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Internal disc disruption is a common cause of disabling low
back pain in a substantial number of young, healthy adults.
Crock described this painful entity and reported annular
fissures that distort the internal architecture of the disc;
Externally the disc appears relatively intact and undeformed.
A clinical diagnosis of internal disc disruption, in absence of
objective clinical findings, is extremely difficult.  The only
convincing means to establish the diagnosis is provocation
discography.  Unfortunately, this procedure is controver-
sial, making the existence of internal disc disruption sus-
pect.  Recent studies indicate the existence of a biochemical/

biomechanical model of discogenic pain, which explains the
disabling low back pain in some subjects with no objective
evidence of nerve-root compromise.  However, a reluctance
to acknowledge internal disc disruption as a valid clinical
entity delays diagnosis and treatment.  Failure to identify
and treat this entity early and aggressively results in long-
term disability, thereby perpetuating the enigma of chronic
low back pain.
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Chronic low back pain is the leading cause of work-related
disability in people under age 45 (1-4).  Only a small pro-
portion (<15%) will have an underlying nerve-root com-
promise secondary to a herniated disc (5, 6).  The majority
(85%) have non-neurogenic low back pain (3, 7) and a sig-
nificant proportion of these patients are assumed to be
related to musculoligamentous injury or degenerative
changes (8).

It is surprising that, even though 85% have a non-neuro-
genic cause for low back pain, no attempt is made to arrive
at a specific diagnosis. Nonspecific diagnoses such as
lumbar strain/sprain or low back pain of unknown origin
are very common (3, 8).  The accepted dictum is that diag-
nostic efforts to search for a specific pathoanatomic cause
will be disappointing; and, therefore, instead of searching
for one, it is more useful to ensure that there is no serious
underlying systemic disease, and no evidence of neuro-
logic compromise that might require surgical intervention
(8).  However, it is well recognized that only 2% of disc

herniations need surgery (5), 4% have compression frac-
tures, 0.7% have spinal malignant neoplasms and even
fewer have ankylosing spondylitis (0.3%) or spinal infec-
tion (0.01%) (5).

One commonly overlooked source of chronic low back pain
is internal disruption of the lumbar intervertebral disc (9).
A disc can cause back and lower-limb pain independent of
nerve-root compromise.  This concept of disc-mediated
somatic pain has not yet gained unanimous approval (10),
even though the disc has been suspected to be a potential
pain generator for several years (11-14).  Crock (14) coined
the term internal disc disruption and described the patho-
logic features of this painful entity.  He reported loss of
normal distinction between the nucleus pulposus and the
annulus fibrosus, gross disorganization and fissuring of
the annulus, preserved external disc contour and appear-
ance, and absence of nerve-root compression.  Such a disc
appeared externally intact and undeformed on computed
tomographic (CT) scan and myelograms but revealed pain-
ful annular pathology on discography.  Diagnostic disc
injection, the sole direct method of distinguishing symp-
tomatic from asymptomatic discs, has, however, been a
subject of controversy (10).

The idea that a small fissure in the annulus incites a bio-
chemical process causing substantial back pain is revolu-
tionary and provokes much debate.  It challenges the popu-
lar and deeply ingrained belief that a disc lesion can only
cause pain by direct nerve compression from disc pro-



Sehgal and Fortin • Internal Disc Disruption and Low Back Pain 144

Pain Physician Vol. 3, No. 2, 2000

lapse.  As our thought process evolves to accept the bio-
chemical model of discogenic pain, we will be more willing
to identify and treat subjects with low back pain from inter-
nal disc disruption. Scant information and lack of well-
controlled studies contribute to the reluctance to accept
internal disc disruption as a valid clinical entity.

In light of available literature, this article attempts to ex-
plain the structure and function of a healthy intervertebral
disc, outlines some of the known biochemical and biome-
chanical factors involved in disc disruption, discusses the
pathomechanics of pain and correlates information obtained
from basic science research to established/innovative di-
agnostic and therapeutic approaches to internal disc dis-
ruption.

HISTORICAL BACKGROUND

For decades after Mixter and Barr’s (15) hallmark descrip-
tion of herniated nucleus pulposus, physicians fixated on
the neurocompressive model of the disc as the cardinal
cause of spine pain.  A disc was perceived as capable of
generating back/leg pain only by mechanical nerve-root
compression, as seen with herniated discs.  As a result
aggressive spine surgery was frequently recommended for
low back pain.

An increasing number of surgical failures prompted efforts
to improve diagnostic accuracy and search for other causes
of spine pain (16).  Dandy in 1941 had alluded to his disillu-
sionment at failing to detect herniated nucleus pulposus in
an overwhelming percentage of patients with recurring at-
tacks of low back pain and leg symptoms (11).  He believed
that in a large majority of these patients the source of pain
was a concealed ruptured disc.  Fernstrom (1960) observed
that a simple, ruptured disc without herniation can have a
clinical presentation similar to herniated nucleus pulposus
(17).  Pain from these discs had a deep somatic and a re-
ferred lower-extremity component.

Interest in the disc as an independent pain generator was
sparked by the discovery of Hirsch (1948), who noted re-
lief of sciatic pain following intradiscal injection of no-
vocaine into the disc (12).  Smythe and Wright (18) at-
tached nylon threads to potential pain generators such as
ligamentum flavum, interspinal ligament, dura, nerve roots,
and annulus during surgery on herniated discs.  Traction
on the threads attached to the annulus elicited back pain,
while nerve-root stimulation caused sciatic pain.  Others
reported back pain with mechanical disc stimulation at sur-
gery and intradiscally on discography (17).

Even though the innervation of annulus fibrosus had been
described in 1940 by Roofe (19), it took nearly 50 years to
correlate painful provocation response on discography to
annular fissures extending into mid and outer annulus (20).
Lindblom (21) had demonstrated, in 1944, radial annular
fissures on disc injections in cadavers and later described
nucleographic patterns of 15 discs in 13 patients.  Unfortu-
nately discography was rejected as a valid diagnostic tool
following the wide publicity of Holt’s study (22) that re-
ported false-positive rates of 37% for lumbar and 100% for
cervical disc injections in asymptomatic prison inmates.
Holt’s data were later shown to be flawed by poor selec-
tion, technical inadequacies, and fallacious interpretation
(23, 24).

Advances in imaging technology (magnetic resonance
imaging & CT imaging) have provided new insights into
disc pathology.  This has allowed recognition of changes
in disc contour, hydration and architecture but has not
helped with understanding the clinical significance of these
abnormalities, or in isolating the pain generator.  Reports
of incidental disc abnormalities such as disc bulge/protru-
sion in 30% to 50% of asymptomatic adults (25-27) sug-
gests that a degenerated disc does not always equate with
a painful disc.  It is obvious now that a diagnosis based on
MRI/CT abnormalities alone, without supportive objec-
tive clinical evidence, may not identify the cause of low
back pain.  Overdiagnosing and overtreating clinically in-
significant structural abnormalities are a real concern (28).

Equally disconcerting are the large number of chronic low
back pain subjects with painful, albeit normal-looking discs
(9).  What makes a relatively normal-looking/degenerate
disc painful and yet another grossly degenerate disc pain-
less continues to perplex.  Experimental data point to the
immunogenic potential of the nucleus pulposus (29-31).
Biochemical studies on normal and degenerated discs have
shed light on the mechanism of discogenic pain (29, 32,
33).  How structural and biochemical changes in the disc
relate to discogenic pain is still not completely understood.
It is but natural that, unless these mysteries are unraveled,
the clinical course and treatment of internal disc disruption
will continue to be a dilemma.

STRUCTURE

Can the intervertebral disc, a cartilaginous structure sand-
wiched between the flat surfaces of adjacent vertebral bod-
ies, allow motion without compromising stability, strength
or weight-bearing capacity?  The disc is an interbody joint
that transmits load and preserves stability and strength
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through the entire range of lumbar motion.  A basic under-
standing of disc structure, biochemistry and biomechani-
cal properties is essential for appreciating disc function
under normal and abnormal circumstances.

Morphology

Each disc is a biconvex structure consisting of a central
semifluid, gelatinous mass, the nucleus pulposus, an outer
ring of collagen fibers, the annulus fibrosus, and two carti-
laginous end plates that attach the disc to the vertebral
body.  The annulus is lamellated; there are 10 to 12 overlap-
ping concentric lamellae of collagen fibers that alterna-
tively incline at 65 to 70 degrees from the vertical, such that
every second lamella has exactly the same orientation.
Superficial lamellae at the periphery of the disc insert di-
rectly into the vertebral body, while the fibers in the inner
two thirds of the annulus are incorporated into the end
plates.  Encased within the annular ring is the nucleus
pulposus - a mucoid material of cartilage cells and irregu-
larly arranged collagen fibers in a semifluid ground sub-
stance.  It is this deformable, incompressible soft-tissue
structure, separating two vertebral bodies, and contained
by tightly packed collagen lamellae of the annulus, that
allows one vertebral body to rock on the other during spi-
nal movements without sacrificing stability, strength or
weight-transferring capacity (34).

Biochemical Structure

The deformability of the nucleus pulposus is essential to
the load-bearing function of the disc.  Biochemically this
property is linked to the hydration of the disc.  Healthy
discs are capable of imbibing enormous quantities of water
and swelling to > 200 % in volume (35, 36).  Interference
with the delicate homeostasis of nuclear matrix, such as
lowering of matrix pH (37), triggers a cascade of biochemi-
cal reactions, leading to loss of water-binding capability of
the disc and, ultimately, its capacity to attenuate loads.

The water-holding capability of the disc is determined by
the status of its aggregating proteoglycans.  Proteoglycans
are macromolecular structures consisting of several mol-
ecules of mucopolysaccharides attached to a polypeptide
chain (core protein).  Proteoglycans exist as proteoglycan
units and proteoglycan aggregates.  The latter consist of
many proteoglycan units attached to a hyaluronic acid
chain by a link protein that is antigenic (33).  Proteoglycans
aggregates have the capacity to attract and retain large
quantities of water depending on their mucopolysaccha-
ride/glycosaminoglycan constituents.  The human disc

contains three different mucopolysaccharide/
glycosaminoglycan’s ie, chondroitin sulfate, keratan sul-
fate and hyaluronic acid (38).  Chondroitin sulfate holds
twice as much water as keratan sulfate.  Aging dehydrated
discs have a higher ratio of keratan sulfate to chondroitin
sulfate, and a decreased propensity to hold water and swell.
The nucleus pulposus is 90% water at birth; this decreases
to 70% at the age of 60.  This large volume of water endows
the nucleus with its fluid properties; the proteoglycans
and collagen fibrils that are the next major component ac-
count for its viscosity.  The proteoglycan aggregates that
constitute 25% of proteoglycans are held together in the
nuclear matrix by Type II collagen fibrils.

Biochemically the nucleus and annulus have the same com-
ponents, ie, water, collagen, and proteoglycans.  The dif-
ference between the two is in the relative concentration of
the components and the type of collagen that predomi-
nates in each part (39).  Both type I and II collagen are
found in the annulus but type I predominates, its concen-
tration being higher in the outer annulus.  Water makes up
60% to 70% of the weight in the annulus and is held in the
domains of proteoglycan aggregates.  The latter fill the
spaces between the collagen lamellae, serving to bind the
lamellae and preventing the annulus from buckling or fray-
ing.  As long as the lamellae remain healthy and intact and
are held together by proteoglycan gel, the annulus will
resist buckling and will sustain weight.

A continuous turnover of proteoglycans and collagen oc-
curs in the disc, indicating that the disc is metabolically
active.  Chondrocytes and fibroblasts located in the end
plates and interspersed among the collagen lamellae syn-
thesize collagen and proteoglycans.  They also produce
degradative enzymes such as metalloproteinases, collage-
nases and stromelysin that are responsible for breakdown
and removal of old collagen and proteoglycans.  The activ-
ity of these enzymes is controlled by tissue activators and
inhibitors.

Nutrition

The disc is essentially avascular and is nourished princi-
pally by diffusion from capillary plexuses beneath the ver-
tebral end plates and those in the outer annulus. Uncharged
ions such as glucose and oxygen, and positively charged
ions permeate easily into the matrix.  A high concentration
of negatively charged carboxyl and sulfate ions in the
proteoglycan matrix resists movement of negatively
charged sulfate and chloride radicals into the nucleus (34).
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Another mechanism of nutrient supply is motion; loss of
water with disc compression increases the electrolyte con-
tent of the disc, which then exerts an osmotic force and
prevents further movement of water out of the disc.  Re-
lease of compression allows the disc to rapidly regain height
and volume as water is osmotically drawn into the disc
(40).  This flux of water is capable of carrying nutrients with
it, as suggested by experiments on the canine disc, where
long, vigorous spinal motion is shown to result in an effi-
cient solute and metabolite transport and decrease in the
lactate concentration, indicating stimulation of the aerobic
metabolism in the disc (41).  If a similar mechanism is pre-
sumed to operate in the human spine, vigorous exercise
training on a regular basis can be expected to benefit disc
nutrition. Similarly, limiting bed rest in low back pain sub-
jects will serve to minimize the adverse effects of immobil-
ity on disc nutrition.

Innervation

Numerous studies attest to the rich innervation of the disc;
even then the potential of the annulus to incite pain inde-
pendently is not uniformly accepted and often viewed with
skepticism.  It has been well established that only the outer
/mid third of the annulus is richly innervated; the inner
third of the annulus and the nucleus are normally devoid
of nerve fibers (19, 42, 43).

A continuous interlacing network of nerve fibers made of
ventral plexus (from the nerve plexus of the anterior longi-
tudinal ligament) and dorsal plexus (by the nerve plexus of
the posterior longitudinal ligament) surrounds the disc.
These two plexuses interconnect at the level of the inter-
vertebral foramen and supply nerve fibers to the annulus
that are distributed laterally > posteriorly> anteriorly.  The
nerves supplying the dorsal surface are distinct from those
supplying the ventral or lateral surface.  The ventral sur-
face of the disc receives fibers from the sympathetic trunk,
its rami communicantes and the perivascular nerve plexus
of segmental arteries.  Direct branches from the ventral
primary rami enter the posterolateral surface of the disc.
Posteriorly the disc is innervated by the sinuvertebral
nerves that contribute branches to the dorsal nerve plexus.
The lumbar sinuvertebral nerve is a mixed nerve formed by
a somatic root from the recurrent branch of the ventral
ramus and an autonomic root from a gray ramus communi-
cantes.  Each lumbar sinuvertebral nerve supplies the disc
at its level of entry into the vertebral canal and the disc
above and below (42, 44).  Whether the plexus of nerve
fibers surrounding the intervertebral foramen has a sym-
pathetic function or simply uses the rami communicantes

for returning somatic afferent fibers from the disc to the
ventral rami is not apparent.  Most of the nerve fibers are
sensory (45, 46) and involved in nociception, as suggested
by isolation of substance P from the free and complex nerve
endings existing in the outer third of the annulus.  The
surface of the annulus has both encapsulated and unen-
capsulated receptors (43, 47, 48).  It is likely that the encap-
sulated nerve endings are proprioceptive, but there is no
study to support this contention.

Quite often patients with lower lumbar disc lesions experi-
ence inguinal pain corresponding to L1-2 dermatomes.
Retrograde axonal transport studies on rats have revealed
an intriguing aspect of disc innervation whereby the ante-
rior surface of the L5-6 disc receives nerve fibers from the
L1 or L2 spinal nerves (49).  Can a similar pattern of inner-
vation to the lower lumbar discs in humans explain the
inguinal pain reported by some patients with low back pain?

Mechanical factors are important in the genesis of disc-
mediated pain; the mechanical properties of the disc are
interlinked to its physicochemical status.

Biomechanics

The evolution of bipedal posture and ambulation in hu-
mans has transformed the horizontal vertebral column of
vertebrates into a load-bearing erect spine that is required
to efficiently transfer weight, provide stability and permit
motion.  This subjects the spine to compressive and tor-
sional loads as the trunk flexes, extends, bends laterally
and rotates axially on the pelvis.  The stresses experienced
are compressive, tensile, shear or a combination of these.
Experimental work and biomechanical studies have identi-
fied compression and torsional forces as damaging to the
spine, specifically to the disc, which bears the major brunt
(50, 51).  If the primary sources of disc pathology are these
forces/stresses acting on the spine, why did the spine not
evolve into a more rigid structure?  What is the purpose of
having a vertebral column capable of torsion and compres-
sion, unless it is somehow linked to the demands of human
gait?  Conventional wisdom will have us believe that the
trunk is passive and the legs rotate the pelvis during
ambulation.  A revolutionary but thought-provoking con-
cept is to consider the spine as the engine that powers
human locomotion.  Gracovetsky (52) has proposed the
theory of the “spinal-engine’ and regards the lumbar spine
as the prime mover, the legs serving to amplify the move-
ment.  A lateral bend in the spine induces an axial torque
that drives the pelvis to rotate.  If this is true, the disc,
which is the interbody joint, surely must be exposed to
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unusually high stresses/demands of everyday living.  Is
the disc then optimized to resist all kinds of loads effi-
ciently or only certain loads and not others?  What hap-
pens to a disc when it is compressed, bent or rotated?

The disc is designed to resist compressive loads effec-
tively.  A negative consequence of this specialization is
the inability to resist torsional and other loads in an equally
optimal manner (53).  Biomechanical studies on isolated
functional spinal units (vertebral body-disc-vertebral body)
reveal that high-magnitude axial compressive loads that
damage the endplates and the vertebral body are easily
sustained by the disc (54).  Central axial compression load-
ing, as occurs with standing or sitting, exerts complex com-
pressive and tensile stresses on the annulus (55) and in-
creases intranuclear pressures (56).  The inner annulus, in
contrast to the outer annulus, experiences large-amplitude
compressive and tensile stresses.  The intranuclear pres-
sures, which are uniformly distributed in the vertical and
horizontal direction, increase as the loading increases (57).
Elevated fluid pressures centrifugally deflect the endplates
and support the inner laminae of the annulus, which bulges
only slightly.  There is thus an efficient transfer of com-
pressive load from one vertebral endplate to the next by
the nucleus pulposus and annulus fibrosus.

Axial rotation causes tensile/torsional loading of the disc.
Most disc injuries result from torsional stresses (51), as
their structure is not designed to handle torsional loads as
well as compressive loads.  Tensile stresses are
nonuniformly distributed through the disc; the anterior
and posterior regions of the disc are stronger than its cen-
tral region (54) and the annulus is three times stronger in
the direction of its fibers than in the horizontal direction
(58).  As a result, perpendicularly oriented normal stresses
are easily absorbed by the alternating layers of annular
fibers, while the shear stresses parallel to the disc surface
are not resisted as well.  These stresses are concentrated
more at the periphery than at the center of the disc, stress-
ing the annular fibers.

There is experimental evidence that, when a disc is bent, as
occurs with spinal flexion, the nucleus is displaced poste-
riorly; extension causes the nucleus to move in the oppo-
site direction (59).  Clinically it is well known that end-
range lumbar spine movements can centralize (cause pain
to recede towards the lumbar spine) or peripheralize (cause
pain to spread in radicular pattern) discogenic pain (60).
Centralization of pain commonly occurs with lumbar exten-
sion.  This principle is employed in designing exercises
that treat discogenic pain and attempt to direct the dis-

placed nuclear contents centrally into the disc.

Combined axial loading and lateral bending of spinal units
result in maximum disc bulge posterolaterally.  This ten-
dency of the disc to herniate posterolaterally is not an
inherent property of the disc but is related to the loading
conditions (57).  When a disc fails clinically, as occurs with
annular disruption, it does so from a combination of com-
pression, bending, torsion, and tension (53).

How does the structure of the intervertebral disc relate to
its biomechanical characteristics - is the disc a solid or a
fluid structure?  The viscoelastic properties of the disc
enable it to behave both as solid or liquid, depending on
the rate and amplitude of spinal loading.  At low compres-
sive loads, just like fluids, it is flexible and offers little resis-
tance.  The same disc stiffens up as a solid in response to
high loads and with increasing speed, thereby increasing
stability (53, 61).  There is very slight and slow deformation
to loading in a healthy disc, unlike a degenerate disc that
has abnormal creep characteristics and will deform earlier
and at lower load values (57, 62).  The human disc has low
fatigue tolerance (63), making it susceptible to injury from
repetitive loading or high-amplitude loads.  What makes
the disc viscoelastic?  Viscoelasticity is a function of disc
hydration; discs that retain fluid are stiffer than those that
do not retain fluid (64).  This property enables the disc to
endure large-magnitude stresses in dynamic and static load-
ing.  It is little wonder that a normal disc can easily sustain
forces two to three times the body weight (65).

As the disc degenerates, it undergoes structural and bio-
chemical changes that irreversibly alter its biomechanical
properties (66, 67).  Degenerative changes first appear in
men in the second decade and in women a decade later.  By
the time an individual reaches the age of 50, 97% of his/her
lumbar discs are degenerated; most commonly involved
discs are L3-4, L4-5 and L5-S1 segments (66, 68).  A degen-
erated disc is less viscoelastic, ie, it can no longer attenu-
ate shocks and distribute loads uniformly across the end
plate.  It deforms easily and at lower load values.  There is
a failure to generate higher compressive and tensile stresses
at the inner annulus (55), resulting in inadequate intradiscal
pressures.  Intradiscal pressures generated with axial load-
ing vary with loading condition, posture and state of disc
hydration (56, 69).  A correlation exists between intradiscal
pressures and the degree of disc degeneration (70); se-
verely degenerated discs manifest loss of pressurization
(65).  Loss of intradiscal pressure will result in less pres-
sure at the center of the end plates and distribution of the
load more around the periphery (65, 71).  This aberrancy in
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the load-transferring mechanism is accompanied by pro-
nounced internal and external deformations of the disc (65,
71).  There is an increased outward bulging of the disc and
an inward displacement of the annulus toward the center
of the disc (59).  It is likely that this abnormal anteroposte-
rior annular stretch contributes to lamellar disruption and
annular tears typical of internal disc disruption (66).

PATHOLOGY

Is an annular tear always painful?  Some annular fissures
will evoke pain, yet others may not cause any pain.  What
causes an annular fissure in one disc to be painful and in
another to be painless?  Vanharantta correlated pain to
extension of radial annular fissures into the innervated
outer third of the annulus (72); inner to mid annulus radial
tears are not painful, as this part of the disc normally has
no nerve supply.  A combination of mechanical and chemi-
cal factors makes these rents painful.  Physiologic loading
of a healthy disc does not normally stimulate nociceptive
nerve endings in the outer annulus.  In a disc with fissures
extending into the outer annulus and disrupting most of
the lamellae, even minor physiologic stresses can mechani-
cally stimulate nociceptors.  While in a disc with an intact
annulus, the load is uniformly distributed and shared equally
by the lamellae constituting the annulus; in a disrupted
disc the same load is absorbed by the few lamellae that are
still intact, causing them to experience unusually high
stresses (66).  Ultimately the threshold for mechanical
nociception is attained; this threshold for mechanical stimu-
lation is attained earlier with chemical sensitization of the
nerve endings.  Furthermore, centripetal growth of nerve
fibers along radial tears into the inner annulus provides a
morphologic substrate for true discogenic pain (45, 73).
Some of these nerve fibrils express growth-associated pro-
tein 43 - a protein expressed during axonogenesis, sup-
porting the theory of nerve ingrowth.  Morphologically
these nerve endings are nociceptive and express substance
P, a nociceptor.  Absence of neural structures in control
discs and existence in painful discs implicate them in the
pathogenesis of chronic back pain.

Chemical sensitization of nerve endings occurs with re-
lease of nociceptive substances by the disc (74, 75).  Nor-
mally the cellular synthetic capability of a disc can effec-
tively inhibit activation of degradative enzymes.  Impaired
cellular function accompanies changes in nuclear pH and
release of prostaglandin E, histamine-like substances, po-
tassium ions, lactic acid, polypeptide amines and phos-
pholipase A2 (76, 77).  These chemicals may play a role in
the initiation or maintenance of disc degeneration.  Theo-

retically interventions directed at inactivating inflamma-
tory mediators can be potentially therapeutic.  An example
of direct application of basic science research into clinical
practice has been the use of steroids to counter phospho-
lipase A2 activity.  Phospholipase A2 liberates arachidonic
acid from cell membranes and is the limiting factor in the
production of powerful inflammatory mediators, ie, pros-
taglandins and leukotrienes.  It has a direct neurotoxic po-
tential in addition to its potent inflammatory and edema-
producing properties (78). Phospholipase A2 is implicated
in the genesis of pain in herniated discs - extraordinarily
high Phospholipase A2 activity has been reported in herni-
ated discs in comparison to other human tissues (79).  The
pain-generating capability may be related to direct excita-
tion of annular nociceptors, nerve injury from enzymatic
degradation of phospholipids, or secondary to nerve in-
flammation (74-78).  It is speculated that leakage of
nociceptors from the disc sensitizes the C or A delta unmy-
elinated nerve fibers in the annulus and the dorsal root
ganglion, lowering the nociceptor threshold for mechani-
cal stimulation (74, 80, 81).  Mechanical irritation of sen-
sory nociceptive terminals in an incompetent disc then
occurs, with physical loading in the physiologic range of
the disc (81, 82).

What about the immunogenic potential of a human disc -
can the disc mount an autoimmune attack?  The protein in
nuclear proteoglycan aggregates is immunogenic.  This is
well documented in clinical and animal models (29, 33, 83,
84).  Nonetheless, annular fissures do not have the same
potential as herniated nucleus pulposus to generate an
immunologic response (79, 85, 86).  Studies comparing the
immunocompetent cellular response in contained (painful
annular fissures surgically excised) and herniated discs at
the epidural interface do not support autoimmune mecha-
nisms as pathogenetic in internal disc disruption.

An adequate supply of nutrients is essential for the struc-
tural and biochemical integrity of the disc.  Almost 50% of
nutrient requirements are met by diffusion across the carti-
laginous endplates.  Compression injury of the vertebral
end plates interferes with disc nutrition and is followed by
an inflammatory biochemical degradation of the disc matrix
(34).  Experimental work links matrix degeneration to endplate
separation.  The biochemical cascade, which eventually
culminates into nuclear disintegration and annular disrup-
tion, is triggered by activation of metalloproteinase and
interleukins in the disc matrix (87).  Metalloproteinases are
enzymes that decompose the link protein in proteoglycan
aggregates; MMP-3 is a matrix metalloproteinase isolated
from disc cells (88).  When activated, it decomposes aggre-
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gating proteoglycans and depletes the disc matrix of its
water content.  Normally tissue inhibitor of
metalloproteinase binds and inactivates MMP-3.  Degen-
erated discs produce interleukins, IL-1 and IL-6; IL-6 inhib-
its tissue inhibitor of metalloproteinase generation and IL-
1 enhances production of MMP-3.  Studies on surgically
removed human discs indicate an imbalance between
MMP-3 and tissue inhibitor of metalloproteinase, with a
higher ratio of cells positive for MMP-3 (89).  This
dysequilibrium is speculated to enhance matrix destruc-
tion and consequently disc dehydration. It is likely that
MMP-3 also has a role in degeneration of cartilaginous
endplates; MMP-3 staining in the endplates correlates with
osteophyte formation.

Radial annular tears provide a route for inflammogenic
nuclear fluid to leak out into the epidural space and bathe
the dural sac and exiting nerve roots (80, 81).  This mecha-
nism is speculated to cause some patients to present clini-
cally with features suggestive of a prolapsed disc but no
imaging evidence of one.  A clinically relevant disc hernia-
tion, however, does not occur in the absence of endplate
separation and matrix degeneration.  Experimentally nuclear
extrusion cannot be induced through surgically created
annular cuts despite axial loads of 1000 N (90).  Probably
the fibrous structure of the nucleus, endplate fibrous at-
tachments and self-sealing property of the annulus inhibit
such displacements.

CLINICAL PRESENTATION

At what point in the pathogenesis degenerative disc dis-
ease manifests clinically as internal disc disruption is not
obvious.  Internal disc disruption is a common entity; nearly
30% to 50% of subjects with chronic low back pain have
internal disc disruption (9).  A clinical diagnosis of internal
disc disruption based on history and physical examination
alone is extremely difficult.  Most of the patients experi-
ence diffuse, dull ache or a deep-seated, burning, lancinat-
ing pain in the back.  Some will complain of a sensation of
a weak, unstable back.  Referral of pain into the hips and
lower limbs is not uncommon.  Almost all of these patients
have a varying degree of sitting intolerance.  The move-
ments involving the lumbar spine are slow, guarded and
restricted.  In acute cases a history of lifting trauma pre-
cedes the back pain.  In the chronic stage pain and muscle
spasm are less dramatic and more nondescript.  Typically
there is no objective evidence of radiculopathy, even in
those who have a radicular pattern of pain referral.  Often
these patients will be labeled as being functional or as
malingerers due to the vague symptoms and lack of objec-

tive data.  In general, nondescript pain and a negative physi-
cal examination in a severely apprehensive patient is the
most common clinical scenario.  Moreover, there is no con-
stellation of symptoms and signs that can reliably distin-
guish the internal disc disruption population of patients
from those without discogenic pain (9).

A prospective, blinded study (91) employed McKenzie end-
range lumbar test movements to differentiate discogenic
from non discogenic pain.  This study compared
discographic pain provocation and annular competency
to the presence or absence of centralizing, peripheralizing
or abolishing low back and radicular pain with McKenzie
exercises.  Discogenic pain was present in 69% of
peripheralizers and 74% of centralizers.  The annulus was
functionally competent in those who centralized pain; outer
annular disruption was more likely in those who
peripheralized pain.

DIAGNOSTIC IMAGING

While physical examination alone remains insufficient to
establish a diagnosis of internal disc disruption, modern
diagnostic imaging has immensely contributed to advanc-
ing our understanding of internal disc disruption.

Plain X-Rays: Routine lumbar spine X-rays are usually
negative.  Subtle findings in chronic long-standing cases
include mild narrowing of the disc space; flexion-extension
stress views may reveal excessive excursion of one verte-
bral body on the adjacent one at the involved disc level
(92, 93).

Computerized Tomograms

Computerized tomography scan of lumbar spine and
myelograms are essentially normal (14, 92).  Low-density
zones in the annular region of the intervertebral disc seen
on high-quality routine CT scans of the lumbar disc may
suggest annular pathology.

Magnetic Resonance Imaging of Lumbosacral Spine

Magnetic resonance imaging delineates internal disc mor-
phology and disc hydration (67, 94).  The MRI signal in-
tensity is proportional to the water content of the
proteoglycan matrix of the disc.  Well-hydrated discs have
a high signal intensity (bright white) in contrast to degen-
erated discs that disclose signal reduction on T2-weighted
sequences (94, 95).  Usually, normal disc signal intensity
suggests a normal disc and loss of signal intensity on MRI
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correlates with abnormal disc morphology on discography
(96, 97); however, case reports indicate that a normal MRI
signal does not rule out internal disc disruption (98, 99).
Likewise, abnormal disc signal intensity cannot reliably
distinguish a painful disc from an asymptomatic degener-
ated disc (100, 101).

Sometimes, on T2-weighted sagittal images, a high-inten-
sity zone is visualized in the posterior annulus of the disc,
as a focal high-intensity (bright white) signal distinct from
the signal of the nucleus pulposus (102).  Its presence is
shown to correlate significantly with the existence of grade
4 symptomatic annular disruption (103).  Seen in 28% of
subjects with idiopathic low back pain, the high-intensity
zone has low sensitivity but a high specificity, the positive
predictive value for a symptomatic disc disruption being
86% (102).  The bright signal of high intensity zone on T2-
weighted sequences most likely represents inflammation,
neovascularization or invasion by granulation tissue (104,
105).

Lumbar Discogram/Postdiscography computerized to-
mography

Definitive diagnosis relies on provocation discography to
reproduce pain and CT discogram to reveal grade 3 radial
fissures (106-108).  According to the guidelines laid down
by the International Society for the Study of Pain, it is
essential that disc stimulation reproduce the patient’s pain,
provided, as a control, stimulation of at least one and pref-
erably two other discs fails to reproduce pain (109).  In this
manner false-positive responses to disc stimulation are
eliminated.

Discography is a physiologic test that explicitly determines
whether a degenerative disc is painful.  The key feature of
discography is the patient’s response to disc stimulation,
not the appearance of the disc.  This procedure is not
painful in asymptomatic individuals even with degenera-
tive discs but is frequently painful in patients with low
back pain.  When the guidelines are rigidly applied, dis-
cography is a powerful tool in diagnosing discogenic low
back pain, as it provides information that cannot be ob-
tained by other methods (110-113).

The guidelines were outlined in the “1988 Position State-
ment on Discography” and subsequently reaffirmed by
the Executive Committee of the North American Spine So-
ciety (114, 115).  It states, “Discography is indicated in the
evaluation of patients with unremitting spinal pain, with or
without extremity pain, of greater than 4 months’ duration,

when the pain has been unresponsive to all appropriate
methods of conservative therapy.  Before discography
patients should have undergone investigations with other
modalities which have failed to explain the source of pain;
such modalities should include, but not be limited to, CT
scanning, MRI scanning and/ or myelography.  In these
circumstances, discography followed by CT scanning will
permit precise description of the internal anatomy of a disc
and a detailed determination of the integrity of the disc
substructures.  Additionally, the anatomic observations
may be complemented by the critical physiologic induc-
tion of pain which is recognized by the patient as similar to
or identical with his or her clinical complaints.  By includ-
ing multiple levels in the study the patient acts as his/her
own control for evaluating the reliability of pain response.”

The information compiled on discography includes (1)
volume of contrast injected; (2) pattern of contrast distri-
bution (fissuring, bilobed, unilobed, extravasation, annu-
lar pattern); (3) amount of resistance to the injection; (4)
pain response (most important part of the procedure)-no
pain, pressure, discordant pain or concordant pain, nature
and location; (5) and CT discogram to help define pathol-
ogy, including any lateral disc herniation and annular fis-
suring (108, 116).

Dallas discogram classification relates these five separate
categories of information to provide a comprehensive, quan-
titative, scaled classification system for disc pathology
(116).  Anteroposterior, lateral radiographic views and axial
view seen by postdiscogram CT are evaluated for escape
of contrast. Annular disruption is graded from “0” to “3”,
with “0” indicating no annular disruption; “1” indicating
radial fissuring into inner annulus; “2” extension of radial
fissure into outer annulus; and “3” escape of contrast from
radial into circumferential fissure.  Aprill and Bogduk (102)
have described four grades of annular fissure.  Grade 3
reaches the outer third of annulus fibrosus; grade 4 fissure
spreads additionally circumferentially within the annulus
by an arc of at least 30 degrees.

A strong correlation exists between extent of annular dis-
ruption and reproduction of pain response on provocation
discography (112).  Fissures restricted to the inner third of
the annulus are rarely painful, while >70% of fissures reach-
ing the outer third of the annulus are painful and, recipro-
cally, over 70% of painful discs have third-degree fissures
(72, 112, 116).  Provocation discography is highly specific,
as it is not painful in normal volunteers (24).  Reproduction
of pain on discography is indicative of a clinically signifi-
cant abnormality of that disc.
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Limitations of this procedure are its invasive nature, sig-
nificant radiation, and potential complications.  The poten-
tial for complications, even though low in trained hands,
should nevertheless be factored into the decision process
and all necessary precautions instituted.  The reported
complications include discitis, 0.1% to 0.2%; nerve irrita-
tion; subarachnoid puncture; chemical meningitis; exacer-
bation of pain; and allergic reaction to contrast (117-119).

TREATMENT

The concept of the disc’s becoming not only dynamically
incompetent but biochemically active after injury is novel
and not easily acceptable.  Our thought process is often
trapped into viewing the disc as capable of manifesting
pain only as a space-occupying lesion.  Consequently,
ideal treatment for internal disc disruption is yet to evolve.
Current approaches include nonoperative conservative and
surgical options.

Conservative Nonsurgical Treatment
This includes pharmacologic pain control complementing
a specific program of lumbar exercises and image-guided,
minimally invasive interventional procedures on the disc
(120).

Dynamic Lumbar Stabilization vs McKenzie Exercise
Program: Low back pain limits daily activities, curtails
ability to work and causes a deterioration in quality of life
(121).  The goal of treatment is to improve function and
quality of life; treat pain; and, in the long term, prevent
future back injury and disability. Preventive measures must
be the mainstay of spine rehabilitation.

An adequate rehabilitation program will control pain to
enable participation in an exercise program; instruct in
proper body mechanics to facilitate pain-free movements;
provide postural exercises and flexibility training; restore
normal lumbopelvic rhythm and range of motion in the
entire kinetic chain; initiate specific strengthening exer-
cises for the lumbar spine; identify risk factors for lumbar
spine injury and institute injury prevention measures; rec-
ommend aerobic conditioning and sport-specific or job-
specific training/hardening; and ultimately, return an indi-
vidual to the same or a lower level of activity.
Establishing an accurate diagnosis and early intervention
is essential.  Preventive measures and instructions in proper
body mechanics aim to avoid repetitive flexion and tor-
sional stress, reduce translational stress, and balance shear
forces to the intervertebral segments.  These measures
serve to eliminate microtrauma, encourage healing and al-

ter the progress of the degenerative process.  Adequate
flexibility and spinal range of motion are prerequisites to
strengthening exercises.  Flexibility exercises must include
those for the hamstrings, quadriceps, iliopsoas, gastroc-
soleus, hip rotators, and iliotibial band.  Diurnal variations
in disc and ligament flexibility have been reported.  Bend-
ing and lifting performed early in the morning when liga-
mentous and annular fibers are less extensible are more
likely to cause fatigue damage to the disc than similar ac-
tivities performed later in the day.

The two commonly employed exercise programs for low
back pain are dynamic lumbar stabilization exercises and
McKenzie exercises (122, 123).  Results of conservative
treatment are comparable to surgery in terms of pain relief,
improving quality of life and return to work status on long-
term follow-up.  Successful outcome has been reported in
96% of patients with herniated nucleus pulposus and ex-
truded discs with aggressive rehab using a lumbar stabili-
zation program.

Dynamic lumbar stabilization training attempts to achieve
control of lumbar lordosis in flexion and extension move-
ments.  Pelvic positioning is the key to postural control of
the spine.  A closely supervised program of exercise train-
ing focuses on obtaining adequate musculoligamentous
control of the lumbar spine; improperly performed abdomi-
nal strengthening techniques are a frequent cause of lum-
bar spine injuries.  A specific program for internal disc
disruption is not described; the principles of rehabilitation
are similar to that tried and proven for lumbar radiculopa-
thy with herniated nucleus pulposus (122).

The lumbar stabilization program can be divided into ba-
sic-intermediate-and advanced-level exercises.  At the ba-
sic level exercises are performed in the supine or prone
position.  This will progress to exercises in kneeling; stand-
ing; and, finally, to movements of position transition.  Each
exercise is designed to develop isolated cocontraction
muscle patterns and stabilize the lumbar spine in its neutral
position.  A neutral spine position is not necessarily zero-
degree lordosis but the most comfortable position for that
individual.  The patient learns to find and maintain his
neutral spine position throughout the strengthening pro-
gram.  By strengthening the abdominal muscles, back ex-
tensors and pelvic stabilizers the spine is braced.  A corset
effect is created by contracting abdominal muscles in con-
cert with the latissimus dorsi and pelvic stabilizers.  The
abdominal muscles by their attachment to the dorsolumbar
fascia can flex and extend the lumbar spine and serve to
eliminate shear stress on the lumbar intervertebral seg-
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ments.  Spinal extensors reduce translational stress and
balance shear stress to intervertebral segments during ac-
tivity.  Among the back extensors the short segmental
multifidus is most active but is the most difficult muscle to
strengthen.  Lifting power of the lumbar spine is controlled
by the gluteus.  Strengthening exercises that strengthen
the gluteus, quadriceps and hamstrings are included in the
program.  Careful repetition of these exercises facilitates
engram motor programming.  Once proper exercise form
and technique have been achieved the program is ad-
vanced.  Functional progress rather than the pain level is
the criterion for determining advancement to more chal-
lenging exercises.  The endpoint is maximal functional ca-
pacity that cannot be improved with additional exercise
training or pain control (122).

McKenzie exercises for low back pain are effective against
both acute and chronic low back pain.  A series of indi-
vidualized exercises localizes and ultimately eliminates the
patient’s pain.  The subject’s response to repeated lumbar
movements such as flexion, extension, lateral bending and
rotation is used to assess which movements reduce the
patient’s most peripheral symptoms.  These movements
are then combined into an individualized exercise regimen.
By regularly performing these exercises, the patient learns
to centralize and eliminate his or her symptoms.  Exercises
and movements that centralize the pain are encouraged
and those that peripheralize the pain are avoided.  The
McKenzie method has been shown in a prospective, ran-
domized clinical trial to be twice as effective as traction and
back schools in alleviating pain:  98% of acute pain and
80% chronic pain had good outcome, with a return to work
rate of 90% (123).  Its proponents believe it results in faster
recovery, less time off work, fewer treatments and fewer
recurrences (60, 123).  Some patient groups that do not
respond to this mechanical approach are patients with ex-
truded disc fragments, lumbar stenosis, and internal disc
disruption.  Secondary gain obviously hampers recovery.
Inability to identify pain-centralizing movements in a pa-
tient with referred pain predicts disc extrusion or internal
disc disruption identified by CT/discography (91).

Intradiscal Steroid Instillation: As the pain of internal
disc disruption is chemically mediated, inhibiting chemical
activation of nociceptors at the site of peripheral stimula-
tion is logically appealing.  Steroids have proved to be
clinically beneficial in inhibiting Phospholipase A2.  Deliv-
ery of steroids into the disc, theoretically, should give long-
lasting pain relief by inhibiting Phospholipase A2 activa-
tion and thereby reducing neuronal hypersensitization.  In
practice intradiscal steroids have given favorable but not

dramatic results.  There are not many controlled, prospec-
tive trials to determine its efficacy.  Feffer used hydrocorti-
sone and noted on a retrospective, nonblinded study an
initial improvement rate of 67% and an overall remission
rate of 46% (124).  The results in uncontrolled studies are
mixed with 50% improvement at 1 month and 33% at 3
months (125).  A small, prospective, double-blind trial
found no statistically significant benefit from use of
intradiscal steroids (126).  This study was limited by the
small sample size, lack of a true placebo control and a short
2-week follow-up.

Radiofrequency Denervation: Radiofrequency lesioning
of the gray rami communicans has been employed to treat
discogenic pain.  Symptomatic discs are identified on dis-
cography and the rami communicans are lesioned above
and below the painful disc, at a level that corresponds to
the junction of the upper two thirds with the lower third of
the vertebral body.  Complete denervation of the disc an-
nulus is a desirable goal, but not achievable in the absence
of available technique for radiofrequency lesioning of the
sinuvertebral nerve.  Approximately 50% report excellent
results in terms of pain reduction.  Although this tech-
nique effectively treats pain from the anterolateral aspect
of the disc, it does not alleviate pain from the posterome-
dial region of the disc, where most of the pathology re-
sides.  Failure to denervate the posteromedial part of the
disc thus limits the utility of this procedure (127, 128).

Intradiscal Electrothermal (IDET) Therapy

A new technique employed to treat disc-mediated pain is
intradiscal electrothermal coagulation.  The underlying prin-
ciple is thermal shrinkage and remodeling of collagen after
exposure to specific temperature ranges.
Thermomodulation of collagen has been effective in pro-
moting capsular stability in recurrent shoulder dislocations.
It is believed that a similar mechanism in the disc will achieve
nuclear shrinkage, seal annular fissures and
thermocoagulate annular nociceptors.  Studies on human
cadaveric disc and animal model document the feasibility
of this procedure (129).  A semi-rigid catheter is navigated
into the disc through a 17-gauge introducer needle and
positioned within the nucleus adjacent to the posterior
annular wall at the 4 to 8 o’clock zone.  The access to the
disc is extrapedicular from the side opposite to the side of
the annular tear.  In some cases a bilateral approach is
indicated.  A thermal resistive coil then generates heat at
the active tip, starting at 65°C and increasing incrementally
to 80 to 90°C over a duration of 14 minutes.  The initial
results are promising, with 80% of patients reporting suc-
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cessful outcome (129) .  Controlled clinical trials are needed
to identify the patient population and determine the limita-
tions and efficacy of this treatment modality.

Surgical Management

Crock first described anterior lumbar interbody fusion for
internal disc disruption.  He reported a union rate of 96%
and a high return-to-work rate (130, 131).  Several authors
since then have reported variable results with this proce-
dure (132-138).  Overall success ranges between 46% and
86%.  Outcome-assessment measures include pain relief,
fusion rate, return-to-work status and postoperative com-
plications.  Good pain relief is reported by 60% to 75 % of
patients.  Successful fusion increases the likelihood of a
better outcome as shown by Flynn and Hoque (139), when
15 of 26 patients with good clinical results also had a solid
fusion.  The reported rate of solid fusion is in the range of
48% to 94%.  The success rate in single-level fusions is
85% to 89%.  As the number of levels fused increases,
chances of achieving a solid arthrodesis progressively di-
minishes.  Twenty-five percent may need reoperation (136).
Return-to-work rate is 68% and the average time taken is 6
months.  Common postoperative complications are retro-
grade ejaculation, graft extrusion and pseudoarthrosis (132-
138).

Surgical decision making involves identifying the painful
disc; and determining the number of levels to fuse, the
surgical approach, ie, anterior interbody only or combined
anteroposterior fusion; and the necessity for instrumenta-
tion.  Some surgeons select candidates for anterior lumbar
interbody fusion based on a positive discogram in the set-
ting of chronic persistent, disabling low back pain that is
unresponsive to 1 year or longer of conservative treatment
(135).  When anterior lumbar interbody fusion is not fea-
sible, posterior translaminar fusion is attempted to obtain
segmental immobilization (134).

Two definite disadvantages of surgical fusion are the fail-
ure to maintain disc height and loss of segmental motion at
the fused levels, which contribute to cephalocaudad
neuroforaminal stenosis and overloading of adjacent disc
levels.  Recent developments in lumbar spine surgery at-
tempt to preserve disc height by interposing titanium cages
in the disc space.  Another innovative technique involves
interposing articulating intervertebral disc prostheses that
are designed to restore disc height and segmental function
(140-142).  There are over 1,000 cases of intervertebral
endoprosthesis reported in the European literature.  Al-
though the idea is appealing and physiologically sound,

there are valid concerns pertaining to biocompatibility,
long-term structural integrity and function.  This proce-
dure has not been approved by the Food and Drug Admin-
istration for use in the United States.

CONCLUSION

The fact that chronic low back pain is considered a social
epidemic and a tremendous economic drain (28) has fueled
the widely popularized concept of minimizing or denying
medical assistance to low back pain subjects who demon-
strate no evidence of an underlying potentially devastat-
ing cause of low back pain.  Based on this philosophy has
come the adage, “Learn to live with it.”  However, this
policy of active nonintervention has not minimized the dis-
ability of low back pain, instead it perpetuates the very
problems we desire to avoid.  Low back pain is as enig-
matic as ever, it continues to mock and challenge our clini-
cal acumen.  We need to recognize that low back pain is a
symptom complex with diverse etiologies.  Some of these
will be amenable to treatment and some will defy any at-
tempts to provide lasting relief.  A logical approach is to
identify treatable causes of low back pain in subjects who
continue to be disabled by it beyond the 6- to 8-week pe-
riod of natural recovery.  Internal disc disruption is a com-
mon cause of disabling low back pain in a substantial num-
ber of young, healthy adults.  It is possible that early rec-
ognition and aggressive treatment of internal disc disrup-
tion may be a step towards aborting the process of chemi-
cal sensitization of  nociceptive nerve endings and thereby
avoiding perpetuation of chronic pain in this subgroup.
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