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Abstract With an aging population, chronic low back pain

will continue to increase as a source of disability and pain for

many patients. This degenerative process can be attributed to

a number of diagnoses including spinal stenosis, facet

arthropathy, degenerative disc disease (DDD), and herniated

nucleus pulposus. These diagnoses have a number of non-

regenerative treatment options, including medications,

therapy, and traditional interventional procedures. As these

treatments are not always successful, novel regenerative

treatment options such as platelet-rich plasma (PRP), bone

marrow-derived mesenchymal stem cells (MSCs), and

growth factors need to be explored. These regenerative

therapies are proposed to promote healing, repair, and

regeneration of tissue. The use of PRP in spinal fusion has

been studied, but there is conflicting evidence affecting

spinal fusion rates, and the efficacy is uncertain. PRP and

MSCs have been evaluated in the treatment of DDD. Studies

show both may have a role in preventing DDD; however, the

use of bone marrow-derived stem cells has shown more

promising data. This article discusses the available research

for regenerative options for the treatment of low back pain.

Unfortunately, there is a paucity of literature which exam-

ines the use of regenerative medicine as treatment for the

wide spectrum of pathologies which cause this common

condition. More research is needed to further establish the

effective use of PRP, bone marrow-derived stem cells, and

growth factors for the treatment of low back pain.
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pain � Platelet-rich plasma (PRP)

Introduction

Low back pain has become an increasing cause of concern

in the aging population in the United States. Approximately

80 % of individuals will experience back pain at some point

in their lives [1]. The most rapid increase is in chronic back

pain [2•]. The chronicity has drastically increased health

care expenditures, and the economic burden will only con-

tinue to grow [2•, 3]. A survey by Smith et al. [2•] reports

that the outpatient expenditures for chronic back pain has

more than doubled from $15.6 billion spent in 2000–2001 to

$35.7 billion in 2006–2007. In most cases, back pain is self-

limiting. Studies have shown that patients report improve-

ment of symptoms, pain, and disability within the first

4–6 weeks after an episode of back pain. However, there are

a subset of patients who will continue to report pain and

disability for up to a year. Others may have a recurrence of

their symptoms within the year [3, 4]. There are currently a

variety of treatment options including conservative to

interventional treatments. With the growing number of

patients, additional and novel options need to be explored.

The aim of this paper is to review the evidence of current

regenerative treatment options available for low back pain.

Common Causes and Presentation of Low Back Pain

Low back pain is a vague description of a number of dif-

ferent diagnoses that are primarily related to mechanical

factors [1]. These include: muscular strain, spinal stenosis,

facet-mediated pain, degenerative disc disease (DDD), and
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radiculopathy [5, 6]. When assessing patients, it is impor-

tant to rule out life threatening conditions or pathologies

that can be reversible if reached in a timely manner. These

conditions include, but are not limited to, infection, cancer,

and cauda equina syndrome. Patients with back pain

commonly present with symptoms such as burning, aching,

shooting, and stabbing pain in the back, and weakness,

numbness, and tingling in the legs [6]. Patients with mus-

cular strain typically complain of an aching pain with

spasms and have tenderness to palpation. Back pain from

spinal stenosis is associated with leg pain that is worse with

walking and improved with sitting. Pain associated with

herniated discs can cause back and leg pain and paresthe-

sias, and it’s worse with forward flexion [6]. Facet-medi-

ated pain is worse with prolonged standing and extension.

Current Nonregenerative Treatment Options

Current nonregenerative treatment options of symptomatic

low back pain include medications, therapy, injections, and

invasive techniques such as surgery. First-line pharmaco-

logical treatment options include acetaminophen and non-

steroidal anti-inflammatory drugs (NSAIDS) [5]. A variety

of NSAIDS may be used, and there is strong evidence that

suggests that there is no difference in effectiveness among

the medications [7]. Although NSAIDS may be more

helpful than acetaminophen [5], there may be serious side

effects which include bleeding, perforated ulcers [8], and

concern for cardiovascular events [9, 10]. Muscle relaxants

may also be indicated for acute back pain, but have central

nervous side effects including fatigue and dizziness. Some

muscle relaxants such as carisoprodol have potential for

abuse and should be monitored [11]. In addition, mild

opioid analgesics may be used for a short duration if

patients have debilitating pain that was unsuccessfully

treated with first-line therapies [5].

Nonpharmacologic treatments of low back pain include

modalities such as heat, ice [12], acupuncture [13], and

physical therapy [14], as well as a variety of interventional

options [15•]. There continues to be controversy sur-

rounding the efficacy of epidural steroid injections in the

treatment of radicular pain [16]. Epidural steroid injections,

in particular transforaminal epidural steroid injections,

have strong evidence for management of radicular pain

from disc herniations [17, 18]. However, these injections

may not provide long-term relief of disability and pain

[19]. With the use of corticosteroids for these procedures,

there is also concern for suppressing the hypothalamic–

pituitary–adrenal axis [20]. In one study by Ward et al.,

epidural steroid injections caused impaired fasting glucose

and insulin sensitivity for up to 1 week [21]. Moreover,

there is also concern for decreased bone mineral density in

post-menopausal women receiving these injections. A

negative effect was noted on bone mineral density in

women who had received over 200 mg of triamcinolone in

1 year [22].

Lately, there has been an increase in reported back pain,

and although there are a variety of treatment options, not

all of them have been successful in providing long-term

relief for patients. As a result, additional treatment options

need to be explored. In recent years, research has focused

on regenerative treatment options such as bone marrow-

derived stem cells, platelet-rich plasma (PRP), and growth

factors.

Platelet-rich Plasma

PRP is a biologically active regenerative solution that has

gained popularity over the past 20 years in treating a

variety of musculoskeletal injuries [23, 24]. PRP is typi-

cally prepared from autologous whole blood by centrifu-

gation which separates the platelet-poor plasma and the red

blood cells from the middle buffy coat layer containing

platelets and leukocytes [24, 25]. The middle layer, or PRP,

is separated and consists of a platelet concentration above

that of baseline, typically ranging from 2–8 times the

normal concentration. The platelets can then be activated

using thrombin or calcium chloride, which results in alpha

granule release of the endogenous clotting and growth

factors found within the platelets [24, 25]. Platelet gel is a

slight variation from PRP. It too is derived from autologous

whole blood and contains a high concentration of activated

platelets in a small volume of plasma, thrombin, and white

blood cells. To create the gel, the leukocytes and PRP are

combined with thrombin to form a sticky gel [26]. The

white blood cell component is rich in neutrophils, mono-

cytes, and myeloperoxidase, which may contribute to

bacterial death [26]. Therefore, the PRP solution contains

not only platelets and sometimes leukocytes, depending on

preparation technique, but also an increased concentration

of endogenous growth factors and cytokines known to be

important in the healing and regenerative cascade [24].

The activated PRP is a medium containing activated

platelets and a myriad of diverse growth factors that are

implicated and involved in tissue healing and regeneration.

The growth factors contained within PRP have been shown to

promote cell proliferation, migration, differentiation, che-

motaxis, angiogenesis, regulate inflammation, and promote

synthesis and release of extracellular matrix molecules such as

collagen that are important in tissue organization and regen-

eration [27, 28]. These growth factors include transforming

growth factor-beta (TGF-ß), basic fibroblast growth gactor

(bFGF), platelet-derived growth factor (PDGF), epidermal

growth factor (EGF), vascular endothelial growth factor
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(VEGF), hepatocyte growth factor (HGF), insulin-like growth

factor-1 and 2 (IGF-1 and IGF-2), and connective tissue

growth factor (CTGF) [23, 27, 28]. These growth factors have

mitogenic and chemotactic properties that contribute to

wound healing, matrix deposition in tendons, and enhancing

cellular migration and proliferation [29].

PRP has been investigated as a biologically active

regenerative solution for improved bone augmentation

[30]. The various growth factors contained in the platelet

granules mentioned above play a significant role in bone

formation. TGF-ß, bFGF, and IGF have been shown to

stimulate proliferation and differentiation of osteoprogen-

itor cells. EGF has been shown to stimulate periosteal and

endosteal bone formation and VEGF is involved in angi-

ogenesis. In addition to growth factors, activated platelets

also release numerous other cytokines and regulatory

molecules important in proliferation, differentiation, bone

mineralization, and coagulation, which are important for

bone regeneration.

For spinal fusions, autologous bone grafting is consid-

ered the gold standard, as it provides a scaffold and growth

factors for the three properties of bone augmentation

including osteoproduction, osteoinduction, and osteocon-

duction [31]. However, there are some drawbacks to

autologous bone grafting, such as increased surgical time,

donor site morbidity, infection, vascular and neuronal

damage, and limited availability, so that other strategies

have been investigated for bone augmentation and

improved fusion. One of those strategies is to use PRP to

augment bone formation [26].

In a prospective review, Hee et al. [32] showed that the

PRP did not increase overall fusion rates, but may provide

a faster rate of fusion. In a retrospective study, Lowery

et al. [33] showed increased bone formation when PRP was

used in conjunction with autografts in lumbar spinal

fusions. Hartmann et al. [34] showed that, in spinal sta-

bilization after traumatic fractures of the thoracic or lumbar

spine, patients who received bone graft with PRP had

increased fusion rates at follow-up compared to the control

group that received only bone grafts. Jenis et al. [35]

analyzed 22 patients with a 2-year follow up that showed

85 % fusion in the autograft group and an 89 % fusion in

the platelet gel and allograft group. The authors concluded

that, with similar fusion rates, the platelet gel and allograft

can be a safe alternative for autograft. Landi et al. [36],

applied the platelet gel to only one side of the operative

field when performing a posterolateral fusion, and therefore

compared the two sides of the same level to assess for

improved fusion. The authors noted increased bone density

on the side of the operative field that the platelet gel was

used, as well as increased bone apposition at 3 months that

normalized at 6 months follow-up, suggesting an increased

rate of fusion with the use of platelet gel.

However, not all results have shown PRP to be benefi-

cial. Carreon et al. and Weiner et al. [37, 38] showed

decreased rates of fusion with platelet gel when compared

to bone graft alone with a 2-year follow-up. Sys et al. [39]

noted no improvement or deterioration with PRP compared

to autograft alone at 24 months follow-up. Therefore, the

role of PRP and platelet gel in spinal fusion is still con-

troversial and uncertain at this time, with more studies

needing to be done to determine if specific parameters exist

in which it may be shown to have reproducible evidence

for its benefit.

Investigators are also looking at the potential role of PRP in

DDD [40]. It is thought that intervertebral disc degeneration

may initiate in the nucleus pulposus with a shift in the balance

between the anabolism and catabolism of cells leading to a

decreased deposition of extracellular matrix proteins and

increased pro-inflammatory cascade. Intervertebral discs have

a rich extracellular matrix, a centrally gelatinous nucleus

pulposus surrounded by a more fibrous annulus fibrosis, and

cartilaginous endplates. The structural components of the disc

come from proteoglycans and collagen. The annulus fibrosis is

primarily composed of types I, II, and III collagen, whereas the

nucleus pulposus is primarily composed of proteoglycans, but

also contains types II and IV collagen [41, 42]. Collagen is

important in providing the shape and tensile strength on the

disc, while the proteoglycans provide viscoelasticity, stiff-

ness, and resistance to compression through its interaction

with water [41]. Degeneration of the intervertebral disc is

believed to have multifactorial etiologies, including aging,

trauma, excessive mechanical loading, disc morphology,

matrix composition, and microenvironment. The subsequent

changes include decrease in collagen and proteoglycan syn-

thesis, increase in proteases and cytokines, acidic pH and

increased cell death [42]. Growth factors provide the anabolic

components in disc metabolism, while cytokines are respon-

sible for the catabolic effect. Interleukin-1 (IL-1) activates IL-

6, nitric oxide, and prostaglandin E2, which are responsible for

the breakdown of the proteoglycan matrix [41]. The decrease

in the nucleus pulposus seems to be the catalyst for disc

degeneration. Therefore, therapeutic strategies have been

designed to attempt to increase cell proliferation and secretion

of ECM proteins within the nucleus pulposus or to increase

anti-inflammatory factors [41]. Delivering therapeutic agents

under fluoroscopic guidance to the intervertebral disc may

help shift the balance toward anabolic pathways and hinder the

progression of DDD. Some of these strategies include

injecting stem cells, PRP, and individual growth factors [43].

In vitro studies have shown that PRP and its growth

factor milieu can induce human nucleus pulposus cell

proliferation and differentiation, and therefore PRP may be

useful in preventing DDD [44]. In animal studies, injecting

PRP with a gelatin hydrogel which helps immobilize the

platelets and growth factors within the nucleus pulposus
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showed a decrease in the progression of DDD in a rabbit

model [45]. Similarly, Gullung et al. [46] showed in a rat

model of DDD that PRP has a protective effect on the

progression of the disease.

Stem Cells

Adult stem cells are thought to be present in most tissue

throughout life, and to provide the basis for tissues main-

tenance and response to injury. Important adult stem cells

include hematopoietic and mesenchymal stem cells

(MSCs). MSCs can be derived from bone marrow, adipose

tissue, peripheral blood, and embryonic and fetal stem cells

[41]. In this paper, we will focus on MSCs derived from

bone marrow. Under specific conditions, MSCs can dif-

ferentiate into myocytes, hepatocytes, neurons, osteoblasts,

chondrocytes, adipocytes, ligaments, tendons, fat, and

other connective tissues [47, 48]. Moreover, MSCs have

been demonstrated to have both anti-inflammatory and

immunosuppressive properties.

MSCs have been delivered in a number of ways,

including whole blood, marrow concentrates, or ex vivo

expanded cell populations. The MSCs are injected or sur-

gically implanted with or without the addition of stimu-

lating factors to the injured tissues [49]. There are several

different manufacturing companies that offer kits that

separate the bone marrow aspirate into a more concentrated

form. The aspirate is usually obtained from the iliac crest.

The aspirate volume with anticoagulant is placed in a

centrifuge, separating the erythrocytes from nucleated cells

and plasma. The plasma and erythrocyte portions are dis-

carded and what is left is the concentrated form [50]. This

concentrated form contains growth factors, hematopoietic

stem cells, and MSCs.

Growth factors have shown to have regulatory effects on

MSCs. Certain growth factors including TGF-ß, IGF-1,

IGF-2, and PDGF, as well as the Wnt signaling pathways

are important in the promotion of chondrogenesis of the

MSCs. Bone morphogenic proteins (BMP) are known to be

involved in cartilage formation. They can either act alone

or in conjunction with other growth factors to induce

chondrogenic differentiation of MSCs [48].

At this time, there are conflicting data with regards to

the usage of MSC for the reduction of back pain. Animal

studies have shown that injection of MSCs into interver-

tebral discs have had beneficial outcomes. Sakai et al. [51]

showed that when MSCs were injected into rabbits with

DDD, the MSCs proliferated and differentiated into a

nucleus pulposus-like phenotype. The MSCs were able to

produce proteoglycans and type II collagen. Magnetic

resonance imaging (MRI) showed improvement in disc

height and hydration. Crevensten et al. [52] demonstrated

that the implantation of allograft MSCs in rats resulted in

increased disc height after a 4-week follow-up. In a pro-

spective case report by Haufe and Mork [53], bone marrow

aspirate concentrate was injected into 10 patients who had

discogenic pain. The patients were followed for 1 year, and

were not allowed to participate in any other therapies at

that time. Upon follow-up, none of the patients had any

relief, and most ended up having surgery. On the other

hand, in a study by Orozco et al. [54], 10 patients who had

DDD were injected with autologous expanded bone mar-

row into the nucleus pulposus. Nine of the 10 patients had

significant pain relief and improvement of disability at

3 months, followed by modest additional improvement at

6–12 months. There was no improvement in disc height;

however, there was increased water content in the disc as

shown by T2-weighted MRI. In addition, Yoshikawa et al.

[55] showed that transplantation of a collagen sponge

containing marrow MSCs in two females with low back

pain provided significant relief of pain at 2 years, and even

improved the vacuum phenomenon in the disc as shown by

MRI. Moreover, in a retrospective study presented at the

American Academy of Pain Medicine, 8 out of 12 patients

who were solely injected with bone marrow aspirate con-

centrate into their disc demonstrated good pain relief at

5–12 months. When they were rechecked at 13–24 months,

5 continued to have significant relief [56].

The use of bone marrow stem cells have been shown to

be safe. Hendrich et al. [57••] looked at the safety of bone

marrow concentrate injections in 101 patients with various

bone healing disturbances. They found no complications

concerning excessive new bone formation, infections, tumor

induction, or morbidity at the removal site on the iliac crest.

Based on the above studies, MSCs show great promise

in the treatment of DDD. More large-scale studies need to

be conducted prior to this becoming the standard of care.

Growth Factors

Multiple individual growth factors have also been

attempted in animal models of DDD [43, 58]. One of the

most promising groups of growth factors is the BMP

family, which have been found to induce bone and carti-

lage formation [40]. Clinically, BMP-2 is now used in

humans to help improve spinal fusion; however, the results

are mixed [59, 60]. BMP-2 has also been shown to

regenerate intervertebral discs in animal models [40]. Other

growth factors that have been analyzed include IGF-1,

growth and differentiation factor-5 (GDF-5), TGF-ß, and

osteogenic protein-1 (OP-1) [40]. Based on the evidence

from the animal studies, clinical studies assessing the

safety and efficacy of intradiscal injections of GDF-5 are

underway in the United States [61].
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Conclusions

With the increasing number of patients with chronic low back

pain and the temporary relief provided by pharmaceutical and

interventional procedures, other regenerative treatment

options should be considered. PRP, MSCs, and isolated

growth factors have shown to be the most promising regen-

erative therapies. PRP contains platelets, cytokines, growth

factors, and other inflammatory modulators that may promote

healing and are important in the regenerative cascade [25].

Likewise, bone marrow concentrate contains MSCs and a

variety of growth factors and cytokines, which have an

immunomodulatory effect on tissue healing and regeneration.

Studies for PRP and growth factors have been per-

formed in spinal fusions and DDD and have speculated that

using PRP or growth factors may improve bone fusion and

also prevent the degeneration of the disc [45]. However, at

this point, the data is lacking to make any definitive

conclusions.

The use of the platelet gel and PRP in spinal fusion is

still controversial; the literature shows conflicting results.

Therefore the efficacy remains uncertain [30, 62]. There

are still a number of issues regarding PRP that need to be

addressed due to the variability of the procedure described

[62]. There is no defined platelet concentration that has

been determined to be optimal for healing. The various

techniques of isolating PRP can lead to vastly diverse

platelet concentrations. In addition, there is no clear indi-

cation for removing or leaving the leukocytes in the solu-

tion. At this point, there is no clear indication for the use of

PRP in spinal fusion or DDD, as the literature is difficult to

interpret due to differences in study protocols, PRP sepa-

ration methods, and outcome measures [62].

Similarly, in several studies in patients with DDD, the

use of MSCs has resulted in an increase in disc height.

However, not all studies have shown that the increased disc

height alleviates pain [53–56]. Though the majority of

these studies reveal an improvement in pain, the sample

sizes were small, and the concentration of the injected

MSCs varied from study to study.

In order for PRP, MSCs, or isolated growth factors to

become the standard of care for back pain, more large-scale

studies are needed. There has been evidence in the use of

PRP and MSC for cartilage regeneration for peripheral

joints which gives hope that these treatments could be

beneficial in the treatment of facet arthropathy, a common

cause of axial low back pain. Although regenerative

medicine shows a promising future in the treatment of back

pain, further research is required to determine the role of

regenerative therapies and their use for additional common

spine pathologies.
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