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Introduction

The human spine functions in a reverse way to that for which 
it was originally developed: instead of a hanging bridge con-
necting the anterior to the posterior limbs of a quadruped, it 
has become a vertical column of a biped, fundamentally chang-
ing the biomechanics and imposing larger loads on the lower 
lumbar discs. Humans’ upright posture has long been blamed 
as the main cause of the development of early disc degenera-
tion: ‘intervertebral disc disease is the price we pay for the gift 
of the erect posture.’1

Disc degeneration in animals is very unusual.2 Neither have 
localized bulging and Schmorl’s nodules ever been observed in 
quadrupeds.3 However, a quadruped forced to adopt an erect 
position quickly develops structural changes in the annulus 
fibrosus and nucleus pulposus.4–6 Large disc herniations at the 
lumbosacral level also occur in 25% of bipedal rats.7 It seems 
obvious, therefore, that the upright position and the conse-
quent increase in static loading of the disc8 are the main causes 
of the early and progressive development of degeneration in 
the human lumbar spine.

Degenerative changes in the intervertebral discs are  
so common that they can be regarded as normal physiological 
processes. Therefore we do not use the term intervertebral disc 
‘disease’ but prefer to speak of intervertebral disc ‘ageing’.

Degeneration of the lumbar discs starts very early in life. 
Clear microscopic signs of degeneration have been demon-
strated in a 4-year-old.9 Several reports of prolapsed discs in 
children and adolescents show that major disc degeneration 
appears at or before puberty10–14 and it has been maintained 
that after the age of 30 years there is no lumbar disc which 
does not show some degenerative changes.15 There seems to 
be no way to escape this degeneration because it affects all, 
whatever their weight, physical build or athleticism.16

Ageing of the disc

Mechanism

Both the erect posture, which imposes heavier mechanical 
stresses on the spine, and the decreased regenerative capacity of 
the disc make it very vulnerable. As has been described (see Ch. 
31), the disc depends for its nutrition on diffusion through the 
endplates and annulus, which can only take place as an outcome 
of change in intradiscal pressure within a physical range (Fig. 
32.1). Consequently, both excessive forces and immobilization 
will have deleterious effects on disc tissue.17 A modern, mostly 
sedentary lifestyle, for example, puts continuous increased 
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Fig 32.1 • Hydration–dehydration changes with load and consequently with activity and posture. 

Hydration

80 kP
a

P
ressure

Dehydration

Fig 32.2 • Loss of water-binding capacity leads to loss of 
endurance; the disc cannot sustain normal loads and the hydration–
dehydration curve shifts further in the direction of dehydration. 
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pressure on the disc; it is then constantly kept low in water 
content, which prevents the transport of nutrients. As the cells 
are undernourished, the fibrils and ground substance become 
damaged and their chemical composition changes.18 Enzymatic 
depolymerization of collagen and mucopolysaccharide causes a 
decrease in weight and content that results in a drop in oncotic 
pressure, which leads to further loss of water.19 The drying out 
of the disc is the most characteristic sign of intervertebral degen-
eration. The loss of hydrostatic pressure in an ageing disc is also 
reflected in the change in daily variations in body height: in 
adolescence the difference in body height between morning and 
night is 2%, but this drops to 0.2% in adults.20 The mature disc 
is thus permanently dried out and lacks the osmotic elasticity of 
the young disc.

Loss of water-binding capacity is also responsible for the 
decrease of disc turgor and loss of endurance. The disc does 
not sustain the normal loads and the hydration–dehydration 
curve shifts in the direction of further dehydration (Fig. 32.2). 
A vicious circle of further degeneration, further decrease in 
molecular weight and further fall in water-binding capacity is 
set up (Fig. 32.3).21

With advancing age, the permeability of the vertebral end-
plates also decreases. The accompanying calcification compro-
mises the nutrient supply to the adjacent nucleus, so enhancing 
further disc degeneration.22,23 The early stage of the changes in 
vertebral bone structure is first seen on magnetic resonance 
imaging (MRI).24 Vertebral endplate sclerosis later becomes 
radiographically visible.25

Another consequence of the decrease of oncotic pressure is 
loss of disc height and narrowing of the intervertebral space, 
which in turn influences the function of the facet joints and 
the anatomical relationships of the intervertebral foramina.

Structural changes

The intervertebral disc is characterized by a tension-resisting 
annulus fibrosus and a compression-resisting nucleus pulposus. 
As the nucleus pulposus dries out, it becomes less able to exert 
fluid pressure. The annular fibres, no longer under constant 
tension in relation to the nucleus, bear a greater share of verti-
cal load and are subjected to bulk deformations and shear 
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more liable to (micro)fractures. Microscopic defects may be 
followed by invasion of the disc by young blood vessels and 
connective tissue cells.34 The latter undergo metaplasia into 
cartilage cells and granulation tissue, and adult connective 
tissue also forms.35 This ‘invading’ connective tissue can spread 
out into the disc, create zones of decreased resistance and 
cause further weakness and instability. It has even been hypoth-
esized that this ‘new’ proliferative tissue plays a part in disc 
herniations.36

The macroscopic degeneration of the disc was divided into 
four grades by Friberg and Hirsch37 and later by Nachemson.38 
This scheme for assessing the gross morphological changes in 
the lumbar intervertebral discs has recently been improved by 
Thompson et al,39 who consider five morphological grades 
(Table 32.1 and Fig. 32.4).

Macroscopic grades of disc degeneration have been corre-
lated with age, sex and spinal level for 600 lumbar interverte-
bral discs from 273 cadavers in a review by Miller et al.40 Their 
conclusion was that, by the age of 50 years, 97% of all lumbar 
discs exhibit degeneration and that the L3–L4 and L4–L5 
levels usually contain the most severely degenerated discs. 
Another study demonstrated that there is disc degeneration in 
at least one lumbar level in 35% of subjects between 20 and 
39 years of age, and that all subjects 60–80 years of age show 
disc degeneration.41

These figures establish that disc degeneration is a normal 
age-dependent pathophysiological process; it therefore cannot 
be regarded as a ‘disease’ but is a normal biological event from 
which no one will escape.42

Disc displacements

Fissures in the annulus fibrosus will inevitably lead to changes 
in the biomechanical behaviour of nucleus and annulus, which 
can then result in intradiscal nuclear displacements, protru-
sions and prolapses (Fig. 32.5).

The nucleus and inner annulus do not contain free nerve 
endings. Displacements of these structures are therefore pain-
less, except when they irritate other more sensitive tissues, 
such as the outer annulus, the dura and the nerve root sleeves. 

strains.26 This leads to tears in the annular fibres.27 The poste-
rior annulus, especially the area between annulus and nucleus, 
is subjected to most of the mechanical strain.28 As this poste-
rior boundary zone is also most exposed to nutrient deficiency,29 
it will be the first to wear through, so that small radial fissures 
appear.30,31 Further softening and loosening of annular tissue 
leads to expansion of these fissures and the formation of cavi-
ties and cysts, which are radiographically seen as air pockets.32 
Nuclear displacements through these fissures will lead to a 
further decrease in disc height. As a result, the intervertebral 
joint becomes unstable and is subjected to more bulk deforma-
tion and more shear strain. Ruptures permit further migration 
of the disc material in the direction of least resistance (mostly 
backwards). The result is intradiscal displacements, bulging 
beyond the vertebral borders and disc prolapses (see Ch. 33).

Ageing of the disc also involves structural changes in the 
endplate. Between the ages of 20 and 65, the endplate becomes 
thinner and cell death occurs in the superficial layer of the 
cartilage.33 The vascular channels in the subchondral bone of 
the endplate are gradually occluded, finally leading to complete 
endplate sclerosis. As the endplate plays an important role in 
the nutrition of the disc, changes in it will contribute to further 
degeneration of the whole intervertebral disc. Also, the strength 
of the vertebral endplate decreases with age, which renders it 

Fig 32.3 • Vicious circle of disc degeneration. 
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Reproduced with pernission from Thompson et al.39

Table 32.1  Description of the morphological grades

Grade Nucleus Annulus Endplate Vertebral body

I Bulging gel Discrete fibrous lamellae Hyaline, uniformly thick Margins rounded

II White fibrous tissue peripherally Mucinous material between lamellae Thickness irregular Margins pointed

III Consolidated fibrous tissue Extensive mucinous infiltration; loss 
of annular–nuclear demarcation

Focal defects in cartilage Early chondrophytes or 
osteophytes at margins

IV Horizontal clefts parallel to 
endplate

Focal disruptions Fibrocartilage extending from 
subchondral bone; irregularity and 
focal sclerosis in subchondral bone

Osteophytes less than 
2 mm 

V Clefts extend through nucleus 
and annulus

Diffuse sclerosis Osteophytes greater 
than 2 mm
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the adult population who do not have activity-limiting low  
back pain.45–48

Cyriax49 listed five different directions in which discal tissue 
can move: posterior, posterolateral, anterior, vertical and cir-
cular. Each type of displacement occurs during a specific period 
in the degeneration of the disc. Posterior and posterolateral 
displacements are typical in the third, fourth and fifth decades. 
Anterior displacement resulting in osteochondrosis is a disor-
der of teenagers, whereas anterior displacement in combina-
tion with disc resorption is a lesion of the elderly and is seldom 

Therefore it is not the size of the migration that is important 
but the degree of irritation of the pain-sensitive tissues. Because 
imaging techniques (computed tomography (CT), CT disco-
gram and MRI) can only detect the size and localization of the 
bulges, and not always their effect on surrounding tissues, 
many more disc displacements are detected during imaging 
than actually cause symptoms.43,44 More than 50% of asymp-
tomatic patients over 40 years of age have either alterations in 
or displacements of disc.44 Single or multilevel disc bulging is 
visible on the MRIs of between 28 and 85% of  

Fig 32.4 • The appearance of a typical disc of each grade. From Thompson et al,39 with permission.

Fig 32.5 • Disc displacement: (a) displaced tissue within the disc; (b) bulging of the intervertebral disc without perforation of the annulus 
fibrosus; (c) herniation of intervertebral disc tissue through the annulus fibrosus into the spinal canal (prolapse). 

(a) (b) (c)
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lowered resistance of the annulus fibrosus is the main biome-
chanical factor contributing to protrusion–prolapse. When the 
expansive forces of the nucleus pulposus decrease and, because 
of the loss of water, the disc gradually deflates, the tendency 
to displacement diminishes.53,54 Other factors protecting the 
ageing disc against displacements are increasing stiffness of  
the posterior ligaments, which limit spinal mobility, and the 
formation of osteophytes, which distribute the load over a 
larger area.

Posterior displacement

The posterior boundary zone between the annulus and the 
nucleus is the first part to develop areas of degenerative change 
and fissures (see p. 438). In sitting and forward bending, the 
disc is asymmetrically loaded, with a compression strain ante-
riorly and a tensile stress dorsally. Because of the increase of 
intradiscal pressure, the nucleus pulposus is pushed dorsally 
and applies more stress to the weakened posterior fibres, which 
are already subjected to the strong tensile stress imposed by 
the flexion.55

Posterior migration of disc tissue beyond the posterior limits 
of the intervertebral joint space causes tension on the outer 
annulus and the posterior longitudinal ligament. Irritation of 
ligament, dura mater and the Hofmann complex combines to 
produce backache (Fig. 32.7a). The patient’s history usually 
suggests the type and localization of the displacement and the 
degree of dural irritation: progressively increasing backache 
usually stems from a nuclear displacement. A sudden shift 
indicates that the material that has moved is of harder, annular 
consistency. If the bulge irritates the dura centrally, the pain is 
central, probably with some bilateral gluteal radiation. If it lies 
more to one side, unilateral pain and pain in one buttock result.

Further irritation of the dura mater results in a clinical 
picture that is called acute lumbago (Fig. 32.7b). In a cartilagi-
nous displacement, the patient states that bending, lifting or 
standing, after sitting for a while, resulted in acute and severe 
pain. Alternatively, the pain and disability have come on gradu-
ally, some hours after a period of stooping or sitting, which 
suggests protrusion of part of the nucleus. In both events, a 
constant ache is experienced which forces a pain-avoiding 

seen below the age of 50. It is surprising to find that low back 
syndromes (lumbago, backache, sciatica) are age-related,50,51 
whereas the incidence of fissures, ruptures and degeneration 
of the disc increases linearly during the whole of life. Extensive 
pressure within the nucleus pulposus is higher in individuals 
between 30 and 50 years of age than in the elderly (Fig. 32.6).52 
The conclusion is that posterior displacement of the disc will 
be more likely to appear when increased intradiscal pressure 
coincides with some damage to the posterior annular fibres.  
In other words, the combination of intradiscal pressure and 

Fig 32.6 • The relationship of age to acute disc syndromes. From 

Krämer J. Intervertebral Disc Diseases, Causes, Diagnosis, Treatment and 

Prophylaxis, 1981, Elsevier, Stuttgart, with permission.
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Primary posterolateral protrusion
In this case, the pain usually begins in the calf and the posterior 
thigh; the absence of previous backache indicates that the dura 
has not been previously compressed. This condition usually 
affects young adults (aged 18–35 years). The signs are radicu-
lar, with pain and paraesthesia in the affected dermatome and 
limitation of straight leg raising. Signs of impaired conduction 
at the affected root are exceptional.

Anterior displacement in adolescents

Because of its high oncotic and hydrostatic pressure, the young 
disc sometimes invades the vertebral endplates. This occurs 
particularly in the regions where the endplates have low resist-
ance against increased anterior loading.58,59 The nucleus pulpo-
sus may then move forwards between the cartilaginous endplate 
and the bone of the vertebral body, causing injury to the growth 
zone of the vertebra (Fig. 32.9). The result is a developmental 
deformity of the anterior part of the vertebra. During the 
course of this, protrusion may separate a small triangle of bone 
at the anterior corner of the vertebral body (limbus vertebra).60 
If the osteochondrosis involves several consecutive vertebrae, 
a kyphotic deformity results (Scheuermann’s disease).61

Such deformities occur only during the period of spinal 
growth and are asymptomatic. Care must therefore be taken 
not to overemphasize the significance of incidental radiological 
findings.62

Anterior displacement in the elderly

Tears at the anterior and anterolateral part of the disc lead to 
both anterior and anterolateral herniation. Anterior displace-
ment of the disc causes dissection of the anterior longitudinal 
ligament from its bony attachments, which stimulates bony 
outgrowths along the anterior and anterolateral aspects of the 
vertebral body. These first appear in a horizontal direction and 
then vertically, following the course of the anterior longitudinal 
ligament (see p. 423). In advanced cases, the whole disc is 
displaced anteriorly. On a lateral radiograph this can be seen 

position, usually in flexion and/or lateral deviation. The pain is 
agonizing and radiates to one or both legs in an extrasegmental 
way. Dural symptoms (pain on coughing and sneezing) are 
positive, as are dural signs (limited straight leg raising and 
lumbar pain on full neck flexion), indicating that the dura is 
under constant and severe stress.

In backache and lumbago, the posterior displacement puts 
the posterior longitudinal ligament under tension, which causes 
counterpressure on the bulge. This explains why acute lumbago 
usually ceases after a lapse of time, especially when the intradis-
cal pressure is reduced by lying down and avoiding sitting or 
bending.

A massive posterior protrusion may cause a rupture of the 
posterior longitudinal ligament. The entire cauda equina will 
then be compressed between the protrusion and the laminae. 
This not only squeezes the nerve roots on both sides but also 
causes compression and atrophy of the centrally localized S3 
and S4 roots, with disturbance of bladder and rectal function 
(the S4 syndrome or cauda equina syndrome) (Fig. 32.7c).56,57

Posterolateral displacement

Root pain results from pressure of the prolapsed or protruded 
disc against the dural sleeve of the nerve root and subsequent 
irritation of the latter (Fig. 32.8). This may be primary or 
secondary.

Secondary posterolateral protrusion
This is more common. The root pain starts after the patient 
has suffered a number of attacks of lumbago or backache. After 
the most recent attack, the counterpressure exerted by the 
posterior longitudinal ligament has not resulted in the usual 
reduction of the bulge but rather in a lateral shift which 
impinges on the nerve root. The back pain will have passed, to 
be replaced by pain in the limb. According to the severity of 
irritation, which is determined not only by the degree and 
consistency of the bulge but also by the tightness of the ‘tether-
ing ligaments’, the size of spinal canal and the degree of inflam-
matory response, the symptoms and signs are related to 
impairment of mobility of the dural sleeve (pain and limitation 
of straight leg raising) alone, or interference with conduction 
(paraesthesia, numbness and motor deficit).

Fig 32.8 • Posterolateral disc displacement. Fig 32.9 • Intravertebral herniation in adolescence. 
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Circular displacement

As a result of degeneration, weakening and drying out, the disc 
may bulge out all the way round the joint. The outward pres-
sure pulls on the ligaments and lifts the periosteum off the 
bone. Formation of osteophytes at the anterior and lateral 
aspects of the vertebra results. These bony outcrops encircle 
the damaged disc. Mechanically, the presence of osteophytes 
is beneficial because they increase the weight-bearing surface 
and decrease the load per unit area.69 They also decrease mobil-
ity. Both effects augment the stability of the joint.

Ageing of the surrounding tissues

Effects on the ligaments

The adjacent vertebral endplates develop poorly demarcated 
sclerotic densities, probably as the result of changed load dis-
tribution on the disc.30 However, the most commonly observed 
radiographical manifestation of disc degeneration is osteophyte 
formation in the vertebral bodies.

The first sign of degeneration and instability of the disc is 
the formation of small traction spurs70 which project horizon-
tally to about 2 mm above and below the vertebral body (Fig. 
32.12a). Their formation is explained as follows: decrease in 
turgor in the disc and the increasing anteroposterior instability 
which results cause the outermost fibres of the annulus, firmly 
attached to the undersurface of the epiphyseal ring, to exert 
traction on the periosteum. A horizontal lifting of the perios-
teum results in the formation of traction spurs.71

Spondylitic spurs (Fig. 32.12b) or claw spurs are very 
common in the elderly and there is a positive correlation 
between osteophyte size and patient age.72 They have been 
reported to occur most frequently at L3–L4 in men who carry 
out heavy physical activity and in obese patients.73 The claws 
form as the result of subperiosteal ossification at the anterior 
and anterolateral aspect of the vertebrae and their aetiology  
is considered to be follows: a softened and dehydrated disc 
bulges easily under the influence of external load and lifts the 

as two ‘beaks’ containing the disc, while the intervertebral 
space is so narrowed that the vertebral bodies come to lie in 
apposition.63 Cyriax called this situation the ‘mushroom’ phe-
nomenon, because of the characteristic appearance of the 
osteophytes, surrounding a ‘mushroom’ – the anteriorly dis-
placed disc (Fig. 32.10).64 The formation of the protrusion 
itself is completely painless but the gross narrowing of the 
intervertebral space, the folding of the posterior longitudinal 
ligament and the enlarged arthrotic posterior joints can cause 
considerable narrowing of the spinal canal and the lateral 
recess, which may result in compression of dura or nerve root 
when the spine is subjected to an axial load.

Vertical displacement

There are two types of vertical displacement: Schmorl’s node 
and biconvex disc.

A herniation of the nucleus through the cartilaginous end-
plate is known as Schmorl’s nodes (Fig. 32.11),65 although it 
was first described by von Luschka in 1858.66 After the nuclear 
material has invaded the cancellous bone, a reactive osseous 
shell forms, visible on a radiograph from the age of 17; this 
does not alter over the years. The disorder is very common at 
the lower thoracic and upper lumbar levels. Schmorl reported 
an incidence of 13% on radiographic examination of an adult 
and asymptomatic population but postmortem studies reported 
nodes in more than 75% of ordinary individuals.67

Biconvex discs appear as the result of traumatic or degenera-
tive changes in the cartilaginous or bony endplates. Osteoporo-
sis or osteomalacia causes a weakening of the bone and the  
disc balloons between two adjacent and slightly collapsed 
vertebrae.68

Fig 32.10 • Anterior displacement in the elderly: the ‘mushroom’ 
phenomenon. Fig 32.11 • Vertical displacement: Schmorl’s nodes. 
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movements, or tilting of the upper vertebra during flexion, 
become possible. Alternatively, the axis of rotation remains 
constant in position through or behind the posterior joints.83 
Then the facet joints not only guide and steady motion but are 
also subjected to a rocking movement, which results in com-
pression of the articular surfaces and distraction of the capsule 
(Fig. 32.13).

These abnormal stresses cause laxity of the facet joints and 
the posterior ligaments. Together with the increasing laxity of 
the disc, the final result is instability of the functional unit, 
which in turn favours the development of internal derange-
ment at the intervertebral disc.84 This instability of the three-
joint complex most commonly appears during a particular 
period in the cycle of degeneration, which normally falls 
between the third and fifth decades, when backache is most 
likely to occur.50

At the facet joints, the repeated pressure results in erosion 
and thinning of the cartilage. Where cartilage is lost, fibro-fatty 
intra-articular inclusions may increase in size to fill the space 
vacated by the cartilage.85 Other regions may exhibit swelling, 
with subsequent formation of subperiosteal osteophytes and 
periarticular fibrosis.86 Osteoarthrotic changes in the apophy-
seal joints finally result in gross enlargements of both inferior 
and superior facets, giving them a bulbous aspect. All these 
degenerative changes cause a substantial decrease in motion of 
the facet joints and, together with the stabilizing changes  
in the disc, they provide, at the end of the degeneration cycle, 
the ultimate stabilization of the functional unit.

Effects on the spinal canal  
and intervertebral foramen

Because of the change in pressure and volume of the lumbar 
disc, the position of the intervertebral joints changes so that 

Fig 32.12 • Traction spur (a) and spondylitic spur (b). 

(a) (b)

Fig 32.13 • In a normal functional unit the vertebral bodies roll over 
the nucleus and the facet joints only guide the movement (a). When 
disc degeneration is present, the facet joints are subject to rocking 
movements, resulting in compression and distraction (b). 

(a)

(b)

longitudinal ligament and the periosteum from the vertebral 
margin. Osseous reaction takes place, provoking the formation 
of new bone in a beak-like protuberance.74 This process can be 
viewed as if the vertebral body were trying to expand its articu-
lar surface area. By distributing axial loads over a wider area, the 
vertebral body lessens the stress applied to the annulus fibrosus 
and the spinal column becomes more stabilized.75

Effects on the facet joints

The disc and facet joints form a ‘three-joint complex’. Degen-
erative changes affecting the disc are followed by increasing 
changes in the posterior joints. Arthrosis of a facet joint is thus 
always secondary to changes in mechanical load, induced by 
disc degeneration.76,77 Like disc degeneration, facet arthrosis is 
a universal finding in the human lumbar spine. Evidence of 
arthrosis begins early, with more than one-half of adults younger 
than 30 years demonstrating arthritic changes in the facets. 
The most common arthritic level appears to be L4–L5.78

Initially, alterations in the height and volume of the disc 
result in positional changes of the facet joints. Axial compres-
sion on a degenerated and narrowed disc causes subluxation of 
the posterior joints: they move telescopically in relation to each 
other and slide past the normal range of movement, sometimes 
to such a degree that the tip of the inferior articular facet 
impinges on the adjacent lamina.79

A height reduction in the functional unit results in changes 
in the orientation of capsular fibres: they become stretched 
during axial loading, which gives the capsule a load-bearing 
function in the upright position.80 The apophyseal joints resist 
about 16% of the intervertebral compressive forces in the erect 
standing posture if the disc is thinned.81

Another consequence of disc degeneration is that flexion–
extension movement in the functional unit becomes disturbed. 
In a normal disc with adequate turgor, the instantaneous axis 
of rotation remains more or less in the region of the nucleus. 
In full flexion, it moves immediately anterior to the nucleus 
and in full extension it lies posterior to it.82 In a normal 
joint, the vertebral bodies thus rock over the nucleus and the 
facet joints serve only to guide the movement. When disc 
degeneration is present, the axis of movement becomes irregu-
lar and completely unpredictable: sliding and anteroposterior 
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Fig. 32.12a). They are believed to be caused by degenerative 
disc disease, allowing abnormal motion between the vertebrae. 
Traction spurs are therefore thought to be associated with 
segmental instability. Claw osteophytes are larger and arise from 
the margin of the vertebral body. These bone formations are 
thought to be a response to increased mechanical loading which 
arises in deficient discs (see p. 443).

The radiological signs of degeneration in the apophyseal 
joints include joint space narrowing, sclerosis of the subchon-
dral bone and osteophyte formation. Increasing narrowing of 
the intervertebral space also provokes some subluxation of the 
zygapophyseal joints. On a lateral view, the tip of the superior 
articular facet is then seen to extend more than a few milli-
metres beyond the posteroinferior border of the vertebral body 
above.91 Further damage to the posterior joints results in retro-
listhesis. Oblique projections of the lumbar spine can detect 
more malalignment of the articular surfaces and the onset of 
arthrotic deformity.

The end result of disc degeneration is radiologically charac-
terized by an almost complete loss of disc, which is now rep-
resented only by a thin intervertebral space between the dense 
and sclerotic vertebral endplates.92 Gross beak-like osteophytes 
are seen at the anterior aspect of the vertebrae. The interver-
tebral foramen is narrowed, the facet joints are subluxated and 
enlarged, and retrolisthesis may be visible (Table 32.2).

the articular processes override each other. As the vertebral 
bodies approach each other and because of the inclination of 
the joint surfaces, the upper vertebra moves backwards (ret-
rospondylolisthesis) to the intervertebral foramen (Fig. 32.14). 
With increasing approximation of the vertebrae, both the liga-
mentum flavum and the posterior longitudinal ligament may 
buckle, so further narrowing the lumbar canal.87 Further, 
hypertrophied and bulbous arthrotic apophyseal joints com-
monly project into the intervertebral foramina, where they 
may add to compression on the dural sac and nerve roots.76

The natural history of degeneration of the lumbar spine is 
summarized in Figure 32.15.

Radiological changes

The direct radiological signs of disc degeneration include disc 
space narrowing, gas within the disc space, vertebral sclerosis 
and osteophytes. Radiological signs of apophyseal joint degen-
eration are the same as seen in other degenerative joint diseases 
elsewhere in the body (joint space narrowing, sclerosis, osteo-
phytosis and subluxation).

An ageing disc loses height because of a loss of water and 
altered biomechanics. Consequently, narrowing of the interver-
tebral disc space is the first radiographic sign of lumbar 
degeneration.

The presence of air pockets, located in discrete cavities 
within the nucleus, is evidence of long-standing disc degenera-
tion.88 The mechanism by which the gas is produced has been 
ascribed to a vacuum phenomenon.89,90

Alterations of adjacent vertebral bodies frequently accom-
pany disc degeneration. Increased and poorly demarcated bone 
density of the adjoining vertebral endplates is clearly visible on 
plain radiographs and is often referred to as ‘discitis’.

Two types of osteophyte are commonly seen. Traction spurs, 
which project horizontally from the corner of the vertebral 
body, are located about 5 mm from the vertebral margin (see 

Fig 32.14 • Effects on the spinal canal and the lateral recess. 
1, The vertebral bodies approach; 2, owing to the inclination  
of the joint surfaces, the upper vertebra is displaced backwards 
and produces a retrospondylolisthesis; 3, the posterior longitudinal 
ligament buckles; 4, the facet joints become hypertrophied and 
develop a bulbous aspect. 
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Fig 32.15 • Natural history of degeneration of the lumbar spine. 
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asymptomatic control group (n = 266): there was not the 
slightest radiographic difference between the two. Their con-
clusion was that radiography afforded little or no help in  
the diagnosis of mechanical lumbar disorders105 and remains a 
very poor method to indicate past, present or future low  
back pain.106

In contrast, the practitioner must constantly be aware of the 
problems that can be induced by the interpretation that the 
clinician, the radiologist or the patient places on a radiograph. 
The results of radiographic examinations should never be given 
to the patient as a diagnosis. Since there is no evidence of a 
correlation between the radiographic appearances and the 
actual complaints, it is vital to be extremely careful in discuss-
ing the results of radiology with the patient. Telling the patient 
that the back shows ‘a marked degree of arthrosis’ may mean 
incurability to the patient, and may conjure up a picture of a 
hopelessly crumbling spine. The radiograph, instead of helping 
the patient, will increase the disability. Many patients become 
depressed when they hear that the back is ‘worn out’.

Symptoms are produced by a more complex pathway than 
simple and uncomplicated arthrosis. Making a specific diagno-
sis and designing a specific treatment are only possible if symp-
toms and signs are meticulously assessed. The interpretation 
of the data obtained is based on knowledge of the mechanical 
behaviour of the tissues involved and the mechanism of pain 
production. In this way, it is possible to classify activity-related 
spinal disorders under three major concepts: the dural, the 
ligamentous and the stenotic (Chs 33–35). These three appear 
in a specific age group, have a certain correlation with the 
natural ageing of the lumbar spine and are clinically distinct. 
Classification of a particular patient’s backache into one of 
these types thus depends on the information obtained from 
the history and clinical examination, and not on interpretation 
of radiographs.

  Access the complete reference list online at 
www.orthopaedicmedicineonline.com

Relationship between degeneration 
and symptoms

Although disc degeneration and its radiographic appearances 
progressively increase with age, it cannot be too strongly 
emphasized that low back pain and disability do not. It is well 
known that backache peaks in the middle working years of life 
(40 years),93–96 which establishes that disc degeneration as such 
does not produce symptoms per se. It is therefore unwise to 
rely on radiographic appearances for the diagnosis of lumbar 
disorders. It has been shown repeatedly in controlled studies 
that there is absolutely no relationship between clinical symp-
toms and the radiographic changes of degeneration.97–104 To 
take but one example, a prospective study on 536 patients by 
Sanders et al compared the radiological findings in patients 
with backache and disablement (n = 270) with those in an 

Table 32.2  Radiological changes in apophyseal  
and intervertebral joints

Apophyseal joint Intervertebral joint

Early changes Joint space narrowing

Beginning subluxation

Intervertebral disc 
space narrowing

Traction spurs

Beginning endplate 
sclerosis

Late changes Joint space narrowing

Subchondral sclerosis

Osteophyte formation

Enlargement of articular 
facets

Joint subluxation

Considerable disc 
space narrowing

Air pockets (vacuum 
phenomenon)

Endplate sclerosis

Claw osteophytes

Retrolisthesis

http://www.orthopaedicmedicineonline.com
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