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Cervical spondylotic myelopathy:

Part I

anatomical and pathomechanical considerations*
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This two part series reviews the recent literature concerning the
etiology and clinical presentation of cervical spondylotic
myelopathy (CSM). CSM is the most common neurological
spinal cord disorder after middle age. It is caused by the
compromise of the cervical spinal cord from narrowing of the
spinal canal.

InPart !, a review of the anaiomy and the pathomechanics of
the cervical spine pertinent to CSM is discussed. Emphasis is
placed upon the intricate relationship between the osseous,
neurological and vascular structures. The conseguences of
degenerative changes upon this relationship is evidenced by the
resulting neurovascular compression. In turn, compression
may lead to spinal cord ischemia with characteristic clinical
results.

(JOCA 1991; 35(2):75-81)
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Cer article en deux parties passe en revue la linérature récente
concernant | 'étiologie et la présentarion de la myélopathie
veriébrale cervicale (MRC). Chez l'adulte de plus de 40 ans, la”
MRC représente le désordre de la moelle épiniére d
manifestations neurologigues le plus commun. Ce désordre
résulte d'un rétrécissement du canal vertébral cervical,
compromettant ainsi la moelle épiniére.

Dans la premiére partie, on discute d anatomie et de
pathomécanigue de la colonne cervicale en relation avec la
MRC . L'emphase portera sur la complexité des relations entre
les structures osseuses, neurologigues et vasculaires, Les
conséguences de changemenis dégénéralifs sur cente relation
inter-structurale se rraduiront par une compression
neurovasculaire . De son cdté, cette compression se manifestera
par des signes cliniques caractéristigues démontrant une
ischémie de la moelle épiniére,

(JCCA 1991; 35(2) : 75=-81)

MOTS-CLES : myelopathie vertébrale cervicale, colonne
cervicale, vertebral. myélopathie, chiropratique, manipulation.

Introduction
Cervical spondylotic myelopathy (CSM) is a neurological
disease caused by the stenotic encroachment of the cervical
spinal cord. The stenosis is usually secondary to degenerative
changes superimposed on a congenitally narrowed spinal canal.
As a result, the cord and/or its blood supply are compressed,
resulting in direct mechanical damage and/or neuroischemia.
Compression of the cervical nerve roots usually co-exists with
cord compression, but is not an intrinsic part of CSM.
Considered to be the most common neurological spinal cord
disorder after middle age,!-? CSM was described as a clinical
entity by Brain in 1954." Two vears later, Clark and Robinson®
described the degenerative process involved and its relationship
o neurological symptoms. Since then, many authors have in-
vestigated CSM from various perspectives, including the neuro-
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logical, pathological , biomechanical and radiological elements.

This paper reviews the recent literature underlying the pathol-
ogy of CSM. A discussion of the underlying spondylotic
changes and their effect upon the mechanics and vascularity of
the cervical cord and vertebrae is presented.

Relevant anatomy

Certain anatomical features of the normal cervical spine warrant
review, since degenerative changes ulumately affect both the
static and dynamic dimensions of the spinal canal and the
regional biomechanics. These are important factors in the devel-
opment and progression of degenerative myelopathy.

The upper cervical spine, comprising the occiput, atlas and
axis, has anatomical and biomechanical features distinct from
the remainder of the cervical spine. As a consequence, degen-
eration in this region rarely contributes to the development of
CSM. Rather C5M is encountered in the lower cervical spine,
namely vertebrae C4 through C7. These are often referred 1o as
the “typical’ veriebraz because of their similar anatomical
features.
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The normal cervical spine has a smooth lordotic curve
throughout its length. Since vertebral bodies are generally high-
er in their posterior aspects, the lordosis is primarily due to the
intervertebral discs (IVD) being thicker anteriorly than poste-
riorly.* The IVD make up about 20% of the length of the
cervical spine. Intrinsically, the centrally located nucleus pul-
posus constitutes about 40% of the cross-sectional area of the
disc.” The water imbibing properties of the disc decrease after
the age of 30 years, from about 80% in early life to about 60% in
the geratric spine.® This change in the degree of hydration is
thought to play a significant role in the initial stages of spinal
degeneration,

The bony elements of the cervical spine include the verebral
body anteriorly, the neural arch posteriorly, the zygapophyseal
Jjoints posterolaterally and the spinous process directly poste-
rior. Just anterior and medial to the zygapophyseal joints lies the
lateral canal, or intervertebral foramen, through which passes
the emerging nerve root. On the superior lateral aspect of the
body itself is a bony lip, variously known as the uncovertebral
joint, the uncinate process, the neurocentral lip or the joint of
Luschka. The neural arch is made up of the pedicles arising from
the vertebral body and the lamina. Directly adherent to the
neural arch and lving in close approximation to the spinal cord is
the ligamenmm flavum, or yellow ligament. Unlike the lumbar
spine, where the ligamentum flavum is narrow and inconsistent,
in the cervical spine it is wide and relatively thick.” These
features are displayed in Figure 1.

The spinal cord is protected circumferentially by the bony
spinal canal. Anteniorly, the cord is bounded by the veriebral
bodies, their intervening discs and the overlying posterior long-
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Figure 1 Schematic cross-sectional
representation of the normal anatomy of a
typical cervical vertebra and its surrounding
soft tissue. These include: 1 vertebral body and
disc: 2 uncovertebral joint; 3 zygapophyseal
joint; 4 ligamentum flavum; 5 spinal cord; and
6 nerve root (after Panjabi and White*)

itudinal ligament. The cord is protected by the neural arch
laterally and posterolaterally and the ligamentum tlavum poste-
riorly. Posterolaterally the body segments, the uncoveriebral
joints and the zygapophyseal joints not only protect the cord, but
are in close approximation to the nerve roots. (see Figure 1)
When viewed in a sagittal section, the canal has a funnel
shaped configuration, being widest at the atlas and tapering in a
caudal direction to about C4. Using cross sections at various
cervical levels, Parke® has demonstrated this funnel shape on
cadavers and has shown that the spinal cord occupies only about
50 percent of the canal at C1, but 75 percent of the canal at C6. It
is primarily due to this dimensional feature that degenerative
myelopathy 1s rare in the cervical spine above the C4 level.
This decreasing diameter of the spinal canal also has direct
implication upon the cord's vascularity. The spinal cord re-
ceives most of its blood supply from the single anterior spinal
artery (ASA) and the paired posterior spinal arteries (PSA). The
ASA lies in the anterior sulcus of the cord; while the posterior
arteries follow a torturous pathway along the posterior surface
of the cord. Both the ASA and the PSA descend from the
veniebral arteries above. The ASA also receives several radi-
cular tributaries which accompany the nerve roots through the
transverse foramen. The ASA supplies the majority of the cord,
including the central grey mater and the anterolateral white
matter. The posterior spinal arteries supply the more posterior
areas of the cord including the posterior columns, (See Figure 2)
The AS5A and PSA are in close approximation to the vertebral
bodies, discs and to the lipamentum flavum. The neural ischemia
seen in the CSM results from the susceptibility of the ASA to
compression from these elements - The significance of these
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bony. articular, discal, neural and vascular anatomical struc-
tures becomes apparent when the pathological feawres and
clinical findings of C5M are discussed.

Spondylosis reviewed

Cervical myelopathy 1s a progressive disorder and a discussion
of its pathogenesis requires an understanding of the correlation
between the anatomical degenerative changes and the subse-
guent neurological insult. The degenerative changes associated
with cervical spondylosis involve the intervertebral disc, the
vertebral body, both the zygapophyseal and uncinate joints, as
well as the surrounding ligaments, most significantly the liga-
mentum flavum. As mentioned, these chanpes can affect the
dimensions of the canal. Although degenerative changes pro-
ceed in a somewhat sequential fashion, different vertebral
motion segments will be at various stages of degeneration at any
glven ime,

Spinal degeneration is thought to initiate with normal aging
changes in the intervertebral discs, commonly beginning in the
third decade of life. These start with alterations in the IVD’s
biochemical properties, eventually leading to internal derange-
ment and loss of anatomical integrity ** In reviewing the cer-
vical spine, Lestinini and Wiesel® have discussed in detail, the
biochemical changes within the cervical [VD that may be re-
sponsible for the cascade of events, that ultimately lead to the
gross pathological changes seen in severe spondylosis,

The first changes in the IVD are in the nucleus pulposus. As it
ages, the nucleus loses water, protein and mucopolysac-
charides. Consequently, the IVD begins to lose its elasticity and
becomes more fibrous. In time, the water imbibing properties
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Figure 2 Schematic cross-sectional

representation of the cervical spinal cord:

1 anterior spinal artery; 2 posterior spinal artery:

3 posterior column; 4 lateral conticospinal tract;

5 spinothalamic tract; 6 ventral root; and

7 dorsal root. Notice that most of the cord

receives its vascular supply from the anterior

spinal artery (unshaded area), The right side of

the diagram illustrates the common tracts that

are found in the region supplied by the antenior
and posterior anmeries. {after Panjabi and

® White**)

decrease 10 the point where the IVD loses the positive pressure
typically seen in youth.#:'9 Furthermore, as the annular fibers
slacken, the nuclear material may migrate through the layers of
the annulus, increasing the extent of internal derangement.

With continued internal derangement the IVD collapses, re-
ducing the vertical height of the vertebral column, as well as the
vertical dimension of the intervertebral foramina.'! The de-
crease in column height results in slackening and inward buck-
ling of the ligamenum flavum, especially when the head and
neck are put into extension. The ligament itself goes through
degenerative and contractual thickening. 213

As the spine loses its functional stability, secondary changes
in the vertebral bodies and the surrounding joints take place. As
the IVD space thins, the uncinate joints bear more weight and
react with osteophyte formation.'® Osseous lipping forms
around the veriebral end-plates, which on their posterior
aspects, may project into the spinal canal space. The zygapo-
physeal joints hypertrophy and may subsequently encroach
upon both the spinal cord and roots. The disrupted intervertebral
disc may harden and ossify, forming what has been termed a
‘spondylotic bar”.®

Collectively, these changes describe circumferential en-
croachment around the contents of the spinal canal. The hyper-
trophic reactions may be thought of as an attempt to contain
spondylotically-induced instability.%.14 However, the stiffen-
ing effects of osteophytic formation at a given level may result
in compensatory hypermobility at subsequent levels. '* This sets
the stage for further, progressive spondylosis in a step wise
fashion throughout the remainder of the cervical spine.® This
hypothetical process is summarized in Figure 4.
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Congenital predisposition to CSM

Despite the universality of degenerative changes in the aging
cervical spine, only a small percentage of the population suffers
from clinically evident cervical myelopathy_ It is apparent that
even those with extensive, long-standing spondylotic changes
do not usually suffer neurological deficit. The architecture of
the normal cervical spine is such that it can accommaodate quite
extensive degenerative changes without cord compression,
even in the lower cervical spine where the spinal cord occupies
the majority of the canal.

What then is the consistent feature of patients who suffer
transient or permanent neurological damage from spinal cord
compression? Various investigators agree that developmental
shallowness, primarily in the anterior-posterior (AP) diameter
of the lower cervical canal, is the underlying criterion for
susceptibility. Ehnit#:17 has extensively described the develop-
mental variations predisposing those individuals who are at risk
when degenerative changes are superimposed. He demonstrated
that vaniations in the length and angulation of any or all of the
components of the neural arch may contribute to the wide range
of depths of canals and foramina. Long posteriorly directed
pedicles, facets with long AP dimensions, and hemi-lamina that
meet at an acute angle, all contribute to a deep canal; while short

i

Figure 3 Photograph of a cervical vertebra
showing gross degeneration around the
zygapophyseal joints (arrow). These
hypertrophic changes can compress the nerve
roots and spinal cord of a congenitally shallow
canal,

laterally-oriented pedicles, short, wide facets and lamina that
meet at an obtuse angle result in a developmentally shallow AP
canal. (Figure 5) Most authors concur that a sagittal diameter of
12 mm or less in the lower cervical spine, as measured on
standard lateral radiographs, renders the subject vulnerable to
stenotic complications. This is discussed in greater detail in Part
IL.

Role of vascular ischemia

The signs and symptoms in C5M are not only due to mechanical
compression of the spinal cord, but also to compression of the
cords” vasculature. This can involve compromise of the anterial
supply, the venous drainage, or both. When venous flow is
obstructed, the cord becomes edematous and neurological
symptoms are widespread and diffuse. Compression of the
arterial supply leads to transient neural deficits which may
become permanent if the ischemia leads to regional cord
NeCTosis,

The role of vascular compression in CSM has been recog-
nized since the 1950's, when Allen'® observed blanching of the
cord as a spondylotic neck was flexed during laminectomy.
Mair and Druckman'? demonstrated pathological changes in the
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Figure 4 Graphic summary of 2 pathological
miodel illustrating the changes hypothesized to

lead 1o cervical spondylosis.

Figure 5 Photwgraph of a C5 verebra
obtained from three different cadaver

specimens. Note the inherent difference in the

shape of the spinal canal.

79




Cervical spondvlotic myelopathy: Part |

cord corresponding to the watershed area of the ASA in cadav-
ers. These findings have been reproduced experimentally on
canine models. 29,21

The neurclogical deficits resulting from vascular compro-
mise usually correspond to the area of the cord supplied by the
ASA 7.11,22 Parke® emphasizes the vulnerability of the ASA in
its mid-sagittal position on the cord. The significance of com-
pression of this artery is evident as it supplies approximately
75% of the cord, including all the grey martter and the antero-
lateral white matter.** Furthermore, as Parke® points out, the
major lateral feeder arteries to the ASA are most often found at
the C4-5-6levels. It is at these levels that the greatest degree of
lateral canal stenosis, which usually accompanies central steno-
sis, occurs. The degenerative changes that lead o nerve root
radicular signs can, therefore, also affect the ‘cord proper” by
compressing the tributaries to the ASA.

By contrast, the posterior spinal arteries do not usually be-
come compromised. This is likely due to their zig-zag configur-
ation on the posterior cord surface, which allows them to elon-
gate during neck movements without undergoing tension, even
in a spondylotically-tethered cord. 724

Pathomechanics of CSM

Until now, we have been discussing CSM in static terms.
However, the signs and symptoms of CSM are most often
dependent upon the position and movement of the patients’
neck. The most important movements to consider are flexion
and extension, since these have the greatest influence on the AP
diameter of the canal and on tensile stresses within the cord.
This is true for both mechanical cord compression and anerial
compression. The dynamics of cervical spine motion, combined
with co-existing anterior and posterior canal encroachment, are
such that symptoms may arise from flexion. extension, or both,
The movements of lateral flexion and extension play a greater
role in nerve root compression that often co-exists with myelo-
pathy.®

Pre-morbid mechanics
In the normal cervical spine, forward flexion results in a smooth
reversal of the lordosis throughout its length. The column and
cord lengthen by about 3 mm and the elasticity of the cord
accommodates this lengthening without significant tensile
stresses being generated. ® There is an increase of about 2 mm in
the available space within the canal. This is due to the resulting
segmental configuration and the decrease in the circumference
of the cord as it slightly stretches. 24.2% [n extension, the lordosis
increases and the space available in the nerve root canal de-
creases slightly.* In flexion, the reverse occurs as the space
decreases and the cords diameter increases when it
slackens, 2¢.27

In the past. controversy existed as to whether the cord length-
ened in an accordian-like fashion, or through translational slid-
ing within the canal. This has importance when considering the
implications of nerve root tethering. However, it seems that

8O

during flexion both types of motion oceur. 13.25.28

In the healthy spine. there is sufficient room to accommodare
the changes in canal and cord dimensions that occur with neck
movements. When the vertebral column is stable. there is little
or no segmental translation during flexion or extension. Al-
though the cord and dura may flatten slightly against the bodies
in flexion, the bony configuration is curvilinear. so that angular
bending or shearing forces are avoided. However, this does not
occur in the degenerated spine.

Spondylotic mechanics

In the degenerated spine, the resulting aberrant mechanics,
when superimposed on a congenitally narrow canal, render the
cord and its vasculature vulnerable to compression during
movement. White and Panjabi,*® in applying engineering prin-
ciples to study the effects of cervical stenosis, agree that neuro-
logical or vascular insult can result at the extreme of either
flexion or extension. They have isolated the four main destruc-
tive forces in CSM as: 1) direct compression, 2) bending,
3) stretching (tension) and 4) shear. The first two result from
osteophytes pressing on the cord, while tension is secondary to
fibrotic tethering within the dura of the cord and nerve roots.
Shear forces arise within the cord when the unstable vertebra
translates anteriorly or posteriorly across the others. As the cord
stretches in flexion. it may have to bend over an anteriorly
located osteophytic spur or discal spondylotic bar. This results
in mechanical deformation and/or vascular compression. In
addition, fibrosis within the nerve root sleeve may tether the
cord, further increasing the tension. In extension, the caudal
aspects of the stenosed canal cannot accommodate the increased
cross-sectional area of the cord, as tension is lessened. Further
extension movements may lead 1o cord compression from pos-
terior protrusion of the discs” annulus and/or inward buckling of
the thickened ligamentum flavum.

The effect of these forces upon the cord, can be predicted if
the spinal cord is viewed as an elliptical structure. Each of the
forces described have their greatest effect at different zones in
elliptical structures, such as the spinal cord. As White and
Panjabi®® point out, these selective areas correlate well to
known patterns of ischemia or column destruction. Ogino et
al.*® noted that various areas within the cord have different
vulnerabilities to compression. The posterolateral columns
seem most susceptible to mechanical compression, while the
anterior cord suffers most from ischemia or infarct.

Studies show that the majority of patients with severe myelo-
pathy have spondylosis-induced instability.?!-32 Adams and
Logue?3.34 identified a significant difference in the quality and
quantity of cervical vertebral motion berween spondylotic
patients with myelopathy compared 1o those without. They have
noted that immobilizing myelopathic patients with a collar is
often as effective as surgical decompression. Bammes and
Saunders®’ followed conservatively-managed CSM patients
and concluded that increased cervical mobility should be used as
a criteria to help identify those likely to deteriorate.
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[t can be seen, therefore, that the above principles have
important implications in the management and the development
of a predictive algorithm relating internal stresses to degenera-
tive pathology.

Summary

In this the first of two parts, we have reviewed the relevant
anatomy and pathomechanics related to cervical spondylotic
myelopathy. The normal relanonship between the osseous,
vascular and neurological structures helps explain the predilec-
tion of certain patients 1o CSM.

In summary, the spinal cord makes up about 73% of the
available canal space. The cord i1s mostly supplied by the an-
terior spinal artery. The cord and artery may become compro-
mised as a result of progressive degenerative changes that also
affect the functional stability of the cervical motion segments.
When altered stability is combined with a narrowed sagittal
canal diameter further cord compression may ensue at the
extremes of either flexion and/or extension. Such compression
of the cord and its adjacent anterior spinal artery, renders the
patient vulnerable to cord ischemia and the resulted neuro-
logical complications.

In Part 11, we will review the clinical manifestations of CSM,
the imaging modalities available for the assessment and the
management of these patients.
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