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Abstract

Purpose of Review Persistent spinal pain syndromes are pervasive and lead to functional impairment, increased healthcare
utilization, potential disability, and high societal costs. Spinal (cervical, thoracic, lumbar, and sacroiliac joint) pain includes
mechanical, degenerative, inflammatory, oncologic, and infectious etiologies. Regenerative medicine is a novel biotechnology
targeting mechanical, degenerative, and inflammatory conditions believed to cause pain. Preparations including platelet-rich
plasma, mesenchymal stem cells (adipose tissue and bone marrow aspirate concentrates), and growth factors are derived
from an autologous donor. The goal of intervention through guided injection of the regenerative media is to reduce inflam-
mation and reverse the degenerative cascade in hopes of restoring normal cellular composition (physiologic homeostasis)
and anatomical function to improve pain and function. The authors review limited research supporting the use of platelet-rich
plasma injections for facet joint arthropathy and sacroiliac joint pain compared to traditional steroid treatments, as well as
the use of platelet rich plasma or mesenchymal stem cells for lumbar discogenic and radicular pain.

Recent Findings Current evidence to support regenerative medicine for spine-related pain is limited. Although several
studies demonstrated a reduction in pain, many of these studies had a small number of participants and were case series or
prospective trials.

Summary Regenerative medicine treatments lack evidence for the treatment of spine-related pain. Large randomized con-
trolled trials are needed with consistent study protocols to make further recommendations.

Keywords Regenerative medicine - Platelet-rich plasma - Mesenchymal stem cells - Spine-related pain

Introduction

Regenerative medicine (RM) is an interdisciplinary specialty
that aims at restoring diseased and/or damaged tissue by
activating the body’s natural growth and repair processes.
RM has shown clinical success at treating varying maladies,
including, but not limited to, dermal injuries, cardiovascular
disease, and even certain types of cancer [1-4]. A newly
emerging application of RM is for the treatment of chronic
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spine pain, specifically, addressing cervical and lumbar pain.
Back pain, specifically low back pain, is a leading cause of
pain and disability around the world, and it is estimated
that by 2050, nearly 850 million individuals globally will
suffer from chronic low back pain [5]. The application of
RM shows promise at addressing the common etiologies
of back pain by slowing or halting tissue and mechanical
degeneration, downregulating inflammation, and restoring
tissue integrity through the growth of healthy new tissue. RM
utilizes numerous therapeutic strategies to achieve desirable
clinical outcomes, such as growth factors, stem cells, platelet-
rich plasma, and prolotherapy [6]. Compared with more
traditional therapies, such as steroids, which only suppress
inflammation, RM promises a more comprehensive solution.
However, with any emergent therapy, it is imperative to appro-
priately quantify, and qualify, outcomes to properly set patient
expectations. The aim of this review is to highlight the multitude
of regenerative therapies for the spine and help establish clinic
outcomes based on current research and data available.
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Platelet-Rich Plasma

Platelet-rich plasma (PRP) is an autologous blood fraction
composed of plasma with platelet concentrations five times
higher than normal values [7, 8]. For more than 40 years,
PRP therapies have been employed in several medical set-
tings including orthopedics, interventional pain, dermatol-
ogy, hematology, oral and maxillofacial surgery, and RM.
The use of PRP has shown promising results, given the
regenerative properties of its biologically active cellular
components. These developments have offered new pos-
sibilities for treating and managing musculoskeletal and
chronic degenerative pain conditions. While platelets are
a relatively small component of blood, they are rich in
growth factors. They play a critical role in forming blood
clots during injuries and are crucial for the healing pro-
cess of damaged tissues. An increased platelet count at the
injury site (acute or chronic) leads to elevated secretion of
growth factors and facilitating and accelerating the heal-
ing process [8]. PRP therapy functions by nurturing cells
that facilitate self-healing or aid in the healing process of
injured tissues [9].

Platelet involvement is crucial in the healing process
of injured tissues. Platelets serve as reservoirs for protein-
signaling molecules. Once these molecules are secreted
at the site of tissue injury, they exert their effects on stem
cells, fibroblasts, osteoblasts, endothelial cells, and epi-
thelial cells. The seven known growth factors in PRP are
platelet-derived growth factor aa (PDGFaa), PDGFbb,
PDGFab, transforming growth factor beta-1 (TGF-bl),
TGF-b2, vascular endothelial growth factor (VEGF), and
epithelial growth factor (EGF). The high concentration of
platelets contained in PRP delivers an increased number
of growth factors and signaling molecules to the treatment
target, promoting cell proliferation of healing-capable cells
and angiogenesis within the tissues [10, 11]. These growth
factors play a central role in revascularizing damaged tis-
sues by promoting cell migration, proliferation, differentia-
tion, and stabilization of endothelial cells in newly formed
blood vessels.

Furthermore, PRP contributes restoring damaged con-
nective tissue through the migration, proliferation, and acti-
vation of fibroblasts [8, 12]. In addition to growth factors,
chemokines and cytokines activate downstream cellular
signaling pathways, leading to the synthesis of proteins nec-
essary for collagen, osteoid, and extracellular matrix forma-
tion [13]. Additionally, PRP contains several cell adhesion
molecules, including fibrin, fibronectin, vitronectin, and
thrombospondin, facilitating the integration of osteoblasts,
fibroblasts, and epithelial cells [8].
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Mesenchymal Stem Cells (MSC)
Adipose-Derived Stem Cells

Adipose-derived stem cells (ADSCs) are a type of mesen-
chymal stem cell (MSC) with unique characteristics that
make them a viable tool in RM. They possess the abil-
ity for self-renewal and can differentiate into various cell
lineages, including adipocytes, chondrocytes, myocytes,
osteoblasts, and neurocytes [14]. When introduced into
injured areas, these cells can engage with and adapt to
their environment, forming progenitor cells. Furthermore,
they release growth factors, cytokines, chemokines, and
micro-RNA, crucially implicated in the rejuvenation of
tissue defects and normal biological function [15-18].
ADSC:s are recognized as potent mediators of tissue regen-
eration due to their ability to secrete specific soluble fac-
tors. These ADSCs are responsible for secreting multiple
growth factors, including basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VEGF), insu-
lin-like growth factor 1, hepatocyte growth factors (HGF),
and transforming growth factor (TGF)-B1 [19, 20]. Fur-
ther, ADSCs can differentiate into various lineages under
specific culturing conditions, providing significant poten-
tial for diverse clinical applications [20].

Bone Marrow Aspirate Concentrate

Bone Marrow Aspirate Concentrate (BMAC) is a treat-
ment that involves drawing autologous bone marrow and
subjecting it to centrifugation to produce an injectate
with concentrated amounts of mesenchymal stem cells
(MSCs), hematopoietic stem cells (HSCs), growth fac-
tors, white blood cells, and platelets. BMAC has arisen
as a potential therapeutic medicine, and research dem-
onstrates promising results and outcomes in treating
chronic, degenerative musculoskeletal disease [21, 22].
It has garnered significant attention as a promising bio-
logic tool due to its supply of pluripotent mesenchymal
stem cells (MSCs) and growth factors [23, 24]. Though
the mechanism of action of BMAC is not clearly under-
stood, it offers multiple potential mechanisms by which it
may offer benefits. Like adipose-derived stem cells, bone
marrow—derived stem cells can differentiate into various
cell types, including osteoblasts, adipocytes, chondro-
blasts, and neurogenic cells [24]. In cartilage regenera-
tion, a target of RM in spine disease, bone marrow has
been recognized as a source of inducible chondrogenic
differentiation [25].
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Growth Factors

Growth factors (GFs) are a large class of diverse molecules
that can trigger and enhance a wide range of essential cel-
lular processes, including cell differentiation, growth, prolif-
eration, and migration [26]. Growth factors are components
of the regenerative process in nearly every tissue and organ
and play a crucial role in cell-to-cell communication [27].
GFs play pivotal roles during development and tissue heal-
ing, making them potentially powerful tools in RM applica-
tions. Although individual growth factors have demonstrated
efficacy in some clinical settings, their use as therapeutic
agents has often been restricted due to inherent limitations
associated with their protein structures. They are susceptible
to the local tissue environment. Specifically, growth factors
possess characteristics of limited protein stability, a short
half-life in circulation, rapid cell uptake, and localized tis-
sue enzymatic inactivation. While these characteristics have
evolved to ensure local tissue effect, they make the efficacy
of exogenous administration difficult [27, 28].

Current Evidence for Regenerative Medicine
in the Spine

Regenerative Therapies for Facet Arthropathy

Facet arthropathy is a common cause of low back pain
secondary to degenerative changes. Standard practices for
intervention have included facet joint injections with ster-
oids and local anesthetic, as well as medial branch thermo-
coagulation or radiofrequency ablation. Multiple studies
have reported positive outcomes with injecting PRP into
the facet joint for pain relief and improved function in the
last decade. An early case series of five patients in 2015,
three of which received lumbar facet joint injections rang-
ing from the T10-11 facet joint to the L5-S1 facet joint
[29]. Two patients received facet PRP injections into the
cervical facet joints. Those who underwent lumbar facet
PRP treatment reported improvements in pain on a visual
analogue scale (VAS) with an average follow-up time of
6—12 months. Wu et al. published two prospective trials in
2016 and 2017 [30, 31]. PRP was injected into 19 patients
and 46 patients, respectively. Outcome measures included
pain and function, including VAS, Oswestry disability
index (ODI), and Roland Morris Disability Questionnaire
(RMDQ). In the 2016 Wu et al. study, 79% of patients
reported improvement in symptoms with “good” or “excel-
lent” [30]. The 2017 study compared intra-articular PRP
with intra-articular betamethasone. PRP and local anes-
thetic/steroids showed similar results in the short term (1
month) in terms of pain relief and function. At the 6-month

follow-up, PRP showed sustained improvements in VAS,
RMQ, and ODI, whereas steroids showed a return of pre-
vious levels of dysfunction and pain [31]. Additionally, a
recent study in 2022 compared facet injections of PRP vs.
betamethasone in 30 patients [32]. Outcomes included low
back pain VAS, functional disability scores, and facet joint
synovitis detected on MRI post-procedure as graded by
Czervionke [33]. Both steroids and PRP improved meas-
ured clinical parameters, and MRI detected facet joint
synovitis. PRP showed a greater degree of improvement
in the resolution of synovitis, which may suggest a longer
duration of efficacy [32]. Unfortunately, there is limited
evidence for regenerative therapies for facet arthropathy.

Regenerative Therapies for Sacroiliac Joint Pain

Sacroiliac joint pain is a common cause of low back and
buttock pain. Traumatic events such as falls are everyday
inciting events, though spondyloarthropathies and osteo-
arthritis are common nontraumatic causes [34]. Patients
typically can have pain with prolonged sitting, standing, or
lying on the affected side. Many treatments exist, includ-
ing bracing, physical therapy, medications, and procedural
options. A few studies have explored the efficacy of PRP
injections into the sacroiliac joint compared to steroids.
Navani et al. [35] provided one of the first case series
regarding long-term follow-up of patients receiving one
single injection of PRP into the sacroiliac joint after fail-
ing conservative therapy. Outcomes measured include
VAS and Short Form Survey (SF-36) at 1-, 3-, 6- and
12-month intervals. All patients showed 50% or greater
reduction in the VAS scale and general improvement in
functional scores [35]. This study led to more extensive,
randomized, controlled studies. Another study in 2017
compared 60 mg of methylprednisolone vs. PRP injec-
tions into the SI joint in 40 patients [36]. Both groups had
a decrease in VAS > 50%; in the steroid group, this was
not sustained at 12 weeks compared to the PRP group. The
same was true for quality of life and disability scores [36].
Three recent studies used ultrasound-guided tech-
niques to evaluate the efficacy of intra-articular SI joint
PRP [37-39]. Wallace et al. [37] followed 50 patients with
SI joint pain after SI joint PRP injections. Improvements
in the numeric pain rating scale (NRS) were observed
starting at 4 weeks and sustained at 6 months. Smaller
case series of ten and four patients also showed general
improvement in pain scores and disability in SI joint PRP
injections performed under ultrasound guidance [38, 39].
Overall, these studies have a small number of participants,
thus limiting the ability to make significant conclusions
regarding the efficacy of PRP for sacroiliac joint pain.
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Regenerative Therapies for Lumbar Radiculopathy

Lumbar radiculopathy occurs when a nerve root becomes
compressed or irritated. Compression can be caused by a
herniated disc, encroachment from adjacent facet arthropa-
thy or spinal canal stenosis. When conservative treatment
such as physical therapy and medication management fails,
epidural steroid injections provided a source of pain relief
for many patients. With the advent of regenerative therapies
for musculoskeletal and neuropathic pain, many have pro-
posed that epidural injections of regenerative products (PRP,
BMAC) could be beneficial in reducing pain and improving
function. Few studies have incorporated this practice, though
initial results are promising.

Becker et al. (2007) performed epidural injections with
autologous conditioned serum (ACS; Orthokine) to treat
lumbar radiculopathy and compared this to two different
concentrations of triamcinolone [40]. A series of 3 injec-
tions were performed in each group. All groups showed
clinically significant improvement at 12 weeks in VAS and
ODI, with ACS showing superiority in improvement of VAS
from weeks 12 to 22 at the end of the study [40]. Similarly,
another study used ACS epidural injections to treat lumbar
radiculopathy and found efficacy in pain relief and improved
disability scores [41]. A study of 10 patients with interlami-
nar epidural PRP injections showed improvements in VAS,
straight leg raise test (SLRT), and Modified Oswestry Low
Back Pain Disability Questionnaire (MODQ) in all patients
[42]. A large trial of 470 patients utilized platelet lysate
(PL) injections into the epidural space to treat radiculopa-
thy in 470 patients [43]. Patients were followed for up to
24 months, showing improvements in NRS initially after 1
month and functional improvements up to 24 months after
injections were performed [43]. They reported a complica-
tion rate of 6.3%, including post-procedural pain, skin reac-
tions, and three patients with symptoms consistent with post-
dural puncture headache. All adverse events were reported
to be self-limiting.

Regenerative Therapies for Discogenic Pain

Pain of discogenic origin presents as lumbar discomfort
without concurrent radicular symptoms. Symptoms can be
present at rest and with activity. While many clinical fac-
tors are considered while diagnosing discogenic pain, MRI
assessment reveals Type I Modic changes, annular tears, disc
desiccation, and many other findings that help pinpoint ana-
tomic targets for intervention [44]. Provocative discography
can also be considered a diagnostic tool. Given the anti-
inflammatory properties of PRP and BMAC, these therapies
have also been utilized to improve pain and function.

Many studies included patients who have failed conserva-
tive therapy with > 6 months of low back pain and concordant
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pain on discography. A study of 47 patients (29 treatment, 18
control group) evaluated the efficacy of lumbar intradiscal PRP
[45]. The PRP group had improvements in functional scores,
NRS, and satisfaction scores over the first 8 weeks. Functional
score improvements continued through the 12-month survey
[45]. Levi et al. [46] collected data on 22 patients by injecting
PRP at primarily 1-2 disc levels in the lumbar spine and fol-
lowed up patients over 6 months. Primary endpoints included
categorical success defined as > 50% VAS improvement and
> 30% ODI improvement. A total of 47% of patients met cat-
egorical success defined by the authors at the 6-month follow-
up [46]. Akeda et al. (2017) evaluated intradiscal PRP in the
lumbar spine, which showed a decreased mean VAS score on
average 4.0 points on a 10-point scale at 48 weeks of follow-up
[47]. Navani et al. (2018) studied PRP and BMAC in patients
with chronic discogenic pain [48]. PRP was used for mildly
degenerated discs (Pfirman index 1-2), while BMAC was used
for more severely degenerated discs (Pfirman index 3—4). At
18 months, 93% (14/15) of patients reported greater than 50%
relief and increased function. Medication use also decreased
in 80% of patients at 18 months [48]. Conversely, a recent
RCT in 2022 with 26 patients (8 saline and 18 intradiscal PRP)
found no clinically significant pain relief, defined as a 30%
reduction in NPRS and ODI, in patients in either the PRP or
saline group [49e]. Additionally, a comparative evaluation of
intradiscal radiofrequency ablation and PRP for discogenic low
back pain with 24 patients in each group found no statistically
significant difference in NRS and ODI between the groups
at 6 months. However, within each group, the NRS and ODI
decreased significantly at 6 months [50].

Other smaller studies have investigated intradiscal BMAC
to improve pain and function. Sample sizes ranged from 10
to 26 patients, only one study was controlled, and measure-
ments included pain scores, functional scores, and quality-
of-life surveys. The average follow-up was 12 months. Most
studies showed improvement in pain and function up to 12
months of varying degrees, though more extensive rand-
omized controlled studies are required to make further con-
clusions [51-57].

Discussion

Each RM therapeutic approach discussed in this review
reveals a multifaceted mechanism of action not observed in
more traditional therapies. Each application shows a more
complete healing profile by affecting numerous growth fac-
tors involved in key biochemical pathways associated with
angiogenesis, tissue growth, and inflammation. This would,
preliminary at least, position RM as a meaningful next step
in managing spine-related pain after conservative therapy has
failed. Early results show some promise with minimal risk of
adverse event. A 2022 systematic review including 12 studies
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and 1092 patients who received epidural injections with PRP
showed a low incidence of common adverse effects, includ-
ing post-procedural inflammation, soreness, muscle tighten-
ing, stiffness, numbness, and post-dural puncture headaches
[58¢]. Among the pooled patients, the incidence rate was
similar to that of previously reported epidural steroid injec-
tions, including no reported severe complications particular
to epidural injections, such as arachnoiditis, neuraxial hema-
toma, infection, nerve injury, or spinal cord infarct. While no
events occurred in this pooled population, the sample size
remains too small for meaningful conclusions.

As it stands, evidence supporting the use of RM remains
weak. In 2019, a meta-analysis showed marginal effective-
ness of PRP in orthopedic procedures for the following
disorders: plantar fasciitis, Achilles tendinopathy, patellar
tendinopathy, rotator cuff tendinopathy, and lateral epicon-
dylitis [59]. The authors evaluated 36 randomized controlled
trials across 2073 patients. The studies evaluated in this
review evaluated small patient populations with a limited
long-term follow-up. Studies also lack consistency regarding
inclusion and exclusion criteria, method of preparation, and
proceduralist technique [60, 61]. Furthermore, study designs
and measured outcomes varied; only some studies had fol-
low-up visits beyond 12 months. Additionally, there are the
economic constraints associated with RM. PRP and BMAC
injections have a substantial upfront cost to the patient, and
therefore, long-term outcomes are required to determine
the cost-to-benefit ratio. Given the variability of published
studies, it is difficult to make conclusions regarding the effi-
cacy of PRP, MSCs, ADSCs, BMAC, and growth factors
for spine-related pathologies. Further randomized controlled
trials with standardized protocols and long-term outcomes
are necessary. There must also be consensus concerning the
method of preparation and treatment protocol. Finally, while
the literature surrounding RM therapies is growing, contin-
ued research on effectiveness at varied injection sites such
as epidural, facet joint, sacroiliac, and intradiscal is needed.

Conclusion

In conclusion, RM therapies, including PRP, MSCs, ADSCs,
BMAC, and growth factors, lack the evidence required to
make recommendations for the treatment of chronic spinal
conditions. Although several studies demonstrate a com-
prehensive mechanism of action and decrease in patient
pain, there is not enough evidence to justify RM’s transi-
tion from bench to bedside, currently. The promise of RM
as a safe and effective therapeutic approach remains real and
remains encouraged about RM’s progress and confident it
will become a viable therapy in the future.
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