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Back pain, although not usually life threatening,

is a major public health problem both here in the

UK and in Western societies in general. It affects

a large number of people each year and is a cause

of considerable economic loss and personal suf-

fering. Point prevalence rates indicate that it

affects between 12% and 35% of the population,

of whom �20% will seek medical attention. 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

related to lost productivity closer to £11 billion.1 2

A number of anatomical structures within the

back may be responsible for back pain; interver-

tebral discs, facet joints, muscles, ligaments, and

nerve root sheaths are all possible ‘pain genera-

tors’. Of these, the intervertebral discs, facet

joints, and sacroiliac joints are implicated in up

to 45, 40, and 13% of the cases, respectively.3

Furthermore, more than one structure may be

contributing to the pain at any one time.

The intervertebral disc may produce pain

either as a result of intrinsic degeneration (dis-

cogenic pain) or by extrinsic compression of

neural structures in the spinal canal, producing

radicular pain. Disc degeneration also results in

loss of disc height which, in turn, may alter the

mechanics of the axial skeleton. These changes

may produce pain in other structures including

the zygapophyseal (facet) joints and may ultim-

ately result in spinal stenosis.

Discogenic pain is defined as axial pain ori-

ginating in a degenerative disc. Radicular pain

is the pain radiating in the distribution of a

spinal nerve caused by the irritation of the

sensory root or dorsal root ganglion (DRG) of

that spinal nerve.4Although degenerative disc

disease (DDD) is the most common cause of

such compression, there are other pathologies

which may produce radicular pain.

Disc anatomy

The intervertebral discs lie between the verte-

bral bodies and form the major joints of the

spinal column, occupying approximately one-

third of its height. Their main function is to

transmit loads arising from body weight and

muscle activity; they allow for anteroposterior

and lateral flexion and axial torsion. Discs are

bounded anteriorly and posteriorly by the anter-

ior and posterior longitudinal ligaments,

respectively. They are supported posteriorly by

the paired zygapophyseal joints. Between these

structures lie the contents of the spinal canal

and the roots of the spinal nerves.

Each disc is composed of four distinct

regions: a nucleus pulposus, an annulus fibro-

sus, and two vertebral endplates (Fig. 1). The

disc is analogous to an articular cartilage.

Fibroblast-like cells produce both type I and

type II collagen that make up the annulus fibro-

sus. Chondrocyte-like cells produce type II col-

lagen and proteoglycans that form the bulk of

the nucleus pulposus and vertebral endplates.

Vertebral endplates form a thin layer of the

hyaline cartilage between discs and the adja-

cent vertebral bodies. The nucleus pulposus

contains collagen and elastin fibres embedded

in a proteoglycan matrix. The main purpose of

this matrix is to hold water within the disc.

Healthy discs have only minimal blood

supply—feeder vessels arising from the spinal

artery recede out of the disc in infancy and the

normal adult disc is relatively avascular, relying

on diffusion for a supply of nutrients. Nerve fibres

in the disc are largely confined to the outer layers

of the annulus fibrosus. Discs are innervated by

branches of the recurrent sinuvertebral nerve.

This nerve arises in the DRG, with significant

contribution from the sympathetic chain through

the ramus communicans, and travels back through

the intervertebral foramen to form a plexus within

the posterior longitudinal ligament (Fig. 2).5

Disc degeneration and pain
generators

Under normal circumstances, discs degenerate

through a number of mechanisms as we age.

Key points

Degenerative disc disease may be
the underlying pathology in up to
45% of the patients suffering from
low back pain with or without
radiculopathy.

The intervertebral disc may
produce pain either as a result of
intrinsic degeneration or by
extrinsic compression of neural
structures in the spinal canal.

The disc degeneration process
involves four stages: dehydration,
fissuring, neovascularization and
bony changes.

Pain associated with degenerate
discs is believed to result from
extravasation of inflammatory
mediators from within the disc
onto adjacent neural structures.

Interventional therapies focus on
reducing symptoms of nerve root
irritation, modulating intradiscal
pain generators, or reducing disc
volume and therefore minimizing
the leakage of disc contents.
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The degeneration process involves four stages: dehydration, fissur-

ing, neovascularization, and bony changes. This may be confined

to the disc itself (internal disc disruption or IDD) or may result in

herniation of disc contents into the spinal canal.

Dehydration of the disc results from the reduced synthesis of

the proteoglycan matrix. The concentration of cells declines pro-

gressively, particularly in the annulus fibrosus. Matrix turnover

declines and loss of proteoglycans is accelerated by the production

of interleukin-1 (IL-1) and tumour necrosis factor in response to

repeated injury.

Over time, the annulus becomes thickened and may develop

radial fissures. The endplates are prone to fracturing under repeated

loading. The nuclear material may leak out into either the annulus

or an endplate. As nuclear material contains proinflammatory cyto-

kines, this leads to an inflammatory response within these parts of

the disc. As these injuries heal, the healing process is accompanied

by new vessel formation, or neovascularization within the annulus

or endplate. In conjunction with this neovascularization, sensory

nerve endings spread into the inner layers of the annulus and into

the endplate. In severely degenerate discs, nerve fibres may extend

all the way into the nucleus pulposus. It is believed that this is a

key process in the development of discogenic pain. Smaller insults

within the disc with repeated small extravasations of the proinflam-

matory nuclear material lead to sensitization of nerve endings and

ultimately pain. The release of inflammatory mediators from the

nuclear material onto neural structures within the spinal canal is

believed to underpin the development of radicular pain as a result

of disc herniation.

Disc degeneration is associated with loss of disc height

(through dehydration) which leads to altered spinal mechanics.

Over time, this may result in bony changes such as osteophyte for-

mation, facet joint arthropathy, and ultimately, spinal stenosis. The

factors which predispose an individual to DDD are not fully under-

stood. Degeneration was thought simply to be part of the ageing

process; however, while all discs in an individual are the same

age, only a few may be degenerate. It is increasingly recognized

that injury to the vertebral endplate may be central to the process

of degeneration. Cigarette smoking is associated with increased de-

generation and an increased risk of disc herniation. Genetic factors

are also involved and polymorphisms in IL-1 alleles are known to

be associated with disc degeneration and herniation.6

Clinical syndromes and diagnosis

DDD is common, and in the majority of cases, it is asymptomatic.

Early changes associated with disc degeneration can be found in

teenagers. About 20% of the people in their teens have evidence

of mild degeneration, while up to 60% of the people in their 70s

will have signs of severe degeneration.

Discogenic back pain may present as one of three syndromes:

axial pain alone, axial pain plus pain radiating into the posterior

thigh in a non-radicular distribution, and axial pain plus radicular

pain/radiculopathy. Radiculopathy may occur with or without ra-

dicular pain. It may be confined to a single nerve root or may be

part of a cauda equina syndrome. Pain may be of sudden or insidi-

ous onset. It is often described as a pain which worsens with axial

Fig 1 Anatomy of the intervertebral disc (reproduced with kind permission from Blackwell Publishing Inc. and Raj).5

Fig 2 Line drawing showing the innervations of the intervertebral disc
from the sinuvertebral nerve. Fibres from the sinuvertebral nerve innervate
the outer layers of the annulus fibrosus and may also innervate the end
plates (reproduced with kind permission from Blackwell Publishing Inc. and
Raj).5
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loading (sitting, standing, and bending) and which eases with re-

cumbency, although there are no specific features in the history or

examination which are pathognomonic.

Imaging techniques such as computed tomography or magnetic

resonance imaging (MRI) scanning are useful for demonstrating

the anatomy and abnormalities of the spine. They are particularly

useful for excluding pathology, such as spinal neoplasia, which

may require urgent neurosurgical (or other) intervention. MRI

scanning is particularly useful in the evaluation of patients with

DDD. Features of DDD which may be seen on MRI scanning

include evidence of disc dehydration, the Modic changes asso-

ciated with endplate pathology, high-intensity zones which may

reflect active inflammation within an annular tear, and disc hernia-

tions with or without compression of structures in the spinal canal

and exit foramina (Fig. 3).

The main limitation of MRI imaging, however, is a lack of cor-

relation between imaging findings and clinical syndromes, particu-

larly where IDD is thought to be the process generating pain. In

these cases, provocation discography is the only available method

for linking MRI findings with the clinical presentation, though

there is now evidence that discography itself can accelerate disc

degeneration.7

Treatments for discogenic pain

The natural history of discogenic pain suggests that up to 90% of

the sufferers of low back pain with or without sciatica may recover

spontaneously. In a small minority of patients, back pain is persist-

ent and disabling. Among patients who seek medical care for their

low back pain, up to one-third report back pain of at least moderate

intensity 1 yr after an acute episode, and one in five reports sub-

stantial limitations in activity.

As with a number of chronic pain conditions, a multidisciplin-

ary approach to assessment and treatment is essential. Treatment

may be conservative or interventional. Conservative therapy con-

sisting of simple analgesia, physiotherapy-based rehabilitation

combined with education using a cognitive-behavioural approach

will work well for the majority of patients, and the evidence sup-

ports this approach.8

Interventional therapies focus on three main areas and include

minimally invasive and surgical approaches: (i) reducing symp-

toms of nerve root irritation associated with disc pathology; (ii)

modulating intradiscal pain generators; (iii) reducing disc volume

and therefore minimizing the leakage of disc contents.

Reducing symptoms of nerve root irritation

The most common of these methods is the epidural injection of a

local anaesthetic with or without steroids. The epidural space can

be accessed with a needle using either a caudal, interlaminar, or

transforaminal approach. Approximately 80% of the patients with

disc herniation receive up to 12 month benefit with this treatment.9

Surgical laminectomy and decompression may also relieve pressure

on neural structures as a result of disc herniation, although the

current evidence suggests that the results of this may be better

with disc herniations .5 mm in diameter.10

Modulating intradiscal pain generators

Corticosteroid injections into painful discs have been performed in

an attempt to reduce inflammation and sensitization of nociceptors,

though the literature suggests that this offers no more benefit for

low back pain than placebo. There are a number of radiofrequency

(RF) treatments aimed at modulating nociceptor activity within the

annulus (annuloplasty), including intradiscal electrical thermocoa-

gulation (IDET), disctrode, and biacuplasty. The principle guiding

these treatments is that high-energy RF current produces heating

and coagulation of nerves in target tissue and consequently, pain

Fig 3 Paired T2-weighted MRI images of the lumbar spine. (A) The sagittal section showing a low signal disc at L4/5 with loss of disc height (arrow) and
endplate and marrow oedema (Modic type I change) (stars). (B) The axial section through the L4/5 disc showing a broad-based herniation of the disc
(arrows) but with a minimal impingement on adjacent structures.
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relief. Of these, there is some evidence to support the use of IDET

and rather more limited evidence in support of the other two.

Surgical treatment in this category includes disc removal and

fusion surgery. Although studies have not shown a clear benefit of

fusion surgery over other therapies in this area, the recent develop-

ment of disc prostheses may improve the long-term results of this

surgery.

A block and destruction of the ramus communicans is also

described as a treatment for discogenic low back pain or for pain

in the vertebra itself. In spite of the promising initial results,

further randomized studies of the effects of the ramus communi-

cans block on discogenic pain are also needed.

Reducing disc volume

The aim of these treatments is to shrink the volume of the disc,

predominantly the nucleus pulposus. This helps to reduce any in-

flammation that may occur as a result of the leakage of nuclear

contents and also reduce the risk of recurrence.

Injection of chymopapain (a proteolytic enzyme derived from

papaya) dissolves protein molecules in the nucleus leading to

shrinkage of the bulging disc (chemonucleolysis). Although results

in some series were very good, rates of anaphylaxis are high and

its use has fallen out of favour. Nucleolysis has also been tried

using ozone, but there is insufficient evidence to support its use.

Of the minimally invasive techniques, most evidence supports

the use of nucleoplasty. In this procedure, an RF wand is inserted

into the nucleus. The high-energy field generated during RF lesion-

ing breaks down protein bonds within the nucleus in a manner

analogous to chemonucleolysis, resulting in a reduction in disc

volume. Surgical treatments in this category include discectomy

and microdiscectomy. Results for surgery are superior to minimal-

ly invasive techniques in the short to medium term, but this differ-

ence is less clear in the longer term.11

Conclusions

DDD may be the underlying pathology in up to 45% of the

patients suffering from low back pain with or without radiculopa-

thy. Degenerative discs may cause pain through two principal

mechanisms—contained disc ruptures and herniations. While exist-

ing imaging technology may be able to delineate both of these

pathologies, there is a poor correlation between imaging findings

and symptoms. Although the exact mechanisms of pain generation

are unknown, it is thought to involve a cascade of inflammatory

mediators which sensitize neural structures—either within the disc,

as in the case of a contained rupture, or within the spinal canal, as

is the case in herniations. There are a number of treatments avail-

able for the management of discogenic pain which produce

broadly similar results. While the existing evidence favours some

interventions more than others, it should be borne in mind that this

evidence is relatively weak and the benefits of one procedure over

another are by no means clear-cut. A multidisciplinary approach to

management is recommended.
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