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Low back pain with resultant loss of function, decreased productivity, and high economic costs is burdensome for both the
individual and the society. Evidence suggests that intervertebral disc pathology is a major contributor to spine-related pain and
degeneration. When commonly used conservative therapies fail, traditional percutaneous or surgical options may be beneficial
for pain relief but are suboptimal because of their inability to alter disc microenvironment catabolism, restore disc tissue, and/or
preserve native spine biomechanics. Percutaneously injected Multipotent Mesenchymal Stem Cell (MSC) therapy has recently
gained clinical interest for its potential to revolutionarily treat disc-generated (discogenic) pain and associated disc degeneration.
Unlike previous therapies to date, MSCs may uniquely offer the ability to improve discogenic pain and provide more sustained
improvement by reducing disc microenvironment catabolism and regenerating disc tissue. Consistent treatment success has the
potential to create a paradigm shift with regards to the treatment of discogenic pain and disc degeneration.

1. Introduction

It is well documented that low back pain is a common and
debilitating condition. Costs related to its medical expenses
and lost wages exceed $100–200 billion annually in theUnited
States alone. The intervertebral disc has been identified as
the single most common pain generator for low back pain
[1–3]. There is considerable interest in emerging bioregen-
erative therapies (specifically Mesenchymal Stem Cells) to
treat painful pathologic discs as current interventional and
surgical options appear to provide inconsistent pain relief and
offer no restorative potential.

2. Intervertebral Disc Anatomy and
Pathophysiology

When defining intervertebral disc (IVD) pathology, it is
prudent to first briefly review normal disc anatomy and
physiology. In simple terms, a disc is composed of the nucleus
pulposus (NP), annulus fibrosis (AF), and the vertebral
endplate. A remnant of the notochord, the NP contains
randomly organized collagen and elastin fibers embedded in

a highly hydrated gel-like matrix rich in proteoglycan (PG),
which is synthesized by chondrocyte-like intervertebral disc
(IVD) cells.The nuclearmatrix is about 70–90%water, which
is contained within the domains of proteoglycan. The NP
plays an important role in spine flexibility and axial load
distribution. The surrounding annulus (AF) is composed
of parallel collagen fibers arranged in concentric lamellae
(10–20 sheets). The cells of the AF are morphologically and
phenotypically similar to fibroblasts. The annulus provides
tensile strength and works in conjunction with the nucleus to
absorb shock. The third component, the cartilaginous verte-
bral endplate, is composed of both hyaline and fibrocartilage
and is intimately involved in connecting and anchoring the
disc to the vertebral body [1, 4–6]. Innervation to the IVD
is confined to the outer third of the annulus and endplate
and is composed of microscopic nerve plexuses; the grey
rami communicates anteriorly and the sinuvertebral nerves
posteriorly [1, 4–6].

The IVD is a dynamic structure. The disc microenvi-
ronment appears to rely on a harmonious balance between
anabolic and catabolic factors important for normal disc
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Table 1: Intervertebral disc pathology.

Internal disc
disruption (IDD)

(i) Defined by the development of focal fissures extending outward from the nucleus into the annulus (radial
fissure) or along annular lamellae (circumferential fissure) [1, 7].
(ii) Annular fissures provide a conduit for inflammatory chemical mediators to trigger nociceptive nerve
endings in the outer AF [1, 7]. Additionally, “nerve ingrowth” along fissure sites can increase exposure to
nociceptive and mechanical stimuli [1, 7]
(iii) Discogenic pain may develop when annular pain fibers are directly stimulated by inflammatory
mediators or are indirectly stimulated secondary to increased mechanical loading pressures [1, 4, 6].
(iv) Though nuclear degeneration is minimal in early stages of IDD, it is believed to trigger a catabolic
cascade within the microenvironment of the disc, which serves as a precursor to overt disc herniation and
DDD at later stages [1, 7].
(v) IDD is considered to be the most common detectable cause of LBP (estimated prevalence of 39%) [1, 8].

Degenerative disc
disease (DDD)

(i) Defined as a diffuse, progressive, and age-related phenomenon defined by nuclear dehydration and
fibrosis and resultant disc space narrowing (3-4% loss per year) [1, 4, 9, 10].
(ii) Mechanical, biochemical, nutritional, and genetic factors contribute to a shift towards catabolic
metabolism within the disc microenvironment. Hallmarks include increased metalloproteinase (MMP)
activation, decreased IVD cell viability, and decreased proteoglycan (PG) production [4, 9, 11, 12].
(iii) Resultant increased disc space narrowing can cause a redistribution of axial mechanical forces on nearby
structures (e.g., vertebral body endplates, facet joints) causing tissue irritation and degeneration (i.e.
osteophytes, buckling) [1, 13].
(iv) DDD may or may not result in discogenic LBP but almost universally compromises disc integrity,
predisposing the disc to further injury [4, 12, 13].

Disc herniation

(i) Defined by a displacement of nuclear disc material beyond the normal contours of the outer nucleus [1, 5].
(ii) Stages include bulge, protrusion, extrusion, and sequestration
(iii) It is the most common etiology of radicular leg pain, via chemical radiculitis or mechanical compression
of nerve roots [1].
(iv) May contribute to focal LBP as a result of inflamed dura of a surrounding nerve root sleeve (somatic
referred pain) or from activation of outer annular pain fibers within the injured disc [1].
(v) Data suggests an alteration of the annulus may contribute to decreased disc integrity and accelerated
DDD [13–17].

cell turnover. Growth factors including TGF-b, BMP, GDF-
5, and IL-GF are examples of important anabolic factors.
Conversely, catabolic metabolism is achieved via catabolic
enzymes, inflammatory cytokines, proteinases, and aggre-
canases. Examples include IL-1, TNF-alpha, ADAMTS, and
MMPs.The disc is relatively avascular, consequently creating
a harsh microenvironment (acidic pH, low oxygen tension,
and paucity of nutrients) for IVD cells. Similar to most
cartilaginous structures, this limited vascular support is
a significant contributor to the poor natural regenerative
capacity of the IVDwhenmetabolic homeostasis is disrupted
[1, 4, 6].

Clinical history and physical exam can be suggestive, but
not diagnostic, of intervertebral disc pathology. Advanced
imaging and diagnostics are needed formore accurate confir-
mation [1, 18]. MRI is the best noninvasive imaging modality
that can be used initially to better define disc pathology
[18, 19]. MRI can also be utilized to grade the severity
of disc degeneration, detect vertebral endplate/subchondral
bone pathology, and identify the presence of disc hernia-
tion [18, 20, 21]. In many instances, the presence of high
intensity zones (HIZs) on MRI can be used to identify
an annular disc tear [19]; however, MRI often lacks the
ability to detect more centrally located fissures. Though
controversial, provocation discography (without or without

an analgesic component) may be employed as a means
of both visualizing intradiscal pathology (via CT discog-
raphy) and determining dynamically if the disc itself is
the pain generator of interest (disc stimulation) [7, 22–
24]. Using these imaging and diagnostic modalities, three
related, but unique pathologic disc states can be described
(Table 1).

Literature review reveals that these three pathologic disc
states found in Table 1 are not consistently well understood
and are often lumped together when describing discogenic
pain [25]. It is of important to note that disc pathology often
represents a continuum of disease where one form of disc
pathology predisposes to another and where some degree of
each may be found along with the primary pathology. Each
pathologic state has unique characteristics and varies in its
correlation with true discogenic pain, radicular pain, and
predisposition to adjacent tissue irritation and degeneration
[1]. To summarize, the primary pathology in IDD centers
around painful fissuring of the annulus, though some nuclear
degeneration also occurs. In DDD, nuclear degeneration
predominates, compromising mechanical disc integrity and
serving as a precursor to additional disc injury. Furthermore,
a change in disc morphology leads to altered spine biome-
chanics may lead to irritation and degeneration of nearby
tissues [1]. It is important to clarify that discogenic LBP may
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Figure 1: Goals of interventional treatment (pain relief, improved disc microenvironment, and tissue regeneration).

or may not be present in cases of DDD [1, 26, 27]. In disc
herniation, acute radicular pain is most common, though
axial LBPmay occur if annular or somatic fibers are activated.
Disc herniation may also alter disc integrity and predispose
the disc to additional pathology over time [17].

3. Percutaneous and Surgical Interventions for
Discogenic Low Back Pain

Along with a proper understanding of disc anatomy and
pathophysiology, knowledge of currently available treatment
modalities for discogenic LBP is important for enhancing
patient outcomes and mitigating risks. If conservative treat-
mentmodalities fail, trained clinicians have traditionally used
interventional techniques to aid in providing pain relief.
However, we propose that interventional therapies should
optimally strive to fulfill the following trio of treatment objec-
tives: decline and/or resolution of primary nociceptive disc
pain (with functional improvement), slowing and/or reversal
of the catabolic metabolism (and associated degradation)
within the disc microenvironment, and partial or complete
restoration of disc tissue (Figure 1) [12, 28–30]. Readers are
encouraged to evaluate available interventional treatment
options to better understand their proposed mechanism of
action, reported efficacy, and perceived disadvantages. One
must also consider whether each modality possesses the
ability to accomplish any, some, or all of the three stated
objectives for the treatment of axial low back pain secondary
to DDD, IDD, or disc herniation (Table 2).

Many of these therapies have shown some benefit
(namely, in reducing pain); however, with the exception
of a few listed emerging therapies, each are considered
suboptimal in the treatment of discogenic pain because

they fail to accomplish the entirety of the three previ-
ously stated objectives for disc pathology treatment. Most
demonstrate evidence of short-term pain improvements,
but many lack evidence of sustained benefit and/or com-
plete relief. Though difficult to study, nearly all (with the
exception of biologics) lack cellular support and conse-
quently evidence demonstrating an ability to slow or reverse
microenvironment catabolism, regenerate disc tissue, or
restore native spine biomechanics. To achieve disc access,
many of these interventions may promote a predisposition
to further disc pathology with no ability to reverse this
negative cascade [14, 31]. Furthermore, surgical modalities
are considered a last resort for neurological compromise,
instability, or intractable pain as they serve, namely, to reduce
pain and improve stability via an essentially destructive
process (tissue elimination or tissue fixation). This process
alters native spine biomechanics and offers no restorative
potential.

4. Multipotent Mesenchymal Stem Cell
(MSC) Treatment

Traditional conservative, interventional, and surgical treat-
ment modalities used in isolation or in combination have
reported successes but are insufficient to accomplish the
entirety of the three objectives outlined for the treatment of
disc pathology. Percutaneously delivered Multipotent Mes-
enchymal Stem Cell (MSC) treatment has recently gained
attention for its potential to revolutionize the treatment
of discogenic LBP and associated disc degeneration. Con-
trary to traditional interventions, MSC therapy provides
the necessary cellular support for regeneration and current
research suggests that these treatments may have the ability
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to uniquely accomplish the three stated objectives for treating
disc pathology (Figure 1).

It is important to first highlight key fundamental con-
cepts of MSCs prior to discussing their clinical applica-
bility in MSC-based intradiscal treatments. According to
the International Society of Cellular Therapy, MSCs are
defined by their ability to adhere to plastic under standard
tissue culture conditions, express certain cell surface markers
and lack expression of other markers, and differentiate into
osteoblasts, adipocytes, and chondroblasts under in vitro
conditions [74]. Inquiry has revealed that MSCs can act
locally to accomplish many functions. In addition to dis-
playing multipotency, MSCs are known for their self-renewal
capacity as well as their chemotactic facilitation of nearby
cellular activity. They are also able to modulate immunologic
activities as well as exhibit trophic and anti-inflammatory
effects on damaged tissues [75–78].

5. Mesenchymal Stem Cell Sourcing and
Available Treatment Models

Currently, tissue engineers and clinicians appear most inter-
ested in the application of MSCs derived from bone mar-
row, adipose, and umbilical cord tissue. Synovium, skeletal
muscle, and periosteum have also been rarely sourced [4].
Interestingly, no tissue source has shown clear superiority
to date, with each displaying advantages and disadvantages.
The most studied, MSCs derived from the bone marrow
(BM-MSCs) appear well suited to both stimulate native disc
cells and differentiate into IVD-NP cells. To obtain these
cells, bone-marrow aspirate (BMA) can be collected (most
commonly from the posterior iliac crest). BMA can then
be centrifuged after harvest to obtain a nucleated cell con-
centrate referred to as Bone-Marrow Aspirate Concentrate
(BMAc). If concentrated appropriately, a nucleated cell-rich
concentrate including BM-MSCs along with other growth
factors, mononucleated cells, and growth factor rich platelets
can be generated. BM-MSCs have consistently shown ability
to produce nuclear matrix componentry when cultured in
a laboratory [4]. More importantly, BM-MSCs have been
injected intradiscally in both animal (rat, porcine, canine,
and sheep) and human models with promising results [79–
86]. Disadvantages include a more cumbersome harvesting
process and a decreased MSC density within the BM aspirate
(compared to cells derived from adipose) [4, 82]. Adipose-
derived MSCs (ADSCs) can be more easily collected from
fatty tissue. Gene profile analysis has more recently demon-
strated that ADSCs may be suited for easily acquiring a
phenotype similar to that of IVD cells found in the nuclear
matrix [27, 87]. Some consider adipose a superior source
because of the relatively higher concentrations of MSCs
within the tissue [26, 27, 78]. During the collection process,
harvested fatty tissue is centrifuged to collect a layer known as
lipoaspirate. Isolation of the Stromal Vascular Fraction (SVF)
requires either enzymatic matrix digestion with collagenase
or less desirable mechanical isolation [88, 89].

Human umbilical cord tissue-derivedMesenchymal Stem
Cells (HUC-MSCs) may be easily collected from cord tissue
and have potential allogeneic application. Perhaps the best

source of cells for expansion, HUC-MSCs, could be well
suited for allogeneic use because they appear to demonstrate
low-immunogenicity [90]. There is data to support that
HUC-MSCs can be beneficial for localized immunosuppres-
sion [91].

Researchers have identified other cell types worth men-
tioning that may work in concert with MSCs. There has
been some interest in a niche of cells located within the
disc referred to informally as mesenchymal progenitor cells.
Recognition of these cells may be prove beneficial if they
can be stimulated by exogenously administered MSCs or
other biologics to aid in the regenerative process [27, 92–94].
However, they do appear to be suboptimal sources for cell
harvest because they may be equally susceptible to degener-
ation, are markedly reduced with age, and require additional
disc puncture to be extracted [27, 92, 93]. Lastly, some have
explored using cells found at differing stages along the cell
lineage such as juvenile or adult chondrocytes [95, 96]. Coric
et al. demonstrated that injection of juvenile chondrocytes
could improve pain, function, and disc morphology [95].
These more differentiated cells may lack key highlighted
functions of MSCS but perhaps could be combined with
MSCs for disc treatment and repair [27].

Once harvested and isolated via centrifugation, MSCs
(e.g., BM-MSCs, ADSCs) follow one of a few basic treatment
modes/models prior to percutaneous cell implant (Figure 2).
Cells can be directly reimplanted into the target tissue of the
donor at the time (point-of-care) of extraction (autologous,
in vivo model) or cultured outside the body and reimplanted
into the donor at a later date (autologous, in vitromodel) after
purification and amplification [26, 27]. It is worthmentioning
that cultured MSCs may additionally be combined with host
tissue, a process termed ex vivo culturing [26, 27]. Significant
advantages/disadvantages may exist with each of these mod-
els [4]. From a research standpoint, in vitro models (using
animal or human cells) have been helpful in studying effects
of varying cell (BM-MSC/ADSC) concentrations as well as
how MSCs respond to progrowth stimulants. Using an in
vitro model, MSC response (i.e., cell viability, differentiation)
tomanipulation of key factors (oxygen tension, nutrients, pH,
osmolarity, cytokine levels, and exerted mechanical forces)
can be assessed [4, 26, 27]. Clinically, in vitromodels allow for
cell expansion and differentiation prior to implant. Clinical
application within the USA has been slowed in part by an
FDA restriction against the use of culturedMSCs in humans.
The FDA notes that transplant of human MSCs cultured in
vitro constitutes more than “minimal manipulation” and falls
under the same regulatory category as mass-produced drugs
[88, 97].

In vivomodels on the other hand are helpful for the study
of safety, feasibility, and efficacy of MSC transfer. Several
studies using an animal in vivo model have yielded valuable
information about how injected cells perform within the
disc environment [4]. The phenomenon of disc degeneration
can be specifically studied in an animal in vivo model
(via enzymatic digestion of disc tissue); however, this acute
iatrogenic injury model is unable to precisely mimic DDD
and to an even lesser degree simulate IDD [4]. Additionally,
MSC effects using animal in vivo models are limited by
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Injection under fluoroscopy After cell transplant

Allogeneic

Autologous in vitro

Autologous in vivo

Models for cell transplant

Figure 2: Models for mesenchymal stem cell (MSC) concentration and/or isolation prior to fluoroscopically-guided intradiscal injection.

differences between humans and animals (i.e., tissue size,
cell populations, disc milieu, and spine biomechanics) [27].
Clinically, an in vivo model (“same-day” procedure) applied
to humans is allowed per FDA and provides a “real world”
scenario in which treatment effects such as pain and function
can be assessed along with safety and tolerability of cell
transfer. Additionally, quantification of tissue regeneration
can be measured with MRI [4, 27]. Clinically applicable and
less scrutinized, this model of MSC transplant is gaining
traction as the method of choice in treating discogenic pain
within the confines of the U.S.

A third basic cell transplant model exists in which cells
may be isolated from a donor and transplanted into a separate
recipient (allogeneic, in vitro model). Cells in this model
may undergo in vitro culturing and/or may be simply stored
without manipulation prior to future transplantation [94].
Unlike autologous cells, these cells may have an advantage
of being transplanted “off the shelf.” Concerns of immune-
reactivity (i.e., graft versus host) as well as questions about
perceived efficacy have been raised [26, 98] (Figure 2).

6. Evidence for Mesenchymal Stem
Cell Therapy in Discogenic LBP and
Disc Degeneration

Bench-work research has provided positive evidence for
the potential benefits of MSC transplant into pathologic
discs. Disc microenvironment is important for growth and
viability of native IVD cells as well as injected MSCs. In vitro
studies combining MSCs and IVD cells have demonstrated
bidirectional synergy promoting an anabolic environment.
An in vitro study of combined rat IVD-NP cells and human
synovial MSCs revealed suppression of genes related to
matrix degradative enzymes and inflammatory cytokines
[99]. Lui et al. showed evidence that BM-MSCs could secrete
anti-inflammatory TGF-b and IL-10 [98].The combination of
MSCs and IVD-NP cells has resulted in IVD-NP cell prolifer-
ation and disc tissue regeneration [100, 101]. Both Richardson
et al. and Strassburg et al. demonstrated the ability of human
BM-MSCs to take on an NP-like phenotype as well as

stimulating IVD-NP cells to produce new nuclear matrix
componentry (cocultured system) [27, 101, 102]. Similarly,
reciprocal effects were found when ADSCs were cocultured
with IVD-NP cells [27, 103]. Though evidence is limited,
notochordal (immature) IVD cells as well as IVD-AF cells
have also been cocultured with MSCs with promising results
[4, 104, 105]. Of interest, Gebraad et al. recently demonstrated
that human ADSCs took on an AF phenotype when cultured
in serum-free chondrogenic media [106]. Combination treat-
ments with additional biologics (e.g., growth factors) may
prove valuable for preconditioning, growth, differentiation,
and maintenance of MSCs but require further investigation
[4, 27, 107].

The application ofMSCs in various in vivo animalmodels
has demonstrated similar anticatabolic and disc-tissue regen-
erative effects. In postnucleotomy rabbit models, injection of
BM-MSCs has demonstrated suppression of nuclear collagen
type 1 formation (causing fibrosis) as well as restoration of
disc height values andMRI signal intensities approaching 81%
and 91%, as compared to sham-treated discs at 67% and 60%,
respectively [108, 109].

Using a canine in vivo model, Hiyama et al. similarly
demonstrated that an injection of BM-MSCs into the nucleus
of enzymatically degenerated (postnucleotomy) discs showed
increased proteoglycan (PG) content consistent with normal
nondegenerated discs at 12 weeks posttreatment; control
postnucleotomy discs showed marked decrease in PG [83,
109]. A more recent study was performed in sheep using
allogeneic Immunoselected-STRO-3+ Mesenchymal Precur-
sor Cells (MPCs) (antibody selected). Adjacent enzymati-
cally degenerated discs were injected with either low dose
MPC or high dose MPCs (within a hyaluronic acid (HA)
carrier). A third degenerated level was injected with HA-
alone (control). Combined histopathology scoring showed
statistically significant higher scores in low dose MPC (at 3
months) and high dose MPC (at 6 months) when compared
to internal and external controls. Although all three injected
discs showed some disc height recovery at 6 months, only
those injected with MPCs (low and high dose) showed
statistically equivalent MRI scores to that of nondegenerated
controls [79].
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Since there are clear mechanical differences on the IVD
with a quadrupedal animal, human in vivo studies are needed
to confirm reduction or elimination of discogenic pain. A
pilot investigation by Orozco et al. using in vitro expanded
autologous BM-MSCs has demonstrated early safety and
feasibility in a percutaneous approach. Ten patients with
persistent discogenic LBP, DDD (>50% disc height loss), and
an intact outer annulus (per discography) underwent a single
injection after failing 6 months of conservative treatment.
The authors reported statistically significant improvements in
both pain and disability after 3months, with results persisting
at one year. Although there was no recovery of disc height
on MRI, water content of the discs significantly improved at
one year [110]. In a recent pilot study by Pettine et al., twenty-
six patients with discogenic LBP (DDD-Pfirrmann grades
IV–VII) received percutaneously injected BMAC (same-day
procedure). In 8 patients, provocative discography was used
to confirm discogenic etiology. Authors found a reduction
in ODI and VAS scores from 56.5 and 79.3 at baseline to
22.8 and 29.2 at 3 months, which continued throughout
12 months. Additionally, eight of twenty patients improved
by one modified Pfirrmann grade (on MRI) at one year.
Interestingly, authors found that patients receiving greater
than 2,000CFU/mL of MSCs experienced significantly faster
and greater reductions in VAS and ODI scores [2], justifying
the need to concentrate BMA in a same-day procedure. The
authors of this review are currently enrolling 30 patients
for a prospective, blinded, RCT investigating safety and
preliminary efficacy following an injection of autologous
BMAc (same-day procedure). Additionally, a prospective,
multicenter, double-blinded RCT performed in humans is
currently being performed to evaluate safety and preliminary
efficacy of allogeneic MSCs combined with an HA carrier
in 100 patients with clinically determined single level disc
pain and degeneration (Pfirrmann III–VI). Patients were
randomized to receive a single injection of proprietary
allogeneic low or high-dose MSCs + HA, HA-alone, or saline
(control) and are followed for a 2-year period. After 1-year,
69% of the low-dose MSC and 62% of the high-dose MSC
groups have showed greater than 50% reduction in VAS
scores compared to 35% and 31% in HA-alone and saline
groups. A mean reduction in ODI of 43% (high-dose MPC),
35% (low-dose MPC), 30% (HA-only), and 28% (saline) has
been reported [111]. Results of data analysis at 24 months was
recently announced which demonstrates that 46% (after 12
months) and 48% (after 24 months) of the low-dose MPC
group achieved minimal or no residual pain (VAS < or = 20)
compared to 13% of saline-treated patients [3].

These cited studies have added to the growing body
of evidence suggesting that percutaneously injected MSCs
may uniquely provide clinical improvements in discogenic
pain, reduced microenvironment catabolism, and reduced
disc tissue loss. In vitro studies show evidence that MSCs
promote anti-inflammatory and anticatabolic effects within
the disc microenvironment. Furthermore, in vitro and in
vivo studies (mostly in animals) have demonstratedMSC and
IVD cell proliferation, nuclear matrix production, improved
annular integrity, and recovered disc height. In vitro culturing
of human MSCs has shown many of these same effects.

Though limited clinical studies have been conducted to date,
improvements in pain and function following intradiscal
MSC injection have been demonstrated. Evidence supporting
disc tissue regeneration exists and there is evidence now
demonstrating at least partial recovery of disc tissue in
both animals and humans, [2, 79, 110, 112]. Though limited
clinical studies have been performed to date, improvements
in pain and function following MSC injection have been
demonstrated in addition to safety and feasibility. Further
human studies are required to further support the initially
observed potential benefits.

7. Cell Scaffolds as an Adjunct to
Mesenchymal Stem Cell Therapies

The efficacy of intradiscally injected MSC based treatments
may be potentially enhanced by combination therapies. The
concept of an added cell matrix or scaffold has been intro-
duced and has been shown to aid in cell delivery, orientation,
differentiation, growth, replication, cellular metabolism, and
sustained viability. Naturally occurring biopolymers can be
used alone or in combination as hydrogel scaffolds for in
vitro and in vivo MSC preparation and treatment. Examples
include collagen-type I and solubilized atelocollagen, calcium
alginate, chitosan, KLD-12 peptide, carboxymethyl cellulose,
and collagen-type II. Hyaluronan-based hydrogels have been
frequently used as a scaffold for MSCs with noted success
in rat, sheep, and more recently human models [79, 86, 110,
111]. Another biopolymer, fibrin continues to show genuine
promise as a presealant or scaffold for MSC therapy because
of its sealant properties and anti-inflammatory and promatrix
effects [49, 113]. Each of these biopolymers conveys certain
advantages, but none has proven clearly superior to date.
Numerous synthetic polymers have also been created to
optimize the most desired scaffold characteristics [7, 13, 27].
Given the structural differences found within the nucleus
and annulus, different combinations of biopolymers and
synthetic polymers are currently being considered [13, 114].
These polymersmay be permanent; however, most polymeric
scaffolds of interest are either thermoreversible or susceptible
to enzymatic degradation. This may be ideal for allowing
needed space for regenerated tissue growth [7, 13, 27].

8. Safety Concerns with Mesenchymal Stem
Cell Therapies

The clinical application of intradiscally injected MSCs has
raised potential concerns. Chief among these is the potential
for MSC-promoted carcinogenesis. It is well documented
that embryonic stem cells (found earlier in cell lineage) can
promote tumor formation [115]. However, multipotent MSCs
are present at a more committed cell stage and have a more
limited differentiation potential than totipotent embryonic
stem cells. With regards to in vitro culturing, there is some
concern that increased cell passage of MSCs may increase
risk for spontaneous cell mutation. This concern should
not exist with autologous, same-day procedures in which
cells are not altered or cultured but exist as they were in
the body previously. To date, there has been no published
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evidence demonstrating carcinogenesis of multipotent MSCs
using in vivo or in vitro models [94, 115]. Concern for
abnormal tissue formation exists. A study by Vadalà et al.
demonstrated ectopic osteophyte tracts in a rabbit model
in which BM-MSCs were found extravasating beyond the
margins of the outer annulus [116]. It has been demonstrated
that added care must be taken when combinations are added
to augment MSC efficacy. Chen et al. demonstrated evidence
of intradiscal osteogenesis promotion with combined MSC
and PRP injection in an ex vivo porcine model; however, this
too has not been reported in humans [117]. Adding further
complexity, growth factor effects of certain biologics have
been shown to be pleiotropic (producing multiple effects)
at varied concentrations [118]. Though evidence is lacking,
there is potential that promotion of angiogenic factors may
enhance nerve and vessel ingrowth (from peripheral annulus
towards nucleus) [119–121]. Aside from safety concerns, some
question MSC sustainability given the harsh milieu of the
disc. Axial and torsional forces that are hard to mimic in
animal models may hamper MSC efficacy in human discs as
well [107, 122].

9. Conclusion

Percutaneous injection of MSCs into the intervertebral disc
may uniquely fulfill the objectives of treating disc pathology
with clinical improvements in pain and decreased microen-
vironment catabolism. Some evidence suggests that MSCs
may fulfill the final major objective of reversing disc tissue
loss. At this time, MSC-based therapies appear most suited
for the treatment of discogenic pain secondary to IDD and
DDD, serving as an obviation of more invasive surgical inter-
ventions. If successfully accomplished early in the disease
process, this proactive approach may aid in preserving native
spine biomechanics, ideally resulting in less degeneration
of the IVD and surrounding tissues structures and again
serving as an obviation to future surgical interventions. As
the therapy advances, there may be some role for these
therapies in improving the discmicroenvironment and struc-
tural integrity in cases of small disc herniations; some have
suggested a similar role in postsurgical discs (i.e., partial
discectomy) [4, 17, 96, 123]. Proper patient selection will be
important as MSC based therapies should not be thought
of as a “cure all” for spine pain. Realistically, patients with
non-IVD pain generators as well as those with advanced disc
degeneration or severe annular compromise may not be ideal
candidates for this therapy.

A continued collaboration between researchers and
physicians will be important in optimizing the therapeutic
potential of MSC-based therapies as well as the refinement
of optimal MSC cell type, concentration, and supportive
componentry. As the field advances, factors unique to both
autologous and allogeneic cell preparations should be fur-
ther studied and considered with each having advantages
and disadvantages. Ideally, in vitro cell culturing should
be compared to same-day therapies in terms of safety and
efficacy. Given the harsh environment of the disc (acidic pH,
low oxygen tension, and paucity of nutrients) development
of future therapies may include preconditioning cells prior

to transplant (e.g., genetic manipulation and cell culturing
in harsh conditions) to enhance survivability. Additionally,
studies are needed to determine an optimal time course
for applying MSC treatments. Traditionally, symptomatic
patients have been encouraged to pursue conservative ther-
apies, reserving interventional injections for nonresponders
and spine surgery for severe, refractory axial pain. This
dogma has existed in large part because previous interven-
tional and surgical options have inconsistently provided pain
relief and have not offered the same restorative potential that
may be present with MSC-based treatments. If demonstrated
consistently safe and effective, MSC-based treatment may
lead to a paradigm shift towardsmore aggressive, nonsurgical
care for patients with discogenic LBP (IDD/DDD) and other
forms of compromised disc integrity.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

Special thanks are due to Tony Amato for illustration design
and Brian Barnes for editorial contributions.

References

[1] N. Bogduk, Clinical and Radiological Anatomy of the Lumbar
Spine, Elsevier Churchill Livingstone, 5th edition, 2012.

[2] K. A. Pettine, M. B. Murphy, R. K. Suzuki, and T. T. Sand,
“Percutaneous lumbar intradiscal injection of autologous bone
marrow concentrated cells significantly reduces discogenic pain
through 12 months,” Stem Cells, vol. 33, no. 1, pp. 146–156, 2015.

[3] Mesoblast Reports Positive 24 Month Results in Phase 2 Trial
for Chronic Low Back Pain and Initiation of the Phase 3
Program at JP Morgan Healthcare Conference, January 2015,
http://www.mesoblast.com.

[4] G. Sibylle, M. Alini, and D. Eglin, Cells and Biomaterials for
Intervertebral Disc Regeneration, Morgan and Claypool, 2010.

[5] R. Braddom, R.M. Buschbaum, L. Chan et al.,PhysicalMedicine
and Rehabilitation, Elsevier Saunders, Philadelphia, Pa, USA,
2011.

[6] B. Peng, W. Wu, S. Hou, P. Li, C. Zhang, and Y. Yang, “The
pathogenesis of discogenic low back pain,”The Journal of Bone
& Joint Surgery—British Volume, vol. 87, no. 1, pp. 62–67, 2005.

[7] N. Bogduk, C. Aprill, and R. Derby, “Lumbar discogenic pain:
state-of-the-art review,” Pain Medicine, vol. 14, no. 6, pp. 813–
836, 2013.

[8] M. J. DePalma, J. M. Ketchum, and T. R. Saullo, “Etiology of
chronic low back pain in patients having undergone lumbar
fusion,” Pain Medicine, vol. 12, no. 5, pp. 732–739, 2011.

[9] B. Peng, J. Hao, S. Hou et al., “Possible pathogenesis of painful
intervertebral disc degeneration,” Spine, vol. 31, no. 5, pp. 560–
566, 2006.

[10] M. Stefanakis, J. Luo, P. Pollintine, P. Dolan, and M. A. Adams,
“ISSLS prize winner: mechanical influences in progressive
intervertebral disc degeneration,” Spine, vol. 39, no. 17, pp. 1365–
1372, 2014.



10 Stem Cells International

[11] B. I. Woods, N. Vo, G. Sowa, and J. D. Kang, “Gene therapy for
intervertebral disk degeneration,” Orthopedic Clinics of North
America, vol. 42, no. 4, pp. 563–574, 2011.

[12] M. Depalma, “Biologic treatments for discogenic low back
pain,” SpineLine, vol. 13, no. 2, pp. 19–23, 2012.

[13] J. C. Iatridis, S. B. Nicoll, A. J. Michalek, B. A. Walter, and
M. S. Gupta, “Role of biomechanics in intervertebral disc
degeneration and regenerative therapies: what needs repairing
in the disc and what are promising biomaterials for its repair?”
Spine Journal, vol. 13, no. 3, pp. 243–262, 2013.

[14] E. J. Carragee, A. S. Don, E. L. Hurwitz, J. M. Cuellar, J.
Carrino, and R. Herzog, “Does discography cause accelerated
progression of degeneration changes in the lumbar disc—a ten-
yearmatched cohort study,” Spine, vol. 34, no. 21, pp. 2338–2345,
2009.

[15] C. L. Korecki, J. J. Costi, and J. C. Iatridis, “Needle puncture
injury affects intervertebral disc mechanics and biology in an
organ culture model,” Spine, vol. 33, no. 3, pp. 235–241, 2008.

[16] V. G. Cuellar, J. M. Cuellar, A. R. Vaccaro, E. J. Carragee, and
G. J. Scuderi, “Accelerated degeneration after failed cervical and
lumbar nucleoplasty,” Journal of Spinal Disorders & Techniques,
vol. 23, no. 8, pp. 521–524, 2010.

[17] R. L. Lebow, O. Adogwa, S. L. Parker, A. Sharma, J. Cheng,
and M. J. McGirt, “Asymptomatic same-site recurrent disc
herniation after lumbar discectomy: results of a prospective
longitudinal studywith 2-year serial imaging,” Spine, vol. 36, no.
25, pp. 2147–2151, 2011.

[18] C. W. A. Pfirrmann, A. Metzdorf, M. Zanetti, J. Hodler,
and N. Boos, “Magnetic resonance classification of lumbar
intervertebral disc degeneration,” Spine, vol. 26, no. 17, pp. 1873–
1878, 2001.

[19] B. Peng, S. Hou,W.Wu, C. Zhang, and Y. Yang, “The pathogen-
esis and clinical significance of a high-intensity zone (HIZ) of
lumbar intervertebral disc on MR imaging in the patient with
discogenic low back pain,” European Spine Journal, vol. 15, no.
5, pp. 583–587, 2006.

[20] R. Rahme and R. Moussa, “The modic vertebral endplate
and marrow changes: pathologic significance and relation to
low back pain and segmental instability of the lumbar spine,”
American Journal of Neuroradiology, vol. 29, no. 5, pp. 838–842,
2008.

[21] M. T. Modic, P. M. Steinberg, J. S. Ross, T. J. Masaryk, and J.
R. Carter, “Degenerative disk disease: assessment of changes in
vertebral body marrow with MR imaging,” Radiology, vol. 166,
no. 1, pp. 193–199, 1988.

[22] R. Derby, C. N. Aprill, J.-E. Lee,M. J. Depalma, and R.M. Baker,
“Comparison of four different analgesic discogram protocols
comparing the incidence of reported pain relief following
local anesthetic injection into concordantly painful lumbar
intervertebral discs,”PainMedicine, vol. 13, no. 12, pp. 1547–1553,
2012.

[23] N. Bogduk, Practice Guidelines for Spinal Diagnostic and Treat-
ment Procedures, International Spine Intervention Society, San
Diego, Calif, USA, 2nd edition, 2013.

[24] T. P. Maus and C. N. Aprill, “Lumbar diskogenic pain, provoca-
tion diskography, and imaging correlates,” Radiologic Clinics of
North America, vol. 50, no. 4, pp. 681–704, 2012.

[25] K.M.Malik, S. P. Cohen,D. R.Walega, andH. T. Benzon, “Diag-
nostic criteria and treatment of discogenic pain: a systematic
review of recent clinical literature,” The Spine Journal, vol. 13,
no. 11, pp. 1675–1689, 2013.

[26] U. G. Longo, N. Papapietro, S. Petrillo, E. Franceschetti, N.
Maffulli, and V. Denaro, “Mesenchymal stem cell for prevention
and management of intervertebral disc degeneration,” Stem
Cells International, vol. 2012, Article ID 921053, 7 pages, 2012.

[27] H. T. J. Gilbert, J. A. Hoyland, and S. M. Richardson, “Stem cell
regeneration of degenerated intervertebral discs: current status
(Update),” Current Pain and Headache Reports, vol. 17, article
377, 2013.

[28] J. Petersohn, “Discogenic pain: intradiscal therapeutic injec-
tions and use of intradiscal biologic agents,” in Diagnosis, Man-
agement, and Treatment of Discogenic Pain, L. Kapulural and P.
Kim, Eds., vol. 3, pp. 75–79, Elsevier-Saunders, Philadelphia, Pa,
USA, 2012.

[29] E.Welch, “Lowback pain,” InnovAiT, vol. 5, no. 1, pp. 13–21, 2011.
[30] E. J. Carragee, “Persistent low back pain,” The New England

Journal of Medicine, vol. 352, no. 18, pp. 1891–1898, 2005.
[31] A. Nassr, J. Y. Lee, R. S. Bashir et al., “Does incorrect level needle

localization during anterior cervical discectomy and fusion lead
to accelerated disc degeneration?” Spine, vol. 34, no. 2, pp. 189–
192, 2009.

[32] L. Manchikanti, K. A. Cash, C. D. McManus, V. Pampati, and
R. M. Benyamin, “Preliminary results of a randomized, double-
blind, controlled trial of fluoroscopic lumbar interlaminar
epidural injections in managing chronic lumbar discogenic
pain without disc herniation or radiculitis,” Pain Physician, vol.
13, no. 4, pp. E279–E292, 2010.

[33] B.-G. Peng, “Pathophysiology, diagnosis, and treatment of
discogenic low back pain,” World Journal of Orthopaedics, vol.
4, no. 2, pp. 42–52, 2013.

[34] N. Hayashi, J. N. Weinstein, S. T. Meller, H.-M. Lee, K. F.
Spratt, and G. F. Gebhart, “The effect of epidural injection
of betamethasone or bupivacaine in a rat model of lumbar
radiculopathy,” Spine, vol. 23, no. 8, pp. 877–885, 1998.

[35] H.-M. Lee, J. N. Weinstein, S. T. Meller, N. Hayashi, K. F. Spratt,
and G. F. Gebhart, “The role of steroids and their effects on
phospholipase A2: an animal model of radiculopathy,” Spine,
vol. 23, no. 11, pp. 1191–1196, 1998.

[36] L. Manchikanti, K. A. Cash, C. D. McManus, and V. Pampati,
“Fluoroscopic caudal epidural injections in managing chronic
axial low back pain without disc herniation, radiculitis, or facet
joint pain,” Journal of Pain Research, vol. 5, pp. 381–390, 2012.

[37] L. Manchikanti, R. M. Buenaventura, K. N. Manchikanti et al.,
“Effectiveness of therapeutic lumbar transforaminal epidural
steroid injections in managing lumbar spinal pain,” Pain Physi-
cian, vol. 15, no. 3, pp. E199–E245, 2012.

[38] R. M. Benyamin, L. Manchikanti, A. T. Parr et al., “The effec-
tiveness of lumbar interlaminar epidural injections inmanaging
chronic low back and lower extremity pain,” Pain Physician, vol.
15, no. 4, pp. E363–E404, 2012.

[39] S. T. Roberts, S. E.Willick,M. E. Rho, and J. D. Rittenberg, “Effi-
cacy of lumbosacral transforaminal epidural steroid injections:
a systematic review,” PM&R, vol. 1, no. 7, pp. 657–668, 2009.

[40] K. D. Candido, M. S. Raghavendra, M. Chinthagada, S. Badiee,
and D. W. Trepashko, “A prospective evaluation of iodinated
contrast flow patterns with fluoroscopically guided lumbar
epidural steroid injections: the lateral parasagittal interlam-
inar epidural approach versus the transforaminal epidural
approach,” Anesthesia and Analgesia, vol. 106, no. 2, pp. 638–
644, 2008.

[41] H. Benzon, S. N. Raja, S. Fishman, S. Liu, and S. P. Cohen,
Selective Nerve Root Blocks and Transforaminal Epidural Steroid



Stem Cells International 11

Injections. Essentials of Pain Medicine, Elsevier Health Sciences,
2011.

[42] A. Khot, M. Bowditch, J. Powell, and D. Sharp, “The use of
intradiscal steroid therapy for lumbar spinal discogenic pain: a
randomized controlled trial,” Spine, vol. 29, no. 8, pp. 833–837,
2004.

[43] H. J. Braun, N. Wilcox-Fogel, H. J. Kim, M. A. Pouliot, A. H.
S. Harris, and J. L. Dragoo, “The effect of local anesthetic and
corticosteroid combinations on chondrocyte viability,” Knee
Surgery, Sports Traumatology, Arthroscopy, vol. 20, no. 9, pp.
1689–1695, 2012.

[44] J. L. Dragoo, C. M. Danial, H. J. Braun, M. A. Pouliot, and H. J.
Kim, “The chondrotoxicity of single-dose corticosteroids,”Knee
Surgery, Sports Traumatology, Arthroscopy, vol. 20, no. 9, pp.
1809–1814, 2012.

[45] B. Peng, X. Pang, Y. Wu, C. Zhao, and X. Song, “A randomized
placebo-controlled trial of intradiscal methylene blue injection
for the treatment of chronic discogenic low back pain,”Pain, vol.
149, no. 1, pp. 124–129, 2010.

[46] S.-H. Kim, S.-H. Ahn, Y.-W. Cho, and D.-G. Lee, “Effect of
intradiscal methylene blue injection for the chronic discogenic
low back pain: one year prospective follow-up study,” Annals of
Rehabilitation Medicine, vol. 36, no. 5, pp. 657–664, 2012.

[47] H. G. Bach and R. D. Lim, “Minimally invasive spine surgery for
low back pain,” Disease-a-Month, vol. 51, no. 1, pp. 34–57, 2005.

[48] Z. Buser, F. Kuelling, L. Jane et al., “199. Fibrin injection
stimulates early disc healing in the porcine model,” The Spine
Journal, vol. 9, no. 10, p. 105S, 2009.

[49] W. Yin, K. Pauza, W. J. Olan, J. F. Doerzbacher, and K. J.
Thorne, “Intradiscal injection of fibrin sealant for the treatment
of symptomatic lumbar internal disc disruption: results of a
prospective multicenter pilot study with 24-month follow-up,”
Pain Medicine, vol. 15, no. 1, pp. 16–31, 2014.

[50] Spine News International, “Success criteria in phase III study of
Biostat fibrin sealant not met,” July 2013, http://www.cxvascular
.com/sn-latest-news/spinal-news—latest-news/success-criteria-
in-phase-iii-study-of-biostat-fibrin-sealant-not-met.

[51] Spinal Restoration, “Spinal Restoration, Inc. Announces Dis-
appointing Phase III Study Results for the Biostat System,”
2013, http://www.spinalrestoration.com/newsroom/news 7-18-
2013.html.

[52] M. R. Miller, R. S. Mathews, and K. D. Reeves, “Treatment
of painful advanced internal lumbar disc derangement with
intradiscal injection of hypertonic dextrose,” Pain Physician,
vol. 9, no. 2, pp. 115–121, 2006.

[53] S. Dagenais, M. J. Yelland, C. Del Mar, and M. L. Schoene,
“Prolotherapy injections for chronic low-back pain,” Cochrane
Database of Systematic Reviews, no. 2, Article ID CD004059,
2007.

[54] K. Akeda, H. S. An, R. Pichika et al., “Platelet-rich plasma
(PRP) stimulates the extracellularmatrixmetabolismof porcine
nucleus pulposus and anulus fibrosus cells cultured in alginate
beads,” Spine, vol. 31, no. 9, pp. 959–966, 2006.

[55] T. Maerz, H. Herkowitz, and K. Baker, “Molecular and genetic
advances in the regeneration of the intervertebral disc,” Surgical
Neurology International, vol. 4, no. 2, pp. S94–S105, 2013.

[56] H. E. Gruber, E. C. Fisher Jr., B. Desai, A. A. Stasky, G.
Hoelscher, and E. N. Hanley Jr., “Human intervertebral disc
cells from the annulus: three-dimensional culture in agarose
or alginate and responsiveness to TGF-𝛽1,” Experimental Cell
Research, vol. 235, no. 1, pp. 13–21, 1997.

[57] J. P. Thompson, T. R. Oegema Jr., and D. S. Bradford, “Stimu-
lation of mature canine intervertebral disc by growth factors,”
Spine, vol. 16, no. 3, pp. 253–260, 1991.

[58] S.-Z. Wang, Y.-F. Rui, Q. Tan, and C. Wang, “Enhancing inter-
vertebral disc repair and regeneration through biology: platelet-
rich plasma as an alternative strategy,” Arthritis Research &
Therapy, vol. 15, no. 5, article 220, 2013.

[59] G. B. 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.

[60] 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&R, 2015.

[61] “International Spine Intervention Society—2013 21st annual
scientific meeting research abstracts,” PainMedicine, vol. 14, no.
8, pp. 1269–1276, 2013.

[62] L. Manchikanti, F. J. E. Falco, R. M. Benyamin et al., “An
update of the systematic assessment of mechanical lumbar disc
decompression with nucleoplasty,” Pain Physician, vol. 16, no. 2,
pp. SE25–SE54, 2013.

[63] L. Manchikanti, R. Derby, R. M. Benyamin, S. Helm, and J.
A. Hirsch, “A systematic review of mechanical lumbar disc
decompression with nucleoplasty,” Pain Physician, vol. 12, no.
3, pp. 561–572, 2009.

[64] R. Derby, R. M. Baker, and C.-H. Lee, “Evidence-informed
management of chronic low back pain with minimally invasive
nuclear decompression,” Spine Journal, vol. 8, no. 1, pp. 150–159,
2008.

[65] V. Singh, L. Manchikanti, A. K. Calodney et al., “Percutaneous
lumbar laser disc decompression: an update of current evi-
dence,” Pain Physician, vol. 16, no. 2, pp. 229–260, 2013.

[66] D. H. Jo and H. J. Yang, “The survey of the patient received the
epiduroscopic laser neural decompression,”The Korean Journal
of Pain, vol. 26, no. 1, pp. 27–31, 2013.
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J. Garćıa-Sancho, “Intervertebral disc repair by autologous
mesenchymal bonemarrow cells: a pilot study,”Transplantation,
vol. 92, no. 7, pp. 822–828, 2011.

[111] Mesoblast Limited, “Positive Spinal Disc Repair Trial Results
Using Mesoblast Adult Stem Cells,” 2014, http://www.globe-
newswire.com/.

[112] T. Yoshikawa, Y. Ueda, K. Miyazaki, M. Koizumi, and Y.
Takakura, “Disc regeneration therapy usingmarrowmesenchy-
mal cell transplantation: a report of two case studies,” Spine, vol.
35, no. 11, pp. E475–E480, 2010.

[113] A. Colombini, C. Ceriani, G. Banfi, M. Brayda-Bruno, and M.
Moretti, “Fibrin in intervertebral disc tissue engineering,”Tissue
Engineering Part B: Reviews, vol. 20, no. 6, pp. 713–721, 2014.

[114] B. R.Whatley andX.Wen, “Intervertebral disc (IVD): structure,
degeneration, repair and regeneration,” Materials Science &
Engineering C, vol. 32, no. 2, pp. 61–77, 2012.

[115] Y. Wang, Z.-B. Han, Y.-P. Song, and Z. C. Han, “Safety of
mesenchymal stem cells for clinical application,” Stem Cells
International, vol. 2012, Article ID 652034, 4 pages, 2012.
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