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 A geing and the  
M usculoskeletal  S ystem  
    Christopher       McCarthy       •       Aubrey       Monie       •       Kevin       Singer    

 C H A P T E R    1 2      

  This chapter is divided into two sections. Section one 
describes some of the physiological mechanisms of 
ageing, to introduce the reader to the changes we face 
when dealing with the ageing musculoskeletal system. 
The second section details the more specifi c changes 
ageing brings to the axial spine. 

  AGEING OF THE MUSCULOSKELETAL 
SYSTEM 

 Ageing is the declining ability to respond to stress and 
by virtue of the increasing homoeostatic imbalance and 
incidence of pathology, death remains the ultimate con-
sequence of ageing.  1   There are a number of theories 
regarding ageing, with a quick reference list displayed in 
 Table 12-1   . For a more detailed overview of this area 
please consider the excellent review by Weinert and 
Timiras published in 2003.  2   

 Numerous hypotheses regarding the diminishing 
function of cells with time exist. Mechanisms that have 
been proposed to be life- and/or function-limiting for 
cells include cumulative oxidative damage to proteins, 
accumulation of mutations and genomic instability, gly-
cation of proteins and telomere (the protective region 
of the chromosome) dysfunction.  1   Ageing of tissues is 
accompanied by increases in genome rearrangements and 
mutations, which may cause cell senescence and/or apop-
tosis (programmed cell death). Cell senescence refers to 
the temporal decrements in the ability of cells to repli-
cate, repair and maintain tissue, and is induced by both 
cell-intrinsic and cell-extrinsic mechanisms.  1   

 The cellular senescence theory of ageing (1965) 
describes a process where there is a limit to the number 
of cell divisions normal human cells can undergo in 
culture. This ‘limit in replicative capacity’ occurs after a 
characteristic number of cell divisions and results in ter-
minally arrested cells with altered physiology.  2   Classical 
descriptions of cell senescence most often refer to the loss 
of the ability of mitotic cells to further divide in culture 
after a period of 30–40 population doublings. However, 
cell senescence appears to be much more complex than 
simple cell-cycle arrest occurring after a fi nite number of 
cell divisions. More recently, attention has been drawn to 
other forms of cell senescence sometimes referred to as 
‘extrinsic’ or ‘stress-induced’ senescence as opposed to 
the intrinsic senescence resulting from replication.  3,4   
Stress-induced senescence can occur from diverse stimuli 
including oxidative damage, activated oncogenes and 
chronic infl ammation.  4   Stress-induced senescence due to 

oxidative stress fi ts well with one of the long-standing 
theories of ageing that suggests that free radicals could 
be mediators of ageing.  5   

  Ageing Joints 
 Oxidative damage from the chronic production of endog-
enous reactive oxygen species and free radicals has been 
associated with ageing in various human tissues and has 
long been thought to play a central role in the ageing 
process.  5   Increased production of reactive oxygen species 
leads to oxidative stress, a condition within cells where 
the amount of reactive oxygen species exceeds the anti-
oxidant capacity of the cell. Human articular chondro-
cytes can actively produce reactive oxygen species and 
have been found to increase directly with age.  5,6   

 Some of the changes observed in ageing joints and 
their contribution to the development of osteoarthritis 
are detailed in  Table 12-2   .  

  Ageing Muscles 
 In both young and aged skeletal muscle, it has been 
shown that oxidative stress increases in response to 
unloading (lack of activity/immobilization) and may have 
an important role in mediating muscle atrophy.  8   Decline 
of muscle mass is primarily due to type II fi bre atrophy 
and loss of muscle fi bre numbers. Increased variability in 
fi bre size, accumulation of scattered and angulated fi bres 
and expansion of extracellular matrix are characteristic to 
muscle atrophy.  8,9   The rate of muscle loss has been esti-
mated to range from 1–2% per year past the age of 50, 
25% in persons under the age of 70 and 40% of those 
older than 80 years are sarcopenic.  10   Signifi cant loss of 
myofi brils results in an increased negative nitrogen 
balance which exacerbates reductions in strength and 
endurance.  11   

 With advancing age, muscles display ‘hybrid’ muscle 
fi bre characteristics. Ageing muscle demonstrates selec-
tive loss of fast motoneurons, leading to ‘orphan’ fast 
twitch muscle fi bres that are adopted by the relatively 
more abundant slow motor units. These fi bres partially 
convert to slow twitch fi bres, ending with a hybrid phe-
notype showing the characteristics of both fast and slow 
fi bres.  11   When, fast type II muscle fi bres are incorporated 
into slow motor units (and eventually turned into a hybrid 
fi bre), there are irregularities in the size distribution of 
motor units. This, in turn, affects motor accuracy, espe-
cially with low force movements, as the recruitment 
order does not adjust well to the previously small motor 
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proprioceptive) fi bres in peripheral nerves.  11   In addition 
to reductions in the number of fast myelinated fi bres, 
within the nerve the speed of signal conduction within 
the axon also reduces with age.  13   Neuromuscular junc-
tions have been shown to demonstrate age-related reduc-
tions in size and speed of conduction, thereby reducing 
the effi ciency of efferent transmission to the muscles.  10   
These widespread physiological changes have been shown 
to result in poorer performance on cognitive and motor 
tests.  14,15    

From the review by Weinert and Timiras 2003.  2  

Biological Level/Theory Description

 Evolutionary 
Mutation accumulation Mutations that affect health at older ages are not selected against
Disposable soma Somatic cells are maintained only to ensure continued reproductive success; after 

reproduction, soma becomes disposable
Antagonistic pleiotropy Genes benefi cial at younger age become deleterious at older ages

 Molecular 
Gene regulation Ageing is caused by changes in the expression of genes regulating both development and 

ageing
Codon restriction Fidelity/accuracy of mRNA translation is impaired due to inability to decode codons in mRNA
Error catastrophe Decline in fi delity of gene expression with ageing results in increased fraction of abnormal 

proteins
Somatic mutation Molecular damage accumulates, primarily to DNA/genetic material
Dysdifferentiation Gradual accumulation of random molecular damage impairs regulation of gene expression

 Cellular 
Cellular senescence-

Telomere theory
Phenotypes of ageing are caused by an increase in frequency of senescent cells. Senescence 

may result from telomere loss (replicative senescence) or cell stress (cellular senescence)
Free radical Oxidative metabolism produces highly reactive free radicals that subsequently damage lipids, 

protein and DNA
Wear-and-tear Accumulation of normal injury
Apoptosis Programmed cell death from genetic events or genome crisis

 System 
Neuroendocrine Alterations in neuroendocrine control of homoeostasis results in ageing-related physiological 

changes
Immunologic Decline of immune function with ageing results in decreased incidence of infectious diseases 

but increased incidence of autoimmunity
Rate-of-living Assumes a fi xed amount of metabolic potential for every living organism (live fast, die young)

 TABLE 12-1      Theories of Ageing  

units having grown bigger and stronger, and is one of the 
main reasons that motor and locomotor skills deteriorate 
with age.  12    

  Ageing Nervous System 
 In the central nervous system there are age-related reduc-
tions in the total number of brain cells and fi bres and the 
organization of fi bres within the brain ’ s white matter in 
addition to the reduction to the large diameter (A-beta 

Ageing Change Contribution to Osteoarthritis

Accumulation of cells exhibiting the senescent secretory 
phenotype

Increased cytokine and MMP production stimulates matrix 
degradation

Oxidative stress/damage Increased susceptibility to cell death and reduced matrix 
synthesis

Decreased levels of growth factors and decreased growth 
factor responsiveness

Reduced matrix synthesis and repair

Increased AGE formation Brittle tissue with increased fatigue failure
Reduced aggrecan size and cartilage hydration and 

increased collagen cleavage
Reduced resiliency and tensile strength

Increased matrix calcifi cation Altered mechanical properties and potential activation of 
infl ammatory signalling

 TABLE 12-2      Ageing and Its Contribution to Osteoarthritis  

   MMP,  Matrix metalloproteinases;  AGE,  Advanced glycation end-products.  
 From Shane and Loeser (2010).  7   
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absence of large-scale, long time-lapse epidemiological 
surveys to discern patterns and to test predictions. Post-
mortem surveys and large radiological population-based 
studies  21,22,23   agree that spinal degenerative and age 
changes have an extremely high prevalence in adult 
populations. Of late, subtle differences in disc degen-
eration patterns are being realized as genomic sequenc-
ing emerges as an investigatory tool.  24   In the current 
era of Western society, osteoporosis is acutely studied 
given the cost and morbidity associated with the de-
clining bone mineral health of the axial skeleton and 
its attendant fracture risk. This trend is not surprising, 
as over the last 100 years developed societies have 
evolved from physically demanding occupations to be-
coming increasingly urbanized and inactive. The call 
to add physical activity to counter the epidemic of 
poor lifestyle choices (i.e. inactivity, smoking, poor 
nutrition) has become urgent given the projected cost 
and negative health outcomes for society.  25   

 Our biology uses both ageing and degeneration strate-
gies to constrain the musculoskeletal system against 
further injury or damage. In the case of the spine, which 
serves the principal objectives of mobility, stability and 
protection of neural elements, overload or dynamic 
loading strains can induce a spectrum of either local or 
regional trauma and degenerative changes. Consequently, 
this chapter draws upon literature that represents both 
age-related and degeneration models, and their outcomes 
for the axial skeleton. 

 Normal physiological strains are well accommodated 
by each functional mobile segment, which comprises an 
intervertebral disc (IVD) with an anulus fi brosus and 
nucleus pulposus, and the vertebral end-plates (VEP). 
Paired synovial zygapophysial joints link both vertebrae 
posteriorly and articulate closely to regulate both load 
and movement of the segment. Applied moments from 
muscle actions and axial compressive loads may be 
coupled with shear, bending (rotations) and torsion about 
the long axis of the spine, which are in turn moderated 
by the unique geometry of the segment ’ s zygapophysial 
and ligamentous anatomy ( Fig. 12-1   ). Inertial strains 
from dynamic loading, even several times body weight, 
may also be tolerated by the spine given its unique capac-
ity to attenuate energy.  26   The regional response to 
loading is refl ected in different patterns of injury or 
degeneration. 

 Vertebral bone adapts to loading by the cyclic remod-
elling which is optimal by the third decade of life and 
declines variously thereafter.  27   Loss of trabecular con-
nectivity, endocortical bone trabeculation and intra-
cortical porosity are the late stages of remodelling. VEP 
collapse occurs due to trabecular bone fragility, with ver-
tebral body fracture the clinical end-point in some cases. 
IVD degeneration is considered a normal process of 
ageing, but may be precipitated by multiple factors 
including genetic, anatomical, mechanical (occupational, 
overload, torsion, vibration), cell-mediated molecular 
cascades, trauma, infection and toxins as major infl uences 
to disc health  28–30   ( Fig. 12-2   ). 

 Osteoarthritis of the spine develops as a consequence 
of the natural ageing process coupled with attrition, and 
is associated with a degenerative cascade that may involve 

  Ageing, Falling and Pain 
 Rates of falls among community-living, generally healthy 
elderly people (age  ! 65) are of the order of (0.3–1.6 
per person annually), with about 5% of these resulting 
in a fracture or hospitalization. Fall rates rise steadily 
with age and are about doubled for persons aged  > 75 
years. Persons living in long-term care institutions have 
much higher fall rates (0.6–3.6 annually). Falls among 
those in institutions also tend to result in more serious 
complications; with 10–25% of such falls resulting in 
fracture or laceration. It is often reported that older 
adults experience greater prevalence of pain, greater 
pain intensity and pain at more sites than younger 
adults.  15,16   

 It has long been thought that the increase in the preva-
lence of pain among older adults is partly due to the 
progressive musculoskeletal degeneration that accompa-
nies ageing. Another explanation for increased pain in 
older populations has been that ageing is associated with 
greater sensitivity to painful stimuli that results from 
changes in the structure and function of the nociceptive 
system.  17    

  Ageing and the Benefi cial 
Effects of Movement 
 It is thought that mechanical forces are important regula-
tors of several biological functions, with mechanical 
signals having been shown to mediate the development 
of a variety of tissues (e.g. skeletal muscle, bone, carti-
lage).  18,19   Mechanical signals can affect diverse cellular 
processes including cell growth, differentiation, cellular 
migration, gene expression, protein synthesis and apop-
tosis.  18,19   Given the potential importance that mechanical 
signalling functions have in maintaining cellular homoeo-
stasis, it is likely that changes in mechanotransduction 
may also play a role in the pathophysiology of disease.  19   
Recent data strongly support this, as it is recognized that 
many aspects of sarcopenia may be related to alteration 
in cellular mechanotransduction.  19   The ability of cells 
involved in the musculoskeletal system to sense, process 
and respond to mechanical stimuli deteriorates with age 
and that these changes may be involved in the aetiology 
of ageing-associated disease.  20   Encouragingly, movement 
quantity, quality, locality and intensity are relatively mod-
ifi able infl uences and are certainly infl uences within the 
scope of the manual therapists. The infl uence of mecha-
notransduction on tissue health and the symptoms of 
ageing are exciting areas for future research, particularly 
for those of us involved in the provision and prescription 
of therapeutic movement.   

  THE AGEING SPINE 

 Most individuals achieve old age with some evidence 
of degenerative or pathological changes in spinal joints, 
which refl ect the interactions between: genetics, oc-
cupation, lifestyle, nutrition, trauma and destiny. Most 
published reviews on the health of the spine are seen 
through the prism of clinical perspectives, with an 
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VEPs  34   or through vessels that communicate directly 
with the outer annular layers. Consequently, disruption 
to either system occurring through normal ageing, surgi-
cal intervention, spinal deformity or trauma can disrupt 
and lengthen the pathways of nutritional support to the 
disc and is presumed to contribute to subsequent disc 
degeneration. The consequence of either ageing or injury 
to the functional mobile segment may be degeneration 
of its elements with initial progressive increase in strain 
tolerance beyond the normal, which may progress to 
increased segmental mobility. One mechanical response 
to such changes, particularly affecting the stability and 
function of the IVD, is spondylosis, initiated through 
osteogenic stimulation in the junctional region between 
the VEP periphery and the annulus, resulting in the 
early formation of osteophytes.  35   Experimentally induced 
osteoarthrosis of the paired zygapophysial joints has been 
associated with anular rim lesions of the IVD.  36   The 
posterior paired costotransverse and costovertebral zyg-
apophysial joints are true synovial joints invested with 
hyaline articular cartilage, a capsule and synovium. These 
joints contribute stability of the respective segment(s) 
and facilitate respiratory excursions of the thorax and 
regional mobility within the vertebral column, respec-
tively. Each may respond to overload with degenerative 
patterns of synovial joints characterized by mechanical 
changes of the articular cartilage. Subchondral bone scle-
rosis, fi ssuring and detachment of the cartilage, and mar-
ginal joint osteophytosis may follow changes in the IVD, 
particularly a loss of vertical height which in turn alters 
the mechanical alignment of the respective superior and 
inferior articular processes of the posterior joints. Bumper 
fi brocartilage formations at the joint margin are associ-
ated with evidence of articular cartilage degeneration and 
fi ssuring, ossifi cation of the ligamentum fl avum, and 
reactive hyperplasia at the posterior joint margins. A 
further consequence of degenerative changes leading to 
altered morphology of the IVD and vertebral bodies is 
the response by the spinal ligaments. With progressive 
deformation of the segment, ligaments may demonstrate 
buckling and, in response to exaggerated segmental 
motion strains, subsequent hypertrophic changes may 
contribute to stenotic change within the vertebral and 
intervertebral canals.  37   Ossifi cation within the ligamen-
tum fl avum may occur as a consequence of degeneration 
of the articular triad, although this tends to predominate 
in the region of the lower thoracic and upper lumbar 
segments.  38   

 Patterns of spinal degeneration and age changes 
become evident when merged onto a common model of 
the axial skeleton; the mobile cervical and lumbar seg-
ments, and their respective stiffer transitional junctions 
display different trends. The general pattern is for spinal 
motion to decline in all directions with age, and this 
feature is illustrated with the combined movement exam-
ination assessment for the lumbar spine ( Fig. 12-3   ). 
Where segmental mobility is greatest degeneration of the 
disc and facet joints dominate. In the case of the bony 
thorax, focal changes are seen at the respective costo-
vertebral joint articulations of the fi rst and last ribs, a 
consequence of transferring large torques from the mus-
culature of the neck and trunk, respectively. When one 

the discrete elements or an entire functional mobile 
segment, individually or regionally.  31,32   

 The IVD is essentially aneural apart from the periph-
eral superfi cial outer third, although with injury to the 
disc, vascular ingrowth associated with repair may con-
tribute vasomotor nerves.  33   The disc is also avascular, 
apart from the peripheral annulus, with a reliance upon 
nutritional substances transported via diffusion across the 

  FIGURE 12-2    !       The infl uences on the intervertebral disc associ-
ated with ageing.       
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  FIGURE 12-1    !       The regional patterns of injury and degeneration 
in the spine.  AOJ , Atlanto-occipital joint;  CTJ , Cervicothoracic 
joint;  DD , Disc degeneration/Disc disease?;  L , Lumbar;  LSJ , 
Lumbosacral joint;  OA , Osteoarthritis;  T , Thoracic;  TLJ , Thoraco-
lumbar joint;.  # , these sites along the column are disposed to 
trauma and fracture.       
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highest prevalence of disc degeneration is in the mid-
cervical, mid-thoracic and mid-lumbar discs as these 
regions show a marked degree of reactive changes of the 
vertebral bodies with marginal osteophyte formation 
( Fig. 12-4   ). Early post-mortem studies by von Lushka  45   
demonstrated a large proportion of cervical discs with 
fi ssures and clefts. This was considered to be a normal 
characteristic of the region, with complete transverse 
clefts extending across and into the region of the unco-
vertebral joints found in the middle of healthy cervical 
discs on coronal section.  46   From similar post-mortem 
reviews of the thoracic spine, the most severely affected 
discs are located predominantly within the middle seg-
ments, peaking between T6–T7, with a greater incidence 
in males.  47   Given the tendency to axial plane segmental 
motion in the mid-thoracic spine, reported in the classic 
paper by Gregersen and Lucas,  48   such degenerative 
changes may relate to the large rotation strains imposed 
upon these segments. Investigations by Farfan et al.  49   
into the effects of torsion on lumbar IVDs concluded that 
relatively small rotation strains  > 2° per segment induced 
potential injury in the anulus fi brosus. The pattern of 
age-related decline in anterior disc height in men typifi es 
the disc ageing process associated with senile kyphosis 
whereby the cumulative effects of axial loading and tor-
sional stresses result in degeneration of the anterior 
anulus and osteophytosis.  21   In females, however, loading 
through the anterior aspect of the kyphotic curve is more 
likely to produce progressive change of the vertebral 
bodies, causing the wedge deformity commonly associ-
ated with spinal osteoporosis.  50   Mechanically, the middle 
vertebral segments are predisposed to greater axial com-
pressive and bending moments, due to their position 
within the apex of the thoracic kyphosis.  51    

  Osteophytosis 

 Osteophyte formation and its associated IVD degenera-
tion has been recognized as an attempt to distribute force 
more uniformly across the VEPs to achieve stress reduc-
tion on the segment.  52   Where thoracolumbar disc degen-
eration is present, marginal osteophyte formation of the 

  FIGURE 12-3    !       The decline in range of motion in all planes, observed when using the combined movement examination of the lumbar 
spine. F, fl exion; FwRSF, fl exion with right side fl exion; RSF, right side fl exion; EwRSF, extension with right side fl exion; E, extension; 
EwLSF, extension with left side fl exion; LSF, left side fl exion; FwLSF, fl exion with left side fl exion; For colour version see Plate 11.       
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considers the complete vertebral column as a multiseg-
mented curved rod, with physiological infl exions that 
cross the neutral axis line, the literature presents evidence 
of different responses to stress accumulations at points of 
both maximum and minimum change in curve. The seg-
ments adjacent to the transitional junctions, having less 
relative motion, are designed more for stability and rep-
resent locations where axial compressive load is greater, 
the change in spinal curvature is least and where arthrosis 
of these synovial joints is found. In contrast, where the 
curvature away from the neutral axis line is maximum, as 
in the middle region of the lordosis and kyphosis, respec-
tively, and where bending, torsion and shear stresses are 
relatively higher, the trend is for greater disc degenera-
tion (see  Fig. 12-1 ). 

 The major degenerative conditions reviewed in this 
chapter include osteoporosis and anomalies of spinal cur-
vature, and changes that arise secondary to trauma. 
Infl ammatory disease of the spine is excluded from this 
discussion; the interested reader is directed to the com-
pilation by Klippel and Dieppe  39   for a comprehensive 
review. Degenerative conditions that principally have a 
spinal manifestation may involve all elements of the func-
tional mobile segment, either singularly as in the case of 
early IVD degeneration, or across the joint complex, 
exemplifi ed by late zygapophysial joint arthrosis coinci-
dent with IVD degeneration.  40,41   

  Disc Degeneration 

 Literature describing the incidence of disc degeneration 
throughout the vertebral column concentrates predomi-
nantly on the lumbar and cervical regions of the spine.  42   
From post-mortem studies, discs with altered vascularity 
during the second decade of life show precursor changes 
to early degeneration.  43   The pathway of age-related 
degeneration change has been described as compromised 
nutrition, loss of viable cells, cell senescence, post-
translational modifi cation of matrix proteins, accumula-
tion of degraded matrix molecules, a reduction in pH 
levels that may impede cell function and ultimately induce 
cell death, and fi nally fatigue failure of the matrix.  44   The 
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occurs with gait, acts as a ‘pump’ to assist diffusion of 
nutrients within the vascular vertebral body across the 
VEP and into/away from the disc. Abrupt or fatigue axial 
loading of the spine may cause localized failure of the 
VEP resulting in either a frank sharply demarcated ver-
tebral intra-osseous prolapse, often termed a Schmorl ’ s 
node, or marked irregularity of the end-plate. The repair 
process for both lesions often results in bony sclerosis 
which can signifi cantly impair the normal nutrient 
exchange to the IVD by reducing the effectiveness of this 
diffusion pathway. Schmorl ’ s nodes have been reported 
to occur during the late teens,  55   with lesions as frequent 
in the young as in the older individual.  21   Cadaveric studies 
of lumbar spines have indicated that Schmorl ’ s nodes 
develop at an early age and can exhibit advanced degen-
erative changes.  35   Schmorl ’ s nodes are found most com-
monly in males and are considered to be related to a 
genetic disposition, strenuous occupations  21   or sports 
involving dynamic and violent axial loading as might 
occur with a heavy landing in fl exion.  55   Most authors 
agree that the inferior end-plate is more susceptible to 
infraction  53,56   which implies that the VEP fails under 
compression ( Fig. 12-5   ).  

  Zygapophysial and Costovertebral 
Joint Degeneration 

 There appear to be specifi c sites within the spine where 
preferential degeneration of the synovial joints occur. 
The upper and lower segments of the thoracic region 
show a tendency for zygapophysial and costovertebral 
joint degeneration.  57,58,59   Similar trends for osteophytic 
remodelling of the zygapophysial joints of the lumbo-
sacral junction have been reported.  60,61   This may be due 
to the design of these elements that provide stability and 
protection in contrast to the adjacent mobile segments 
which show a correspondingly higher frequency of disc 
disease  62   (see  Fig. 12-1 ). The development of osteophytes 
and eventual bony fusion of costovertebral and costo-
transverse joints in aged vertebral columns was also noted 
by Schmorl and Junghans  21   in their extensive survey of 
spinal pathology. The cervicothoracic junction and tho-
racolumbar junction represent transitional areas between 
mobile and relatively immobile regions of the spine. At 
the cervicothoracic junction, Boyle et al.  63,64   found 
evident IVD and VEP changes, along with osteophytic 
formation that were more pronounced in the mobile seg-
ments immediately above the transition. The upper tho-
racic region and thoracic cage acted to impede 
intersegmental motion and thus safeguard these levels 
from marked degeneration.  64   At the thoracolumbar junc-
tion, Malmivaara et al.  53   demonstrated that particular 
pathologies tended to be concentrated at each segment. 
The T10–T11 segment was characterized by disc degen-
eration, vertebral body osteophytosis and Schmorl ’ s 
nodes; the T11–T12 segment tended to show both ante-
rior and posterior degeneration, involving zygapophysial 
and costovertebral joints, while the T12–L1 joint was 
characterized primarily by posterior joint degeneration. 
A comparison of zygapophysial joint orientation with 
degenerative fi ndings suggested that the posterior ele-
ments play a signifi cant role in resisting torsional loads. 

vertebral body is frequently seen.  22,35   This pattern of 
excess bone formation, commonly referred to as spondy-
losis deformans, is seen in approximately 60% of women 
and 80% of men.  21   The degree of intervertebral space 
narrowing and subsequent tilting of the vertebral bodies, 
resulting from disc degeneration, often determines the 
extent and the type of marginal osteophytes.  53   In summary, 
the segments that appear susceptible to osteophytes 
are often the most mobile regions with the higher levels 
of disc degeneration, or where local stress may be 
accumulated.  

  Vertebral End-Plate Lesions 
and Schmorl ’ s Nodes 

 The vertebral end-plate is a membrane of tissue compris-
ing hyaline cartilage and a 0.5-mm-thin trabecular layer 
at the discovertebral junction.  54   Its role is to mediate axial 
compressive load applied to the IVD and permit transfer 
of this energy within the subchondral and cancellous 
bone of the vertebral body. Physiological axial loading, as 

  FIGURE 12-4    !       Macroscopic view of the L2–L3 (top) and T10–T11 
(bottom) discs sectioned in the horizontal plane of two elderly 
cases to highlight disc herniation and advanced degeneration. 
The T10–T11 section depicts a central disc prolapse deforming 
the anterior dural sac. At L2–L3, age-related changes are dem-
onstrated in the form of the large right-sided anterolateral 
osteophyte and advanced disintegration of the nucleus. A 
central fi ssure is evident through the posterior anulus.       
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it may be induced through disordered metabolism and is 
accelerated following menopause in women.  68   A gender 
difference in bone fragility emerges due to the dynamic 
change in relationship between the mechanics of load 
transfer and the margins of safety. Males accumulate 
more periosteal bone than females, with a corresponding 
increase in vertebral cross-sectional area which confers a 
relatively higher load-bearing capability such that reduc-
tions in bone strength are less dramatic than seen in 
women. During ageing, this ratio is disturbed and frac-
ture risk increases as the stress on bone begins to approxi-
mate its strength. Twenty per cent of postmenopausal 
women have a stress-to-strength ratio imbalance, whereas 
only 2–3% of men are at risk of fracture due to the 
greater preservation of bone strength.  69   The epidemiol-
ogy of osteoporosis is well known whereby the risk factors 
of age, gender and racial contributors to bone loss and 
corresponding fracture risk increase exponentially with 
age. For the thoracic spine, one in four women over the 
age of 60 years will show at least one vertebral body 
fracture on radiographic examination, while the inci-
dence increases to 100% in women over 80 years of age;  70   
for men, there is a decade offset before osteopenia and 
osteoporosis develops.  71   The mid-thoracic segments are 
the most vulnerable to osteoporotic collapse or progres-
sive wedge deformity due to the mechanical disadvantage 
of these segments situated within the apex of the thoracic 
kyphosis.  47   The second peak for thoracic osteoporotic 
fracture is at the thoracolumbar junction where more 
rapid loading of the thoracic spine can induce a hinging 
of the stiffened thorax on the upper lumbar spine. These 

Asymmetry in the zygapophysial joint orientation tended 
to result in degenerative changes occurring mostly on the 
sagittal facing facet,  53   an observation originally made by 
Farfan et al.  49   at the lumbosacral junction.  

  Degenerative Spinal Curvature Anomalies 

 Idiopathic scoliosis involves a lateral curvature of the 
spine that is introduced through a disturbance in the 
longitudinal growth of the spine. It may occur early in 
the growth of the child and particularly during the early 
adolescent years.  65   Four main curve patterns have been 
identifi ed: thoracic, lumbar, thoracolumbar and double 
major curves. Each of these curvature patterns has its 
own characteristics and predictable end-point.  65   It is well 
accepted that the severity of the scoliosis can continue to 
progress through the life span.  66,67   Disc degeneration is 
known to develop due to the often extreme compression 
and ipsilateral tension strains experienced within wedged 
scoliotic IVDs. A cascade of degenerative changes occur 
in advanced scoliosis due to the attempt to stabilize 
against the increasingly asymmetric mechanical loads 
induced by this deformity ( Fig. 12-6   ).  

  Osteoporosis and Osteoporotic Fracture 

 Osteoporosis is an endocrine disease characterized by 
decreased bone mass and micro-architectural deteriora-
tion of bone, which may lead to bone fragility and sub-
sequently to an increased rate of fracture. Although 
resorption of bone follows the normal process of ageing, 

  FIGURE 12-5    !       ( A ) Intravertebral protrusions, or Schmorl ’ s nodes, are depicted from several views to highlight their location and 
extent. They may project cranially and/or caudally through the vertebral end-plate (arrows). End-plate irregularities are typically in 
the lower thoracic spine, as represented by the inferior end-plate of T11 (arrow). ( B ) A depression on the superior end-plate of a 
2-mm-thick bone section from T11 with slight sclerosing of the end-plate compared with the regular thin inferior end-plate. ( C ) A 
central Schmorl ’ s node at T12 in a 100-mm-thick horizontal histological section shows disc material surrounded by sclerotic bony 
margins. ( D ) Multiple Schmorl ’ s nodes are shown at the thoracolumbar junction, all approximately in the same location and affect-
ing the inferior vertebral end-plate, a characteristic of Scheuermann ’ s disease.  c,  Spinal cord;  d,  Disc;  ep,  End-plate;  pll,  Posterior 
longitudinal ligament;  sn,  Schmorl ’ s nodes.      (Adapted from Singer 2000.  47  )   
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the human spine, including those degenerative processes 
that are secondary to metabolic disease, spinal deformity 
or trauma. Ageing of the spine is not merely a chrono-
logical process, as remodelling and repair follow such 
insults as trauma, disease, deformity or surgery and 
refl ects a biological strategy to stabilize against further 
segment damage from imposed loads.  73   While ageing is 
an unavoidable certainty, skeletal loading remains a criti-
cal requirement for optimal function. Loading the mus-
culoskeletal system throughout its dynamic range, over 
the lifespan, is crucial for sustaining not just musculo-
skeletal health but health in general.   
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  Summary 
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