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Abstract

Biomarkers are biological characteristics that can be used to indicate health or disease. This paper 

reviews studies on biomarkers of low back pain (LBP) in human subjects. LBP is the leading 

cause of disability, caused by various spine-related disorders, including intervertebral disc 

degeneration, disc herniation, spinal stenosis, and facet arthritis. The focus of these studies is 

inflammatory mediators, because inflammation contributes to the pathogenesis of disc 

degeneration and associated pain mechanisms. Increasingly, studies suggest that the presence of 

inflammatory mediators can be measured systemically in the blood. These biomarkers may serve 

as novel tools for directing patient care. Currently, patient response to treatment is unpredictable 

with a significant rate of recurrence, and, while surgical treatments may provide anatomical 

correction and pain relief, they are invasive and costly. The review covers studies performed on 

populations with specific diagnoses and undefined origins of LBP. Since the natural history of 

LBP is progressive, the temporal nature of studies is categorized by duration of symptomology/

disease. Related studies on changes in biomarkers with treatment are also reviewed. Ultimately, 

diagnostic biomarkers of LBP and spinal degeneration have the potential to shepherd an era of 

individualized spine medicine for personalized therapeutics in the treatment of LBP.
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Introduction

Low back pain (LBP) is a global healthcare concern causing more global disability than any 

other medical condition.1–4 It is estimated that up to 84% of adults have LBP at some time 

in their lives.5,6 The vast majority of patients seen in primary care (> 85%) will have 

undefined LBP, meaning that the patient has back pain in the absence of a specific 

underlying condition that can be reliably identified.7–9 For most of these individuals, 

episodes of LBP are self-limited. Patients who continue to have LBP beyond the acute 

period (4 weeks) have subacute back pain (lasting between 4 and 12 weeks), and some may 

go on to develop chronic back pain (lasting >12 weeks).10 The direct and indirect costs 

associated with LBP in the United States are estimated to be upwards of $100–200 billion 

per year, more than half of which is due to loss of income and lack of productivity.11,12 This 

immense economic burden is reciprocal to the pain, disability, and psychological and social 

consequences on patients. As the global population ages, the encumbrance associated with 

LBP will increase exponentially. The detrimental effects associated with LBP are extensive, 

highlighting the need for novel therapeutic strategies to prevent and treat this condition and 

its concurrent symptoms.12

Clinically, LBP can be a symptom of multiple diseases, such as degenerative disc disease, 

intervertebral disc herniation, spinal stenosis, hypertrophy or ossification of the facets, spinal 

malalignment, pinched nerves, and peripheral neuropathy. Multifactorial processes, 

including genetics, lifestyle (occupation, smoking, alcohol consumption), and comorbidities 

(diabetes, obesity) all may contribute to worsening pathology and disease states. The 

multiple potential triggers of LBP manifest with overlapping clinical presentation, and thus 

physical examination is necessary but not typically diagnostic. Pinpointing the cause of LBP 

presents the biggest challenge to physicians in this field.

Intervertebral disc (IVD) degeneration

The intervertebral disc (IVD) is the soft connective tissue of the spine that interfaces with 

the vertebral bodies (Fig. 1). The primary function of the IVD is mechanical, transmitting 

loads arising from body weight and muscle activity through the spinal column.13 The IVD is 

a composite tissue, composed of the nucleus pulposus (NP),the annulus fibrosis (AF), and 

the cartilaginous end plate (EP). NP cells exist in a gelatinous matrix composed of collagen 

2 and proteoglycans, vital in resistance to compressive axial forces and pressure on the 

spine.14,15 AF cells exist in a collagen 1–rich matrix that resists transverse expansion of the 

IVD during spinal loading. EP cells are chondrocytes embedded in a hyaline cartilage matrix 

that binds the disc to the overlaying vertebral bones.14 The mechanical functions of the disc 

are governed by the extracellular matrix, composed primarily of two major macromolecules, 

collagen and aggrecan. Collagen provides tensile strength to the disc and anchors the tissue 

to the bone. Aggrecan, the major proteoglycan of the disc, is responsible for maintaining 

tissue hydration through osmotic pressure regulation.13 Maintaining the integrity of the 

extracellular matrix is essential for a healthy, normal disc.

Disc degeneration results from changes in the architecture and biochemical configuration of 

the disc, altering the disc’s ability to bear load. The disc, which normally acts as a shock-

absorbing cushion between the vertebrae, becomes more compressed and loses flexibility 
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with degeneration. A noteworthy biochemical modification that occurs with disc 

degeneration is the degradation of aggrecan, resulting in the loss of proteoglycan and tissue 

hydration. This results in the loss of glycosaminoglycans, which in turn results in the 

decrease of osmotic pressure of the disc matrix. In the degraded state, because of the lack of 

hydration, the disc’s load-bearing function is altered.13 These changes in the matrix lead to 

reduced proteoglycan synthesis, increased collagen synthesis with a switch to fibrillated 

tissue quality, and an increase in synthesis and activity of matrix degrading enzymes, such as 

metalloproteinases (MMPs) and A disintegrin and metalloproteinase with 

thromobosopondin motifs (ADAMTS). Degradative changes in the AF include delamination 

of the lamellae and increased likelihood for radial fissures.16 Consequently, degenerated 

discs have less disc height and aberrant mechanical responses to loading. Though normally 

avascular, changes in tissue integrity allow for increased vascular and neural in-growth of 

the disc, which can become a source of peripheral neuropathy producing pain, weakness, 

and numbness due to nerve damage.17 This phenomenon progressively worsens with 

advancing age and has a strong influence on other spinal structures, predisposing them to 

injury. Tears in the AF caused by degeneration or an unrelated trauma lead to disc bulge or 

herniation, in which inner disc material protrudes into the spinal canal, eliciting pain as disc 

tissue compresses nerve roots.17 Nerve compression can also be a source of pain upon 

narrowing of the spinal canal. This narrowing may occur because of hypertrophy of 

surrounding soft tissue structures or ossification of the facet joints. Narrowing may also 

occur owing to bone spur formation (i.e., osteophytes). Entrapment of the nerve roots due to 

spinal stenosis may also be a cause of LBP, whereas compression of the microvasculature of 

the nerve roots can result in ischemia.18 However, the full complexity of the pain 

mechanisms underlying these conditions remains unclear.

In light of the limitations with the current standards of care, there has been a great deal of 

interest in the field of biomarkers over the past few decades. These biomarkers represent 

novel tools for directing patient care. In addition, if they are found to be sensitive indicators 

of true pain, they may allow us to separate those with psychological and secondary gain 

issues from those with a true lumbar etiology of pain. Biomarkers are characteristics that are 

objectively measured and evaluated as indicators of either normal or pathogenic biological 

processes or of response to therapeutic intervention.19 Though there are many types of 

biomarkers that can be indicative of health or disease, this review focuses on molecular 

biomarkers. Biomarkers can be identified in tissue, blood, urine, and other bodily fluids. The 

use of biomarkers can lead to individualized diagnosis and treatment. While markers of 

disease may be indicative or predictive of disease, they are not strictly required to be 

mediators of the disease process. Nevertheless, understanding the expression, function and 

role of certain proteins in cells, tissues, and fluids is typically a common starting point for 

evaluating potential biomarkers. Defined as alterations in the constituents of tissues or body 

fluids, biomarkers offer the means for homogeneous classification of a disease and risk 

factors, and they can extend our understanding of the underlying pathogenesis of disease. 

Biomarkers can also reflect the entire spectrum of disease from the earliest manifestations to 

the terminal stages and serve to reduce disease heterogeneity in epidemiologic studies or 

clinical trials. Lastly, biomarkers may serve to target certain individuals with specific 

therapies that may be efficacious for their specific state or type of disease.
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In the context of serum protein analysis, proteins from damaged or recovering cells can enter 

the bloodstream, and these alterations in the blood can easily be measured. Serum proteins 

can serve as indicator of pathogenesis, disease progression, and/or treatment response. In 

certain conditions, the mere presence of a biomarker may be sufficiently indicative of 

disease or diagnostic, whereas, in other cases, changes in the levels of a biomarker may be 

necessary to be diagnostic. Biomarkers used for screening or diagnosis also often represent 

surrogate manifestations of the disease. Depending on the target, serum biomarkers tend to 

have high sensitivity and specificity in measurement quality. Nevertheless, in order to have 

wide utility, biomarker analysis must be validated and standardized for reproducibility.20 

These characteristics make blood biomarkers (e.g., serum, plasma) a candidate tool for 

diagnosis, with the key benefits of ease of sample collection (blood draw) and with accuracy, 

repeatability, and scalability of biomarker measurement to outweigh the complexity and 

invasiveness of obtaining a more organ-specific biological sample from patients (e.g., tissue 

biomarkers).

The use of serum biomarkers has revolutionized diagnosis and treatment of many diseases, 

including heart disease, rheumatoid arthritis, and osteoporosis. There is a growing body of 

literature suggesting the potential for the use of serum biomarkers for diagnosis and 

treatment of LBP due to intervertebral disc pathologies. Mature disc tissue is normally 

avascular and aneural. As the disc begins to degenerate, the cells synthesize and release 

neurogenic factors that promote neural and vascular ingrowths into the disc tissue.21 The 

nerve growth factors also function as chemotactic agents for endothelial cells that promote 

vascular ingrowth and pain. Painful discs have a higher density of nerve fibers and 

capillaries penetrating deeper into the disc tissue.51 Radial fissures, proteoglycan loss, and 

reduced pressure in the NP are hallmarks of these innervated discs.22 Proteoglycans are 

proposed to act as a barrier to vascular and neural ingrowths into the NP, and studies have 

suggested that excessive metalloproteinase activity and matrix degradation of these 

proteoglycans act as stimuli for vascular and neural ingrowths into the disc.23 This increased 

vascularity in the degenerating disc may lead to biological and chemical changes, from disc 

remodeling to overstimulation of nociceptors within the granular tissue. Additionally, the 

intracellular signal transduction in response to disc cell stress from adverse mechanical 

forces leads to increased expression of genes and release of proteins into the circulation as 

well.24 Over the last decade, there has been great deal of interest in measuring these serum 

proteins as potential biomarkers for LBP pathologies.

This paper reviews literature studies on blood biomarkers of LBP performed on patients and 

other human subjects. The biological focus of these studies is on mediators of inflammation, 

because inflammation is central to pain and spinal degenerative mechanisms, as reviewed 

elsewhere;22,25 however, other non-inflammatory biomarkers are discussed when relevant. 

Figure 2 summarizes the current hypotheses concerning how inflammatory mediators 

contribute to LBP.22,25 A number of triggering events, including mechanical trauma, 

deformity, genetic disposition, infection, and smoking induce proinflammatory signaling in 

IVD cells. These initializing triggers result in morphologic changes in the disc tissue and 

surrounding structures, which propagate a cycle of further inflammatory signaling and 

degeneration. The activation of immune cell infiltration into the disc, along with nerve 

compression, nerve growth and sensitization, and ingrowth all contribute to the production 
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of pain via mechanisms mediated if not triggered by inflammation. Since inflammation 

contributes to the pathogenesis of LBP, proinflammatory cytokines can serve as molecular 

biomarkers of pathological processes associated with disc degeneration, disc herniation, and 

LBP. A growing literature suggests that the presence of these inflammatory mediators can be 

measured systemically in the blood of patients with LBP. The identification of measurable 

serum biomarkers could revolutionize diagnostic and therapeutic processes for LBP across 

diagnoses, especially for those with undefined origins of LBP symptoms. Studies in the 

literature are presented for patients/subjects who have been diagnosed with a specific source 

of LBP. However, a significant number of historical studies have been published that do not 

define the diagnosis of back pain. Therefore, the studies are subdivided into those performed 

on populations with undefined origins of LBP and well as those performed on patients who 

are diagnosed with specific disease conditions (e.g., disc herniation, spinal stenosis, facet 

osteoarthritis, degenerated intervertebral disc). Since the natural history of back pain and 

associated disease mechanisms are dynamic, the temporal nature of literature studies are 

categorized based on duration of symptomology/disease (i.e., acute versus chronic).

Results

Studies of LBP in patients with undefined diagnoses

Acute and subacute—High-sensitivity C-reactive protein (hsCRP) was the first 

described acute phase protein and is a systemic marker of inflammation. HsCRP serum 

levels have been positively associated with pain levels in acute LBP profiles.26,27 Sturmer et 
al. reported a difference in mean hsCRP levels in acute LBP patients by pain category; those 

in higher pain categories exhibited higher hsCRP levels.26 Gebhardt et al. found an 

analogous relationship between pain and hsCRP in which a decrease in both CRP and pain 

level was recorded in the initial clinical period, with an increase in functional capacity. 

However, this effect was not preserved beyond the acute phase, as a long-term reversal of 

this effect was observed at a 6-month follow-up, reinforcing the role of hsCRP as an acute 

phase marker as opposed to being involved in chronic inflammation.27

In addition to hsCRP, tumor necrosis factor α(TNF-α), soluble TNF receptor 1 (sTNFR1), 

and interleukin 6 (IL-6) have been identified as possible regulators of different aspects of 

acute LBP. TNF-α and IL-6 are both proinflammatory cytokines that have long been studied 

in mechanisms of disc degeneration and are also well-established mediators of 

nociception.28–30 IL-6 helps mediate the acute-phase response to injury by promoting 

monocyte differentiation into macrophages and activating maturation of lymphocytes.31 

TNF-α is a cytokine that can stimulate inflammatory responses, induce nerve swelling and 

neuropathic pain, and promote cellular apoptosis via its cytotoxic effect.30 In a study by 

Queiroz et al., which assessed associations between plasma levels of inflammatory cytokines 

and pain and disability, it was found that TNF-α, sTNFR1, and IL-6 were all positively 

correlated with measures of pain intensity or severity. Additionally, IL-6 and sTNFR1 were 

correlated with LBP frequency, and IL-6 and TNF-α were correlated with disability due to 

LBP. These inflammatory markers, therefore, may be appropriate for assessment of acute 

LBP. However, this study population was formed from a subsample of elderly women, 

which limits the generalizability of these findings.32
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Muscle damage and injury, which can be concurrent with instances of acute undefined LBP, 

have been shown to be associated with metabolic and inflammatory responses. The 

biochemical milieu of select inflammatory mediators, neuropeptides, and cytokines were 

found to be higher in subjects with painful muscle injury compared with those with latent 

injury or absent any pain.33–36 Moreover, exercise-induced injury models have found 

elevated serum levels of cytokines (e.g., IL-6) released by injured skeletal muscle 

fibers;33–36 however these levels were highly correlated with muscle metabolic products 

(e.g., creatine kinase). Thus, the combination of inflammatory cytokines measured with 

muscle metabolism biomarkers may be used to differentiate the specific contributions of 

acute muscle injury to undefined back pain.

Chronic—Much of the research surrounding LBP and associated inflammation focuses on 

chronic presentation of symptoms and are analyzed on the basis of symptom severity. 

Multiple studies have observed significant differences in proinflammatory cytokines (e.g., 

IL-6, TNF-α, IL-8, and IL-1β) in relation to pain intensity. By grouping patients on the basis 

of severity of patient-reported outcomes (e.g., pain), it was found that serum protein levels 

and serum mRNA levels of IL-6, IL-8, and TNF-α are all significantly higher in patients 

who experience categorically worse levels of LBP.37–39 Uçeyler et al. compared cytokine 

profiles of patients with painful versus painless neuropathies and identified higher levels of 

proinflammatory cytokines in the serum of patients experiencing pain.37 The study by 

Licciardone et al. found a similar trend and focused on IL-6 as a key player in LBP 

pathology, as it was seen to be significantly correlated with both pain severity and a measure 

of somatic dysfunction, along with IL-1β.39 Wang et al. further examined these trends, 

dividing the patient population into groups of mild and severe sciatica. IL-6 and IL-8 were 

both found to be greater in severe sciatica patients compared not only with controls but also 

with mild sciatica patients, suggesting that proinflammatory cytokine levels may contribute 

to sciatica intensity. IL-6 was also positively correlated with somatic dysfunction (r = 0.394, 

P = 0.013) as measured by the Oswestry Disability index (ODI).38

Conversely, anti-inflammatory markers, including IL-4 and IL-10, have been observed to be 

significantly lower in subjects experiencing lesser or no LBP. These cytokines are produced 

by activated macrophages and monocytes and considered to be anti-inflammatory because 

they can inhibit proinflammatory cytokine synthesis. In the study by Uçeyler et al. higher 

serum mRNA levels of IL-10 and IL-4 were found in painless neuropathy patients. 

Additionally, Wang et al. found elevated levels of IL-4 and IL-10 in mild sciatica patients as 

compared with severe cases. IL-10 was also negatively correlated with ODI. This suggests 

that there are analgesic effects of anti-inflammatory cytokines, which may also indicate a 

more favorable outcome to treatment.37,38

As a sensitive systemic marker of inflammation, which is upregulated by IL-6, hsCRP may 

also be involved in chronic LBP (cLBP), even though it is characterized as an acute-phase 

reactant. HsCRP has been studied in both surgical and non-surgical cLBP patients. Rannou 

et al. studied patients with cLBP on the basis of changes in vertebral endplate or modic 

changes40 observed on magnetic resonance imaging (MRI). Modic changes refer to 

pathological changes in the vertebrae, occurring both in the body of the vertebrae and in the 

endplate of the neighboring disc. Modic type 1 changes are indicative of inflammation and 
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edema, without trabecular damage or marrow changes in the vertebra. Modic type 2 changes 

are indicative of bone marrow changes, where red cellular marrow gets substituted with fatty 

infiltration.41 Modic type 3 changes are less common and are indicative of fractures of the 

trabecular bone, along with trabecular shortening and widening. Rannou et al. found that 

serum hsCRP levels were higher in those patients with modic type 1 changes compared with 

those with modic type 2 changes or no modic changes. In addition, symptom duration and 

pain measures tended to be greater in these patients as well.42 In patients undergoing 

surgery, preoperative hsCRP levels have been positively correlated with worse postoperative 

outcomes measured by a Back Disability Score. This indicates that patients with higher 

preoperative hsCRP levels may show poor postoperative recovery due to persistent 

inflammation.43 This demonstrates great diagnostic potential for hsCRP. Nevertheless, other 

studies provide evidence that is counter to the notion of hsCRP as a marker of chronic 

degeneration. In a study of radicular back pain before and after epidural steroid injection, no 

correlation between hsCRP and visual analogue scale (VAS) score or clinical improvement 

was found. The authors thereby suggest that hsCRP is not associated with cLBP, and if any 

significant correlations were observed they could be explained by confounders of 

inflammation, such as body mass index (BMI), revealing no association after adjustment for 

such a covariate.44 In addition, although Gebhardt et al. supported hsCRP as an acute phase 

marker of LBP, they did not report hsCRP as having any major clinical relevance when 

evaluating cLBP.27

TNF-α has also been evaluated as another possible mediator in the pathology of cLBP. 

Serum protein levels and mRNA expression of TNF-α have been shown to be significantly 

higher in subjects experiencing greater intensity of cLBP. TNF-α has been associated with 

pain qualities, such as pain intensity and disability/ODI. A correlation between TNF-α and 

current pain intensity, as well as “severity of pain in the last week,” was observed through 

the use of the McGill Pain Questionnaire.32 Uçeyler et al. reported about twofold higher 

TNF protein levels in patients with painful neuropathies compared with painless 

neuropathies and healthy controls.37 In a study that categorized patients by severity of 

sciatica pain, those with severe sciatica showed twofold higher TNF-α serum levels than 

those without sciatica. In addition to its correlation to pain severity, TNF-α has been 

positively correlated with ODI and therefore disability related to LBP.38 Wang et al. 
performed a prospective comparative longitudinal study and found that there was a 

significantly higher proportion of TNF-α+ participants in the patient group than in the 

control group, which was sustained through multiple time points over a 6-month follow-

up.45,46 They further investigated the cross-sectional associations of depressive symptoms as 

a comorbidity that can contribute to levels of cLBP and potentially to inflammation. They 

found that although elevated TNF-α is associated LBP, these levels were not modulated by 

depression in patients.45,46

Regulated on activation, normal T cell expressed and secreted (RANTES), another marker of 

inflammation, has also been investigated in relation to cLBP. RANTES is expressed in 

response to inflammatory stimuli and leads to catabolic activity. Sowa et al. found 

significant associations between levels of RANTES after activity and pain levels and pain-

related functioning. They found that higher RANTES levels were correlated with higher 

affective scores, a measure of pain interpretation. This indicates an important role of this 
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systemic biomarker in the experience of cLBP. Furthermore, it was concluded that higher 

levels of RANTES are associated with greater impairment and activity limitation, suggesting 

a link between inflammation and activity-related disability.47

In addition to studying systemic cytokines in the inflammatory response of cLBP, T 

lymphocytes have also been examined as key players in chronic pain. It was found that 

alterations in helper T cell subsets were associated with cLBP via pain and disability 

measures. CD4+ T cell lineages can be broken down into two cell subsets: TH17 and 

regulatory T (Treg) cells. Both T cell subsets have a role in the development of inflammatory 

diseases and were recently indicated to be involved in chronic pain.48 These immunological 

pathways exist in a paradigm in which the two T cell subsets counter one another in the 

formation (TH17) or the suppression (Treg) of autoimmunity.49 TH17 cells exert 

proinflammatory effects, while Treg cells function to restrain excessive effector T cell 

response. A decreased ratio between Treg cells and TH17 cells reported by Luchting et al. 
was characterized by elevated Treg counts with a decrease in TH17 cell counts. This 

imbalance led the authors to suggest that cLBP is associated with immune suppression, in 

contrast to the notion that immune system is overactivated in LBP.48

Disc herniation

Some LBP studies have been performed on subjects with undefined origins of pain, and thus 

the findings are presented in the context of one or more diagnostic codes. Disc herniation is 

the most commonly presenting diagnosis in lumbar spinal diseases. Disc herniation is 

broadly defined as localized or central displacement of disc tissue beyond the limits of the 

intervertebral disc, with local pain, with or without sciatica, due to mechanical compression 

and biochemical activity upon nerve roots.50 Disc herniation occurs most commonly when 

the NP protrudes through the surrounding AF. While, in most instances, degenerative 

changes must occur before disc herniation is initialized,51 studies on disc herniation 

biomarkers are typically performed on patients with incidental findings of painful herniated 

disc.

When looking at inflammatory biomarkers, earlier studies found that concentrations of 

IL-1β, IL-6, IFN-γ, and TNF-α in the serum and cerebrospinal fluid were within normal 

levels in patients with lumbar disc herniation at the time of surgery, when compared with 

historical reference levels of these cytokines.52 More recent studies, however, have 

challenged this concept. Park et al. found that mean serum concentrations of IL-2, IL-6, 

IL-8, TNF-α, soluble activation-inducible TNFR family receptor (AITR), and AITR ligand 

(AITRL) were all significantly higher in patients with lumbar disc herniation compared with 

control subjects.53 Kraychete et al. also measured IL-8, IL-1, TNF-α, IL-6, and sTNF-R 

levels in blood and cerebrospinal fluid in patients with chronic pain due to disc herniation. 

Despite the small number of subjects in this study (N = 23), the patients with cLBP and disc 

herniation exhibited significantly higher levels of TNF-α and IL-6 but not of IL-1 or sTNF-

R.54

Pedersen et al. evaluated the serum levels of IL-6 and IL-8 in patients with lumbar radicular 

pain due to disc herniation longitudinally. Samples were collected at subject recruitment and 

at 6-week or 12-month follow-up time points, regardless of the treatment they received. 
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They compared serum levels of IL-6 and IL-8 with patient-reported pain intensity on a 10-

cm VAS. They found that chronic lumbar radicular pain may be associated with a persistent 

increase of the proinflammatory cytokines IL-6 and IL-8 in serum after disc herniation, 

suggesting that these cytokines may be associated with the mechanisms underlying 

development of chronic pain due to disc herniation.55

Since the disc is normally aneural and avascular, it is considered an immunoprivileged tissue 

in healthy conditions. When disc herniation or rupture occurs, the exposure of 

immunoprivileged tissue and cells with the systemic environment may result in a response 

that mimics autoimmune responses. Cheng et al. conducted a study investigating the 

involvement of TH17 lymphocytes in disc herniation through the study of peripheral blood 

from patients with ruptured and non-ruptured lumbar discs and healthy controls. The results 

demonstrated that patients with disc herniation exhibited a significant increase in peripheral 

TH17 frequency and IL-17 expression compared with healthy controls. Furthermore, 

peripheral TH17 frequency and IL-17 expression in patients with ruptured discs were much 

higher than in those with herniated discs. IL-17 is thought to be a major effector cytokine of 

TH17 cells, and may induce the production of inflammatory cytokines. Indeed, disc 

herniation initiates an autoimmune reaction accompanied by increased levels of TH17 cells 

and IL-17, leading to inflammation, further deterioration, and increased pain. This process is 

more pronounced in cases of disc rupture, which may be one of the reasons patients with a 

ruptured disc experience greater pain than those without rupture.56 IL-21 controls the 

functional activity of effector T helper cells and the differentiation of TH17 cells and 

promotes B cell differentiation. Xue et al. investigated the involvement of IL-21, IL-17, and 

COX-2 in disc herniation by evaluating peripheral blood and disc tissue samples from disc 

herniation patients and healthy controls. They demonstrated that disc herniation patients 

exhibited significantly higher levels of serum IL-21 and IL-17. Moreover, higher expression 

of IL-21, IL-17, and COX-2 was found in protein and mRNA levels in disc tissues from disc 

herniation patients than in normal disc tissues. VAS pain scores, IL-17, and COX-2 were 

positively correlated with the IL- 21 levels, implicating its role in the pathogenesis of lumbar 

disc herniation.57

Other novel mediators of disc inflammation and degeneration have also been investigated as 

biomarker targets. Xie et al. used proteomic analysis of blood samples to establish whether 

there are serum proteins associated with disc herniation, which may be useful in elucidating 

pathogenesis. Two-dimensional electrophoresis of blood samples from patients or control 

subjects was conducted, and distinct protein spots were identified by matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry. Results indicate that apolipoprotein-

L1 (APO-L1), apolipoprotein M (APO-M), tetranectin (TN), and immunoglobulin light 

chain (IGL) differed in patients with lumbar disc herniation. They found that mean serum 

concentrations of APO-M, TN, and IGL were significantly lower in patients with disc 

herniation, whereas levels of APO-L1 were significantly higher.58 Extremely little is known 

with regard to APO-L, APO-M, and IGL in disc herniation. Although TNF-α is believed to 

play a key role in inflammation, certain studies have shown that TNF-α levels in the serum 

are not significantly different in herniation compared with healthy patients.52 In these 

circumstances, the level of APO-L may be a reflection of the TNF-α secreted into the serum 

and may serve as a biomarker for disc herniation. TN is a plasminogen-binding protein 
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present in plasma and extracellular matrix and is thought to be associated with regeneration 

of the lumbar disc after initial insult.58

In a more comprehensive approach, Moen et al. also conducted a profiling study for serum 

levels of 92 inflammatory proteins in patients 1 year after lumbar disc herniation. Thirteen 

proteins were identified to be significantly upregulated in patients with severe pain 1 year 

after disc herniation, using a false discovery rate (FDR) of 0.05. They then looked at the 

profiles of patients with VAS > 6 at 12-month follow-up and defined them as a high-pain 

group, versus gender- and age-matched patients with VAS < 1 at 12-month follow-up, 

defined as a low-pain group. Using linear discriminant analysis, they showed a clear overall 

difference in the serum cytokine profile between the chronic and the recovered patients.59 

These studies show that serum protein profiling of patients with differing LBP pathologies 

has the potential to be used to direct prognosis and choice of treatment.

Degenerative disc disease, spinal stenosis, and facet arthritis

Some degenerative disc changes are contained within the spinal column and are diagnosed 

by radiological indication of disc height loss, loss of water intensity on MRI, and/or 

formation of osteophytes/calcification indicated on X-ray or computed tomography (CT) 

scans. MRI remains the diagnostic modality of choice for imaging patients with LBP and 

suspected degenerative disc disease or disc herniation. MRI is noninvasive, requires no 

contrast agent, has superior soft tissue detail, and uses no ionizing radiation, unlike CT. In 

particular, T2-weighted (T2W) MRI is excellent at detecting the loss of normal disc space 

signal indicative of desiccation and degenerative disc disease. Pfirrmann et al. developed a 

grading system for gross morphology of disc degeneration based on standard T2W spin echo 

pulse sequences, which is one of the most commonly accepted methods of evaluating 

degenerative disc disease. This grading system ranks discs on a scale of I–V, with V being 

the most severely degenerated disc. The grading is based on MRI signal intensity, disc 

structure, distinction between nucleus and annulus, and disc height; with disc height being a 

discriminative feature between grade IV and V discs, but not between III and IV.60 Although 

this method is frequently used, it has historically been shown to be deficient at detecting 

early degenerative changes and does not always match with patient-reported symptoms.

From the Johnston County Osteoarthritis Project Database, Goode et al. investigated 

associations between radiographic features of degenerative disc disease, such as lumbosacral 

spine disc space narrowing and osteophytes with matrix degradation biomarkers. They found 

significant differences in mean biomarker levels across severities of degenerative disc 

disease for hyaluronic acid, collagen neoepitope, and urine C-terminal cross-linking 

telopeptide (CTX-II), with levels of these matrix biomarkers increasing with increasing 

disease severity.61 In a subsequent study, they went on to identify differences in two types of 

lumbar spine degeneration––facet joint arthritis versus lumbar spine osteoarthritis––and 

found that levels of hyaluronic acid were higher in facet joint arthritis and that CTX-II levels 

were greater in spine OA.61

By looking further at inflammation markers, Weber et al. found that serum levels of IL-6 

were significantly higher in subjects with degenerative disc disease compared with control 

subjects, even when controlling for covariates, such as age and BMI.62 Interestingly, levels 
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of IL-6 did not vary with severity of degeneration on MRI as indicated by Pfirmann grade. 

This was not particularly surprising, when taking into consideration that conventional MRI 

does not reliably diagnose early stages of disc degeneration, and the Pfirrmann grading 

system has poor sensitivity for the detection of early degenerative changes in the disc.63–65 

Radiological imaging, while it helps, is not sufficient. Many asymptomatic patients may 

appear severally degenerated on MRI, while the opposite may be true for a symptomatic 

patient. Early stages of degenerative disc disease are characterized by biochemical changes 

rather than the morphological changes, such as loss of disc space height, that are more 

readily identified on standard non-contrast T2W66–70 and normal disc space signal on the 

long repetition time (TR) scans. More sensitive imaging modalities may serve to provide 

stronger relationships with systemic biomarkers. For example, T1ρ imaging is an emerging 

MRI imaging modality that may allow for the earlier detection of degenerative disc disease, 

as it is able to detect quantitative changes in the disc space matrix, specifically the loss of 

proteoglycans.71–74 In vivo studies have shown a correlation between T1ρ values and 

degenerative grade in an asymptomatic patient population at 1.5 T.75 A study on a small 

group of symptomatic patients at 3.0 T correlated T1ρ values and disc degeneration.71 A 

study by Filippi et al. also quantified T1ρ values and found them to be correlated with 

Pfirrmann grades and to significantly decrease with increasing age.72

Ye et al. found that IL-18, a regulatory cytokine that degrades the disc matrix, is 

significantly increased with increasing grade of IVD degeneration.76 There was a dramatic 

alteration in IL-18 levels between the advanced degeneration group, when subjects with 

grade III–V severity were grouped together, compared with the normal group. In another 

study, Grad et al. evaluated serum levels of the chemokines C-C motif ligand 5 (CCL5, also 

known as RANTES) and C-X-C motif ligand 6 (CXCL6, also known as granulocyte 

chemotactic protein 2). In the context of the disc, these chemoattractants can be released by 

damaged disc cells. The investigators found that systemic levels of both factors increased in 

patients with disc degeneration compared with controls without disc degeneration;77 

however, a relationship with disease severity was not evaluated. Receiver operating curve 

analysis was performed to evaluate the diagnostic sensitivity and specificity of these two 

potential biomarkers. The area under the curve (AUC) was computed for both factors, and 

CXCL6 had slightly better diagnostic accuracy than CCL5, which had an AUC near the 

chance level of diagnosis (i.e., AUC = 0.5).77

Recent studies have also begun to question the possibility that serum cytokine levels vary 

between diagnoses of disc diseases or by subtype within a single diagnosis that represents 

classifications that are different from severity of disease. Deng et al. conducted a meta-

analysis of literature studies to examine the relationship between IL-6 serum levels and 

intervertebral disc degeneration (IDD). Eight case-control studies met the inclusion criteria, 

with a total of 392 subjects, of which 263 were patients with IDD and 129 were healthy 

controls. A meta-analysis demonstrated that serum IL-6 protein expression levels may be 

associated with IDD; however, this was irrespective of IDD subtype.78 It should be noted, 

however, that the IDD classification used (bulging, protrusion, or sequestration) are more 

commonly accepted to be subtypes of disc herniation specifically, not IDD.50 Nevertheless, 

serum expression levels of the IL-6 protein were upregulated in protrusion subjects, as 
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compared with normal disc subjects; thus suggesting that IL-6 may have an important role in 

a manner that depends on the subtype of degeneration or herniation.78

Weber et al. provided direct experimental evidence to support this notion that serum 

inflammatory cytokine levels vary by diagnosis subtype. In that study, serum cytokine levels 

were compared in patients with varying IDD pathologies. They found that serum levels of 

IL-6 were significantly higher in subjects with LBP compared with control subjects and 

further found that patients with degenerative disc disease and spinal stenosis had 

significantly higher IL-6 levels then patients with disc herniation, even when controlling for 

covariates, such as age and BMI.62 In a subsequent study, a more comprehensive profile was 

performed, which found that levels of many proinflammatory cytokines and growth factors 

were higher in stenosis and degenerative disc patients compared with disc herniation 

patients.79 These factors included IL-2, IL-3, IL-8, hepatocyte growth factor (HGF), 

interferon (IFN) α2 (IFN-α2), leukemia inhibitory factor (LIF), monocyte chemoattractant 

protein 3 (MCP-3), and TNF-β. The use of diagnostic profiling or biomarker panels may 

serve to enhance the specificity and accuracy of diagnosis.

Biomarkers and response to treatment

One potential utility for diagnostic biomarkers may be in precision medicine (i.e., to guide a 

more personalized therapeutic plan). To achieve this, changes in biomarkers in response to 

treatment must be demonstrated and validated. Several studies have extended the study of 

systemic cytokines to evaluate changes with various treatment modalities ranging from 

minimally invasive to surgical treatment. This concept is based on the premise that 

inflammatory cytokine levels may modulate treatment responses. For example, Schistad et 
al. found that high serum IL-6 levels were associated with less favorable recovery in patients 

with lumbar radicular pain when evaluating them using the Oswestry Disability Index (ODI) 

or VAS for LBP and leg pain.80

In cLPB patients, Licciardone et al. found that patients who underwent a treatment regimen 

of osteopathic manipulation therapy (OMT) exhibited reduced levels of TNF-α from pre- to 

postoperative measures compared with those patients who did not undergo OMT. This trend 

was reported as most evident in patients who achieved positive clinical outcomes with 

reference to pain severity and back-specific functioning, as measured by VAS and the 

Roland-Morris Disability Questionnaire and Medical Outcomes Study Short Form-36 Health 

Survey, respectively.39 Zu et al. measured serum levels of TNF-α and IL-4 in patients with 

lumbar radiculopathy at baseline and 1 and 12 months after microdisectomy. Cytokine levels 

were analyzed on the basis of pain intensity in the high-pain (VAS ≥ 3) group compared with 

the low-pain (VAS < 3) group. TNF-α blood protein levels were higher in the high-pain 

group than those in the low-pain group, while IL-4 was higher in the low-pain group. TNF-α 
decreased in both VAS groups over time. In contrast, IL-4 increased in both groups at 1 

month and then decreased gradually until month 12. The changes in serum levels of TNF-α 
and IL-4 over time between the high-pain and low-pain groups were significantly different. 

This study suggests that elevated anti-inflammatory cytokines in patients with lumbar 

radiculopathy may be indicative of a favorable outcome.30 The subtle process of IL-4 
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elevation and decline during the follow-up period suggests a protective mechanism that is 

analgesic for neuropathic pain.

Weber et al. conducted an exploratory study to identify systemic biomarkers that correlate 

with patient-reported outcomes after epidural steroid injections. At early follow-up (7–10 

days posttreatment), changes in systemic cytokine levels from pre- to posttreatment were 

dependent on the diagnosis cohort. In an effort to identify potential predictors of pain 

response to epidural steroid treatment, changes in systemic cytokines were analyzed with 

regard to change in pain in two diagnosis cohorts. Each cohort was associated with a unique 

profile of factors that significantly correlated with change in pain. Loss of pain in patients 

with spinal stenosis and degenerative disc disease correlated with decreases in chemokines 

(MCP-1, MIG) and factors that participate in mechanisms of angiogenesis (HGF, VEGF), 

inflammation (IL-1β, IL-1ra, IL-9, IL-12, TRAIL), and nociception (SCF, IFN-α2). On the 

other hand, disc herniation patients had an improvement in pain that correlated with 

decreases in factors that participate in hematopoiesis (SCGF-β, GM-CSF), nociception 

(SCF, IFN-α2), and inflammation (IL-6, IL-10, IL-18, IL-2Rα, IL-12p40).111

Conclusions

There have been a number of promising research findings in the field of biomarkers of LBP 

and disc diseases. Many potential targets have been explored and have the potential to guide 

diagnosis and therapeutics. Continued research and validation of relevant, accurate, and 

sensitive biomarkers of disc diseases is of high public health importance. Having the ability 

to discover pathologic processes in the disc at early stages will allow physicians to intervene 

earlier in the course of disease, offer more relevant treatment options, and decrease the 

likelihood of failed treatments, which are major potential benefits of biomarker 

development. This will have a significant impact on disease burden, relieving pain and 

avoiding surgical procedures that may not ultimately be found to be therapeutic. Blood 

biomarkers may help to stratify patients and optimize diagnostic processes. They also have 

the potential to identify the true physical causes of pain and eliminate psychological and 

secondary pain issues. In addition, the use of serum biomarkers has the potential to identify 

more individualized treatments with enhanced efficacy in certain patient populations. There 

are a number of specific anti-inflammatory drugs on the market that could be applied in a 

tailored treatment plan, including inhibitors of TNF-α (e.g., infliximab, adalimumab, and 

etanercept) or IL-6 (e.g., tocilizumab).81–83 The efficacy of these drugs in treating LBP is 

still being evaluated, but continued studies in biomarkers may be useful in selecting patients 

for these anti-inflammatory treatments.

One potential limitation of biomarker development remains the lack of sensitivity of existing 

MRI imaging modalities to identify disc disease changes early in the disease process. 

Developing quantitative, reliable, and non-invasive in vivo biomarkers or imaging markers 

of disc degeneration that correlate with patients’ subjective complaints of back pain are 

needed. Another potential limitation in the development and validation of systemic 

biomarkers is the contribution of disease covariates. Evidence exists that covariates, such as 

age, BMI, and depression, may contribute to pain status, especially for individuals affected 

by chronic pain. Moreover, some of these covariates present changes in disease mediators 
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that overlap with disc disease (e.g., inflammation). Consequently, evaluation and control for 

these covariates is warranted in clinical studies of systemic biomarkers in this field. 

Nevertheless, biomarkers that allow for earlier diagnosis of disc degeneration are needed to 

provide evidenced-based metrics for preventative interventions and could potentially be used 

to monitor disease progression or responses to therapeutic interventions, both surgical and 

nonsurgical. By putting multiple targets together, biomarker profiling is a powerful 

technology that will greatly accelerate progress toward novel diagnostic and predictive tools 

to track early disease and tailor treatments to specific patients.
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Figure 1. 
Spine and intervertebral disc anatomy in sagittal and cross-sectional views of healthy, 

degenerate, and herniated discs. Other potential disc changes are also shown in the sagittal 

view.
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Figure 2. 
Summary of potential triggers, mediators, and disc consequences of inflammation and 

degradation contributing to LBP.
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