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Abstract

Low back pain (LBP) is a common and important clinical problem. In addition to pain, patients are
also affected by personal, social, and economic burdens. Intervertebral disc (IVD) degeneration is
a common cause of LBP, further increasing the patient’s morbidity and medical costs. The
limitations of current treatment strategies for long-term pain relief mean that increasing attention
has been paid to regenerative medicine. We carried out a narrative review to explore the roles of
four types of regenerative medicine for treating LBP: marrow-derived stem cells, growth factors,
platelet-rich plasma, and prolotherapy. Marrow-derived stem cells are regarded as an ideal cell
source for IVD regeneration. Growth factors may stimulate the synthesis of extracellular matrix
and attenuate or reverse the degenerative process in IVD, while platelet-rich plasma, which
contains multiple growth factors, is thought to be a promising alternative therapy for IVD degen-
eration. Prolotherapy can initiate the body’s inflammatory healing response to repair injured
joints and connective tissues. This review summarizes the mechanisms, in vitro and in vivo studies,
and clinical applications of these four types of regenerative medicine in patients with LBP.
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50 years of age, with an annual incidence of
15% and a prevalence rate of nearly
30%.%* Women have higher prevalence of
LBP compared with men,' and it is especial-
ly prevalent during adolescence, with 37.0%
of individuals reporting LBP at least month-
ly.* Discogenic pain arising from interverte-
bral disc (IVD) degeneration accounts for
around 42% of all cases of non-specific
LBP,>® and younger patients are relatively
more likely to have discogenic LBP.”!!
Neurotrophic factors participate in the path-
ogenesis of discogenic LBP, contributing to
the transmission of physiological and path-
ological pain.'>!?

Steroid injections into the epidural space
have been used to treat LBP since the early
1950s."* Transforaminal epidural steroids
have demonstrated a modest analgesic
effect for up to 3 months in patients with
lumbosacral radicular pain from herniated
IVDs.'> Compared with a placebo, epidural
prolotherapy was shown to reduce pain for
up to 48 hours, but not for 2 weeks, in
patients with chronic LBP.'® However,
lumbar epidural steroid injections can
result in transient complications due to var-
ious side effects, including insomnia,
impaired glucose control, and hyperten-
sion.!” As a result, the benefit of epidural
steroid injections remains controversial, and
they are also limited by a short duration of
analgesia.'®!” The first-line pharmacological
treatments for LBP are non-steroidal anti-
inflammatory drugs (NSAIDS) and acet-
aminophen.”® Although NSAIDs are more
effective than acetaminophen, they are asso-
ciated with more side effects such as gastric
ulceration, cardiovascular events, and renal
impairment.*%*!

There has been a growing interest in the
use of regenerative medicine for treating
chronic pain. Unlike steroids, which sup-
press inflammation, the rationale for regen-
erative medicine is to stimulate the repair of
damaged structures.*” Various regenerative
medicine strategies have been studied,

including tissue engineering, cell therapy,
gene therapy, and growth factors.>® Given
that IVD degeneration is a major cause of
LBP, this review aims to summarize four
current common regenerative therapies for
LBP, especially in relation to IVD degener-
ation: marrow-derived stem cells (MSCs),
growth factors, platelet-rich plasma (PRP),
and prolotherapy.

Article search methodology

We searched PubMed, Google Scholar, and
ClinicalTrials.gov for original papers pub-
lished from the start of the respective data-
bases until June 2022, including any one of
the following keywords in the title or
abstract: “regenerative medicine” and either
“pain” or “low back pain” or “intervertebral
disc” or “IVD”. MSC studies must contain
the words “marrow-derived stem cell”,
“marrow derived stem cells”, “mesenchymal
stem cell”, “MSC”, or “stem cell”’; growth
factor studies must contain the words “growth
factor”; PRP studies must contain the words
“platelet rich plasma”, “platelet-rich plasma”,
or “PRP”; and prolotherapy studies must con-
tain the words “prolotherapy”, “sclerosant
therapy”, or “sclerotherapy”. Moreover, we
also assessed the reference lists of the screened
articles and previously published reviews and
meta-analyses in the related subject areas to
identify any relevant information.

Intervertebral disc degeneration

The causes of chronic LBP involve the discs
in about 42% of cases, the sacro-iliac joint
in 31%, and the zygapophyseal joint in
18%.°> IVD degeneration is one of the
major causes of LBP. IVDs comprise three
key components that work together: the
inner nucleus pulposus (NP), the outer
annulus fibrosus (AF) supporting the NP,
and the adjacent vertebral end plates
(Figure 1).>?* The NP is surrounded by
the AF circumferentially, and the vertebral
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Figure |. Structural overview of intervertebral disc (IVD). The IVD is composed of three key components:
the inner nucleus pulposus, the outer annulus fibrosus, and the adjacent vertebral end plates.

end plates bound the IVD superiorly and
inferiorly.>* This interconnected unit of tis-
sues contains different ratios of proteogly-
cans, collagen, and water. The NP acts like
a cushion because of its dramatic water
content, while the AF and vertebral end
plates join together to decrease the com-
pression forces and protect the vertebral
bodies from bony compromise.”* All three
parts can be potentially targeted by regen-
erative medicine.?

IVD degeneration is a cell-mediated process
responding to the functional and structural
failure of the disc.”> IVD degeneration has var-
ious causes, including nutritional, genetic, and
mechanical influences, and is characterized
by a progressive decline in NP hydration as
the result of a decrease in extracellular
matrix (ECM) molecules, e.g. collagen and
aggrecan.”®?® A high ECM content is main-
tained within IVD cells, and the disc matrix
has an elaborate structure to attract and
hold water.” The integrity of the IVD par-
tially depends on the balance between matrix
synthesis and degradation, and failure of this
balance may lead to disc degeneration.*®

Dysregulated disc hydration could affect
the mechanical tension in the collagen fibers
of the AF, leading to abnormal axial spinal

loading forces and segmental instability.?!
Finally, other pathologies can develop as
a result of IVD, including IVD herniation,
spinal canal stenosis, spondylolisthesis, and
facet joint pain.*** Various regenerative
medicine therapies are available depending
on the degree of IVD degeneration. Early-
stage degeneration is usually treated by
biomolecular therapies, such as PRP, pro-
lotherapy, and hyaluronic acid.** Cell-
based therapies such as stem cells may be
more useful for intermediate degenera-
tion,?* while tissue engineering may be con-
sidered for advanced disc degeneration
involving severe structural damage, when
few viable cells are available.”* Extensive
research has been carried out to explore the
use of biological therapies and regenerative
approaches for IVD degeneration by inhibit-
ing abnormal cytokine production and stim-
ulating matrix anabolism.**

Marrow-derived stem cells

Stem cell-based strategies, consisting of
tissue-engineering and biomaterials science,
are the basic science behind regenerative
medicine.* Adult stem cells, including
hematopoietic and mesenchymal stem
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cells, can be found in most tissues in the
body and are responsible for tissue mainte-
nance and response to injury.>> MSCs are
emerging as a frontier in the areas of regen-
erative medicine and musculoskeletal disor-
ders.* MSCs are  undifferentiated
multipotent stem cells derived from adult
bone marrow, which can differentiate into
various cell types, including bone, tendon,
adipose, cartilage, and muscle cells.*’
MSCs also have anti-inflammatory and
immunosuppressive properties and can be
injected or surgically implanted into the
target tissues.’®

The degeneration of ECM components
can lead to apoptosis of NP cells. The pro-
teoglycan content is reduced in IVD degen-
eration, partially due to apoptosis or
necrosis of NP cells,*>* but MSCs can
replenish these NP cells and core ECM to
regenerate the IVD. More specifically,
MSCs can differentiate into NP-like cells
to secrete ECM components, leading to
the supplementation of NP cells and stimu-
lation of NP reconstruction.”” MSCs have
three kinds of regenerative properties: i) dif-
ferentiation into target cell types; ii) activa-
tion of proliferation of resident cells; and
iii) improving nutrient supply by paracrine
effects.”’

Disc degeneration may be caused by
increased cell senescence and dysregulated
cellular activities. Their limited nutrient
and oxygen supplies, as well as constant
high mechanical stress, mean that IVDs
may find it difficult to regenerate them-
selves following degeneration and injury.”
It has been proposed that MSCs may be
used to treat disecased or injured musculo-
skeletal tissue by seclecting stem cells that
are characteristically similar to the differen-
tiated target tissue.*! MSCs play a vital role
in IVD regeneration, due to their immuno-
modulatory functions and capacity to dif-
ferentiate into chondrocytes in suitable
microenvironments, and have thus been

regarded as an ideal cell source for IVD
regeneration.’

The main procedures of IVD tissue engi-
neering are summarized in Figure 2.%
MSCs are generally collected from the
bone marrow and then amplified in vitro.
The cells are further cultured under various
conditions, including growth factors and
culture in hypoxic conditions or in a
three-dimensional environment, to produce
the NP cell phenotype. The differentiated
cells are then seeded on a biomaterial or
scaffold and the substitute is injected into
the damaged IVD.

Researchers have focused on differenti-
ating MSCs into an NP cell-like phenotype.
MSCs cultured with growth/differentiation
factor 5 in a hypoxic environment were
shown to upregulate ECM-related genes in
the IVD and NP markers.*> The resulting
MSCs acquired an NP cell-like phenotype
and may be used for IVD regenerative ther-
apy. Other growth factors, including trans-
forming growth factor-f3 and growth/
differentiation factor 6, significantly increased
the expression of NP marker genes and
the production of glycosaminoglycans in
MSCs.** MSCs seeded in scaffolds have
been regarded as a popular option for tissue
engineering. Scaffolds can mimic the tissue
and provide structural supports for cell
attachment, proliferation, and ECM accumu-
lation.*> MSCs were shown to differentiate
into an NP-like phenotype when seeded in
genetically engineered silk fleeces with
growth factors.*®

Cell culture and animal model studies
have demonstrated the potential applica-
tion of MSC implantation to regenerate
the IVD. Both in vitro and in vivo studies
have been performed to explore the feasibil-
ity of stem cell therapy for IVD degenera-
tion.*” Co-culture of adult human NP cells
and MSCs in vitro resulted in increased
ECM production.*’ In an in vivo study,
allogenic adult rabbit MSCs were injected
into healthy adult rabbit discs to investigate
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Figure 2. Graphical representation of marrow-derived stem cell (MSC) therapy for intervertebral disc
(IVD) degeneration. MSCs are collected from bone marrow, amplified in vitro, and then cultured under
various conditions to differentiate into nucleus pulposus (NP) cells. The differentiated cells are then seeded
on a biomaterial or scaffold and the substitute is injected into the target IVD.

the survival and engraftment of MSCs in
living disc tissue. MSCs were identified in
histological sections of the discs, indicating
that the stem cells had the potential for
migration and engraftment into the inner
AF layer of the IVD.*” These results pro-
vide useful information supporting the ther-
apeutic effects of stem cell therapy in IVD
degeneration.

MSC injection is a potentially attractive
treatment option in clinical practice, due to
the safe isolation of MSCs from patient
tissues and negligible immunogenicity.*®
A prospective controlled trial to evaluate
the effectiveness of autologous MSCs in
patients with chronic LBP with severe
lumbar spinal degeneration compared the
effects of a one-time bone marrow concen-
trate injection into the spine with conven-
tional treatment with NSAIDs at 1, 3, 6,
and 12 months after treatment.*’ The
results demonstrated significant improve-
ments in pain relief and function in patients

who received the bone marrow concentrate
injection compared with the control
group.* MSC implantation in IVDs has
been reported to lead to osteophyte forma-
tion by cell leakage,”® and the combined
injection of MSCs and hyaluronic acid
(HA) has been proposed to reduce the risk
of osteophyte formation.”®>' In a clinical
phase I study, patients with chronic disco-
genic LBP who received a single intradiscal
injection of combined HA derivative and
adipose tissue-derived MSCs were compared
with patients who received conventional
treatments, with a 12-month follow-up.*®
The results demonstrated good safety and
tolerability of the combination of MSCs
and HA derivative, as well as significant
improvements in pain scores compared
with conventional treatments.*®

Growth factors

Growth factors are polypeptides originally
discovered in body fluids and tissue
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extracts, which can modulate cell growth
and differentiation.’* Growth factors acti-
vate intercellular signaling cascades by
binding to cell membranes via specific
transmembrane receptors, leading to the
stimulation of cell differentiation, prolifer-
ation, migration, and apoptosis.”® Growth
factors can perform biological functions via
endocrine, paracrine, and autocrine mecha-
nisms.” In the IVD, growth factors are
delivered by tissue fluids through endocrine
mechanisms, while the autocrine and para-
crine systems are regarded as the major reg-
ulatory mechanisms in IVD tissues.”* The
use of growth factors as a potential thera-
peutic method for the regeneration of IVD
tissues is currently under investigation.
Various growth factors have demonstrat-
ed the potential to modulate anabolic and
anti-catabolic effects in IVD tissue engi-
neering both in vitro and in animal stud-
ies.>* Increasing attention has been paid to
investigating the molecular degeneration
process and to identifying factors that
could stop or reverse the degenerative pro-
cess. Growth factors administered into the
IVD can stimulate the synthesis of ECM,
reduce inflammation, and slow down the
degenerative process.”> Growth differentia-
tion factor family members have reportedly
shown the potential for disc regeneration in
IVD degeneration models both in vitro and
in vivo, to be vital for IVD homeostatic pro-
cesses, and to upregulate marker genes of
healthy NP cells in degenerative cells.>
The safety and efficacy of growth factor
bone morphogenetic proteins (BMPs) for
the regeneration of mildly degenerated IVD
have been explored by conjugating BMPs to
a fibrin/HA hydrogel in an animal model.”’
The results demonstrated that BMPs could
increase the expression and synthesis of
ECM in human IVD cells, and thus have
regenerative potential in IVD applications.
Injection of a single growth factor may
have limited use because of its short half-life
and instability, meaning that it is insufficient

to reverse the degenerative process.”” As a
result, combined treatment with multiple
growth factors may be encouraged to
enhance the gradual release at target sites
to optimize the therapeutic effects for
IVD degeneration.”® PRP includes multiple
growth factors, and much attention has thus
been paid to its use as a promising therapeu-
tic alternative for IVD regeneration.>

Platelet-rich plasma

PRP therapy is based on the theory that
platelets and plasma in the blood can heal
and repair injured tissues.®® PRP was devel-
oped in the 1970s.°! PRP is generated by
centrifugation of whole blood to increase
the platelet concentration by three- to
five-fold compared with the physiological
baseline, and is widely applied for tissue
regeneration and repair."**%  Activated
PRP is composed of activated platelets and
high levels of growth factors that are respon-
sible for tissue healing and regeneration.>
Platelets can regulate hemostasis via the
processes of adhesion, activation, and aggre-
gation.! Growth factor release modulates
inflammation and enhances revasculariza-
tion, which accelerates epithelial regenera-
tion in the wound-healing process.®” The
growth factors present in PRP include trans-
forming growth factor-f, basic fibroblast
growth factor, and epidermal growth factor,
which can promote cell proliferation, migra-
tion, differentiation, and angiogenesis.*>%*6>

The process of PRP therapy is shown in
Figure 3.°° Blood is first drawn from the
patient and centrifuged to concentrate the
platelets by removing most of the plasma
and red blood cells. The platelets are then
activated to release growth factors and the
activated PRP is then reintroduced into the
target site.

PRP can be injected epidurally or intra-
discally for the management of LBP from
IVD pathology.®” The safety and efficacy of
intradiscal injection of PRP for IVD
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Figure 3. Platelet-rich plasma (PRP) preparation and injection into the intervertebral disc (IVD). A small
blood sample is harvested from the patient and then centrifuged. The platelets in PRP are activated to
release growth factors and the activated plasma is then reintroduced into the IVD via injection.

degeneration have been studied in a clinical
trial.®® In this study, PRP was injected into
the center of the NP in patients with chronic
LBP, and pain scores were significantly
decreased after 10 months of follow-up com-
pared with pre-treatment, with no adverse
effects.®® In a case report, a 42-year-old
male patient with IVD degeneration
showed considerable improvements in pain
and range of motion 6 weeks after a single
intradiscal PRP injection, and improvement
in LBP after 1 year.®” In a prospective ran-
domized controlled study, patients with
chronic nonspecific LBP were treated with
PRP injection or control lidocaine injection
at the lumbopelvic ligaments for more than
3 years.”® The results showed decreased pain
intensity in the PRP group compared with
the lidocaine group at 6 months after the
intervention, and disability indices were
decreased in the PRP group at both 3 and
6 months after treatment.” In a prospective
randomized, open, blinded, endpoint study,
patients with chronic LBP were injected with
PRP or saline control for 3 months, and the
pain score was significantly decreased in the
PRP group compared with the saline group
at 6 weeks and 3 months.”" In another pro-
spective trial, patients with discogenic LBP
received a single intradiscal injection of
PRP,”?> and 47% of patients had at least

a 50% pain improvement and a 30%
improvement in the Oswestry Disability
Index score at 6 months of follow-up.”
A randomized controlled trial compared
lumbar facet steroid injection versus PRP”
and showed that although both treatments
reduced pain, PRP provided a longer dura-
tion of analgesic efficacy.” In a case series,
PRP was injected into the facet joints in two
patients with worsening chronic LBP.”* One
patient had at least a 30% improvement in
pain after the 1st injection, 60% after the 2nd
injection, and a numerical rating scale pain
score of 1/10 at 9 months of follow-up, while
another patient showed a 70% improvement
in symptoms and increased functional status
after the 3rd injection.”* In a prospective
clinical evaluation, intra-articular injections
of autologous PRP into the lumbar facet
joints was reported to be effective and safe
in patients with axial LBP.”

Prolotherapy

Prolotherapy, also known as sclerotherapy,
involves the injection of biological substan-
ces (e.g. saline and dextrose) that trigger the
body’s inflammatory healing response and
thereby help to repair the injured tissues.
Prolotherapy has been applied to treat
chronic LBP for more than 50 years.”®
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The injection of prolotherapy agents into
ligamentous tissue is believed to trigger a
series of activities, from the influx of gran-
ulocytes, macrophages, and fibroblasts to
the release of growth factors, finally leading
to collagen deposition. The consequences of
these activities include the strengthening of
ligaments and reduced pain and disability.”®

Some clinical trials found that prolother-
apy injection was no more effective than the
control treatment for chronic LBP (Table 1).
A randomized, double-blind, placebo-
controlled trial of prolotherapy for facet
joint-mediated pain found no significant
difference in pain scores at 6 months between
the prolotherapy and control (saline)
groups in patients with chronic LBP.”’

Table 1. Clinical studies of prolotherapy.

Another randomized double-blind trial
examined the efficacy of dextrose—glycerine—
phenol injections into the posterior ligaments,
fascia, and joint capsules for treating chronic
LBP, compared with saline control.”®
Patients received six injections of either pro-
liferant or saline into the posterior sacroiliac
and interspinous ligaments, fascia, and joint
capsules of the low back from L4 to the
sacrum. Pain and disability scores were
significantly decreased in both groups at
6 months after injection, with no significant
difference between the two groups.” In a
randomized trial, patients with nonspecific
LBP were injected with 20% glucose/0.2%
lignocaine or normal saline into tender
lumbo-pelvic ligaments, followed by either

Author (year) Study details

Results

Dechow et al.

Design: randomized, double-blind,

Treatment of facet joint-mediated pain
using prolotherapy demonstrated no
significant difference in pain scores
compared with normal saline with
1% lignocaine (control group)

No significant difference in pain and
disability scores between the two
groups

(1999)”7 placebo-controlled trial
Intervention: prolotherapy vs saline
injections into the facet joints
Follow-up: 6 months
Klein et al. Design: randomized double-blind trial
(1993)78 Intervention: prolotherapy vs saline
injection into the posterior ligaments,
fascia, and joint capsules
Follow-up: 6 months
Yelland et al. Design: randomized controlled trial
(2004)7° Intervention: prolotherapy vs saline injec-
tion into tender lumbo-pelvic ligaments
Follow-up: 6 months
Ongley et al. Design: randomized clinical trial
(1987)%° Intervention: prolotherapy vs saline
injection into soft-tissue structures
Follow-up: 6 months
Tolbert et al. Design: case report
(2013)8! Intervention: prolotherapy and PRP

injection into sacroiliac ligaments, facet
joint capsule and epidural space
Follow-up: 1-I1 months

No significant difference between
treatment and control groups

Significantly greater reduction in mean
VAS pain score in treatment com-
pared with control group. Treatment
group had >50% improvement in
disability score from baseline to
6 months, compared with control
group

Decreased pain level, reduced or
eliminated oral analgesic use, and
improved function

VAS, visual analogue scale.
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flexion/extension exercises or normal activity
for more than 6 months,”” with no signifi-
cant difference between the treatment and
control groups.”” In contrast, other clinical
trials found that prolotherapy injections
were more effective than control treatments
for patients with LBP (Table 1). In a ran-
domized clinical trial, patients with chronic
LBP were treated with an empirically
devised regimen of forceful spinal manipula-
tion combined with injections of a dextrose—
glycerine—phenol solution into soft-tissue
structures, compared with the same treat-
ment and saline injection in the control
group.®® There was a significantly greater
reduction in mean visual analogue scale
pain scores at 6 months and a >50%
improvement in disability scores from base-
line to 6 months in the treatment group
compared with the control group.!” In a
three-patient case report, ultrasound-guided
combined prolotherapy and PRP injection to
the sacroiliac ligaments, facet joint capsule,
and epidural space was performed success-
fully and safely in patients with chronic
LBP.*' resulting in decreased pain level,
reduced or eliminated oral analgesic use,
and improved function at 1-year follow-up.®!

Discussion

Chronic LBP is responsible for an enor-
mous burden on both the affected individ-
uals and wider society. IVD degeneration is
an important cause of chronic LBP. In this
review, we described the mechanisms,
in vitro and in vivo studies, and clinical evi-
dence regarding four major regenerative
medicine treatment modalities for manag-
ing chronic LBP, especially in relation to
IVD degeneration. MSCs can replenish
NP cells and the core ECM to regenerate
IVDs, and have been regarded as an ideal
cell source for IVD regeneration due
to their immunomodulatory functions
and capacity to differentiate into chondro-
cytes under suitable microenvironments.

Growth factors could stimulate the synthe-
sis of ECM, relieve inflammation, and
attenuate or reverse the degenerative pro-
cess in IVD. Injection of a single growth
factor may have limited use due to its short
half-life and unstable status; however, much
attention has been paid to PRP, which
includes multiple growth factors, as a prom-
ising alternative therapeutic method for IVD
regeneration. Prolotherapy could initiate an
inflammatory healing cascade by mimicking
the body’s own response to treat LBP.

Although these different regenerative
medicine approaches seem to provide a
promising future for the treatment of
LBP, some issues remain. Although some
clinical studies have demonstrated the
effects of these treatments for reducing
chronic LBP and disability scores, clinical
evidence is still limited. More randomized
controlled trials comparing the various
regenerative treatment modalities with stan-
dard treatments for LBP are therefore
needed to determine their efficacy and side
effect profiles.

MSC treatment has some potential prob-
lems. Most studies have used exogenous
stem cells, but these may be limited by
their potential immunogenicity. In addi-
tion, some studies used animal models and
the results may therefore not be applicable
to humans. Although MSCs have been
shown to arrest the degenerative processes,
they can only partially regenerate the
degenerative disc, given that the degenera-
tion process often continues after a certain
period of time.® Moreover, needle injection
into the disc or epidural space may result in
complications, including infection and dis-
citis.?’ Furthermore, the short monitoring
times of the experiments may be not suffi-
cient to generate conclusions about treat-
ment efficacy, and further studies are
needed to demonstrate the safety of MSC
treatment in human patients. MSC infusion
may also have tumorigenic effects, given
that MSCs can transform into malignant
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cells or promote tumor formation.®® In
addition, MSCs can enhance tumor
growth and metastasis by inhibiting the
immune system and promoting the forma-
tion of new blood vessels, and because
MSCs can differentiate into fibroblasts,
fibrotic reactions may also occur during
the repair process.** Given the limited
availability of stem cells derived from the
bone marrow, bone dust has emerged as a
potential alternative option. Bone dust is
usually regarded as surgical waste from
transforaminal lumbar interbody fusion
procedures, but has been shown to produce
cells with the characteristics of MSCs
in vitro.®®> The harvested cells were positive
for MSC markers and differentiated into
osteogenic and adipogenic cells, which grew
robustly and proliferated well in cell culture.
Bone dust is thus a potential source of
MSCs, as an alternative to bone marrow.®
However, further clinical studies are needed
to evaluate the application of MSCs from
bone dust in the treatment of LBP.

Some clinical studies support the use of
PRP for chronic LBP. However, its dura-
tion of effect may be limited due to the
short half-life of growth factors from
PRP.%® The functional role of PRP depends
on the amount of residual viable cells,
which may not be sufficient in patients
with advanced IVD degeneration. PRP
may thus be less effective in patients with
severe disease, which could be an important
limitation. In addition, the optimal amount,
best timing of administration, and potential
adverse effects of PRP injections all require
further investigation.®’

Researchers found that prolotherapy
injections alone were no more effective
than control treatments in patients with
chronic LBP, but may be more effective
when combined with spinal manipulation,
exercise, or other therapies.”® The main
side effects of prolotherapy are pain and
mild bleeding from needle trauma.
Although prolotherapy injections carried

out by an experienced person should be
safe, the injection of irritant solutions into
ligaments, tendons and joints is theoretically
associated with safety concerns, including
light-headedness, allergic reaction, infection,
and nerve damage. Prolotherapy agents
should thus be injected with caution, with
the patient in a prone position.*®

In conclusion, we have reviewed the roles
and applications of MSCs, growth factors,
PRP, and prolotherapy in patients with
LBP. These treatments can regenerate the
IVD by stimulating the synthesis of ECM
and replenishing NP cells, or by initiating
an inflammatory healing cascade to treat
LBP. However, despite their promising
therapeutic applications, clinical evidence
in this area is still limited, and further clin-
ical trials are required to evaluate the effi-
cacy and safety of these methods compared
with current standard treatments.
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