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ABSTRACT 

Chronic low back pain has a huge impact on 
daily living and a negative economic and pro- 
fessional effect. It is a matter of debate and 
concern for all health professionals involved, 
particularly spine surgeons. Recent discoveries 
on the innervation and biochemical properties of 
the intervertebral disc clarify the role of this 
structure as a possible cause of chronic low 
back pain. However, multiple causes may be pre- 
sent in the same patient making the diagnosis a 
challenging process. Discogenic pain is defined 
as a chronic low back pain induced by a degen- 
erative disc disease. There are no specific char- 
acteristics of discogenic pain, although it has a 
higher incidence in younger age, it is usually 
localized medially in the back, worsens with ax- 
ial loading and improves with recumbence. In 
the last decades we have assisted the emer- 
gence of multiple treatment techniques. How- 
ever, neither the conservative treatment nor the 
interventional management has strong evidence 
in treating discogenic pain. Randomized control 
clinical trials are sought to improve patient out- 
come. Meanwhile, we believe each patient should 
be approached on an individual base. Discoge- 
nic pain: we care.  
 
Keywords: Discogenic Pain; Low Back Pain; 
Intervertebral Disc 

1. INTRODUCTION 

Low back pain (LBP) became one of the leading prob- 
lems in public health systems in the western world dur- 
ing the second half of the 20th century [1]. Most people 
will experience back pain at some point in their lives. It 
is estimated that an individual has an 80% probability of 
having low back pain at some period during his lifetime 

[2]. In younger than 45 years, it has become the most 
common reason of limited activity. The treatment ex- 
pense for low back pain in USA is higher than $100 bil- 
lion each year [3]. One study in the UK estimated that in 
1998, direct health-care costs associated with back pain 
were approximately £1.6 billion, but the total costs re- 
lated to loss of productivity were closer to £11 billion. 
[4]. 

Since early times low back pain with radicular leg pain 
has been described by many known physicians as Hip- 
pocrates, Schmorl and Dandy. However, the association 
between the disc disease and radicular leg pain was only 
clearly established by Mixter and Barr in 1934. Whereas 
lower-extremity radicular pain is well accepted as a 
symptom of lumbar disc disease-herniated disc with radi- 
cular compression, the association between a degener- 
ated disc and non-radicular back pain remains more con- 
troversial. The concept of discogenic pain has emerged 
as a chronic low back pain induced by a degenerative 
disc disease by itself. Opponents of the discogenic pain 
have argued that there are no pain receptors within the 
intervertebral disc, therefore, discogenic pain cannot oc- 
cur. Arguments for its existence are supported by both 
empirical clinical data and neuroanatomical research. In 
this article, the authors will review the embryological 
and anatomical aspects of intervertebral disc, its aging 
process, biomolecular basis as well as the clinical, imagi- 
ological and treatment features of discogenic pain.  

From a global perspective, discogenic pain is a public 
health issue, especially among young adults, and should 
be a concern for all health professionals involved.  

2. INTERVERTEBRAL DISC:  
EMBRYOLOGY AND ANATOMY 

The intervertebral disc (IVD) is the main joint be- 
tween two consecutive vertebrae in the vertebral column. 
[5]. 

Through embryological development, the interverte- 
bral discs mature during the resegmentation of the axial 
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organs. This occurs after the disintegration of the sclero- 
tome when some cells migrate ventrally to the notochord 
forming a homogenous tissue around it [6]. The future 
vertebra starts to arise during the second month in the 
form of two small cartilage masses which are seen in the 
membranous vertebral column [7]. Part of the notochord 
is preserved as a gelatinous nucleus and the cell-poor 
material situated between the discs is transformed into 
hyaline cartilage [6].  

The IVD is then formed and consists of three different 
structures: a gelatinous core called nucleus pulposus 
(NP), an outer ring of fibrous tissue called annulus fi- 
brosus (AF) and two vertebral endplates of hyaline carti- 
lage that cover the upper and lower surface of both NP 
and AF [5]. The IVD along with the facet joints provide 
support and stability by limiting the movement of the 
spine in all directions [8,9]. The IVD along with two 
adjacent vertebrae and all the ligaments between them 
constitute the spinal functional unit, defined as the 
smallest physiological motion unit of the spine to exhibit 
biomechanical characteristics similar to those of the en- 
tire spine.   

The innervation of the IVD has been extensively stud- 
ied. However, the available data has been obtained from 
experimentation in rats [5]. The normal IVD is poorly 
innervated, supplied only by sensory and sympathetic 
perivascular nerve fibers.  

Most studies demonstrated that the IVD nerve fibers 
are found mostly in the periphery of the AF [5,10,11]. 
Sensory fibers are mostly nociceptive, located in the 
posterior outer layers of the AF and in the central portion 
of the vertebral endplates. Proprioceptive fibers can also 
be found in a lesser extent [8]. This innervation is ac- 
complished by branches of the sinuvertebral nerve (ca- 
pable of nociception) and branches of the paravertebral 
sympathetic trunks [5]. In IVD degeneration the number 
of nerve fibers increase which has been associated with 
discogenic pain [5,12].  

3. AGING OF THE VERTEBRAL DISC 

It is well known the IVD undergoes structural changes 
from birth to old age. Disc degeneration is part of the 
aging process that affects not only the discs but other 
spinal structures leading to a deterioration of their func- 
tion. However there are no clear boundaries between 
physiological aging and pathological degeneration.  

Disc aging begins in the first 2 decades of life, reaches 
a steady-state during the third and fourth, and re-starts 
from the fifth to seventh.  

The NP grows quickly during infancy. In this period it 
consists of clumps and strands of notochordal cells in a 
plentiful mucoid matrix [13]. The NP suffers consider- 
able changes in the first years of life. During this period 
notochordal cells disappeared and the NP undergoes a 

gradual transformation, losing its gelatinous appearance 
and its translucency and turning into a soft, relatively 
acellular fibrocartilage [14].  

The appearance of the adult disc nucleus with increas- 
ing age suffers several changes. The NP becomes less 
hydrated and more collagenous. It changes color, chang- 
ing from white to yellow-brown through the accumula- 
tion of products of non-enzymatic glycosylation. These 
can also form cross-links between polypeptide chains 
and may alter the tissue’s mechanical properties, reduc- 
ing flexibility [15]. With age, the boundary between NP 
and AF becomes increasingly blurred and the annular 
rings thicken and appear more disorganized [16]. Later in 
life, tears and fissures emerge in the endplate; NP and AF 
almost vanish being replaced by disorganized scar or 
granulation tissue [17,18]. 

There are several proposed risk factors involved in 
disc aging and degeneration. The reduction of disc cell 
nutrition is probably the most relevant factor. Cell culture 
studies demonstrate that synthesis of matrix is drastically 
reduced when oxygen concentration falls below 5% or 
the pH is below 6.8 [19]. The mechanism leading to this 
loss of nutrition is still under investigation. Atherosclero- 
sis is associated with increased degeneration [20,21]. 
Lack of physical activity may also have a negative im- 
pact on disc nutrition [22]. Studies in rats have shown a 
direct link between smoking and disc degeneration 
[23,24]. Although these risks factors have been identified, 
the exact mechanisms by which they promote disc 
changes are steel unclear.  

Direct mechanical damage can be associated with de- 
generative progression and clinically significant LBP. 
This hypothesis is supported by experimental animal 
models [25-27] and epidemiological data, linking heavy 
lifting, intense physical work, and obesity with increase- 
ing rates of LBP [28-30]. Supra-physiologic movements 
like bending, rotation, and compression can lead to struc- 
tural defects associated with degeneration of the IVD 
[31]. A recent study has also shown that intense physical 
stress can induce a catabolic response characterized by 
increasing protease gene and protein expression/activity 
[32]. 

4. BIOMOLECULAR ASPECTS OF IVD 
DEGENERATION 

The IVD is a dynamic structure and its matrix is in 
continuous turnover. This process may be divided in 3 
different phases. The first phase—growth—is character- 
ized by type II collagen and aggrecan synthesis. These 
components are responsible for the viscoelastic proper- 
ties of the juvenile disc. The second phase—maturation 
—is defined by reduction of both these components. The 
third phase—degeneration and fibrosis—begins when 
type II collagen is denaturized and type I collagen syn- 
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thesis is increased with no change in the aggrecan levels 
[33]. During this process, the total amount of elastin and 
the extracellular matrix degeneration products increase 
along with the decreasing of enzyme inhibitors [34,35]. 
As a consequence, the IVD becomes less flexible (Fig- 
ure 1). 

This collagen-proteoglycan imbalance is produced by 
aggrecanases, matrix metalloproteinase (MMP) and 
ADAMTS (a desintegrin and metalloproteinase with 
thrombospondin motifs) families. These enzymes are 
synthetized by IVD cells which are under the direct in- 
fluence of diverse growth factors (namely insulin-like 
growth factor I (IGF-I), basic fibroblast growth factor 
(bFGF), platelet-derived growth factor (PDGF), trans- 
forming growth factor-β (TGF-β)), some bone morpho- 
genic proteins (BMPs), and the cytokines interleukin-1 
(IL-1) and IL-6, and tumor necrosis factor-α (TNF-α) 
[36-38]. An acute inflammatory insult is thought to be 
responsible for the increase of catabolic/anabolic ratio. 
Furthermore, it is believed that the degenerative debris of 
IVD catabolism may increase this process, reducing the 
IVD proteoglycan and water content [33,39]. 

The degenerative disc disease has a genetic predispo- 
sition which may account for 74% of inter-individual 
variability [40]. Many genes have been studied, includ- 
ing the vitamin D receptor (VDR on chromosome 
12q13.11), alleles for collagen type IX, aggrecan and 
MMP-3 [41]. Vitamin D seems to have an important role 
in the proteoglycan synthesis and it has been identified 
two VDR restriction fragment length polymorphisms 
(Taq I and Fok I) related to disc degeneration on MRI 
[42]. The polymorphism characterized by tandem repeats 
of aggrecan gene (AGC1 on chromosome 15q26.1) has 
been recently enrolled in disc degeneration [43]. The 
collagen type IX genes for the α2 subunit (COL9A2 on 
chromosome 1p33-p33) and α3 subunit (COL9A3 on 
chromosome 20q13.3) and its polymorphisms (Trp2 and 
Trp3) have also been studied [44]. An altered aggrecan 
and collagen type IX function may account for biome- 
chanical disc degeneration.  

A great amount of biomarkers are on the line to 
enlighten disc degeneration phenomenon.  

5. DISCOGENIC PAIN MECHANISMS 

Discogenic pain is build up by a complex interaction  
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Degeneration
and Fibrosis
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Figure 1. Biomolecular IVD evolution. 

of pro-inflammatory cytokines–mainly Tumor Necrosis 
Factor α (TNF-α), IL-1β and IL-8 [45]—and neurotro- 
phins (NT)—Nerve Growth Factor (NGF), Brain-derived 
Growth Factor (BDGF), NT-E and NT-4/5 [46]—in the 
intervertebral body [5]. NT activates two different type 
of receptors: Trk-TrkA, TrkB and TrkC, and low-affinity 
p75NTR [47].  

Inflammation, whether induced by trauma or other in- 
sults, is the main trigger of this complex network. The 
above mentioned cytokines are released in the IVD dur- 
ing the acute inflammatory process. They will act on 
mast cells and macrophages receptors in order to in- 
crease the NGF and Substance P (SP) levels [48]. Two 
events will take place: a local positive feed-back effect— 
NGF and SP increase their own concentration through 
mast cells and macrophages stimulation—and a retro- 
grade peptide transport of NGF to dorsal root ganglia 
(DRG) which increases SP, BDNF and Calcitonin Gene 
Related Peptide (CGRP) by TrkA-expressing neurons 
[5,49]. These neurochemical changes in DRG promote 
an increase in the synaptic transmission in lamina I and 
II of the respective dorsal horn of spinal cord modulating 
the central pain pathways [50]. It also stimulates the in- 
growth of nociceptive nerve fibers into the intervertebral 
body in association with aggrecan breakdown products. 

[51]. These last nerve fibers will deliver SP and NGF by 
anterograde transmission to the intervertebral body, en- 
hancing the cycle. This complex neurochemical archi- 
tecture is a solid platform through which discogenic pain 
can perpetuate (Figure 2). 

6. DIAGNOSING DISCOGENIC PAIN 

An accurate diagnosis is critical for a successful 
treatment of discogenic pain. Similarly to other spine 
degenerative disorders, the lumbar segment is the most 
affected by discogenic pain.  

Facet joint degeneration, spinal instability, sacroiliac 
joint pathology, compressive syndromes, lumbar stenosis 
and psychological factors are other known causes for 
LBP that must be taken in consideration. In addition,  
 

 

Figure 2. Discogenic pain mechanisms. 
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multiple causes may be present in the same patient turn- 
ing the diagnosis into a more challenging process.  

There are no specific characteristics that clearly con- 
firm or refute the diagnosis of discogenic pain. Usually it 
is a persistent and medially localized back pain, which 
can also be referred to the groin and/or leg. It worsens 
with axial loading and improves with recumbence.  

In a retrospective study [52], younger age was a pre- 
dictive factor of discogenic origin.   

There are no pathognomonic signs of discogenic pain 
on physical examination. However some authors con- 
sider that biphasic straightening from flexion and pain 
exacerbation with pressure on the spinal process, are 
suggestive of discogenic pain.  

Concerning the paucity of clinical and physical ex- 
amination features, imaging is essential in the diagnosis 
of discogenic pain.  

7. IMAGING THE INTERVERTEBRAL 
DISC 

Imaging modalities, particularly Magnetic resonance 
(MR), can identify degenerative changes in IVD. How- 
ever, its presence is not always associated with patient 
symptoms. In fact, there is a high prevalence of degen- 
erative disc disease findings in asymptomatic persons 
[54]. MR is the most appropriate modality for evaluation 
of degenerative disc disease [8,55]. It has a sensitivity 
ranging from 60% to 100% and specificity of 43% to 
97% [55]. However, its predictive and prognostic infor- 
mation remains unclear [56]. Early disc degeneration 
appears in MR images with a diminished T2 signal in- 
tensity without evidence of disc collapse or herniation. 
This pattern is referred as “dehydrated”, “desiccated” or 
“black” disc (Figure 3).  

Dehydrated discs are associated with radial tears of the 
AF although MR frequently fails to show it [59]. Pfir- 
rman et al. [60] developed a 5-grading scale to classify 
disc degeneration (Table 1).  

Modic changes represent areas of abnormal signal in 
the vertebral endplate and subchondral bone marrow. 
They occur in 19% to 59% of patients with chronic LBP 
and are divided in three categories. Type 1 changes are  

hypointense on T1-weighted imaging (T1WI) and hy- 
perintense on T2-weighted imaging (T2WI) and repre- 
sent bone marrow edema and inflammation. Type 2 
changes are hyperintense on T1WI and isointense or 
slightly hyperintense on T2WI and are associated with 
fatty infiltration after the acute inflammation. Type 3 
changes are described as hypointense on both T1WI and 
T2WI and are thought to represent subchondral bone 
sclerosis [61]. Kuisma et al. suggested that Modic 
changes occurring at L5-S1 level, type 1 changes and 
extensive expression of Modic changes are more closely 
associated with pain [62]. Type 3 changes are not related  
 

 

Figure 3. T2-weighted MR showing anL5-S1 black disc in a 
30-year patient with LBP. 

 
Table 1. Pffirman classification of disc degeneration. 

Grade Structure 
Distinction of  

Nucleus and Anulus
Signal Intensity Height of IVD 

I Homogeneous, bright white Clear Hyperintense, isointense to CSF Normal 

II Inhomogeneous with or without horizontal bands Clear Hyperintense, isointense to CSF Normal 

III Inhomogeneous gray Unclear Intermediate Normal to slightly decreased 

IV Inhomogeneous gray to black Lost Intermediate to hypointense Normal to moderately decreased

V Inhomogeneous black Lost Hypointense Collapsed disc space 
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to pain [58]. The prevalence of Modic changes is vari- 
able but type 2 is generally more common than type 1 
[63]. 

High-intensity zone lesions (HIZs) appear as high in- 
tensity signal within the posterior AF in T2-weighted MR 
images. They represent large radial or circumferential 
fissures [58]. HIZs are not a sign of back pain as they can 
be present in asymptomatic individuals. However, in a 
patient with back pain they strongly implicate the af- 
fected disc as the source of the pain [58].  

MRI may identify a degenerative disc and an annular 
tear, but the evidence of disc degeneration does not nec- 
essarily correlate to the presence or severity of low back 
symptoms. In asymptomatic subjects, older than 50 years, 
90% to 100% will have evidence of disc degeneration on 
MRI and Modic changes are evident in 20% of people 
without symptoms [65]. On the contrary, there are proba- 
bly some patients with discogenic pain and innocent MR.  

Provocation discography is the only available method 
that correlates the morphologic abnormalities with clini- 
cally observed pain. Kallewaard, J.W., et al. consider 
provocative discography the gold standard for diagnosis 
of discogenic pain [56]. This procedure consists in in- 
jecting a contrast agent in the NP of the target disc in 
order to test its sensitivity to gradually increasing pres- 
sures. The diagnostic criteria for IVD disease established 
by the International Association for the Study of Pain 
(IASP) are occurrence of a concordant pain response 
during discography, internal annular disruption shown by 
CT after discography and at least one adjacent disc with- 
out concordant pain. Nevertheless, its predictive value 
has been repeatedly questioned, mainly as a result of 
reported false positive rates [8]. Physicians must be 
aware of exaggerated responses to disc stimulation due 
to other factors, as psychometric variables or high con- 
trast infusion rates [58]. In addition it is an invasive pro- 
cedure and it implies the injection of an adjacent normal 
disc to confirm a positive response. Therefore this diag- 
nostic modality should be reserved for patients with pre- 
sumed discogenic LBP who may be candidates for sur- 
gical treatment [57] due to its invasive nature and poor 
evidence for its sensitivity, specificity, and predictive 
value.  

Annular tears or fissures are avulsions in the AF fibers 
and can either involve the fibers themselves or the inser- 
tions on the adjacent endplates [63]. Based on CT-Dis- 
cography, Sachs et al. developed the “Dallas Discogram 
Scale” of disc degeneration [64]. Grade 0 represents a 
disc in which the contrast remains in the NP. From Grade 
1 to Grade 3, the contrast agent extends to the innermost, 
middle and outermost sections, respectively, of the AF. In 
Grade 4, fissures have expanded into an arc-shaped tear, 
outside of or in the innermost of the annulus. Grade 0 
and 1 are almost never painful. On the other hand, more 

than 75% of the Grade 3 discographies are accompanied 
with the exact reproduction of concordant pain [8]. 

As exposed, there is not a consistent overlapping 
among discogenic pain, MR degenerative disc changes 
and positive discography findings (Figure 4).  

8. TREATING DISCOGENIC PAIN  

The socioeconomical impact of discal pathology has 
led to an expanding array of tests and treatments, includ- 
ing percutaneous and surgical procedures, implantable 
devices, and medications. However, innovation has often 
outpaced clinical science, leaving uncertainty about the 
efficacy of many novel treatments. Clinical benefits and 
therapeutic risks must be considered when dealing with 
clinical problem.  

The conservative treatment with non-steroid anti-in- 
flammatories and weak opioids may be administered for 
a limited period of time (3 months at most). Regarding 
the guidelines concerning the physical exercise, no evi- 
dence support bed rest when comparing with active ex- 
ercise [66,67].  

A huge amount of percutaneous techniques has been 
proposed for discogenic pain treatment. The intradiscal 
corticosteroid injections have been reported in patients 
with Modic Type-1 changes regarding their anti-in- 
flammatory effect [68]. The intradiscal eletrothermal 
therapy consists of percutaneous insertion of a thermo- 
coil into the IVD [69]. The bi-acuplasty delivers a ra- 
diofrequency (RF) current between two straight probes 
with preservation of the AF structure. The proposed ac- 
tion mechanisms are the denervation of local nociceptors 
or improving the AF stability throughout collagen struc- 
ture changes [70]. The intradiscal radiofrequency ther- 
mocoagulation consists of RF deliver in the IVD center, 
decreasing the IVD pressure. Otherwise, the ramus 
communicans block act on the nociceptive pathway de- 
creasing the IVD innervation and its surrounding struc- 
tures. Ozone discolysis consists of injecting an O3 and O2 
mixture intradiscally as well epidurally. As a result, an 
oxidative dehydration takes place in the NP as well as  
 

 

Figure 4. Diagnosing discogenic pain: a chal- 
lenging process.  
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an increase in the endogenous anti-inflammatory re- 
sponse due to oxidative stress which upregulates the in- 
tracellular antioxidant scavenger system [8]. Health care 
providers should be aware that neither of these percuta- 
neous techniques has a strong level of recommendation 
in the treatment of discogenic pain. 

Surgical treatment is also an option in the management 
of discogenic LBP. The surgical alternatives are lumbar 
fusion or total disc replacement. 

Lumbar fusion lies on noninstrumented posterolateral 
fusion, instrumented posterolateral fusion or interbody 
graft with/without instrumented posterolateral fusion. In 
published studies using one of these techniques there has 
not been a consistent correlation between the fusion 
status and the patient’s clinical outcome, but the addition 
of an interbody graft seems to have better results [71]. 

Total disc replacement or disc arthroplasty was devel- 
oped in the attempt to avoid lumbar fusion drawnbacks 
such as pseudoarthrosis, degeneration of adjacent seg- 
ments and mobility limitations. For now there is no evi- 
dence that this procedure show better outcomes than 
lumbar fusion [71]. 

The authors believe each patient should be approached 
on an individual base. We tend to prefer a conservative 
management and lifestyle adjustment, limiting axial 
loading activities and stimulating low stress aerobic ex- 
ercises and those that minimally stress the back, includ- 
ing bicycling, walking and swimming. We do not pro- 
pose percutaneous techniques regarding the lack of strong 
evidence supporting their use. In refractory cases, par- 
ticularly in young and motivated patients, a surgical ap- 
proach is sometimes proposed. In our experience and 
using this approach, the number of patients submitted to 
surgical treatment is minimal. Randomized control clini- 
cal trials are sought to improve our ability to take appro- 
priate decisions and patient outcome.  

9. OVERVIEW  

Interest on discogenic pain has increased in health 
professionals all over the world. Chronic LBP has a huge 
impact on daily living and a strong negative economic 
and professional effect. The scientific community is in- 
creasing its knowledge regarding the mechanisms and 
treatment of discogenic pain. Nevertheless, this is a prob- 
lem poorly understood, which explains the lack of good 
quality evidence treatment and should stimulate our ef- 
fort in understanding its causes. 
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