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REVIEW

Intervertebral disc degeneration: evidence for two
distinct phenotypes
Michael A. Adams and Patricia Dolan

Centre for Comparative and Clinical Anatomy, University of Bristol, Bristol, UK

Abstract

We review the evidence that there are two types of disc degeneration. ‘Endplate-driven’ disc degeneration

involves endplate defects and inwards collapse of the annulus, has a high heritability, mostly affects discs in the

upper lumbar and thoracic spine, often starts to develop before age 30 years, usually leads to moderate back

pain, and is associated with compressive injuries such as a fall on the buttocks. ‘Annulus-driven’ disc

degeneration involves a radial fissure and/or a disc prolapse, has a low heritability, mostly affects discs in the

lower lumbar spine, develops progressively after age 30 years, usually leads to severe back pain and sciatica,

and is associated with repetitive bending and lifting. The structural defects which initiate the two processes

both act to decompress the disc nucleus, making it less likely that the other defect could occur subsequently,

and in this sense the two disc degeneration phenotypes can be viewed as distinct.

Key words: ageing; biomechanics; degeneration; intervertebral disc; phenotype.

Introduction

Intervertebral discs are pads of fibrocartilage which lie

between the vertebral bodies of the spine (Fig. 1). With

advancing age, they frequently exhibit degenerative

changes which are a major cause of back pain. In this discus-

sion paper we summarise the evidence that there are two

distinct types of intervertebral disc degeneration, and

suggest why this is important clinically.

Research into disc degeneration is expanding rapidly, as

large population studies have shown a strong dose-related

association between intervertebral disc degeneration and

back pain or sciatica (Bendix et al. 2008; Cheung et al.

2009; de Schepper et al. 2010). The association is notori-

ously variable, however, because some previous studies on

smaller selected groups found little or no association

between some aspects of disc degeneration and pain

(Boden et al. 1990; Jensen et al. 1994; Boos et al. 1995).

Evidently, certain features of disc degeneration are often

painful, but not in all cases, and other features are rarely if

ever painful. Gross features of disc degeneration that are

associated with pain include the presence of fissures in the

annulus fibrosus, structural changes to the vertebral body

endplates, and collapse of the annulus leading to gross disc

narrowing (Videman et al. 2003; Cheung et al. 2009; de

Schepper et al. 2010). Other features associated with pain-

ful discs include the ingrowth and sensitisation of nocicep-

tive nerves (Coppes et al. 1990; Freemont et al. 1997;

Olmarker, 2008), processes which are themselves variable

and poorly understood. In contrast, several biochemical

changes in degenerated discs, such as proteoglycan and

water loss, appear to be more or less inevitable with

advancing age, and have little or no direct association with

pain (Jensen et al. 1994; Boos et al. 1995; Videman et al.

2003; Bendix et al. 2008).

The etiology of disc degeneration appears to be as

variable as its relationship with pain, with identified risk

factors including age (Miller et al. 1988), genetic inheri-

tance (Battie et al. 2008), heavy lifting (Videman et al.

1995b) and smoking cigarettes (Battie et al. 1991). A

study comparing identical and non-identical twins sug-

gested that approximately 75% of the variance in ‘who

has a degenerated disc’ is attributable to genetic inheri-

tance (Sambrook et al. 1999). However, this percentage

refers to middle-aged women; the genetic influence is

less in a population of men of mixed age (Battie et al.

1995) and falls to approximately 35% if only the lower

lumbar discs are considered (Battie et al. 2008), suggest-

ing that genetic influences interact with age and the

mechanical environment.
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Accordingly, it is becoming increasingly apparent that

‘disc degeneration’ is too general a term to be of much use

when considering either the etiology of the condition, or

its likely clinical consequences. The condition needs to be

divided up into distinctive ‘phenotypes’, each of which may

have a different etiology and a different clinical outcome

(Battie et al. 2008).

We propose that ‘disc degeneration’ can usefully be

divided into two distinct categories, as indicated in Table 1.

According to this scheme, one type of disc degeneration

arises from endplate defects and occurs mostly in the upper

lumbar and thoracic spine; the other arises from annulus fis-

sures and occurs primarily at L4–5 and L5–S1. The following

sections summarise the evidence that each phenotype has

distinct risk factors, etiology and clinical presentation, and

suggests why they should be considered to be largely inde-

pendent of each other. But first, it will be helpful to iden-

tify the age-related changes that occur in all ageing discs

and which are not essential features of either disc degener-

ation ‘phenotype’.

Age-related changes that affect all
intervertebral discs

Disc cell density decreases throughout growth, as metabo-

lite transport difficulties increase, but once full size is

reached, there is no further decrease in cellularity (Liebscher

et al. 2011). At skeletal maturity, cell density in the nucleus

is < 25% of that in the outer annulus (Hastreiter et al.

2001), presumably because metabolite transport is better in

the disc periphery (Ferguson et al. 2004). With subsequent

ageing, the number of active non-senescent cells does show

some decrease, especially in the nucleus, and this leads to

reduced concentrations of proteoglycans and hence water

(Adams & Roughley, 2006). Decreasing cell activity also

reduces the turn-over of disc collagens (Sivan et al. 2008),

so that collagen fibres become thicker, and less inter-woven

(Schollum et al. 2010). The process of non-enzymatic glyca-

tion gradually makes old cartilaginous tissues stiffer and

more easily injured (DeGroot et al. 2004) and, as a side-

effect of this process, old intervertebral discs often become

yellow or brown in colour. The result is a fibrous, discol-

oured and dehydrated nucleus surrounded by an annulus

with thickened discoloured lamellae.

Functionally, these biochemical changes in the disc matrix

cause the hydrostatic pressure in the nucleus to fall and the

region of fluid-like behaviour to shrink (Adams et al.

1996b). Reduced nucleus volume and pressure allows the

annulus to bulge radially outwards, rather like a ‘flat tyre’

(Brinckmann & Grootenboer, 1991), as it resists an increas-

ing proportion of the compressive force acting on the disc.

Corresponding inwards bulging of inner lamellae would

require adjacent lamellae to separate, against the resistance

of translamellar bridging structures (Schollum et al. 2009),

or else some individual lamellae would have to undergo

very high radial strains.

None of the above age-related changes is essentially path-

ological, and the MRI appearance of a slightly bulging ‘grey’

Table 1 Comparison between two disc degeneration phenotypes.

Type A: Endplate-driven Type B: Annulus-driven

Associated with endplate

defects

Associated with annulus fissures

Upper lumbar and thoracic

spine

Lower lumbar spine

Higher heritability Lower heritability

Often occurs before age

30 years

Rarely occurs before age 30 years

Moderate association with

pain

Strong association with pain

Pain from endplate/

vertebral body

Pain from peripheral annulus/

nerve root

Caused by spinal

compression

Caused by spinal bending

Fig. 1 Intervertebral discs, shown here in blue, lie between the verte-

bral bodies of the spine. Compressive (C) and shear (S) forces on the

spine act perpendicular to, and parallel to, the mid-plane of each disc

A bending moment (BM) causes the spine to bend, and an axial

torque (AT) causes it to rotate about its long axis. Adapted with

permission from Adams et al. (2012).

© 2012 The Authors
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disc, which indicates reduced water content (Marinelli et al.

2009), is not associated with back pain (Jensen et al. 1994;

Boos et al. 1995; Videman et al. 2003; Bendix et al. 2008).

However, old discs are more vulnerable to injury because of

non-enzymatic glycation, and because their decreasing

water content leads to compressive stresses being concen-

trated in certain regions of the annulus rather than being

distributed evenly, as in younger discs (Adams et al. 1996b).

‘Disc degeneration’ can be likened to
accelerated ageing

The biochemical and functional changes of ageing are

exaggerated (or accelerated) in some discs, particularly

those in the lower lumbar spine. We have suggested pre-

viously that the essential non-reversible step that causes

this acceleration is structural damage to the disc (Adams &

Roughley, 2006). The mechanism is outlined in Fig. 2:

structural damage to an ageing annulus or endplate cre-

ates regions within the disc of low and high compressive

stresses (Fig. 3), both of which are known to inhibit disc

cell metabolism (Ishihara et al. 1996). Stress concentrations

cause the disruption to propagate, and the ability of disc

cells to repair the disrupted matrix is reduced by the

altered matrix stresses. The result is a vicious circle of frus-

trated healing and repeated re-injury which characterise

disc degeneration (Adams & Roughley, 2006). This expla-

nation is compatible with all of the major known risk fac-

tors: genetic inheritance and ageing weaken the disc

matrix, mechanical loading disrupts its structure, and inad-

equate metabolite transport prevents full healing. Disc

cells could spontaneously degrade their own matrix, but

entirely cell-based theories of disc degeneration struggle

to explain why certain regions of certain discs usually

show advanced focal changes. Decreasing numbers of

small holes in the vertebral endplate have been linked to

disc degeneration (Benneker et al. 2005), but more recent

evidence suggests that disc metabolite transport actually

increases with age and degeneration, as the endplates

become more permeable (Rodriguez et al. 2011), more

porous (Rodriguez et al. 2012) and, in some cases, more

disrupted (Rajasekaran et al. 2004). This suggests that

inadequate nutrition is not an important initiating factor

in the degenerative process.

The next two sections describe how two distinct disc

degeneration phenotypes can arise, depending on the

nature of the initiating structural damage.

Disc degeneration Type A: endplate-driven

Features

This type of disc degeneration is characterized by a dam-

aged endplate, by circumferential tears between the lamel-

lae of the annulus, and by internal bulging or collapse of

the annulus into the nucleus. Outwards bulging of the

peripheral annulus is usually slight, and there may be

inflammatory changes in the adjacent (damaged) vertebral

body. Vertical migration of nucleus pulposus through a

damaged endplate and subsequent calcification can create

a ‘Schmorl’s node’ in the adjacent vertebral body. Typical

images of endplate-driven degeneration are shown in

Fig. 4.

Epidemiology

Internal collapse of the annulus is not easy to detect in living

people, although MRI can be used for this purpose in cadav-

eric specimens (Gunzburg et al. 1992). More typically, inter-

nal collapse is inferred from the presence of an endplate

defect coupled with a reduction in disc space height. This

type of disc degeneration is relatively rare in the lower

lumbar spine, where Schmorl’s nodes are least common

(Pfirrmann & Resnick, 2001; Williams et al. 2007; Mok et al.

2010) and are only weakly associated with disc degenera-

tion (Hilton et al. 1976; Mok et al. 2010). Endplate injuries

High loading Weak ssuesHigh loading Weak ssues

StructuralStructural
failure of matrix

‘Frustrated
healing’

Abnormal matrix stress
Weaker
matrix

healing

Abnormal metabolismAbnormal metabolism

Fig. 2 Schematic suggesting how structural damage to the extracellu-

lar matrix of an intervertebral disc leads to progressive degeneration.

See text for details.

Fig. 3 Profiles of vertically-acting compressive stress measured along

the sagittal midline of a cadaveric intervertebral disc which was loaded

in compression. A, P: anterior, posterior. Measurements were repeated

after a vertebral endplate was fractured by compressive overload. End-

plate damage decompresses the central and anterior regions of the

disc and generates a high concentration of compressive stress in the

posterior annulus (arrow). Endplate damage also transfers some com-

pressive load-bearing to the neural arch (Luo et al. 2007).

© 2012 The Authors
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often go undetected by radiographs (Jiang et al. 2010) but

are more apparent on MRI scans, especially if there is an

associated Schmorl’s node (Hamanishi et al. 1994). Even

smaller endplate irregularities can be detected by cadaveric

dissection, and are reported to occur in 76% of spines aged

13–96 years (Hilton et al. 1976). These minor defects also

are more common in the thoracic and upper lumbar spine,

where they are strongly related to disc degeneration (Hilton

et al. 1976).

Etiology

Sportsmen who subject their backs to impact loading

often have vertebral damage in conjunction with disc

degeneration (Sward et al. 1991) and many of those who

suffer endplate damage in adolescence later develop

degenerative changes in adjacent discs (Kerttula et al.

2000). Another study found that vertebral injury did not

lead to disc degeneration 40 years later (Moller et al.

2007) but the influence of the injury may have been

obscured by 40 years of ‘wear and tear’. Artificially-

induced endplate damage in pigs leads to adjacent disc

degeneration, including internal disruption of the annulus

(Holm et al. 2004). Mechanical experiments on cadaveric

spines can explain the underlying mechanism: a damaged

endplate bulges into the adjacent vertebra, increasing the

volume available to the nucleus and therefore causing

nucleus pressure to fall immediately (Fig. 3), typically by

30–50% (Adams et al. 1993, 2000). Compressive load-bear-

ing is shifted onto the neural arch and onto the annulus,

so that high concentrations of compressive stress can

appear in the disc, especially in the posterior annulus. Sub-

sequent cyclic loading in compression can then cause the

inner lamellae of the annulus to collapse into the decom-

pressed nucleus region (Adams et al. 2000), as shown in

Fig. 4B. Finite element models can explain this mechanism

in terms of known materials and geometric properties of

the disc (Shirazi-Adl, 1992). The effect is reduced in highly

hydrated young discs which function somewhat like a

water-bed, equalizing pressure even when the endplate is

damaged (Adams et al. 1993). Internal annulus collapse is

probably facilitated by prior delamination, arising from

high interlaminar shear stresses (Goel et al. 1995), which

are capable of breaking the translamellar bridging struc-

tures (Schollum et al. 2009). Endplate-driven degeneration

could possibly be initiated without any overload event if

accumulating trabecular microdamage just behind the

endplate (Vernon-Roberts & Pirie, 1973) should lead to the

nucleus gradually causing the endplate to bulge into

the vertebral body (Twomey & Taylor, 1985). Vertebral

body size and compressive strength increase at lower lum-

bar levels (Brinckmann et al. 1989), presumably to match

the increased compressive loading applied to them in life.

Not all endplate defects are necessarily mechanical in ori-

gin: some occur early in life and may represent a congenital

weakness arising from the site of the embryonic notochord.

This could explain why Schmorl’s nodes are highly heritable

(Williams et al. 2007), why their prevalence increases little

beyond the age of 30 years (Hamanishi et al. 1994), andwhy

they are associated with the moderate (rather than

advanced) disc degeneration normally seen near the thora-

columbar junction (Pfirrmann&Resnick, 2001).

Clinical implications

Endplates are innervated (Bailey et al. 2011) and can be

painful (Peng et al. 2009), although bone tends to heal rela-

tively quickly, especially in young spines. As a result, Sch-

morl’s nodes carry only a twofold increased risk of a history

of back pain (Hamanishi et al. 1994; Williams et al. 2007).

A

B

Fig. 4 Images of endplate-driven disc degeneration. (A) Microradio-

graph of a 5 mm-thick section of a lumbar vertebral body showing a

Schmorl’s node (arrow) in its lower endplate. (B) Mid-sagittal section

through a cadaveric spine showing a vertical herniation of nucleus

pulposus through the disc’s superior endplate. Herniation was caused

by compressive loading. Note that the inner lamellae of the annulus

have collapsed into the nucleus cavity (arrow).

© 2012 The Authors
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Inflammatory (‘Modic’) changes within the vertebral body

often accompany endplate defects (Modic et al. 1988) and

are themselves associated with back pain (Kjaer et al. 2005;

Albert & Manniche, 2007; Jensen et al. 2008). Internal disc

collapse can generate high concentrations of compressive

stress within the annulus (Adams et al. 2000), and these

have been associated with pain in living patients (McNally

et al. 1996). In the long term, increased load-bearing by the

neural arch following disc decompression and narrowing

(Dunlop et al. 1984; Pollintine et al. 2004) probably leads to

osteoarthritis in the apophyseal joints (Butler et al. 1990;

Robson-Brown et al. 2008), and to back pain. Painful end-

plate lesions can be identified in vivo using discography

(Peng et al. 2009).

Disc degeneration Type B: annulus-driven

Features

This type of disc degeneration is most common in the lower

lumbar spine, where it is associated with severe disc height

loss (Kjaer et al. 2005). Radial fissures progress outwards

from the nucleus, usually posteriorly or posterolaterally

(Hirsch & Schajowicz, 1953; Osti et al. 1992) as shown in

Fig. 5. Radial fissures are associated with nucleus degenera-

tion (Osti et al. 1992; Jensen et al. 1994) and with disc radial

bulging (Yu et al. 1988) but it is not clear which comes first.

If nucleus pulposus material migrates down a radial fissure,

it can be detected as a ‘High Intensity Zone’ (Aprill & Bog-

duk, 1992), which is visible on MRI scans. Another type of

annulus fissure, the peripheral ‘rim lesion’, consists of focal

circumferential avulsions of the peripheral annulus, some-

times with sclerosis and osteophytosis of the adjacent bone.

When simulated on animals, they lead to progressive disc

degeneration (Osti et al. 1990) but in humans they occur

mostly in the anterior annulus (Hilton & Ball, 1984; Osti

et al. 1992) and have minimal effect on nucleus pressure

(Przybyla et al. 2006) and so are unlikely to be major causes

of progressive and painful disc degeneration.

Disc prolapse

When radial fissures allowgrossmigration of nucleus relative

to annulus, to the extent that the disc periphery is affected,

then the disc can be said to be ‘prolapsed’ (or ‘herniated’).

Displaced tissue is mostly nucleus (Moore et al. 1996), as

shown in Fig. 5B, but may include cartilaginous endplate,

especially in older people (Harada & Nakahara, 1989; Brock

et al. 1992). We suggest that disc prolapse should be consid-

ered one possible endpoint of the ‘annulus-driven’ type of

disc degeneration. As indicated below under ‘Etiology’, this

endpoint can be reached gradually overmany years, or accel-

erated by severe repetitive loading, or it can represent an

injury. Different types of disc prolapse are recognized in the

surgical literature: in a ‘protrusion’, the annulus bulgesmark-

edly and focally; in an ‘extrusion’ the annulus is ruptured,

but any expelled nucleus is still attached to the rest of the

nucleus (Fig. 5B); and in a ‘sequestration’, the expelled disc

tissue is no longer attached to the rest of the disc. A disc with

a generally bulging annulus is sometimes referred to as pro-

lapsed, but this should be recognized as a normal conse-

quence of ageing (rather like a bulgingwaistline).

Epidemiology

Radial fissure formation is most common in the lower lum-

bar spine, posterior to the nucleus, and becomes steadily

more prevalent with age (Hirsch & Schajowicz, 1953; Hilton

et al. 1980; Videman & Nurminen, 2004). Annulus bulging

also tends to be greatest here (Videman et al. 1995a). Pos-

terior disc bulging shows little correlation with age or other

signs of spinal degeneration (Videman et al. 1995a), is rare

throughout the thoracic spine (Niemelainen et al. 2008),

and has a reduced heritability compared with other fea-

tures of disc degeneration (Videman et al. 2008). Con-

versely, Schmorl’s nodes are relatively rare in the lower

lumbar spine (and) where they are only weakly associated

with disc degeneration (Mok et al. 2010). Disc prolapse is

associated with asymmetrical apophyseal joints (‘facet tro-

pism’) but only at the L4–5 level in adults (Lee et al. 2006).

Etiology

The process of radial fissure formation can be simulated in

cadaveric and animal discs by various combinations of

A

**

B

Fig. 5 Images of annulus-driven disc degeneration: two mid-sagittal

sections through lower lumbar cadaveric intervertebral discs (posterior

on the right). (A) There is a complete radial fissure in the posterior

annulus, with blood in its peripheral margins. (B) Nucleus pulposus tis-

sue (*) has herniated through this radial fissure in response to severe

loading in bending and compression (Adams et al. 2000).

© 2012 The Authors
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repetitive mechanical loading which cause the annulus

lamellae to rupture and allow nucleus material to migrate

radially towards the disc periphery (Adams & Hutton, 1985;

Callaghan & McGill, 2001; Veres et al. 2009). This happens

only if the disc is subjected to a substantial component of

bending, as it would be when the spine is flexed, because

bending is able to stretch and weaken the annulus on the

side away from the bending so that it fails before the verte-

bral endplate. If the applied stresses are exceptionally high,

then disc prolapse can occur as a sudden injury, even if the

disc is apparently normal for its age (Adams & Hutton,

1982; Adams et al. 2000; Veres et al. 2009). If a radial fissure

is created artificially in the annulus, it leads to progressive

cell-mediated degenerative changes in both humans (Carra-

gee et al. 2009) and animals (Osti et al. 1990).

In living people, the lower lumbar discs are subjected to

the highest bending moments (Adams & Dolan, 1991) and

the relatively thin posterior annulus of these discs then

makes them vulnerable to injury. As indicated above, the

increased compressive force acting on the lower lumbar

discs is unlikely to be a major etiological factor because the

increased force is applied over a larger disc area. High ante-

rior shear forces act on the lower lumbar spine, where the

discs are inclined to the horizontal plane, but this shear

force is largely resisted by the apophyseal joints so that little

of it acts on the discs (Cyron & Hutton, 1980).

Mathematical models indicate that the risk of disc pro-

lapse is increased if the disc is not already degenerated

(Shirazi-Adl, 1989, 1992; Schmidt et al. 2007). Non-degen-

erated discs have a hydrated nucleus exhibiting a high

fluid pressure (Sato et al. 1999) that acts to rupture the

annulus in tension. The importance of nucleus pressure

can be demonstrated by attempting to create disc pro-

lapse in cadaveric specimens after first subjecting the disc

to sustained compressive loading in order to reduce

nucleus water content (McMillan et al. 1996) and pressure

(Adams et al. 1996a): it then becomes more difficult to

create a disc prolapse (Adams et al. 1987). Extrapolating

to living people, it would appear that radial fissure for-

mation is more likely to progress in the early morning,

when nucleus water content and pressure are highest as

a result of the spine being relatively unloaded overnight

(Botsford et al. 1994).

Clinical implications

Severe back pain is strongly associated with radial fissures

that reach the disc periphery (Moneta et al. 1994; Videman

et al. 2003; Videman & Nurminen, 2004; Peng et al. 2005,

2006). The innervation of the annulus is normally confined

to the peripheral 3 mm (Palmgren et al. 1999) although

nerves can grow further in along radial fissures (Peng et al.

2005; Fagan et al. 2010), which comprise a protected micro-

environment of low compressive stress and low proteogly-

can content (Melrose et al. 2002; Stefanakis et al. 2012).

Intense pain arising from the peripheral annulus has been

demonstrated by pain-provocation and pain-blocking stud-

ies (Kuslich et al. 1991; Schwarzer et al. 1995) and can be

attributed to sensitisation of nerves in disrupted and

inflamed tissue, augmented by chemicals diffusing from

internally displaced nucleus pulposus (Olmarker, 2008). Sci-

atica has long been associated with disc prolapse arising

from activities such as bending and lifting (Kelsey et al.

1984; Seidler et al. 2003; Kaila-Kangas et al. 2009) and it

can be attributed to physical and chemical compromise of a

spinal nerve root by displaced disc tissue (Kuslich et al.

1991; Ozaktay et al. 2006; Goupille et al. 2007).

A final common pathway for disc
degeneration?

Although the two types of disc degeneration have different

origins, we suggest that both can progress along a final

common pathway leading to complete disc failure. Annulus

bulging progresses under compressive loading, regardless of

whether the lamellae are bulging outwards or inwards, and

the disc can also bulge vertically into the adjacent vertebral

bodies if the bones become osteopaenic. These deforma-

tions progressively reduce nucleus pressure (Adams et al.

1996b; Sato et al. 1999) and hence annulus height (Brinck-

mann & Grootenboer, 1991). Degenerated human discs lose

height at a rate of approximately 3% per year (Hassett et al.

2003), whereas normal discs lose <1% per year (Videman

et al. 2008). Annulus height largely determines the separa-

tion of adjacent neural arches, so disc-narrowing causes

severe compressive loading of the apophyseal joints (Dunlop

et al. 1984; Pollintine et al. 2004), which in turn can lead to

osteoarthritis (Butler et al. 1990; Robson-Brown et al. 2008).

Disc height loss also slackens intervertebral ligaments

(Adams et al. 1987), leading to segmental instability (Zhao

et al. 2005) and subsequent re-stabilisation by means of ver-

tebral body marginal osteophytes (Al-Rawahi et al. 2011).

Comparisons between the two types of disc
degeneration

In the lower lumbar spine, discs are higher anteriorly than

posteriorly, have a relatively thin posterior annulus (from

inner to outer), and are usually orientated at a considerable

angle to the horizontal. These characteristics would help

them to dissipate energy from a sudden compressive over-

load event (such as a fall on the buttocks) and yet make

them intrinsically more vulnerable to injury in forwards

bending (Adams & Hutton, 1982). Hence the lower lumbar

discs are more often injured in bending, and the upper lum-

bar and thoracic discs in compression. Furthermore, recent

(unpublished) results from our own laboratory show that

the percent reduction in nucleus pressure that follows end-

plate damage is least in the lower lumbar discs, presumably

because the extra volume created by endplate damage is
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only a small proportion of existing nucleus volume in these

large discs. So, even if a lower lumbar disc does suffer a

compressive endplate injury, the resulting nucleus decom-

pression will not be severe, and the risk of degeneration

will be less than at higher spinal levels.

Endplate-driven degeneration tends to occur at a youn-

ger age because underlying structural defects in the end-

plate can be congenital in origin. Annulus-driven

degeneration tends to increase throughout life because it

depends more on accumulating fatigue damage than on

congenital defects, and because age-related biochemical

changes make the annulus more vulnerable to mechanical

loading.

Clinical consequences of endplate-driven degeneration

may be relatively less severe because underlying defects in

the bony endplate and vertebral body are capable of heal-

ing (Vernon-Roberts & Pirie, 1973). In contrast, the relatively

poor healing potential of the annulus (Adams et al. 2010)

may lead to repeated injury, a magnified inflammatory

response (Ulrich et al. 2007), and more severe pain from the

peripheral annulus and/or nerve root.

How distinct are these two types of disc
degeneration?

The concept of two distinct routes to disc degeneration is

supported by a large MRI population study from Hong

Kong. This shows that associations between Schmorl’s

nodes (an indicator of endplate damage) and disc degen-

eration are much stronger at L1–L3 than at L4–S1, and

that discs adjacent to Schmorl’s nodes are less likely than

normal to show evidence of radial fissures or prolapse

(Mok et al. 2010). The two phenotypes also exhibit distinct

(though overlapping) age-profiles, as discussed above. Per-

haps the strongest evidence for distinct etiologies, how-

ever, comes from cadaveric experiments which show that

endplate fracture and disc prolapse both cause a major

decompression of the nucleus pulposus, as compressive

load-bearing is transferred to the annulus and neural arch

(Adams et al. 2012). High nucleus pressure is essential to

simulate disc prolapse in the laboratory (Adams et al.

1987) and it facilitates endplate fracture also, so it appears

that if a disc sustains one type of initiating injury it

will be less likely to sustain the other in the near future.

In this sense the two types of disc degeneration can be

considered distinct, rather than two ends of a continuous

spectrum.

However, it is impossible to separate the phenotypes

entirely, especially in the mid-lumbar spine. Schmorl’s nodes

can be found in vertebrae adjacent to prolapsed discs, espe-

cially in older people (Hamanishi et al. 1994), and it would

be reasonable to suppose that an incident that was severe

enough to injure an ageing annulus might also damage an

adjacent osteopaenic endplate, because vertebrae appear

to weaken more quickly with age compared with the

adjacent discs (Skrzypiec et al. 2007). This may explain the

gradual appearance of Modic changes (and back pain) in

some patients with pre-existing sciatica (Albert & Manniche,

2007).

Concluding remarks

The evidence reviewed above suggests that there are two

distinct routes towards disc degeneration. More research is

required to add weight to this suggestion, and perhaps to

extend the number of distinct disc degeneration pheno-

types beyond two. This should assist in defining risk factors

more precisely, and in developing more effective strategies

for prevention and treatment.
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