway activated
Lumbar Thrombin+CaCl, COL II and PG staining and MRI grade PRP + BMP2 - BMSC > PRP + BMSC > PRP

Abbreviations: ACT: activation; AGN: aggrecan; BMSC: bone marrow-derived mesenchymal stem cell; BMP2: bone morphogenetic protein 2; COL II: type 1T
collagen; ECM: extracellular matrix; GHM: gelatin hydrogel microsphere; IVD: intervertebral disc; MRI: magnetic resonance imaging; PG: proteoglycan; PRP:

platelet-rich plasma; DHI: disc height index.

5. In Vivo Study on Animal Models
Treated with PRP

To further explore the effect of PRP on IDD, numerous
in vivo studies have been performed.

In 2009 and 2006, Kazuhide et al. and Nagae et al. [34,
35], respectively, used an IDD rabbit model with partial dis-
cectomy and found that PRP may inhibit IDD while PRP
combined with gelatin gel microspheres could significantly
inhibit IDD. Compared with the IDD control group, mag-
netic resonance imaging (MRI) showed a significant increase
in intervertebral disc height on PRP application. Histological
examination detected increased ACAN and COL II expres-
sion and decreased apoptosis of NP cells. Additionally, the
gelatin gel microspheres served as a carrier for PRP, prolong-
ing its action time and providing mechanical support,
whereby PRP could fully exert its therapeutic effect.

In 2009, Chen et al. [20] injected PRP into a porcine disc
degeneration model induced by chymopapain. After 2
months, COL IT and ACAN mRNA expressions were upreg-
ulated, MSC differentiation and fewer apoptotic cells were

detected, and MRI showed recovery of the disc height index
(DHI). GB et al. [36] demonstrated that no matter when
PRP was injected in the IDD model, there was a protective
effect on IDD. However, earlier administration in the IDD
process may be more beneficial than PRP treatment of
advanced degenerated discs.

Obata et al. [37] in 2012 found that the administration of
active autologous PRP releasate could induce a remedial
effect on a rabbit needle puncture model. Compared with
the PPP and phosphate-buffered saline groups, autologous
PRP induced restoration of the DHI, the mean T2 values in
MRI were not significantly different, and the number of
chondrocyte-like cells was significantly higher. Their results
suggested that PRP injection treatment had the potential
for clinical application in IDD. Gui et al. [38] conducted a
preclinical study of autologous PRP activated by thrombin
and found the same result. Two and four weeks after PRP
application, they found an increased DHI and signal intensity
and elevated proteoglycan and COL II expression compared
with the control group, which suggested that PRP interven-
tion may be able to effectively suppress the IDD process.
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FIGURE 1: Mechanism of PRP on intervertebral disc cells and degenerated intervertebral disc. PRP: platelet-rich plasma; P-PRP: pure PRP; L-
PRP: leukocyte platelet-rich PRP; P-PRF: pure platelet-rich fibrin; L-PRF: leukocyte platelet-rich fibrin; IVD: intervertebral disc; GFs: growth
factors; APs: adhesive proteins; MMPs: matrix metalloproteinases; IL: interleukin; TNF: tumor necrosis factor; COX: cyclooxygenase; AGN:
aggrecan; COL: collagen; Sox-9: SRY-related high-mobility group box-9; NPCs: nucleus pulposus cells; AFCs: annulus fibrosus cells.

Wang et al. [39] injected PRP with bone marrow-derived
MSCs (BMSCs) in a rabbit AF puncture model and found
that the ECM and cell densities were well preserved and
increased T2 signal intensity on MRI grading, while a strong
immunopositive staining for COL II showed a poor AF
recovery. The MRI scores of the PRP group were similar
to those of the PRP+BMSC group at 2 weeks, yet the effi-
cacy of PRP+BMSC was diminished at 8 weeks. They
hypothesized that the injected PRP was activated by the
surrounding tissues and interacted with BMSCs to cure
IDD.

In a rabbit study, Yang et al. [22] reported that MRI
revealed a significant recovery of the signal intensity of
T2 in the IVD of the PRP injection group compared with
the very low signal intensity in the control group. In their
histological study, the group of combining PRP and TGF-
B1 inhibitor displayed significantly lower expression levels
of Smad2/3 and COL II than the PRP group. Additionally,
inhibiting the TGF-f1/Smad2/3 pathway could prevent the
PRP-induced recovery by inactivating Smad2/3 and down-
regulating the ECM. They concluded that the TGEF-
f1/Smad2/3 pathway might play a critical role in the abil-
ity of PRP to cure IDD.

Hou et al. [40] investigated the effects of the combined
application of bone morphogenetic protein 2 (BMP2) and
PRP to BMSCs. They reported that BMSCs transduced with
BMP2 in PRP gel inhibited IDD with a relatively well-
preserved NP structure and enhanced ECM accumulation
in the NP. At 12 weeks after surgery, BMP2-transduced
BMSC:s could be detected.

The quantitative analysis by Li et al. [41] of previous
studies showed that PRP treatment could restore the inter-
vertebral disc height, reduce the degree of histological varia-
tion, and effectively increase the MRI T2 signal without a
significant increase in COL II expression.

A consensus shows that the injection of PRP or its relea-
sate is effective in enhancing ECM accumulation, retaining a
high DHI, increasing the T2 signal intensity, and slowing the
process of and even possibly reversing the effects of IDD.
Therefore, the releasate may be a promising therapy for
retarding IDD. More studies are currently focusing on com-
bining either the PRP injection with other agents or the PRP
activation pathways to determine how PRP is effective and to
determine limitations as well as ways to optimize this poten-
tial treatment. In vivo animal studies alone are not sufficient
to prove whether PRP injection can alleviate clinical symp-
toms (Table 2 and Figure 1).

6. Clinical Trials of PRP

The forms of PRP injections mainly include intradiscal and
epidural, while intradiscal injection is considered first
depending on the specific injection position. The following
section will review recent studies on clinical PRP injection.
In 2011, Koji et al. [42] conducted the first preliminary
clinical trial for the safety and efficacy of intradiscal injec-
tion therapy using PRP for IDD. They injected PRP acti-
vated by autologous serum and CaCl, in six patients who
had suffered chronic low back pain for more than 3
months. After a 1-month follow-up, the scores of the
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TasLE 3: Clinical studies of PRP for IDD.
(a)
Year Study Study design Number of patients Type of PRP Activation
2011 Koji et al. [42] Prospective preliminary trial 6 P-PRP releasate  CaCl,+autoserum
2014 Bodor et al. [44] Case series 35 P-PRP None
2016  Navani and Hames [45] Case series 6 L-PRP None
2016 Levi et al. [46] Prospective trial 22 L-PRP None
2016 Tuakli-wosornu et al. [47] Double-blind randomized 36 treatments and 22 controls L-PRP None
2017 Akeda et al. [43] Prospective trial 14 P-PRP CaCl,+autoserum
2018 Lutz [48] Single case report 1 L-PRP None
(b)

Volume of whole Voh.m.le of PRP Number of injections during the study Stqdy Pain scores evaluated in the study
blood injected period period
200 ml 2ml Single 6m VAS RDQ
9ml 2ml Single 2-10m NRS ODI
60 ml 1.5-3ml Single 24w VPS
30 or 60 ml 1.5ml Single, at one or multiple levels 6m VAS ODI
30 ml 1-2ml Single, at one or multiple levels 8w FRi, NRS, SF-36, and modified NASS
200 ml 2ml Single 10m VAS RDQ
Not mentioned 1.5ml Single 12m Improveme?nt T2. nuclear signal

intensityT

Abbreviations: ACT: activation; BDI: Beck Depression Inventory; DPQ: Dallas Pain Questionnaire; FRI: functional rating index; L-PRP: leukocyte- and platelet-
rich plasma; m: months; NRS: numerical rating scale; ODI: Oswestry Disability Index; P-PRP: leukocyte-poor PRP; PRP: platelet-rich plasma; RDQ: Roland-
Morris Disability Questionnaire; SF: short form; SF-MPQ: short-form McGill Pain Questionnaire; vPS: verbal pain scale; w: weeks; VAS: visual analog scale;

NASS: North American Spine Society.

verbal pain scale (VPS) and Roland-Morris Disability
Questionnaire were significantly decreased. Additionally,
at the 6-month follow-up, MRI did not show any signifi-
cant change compared with before the injection. No
adverse events were reported posttreatment. A few years
later, they conducted another preliminary clinical trial
including 14 patients with a mean follow-up period of 10
months [43]. In this study, they injected P-PRP isolated
by the bufty coat method containing lower concentrations
of proinflammatory cytokines (IL-1, TNF-a&). The mean
pain scores of patients before treatment were reduced by
more than 70% at the first month. Except for two subjects
with recurring low back pain, there were no adverse events.
Akeda et al. showed the safety, feasibility, and efficacy of
PRP in treatment of IDD.

Bodor et al. [44] injected PRP excluding leukocytes and
erythrocytes into 47 thoracic or lumbar IVDs in 35 patients,
and no activators were used for the PRP. The numerical rat-
ing scales (NRS) and the Oswestry Disability Index (ODI)
scores were improved in 67% of the patients. Five patients
were followed up for 10 months; these patients displayed
substantial improvement in pain, enabling them to return
to the normal physical activity. Despite 2 of 35 patients hav-
ing vasovagal episodes, there were no complications or side
effects related to this treatment.

In a case series study by Navani and Hames [45], six
patients were given a single injection of autologous PRP.

During a 6-month follow-up period, 50% of the VPS scores
of all the patients decreased by 3 months, and low pain levels
were maintained until the 6-month follow-up. The short-
form 36 health survey questionnaire was also improved in
both the physical and mental scores with no adverse effects
reported.

In 2016, Levi et al. [46] reported a prospective clinical
trial of 22 patients investigating the effects of intradiscal L-
PRP injections on discogenic back pain. After a 6-month
follow-up period, 47% had a successful outcome defined as
at least a 50% improvement in the VAS and at least a 30%
improvement in the ODI. The authors speculated that the
possible adverse effects from using the anesthetics and antibi-
otics before the 1.5 ml L-PRP injection and the PRP prepara-
tion method accounted for positive outcome being
nonsignificant in this study.

None of the above studies included a randomized con-
trolled trial (RCT). Tuakli et al. [47] conducted a double-
blind RCT of intradiscal PRP therapy for discogenic low back
pain (LBP). In total, 47 adults were included with chronic
LBP (>6 months), and they were randomly assigned to the
treatment group or the control group in a ratio of 2:1. The
treatment group was given a single injection of L-PRP with-
out an activator. At an 8-week follow-up, they demonstrated
that in the treatment group compared with the control group,
the NRS for pain, the functional rating index, and patient sat-
isfaction (NASS outcome questionnaire) were significantly



improved. In total, 56% (15/27) of the participants were sat-
isfied (NASS outcome questionnaire) with the treatment
compared with only 18% (3/17) of the control participants
(3 participants were lost to follow-up). However, the results
were not compared after 8 weeks because of the lack of a
follow-up of the control group. No complications were
reported.

In 2017, Lutz [48] presented a single case report demon-
strating the effect of intradiscal PRP injection on improving
LBP and function. The patient was diagnosed with IDD
and had received an ineffective caudal epidural steroid injec-
tion and physical therapy. The patient was given a single PRP
injection and displayed considerable improvement in pain
and motion after 6 weeks. At a 1-year follow-up, there was
a remarkable improvement in the LBP, and the patient could
return to athletic activities. Additionally, the patient’s NP T2
signal intensity increased.

Comella et al. [49] injected PRP combined with stromal
vascular fraction, which was enriched in GFs and stem cells
extracted from autologous fat tissues. After 6 months of fol-
low-up, the VAS, ODI, and BDI data displayed a positive
trend, and a majority of the patients reported improvements
in their Dallas Pain Questionnaire scores. No complications
were reported.

In conclusion, the results of clinical application of PRP
have been shown in many studies. Large-scale, double-blind
randomized studies with well-controlled conditions of prep-
aration and sufficient power, as well as effective analyses of
PRP components, are required to establish an evidence-
based and standardized treatment of IDD with PRP
(Table 3).

7. Conclusion

In this review, we describe the effects of PRP with a focus on
in vitro and in vivo (animal) studies, which revealed that PRP
has significant biological effects in stimulating IVD cells to
repair tissues and in intradiscal therapy from basic to clinical
research for the treatment of discogenic LBP caused by IDD.
The results are quite encouraging, and autologous PRP could
be rapidly and readily prepared through a complete set of
professional equipment.

The aforementioned experiments and clinical studies
define PRP as a promising biological material. Further-
more, the three-dimensional network structure of the
PRP gel is beneficial in nutrient acquisition of seed cells
and metabolite circulation. PRP gel shows promise as a
scaffold material for NP tissue engineering. The PRP gel
is endowed with remarkable biomechanical properties
and a three-dimensional network structure, which could
be used alone as a growth factor source or as a tissue engi-
neering scaffold material combined with seed cells for
degenerative disc repair and tissue engineering in NP
reconstruction. Although the results provided invaluable
insights, they still require further research prior to applica-
tion. (1) While the mechanism of TGF-f1 is well-charac-
terized, how it interacts with other grow factors remains
unclear. (2) The action of multiple intradiscal injections
may damage the AF, and repeated intradiscal injections

Oxidative Medicine and Cellular Longevity

might cause an increase in the pressure of the IVD, which
may accelerate the IDD process. (3) GFs (including VEGF)
contained in PRP may further exacerbate the endogenous
neurovasculature of IVD. (4) IDD is frequently associated
with ossification of the CEPs with an accompanying
decrease in oxygen and nutrients. Moreover, the regenera-
tion of IVD cells is accompanied by various synthetic
reactions of ACAN and COL II, which may accumulate
lactic acid and accelerate the IDD process. (5) The indica-
tion for IDD treatment, the optimal PRP concentration
and its composition, and how to evaluate the effect of
IVD regeneration require investigation. (6) The role of
PRP depends on the number of viable cells, but viable cells
available in patients with advanced IDD are extremely lim-
ited. (7) The ideal amount of PRP injections and when
and what timing clinicians should consider for application
of PRP treatment remain unknown. (8) The potential
adverse effects of PRP treatment are also unknown. There-
fore, combining PRP therapy and stem cell implantation
may provide new directions for IDD treatment strategy
and IVD repair.

Data Availability

No data were used to support this study.

Disclosure

The funders had no role in the study design, data collection
or analysis, decision to publish, or preparation of the
manuscript.

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

G.X. and Z.L. were responsible for the conceptualization; Z.L.
was responsible for the methodology; Y.C. and Z.L. handled
the formal analysis; Y.C., M.Y., Y.Z., and S.K. were responsi-
ble for the data curation; Y.C. was responsible for the original
draft preparation (writing); G.X. and Z.L. handled the review
and editing (writing); Z.L. handled the supervision; and Z.L.
was in charge of project administration.

Acknowledgments

We would like to thank all the participants in the studies. We
thank Robert Blakytny, DPhil, from Liwen Bianji, Edanz
Editing China (http://www.liwenbianji.cn/ac), for editing
the English text of a draft of this manuscript. This review
was supported by the Liaoning Revitalization Talents Pro-
gram (XLYCI1807131), the Natural Science Foundation of
Liaoning Province (2019-BS-079), the Science and Technol-
ogy Innovation Foundation of Dalian (2020]JJ27SN070),
and the Teaching Reform Research Project of Dalian Medical
University (DYLX19010).


http://www.liwenbianji.cn/ac

Oxidative Medicine and Cellular Longevity

References

(1]

(2]

(10]

(11]

(12]

(13]

(14]

(15]

S. Gianola, G. Castellini, A. Andreano et al., “Effectiveness of
treatments for acute and sub-acute mechanical non-specific
low back pain: protocol for a systematic review and network
meta-analysis,” Systematic Reviews, vol. 8, no. 1, 2019.

F. Lai, N. Kakudo, N. Morimoto et al., “Platelet-rich plasma
enhances the proliferation of human adipose stem cells
through multiple signaling pathways,” Stem Cell Research &
Therapy, vol. 9, no. 1, 2018.

X. Xu, J. Hu, and H. Lu, “Histological observation of a gelatin
sponge transplant loaded with bone marrow-derived mesen-
chymal stem cells combined with platelet-rich plasma in
repairing an annulus defect,” PLOS ONE, vol. 12, no. 2, article
e0171500, 2017.

S. Mohammed and J. Yu, “Platelet-rich plasma injections: an
emerging therapy for chronic discogenic low back pain,” Jour-
nal of Spine Surgery, vol. 4, no. 1, pp. 115-122, 2018.

A.S. Ammar, Y. Osman, A. T. Hendam et al., “A method for
reconstruction of severely damaged spinal cord using autolo-
gous hematopoietic stem cells and platelet-rich protein as a
biological scaffold,” Asian Journal of Neurosurgery, vol. 12,
no. 4, pp. 681-690, 2017.

S. Ohtori, G. Inoue, M. Miyagi, and K. Takahashi, “Pathome-
chanisms of discogenic low back pain in humans and animal
models,” The Spine Journal, vol. 15, no. 6, pp. 1347-1355,
2015.

S.Yang, F. Zhang, J. Ma, and W. Ding, “Intervertebral disc age-
ing and degeneration: the antiapoptotic effect of oestrogen,”
Ageing Research Reviews, vol. 57, article 100978, 2020.

X. Wu, Z. Liao, K. Wang et al., “Targeting the IL-1j3/IL-1Ra
pathways for the aggregation of human islet amyloid polypep-
tide in an ex vivo organ culture system of the intervertebral
disc,” Experimental ¢ Molecular Medicine, vol. 51, no. 9,
pp. 1-16, 2019.

Z. Zhou, Y. Wang, H. Liu et al., “PBN protects NP cells from
AAPH-induced degenerative changes by inhibiting the
ERK1/2 pathway,” Connective Tissue Research, pp. 1-10, 2020.
Z.Bai, W. Liu, D. He et al., “Protective effects of autophagy and
NFE2L2 on reactive oxygen species-induced pyroptosis of
human nucleus pulposus cells,” Aging, vol. 12, no. 8,
Pp. 7534-7548, 2020.

K. Akeda, J. Yamada, E. T. Linn, A. Sudo, and K. Masuda,
“Platelet-rich plasma in the management of chronic low back
pain: a critical review,” Journal of Pain Research, vol. 12,
pp. 753-767, 2019.

D. M. Dohan Ehrenfest, T. Bielecki, A. Mishra et al., “In search
of a consensus terminology in the field of platelet concentrates
for surgical use: platelet-rich plasma (PRP), platelet-rich fibrin
(PRF), fibrin gel polymerization and leukocytes,” Current
Pharmaceutical Biotechnology, vol. 13, no. 7, pp. 1131-1137,
2012.

R. Bhatia and G. Chopra, “Efficacy of platelet rich plasma via
lumbar epidural route in chronic prolapsed intervertebral disc
patients-a pilot study,” Journal of Clinical and Diagnostic
Research, vol. 10, no. 9, pp. UC05-UC07, 2016.

M. Hussein and T. Hussein, “Effect of autologous platelet leu-
kocyte rich plasma injections on atrophied lumbar multifidus
muscle in low back pain patients with monosegmental degen-
erative disc disease,” SICOT-J, vol. 2, 2016.

A. Cieslik-Bielecka, P. Reichert, R. Skowronski,
A. Krolikowska, and T. Bielecki, “A new aspect of in vitro anti-

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

microbial leukocyte- and platelet-rich plasma activity based on
flow cytometry assessment,” Platelets, vol. 30, no. 6, pp. 728-
736, 2019.

Y.H. Wen, W. Y. Lin, C.J. Lin et al., “Sustained or higher levels
of growth factors in platelet-rich plasma during 7-day storage,”
Clinica Chimica Acta, vol. 483, pp. 89-93, 2018.

J. E. Fernandez-Barbero, P. Galindo-Moreno, G. Avila-Ortiz,
O. Caba, E. Sanchez-Fernandez, and H.-L. Wang, “Flow cyto-
metric and morphological characterization of platelet-rich
plasma gel,” Clinical Oral Implants Research, vol. 17, no. 6,
pp. 687-693, 2006.

K. Akeda, H. S. An, M. Okuma et al., “Platelet-rich plasma
stimulates porcine articular chondrocyte proliferation and
matrix biosynthesis,” Osteoarthritis and Cartilage, vol. 14,
no. 12, pp. 1272-1280, 2006.

W. H. Chen, W. C. Lo, J. . Lee et al., “Tissue-engineered inter-
vertebral disc and chondrogenesis using human nucleus pul-
posus regulated through TGF-betal in platelet-rich plasma,”
Journal of Cellular Physiology, vol. 209, no. 3, pp. 744-754,
2006.

W.-H. Chen, H.-Y. Liu, W.-C. Lo et al., “Intervertebral disc
regeneration in an ex vivo culture system using mesenchymal
stem cells and platelet-rich plasma,” Biomaterials, vol. 30,
no. 29, pp. 5523-5533, 2009.

T. N. Pirvu, J. E. Schroeder, M. Peroglio et al., “Platelet-rich
plasma induces annulus fibrosus cell proliferation and matrix
production,” European Spine Journal, vol. 23, no. 4, pp. 745-
753, 2014.

H. Yang, C. Yuan, C. Wu et al., “The role of TGF-f1/Smad2/3
pathway in platelet-rich plasma in retarding intervertebral disc
degeneration,” Journal of Cellular and Molecular Medicine,
vol. 20, no. 8, pp- 1542-1549, 2016.

M. Nikkhoo, J. L. Wang, M. Abdollahi, Y. C. Hsu,
M. Parnianpour, and K. Khalaf, “A regenerative approach
towards recovering the mechanical properties of degenerated
intervertebral discs: Genipin and platelet-rich plasma thera-
pies,” Proceedings of the Institution of Mechanical Engineers,
Part H: Journal of Engineering in Medicine, vol. 231, no. 2,
pp. 127-137, 2016.

S.Z. Wang, W. M. Fan, J. Jia, L. Y. Ma, J. B. Yu, and C. Wang,
“Is exclusion of leukocytes from platelet-rich plasma (PRP) a
better choice for early intervertebral disc regeneration?,” Stem
Cell Research & Therapy, vol. 9, no. 1, 2018.

J. Jia, S. Z. Wang, L. Y. Ma, J. B. Yu, Y. D. Guo, and C. Wang,
“The differential effects of leukocyte-containing and pure
platelet-rich plasma on nucleus pulposus-derived mesenchy-
mal stem cells: implications for the clinical treatment of inter-

vertebral disc degeneration,” Stem Cells International,
vol. 2018, Article ID 7162084, 12 pages, 2018.
E. Masoudi, J. Ribas, G. Kaushik, J. Leijten, and

A. Khademhosseini, “Platelet-rich blood derivatives for stem
cell-based tissue engineering and regeneration,” Current Stem
Cell Reports, vol. 2, no. 1, pp. 33-42, 2016.

M. Angelone, V. Conti, C. Biacca et al., “The contribution of
adipose tissue-derived mesenchymal stem cells and platelet-
rich plasma to the treatment of chronic equine laminitis: a
proof of concept,” International Journal of Molecular Sciences,
vol. 18, no. 10, 2017.

H. J. Kim, J. S. Yeom, Y. G. Koh et al., “Anti-inflammatory
effect of platelet-rich plasma on nucleus pulposus cells with
response of TNF-a and IL-1,” Journal of Orthopaedic Research



10

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

: Official Publication of the Orthopaedic Research Society,
vol. 32, no. 4, pp. 551-556, 2014.

M. C. Liu, W. H. Chen, L. C. Wu et al., “Establishment of a
promising human nucleus pulposus cell line for intervertebral
disc tissue engineering,” Tissue engineering. Part C: Methods,
vol. 20, no. 1, pp. 1-10, 2014.

H. Cho, D. C. Holt, R. Smith, S. J. Kim, R. J. Gardocki, and
K. A. Hasty, “The effects of platelet-rich plasma on halting
the progression in porcine intervertebral disc degeneration,”
Artificial Organs, vol. 40, no. 2, pp. 190-195, 2016.

W. Yin, X. Qi, Y. Zhang et al., “Advantages of pure platelet-
rich plasma compared with leukocyte- and platelet-rich
plasma in promoting repair of bone defects,” Journal of Trans-
lational Medicine, vol. 14, no. 1, 2016.

A. Mietsch, C. Neidlinger-Wilke, H. Schrezenmeier et al.,
“Evaluation of platelet-rich plasma and hydrostatic pressure
regarding cell differentiation in nucleus pulposus tissue engi-
neering,” Journal of Tissue Engineering and Regenerative Med-
icine, vol. 7, no. 3, pp. 244-252, 2013.

S. Hondke, M. Cabraja, J. P. Kriiger et al, “Proliferation,
migration, and ECM formation potential of human annulus
fibrosus cells is independent of degeneration status,” Cartilage,
vol. 11, no. 2, pp. 192-202, 2018.

K. Sawamura, T. Ikeda, M. Nagae et al., “Characterization of
in vivo effects of platelet-rich plasma and biodegradable gela-
tin hydrogel microspheres on degenerated intervertebral
discs,” Tissue Engineering Part A, vol. 15, no. 12, pp. 3719-
3727, 2009.

M. Nagae, T. Tkeda, Y. Mikami et al., “Intervertebral disc
regeneration using platelet-rich plasma and biodegradable gel-
atin hydrogel microspheres,” Tissue Engineering Part, vol. 13,
no. 1, pp. 147-158, 2007.

G. Gullung, W. Woodall, M. Tucci, J. James, D. Black, and
R. McGuire, “Platelet-rich plasma effects on degenerative disc
disease: analysis of histology and imaging in an animal model,”
Evidence-Based Spine-Care Journal, vol. 2, no. 4, pp. 13-18,
2011.

S. Obata, K. Akeda, T. Imanishi et al., “Effect of autologous
platelet-rich plasma-releasate on intervertebral disc degenera-
tion in the rabbit anular puncture model: a preclinical study,”
Arthritis Research & Therapy, vol. 14, no. 6, 2012.

K. Gui, W. Ren, Y. Yu, X. Li, J. Dong, and W. Yin, “Inhibitory
effects of platelet-rich plasma on intervertebral disc degenera-
tion: a preclinical study in a rabbit model,” Medical Science
Monitor, vol. 21, pp. 1368-1375, 2015.

S. Z. Wang, J. Y. Jin, Y. D. Guo et al.,, “Intervertebral disc
regeneration using platelet-rich plasma-containing bone
marrow-derived mesenchymal stem cells: a preliminary inves-
tigation,” Molecular Medicine Reports, vol. 13, no. 4, pp. 3475-
3481, 2016.

Y. Hou, G. Shi, J. Shi, G. Xu, Y. Guo, and P. Xu, “Study design:
in vitro and in vivo assessment of bone morphogenic protein 2
combined with platelet-rich plasma on treatment of disc
degeneration,” International Orthopaedics, vol. 40, no. 6,
pp. 1143-1155, 2016.

P. Li, R. Zhang, and Q. Zhou, “Efficacy of platelet-rich plasma
in retarding intervertebral disc degeneration: a meta-analysis
of animal studies,” BioMed Research International, vol. 2017,
Article ID 7919201, 10 pages, 2017.

K. Akeda, T. Imanishi, K. Ohishi et al., “Intradiscal injection of
autologous serum isolated from platelet-rich-plasma for the

(43]

[44]

(45]

(46]

(47]

(48]

(49]

Oxidative Medicine and Cellular Longevity

treatment of discogenic low back pain: preliminary prospective
clinical trial: GP141,” Asian Spine Journal, vol. 11, no. 3,
pp. 380-389, 2017.

K. Akeda, K. Ohishi, K. Masuda et al., “Intradiscal injection of
autologous platelet-rich plasma releasate to treat discogenic
low back pain: a preliminary clinical trial,” Asian Spine Jour-
nal, vol. 11, no. 3, pp. 380-389, 2017.

M. Bodor, A. Toy, and D. Aufiero, “Disc Regeneration with
Platelets and Growth Factors,” in Platelet-Rich Plasma,
pp. 265-279, Springer, 2014.

A. Navani and A. Hames, “Platelet-rich plasma injections for
lumbar discogenic pain: a preliminary assessment of structural
and functional changes,” Techniques in Regional Anesthesia
and Pain Management, vol. 19, no. 1-2, pp. 38-44, 2015.

D. Levi, S. Horn, S. Tyszko, J. Levin, C. Hecht-Leavitt, and
E. Walko, “Intradiscal platelet-rich plasma injection for
chronic discogenic low back pain: preliminary results from a
prospective trial,” Pain Medicine, vol. 17, no. 6, pp. 1010-
1022, 2015.

Y. A. Tuakli-Wosornu, A. Terry, K. Boachie-Adjei et al,
“Lumbar Intradiskal Platelet-Rich Plasma (PRP) Injections:
A Prospective, Double-Blind, Randomized Controlled Study,”
PM¢éR, vol. 8, no. 1, pp. 1-10, 2016.

G. E. Lutz, “Increased nuclear T2 signal intensity and
improved function and pain in a patient one year after an
intradiscal platelet-rich plasma injection,” Pain Medicine,
vol. 18, no. 6, pp. 1197-1199, 2017.

K. Comella, R. Silbert, and M. Parlo, “Effects of the intradiscal
implantation of stromal vascular fraction plus platelet rich
plasma in patients with degenerative disc disease,” Journal of
Translational Medicine, vol. 15, no. 1, 2017.



	Effect of Platelet-Rich Plasma on Intervertebral Disc Degeneration In Vivo and In Vitro: A Critical Review
	1. Introduction
	2. IVD and IDD
	3. PRP
	4. In Vitro Study of the PRP Repair Function
	5. In Vivo Study on Animal Models Treated with PRP
	6. Clinical Trials of PRP
	7. Conclusion
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

