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Jeffrey S. Ross, MD The sequelae of disk degeneration are among the leading

causes of functional incapacity in both sexes and are a
common source of chronic disability in the working years.
Disk degeneration involves structural disruption and cell-
mediated changes in composition. Mechanical, traumatic,
nutritional, and genetic factors all may play a role in the
cascade of disk degeneration, albeit to variable degree in
different individuals. The presence of degenerative change
is by no means an indicator of symptoms, and there is a
very high prevalence in asymptomatic individuals. The
etiology of pain as the symptom of degenerative disease is
complex and appears to be a combination of mechanical
deformation and the presence of inflammatory mediators.
The role of imaging is to provide accurate morphologic
information and influence therapeutic decision making. A
necessary component, which connects these two pur-
poses, is accurate natural history data. Understanding the
relationship of etiologic factors, the morphologic alter-
ations, which can be characterized with imaging, and the
mechanisms of pain production and their interactions in
the production of symptoms will require more accurate
and reproducible stratification of patient cohorts.
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I t has been stated that the term degen-
eration, as it is commonly applied to
the intervertebral disk, covers such a

wide variety of clinical, radiologic, and
pathologic manifestations as to be really
“only a symbol of our ignorance” (1). De-
spite this admonition, or perhaps because
of it, we will attempt in this review to
summarize current thoughts about the
etiology, manifestations, and symptom
production in lumbar degenerative disk
disease and the role imaging currently
plays in its identification and manage-
ment. Given the gaps in our knowledge
and the complexity of the subject, which
will become readily apparent, we have
chosen to exclude detailed treatment op-
tions from the discussion.

The sequelae of disk degeneration re-
main among the leading causes of func-
tional incapacity in both sexes and are a
common source of chronic disability in
the working years. In accordance with its
incidence, morbidity, and socioeconomic
impact, degenerative disk disease has
given and continues to give rise to exten-
sive research efforts into its epidemiol-
ogy, anatomy, biomechanics, biochemis-
try, and neuromechanisms (2).

Etiology

Traditionally, disk degeneration has
been linked to mechanical loading. The

importance of mechanical factors has
been emphasized by experiments on ca-
daver spines with both a severe single
event and relentless loading (3–7). Fail-
ure of disks is more common in areas
where there are the heaviest mechani-
cal stresses, such as the lower lumbar
region. It has been suggested that me-
chanical factors produce endplate dam-
age, the antecedent to disk degenera-
tion (8).

The disk is metabolically active, and
the metabolism is dependent on diffu-
sion of fluid either from the marrow of
the vertebral bodies across the sub-
chondral bone and cartilaginous end-
plate or through the annulus fibrosus
from the surrounding blood vessels.
Morphologic changes in the vertebral
bone and cartilaginous endplate, which
occur with advancing age or degenera-
tion, can interfere with normal disk nu-
trition and further the degenerative
process. This disruption of the normal
endplate results in deformation when
under loading. This allows nuclear ma-
terial to pass through the endplate, re-
ducing intradiscal pressure with subse-
quent bulging and loss of height and
adding more stress to the surrounding
annulus. Compressive damage to the
vertebral body endplate alters the dis-
tribution of stresses in the adjacent
disk. Continual cyclic loading makes
these changes worse. Diminished blood
flow in the endplate initiates tissue
breakdown first in the endplate and
then in the nucleus. These altered stress
distributions adversely affect disk cell
metabolism. These changes then alter
the integrity of the proteoglycans and
water concentration, reducing the num-
ber of viable cells with subsequent alter-
ation in the movement of solutes into
and out of the disk (9).

The importance of normal blood
flow to the homeostatic nutritional pro-
cess in the intervertebral disk complex
has been suggested to explain the asso-
ciation of atherosclerosis and aortic cal-
cification with increased disk degenera-
tion and subjective low back pain (10).
As degeneration progresses, structures
of the disk become more disarranged
and greater stresses are placed on the
annulus and facet joints. As increased

forces are transmitted to the annulus,
there may be fragmentation and fis-
suring. Disk degeneration involves
structural disruption and cell-medi-
ated changes in composition, but which
occurs first is not clear. Biochemical fac-
tors can increase susceptibility to me-
chanical disruption, and this could ad-
versely influence disk cell metabolism.
Regardless of the initiating mechanism,
these mechanisms would be interactive
and additive, the end result being an
altered functional ability of the disk to
resist applied forces.

In addition to mechanical and nutri-
tional causes, a genetic predisposition
has been suggested by animal models
that consistently develop degenerative
disk disease at an early age, as well as
by reports of familial osteoarthritis and
lumbar canal stenosis in humans (11).
In a study (12) of 115 male identical
twin pairs, the effects of lifetime expo-
sure to commonly suspected risk factors
on disk degeneration, including job
type, lifting, twisting, sitting, driving,
exercise, trauma, and cigarette smok-
ing, were investigated. The particular
environmental factors studied, which
have been among those most widely
suspected of accelerating disk degener-
ation, had only modest effects. These
small effects would help to explain the
mixed results of previous studies. Con-
sidering the very minor effects the par-
ticular environmental factors studied
had in determining disk degeneration, a
strong genetic influence was suggested
(12). While failing to find a strong asso-
ciation or clear-cut etiologic influence,
the authors concluded that disk degen-
eration may be explained primarily by
genetic influences and by unidentified

Published online
10.1148/radiol.2451051706

Radiology 2007; 245:43–61

Abbreviations:
ADC � apparent diffusion coefficient
IL � interleukin
MMP � matrix metalloproteinase
SE � spin echo
TNF � tumor necrosis factor

Authors stated no financial relationship to disclose.

Essentials

� Mechanical, traumatic, nutri-
tional, and genetic factors all play
a role in the cascade of disk de-
generation.

� Reliable and reproducible termi-
nology is critical to meaningful
description of morphologic abnor-
malities.

� The etiology of pain in degenera-
tive disease is more complex than
a simple mechanical explanation.

� The prognostic value of imaging is
confounded by the high preva-
lence of morphologic changes in
the asymptomatic population.

� In patients with uncomplicated low
back pain or radiculopathy, MR
imaging may not have an additive
value over clinical assessment.

REVIEW: Lumbar Degenerative Disk Disease Modic and Ross

44 Radiology: Volume 245: Number 1—October 2007



factors, which may include complex un-
predictable interactions.

In a cohort study (13) based on a
Danish twin registry, substantial genetic
influence on the susceptibility to degen-
erative disk disease and low back pain
was shown. Shared environment was
important until the age of 15 years, but
as the twins grew older, the effect of a
nonshared environment increased and
nonadditive genetic effects became
more evident. These findings suggest in-
creasing genetic interaction (13).

Abnormalities of collagen are most
often cited to support genetic influence
in degenerative disk disease. Type II
collagen is the most abundant collagen
of cartilaginous tissues and is often re-
ferred to as the major collagen, forming
heterotypic fibrils with the less abun-
dant minor collagen types IX and XI.
These fibrils provide the strength nec-
essary to resist tensile forces. Disease
that causes mutations in types II and
XI collagen has been demonstrated
in a number of chondrodystrophies.
Multiple epiphyseal dysplasia is associ-
ated with a disease causing mutation in
collagen IX, an important structural
component of the annulus fibrosus, nu-
cleus pulposus, and hyaline cartilage of
the endplates. In a study looking for
additional disease-producing mutations,
researchers closely examined the genes
coding the three chains of type IX colla-
gen. While no changes typical of disease
producing mutations were identified,
two amino acid substitutions were iden-
tified that are substantially more preva-
lent in patients with lumbar degenera-
tive disk disease than in normal con-
trols. Both of these involve a tryptophan
substitution (Trp2 and Trp3). In the
case of the Trp3 allele, it is a genetic
factor associated with a threefold in-
crease in the risk of symptomatic de-
generative disk disease (14–16). While
these Trp alleles together occurred in
16% of the Finnish patients with lumbar
disk disease, it has been pointed out that
other loci are almost certainly involved. A
prime candidate is one that encodes ag-
grecan, an abundant proteoglycan, in car-
tilage whose extensive hydration contrib-
utes to resistance to tissue deformation.
Knock-out mice for aggrecan have a high

prevalence of disk herniation and degen-
eration (15,17).

Several additional studies (18–21)
suggest that not just the process of de-
generative disk disease but perhaps
even its sequelae, including disk hernia-
tion, low back pain, and radiculopathy,
are strongly influence by genetic fac-
tors. Studies suggest that low back pain
is also associated with polymorphism in
the interleukin (IL) 1 locus (22). This is
of interest in that cytokines such as tu-
mor necrosis factor � (TNF-�), IL-1,
and IL-6 are important inflammatory
mediators, as will be discussed latter.

Clearly there are many interactive
factors at play. Mechanical, traumatic,
nutritional, and genetic factors all may
play a role in the cascade of disk degen-
eration, albeit to variable degrees in dif-
ferent individuals. Whatever the etiol-
ogy, by the age of 50 years, 85%–95%
of adults show evidence of degenerative
disk disease at autopsy (23).

Morphologic Alterations and Imaging

Terminology
No less a problem than understanding
etiology is agreeing on terminology that
is reliable and reproducible to describe
the morphologic alterations produced
by the degenerative process (24–27).
For the purposes of this review, we
have used the terminology described by
Milette (28). The term degeneration in-
cludes any or all of the following: real or
apparent desiccation, fibrosis, narrow-
ing of the disk space, diffuse bulging of
the annulus beyond the disk space,
extensive fissuring (ie, numerous annu-
lar tears) and mucinous degeneration of
the annulus, defects and sclerosis of the
endplates, and osteophytes at the verte-
bral apophyses. At magnetic resonance
(MR) imaging, these changes are mani-
fested by disk space narrowing, T2-
weighted signal intensity loss from the
intervertebral disk, presence of fis-
sures, fluid, vacuum changes and calcifi-
cation within the intervertebral disk,
ligamentous signal changes, marrow
signal changes, osteophytosis, disk her-
niation, malalignment, and stenosis.
While there is confusion in the differen-

tiation of changes of the pathologic de-
generative process in the disk from
those of normal aging, we will use the
term degenerative to include all such
changes (29–31).

Conventional theory would imply
that degeneration and aging are very
similar processes, albeit occurring at
different rates (32). Resnick and Ni-
wayama (32) emphasized the differenti-
ating features of two degenerative pro-
cesses involving the intervertebral disk,
which had been previously described by
Schmorl and Junghanns (33). These in-
clude “spondylosis deformans,” which
affects essentially the annulus fibrosus
and adjacent apophyses, and “interver-
tebral osteochondrosis,” which affects
mainly the nucleus pulposus and the
vertebral body endplates but also in-
cludes extensive fissuring (numerous
tears) of the annulus fibrosus. Scientific
studies suggest that spondylosis defor-
mans is the consequence of normal
aging, whereas intervertebral osteo-
chondrosis, sometimes also called de-
teriorated disk, results from a clearly
pathologic, through not necessarily
symptomatic, process (33–38). Ante-
rior and lateral marginal vertebral body
osteophytes have been found in 100% of
skeletons of individuals over 40 years
of age, and therefore are consequences
of normal aging, whereas posterior os-
teophytes have been found in only a
minority of skeletons of individuals
over 80 years, and therefore are not
inevitable consequences of aging (34).
Endplate erosions with osteosclerosis
and chronic reactive bone marrow
changes also appear to be pathologic.

Anatomic Considerations
The intervertebral joint is a three-joint
complex consisting of the endplate-disk-
endplate joint of the anterior column
and the two facet joints of the posterior
column supported by ligaments and
muscle groups. Understanding the in-
terrelationship of these elements has
become more critical as surgical inter-
vention, much like joint surgery in the
past, is transitioning from fusion to joint
replacement.

The intervertebral disk and the diar-
throdial joints (zygoapophyseal joint or
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facet joints) interactively degenerate,
causing altered stresses on the integrity
and mechanical properties of the spinal
ligaments, which results in degenera-
tion of the spinal unit as a whole
(39,40). The manner of degeneration of
the various components of the spine is
mediated and manifested by the specific
structure involved. The cartilaginous,
synovial, and fibrous structures each de-
generate in a specific manner, which is
associated with characteristic imaging
and pathologic aberrations.

Degenerative Disk Changes
The major cartilaginous joint (amphiar-
throsis) of the vertebral column is the
intervertebral disk. Each disk consists
of an inner portion, the nucleus pulpo-
sus, surrounded by a peripheral por-

tion, the annulus fibrosus. The nucleus
pulposus is eccentrically located and
more closely related to the posterior
surface of the intervertebral disk. With
degeneration and aging, type II collagen
increases outwardly in the annulus and
there is a greater water loss from the
nucleus pulposus than from the annulus.
This results in a loss of the hydrostatic
properties of the disk, with an overall
reduction of hydration in both areas to
about 70%. In addition to water and
collagen, the other important biochemi-
cal constituents of the intervertebral
disk are the proteoglycans. The individ-
ual chemical structures of the proteogly-
cans are not changed with degenera-
tion, but their relative composition is.
The ratio of keratin sulfate to chon-
droitin sulfate increases, and there is a

diminished association with collagen
that may reduce the tensile strength of
the disk. The decrease in water-bind-
ing capacity of the nucleus pulposus is
thought to be related to the decreased
molecular weight of its nuclear proteo-
glycan complexes (aggregates). The
disk becomes progressively more fi-
brous and disorganized, with the end
stage represented by amorphous fibro-
cartilage and no clear distinction be-
tween nucleus and annulus (41–43). On
T2-weighted images, the central disk
signal intensity is usually markedly de-
creased and at distinct variance to that
seen in unaffected disks of the same
individual. Work with T2-weighed spin-
echo (SE) sequences (44) suggests that
MR is capable of depicting changes in
the nucleus pulposus and annulus fibro-
sus relative to degeneration and aging
based on a loss of signal intensity.

In work with cadaver spines of vari-
ous ages, absolute T2 measurements cor-
related more closely with glycoamino-
glycan concentration than absolute wa-
ter content. Thus, the signal intensity
may not be related to the total amount
of water but rather the state of water.
At present, the role that specific bio-
chemical changes (proteoglycan ratios,
aggregation of complexes) play in the
altered signal intensity is not well un-
derstood. Given that the T2 signal inten-
sity in the disk appears to track the
concentration and regions of high glyco-
aminoglycan percentages more than ab-
solute water content, it seems likely that
the health and status of the proteogly-
cans are major determinates of signal
intensity (45).

It has been proposed that annular
disruption is the critical factor in degen-
eration and, when a radial tear develops
in the annulus, there is shrinkage with
disorganization of the fibrous cartilage
of the nucleus pulposus and replace-
ment of the disk by dense fibrous tissue
with cystic spaces (31,46–49). Annular
tears, also properly called annular fis-
sures, are separations between annular
fibers, avulsion of fibers from their
vertebral body insertions, or breaks
through fibers that extend radially,
transversely, or concentrically and in-
volve one or many layers of the annular

Figure 1

Figure 1: Annular tear. (a) Left
parasagittal and (b) transverse
T2-weighted fast SE (repetition
time msec/echo time msec,
4000/120) MR images through
L4-5 disk space. Note high signal
intensity in the outer annulus
and/or longitudinal ligament com-
plex in a left parasagittal location,
which represents area of anular
disruption (arrows).

Figure 2

Figure 2: Histologic slide of
degenerated intervertebral disk.
Endplate shows areas of cracks,
fissures, and pale staining (long
arrow). Chondrocytes (short ar-
rows) and granulation tissue (G),
characteristic of regeneration and
degeneration, are noted. Adjacent
marrow space shows increased
lipid elements and the trabeculae
appear thickened.

REVIEW: Lumbar Degenerative Disk Disease Modic and Ross

46 Radiology: Volume 245: Number 1—October 2007



lamellae. The term tear or fissure de-
scribes the spectrum of such lesions and
does not imply that the lesion is conse-
quent to trauma (Fig 1). Although it has
certainly been verified that annular dis-
ruption is a sequela of degeneration and
certainly is often associated with it, its
role as the causal agent of disk degener-
ation has certainly not been proved. MR
is the most accurate anatomic method
for assessing intervertebral disk dis-
ease. The signal intensity characteris-
tics of the disk on T2-weighted images
reflect changes caused by aging or de-
generation. A classification scheme for
lumbar intervertebral disk degeneration
has been proposed that has reasonable
intra- and interobserver agreement (50).
To date, however, there has been no cor-
relation between MR disk changes and
patient’s symptoms.

With loss of water and proteogly-
cans, the nucleus pulposus is desiccated
and friable with yellow-brown discolor-
ation. Its onion-skin appearance begins
to unravel, and cracks, clefts, or crev-
ices appear within the nucleus and ex-
tend into the annulus fibrosus. Fissur-
ing, chondrocyte generation, and granu-
lation tissue formation may be noted
within the endplate, annulus fibrosis,
and nucleus pulposus of degenerative
disks, indicating attempts at healing
(49) (Fig 2). Radiolucent collections
(vacuum disk phenomena) representing
gas, principally nitrogen, occur at sites
of negative pressure produced by the
abnormal spaces (51). The vacuum phe-
nomenon within a degenerated disk is
represented on SE images as areas of
signal void (52). Whereas the presence
of gas within the disk is usually sugges-
tive of degenerative disease, spinal in-
fection may (rarely) be accompanied by
intradiscal or intraosseous gas (53).

As intervertebral osteochondrosis
progresses, there may be calcification of
the disk. Calcification has usually been
described on MR images as a region of
decreased or absent signal intensity.
The loss of signal is attributed to a low
mobile proton density, as well as, in the
case of gradient-echo imaging, to its
sensitivity to the heterogeneous mag-
netic susceptibility found in calcified tis-
sue. There is, however, variability in

signal intensity of calcium at various
sequences, and the type and concen-
tration of calcification are important
factors. Hyperintense disks on T1-
weighted MR images may be secondary
to calcification (Fig 3) (54). For concen-
trations of calcium particulate up to
30% by weight, the signal intensity on
standard T1-weighted images increased
but then subsequently decreased (55,56).
These data likely reflect particulate cal-
cium reducing T1 relaxation times by a
surface-relaxation mechanism. Hyper-
intensities that are affected by fat-sup-
pression techniques have also been
noted within intervertebral disks and
are thought to be related to ossification
with lipid marrow formation in severely
degenerated or fused disks.

Degenerative Marrow Changes
The relationship among the vertebral
body, endplate, annulus, and disk has
been studied (57–59) by using both
degenerated and chymopapain-treated
disks as models. Signal intensity changes
in vertebral body marrow (Fig 4) adjacent
to the endplates of degenerated disks
are a common observation on MR im-
ages and appear to take three main
forms.

Type I changes demonstrate de-
creased signal intensity on T1-weighted
images and increased signal intensity on
T2-weighted images and have been

identified in approximately 4% of pa-
tients scanned for lumbar disease (Fig
5), approximately 8% of patients after
diskectomy (60,61), and in 40%–50%
of chymopapain-treated disks, which
may be viewed as a model of acute disk
degeneration (58). Histopathologic sec-
tions of disks with type I changes show
disruption and fissuring of the endplate
and vascularized fibrous tissues within
the adjacent marrow, prolonging T1
and T2. Enhancement of type I verte-
bral body marrow changes is seen with
administration of gadopentetate dimeg-
lumine that at times extends to involve
the disk itself and is presumably related to
the vascularized fibrous tissue within the
adjacent marrow (Fig 6).

Figure 3

Figure 3: Calcified intravertebral disk. Sagittal midline (a) T1-weighted (450/12), (b) contrast-enhanced
T1-weighted (450/12), and (c) T2-weighted (4000/120) SE images of lumbar spine. High signal intensity
(arrows) is identified within L5-S1 disk space on a and b.

Figure 4

Figure 4: Normal marrow. Histologic slide of
normal hematopoetic (H), lipid (L), and bone tra-
becular (T) elements.
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Type II changes are represented by
increased signal intensity on T1-weighted
images and isointense or slightly hyperin-
tense signal on T2-weighted images and
have been identified in approximately
16% of patients at MR imaging (Fig 7).
Disks with type II changes also show
evidence of endplate disruption, with
yellow (lipid) marrow replacement in
the adjacent vertebral body resulting in
a shorter T1 (Fig 8).

Type III changes are represented by
a decreased signal intensity on both T1-
and T2-weighted images and correlate
with extensive bony sclerosis on plain

radiographs. The lack of signal in the
type III change no doubt reflects the rel-
ative absence of marrow in areas of ad-
vanced sclerosis (Fig 9). Unlike type III,
types I and II changes show no definite
correlation with sclerosis at radiogra-
phy (59). This is not surprising when
one considers the histology; the sclero-
sis seen on plain radiographs is a reflec-
tion of dense woven bone within the ver-
tebral body, whereas the MR changes are
more a reflection of the intervening
marrow elements.

Similar marrow changes have also
been noted in the pedicles. While orig-

inally described as being associated with
spondylolysis, they have also been noted in
patients with degenerative facet disease
and pedicle fractures. Again, the changes
are probably a reflection of abnormal
stresses, be they loading or motion (62,63).

Degenerative Facet and Ligamentous
Changes
The superior articulating process of
one vertebra is separated from the in-
ferior articulating process of the ver-
tebra above by a synovium-lined artic-
ulation, the zygoapophyseal joint. Like
all diarthrodial synovium lined joints,
the lumbar facet joints are predis-
posed to arthropathy with alterations
of the articular cartilage. With disk
degeneration and loss of disk space
height, there are increased stresses on
the facet joints with craniocaudal sub-

Figure 5

Figure 5: Degenerative type I
marrow change. (a) Sagittal mid-
line T1-weighted SE (450/12)
image demonstrates decreased
signal intensity of marrow space
adjacent to L5-S1 disk (arrows).
(b) T2-weighted SE (4000/120)
image in the same region (arrows)
shows increased signal intensity.

Figure 6

Figure 6: Histologic slide of type I degenerative
marrow changes. Fibrovascular tissue (FV) has
replaced normal marrow elements between thick-
ened bone trabeculae (T).

Figure 7

Figure 7: Degenerative type II
vertebral body marrow changes.
(a) Sagittal midline T1-weighted
SE (450/12) image demonstrates
degenerative changes of L5-S1
disk space and high signal inten-
sity (arrows) in adjacent vertebral
body marrow. (b) T2-weighted SE
(4000/120) image shows that
marrow signal intensity adjacent
to degenerated L5-S1 disk is now
only slightly hyperintense relative
to more normal marrow.

Figure 8

Figure 8: Histologic slide of degenerative type
II marrow changes shows increased lipid content
of the marrow space (L). Note also thickened wo-
ven bone trabeculae (T).
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luxation resulting in arthrosis and os-
teophytosis. The superior articular
facet is usually more substantially in-
volved. Facet arthrosis can result in
narrowing of the central canal, lateral
recesses, and foramina and is an im-
portant component of lumbar stenosis
(Fig 10). However, it has been pro-
posed that facet arthrosis may occur
independently and be a source of
symptoms on its own (64,65). Syno-

vial villi may become entrapped within
the joint with resulting joint effusions.
The mechanism of pain may be related
to nerve root compression from de-
generative changes of the facets or by
direct irritation of pain fibers from the
innervated synovial linings and joint
capsule (65). Osteophytosis and her-
niation of synovium through the facet
joint capsule may result in synovial
cysts, although the etiology of these

facet joint cysts is unclear (Fig 11).
There is a more straightforward rela-
tionship of synovial cysts with osteoar-
thritis and the instability of the facet
joints than degeneration of the inter-
vertebral disk alone. In a review of
patients with degenerative facet dis-
ease, synovial cysts occurred at ante-
rior or intraspinal location in 2.3% of
cases and posterior or extraspinal lo-
cation in 7.3% (66).

The important ligaments of the
spine include the anterior longitudinal
ligament, the posterior longitudinal liga-
ment, the paired sets of ligamenta flava
(connecting the laminae of adjacent ver-
tebrae), intertransverse ligaments (ex-
tending between transverse processes),
and the unpaired supraspinous ligament
(along the tips of the spinous pro-
cesses). As these ligaments normally
provide stability, any alteration in the
vertebral articulations can lead to liga-
mentous laxity with subsequent deterio-
ration. Loss of elastic tissue, calcifica-
tion and ossification, and bone prolifer-
ation at sites of ligamentous attachment
to bone are recognized manifestation of
such degeneration.

Excessive lordosis or extensive disk
space loss in the lumbar spine leads to
close approximation and contact of spi-
nous processes and to degeneration of

Figure 9

Figure 9: Degenerative type III
vertebral body marrow changes.
Sagittal midline (a) T1-weighted
(450/12) and (b) fast SE T2-
weighted (4000/120) images
demonstrate markedly decreased
signal intensity of adjacent mar-
row spaces at L4-5 in the presence
of severe degenerative disk dis-
ease (arrows).

Figure 10

Figure 10: Spinal stenosis. Sagittal (a) T1-weighted SE (450/15) and (b) T2-weighted fast SE (4000/120) images through lower lumbar spine. There is grade I degen-
erative spondylolisthesis at L4-5, thickening of the ligaments posteriorly, and severe stenosis of central canal (arrows). Transverse (c) T1-weighted (450/15) and
(d) T2-weighted fast SE (4000/120) images through L4-5 disk space show severe bilateral degenerative facet changes with distraction and fluid in the left joint (arrows).
There is severe central canal stenosis and thickening of posterior ligaments.
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intervening ligaments (67,68). Histo-
logically, granulomatous reaction and
perivascular cellular infiltration charac-
terize the condition (Fig 12).

Morphologic and Functional Sequellae
Common, potential complications of de-
generative disk disease include align-
ment abnormalities, intervertebral disk

displacement, and spinal stenosis. Vari-
ous types of alignment abnormalities
can exist alone or in combination, but
the two most frequent are segmental
instability and spondylolisthesis.

Instability
Segmental instability can result from
degenerative changes involving the in-

tervertebral disk, vertebral bodies,
and facet joints that impair the usual
pattern of spinal movement, produc-
ing motion that is irregular, excessive,
or restricted. It can be translational or
angular.

Spondylolisthesis results when one
vertebral body becomes displaced rela-
tive to the next most inferior vertebral
body. The most common types include
degenerative, isthmic, iatrogenic, and
traumatic. Degenerative spondylolis-
thesis is seen usually with an intact pars
interarticularis, is related primarily to
degenerative changes of the apophyseal
joints, and is most common at the L4-5
vertebral level (Fig 10). Predilection for
degenerative spondylolisthesis at that
level is thought to be related to the more
sagittal orientation of the facet joints,
which makes them increasingly prone
to anterior displacement. Degenerative
disk disease may predispose to or exac-
erbate this condition secondary to nar-
rowing of the disk space, which can pro-

Figure 11

Figure 11: Degenerative synovial cyst. Transverse (a) T1-weighted SE (450/15), (b) T1-weighted contrast-
enhanced SE (450/15), and (c) T2-weighted fast SE (4000/120) images through L4-5 disk space. Note severe
bilateral degenerative facet changes and degenerative synovial cyst projecting medially from the left facet,
causing central canal stenosis (arrowhead). There is distraction and fluid within degenerated facet joints
(arrows).

Figure 12

Figure 12: Severe degenerated posterior
ligaments. Sagittal midline T2-weighted SE
(4000/120) image shows mild grade I degener-
ative spondylolisthesis at L4-5. There is close
approximation of spinous processes of L4 and
L5 and high-signal-intensity degenerative
changes in the region of intraspinal ligaments
(arrows) (Baastrup disease).

Figure 13

Figure 13: Degenerated L4-5
disk. Sagittal midline (a) T1-
weighted SE (450/15) and (b)
T2-weighted fast SE (4000/120)
images show mild reduction in
L4-5 disk space and loss of signal
intensity on b. There is mild con-
vex posterior bulging of the inter-
vertebral disk at this level (arrow).
Note normal signal intensity and
morphology of L3-4 and L5-S1
disks.
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duce subsequent malalignment of the
articular processes and lead to rostro-
caudal subluxation.

Herniation
Herniation refers to localized displace-
ment of nucleus, cartilage, fragmented
apophyseal bone, or fragmented annular
tissue beyond the intervertebral disk
space. The disk space is defined rostrally
and caudally by the vertebral body end-
plates and peripherally by the outer edges
of the vertebral ring apophyses, exclusive
of osteophytic formations. The term lo-
calized contrasts with the term general-
ized, the latter being arbitrarily defined as
greater than 50% (180°) of the periphery
of the disk (28) (Fig 13).

Displacement, therefore, can occur
only in association with disruption of
the normal annulus or, as in the case of
intravertebral herniation (Schmorl node)
(Fig 14), a break in the vertebral body
endplate. Since details of the integrity of
the annulus are often unknown, the di-
agnosis of herniation is usually made by
observation of displacement of disk ma-
terial beyond the edges of the ring
apophyses that is localized, meaning
less than 50% (180°) of the circumfer-
ence of the disk.

Localized displacement in the axial
(horizontal) plane can be focal, signify-
ing less than 25% of the disk circumfer-
ence, or broad based, meaning between
25% and 50% of the disk circumfer-
ence. Presence of disk tissue circumfer-
entially (50%–100%) beyond the edges
of the ring apophyses may be called
bulging and is not considered a form of
herniation.

A disk may have more than one her-
niation. The term herniated disk does
not imply any knowledge of etiology, re-
lation to symptoms, prognosis, or need
for treatment. When data are sufficient
to make the distinction, a herniated disk
may be more specifically characterized
as protruded or extruded. These dis-
tinctions are based on the shape of
the displaced material. Protrusion is
present if the greatest distance, in any
plane, between the edges of the disk
material beyond the disk space is less
than the distance between the edges of
the base in the same plane (Fig 15).

Extrusion is present when, in at least
one plane, any one distance between
the edges of the disk material beyond
the disk space is greater than the dis-
tance between the edges of the base in
the same plane or when no continuity
exists between the disk material beyond
the disk space and that within the disk
space (Fig 16). Extrusion may be fur-
ther specified as sequestration if the dis-
placed disk material has lost completely
any continuity with the parent disk. The
term migration may be used to signify
displacement of disk material away from

the site of extrusion, regardless of
whether it is sequestrated or not (Fig 17).

Herniated disks in the craniocaudal
(vertical) direction through a break in
the vertebral body endplate are re-
ferred to as intravertebral herniations
(Fig 14). Nonacute Schmorl-node intra-
body herniations are common spinal ab-
normalities regarded as incidental ob-
servations. They have been reported in
38%–75% of the population (69,70).
While intrabody herniations may occur
secondary to endplate weakness related
to bone displasia, neoplasms, infec-

Figure 14

Figure 14: (a) Sagittal T1-
weighted SE (450/15) and
(b) sagittal midline T2-weighted
fast SE (4000/120) images
through lumbar spine. There is
intrabody herniation into anterior
superior aspect of L5 vertebral
body and type II degenerative
marrow change surrounding this
herniation (arrow).

Figure 15

Figure 15: Protruded herniated
disk. Sagittal (left) and transverse
(right) T2-weighted fast SE (4000/
120) images through lower lumbar
spine and L4-5 disk level. Note
convex posterior margin on left
image (arrow). Protruded disk
herniation is characterized by
broader base than the extension of
disk material beyond the disk
space (arrow).
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tions, or any process that weakens the
endplate or the underlying bone, most
intrabody herniations probably form af-
ter axial loading trauma, with prefer-
ential extrusion of nuclear material
through the vertebral endplate rather
than an intact and normal annulus fibro-
sis. It has been suggested that asymp-
tomatic intrabody herniations may be
traceable to a specific occurrence of
acute nonradiating low back pain in
the patient’s history, which supports
the concept that intrabody herniations
(Schmorl nodes) occur through sites of
endplate fracture. Type I vertebral body
marrow changes have been described

surrounding the acute interbody hernia-
tions (71).

Stenosis
Spinal stenosis was defined in 1975 as
any type of narrowing of the spinal ca-
nal, nerve root canals, or intervertebral
foramina (72). Two broad groups have
been defined: acquired (usually related
to degenerative changes) and congenital
or developmental. Developmental ste-
nosis can be exacerbated by superim-
posed acquired degenerative changes.
In the acquired type, there has been no
association between the severity of pain
and the degree of stenosis. The most

common symptoms are sensory distur-
bances in the legs, low back pain, neu-
rogenic claudication, weakness, and re-
lief of pain by bending forward. The im-
aging changes are in general more
extensive than expected from the clini-
cal findings (73). Patients with symp-
toms referable to spinal stenosis tend to
have narrower spines than asymptom-
atic patients. While there does appear
to be a correlation between cross-sec-
tional area and midsagittal measure-
ments in patients with symptomatic spi-
nal stenosis, absolute values and cor-
relation between measurements and
symptoms appear to be lacking. The de-
gree of stenosis is not static, and exten-
sion worsens the degree of central and
foraminal stenosis by 11%, while flexion
appears to improve it by an average of
11%. Segmental instability, which can
cause static and dynamic stenosis, is
considered a cause of low back pain but
is poorly defined (74). Some evidence
suggests that disk degeneration, nar-
rowing of the spinal canal, and degener-
ative changes in the facets and spinal
ligaments contribute to stenosis and
that instability increases with age. Un-
fortunately, there do not appear to be
reliable prognostic imaging findings that
would correlate with surgical success or
even whether patients would benefit
from surgery (75).

Technical Considerations for MR Imaging
Traditional clinical imaging has empha-
sized orthogonal T1- and T2-weighted
imaging for morphologic assessment of
the discovertebral complex. These se-
quences also provide an evaluation of
the signal intensity changes associated
with degenerative disk disease. Fast SE
T2-weighted images have replaced con-
ventional T2-weighted images because
of their shorter acquisition times, but
they provide no increased diagnostic ad-
vantage. Short inversion time inversion-
recovery or fat-suppressed T2-weighted
images have been added by many
groups, ours included, because it is be-
lieved they are more sensitive to mar-
row and soft-tissue changes.

While these standard sequences re-
main the mainstay of diagnostic imaging
of the spine, new techniques continue to

Figure 16

Figure 16: Extruded disk her-
niation. (a) Right parasagittal and
(b) transverse T2-weighted fast SE
images (4000/120) through lum-
bar spine and L5-S1 disk space.
Extruded disk herniations are
characterized by a base that is
narrower than the distance of disk
material extension beyond the disk
space (arrow).

Figure 17

Figure 17: Extruded disk and free
fragment.SagittalT1-weightedSE
(450/17)before (left) and after
(right) contrast enhancement
through lower lumbar spine. Note
large extruded L4-5 disk fragment
that has migrated superiorly be-
hind the body of L4 (arrow). After
administration of paramagnetic
contrast media, there is peripheral
enhancement of this mass, which
represents granulation tissue
within the epidural fibrosis sur-
rounding nonenhancing central
core of disk material.
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be evaluated in hopes of providing
stronger correlation between imaging
findings and patient symptoms. The util-
ity of many of these techniques for the
routine evaluation of degenerative disk
disease remains unknown, and the
number of subjects in which they have
been evaluated remains small. Never-
theless, these approaches may be im-
portant for redefining the direction of
spinal imaging away from strictly ana-
tomic one to one that combines more
physiologic and functional information
(76). Techniques that have been evalu-
ated to greater or lesser degrees of
success include assessment of spinal
motion (dynamic imaging, kinetic as-
sessment, or axial loading), diffusion
imaging (water or contrast agents), MR
neurography, spectroscopy, functional
MR of the spinal cord, and ultrashort
echo-time imaging. Of the variety of tech-
niques available, only MR neurography
and dynamic imaging have expanded be-
yond the experimental phase and have
demonstrated specific clinical utility (al-
beit in niche or select populations).

Dynamic Imaging
The utility of dynamic spine MR remains
unclear, in part due to the varied meth-
ods used. Methods to date include axial
loading in the supine position by means
of a harness that is attached to a non-
magnetic compression footplate with
nylon straps that can be tightened or
use of an upright open MR system that
allows flexion and extension imaging
(77,78). Dynamic MR has been used to
evaluate the occurrence of occult her-
niations, which may not be visible or be
less visible when the patient is supine,
to measure motion between spinal seg-
ments, and to measure the canal or fo-
raminal diameter when subjected to ax-
ial loading (76,78–81). Hiwatashi et al
(80) evaluated 200 patients with clinical
symptoms of spinal stenosis and found
20 patients with detectable differences
in caliber of the dural sac on routine and
axial loaded studies. In five of these se-
lected patients, all three neurosurgeons
involved in the clinical evaluation
changed their treatment decisions from
conservative to decompressive surgery.
While a small subset of patients may

benefit from this type of evaluation, the
benefit appears small for the added ma-
chine time and patient discomfort.

Neurography
A large and varied literature exists con-
cerning the use of MR neurography for
the evaluation of peripheral nerves, in-
cluding brachial and lumbar plexi. Thin-
section MR neurography uses a high-
resolution T1 imaging for anatomic de-
tail and fat-suppressed T2-weighted or
short inversion time inversion-recovery
imaging to show abnormal nerve hyper-
intensity. Several reviews exist on this
subject (82–84). The technique is capa-
ble of depicting a wide variety of patho-
logic conditions involving the sciatic
nerve, such as compression, trauma,
hypertrophy, neuroma, and tumor infil-
tration (85,86). MR neurography dem-
onstrating piriformis syndrome (pirifor-
mis muscle asymmetry and sciatic nerve
hyperintensity) has 93% specificity and
64% sensitivity (87).

Ultrashort Echo-time Imaging
Typical clinical MR imaging does not al-
low evaluation of tissues with very short
relaxation times, since echo times are
on the order of 8–15 msec. Ultrashort
echo-time sequences have been prelim-
inarily evaluated for a number of tis-
sues, including the spine. These se-
quences have echo times as short as
0.08 msec. The images show normal
contrast enhancement, with high signal
intensity from longitudinal ligaments,
endplate, and interspinous ligaments
(88–90).

Diffusion
Several authors have evaluated the ap-
parent diffusion coefficient (ADC) in
normal and degenerated intervertebral
disks. Antoniou et al (91) evaluated the
ADC of cadaveric human disks related
to matrix composition and matrix integ-
rity by using a stimulated echo se-
quence. They found the ADCs in healthy
subjects were significantly greater in the
nucleus pulposus than in the annulus
fibrosis. The ADCs were noted to gener-
ally decrease with degeneration grade
and age in the nucleus. A similar corre-
lation of ADC measurements and annu-

lar degeneration was not found. The
most notable correlations were ob-
served between the ADCs of nucleus
pulposus and the water and glycoami-
noglycan contents. Kealey et al (92)
evaluated 39 patients with multishot SE
echo-planar technique. They found a
significant decrease in ADC of degener-
ated disks compared with that of nor-
mal disks. Kurunlahti et al (93) evalu-
ated the ADC of disk and lumbar mag-
netic resonance angiograms in 37
asymptomatic volunteers. The lumbar
artery status correlated with the diffu-
sion values within the disks, suggesting
that impaired blood flow may play an
important role in disk degeneration.
Kerttula et al (94) compared disk ADC
values in normal controls with those in
patients with prior compression frac-
tures (at least 1 year previously) and
found ADC values in x and y directions
decreased in degenerated disks and in
disks of normal signal intensity in the
trauma area.

Diffusion-tensor imaging has been
evaluated for imaging of the annulus fi-
brosus (95) and potentially for imaging
defects or disruptions within the annu-
lus (76). Differences in diffusion have
been demonstrated for the interverte-
bral disk in compressed versus uncom-
pressed states (96).

Intravenous contrast enhancement
may also be used to assess diffusion into
the intervertebral disk. Normal disks
slowly enhance after contrast material
injection, which may be as much as 36%
in animal models. This enhancement is
modified by the type of contrast agent
(ionic vs nonionic) and molecular
weight (97,98). Ionic material diffuses
less rapidly into the disk than does non-
ionic media. Degenerated disks with
decreased glycoaminoglycan have more
intense and rapid enhancement (99).
Disk enhancement has been documented
in normal and degenerated human lum-
bar disks (100).

Symptoms

The etiology of symptoms in patients
with degenerative disk disease is di-
verse, and there is often ambiguity in
the diagnosis (101). The symptom com-
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plexes are more often characterized by
variability and change rather than pre-
dictability and stability (102).

The most common symptom is pain.
Anatomic areas of the spine can serve
as sites of pain generation through in-
trinsic innervation or acquired innerva-
tion as a product of soft-tissue repara-
tion. Mechanisms, which often act in
combination, include (a) instability with
associated disk degeneration, facet hy-
pertrophy, or arthopathy; (b) mechani-
cal compression of nerves by bone, liga-
ment, or disk material; and (c) bio-
chemical mediators of inflammation
and/or pain.

It is important to reemphasize that
disk degeneration per se is not painful,
and in fact has a very high prevalence in
the asymptomatic population. In addi-
tion, imaging findings of degenerative
disk disease do not help predict a subse-
quent symptom development over time
(103).

Mechanical compression or defor-
mity of nerve roots as a cause of pain or
nerve dysfunction is the classic concept
related to displacement and effacement
of neural tissue by disk herniation and
dates to the observation of Mixter and
Barr (104). Similar mechanical com-
pression or traction mechanisms may
be involved with instability or stenosis.
A variety of morphologic changes occur
in the nerve root with compression, in-
cluding venous stasis, edema, and ulti-
mately intraneural and perineural fibro-
ses. Compression-induced impairment
of both arterial and venous supply is one
mechanism for nerve root dysfunction.
Intraneural edema can occur even at
low compression pressure levels (105).
Mechanical compression itself may also
be capable of producing changes in
nerve impulses, which could be inter-
preted by the central nervous system as
pain (106). However, the concept of
neural compression by itself is inade-
quate to explain part or all of many
symptom complexes.

The perplexing clinical scenario of
patients who complain of incapacitating
back pain, but may have no overt mor-
phologic abnormality, has given rise to
the concept of the disk as a pain gener-
ator. This was classically described by

Crock (107) as “chronic internal disc
disruption syndrome” (108,109). Many
different names have been given to this
idea, which becomes more confusing
when combined with the various diag-
nostic tests that are used in an attempt
to diagnose this protean syndrome. Ad-
ditional terms in the literature include
internal annular tear, internal disk dis-
ruption, black disk disease, and disco-
genic pain. In a normal human lumbar
disk, nerve endings can be found only in
the periphery of the annulus, and the
pain fibers are part of the sympathetic
chain via the sinuvertebral nerve (110–
112). This innervates the outer layer of
the annulus fibrosis. However, in very
degenerated disks, nerves may even
penetrate into the nucleus pulposus
(113). Potentially, stimulation of these
fibers can occur not only from direct
disruption and mechanical pressure on
the annulus but also from various break-
down products of the nucleus pulposus
or secondarily upregulated inflamma-
tory mediators. Discography has been
cited as the reference standard for the
diagnosis of discogenic pain, but what it
means in terms of patient care has
never been prospectively tested.

The concept of disk tissue producing
an inflammatory response is not new,
but has become more sophisticated and
targeted with the application of mono-
clonal antibody technology, and other
assay techniques (114) demonstrated
chemical radiculitis, which was thought
related to nuclear material and its glyco-
proteins, as being highly irritant to
nerve tissue. McCarron et al (115), us-
ing a dog model, demonstrated in 1987
that autogenous placement of nucleus
pulposus into the epidural space caused
acute and chronic inflammatory reac-
tion, with influx of histocytes and fibro-
blasts. Kayama et al (116) and Ol-
marker et al (117) demonstrated that
nucleus pulposus applied to spinal
nerves induces a wide variety of func-
tional, vascular, and morphologic ab-
normalities, often followed by intrara-
dicular fibrosis and neural atrophy.
Nucleus pulposus can cause an inflam-
matory reaction with leukotaxis and
increased vascular permeability (118).
Direct placement of nuclear material is

not necessary in animal models to in-
duce an inflammatory response, but
simply an incision of the annulus fibro-
sus can produce morphologic and func-
tional changes in the adjacent nerves,
such as increased capillaries and re-
duced nerve conduction velocities
(116), with the presumed mechanism of
disk material leakage into the epidural
space. Monoclonal antibody staining of
disk material has shown that the cells
demonstrate an immunophenotype of
inflammatory response, that is, macro-
phages (119). As a manifestation of this
inflammatory response, higher systemic
plasma levels of C-reactive protein have
been found in patients with sciatica ver-
sus healthy controls (120).

Multiple studies have demonstrated
vascularized granulation tissue surround-
ing the cartilage component of disk her-
niations (121,122), which correspond
to the common enhanced MR findings
of peripheral enhancement surrounding
nonenhancing lumbar disk extrusions
in unoperated patients. Blood vessels
have been demonstrated in up to 91% of
herniations, being most prevalent with
disk sequestrations (123). Gronblad et
al (124), using monoclonal antibodies,
evaluated the types of inflammatory
cells found with disk herniations and
found them to be dominated by macro-
phages. There was also evidence of
IL-1� expression, an important proin-
flammatory cytokine.

Disk cells are also capable of ex-
pressing other proinflammatory sub-
stances, such as TNF-�, which can pro-
duce radicular morphologic abnormali-
ties similar to those seen with nucleus
pulposus application (125). TNF-� is
overexpressed in degenerated disks and
is a proinflammatory cytokine affecting
matrix metalloproteinases (MMP) ex-
pression and increasing prostaglandin
E2. Weiler et al (126) demonstrated
TNF-� in cross-sections of human disks
and found synthesis of TNF-� in annular
and disk regions, increased TNF-� with
symptomatic disk disease, and TNF-�
expression associated with increasing
disk degeneration. Olmarker and Ryde-
vik (127) showed that inhibition of
TNF-� prevented thrombus formation
and intraneural edema and reduced
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nerve conduction velocity. This set the
stage for an open label trial of anti-TNF
therapy in patients with sciatica (128–
130). Infliximab (Remicade; Centocor,
Malvern, Pa), a chimeric monoclonal
human and mouse antibody, inhibits
TNF-�–induced infiltration of leuko-
cytes to the site of injury. A single infu-
sion of infliximab produced a rapid ben-
eficial effect on pain, which persisted
over 1 year, at the 3 mg/kg dose level.
Sustained improvement was also dem-
onstrated with the subcutaneous injec-
tion of another anti-TNF agent, etaner-
cept (Enbrel; Immunex-Amgen, Thou-
sand Oaks, Calif) (128). While intriguing,
the off-label use of these TNF inhibitors
is not recommended, since little data
are currently available and only a very
small number of patients have been
treated. This trial does point out the
direction of research for treatment of
disk disease, with specific targeting of
inflammatory pathways.

A wide variety of inflammatory
agents are capable of expression from
both migratory macrophages into the
site of herniation and directly from
stimulated chondrocytes (131). Burke
et al (132) found increased levels of
IL-6, IL-8, prostaglandin E2, and mono-
cyte chemoattractant protein-1 in disk
extracts of patients undergoing fusion
for discogenic pain. Monocyte chemoat-
tractant protein-1 is a CC chemokine
that contributes to the activation and
recruitment of macrophages and is ex-
pressed by chrondrocytes that are stim-
ulated by other cytokines and some
MMPs. Disk tissue is biologically active
and can respond to a proinflammatory
stimulus by secreting IL-6, IL-8, and
prostaglandin E2, but not TNF-�. In a
rabbit disk herniation model, however,
Yoshida et al (133) demonstrated infil-
trating macrophages at day 3 postoper-
atively, with intervertebral disk cells
producing TNF-� and IL-1� on day 1
and monocyte chemoattractant pro-
tein-1 on day 3. In a mouse-derived co-
culture system of disk material and
macrophages, Kato et al (134) also
demonstrated upregulation of TNF-�
messenger RNA and protein expression
as the first point of the inflammatory
cascade. The TNF-�–dependent glyco-

protein, TNF-�–stimulated gene-6
(TSG-6), which is found in inflamma-
tory diseases of related connective tis-
sues, has been demonstrated in 98% of
disk herniations in one series (135).

Another component of the inflam-
matory response involves the matrix-
degrading enzymes called MMPs. There
are approximately 25 MMPs in five
classes based on the specificity of their
substrate. These enzymes degrade the
extracellular matrix at physiologic pH
levels. They are released by resident
cells such as fibroblasts, macrophages
in herniated disks, and chondrocytes
from protrusions and nonherniated disk
(136). MMPs can play a direct role in
disk degeneration by causing matrix
proteolysis and disk resorption and
have an indirect role in angiogenesis.
MMPs involved in disk degeneration in-
clude MMP-1 (collagenase); MMP-3
(stromelysin-1); MMP-9 (gelatinase B);
and MMPs-2, -7, -8, and -13 (137). Cells
within granulation tissue in disk her-
niations express MMP-1 and MMP-3
(138,139). MMP-3, but not MMP-7
(matrilysin), appears necessary for disk
resorption, although the mechanism
may be indirect and correlates with
macrophage infiltration (140). The an-
giogenic properties are more indirect,
with endothelial cell migration occur-
ring only after a proteolytic reaction
produced by MMP-3 (141). Cytokines
leading to MMP production within the
disk herniation may then result in angio-
genesis and disk resorption. Given the
wide variety of MMPs present, it is
likely that there is a cascade of interact-
ing proteases for different components
of the disk matrix involved in disk re-
sorption and degeneration.

Many other molecules have also
shown to be present in degenerated or
herniated disks that may play additional
roles in the inflammatory cascade, such
as intercellular adhesion molecule-1, fi-
broblast growth factor, and vascular en-
dothelial growth factor (142,143).
These two latter agents contribute to
neoangiogenesis. Vascular endothelial
growth factor appears to require TNF-�
for induction. Additionally, it is a potent
inducer of plasmin and results in activa-
tion of a variety of MMPs. Interaction

between the vascular endothelial growth
factor and MMPs could promote disk ma-
trix degeneration, as well as neovascular-
ization of herniations.

Nerve fibers have been identified
in the outer third of the annulus in the
normal state, but may extend into the
inner annulus and nucleus pulposus,
accompanied by blood vessels, in
chronic back pain patients (113).
These nerves also stain for substance
P, a putative nociceptive neurotrans-
mitter, along with calcitonin gene-re-
lated peptide and vasoactive intestinal
peptide. These small nonmyelinated
nerve fibers grow into the disk in areas
with local production of nerve growth
factor, which is produced by the neoan-
giogenesis of the disk material (113).
Coupled with nerve ingrowth and angio-
genesis is the production of inflamma-
tion by liberation of the potent inflam-
matory agent phospholipase A2, which
catalyzes the hydrolysis of phosphoglyc-
eride, an important membrane constit-
uent (144,145). This production of
phospholipase A2 is induced by, among
other signals, the presence of IL-1 and
TNF-�, with the subsequent upregulation
of the arachadonic acid cascade, which
produces prostaglandin E2 and leukotri-
enes (146,147). Prostaglandin E2 pro-
duction has the critical rate-limiting en-
zyme cyclooxygenase-2, which appears
to be primarily upregulated during in-
flammation (148). The other branch of
the arachadonic acid cascade is the pro-
duction of leukotrienes by means of the
enzyme lipoxygenase. A bell-shaped pain
behavior dose response curve has been
demonstrated for intraneural injection of
TNF-� and IL-1� in a rat model, peaking
at doses equivalent to those of endoge-
nous cytokines released locally after
nerve injury. An increase in perineural
macrophages was also observed, particu-
larly for IL-1� (149).

Sensory and motor deficits would
appear to be the result of both a combi-
nation of mechanical deformation and
the presence of inflammation. A variety
of mechanisms and mediators are in-
volved in the inflammatory side of the
equation, and a brief general overview
is attempted in Figure 18. Clearly, the
etiology of pain in degenerative disease
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is much more complex than a simple
mechanical explanation, and work on
these other factors will hopefully bring
us a greater understanding of the rela-
tionship between morphologic alter-
ation and clinical symptoms.

Importance of Imaging Findings

The role of an imaging test is to provide
accurate morphologic information and
influence therapeutic decision making
(150). A necessary component, which
connects these two purposes, is accu-
rate natural history data.

Modern imaging has made impor-
tant strides in supporting the first goal,
accurate morphologic information. Not
only are morphologic changes depicted
in ever-increasing anatomic detail, but
additional information from the imaging
study has been made available that is
helping us to understand cellular and
biochemical alterations. The ability to
better characterize these alterations
should provide a means of more accu-

rately stratifying patient changes that
may allow a more accurate understand-
ing of etiology.

Any study looking at the natural his-
tory of degenerative disk disease, prog-
nostic value of imaging, or its effect on
therapeutic decision making will be con-
founded by the high prevalence of mor-
phologic change in the asymptomatic
population (151–153). A 20%–28% of
asymptomatic patients demonstrate
disk herniations, and the majority have
evidence of additional degenerative disk
disease (151–153). These findings are
not only nonpredictive at the moment,
but prospectively as well. In a 7-year
follow-up of the Borenstein et al (103)
original patient group, the original MR
findings were not predictive of the de-
velopment or duration of low back pain.

As to natural history, some informa-
tion is available. Degenerative disk
space narrowing, facet disease, and ste-
nosis tend to slowly progress over time.
Eventual stabilization of the three-joint
discovertebral complex is thought to be
part of the natural history of degenera-
tive disease, and it is assumed to be
accompanied by a decrease in pain.
These impressions, however, are anec-
dotal and have not been tested by a
formal natural history study. Some find-
ings, such as disk herniation and degen-
erative marrow changes, are known to
change. Multiple studies in which com-
puted tomography or MR imaging has
been used have shown that the size
of disk herniations, especially larger
ones, can reduce dramatically in pa-
tients undergoing conservative treat-
ment (154,155).

In a study of symptomatic patients,
the prevalence of disk herniation in pa-
tients with low back pain and those with
radiculopathy at presentation was simi-
lar (156). There was a higher preva-
lence of herniation, 57% in patients
with low back pain and 65% in patients
with radiculopathy, than the 20%–28%
prevalence reported in asymptomatic
series (152,153). Disks characterized as
extruded showed more marked regres-
sion in patients with both low back pain
and radiculopathy. In general, one-third
of patients with disk herniation at pre-
sentation had significant resolution or

disappearance by 6 weeks and two-
thirds by 6 months (155,156). The type,
size, and location of herniation at pre-
sentation and changes in herniation size
and type over time did not correlate
with outcome. In fact, the presence of a
herniation at a MR was a positive prog-
nostic finding (156).

Interestingly, not only do disk her-
niations have a tendency to regress, but
also new or larger ones may appear af-
ter the onset of symptoms. In this study,
13% of patients in this symptomatic se-
ries developed new or larger disk her-
niations over a 6-week period. In look-
ing at patients with low back pain or
radiculopathy, MR did not have additive
value over clinical assessment. No prog-
nostic sign that might alter treatment
versus clinical assessment alone was
identified. The size and type of disk her-
niation and location and presence of
nerve root compression, significant in
terms of morphologic alteration, were
not related to patient outcome. Like-
wise, the presence or absence of steno-
sis, facet disease, or degenerative mar-
row changes did not correlate with pa-
tient outcome (156).

This lack of prognostic value also
appears to apply to the conservative
management of spinal stenosis. There
do not appear to be reliable prognos-
tic imaging findings that would correlate
with surgical success or even whether
patients would benefit from surgery and
spinal stenosis (75,157). A study of the
qualitative morphologic features of the
spinal canal dimensions and herniated
disks has not proved helpful in predict-
ing outcomes in patients with back pain
and sciatica. Demographic and clinical
features appear to predict outcome of
nonsurgical treatment, whereas mor-
phometric features of disk herniation
and spinal canal are more powerful pre-
dictors of surgical outcome (158).

Degenerative marrow changes may
also change over time. In all three types,
there is always evidence of associated
degenerative disk disease at the level of
involvement. Type I changes may revert
to normal or convert to type II changes,
with time suggesting some stabilization
of the degenerative process. Type II
changes tend to be more stable but may

Figure 18

Figure 18: Flowchart of hypothetical inflam-
matory cascade for degenerative disk disease.
CGRP � calcitonin gene-related peptide, FGF �
fibroblast growth factor, GM-CSF � granulocyte-
macrophage colony-stimulating factor, MCP �
monocyte chemoattractant protein-1, NO � nitric
oxide, PGE2 � prostaglandin E2, PLA2 � phos-
pholipase A2, VEGF � vascular endothelial
growth factor, VIP � vasoactive intestinal peptide.
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convert to type I or a mixed combina-
tion of types I and II. When changes do
occur in type II marrow, they are usually
associated with evidence of additional
or accelerated degeneration or a super-
imposed process such as infection or
trauma.

The clinical importance of marrow
changes associated with degenerative
disk disease remains unclear. Type I
changes seem to be associated with a
higher prevalence of active low back
pain symptoms. The exact etiologic
mechanism or mechanisms, while un-
known, have been thought related to
some type of unusual stresses, micro-
or macroinstabilility or microtrauma.
Some studies of discography in patients
with degenerative marrow changes
have suggested that type I marrow
changes are invariably associated with
painful disks (159–162). Surgical stud-
ies have suggested that patients with
type I marrow changes who undergo fu-
sion for low back pain do better than
those without endplate changes or type
II patterns (159). The hypothesis is that
type I degenerative marrow changes are
related to or are indicators of some de-
gree of instability. Authors of a surgical
study looking at the prognostic value of
type I marrow changes related to surgi-
cal outcome demonstrated that persis-
tence of type I marrow changes after
fusion was associated with significantly
worse outcome (163). The authors
speculate that type I changes may not
only be an important criterion for sur-
gery, but type I change disappearance
may be an indicator of successful fusion
and stabilization. Additional evidence to
support that these changes are a reflec-
tion of a more active process related to
microtrauma and instability is a surgical
study that found that in the overwhelm-
ing majority of patients with type I mar-
row changes who undergo fixation and
fusion, the marrow changes will convert
to a normal marrow signal intensity or
type II changes, with good clinical results
(159).

Surgery

Degeneration of the intervertebral disk
complex is a process that begins early in

life and is a consequence of a variety of
genetic, physiologic, and environmental
factors, as well as normal aging. Given
the ubiquitous nature of the process and
its high prevalence in both symptomatic
and asymptomatic individuals, the jump
from identifying an anatomic derange-
ment to proposing a symptom complex
must be made with caution (2). There is
an opportunity for imaging to further
our understanding of the process.

What separates individuals with
dramatic morphologic findings who
have no symptoms from individuals with
identical alterations who do? Under-
standing the relationship of etiologic
factors, the morphologic alterations,
which can be characterized at imaging,
and the mechanisms of pain production
and their interactions in the production
of symptoms will require more accurate
and reproducible stratification of pa-
tient cohorts. This may be a strong suit
of imaging, the phenotyping of morpho-
logic alterations to compare with the
emerging genotyping work relative to
etiology and clinical manifestations. The
ultimate translational goal is the inte-
gration of this newfound understanding
into the therapeutic decision-making
process.
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