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The cervical spine is the most complicated articular system 
in the body, with 37 separate joints (including six 
intervertebral discs).  The normal cervical spine moves 
600 times per hour, whether the individual is awake or 
sleeping (2).  In order to understand the pathomechanics of 
discopathy, one must understand normal function of the 
intervertebral discs.  The intervertebral discs contribute 
approximately 22% of the length of the cervical spine.  
The discs function to allow motion between vertebral 
bodies in all planes of motion. the deformability of the 
intervertebral disc allows for the distribution of forces over 
the entire surface area of the vertebral body endplate rather 
than focusing loading and torsional forces at the periphery 
of the vertebral body (6,11).  The gelatinous nucleus 
pulposus acts as a hydrodynamic ball bearing that converts 
the vertical pressures of axial loading to horizontal forces 
that can be absorbed by the annulus fibrosis.  When axial 
forces are applied to the cervical spine, the annulus acts 
elastically (although no elastic fibers are found within the 
annulus) to provide for an increase in the radius of the 
disc.  As axial forces expend themselves, the distance 
between the vertebral endplates decreases and the disc's 
radius increases.  With the aging process, cervical mobility 
decreases and the degree of expansion on axial loading 
increases.  Thus, the disc loses its energy absorbing 
capacity and sustains mostly vertical loads (11).  Cervical 
degenerative joint disease is a dynamic process that begins 
with an insult to the intervertebral disc and ends at a 
variable point between the initial insult and the pathology 
associated with advanced cases of cervical spondylotic 
myelopathy.  
 

Cervical Spondylosis 
 
Cervical spondylosis is one of the most common 
conditions related to the cervical spine that is treated by 
the chiropractic physician.  The symptoms related to 
cervical spondylosis can run the gamut from dull neck 
pain with no attendant neurological or orthopaedic 
findings to cervical spondylotic radiculopathy and cervical 
spondylotic myelopathy. This discussion will be directed 
to the more severe aspect of cervical spondylosis:  cervical 
spondylotic myelopathy.  Cervical spondylosis is said to 
be the most common cause of acquired spastic paraparesis 
in middle and late life (6).  According to Rothman, 
cervical spondylosis is the most common cause of spinal 
cord dysfunction in patients over 55 years of age (3).  The 
condition is said to be the single most underdiagnosed 
spinal disorder (16).  Spurring in middle age and beyond is 

almost a universal finding, occurring in 90% of males over 
the age of 50 and in 90% of females over 60 years of age 
(14).  Similarly, radiographic evidence of spondylosis is 
present in 25% to 50% of the population by age 50 and in 
75% to 85% of the population by 65 years of age (16). 

 
Natural History of Cervical Disc Degeneration 

 
At least 10% of the population recalls having pain in the 
neck at least three times within the past year and at least 
35% of the adult population can recall at least one episode 
of neck pain (2).  Rothman (3) stated that "it does not 
appear that cervical disc degeneration is a brief, self-
limiting disorder but rather a chronic disease, productive 
of significant pain and incapacity over an extended period 
of time".  Gore studied 205 patients for a minimum of 10 
years and found that over one third of the patients studied 
had moderate to severe neck pain at final evaluation, thus 
confirming Rothman's hypothesis (1).  Fifty-one percent of 
the adult population will experience neck and arm pain at 
some point in their lifetime.  Predisposing factors to 
cervical intervertebral disc problems are heavy lifting, 
smoking, diving, operating heavy equipment that has a 
great deal of vibration, and driving (4).   
 
In general, an acute presentation of neck pain in a young 
patient most likely indicates a disc extrusion.  The mean 
age for cervical disc herniation is 37 years of age, with the 
incidence rate for males equal to that of females (10). The 
most common affected discs and nerve roots are as follows 
in order of decreasing frequency (11): 
 
First  C5/C6 disc    C6 root  
Second  C6/C7 disc C7 root 
Third  C4/C5 disc      C5 root 
Fourth  C3/C4 disc C4 root 
Fifth  C7/T1 disc      C8 root 
 
Greater than 80% of patients with acute neck pain as the 
result of disc herniation denied a history of previous 
cervical trauma.  Approximately 85% of cases are 
classified as "soft" disc ruptures, 11% are "hard" disc 
protrusions, and 4% are soft central disc bulges (10).  The 
term "soft disc" refers to nuclear material or a bulging 
annulus, while the term "hard disc" refers to the presence 
of an osteophyte around the bony confines of the 
intervertebral foramen, the posterior aspect of the vertebral 
body, or a prolapsed fibrotic annulus fibrosis (6).  It has 
been noted that posterior osteophytes are always 
associated with evidence of disc degeneration and other 
degenerative changes (1).  Bland indicated that any 
radiculopathy is a consequence of zygapophyseal joint 
abnormality and not a consequence of the uncinate process 
or the disc.  He further indicates that after age 40-45, all 
the dural root sleeves become fibrotic and stiff and come 
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to the forefront in cervical radiculopathy as a causative 
agent (2). 
 
In terms of treatment for cervical radiculopathy, the 
greater the treatment, the worse the result.  There is no 
difference statistically between patients treated operatively 
and patients treated non-operatively for the same condition 
at 5 years.  Therefore, there is the strong implication that in 
dealing with predominant neck pain in the absence of a 
neurological deficit and discrete radicular 
symptomatology, the results of surgery do not significantly 
alter the natural course of the disease (4). 
 

Natural History of Cervical Spondylosis 
 
Cervical spondylosis with myelopathy is a condition 
which has a very prolonged course marked by episodic 
worsening with long periods without new or worsening 
symptoms.  Overall, the onset is insidious and the disease 
course is one of stepwise degeneration over time.  
Episodic exacerbation can occur at longer or shorter 
intervals for many years, with the symptomatic episodes 
being prolonged for weeks to months, then in the majority 
of cases, subsiding.  A progressively deteriorating course 
is the exception (14,15,16).  The degree of disability is 
established early in the course of cervical spondylotic 
myelopathy and, in many cases, does not change with time 
(15,16,20).  An exception to this is seen in patients with 
cervical spondylotic myelopathy who were treated 
operatively.  These patients most frequently worsened as 
the post-operative follow-up period lengthened (19). 
 
The average age of onset of symptoms is 49 years, with a 
range of 14 years to 70 years, and 75% of the patients 
being between 40 and 59 years of age (15).  The mean 
onset of symptoms prior to admission has been shown to 
be 45 months, with a range of one month to 313 months.  
In one series, 22% of the patients tolerated their symptoms 
for 5 to 25 years prior to admission (19).  In another series, 
the typical patient was 53 years of age, with the range of 
ages in the study being between 35 and 80 years of age 
(16). 
 
Clark and Robinson found that no cervical spondylosis 
patients ever returned to their normal state.  75% of their 
series of patients had episodic worsening, 20% showed 
steady progression, and 5% had a rapid onset of symptoms 
and signs followed by a lengthy disability.  A spontaneous 
remission was highly uncommon (21).  Natural history 
studies have failed to demonstrate factors that identify the 
patient at risk for rapid progression (17). 
 
In spondylosis, it is difficult to differentiate between the 
effects of acute trauma and the chronic trauma of weight 
bearing and mobility that come under the heading of wear 

and tear.  Only when a single interspace can be shown to 
be hypermobile and when osteoarthritic changes develop 
at the interspace after the passage of months to years, can 
the changes be attributed to a single episode of trauma 
with any certainty (14). 
 
The prognosis for cervical spondylosis is good, provided 
that the condition is recognized early, the appropriate 
treatment is rendered, and the patient is told how to cope 
with his disability.  The effects of conservative care are 
difficulty to assess in this relatively benign condition, in 
which prognosis may be good with or without treatment.  
Treatment of the cervical spondylosis patient may alleviate 
symptoms without influencing the course of the disease's 
natural history (15,16). 
 
The following radiographs demonstrate the natural 
progression of cervical spondylosis from 1980 to 2006 in 
the same patient: 

1980 
 

 
 
 

2006 
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Pathogenesis of Cervical Spondylotic Myelopathy 
 
Cervical spondylotic myelopathy is defined not as a single 
temporal or pathological entity, but as the result of a 
combination of degenerative events of which the initial 
lesion is the deterioration of the intervertebral disc (26).  
Cervical spondylotic myelopathy results from the 
interactive effects of a combination of pathological factors 
(11,25): 
 
• Spondylotic transverse bars 
• Hypertrophic apophyseal joints 
• Pre-existing and acquired canal diameter 
• Changes in the sagittal canal diameter with motion in 

conjunction with spurs producing irritation and 
compression of the spinal cord 

• Interruption of the intrinsic arterial supply to the 
spinal cord 

• Differences in spinal cord sensitivity to hypoxia 
• Canal shape 
 
In order to understand the complex pathology of cervical 
spondylotic myelopathy, one must develop an 
understanding of each of the factors involved: the 
mechanical factors related to the cervical spine and spinal 
cord, the degenerative factors, and the vascular factors. 

 
Degenerative Factors: Cervical Spondylotic Myelopathy 

 
One of the precipitating factors linked to the development 
of cervical spondylotic myelopathy is cervical 
intervertebral disc degeneration.  With aging, the nucleus 
pulposus becomes dehydrated and shrinks, and the annular 
function becomes less that of concentric constriction and 
axial load dissipation and more that of weight bearing.  
Thus, more segmental mobility results at the affected 
segment due to stretching and compression of the 
intervertebral disc and the degenerating disc loses its 
ability to distribute its load to the entire endplate and load 
bearing becomes the function of the margins of the 
vertebral body (11,14).   
 
In a study of 20 cases of cervical spondylotic myelopathy, 
the anterior part of the disc was found most often to have 
degenerated with the resultant loss of the smooth lordotic 
curve (28).  The loss of disc height leads to the loss of 
lordosis and the creation of segmental intervertebral 
flexion which leads to the approximation of the vertebral 
bodies.  The mechanical compromise precipitated by the 
degenerating disc triggers a reactive process that produces 
osteophytes at the superior and inferior attachments along 
the periphery of the discs and the vertebral bodies.  The 
osteophytes function to increase the surface area of the 
endplates, thereby reducing the force on them and to 
decrease motion at the degenerating joint when the 
osteophytes abut or spontaneously fuse.  These changes 
are noted at the sites of greatest wear: the lower cervical 
spine (11,14,25,26,28,33,40).   
 

Degenerative Factors in Cervical Spondylosis 
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The greatest decreases in sagittal diameter over time are at 
the C5/C6 and the C6/C7 levels.  Decreases in sagittal 
diameter at these levels correlate significantly with the 
development or increased size of posterior osteophytes 
and/or disc space narrowing (1).  In addition to marginal 
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osteophyte formation around the periphery of the disc and 
vertebral bodies, the uncinate joints, the apophyseal joints, 
the pedicles, and the laminae, also hypertrophy due to the 
altered biomechanics.  Due to these changes, the 
intervertebral foramina may also become deformed and 
neural changes may result (11,14,33). 
 
The most common sagittal canal diameter in the cervical 
region between C3 and C7 is between 17 millimeters and 
18 millimeters.  The degenerative process can lead to a 
reduction in the sagittal spinal canal diameter.  Most 
compressive symptoms are generated in the C5 to C7 
region due to the fact that the spinal canal is the smallest in 
this region and the spinal cord, which averages 10 
millimeters in its anteroposterior diameter (with a range of 
8.5 to 11.5 millimeters), occupies 3/4 of the canal in the 
normal cervical spine at the C6 level.  In contrast, the 
spinal cord only occupies 1/2 of the spinal canal in the 
upper cervical region.  It is generally felt that a sagittal 
canal diameter of 12 millimeters of less is critical to the 
development of myelopathy (25,26).  Robinson 
investigated the sagittal canal diameters associated with 
the type of symptoms and signs manifested by the patient 
with cervical spondylosis.  He found that patients 
presenting with spondylotic radiculopathy had sagittal 
cervical canal diameters averaging 11.8 millimeters and 
those with cervical spondylotic myelopathy had canal 
diameters ranging from 9 to 15 millimeters (36). 
 

Cervical Spondylotic Myelopathy: Mechanical Factors 
 
The spinal canal lengthens 2.8 centimeters from full 
extension to full flexion due to the posterior position of the 
neural canal in relation to the sagittal axis of flexion and 
extension.  The spinal canal achieves its greatest sagittal 
diameter in flexion.  In extension, the spinal canal's 
anteroposterior diameter may decrease by up to 2 
millimeters and the ligamentum flavum, which tends to 
infold in extension, may further decrease the 
anteroposterior canal diameter (25,26,27,28,64).  Panjabi 
and White have identified a number of elements involved 
statically and dynamically in the production of cervical 
spondylotic myelopathy (62): 
 

Static Factors in Cervical Spondylotic Myelopathy 
• Small cervical canal 
• Osteophytes 
• Disc herniation 
• Ossification of posterior longitudinal ligament 
• Uncinate hypertrophy 
• Apophyseal joint deformation/inflammation 
• Hypotonic ligamentum flavum 
 

Dynamic Factors in Cervical Spondylotic Myelopathy 

• Motion:  Normal and abnormal 
• Loading:  Normal and abnormal 
• Mechanical properties of the spinal cord 
• Mechanical properties of the spinal canal 
• Hypotonic ligamentum flavum 
 
Dynamic canal stenosis is one of the factors governing the 
pathomechanics of cervical spondylotic myelopathy 
caused by cervical instability.  Posterior slide 
(retrolisthesis) of the vertebral body occurs primarily as a 
result of degeneration of the cervical spine due to aging 
changes.  The sagittal canal diameter at the affected level 
decreases with the increase of the degree of posterior slide, 
followed by gradual aggravation of the clinical symptoms 
(23).  In a series of 42 cervical spondylotic myelopathy 
patients, 27 of 42 demonstrated a static canal diameter 
measuring less than 13 millimeters while 40 of 42 
demonstrated dynamic canal stenosis measuring less than 
13 millimeters at least one disc level (60).  With respect to 
dynamic cervical canal stenosis, Fukui (23) noted the 
distance of posterior slide, the level of posterior slide, and 
the number of interspaces that posterior slide was observed 
in spondylosis. 
 

 
 
Hayashi (60) studied factors involved in dynamic cervical 
canal stenosis and found that posterior osteophytes were 
involved 30.7% of the time; primarily at C5/C6 and 
C6/C7.  Retrolisthesis was seen 36.4% of the time; 
primarily at C3/C4 and C4/C5.  He further noted a 
combination of posterior osteophytes and retrolisthesis in 
19.3% of patients.  The major contributing factors to 
spinal cord compression were disc protrusion, posterior 
osteophytes, retrolisthesis, and lastly, a combination of 
posterior osteophytes and retrolisthesis.   
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The number of levels of the cervical spine involved was as 
follows: 
 
Level of Lesion           Number of Patients 
1 level     4 patients 
2 levels     9 patients 
3 levels    13 patients 
4 levels    14 patients 
5 levels     2 patients 
 

 
Spinal Cord: Mechanical Factors 

 
According to Brieg (28), due to the cranial attachment of 
the dura at the foramen magnum and the caudal 
attachment at the coccyx via the filum terminale, the spinal 
cord cannot be considered in isolation but must be treated 
as a continuous tract of nervous and supporting tissues, 
from the mesencephalon to the conus medullaris.  The 
static and dynamic properties of the spinal cord constitute 
a self-contained biomechanical compartment that is 
slackened in extension and stretched elastically in flexion.  
The cord not only moves up and down within the canal 
during flexion and extension but is also stretched by about 
10% in full flexion (18,26).  In extension, the spinal cord 
folds upon itself much like an accordion and widens in its 
anteroposterior dimension.  Distinct folds are noted on the 
posterior surface of the spinal cord in extension.  
Encroachment of the ligamentum flavum may also 
contribute to the infolding.  During flexion, the spinal cord 
first unfolds, with a minimum increase in tension, then it is 
followed by some elastic deformation near full flexion of 
the cervical spine.  In flexion, the spinal cord also widens 
in its lateral dimensions (46).   
 

Spinal Cord Tensile Properties

Spinal Cord Spinal Cord

 
 
During flexion and extension movements, the axons and 
blood vessels of the spinal cord undergo deformation 
similar to that of the cord as a whole.  It is evident that 
during postural changes in the living subject, the presence 

of an unyielding pathological structure, whether located 
anterior to the cord (such as an osteophyte) or within it 
(such as a tumor), will result in incorrect loading of the 
nervous tissue and its abnormal deformation, particularly 
during the stretching phase which occurs during flexion of 
the cervical spine.   
 
Thus, cervical spondylotic myelopathy is a neurological 
disorder having its origin in the tension developed in the 
spinal cord tissue, and the resulting distortion of both 
nerve fibers and blood vessels.  Flexion of the cervical 
spine creates increased axial tension throughout the entire 
spinal cord, not just in the cervical region.  This increased 
tension would force the spinal cord versus the anteriorly 
situated osteophytes produced due to disc degeneration.  
The thrust versus the osteophytes sets up local bending 
stresses in the cord tissue, the transverse effect of which is 
increased by the anchoring effects of the dentate 
ligaments, thus potentiating anterior cord compression.   
 
The osteophytes encroaching upon the spinal canal may 
also displace the spinal cord posteriorly or posterolaterally.  
Additionally, focal arachnoiditis may result from the 
localized compression (27,28,33).  When the spine is 
placed in extension, the thickened laminal arches and 
infolded ligamentum flavum may also create posterior 
cord compression (33). 
 

Spinal Cord versus Spinal Canal
Inverse Relationship

Cervical Flexion

Spinal canal widens PA

Cord flattened and 
tethered against posteriorly 
projecting disc or 
osteophyte

 
 
The forces produced by the interaction of the spinal cord 
versus the spondylotic bar (osteophyte) reduce the spinal 
cord's anteroposterior diameter and force it to be wider 
than normal in its lateral dimension.  These forces result in 
stretching of the lateral branches of the segmental spinal 
arteries which nourish the lateral columns and gray matter 
and may contribute to the vascular component of the 
disorder (27,28). The effects of compression on the spinal 
cord are additive, with two or more levels of minimal 
compression having the same effect on the spinal cord as 
one level of moderate compression (40). 
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Cord Movement in Flexion and Extension 
(Alf Brieg MD) 

 

Extension Flexion

 
 

Spinal Cord versus Spinal Canal
Inverse Relationship

Cervical Extension

Cervical cord widens in 
PA dimension

Spinal canal narrows 
due to retrolisthesis 
and infolding of 
ligamentum flavum

 
 
 

Cord Compression Factors 
 

 
 
 

 
Cervical Spondylotic Myelopathy: Vascular Factors 

 
The vascular component of cervical spondylotic 
myelopathy is considered central to the disease's 
pathophysiological process. The vascular compromise 
may result at any point from the vertebral artery origin of 
the radicular arteries to the spinal cord itself.  The spinal 
cord receives its blood supply from the anterior spinal 
artery, which is a longitudinal anastomotic chain formed 
by the junction of the terminal ascending and descending 
radicular arteries.  The anterior spinal artery supplies the 
anterior 2/3's of the spinal cord.  The two posterior spinal 
arteries supply each dorsal column respectively.  The 
anterior spinal artery receives its blood supply from 2 or 3 
medullary feeder arteries in the cervical region.  The C1-
C4 levels of the spinal cord are serviced by intracranial 
sources and do not contribute to the vascularization of the 
lower cervical spinal cord appreciably.  This leaves the C5 
to T1 levels of the cervical cord to be nourished almost 
exclusively by the variable number of medullary feeder 
arteries originating from the vertebral artery and traversing 
through the intervertebral foramen with the nerve root to 
reach the spinal cord.  The most frequent site for 
medullary feeder artery occurrence is at the C6 level, with 
the C3 level being second, and the C4 or C5 levels being 
the third most probable locations for the feeder arteries to 
enter the spinal canal from the vertebral artery (24,26, 43). 
 
 

 
 
Taylor noted that the patients with cervical spondylosis 
who develop myelopathy are those in whom important 
radicular arteries have become compressed at some point 
between the vertebral artery and the spinal cord, the 
compressing agents being either the osteophytes which 
encroach on the intervertebral foramen, or the thickened, 
hyalinized fibrous tissue which surrounds the nerve roots 
(36,39).  Fibrosis and adhesion formation is a common 
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finding in the degenerating spine around the nerve root.  
Motion and repetitive root trauma caused by the fibrosis in 
and around the dural sleeve could interfere with the blood 
supply to the spinal cord (35,36). 
 
Gooding noted that root sleeve fibrosis associated with 
degenerative changes of the zygapophyseal joints and 
intervertebral joints could cause spasm of the lateral spinal 
arteries and their branches.  The vasospasm may result 
from direct stretching and kinking of the arteries during 
movements of the cervical spine or it may be the result of 
nociceptive stimuli mediated by sensory nerves from the 
joints and the autonomic pathways.  These insults could 
result in reflex arterial spasm and paralysis of local 
segmental arterial autoregulation and adversely affect the 
spinal cord's blood supply.  In an area where compression 
already exists, such a mechanism could cause cord 
ischemia, and if frequent or prolonged, result in 
myelopathy (35,41). 
 
The spinal cord, as well as the entrapped nerve roots, may 
undergo ischemic changes in addition to compression 
injury.  The thin walled, fragile, radicular veins may be 
most vulnerable to the effects of trauma and compression.  
Partial or complete obstruction of veins can cause raised 
venous pressure within the cord itself, with subsequent 
edema and possibly ischemia due to reduced blood flow 
and stagnation.  Compression and ischemia are additive 
insults, affecting the spinal cord together at degrees of 
severity, which would have minimal effects on the cord if 
invoked separately (40).  Experimentally, it has been 
demonstrated that at least 40% compression at one level is 
necessary to produce minimal neurological signs in lab 
animals.  When the compression is applied at two or three 
levels, the same signs of neurological dysfunction may be 
produced with only a 25% reduction of the sagittal 
diameter at each level.  Therefore, compression at multiple 
levels also has an additive effect and explains the clinical 
observation that multisegmental osteophytes of moderate 
size are more frequently found in patients with myelopathy 
(40,41,45). 
 
As it has been demonstrated, in cervical spondylosis the 
arterial blood flow may be reduced in the vessels 
supplying the cervical cord, thus setting the stage for 
ischemia precipitated by the mechanical stresses applied to 
the vessels within the spinal cord.  The long penetrating 
branches of the lateral arterial plexus that supplies the 
lateral columns are narrow.  Little blood flow would occur 
in these vessels if they were lengthened and flattened by 
stresses which widen the cord laterally and flatten the cord 
anteroposteriorly opposite a spondylotic ridge during 
flexion.  This positional abnormality would result in 
inadequate perfusion to the gray matter of the central 
spinal cord and the lateral columns, which contain the 

lateral corticospinal tracts.  Demyelination may result in 
the lateral columns as a result of pressure and oxygen 
deprivation to the oligodendroglia, the Schwann-type cells 
within the spinal cord that are responsible for production 
of the myelin sheath for the axons of the neuronal cells 
(25,28,36).  Experimentally, hyperflexion of the cervical 
spine produces a transverse necrotic zone in the ventral 
half of the gray matter.  This location is the site where the 
transverse vessels of the cord's arterial system are 
maximally elongated when the cord is compressed from 
the anterior as shown by Brieg (37). 
 

Effects of Tethering on Vascular 
Supply to Spinal Cord

 
 
It is unlikely that direct compression of the anterior spinal 
artery is the sole precipitating factor in the production of 
cervical spondylotic myelopathy.  Obstruction of the 
anterior spinal artery in animal models only produces a 
pathological change in the ventral one third of the spinal 
cord, and not in the lateral columns which are most 
frequently involved in cervical spondylotic myelopathy in 
human subjects (25). 
 
Systemic arterial hypertension may enhance the 
production of myelopathic symptoms.  Systemic arterial 
hypertension that is 70 mm Hg above normal increases 
spinal cord degeneration and capillary congestion.  High 
blood pressure increases the spinal cord congestion at the 
site of compression and secondarily enhances the spinal 
cord degeneration observed in compression myelopathy 
(37).   
 
Additionally, many investigators agree that the spinal cord 
has an intrinsic autoregulation mechanism for its blood 
flow that functions within a range of arterial pressure 
between 70 and 150 mm Hg.  Both ischemic and 
compressed spinal cords demonstrate lower tissue 
oxygenation than the normal spinal cord (44).  The spinal 
cord also demonstrates a differential sensitivity of cord 
structures to anoxia.  Short periods of anoxia caused by a 
temporary total cord lesion from which the sensory tracts 
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recovered completely and the motor tracts recovered 
incompletely.  Motor neuron conduction is abolished 1.5 
times faster by anoxia than interneuron conduction, and 
four times faster than posterior column nerve conduction 
(48). 
 
Surgically, dilatation of spinal cord blood vessels was 
noted in 16 of 20 patients treated operatively for cervical 
spondylosis and cord compression.  Swollen nerve roots 
were observed in 7 patients out of 20, and cord 
displacement was noted in 12 of the 20 patients along with 
increased tension imparted by the dentate ligaments (33). 
 
According to Parke (26), a purely neuroischemic 
myelopathy without direct pressure on the cord could 
occur by a chance foraminal compression of an essential 
medullary feeder artery.  The resultant symptoms could be 
consistent with the typical thrombotic cervical anterior 
spinal artery syndrome (Beck's Syndrome) in which the 
upper extremities demonstrate a flaccid paralysis and 
areflexia, while the lower extremities present as a spastic 
diplegia.  There is concomitant sensory dissociation below 
the level of the lesion as well. 
 

Pathogenesis of Myelopathy in CSM 
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Cervical Spondylotic Myelopathy 
Possible Pain Generators 

 
The pain presentation of the cervical spondylotic 
myelopathy patient may be confusing due to the possibility 
of multiple pain generators contributing to the patient’s 
perceived pain.  Possible pain generators in cervical 
spondylosis may include any or all of the following in 
varying combinations: 
• Local facet or discogenic pain 
• Local muscular pain 

• Trigger point referred pain 
• Referred pain from facet joints or intervertebral discs 
• Radicular pain 
• Myelopathic pain 
 
 

Cervical Spondylotic Myelopathy 
Neurologic Exam 

 
The most common symptoms associated with cervical 
spondylotic myelopathy are: 
• Dysesthesia in the hands  
• Weakness and clumsiness in the hands with resultant 

deteriorating handwriting  
• Weakness in the lower extremities.  The weakness in 

the lower extremities may lead to the patient 
complaining of the legs feeling stiff and the patient 
may have to shuffle when he or she walks.   

• Patients may also lose confidence in their abilities to 
walk and may be afraid of falling.   

 
Of the three most common subjective complaints, gait and 
lower extremity related complaints are the most common.  
Gait may worsen later in the course of the disease if the 
dorsal columns become affected.  The combination of a 
loss of dorsal column proprioception with muscle wasting 
and weakness leads to very unsteady ambulation and a 
wide-based spastic gait.  These patients may require the 
use of external supports for walking (7,11,16,51).   
 
The following signs and symptoms were noted in a series 
of 35 cervical spondylosis patients (30): 
• Nerve root symptoms and signs  26 
• Long tract symptoms and signs  25 
• Neck pain    11 
• L'hermitte's sign   7 
• Impotence/sphincter disturbance 7 
• Brown-Sequard Syndrome  3 
• Horner's Syndrome   2 
 
In another series of cervical spondylotic myelopathy 
patients cited by Clark (51), the following symptoms were 
identified: 
• Radicular pain   39% 
• Paresthetic pain   34% 
• Spasticity    98% 
• Weakness    65% 
 
Thus, most of the symptoms reported are related to 
compression of the spinal cord, with radicular symptoms 
presenting at a less frequent rate than myelopathic 
symptoms and signs.  In addition, cervical spondylotic 
myelopathy patients may complain of urinary frequency or 
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urgency, however, bladder incontinence is less commonly 
seen (11). 
 
Occipital headache that is located on one or both sides and 
radiates through the parieto-temporal regions to the frontal 
region is a well known associated feature of cervical 
spondylosis and is seen in up to one third of all cervical 
spondylotic myelopathy patients. The headaches are 
typically worse upon awakening and subside during the 
day.  The actual mechanisms postulated to be involved in 
the production of the headache are posterior cervical 
muscle spasms, lower cervical osteoarthritis, upper 
cervical joint degenerative changes, and intersegmental 
movement abnormalities of the upper three cervical 
apophyseal joints (7,11,58,75).   
 
In addition to headaches, the cervical spondylotic 
myelopathy may also exhibit vertebrobasilar arterial 
insufficiency symptoms due to encroachment upon the 
vertebral arteries by osteoarthritic, hypertrophied uncinate 
processes.  Associated symptoms may include dizziness, 
constriction in the neck, diplopia, tinnitis, and a "feeling of 
separation from the environment" (11,24).   
 
MacNab (22) stated if the osteophyte developing on the 
uncovertebral joint extends laterally the vertebral artery 
may become kinked.  This may produce a so-called 
vertebral artery syndrome consisting of dizziness, which 
may be just a sensation of unsteadiness, or there may 
indeed be a true vertiginous component.  The patients 
complain of tinnitus, which is usually associated with 
some loss of hearing in the upper range.  In addition to 
these symptoms, the patient may complain of intermittent 
blurring of vision and occasional episodes of retro-ocular 
pain.  Occasionally a neurocentral osteophyte may 
produce kinking of the artery resulting eventually in a 
vertebral artery thrombosis.   
 
The following associated symptoms and signs were seen 
in a study of 100 cervical spondylosis patients (43): 
 
Brachial radiculitis   32 
Headache    28 
Vertigo     17 
Myelopathy    13 
Neck pain    13 
Vertebrobasilar arterial insufficiency  5 
Attacks of unconsciousness   4 
Drop attacks    3 
Acute lesions of the spinal cord  3 
 

 
 

Sensory Findings 
 

Sensory abnormalities are most commonly seen in the 
upper extremities and most symptoms and signs are 
primarily due to nerve root involvement.  Patients may 
experience paresthesias and pain at multiple levels.  
Numbness and tingling may be present at the tips of the 
fingers, often referenced to a radicular distribution.  The 
patients may also exhibit a decrease in light touch, 
pinprick, pain, and temperature sensation in the upper 
extremities.  When the lower extremities are involved, 
decreases in sensation may be seen in the lateral aspects of 
the legs and feet.  The symptoms of radiculopathy and 
myelopathy often co-exist or overlap.  Dorsal column 
involvement is not common.  If the patient exhibits a loss 
of vibratory and proprioceptive sense there is the 
likelihood of a poor prognosis as dorsal column 
involvement is only seen in the most advanced stages of 
cervical spondylotic myelopathy (7,11,16,51,64). 
 

Motor Findings 
 
Gait is often worse late in the course of the disease, with 
the patient exhibiting a wide-based, spastic gait.  
Ambulation is slow, shuffling, ataxic, and the patient 
frequently requires the use of external supports in walking.  
Upper extremity findings are usually noted unilaterally 
while it is common for the patient to display bilateral 
lower extremity involvement, with one leg often being 
affected more than the other.  There are variable degrees 
of wasting in the upper extremity that are dependent upon 
the segment of the spinal cord and/or the nerve root 
level(s) involved.  Decreased strength and fasciculations 
may be seen in the upper extremities (7,11,16,51).  The 
cervical spondylotic myelopathy patient also exhibits 
motor findings associated with the hands.  The finger 
escape sign is noted in the patient who has deficient 
adduction, extension, or both in the ulnar two or three 
digits of the affected hand (7,47).   
 
Ebara, et al (52) described the myelopathy hand associated 
with cervical spondylotic myelopathy as one in which 
there is diffuse or localized muscle wasting of the extrinsic 
or intrinsic hand muscles.  The muscle weakness, often 
appearing as a deficiency of extension of the fingers, was 
mostly seen unilaterally.  If the patient presented with 
bilateral involvement, there was much discrepancy 
between the right and left hands.  Sensory findings in these 
patients were disproportionate to motor findings, most 
often being minimal or absent.  The myelopathic hand 
patients most often had sagittal cervical spinal canal 
diameters below 13 millimeters and multisegmental 
spondylosis. 
 
Deficient hand closing is also characteristic of cervical 
spondylotic myelopathy patients.  The normal individual 
can open and close the fist at least twenty times in a 10-
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second period.  The myelopathy patient has much 
difficulty performing this maneuver.  The opening and 
closing of the fist is typically slow, difficult, and 
incomplete (7,16,47).  Patients complaining of numb and 
clumsy hands should be checked for the presence of spinal 
cord compression between the foramen magnum and the 
C5 level (16).  
 

 
 

 
Reflex/Pathological Reflex Findings 

 
Cervical spondylotic myelopathy patients typically exhibit 
hyperreflexia in the lower extremities.  Babinski's sign 
may be present late in the course of the disease as the 
degenerative changes proceed and the magnitude of spinal 
cord compression increases.  Superficial reflexes may be 
absent.  In the upper extremities, the deep tendon reflexes 
may be normal, decreased, or exaggerated, depending 
upon the level of involvement.   
 

Inverted Radial Reflex 
 

The inverted radial reflex may be present when cord and 
nerve root compression are present at the C5 and C6 
levels.  The reflex is seen during testing of the 
brachioradialis reflex.  As the brachioradialis tendon is 
struck with the reflex hammer at the distal end of the 
radius, a diminished response is noted in the 
brachioradialis along with a reflex contraction of the 
spastic finger flexors, hence the term "inverted radial 
reflex" (7,11,51).   
 

Dynamic Hoffman’s Sign 
 
Hoffman's sign, elicited by nipping the nail of the middle 
finger and observing a reflex contraction of the thumb and 
index finger, is evidence of an upper motor neuron lesion.  
In the normal patient, the Hoffman's sign is absent.  
Recently, a dynamic element has been suggested to add to 
the Hoffman's sign, which may increase the ability of the 
clinician to detect early spinal cord involvement in cervical 
spondylosis (50).  It was noted that if the Hoffman's sign 
was checked during active flexion and extension of the 
cervical spine as tolerated by the patient, that the sign 
could be elicited in subjects that did not elicit the sign in 
the static, resting position.  Clonus may be present at the 
wrist, patella, and ankle, depending upon the level and 
magnitude of compression (7,11,51). 
 
L'hermitte's sign, characterized by a radiating "electric 
shock-like sensation" that courses through the trunk, may 
be elicited by flexion or extension of the cervical spine 
(11).   

 
Dysphagia may be present due to anterior osteophyte 
encroachment upon the anteriorly situated esophagus 
(7,11,51). 
 

 
 

 
 

Imaging in Cervical Spondylotic 
Myelopathy 

 
 
Plain film radiography of the symptomatic cervical spine 
patient is a beneficial, relatively inexpensive, and readily 
available diagnostic tool.  Because patients who are 
completely asymptomatic may have severe degenerative 
changes on radiographic examination, the cervical spine 
series must be considered to be an extension of the history 
and physical examination and should be evaluated in light 
of the patient's symptoms and signs (76).   
 
Teresi, et al (77) demonstrated the widespread occurrence 
of degenerative changes in asymptomatic patients through 
the use of magnetic resonance imaging in a group of 
asymptomatic patients with evidence of cervical 
degenerative disc disease.  They found that a wide variety 
of abnormalities may be seen in asymptomatic patients, 
particularly the elderly.  They noted the following: 
 
• Disc protrusion may be seen in 57% of patients 

between under 45 and 55 years of age 
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• Disc protrusion was seen in 57% of patients under 64 
years of age 

• Posterolateral disc protrusion were noted in 9% 
• Spinal cord impingement was seen in 16% under 64 

years of age and in 26% of those over the age of 64 
• Spinal cord compression was identified in 7%  
 
Teresi also saw that the percentage of cross-sectional area 
reduction never exceeded 16% in asymptomatic patients 
and averaged approximately 7%.  Long tract signs 
generally were not manifested until there was a 30% 
reduction in the cord's cross-sectional area. 
 
The lateral cervical view is the single most important film 
for the evaluation of the degenerative spine, providing a 
wealth of information.  The lateral view is useful in 
assessing the intervertebral disc spaces, osteophytosis, 
cervical spine curvature and alignment, apophyseal joints, 
and bony sagittal cervical canal diameter measurements.  
The oblique views may be utilized to assess the degree of 
encroachment upon the intervertebral foramen.  
Osteophytes are not thought to physically encroach upon 
the exiting nerve roots until they obliterate more than 50% 
of the foraminal volume (76). 
 
Sagittal spinal canal diameter in the lower cervical spine 
averages 17-18 millimeters in the normal subject.  Most 
compressive symptoms are generated in the C5 through 
C7 levels due to the fact that the cervical spinal cord 
occupies 3/4 of the canal at this level in the normal patient 
(25,26).  Sagittal canal diameter is best assessed via the 
lateral cervical radiograph taken at 72 inches, non-bucky.  
Many experts feel that since there is the propensity for 
dynamic canal stenosis, the sagittal canal diameter should 
also be assessed on flexion and extension lateral cervical 
radiographs as well (26,36,55).  The minimal sagittal 
spinal canal diameter considered to be normal in the lower 
cervical region is 13 millimeters.  Sagittal canal diameters 
less than or equal to 12 millimeters are considered to be 
critical to the development of myelopathy.  It should be 
noted that the spinal cord's average anteroposterior 
diameter is 10 millimeters, with a range from 8.5 
millimeters to 11.5 millimeters (26).  The measurement of 
most use in the assessment of sagittal canal diameter is the 
functional sagittal canal diameter (36).  The functional 
sagittal canal diameter is assessed by measuring the 
distance between the tip of the most prominent osteophyte 
on the posterior border of adjacent spondylotic vertebrae 
to the superior aspect of the spinolaminar junction line of 
the inferior vertebra.  This measurement provides a better 
evaluation of the space available for the spinal canal's 
contents.  This measurement should be assessed on the 
flexion and extension views as well in order to compare 
static and dynamic findings (36). 

 

Static and Dynamic Spinal Canal Assessment 
 

 

 
 
The segmental stenotic index has been used to identify 
patients that may be at risk for the development of cervical 
spondylotic myelopathy (62).  The segmental stenotic 
index is calculated by assessing the difference between the 
developmental anteroposterior diameter (measured from 
mid vertebral body to mid lamina) and the spondylotic 
anteroposterior diameter (a.k.a functional sagittal canal 
diameter).  A segmental stenotic index of 1.5 millimeters 
or more may indicate a patient at risk for the development 
of cervical spondylotic myelopathy. 

 
Segmental Stenotic Index Assessment 

 

 
Viedlinger (30) described a magnification factor that is 
useful when considering sagittal canal diameter 
measurements.  Due to the width of the shoulders between 
male and female patients, 10 millimeters is approximately 
11.18 millimeters in the male and 11.11 millimeters in the 
female.  Therefore, one should consider that mensurations 
made on 72-inch lateral cervical radiographs are, in reality, 
anatomically smaller than actually measured. 
 
As a general rule of thumb the spinal canal can be related 
to the size of the articular pillars (71).  Approximately 1/3 
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of the canal should be visible posterior to the articular 
pillars.  Also, the anteroposterior diameter of the spinal 
canal in the cervical region should be approximately equal 
to the anteroposterior diameter of the vertebral body at that 
level.  Thus, a normal canal should have a ratio of 
approximately 1:1. Torg (42) utilized the ratio of canal 
size to vertebral body size in assessing patients at risk for 
spinal cord injury due to a stenotic spinal canal.  The ratio 
of the spinal canal to the vertebral body is the distance 
from the mid-point of the posterior aspect of the vertebral 
body to the nearest point on the corresponding 
spinolaminar junction line divided by the anteroposterior 
width of the vertebral body.  Utilizing this method, a 
measurement of less than 0.80 indicates significant 
stenosis, as normal spines demonstrate a measurement 
closer to 1.00. 
 

 
 

Torg Ratio 
Analysis

 
 
 
 
The AP compression ratio (APCR) is a measurement of 
the cross-sectional area of the spinal cord that is obtained 
from a CT scan with contrast.  The normal APCR is at 
least 45%.  Percentages for the APCR less than 40% are 

considered abnormal.  The AP compression ratio has been 
studied by Ogino (31).  He assessed the APCR at the most 
damaged spinal cord segment and found that when the 
APCR was 40%-45% (which is nearly in the normal 
range) that there was flattening of the gray matter of the 
spinal cord and mild, localized demyelination of the lateral 
corticospinal tracts.  An APCR of 22%-39%, which is 
significantly reduced, was associated with rarefaction of 
the gray matter, formation of small cavities and neuronal 
loss in the gray matter, and diffuse demyelination of the 
lateral corticospinal tracts.  When the APCR measured 
between 12% and 19% there was extensive gray matter 
necrosis and cavitation.  There was also significant 
necrosis and gliosis within the lateral columns and dorsal 
columns. 
 

Anteroposterior Compression Ratio (APCR) 
 

 
 

40-year-old male with 
long standing CSM

Symptoms worsened after 
trauma – increased gait 

dysfunction, bilateral hand 
dysfunction
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APCR = 24%

 
 
In a series of 45 patients studied by Saunders (18), cervical 
range of motion in the cervical spondylosis patient was 
found to be an indicator of a patient at risk for 
deterioration and further disability.  Saunders found that 
when the total range of motion (as assessed through the 
method illustrated below) was greater than 62 degrees the 
patient's condition was more likely to deteriorate.  When 
the total range of motion was less than 62 degrees, the 
disability tended to remain nonprogressive.  This 
measurement may prove of use in identifying those 
patients whose condition may not be amenable to an 
extended course of conservative care. 
 

 Total Range of Motion Measurement Technique 
 

 
 
 
Shirasaki, et al (57) studied factors which predisposed the 
patient to instability after anterior cervical fusion surgery 
and identified two structural characteristics that 
predisposed the patient to instability post-surgically:  the 
pre-operative segmental range of motion, and the facet 
angle.  When the segmental range of motion at the level 
adjacent to the site for the proposed fusion is already great, 
it will be further increased by compensatory motion after 

surgery, leading to disc degeneration and spondylotic 
changes.  The facet joint acts to restrain anterolisthesis by 
its angle of inclination, or facet angle.  A facet joint cannot 
act to restrain anterior slippage if the facet angle is large.  
Thus, facet angle and segmental range of motion should be 
considered in all surgical fusion candidates. 
 

Magnetic Resonance Imaging of  
Cervical Spondylotic Myelopathy 

 
Magnetic resonance imaging is of value in assessing the 
soft tissue structures associated with the cervical region.  
However, the use of MRI may not fully demonstrate the 
nature and extent of the lesion or lesions associated with 
cervical spondylotic myelopathy due to the static nature of 
the test and its inability to assess the cervical spondylotic 
myelopathy patient in the flexed and/or extended postures. 
 
Considerable attention has been given to the use of MRI in 
identifying intrinsic cord pathology secondary to cord 
compression resulting from extradural space-occupying 
lesions.  Takahashi et al (132) studied MRI scans from 128 
patients with compression lesions in the cervical spinal 
canal to determine whether a high signal intensity lesion 
within the spinal cord was present on T2-weighted images.  
The study revealed the presence of high signal intensity in 
18.8% of the patients and was generally observed in 
patients with constriction or narrowing of the spinal cord.  
The pathophysiological basis for the presence of the high 
signal intensity on the T2-weighted images was 
hypothesized to be myelomalacia or cord gliosis secondary 
to long-standing cord compression.   
 
Giammona et al (137) studied MRI scans from 56 patients 
with cervical spinal cord compression and noted increased 
signal intensity on T2-weighted images in 21.4% of the 
study group.  This subgroup also demonstrated evidence 
of a longer mean duration of symptoms, and, in most 
patients, more serious clinical conditions.  Mifsud and 
Pullicino (140) studied the frequency and cause of T2-
weighted spinal cord hyperintensity through an analysis of 
273 cases of cervical spondylosis and 36 cases of cord 
compression secondary to cervical spondylosis.  The 
found increased signal intensity on T2-weighted images 
present in 19 (7%) of 273 scans from cervical spondylosis 
patients and in 19 (53%) of 36 scans of patients with cord 
compression.  The authors noted that the presence of T2 
spinal cord hyperintensity related to the severity of the 
cervical spondylosis. 
 
Wada et al (93) studied fifty patients with cervical 
spondylotic myelopathy through the use of computed 
tomographic myelography and magnetic resonance 
imaging before and after surgical intervention to identify 
the recovery rates and clinical parameters suggestive of 
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poor outcome.  They found that patients with 
multisegmental areas of high signal intensity on T2-
weighted magnetic resonance images tended to have 
poorer results.  Post-operative computed tomographic 
myelography indicated that the multisegmental areas of 
high signal intensity on T2-weighted MRI probably 
represented cavitation in the central spinal cord.   Bucciero 
et al (136) reviewed magnetic resonance images from 35 
cervical spondylotic myelopathy patients whose films 
demonstrated increased signal intensity at the most 
compressed segment of the cervical spinal cord on T2 and 
proton density weighted images.  All patients underwent 
surgery and were subsequently re-evaluated via MRI.  
Postoperatively, the high MR signal intensity disappeared 
in 3 cases, decreased in 20 cases, and did not change in the 
remaining 12 cases.  The reversible increased signal 
intensity on T2-weighted images was attributed to edema 
or transient ischemia.  Irreversible changes were attributed 
to myelomalacia or gliosis of the spinal cord. 
 

49M

 
High intensity zone in patient with myelopathic symptoms 

 
Wada et al (107) also performed a retrospective study of 
MRI and computed tomography after myelography in 
cervical spondylotic myelopathy to determine if the 
presence or absence of high signal intensity areas in the 
spinal cord were correlated with clinical symptoms and 
surgical outcomes.  Seventy-four percent of patients in the 
study demonstrated high intensity areas on T2-weighted 
MRI.  Patients with multisegmental (linear) high intensity 
areas frequently manifested muscle atrophy in the upper 
extremities.  Multisegmental (linear) high intensity areas 
on T2-weighted MRI scans were associated with clinical 
evidence of extensive anterior horn cell damage and 
radiographic evidence of gray matter cavitation. 
 
Ratliff and Voorhies (94) studied increased T2-weighted 
signal intensity in patients with cervical myelopathy and 
found a rapid resolution of radiographic abnormalities 
after surgical decompression and fusion.  However, 

clinical improvement did not parallel radiographic 
resolution. 
 
Kameyama et al (95) studied the outcome from 
laminoplasty for cervical spondylosis to determine the 
efficacy of MRI and motor evoked potentials for surgical 
indications and prognosis.  The authors studied 31 cases of 
cervical myelopathy for which surgery was considered.  
Twenty-one patients had cervical spondylosis and ten 
patients suffered from ossification of the posterior 
longitudinal ligament.  Magnetic resonance imaging 
revealed the deformed spinal cord in the involved area, 
and the signal intensity of the involved spinal cord in the 
T2-weighted image was remarkably high.  The signal 
intensity ratio was significantly higher in the poor-
outcome patients than in the good outcome patients.  The 
authors concluded that a high signal intensity in the T2-
weighted image and a prolonged conduction time or 
absence of motor-evoked potentials largely corresponded 
to the clinical and other investigative features of 
myelopathy responsible for a poor outcome. 
 
Kameyama et al (98) studied intramedullary high-intensity 
lesions observed on T2-weighted MRI in patients with 
cervical myelopathy due to cervical spondylosis and 
ossification of the posterior longitudinal ligament.  The 
pathophysiological basis for the increased signal intensity 
was presumed to vary from acute edema to chronic 
myelomalacia.  They considered the intramedullary lesion 
to be the main site of the lesion responsible for the 
patient’s abnormal signs and symptoms because of the 
correlation between the neurological level of involvement 
and the level of the spinal cord affected by high signal 
intensity.   
 
In a third study, Kameyama et al (133) studied the MRI 
scans from three patients with cervical spondylotic 
amyotrophy, a clinical syndrome in cervical spondylosis 
characterized by severe muscle atrophy in the upper 
extremities with an absent or insignificant sensory deficit.  
The patients in this study demonstrated segmental 
muscular atrophy in the upper extremities with 
insignificant sensory findings.  Sagittal T2-weighted 
magnetic resonance images demonstrated multi-segmental 
linear high signal intensity within the cord at the 
compression sites.  The areas of high signal intensity 
appeared to be located in the region of the anterior horns 
on the axial images.  Cord compression was noted to be 
less severe when the neck was in the neutral position and 
spinal canal stenosis was increased when the neck was 
extended.  The pathophysiological mechanism was 
attributed to multisegmental damage of the anterior horns 
caused by dynamic compression, which possibly created a 
circulatory insufficiency. 
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Al-Mefty et al (138) reported on 18 cases in which the 
magnetic resonance imaging demonstrated two distinct 
types of lesions in patients with cervical spondylotic 
myelopathy.  In the first type, localized spinal cord 
changes at the level of compression (consistent with 
myelomalacia) were revealed as areas of high signal 
intensity on T2-weighted axial images.  The second type 
of lesion (consistent with either cystic necrosis or 
secondary syrinx formation) was best characterized as a 
local and/or multisegmental lesion that extended 
longitudinally up and/or down within the spinal cord on 
T2-weighted images.   
 
Histological studies of patients with spinal cord 
compression and the presence of increased signal intensity 
on T2-weighted images were performed (135).  The study 
revealed distinct differences in the severity and extent of 
pathological changes based on the shape of the 
compressed spinal cord as noted on axial images.  The 
cords were classified into two groups: boomerang-shaped 
or triangle-shaped cross-sections.  Boomerang-shaped 
cords demonstrated major pathological changes restricted 
to the gray matter, with relative preservation of the white 
matter.  Secondary wallerian degeneration was restricted 
to the fasciculus cuneatus, the fibers of which were 
derived from the affected segments.  Triangle-shaped 
cords exhibited more severe pathological changes that 
extended over more than one segment, and both 
descending degeneration of the pyramidal tracts and 
ascending degeneration of the posterior columns, 
including the fasciculus gracilis. 
 
 

Differential Diagnosis in Cervical  
Spondylotic Myelopathy 

 
A differential diagnosis of cervical spondylotic 
myelopathy should include the following conditions: 
• Multiple sclerosis 
• Amyotrophic lateral sclerosis 
• Spinal cord tumor 
• Syringomyelia 
• Subacute combined degeneration 
• Cervical disc extrusion 
• Cerebral hemisphere lesion 
• Low-pressure hydrocephalus 
 
Meyer and Sandovss (146) noted that the differential 
diagnosis between cervical spondylotic myelopathy and 
multiple sclerosis or other neurological deficits may be 
difficult.  They reported on 4 patients with presumed 
chronic cervical spondylotic myelopathy who also had 
unsuspected multiple sclerosis.   
 

Burgerman et al (147) reported on six patients who 
were affected by both multiple sclerosis and cervical 
spondylosis.  The authors noted that diagnostic 
evaluations of patients with symptoms of cervical 
spondylosis (particularly younger patients) should 
include consideration of the possible coexistence of 
multiple sclerosis and the evaluation of the patient with 
known multiple sclerosis who develops new signs of 
cervical spinal cord dysfunction should always include 
spinal neuroimaging studies.  Bashir et al (182) reported 
on 14 patients with multiple sclerosis and coexisting 
spinal cord compression secondary to cervical 
spondylosis or cervical disc disease.   
 

Differentiation of MS from CSM 
 

Cervical Spondylotic
Vascular Myelopathy

Multiple 
Sclerosis

Onset A few hours Slower

Duration of 
Relapses

A few hours to 
1-2 days Days to weeks

Clinical 
Presentation

Same each time but 
may be more severe 
with repeat episodes

Variable clinical 
picture

Symptoms 
and Signs Mainly motor Mixed motor 

and sensory

 
 
Syringomyelia has been associated with cervical 
spondylotic myelopathy and should be included in a 
differential diagnosis.  Yu and Moseley (149) 
retrospectively studied 88 cases of proven 
syringomyelia to explore the relationship between 
syringomyelia and cervical spondylotic myelopathy.  
They found that there was no significant increase in 
incidence of syringomyelia with cervical spondylotic 
myelopathy but the coexistence of the two conditions 
may contribute to the progression of cervical 
spondylotic myelopathy in some patients.  The 
coexistence of syringomyelia and cervical spondylotic 
myelopathy has been reported, and syringomyelia may 
be a complicating factor to cervical spondylotic 
myelopathy (150,151,152). 
 

 
Treatment of Cervical Spondylotic 

Myelopathy 
 
Lees and Turner (15) indicated that cervical spondylotic 
myelopathy is a disease that is best treated through very 
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conservative therapy.  McCormack and Weinstein (100) 
noted that the results of conservative treatment in most 
cases of cervical spondylosis are so favorable that 
surgical intervention is not considered unless pain 
persists or unless there is progressive neurological 
deficit.  Hunt outlined conservative and surgical 
treatments for cervical spondylotic myelopathy and 
indicated that, for the most part, a balance between 
judicious exercise to maintain muscular and 
ligamentous tone that is supplemented by rest, brief 
periods of immobilization, salicylates, and symptomatic 
therapy (massage, heat, counterirritants) is the treatment 
of choice (14).  Hunt noted that a “failure of 
conservative care” must be defined in terms of time, 
since many weeks or months may be required before 
symptoms subside; yet it is probable that the patient 
who has recovered with an unoperated spine is better 
off than the patient who has had a spinal fusion.   
 
Truumees and Herkowitz (169) indicated that a trial of 
nonsurgical management is recommended in most 
patients with radiculopathy or mild myelopathy.  
Surgical intervention should be reserved for patients 
with neurological complaints and in whom non-surgical 
measures have failed, as well as those patients with 
more pronounced myelopathy.   
 
Wang et al (178) studied 56 patients with cervical 
spondylotic myelopathy and found that conservative 
management resulted in 35% improvement and 
operative management resulted in 43% improvement.  
They indicated that if a patient has received 
conservative treatment, routine re-evaluation is essential 
for the early detection of progressive compression 
myelopathy signs.  Lehman (180) commented that 
conservative therapy helps in one-half of cervical 
spondylotic myelopathy patients and surgery may be 
beneficial in up to 75% of patients. 
 
Physical therapy, according to MacNab (22) does not 
reverse degenerative changes.  Loy (131) assessed the 
relative efficacies of physiotherapy and 
electroacupuncture in the treatment of cervical 
spondylosis and found that, while both methods were 
effective, electroacupuncture produced an earlier 
symptomatic improvement with increased neck 
movement.  Electroacupuncture was most effective in 
patients with mild degenerative changes in the cervical 
spine.  Cervical traction has the greatest value during 
the acute phase of the lesion.   
 
Swezey et al (99) studied the effects of home cervical 
traction therapy on patients with mild to moderately 
severe cervical spondylosis.  The patients in the study 
utilized over-the-door cervical traction 5 minutes per 

session, twice per day.  Over-the-door home cervical 
traction therapy provided symptomatic relief in 81% of 
the patients.   Prolonged physical therapy, especially if 
it involves taking more than two or more hours away 
from activities of daily living, may be more disabling 
than the disease itself (22). 
 
Cervical collars may be beneficial to the patient because 
they discourage cervical extension, they provide the 
patient with a “rest” position during activities of daily 
living, and they may possibly provide an algesic effect 
due to the firm pressure that the collar exerts versus the 
skin of the neck.   
 
McCormack and Weinstein (100) indicated that because 
may patients have nonprogressive minor impairment, 
neck immobilization is a reasonable treatment in 
cervical spondylotic myelopathy patients presenting 
with minor neurological findings or in whom operative 
treatment is contraindicated.  They indicate that the use 
of collars will result in improvement in 30% to 50% of 
patients.  Misra and Kalita (154) studied the effect of 
collar therapy in 20 patients with cervical spondylotic 
myelopathy through the use of motor evoked potentials.  
Patients were evaluated following 6 and 12 weeks of 
collar therapy.  Walking difficulties were present in 18 
patients and leg weakness ranged between 2/5 strength 
and 4/5 motor strength on a zero to 5 motor grading 
scale.  Joint position sense was impaired in 14 patients.  
They found that one Nurick’s grade of improvement 
occurred in 12 patients and two Nurick’s grades of 
improvement occurred in 3 patients at six weeks.  The 
authors also noted that improvement was more 
pronounced at 6 weeks as compared to 12 weeks after 
collar therapy. 
 
Chiropractic management of the cervical spondylotic 
myelopathy patient should be directed in a “full spine” 
approach.  Degenerative changes, instability in the mid-
cervical region, and neurbiomechanical hazards may 
preclude the application of high-velocity, low-amplitude 
techniques.  Attention should be given to postural 
abnormalities exhibited by the patient.  Treatments may 
include stretching and strengthening exercises as well as 
spinal manipulation above and below the involved 
segments of the cervical spine.   
 
Brieg (27) indicated the importance of a postural 
approach to patient care.  Brieg noted that the 
magnitude of the tension developed in the spinal cord 
depends firstly on the anatomical factor of body 
posture, which determines the relative lengths of the 
spinal canal and spinal cord.  Conductivity and 
circulation can often recover by eliminating tension due 
to the structures impinging on the spinal cord and the 
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exiting nerve roots resulting from postural alterations.  
Total tension induced by the pathology may lead to 
neural dysfunction with the most significant 
consequence of overstretching of the spinal cord’s nerve 
fibers being impairment of conductivity.  It would seem 
logical that if postural alterations can impair cord 
function, then postural training may improve cord 
function. 
 
Extension traction has been advocated for the use in the 
functional restoration of the cervical lordosis in patients 
who have had a loss of the normal cervical curve.  This 
procedure involves the sustained use of traction that 
holds the cervical spine in an extended posture.  From a 
neurological perspective, patients with a congenitally 
small cervical spinal canal and patients with acquired 
cervical spinal canal stenosis secondary to spondylosis 
are not candidates for this procedure.  This therapy is 
contraindicated because of the biomechanical 
interaction of the vertebrae comprising the cervical 
spinal canal, the ligamentous support structures of the 
region, and the spinal cord residing within the cervical 
spinal canal.  Extension causes the cervical spinal 
canal’s sagittal diameter to decrease in the lower 
cervical region while simultaneously causing the spinal 
cord to fold down upon itself and widen in its 
anteroposterior dimension.  In the patient with a normal 
cervical sagittal canal diameter (17-18 millimeters) the 
sustained extension traction position should not be 
hazardous.  However, in the case of the patient with 
spinal canal compromise due to congenital stenosis or 
acquired central canal stenosis, the extension traction 
procedure may be neurologically detrimental to the 
patient, as this position may produce spinal cord 
compression (23,24,74).  A patient with a sagittal canal 
diameter of 13 millimeters or less should not be 
subjected to the procedure. 
 
Brieg noted that the pincer action set up in extension 
can set up short range axial tension in the tissue of the 
cervical spinal cord.  The pincer action is produced by 
osteophytes approaching the posterior wall that consists 
of the dura, the ligamentum flavum, and the vertebral 
arches.  It occurs when a large osteophytes projects into 
the cervical canal of normal size or when a relative 
small osteophytes projects into a shallow canal.  The 
localized tension developed by the pincer action can be 
so great as to cause tearing of the nerve fibers and even 
blood vessels. 
 
The hazards of prolonged hyperextension to the cervical 
spondylosis patient have been described in literature 
concerning myelographic procedures in the cervical 
region (65).  Prolonged hyperextension of the head and 
neck, necessary to prevent the escape of oil into the 

intracranial cavity, is often painful and dangerous 
because of the maximal impingement on the cord 
produced by the hyperextension maneuver.  Greene et al 
(101) reported on a case in which gentle cervical 
hyperextension caused quadriplegia in an older man 
with symptomatic cervical spondylosis.  Whiteson et al 
(109) reported on a patient who suffered compressive 
myelopathy secondary to passive hyperextension of the 
cervical spine during a dental procedure.  The patient 
had been asymptomatic prior to the procedure and 
subsequent imaging revealed the presence of advanced 
spondylosis and spinal stenosis.  The authors noted that 
hyperextension of the cervical spine with spondylotic 
changes can lead to compression myelopathy.  They 
recommended preventive measures for individuals with 
asymptomatic spondylotic changes and education of all 
health-care professionals to avoid abrupt or prolonged 
hyperextension of the cervical spine. 
 
Anesthesiologists have identified the hyperextension 
position as a position hazardous to the cervical 
spondylosis patient.  Hyperextension, or excessive 
manipulation of the neck during intubation for 
anesthesia should be avoided.  It is conceivable that, 
during the induction of anesthesia, hyperextension may 
further damage a spinal cord that has already been 
displaced or compromised by posterior osteophytes.  
This additional damage may result in damage that is 
permanent (33).  Additional reports indicate that 
blanching of the spinal cord can be produced by 
hyperextending the cervical spine during surgical 
procedures for cervical spondylotic myelopathy, thus 
demonstrating the sensitivity of the spinal cord to 
circulatory alterations in the presence of a compromised 
cervical spinal canal (34).  Treatment in extension may 
also be detrimental to exiting nerve roots (59).  Thus, 
the physician seeking to utilize extension traction in the 
treatment of cervical curve reversals should carefully 
screen each patient and rule out contraindications for 
the procedure. 
 

Surgical Treatment 
 
Surgical treatment of cervical spondylotic myelopathy 
is unstandardized and associated with immediate, as 
well as long-term complications.  Congenitally narrow 
canals, as well as compensatory subluxation of 
vertebrae above spontaneously fused segments, may 
predispose the patient to myelopathy (62).  The most 
difficult and dangerous decompressions occur in the 
patient with the congenitally narrowed spinal canal, 
especially when the spine is straight.  Less posterior 
decompression can be achieved in the straight or 
kyphotic spine than in the spine with a normal curvature 
(14).  Batzdorf found that the patient with the relatively 
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normal cervical curvature demonstrated the greatest 
improvement in symptoms and signs postoperatively 
(53). 
 
The patients with moderate to severe disability at the 
time of the initial evaluation are probably the best 
candidates for aggressive treatment, as the chance for 
improvement through a protracted regimen of 
conservative care is negligible.  Good prognosis for 
surgery is associated with the young patient, symptom 
duration of less than one year, unilateral motor deficits, 
Lhermitte’s sign, and a limited number of levels of 
involvement (16,17,19,43).  According to Law et al 
(174), absolute indications for surgery are: progression 
of signs and symptoms, presence of myelopathy for six 
months or longer, and a compression ration approaching 
0.4.  Naderi et al (176) indicated that age, abnormal 
cervical curvature, and the presence of pre-operative 
high signal intensity within the spinal cord on T2-
weighted magnetic resonance imaging studies tend to 
predict less post-operative neurological improvement. 
 

Anterior Discectomy and Fusion 
 
There is a general tendency toward improvement in 
disability after anterior interbody fusion.  Many anterior 
discectomies with fusion have been carried out with 
immediate success, but long-term complications related 
primarily to accelerated degeneration of adjacent discs 
occur (14,19,65,66).  Following cervical laminectomy 
there is a tendency for late worsening of the patient’s 
disability, which may occur up to 8 to 12 years after the 
initial period of post-operative improvement and plateau 
(19, 65).  Indications for anterior decompression are 
cases in which there is anterior compression at one or 
two levels and no significant developmental narrowing 
of the spinal canal (174). 
 
Disadvantages to anterior discectomy and fusion 
include the following (66): 

• Neurological injury, including radiculopathy, 
recurrent laryngeal nerve palsy, and permanent 
myelopathy 

• Hoarseness 
• Graft extrusion 
• Graft donor site pain 
• Lateral femoral cutaneous nerve injury 
• Pseudoarthrosis 

 
Early surgical follow-up studies indicated that there was 
a tendency toward resorption of posterior osteophytes 
after successful spinal fusion in the cervical spine.  
DePalma and Cooke reported that in 58% of their cases 
with posterior osteophytes, there was radiographic 
evidence of complete resorption (66).  Yang reported 

the presence of posterior osteophytes on radiographs of 
all 69 patients in his series, with resorption or blunting 
of posterior osteophytes noted in one-third of patients at 
follow-up.  He found that an average of 21 months was 
required for resorption to occur (23).  However, 
evaluation of bone spurs via radiographs is difficult to 
perform properly due to positioning problems (68).   
 
Chiles et al (164) reported on 76 patients treated with 
anterior cervical decompression and fusion by one 
surgeon and noted that strength improved at rates of 80-
90% in individual muscle groups after anterior cervical 
decompression.  However, fewer than half of all 
patients experienced functional improvement in the 
lower extremities.  Sinha et al (171) reported on the 
outcome of anterior discectomy in 105 cases of cervical 
spondylosis.  He found that 89% showed improvement, 
4% were unchanged, and 7% worsened.  He felt that 
anterior cervical discectomy had less risk of overall 
complications than decompressive laminectomy. 
 
Another complication of anterior cervical 
decompression and fusion centers around the 
production of symptoms and signs at areas adjacent to 
the fusion site due to instability induced in those levels 
as a consequence of the fusion.  Chiles (164) noted that 
recurrent symptomatic spondylosis at unoperated levels 
was calculated to occur at an incidence of 2% per year.  
Hilibrand et al (168) studied the incidence, prevalence, 
and radiographic progress ion symptomatic adjacent-
segment disease, which was defined as the development 
of new radiculopathy or myelopathy referable to a 
motion segment adjacent to the site of previous anterior 
cervical arthrodesis.  They noted that symptomatic 
adjacent-segment disease occurred at a relatively 
constant incidence of 2.9% per year during the ten years 
post-surgery. The risk of new disease at an adjacent 
level was significantly lower following multilevel 
arthrodesis than it was following single-level 
arthrodesis.  Thus, symptomatic adjacent-segment 
disease may affect more than one-fourth of all patients 
within ten years after an anterior cervical arthrodesis.  
The greatest risk factors for new disease appeared to be 
a single-level arthrodesis involving the fifth or sixth 
cervical vertebra and pre-existing radiographic evidence 
of degeneration at adjacent levels.  Matsunaga, et al 
(194) analyzed the change in strain distribution of 
intervertebral discs present after anterior cervical 
decompression and fusion.  The authors noted that, in 
cases of double and triple-level fusions, the shear strain 
on adjacent segments increased approximately 20% one 
year post-surgery.  During the follow-up period, 85% of 
discs that demonstrated abnormal increases in 
longitudinal strain after surgery herniated and caused 
spinal cord compression.  They concluded that close 
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attention should be paid to the long-term biomechanical 
changes in the unfused segments of the cervical spine. 
 
Dowd and Wirth (173) performed a prospective, 
randomized trial to compare the effects of anterior 
cervical discectomy with anterior cervical discectomy 
and fusion.  They found that patients who underwent 
anterior cervical discectomy had shorter operative 
times, shorter hospital stays, and less need for analgesia.  
Patient satisfaction and return to preoperative activity 
level was similar for the non-fusion and fusion groups.  
The authors concluded that the addition of a fusion 
procedure to the anterior cervical discectomy may be 
unnecessary. 
 

Posterior Decompression - Laminectomy 
 
Indications for posterior decompression are 
compression at more than two levels, developmental 
narrowing of the spinal canal, posterior compression, 
the presence of a straight or lordotic spine, and 
ossification of the posterior longitudinal ligament 
(174,177).  Cervical laminectomy has a number of 
disadvantages associated with the procedure (68,181): 

• Manipulation of the spinal cord at surgery 
• Vertebral dislocation or Subluxation 
• Formation of scar tissue after surgery 
• Risk of increased neurological damage by 

attempting to remove anteriorly situated 
osteophytes or disc material by way of a 
posterior approach (There is a 19% to 53% 
neurological loss rate associated with 
laminectomy) 

• Production of kyphotic deformity 
• Postoperative radiculopathy 

 
With respect to the post-laminectomy kyphosis, at least 
one of the elements that make up the posterior column 
must be left intact in addition to the entire anterior 
column to maintain stability in the cervical spine.  In 
laminectomy, the posterior column supporting 
structures are profoundly interrupted.  From the 
posterior approach, facetectomy is done in addition to 
laminectomy to achieve nerve root decompression.  Not 
more than twenty-five percent of the facet joint should 
be removed.  When more than fifty percent of the facet 
joint is removed there is a statistically significant loss of 
stability in flexion and torsion.  Some authors 
recommend posterior laminectomy only when the 
cervical lordosis is intact (174). 
 
Kaptain et al (165) studied 46 patients who underwent 
laminectomy for cervical spondylotic myelopathy and 
found that kyphosis developed in 21% of patients who 
underwent the procedure.  Progress of the kyphotic 

deformity appeared twice as likely if preoperative 
radiographic studies demonstrated a straight spine.  
Sasai et al (170) performed a retrospective radiographic 
analysis of 31 patients undergoing laminoplasty for 
cervical spondylotic myelopathy to assess the 
consequences of the procedure on post-operative 
lordosis.  They found that the lordosis demonstrated a 
significant decrease in 87% of patients over an average 
of 3.1 years.  Loss of lordotic alignment was attributed 
to detachment of the semispinalis muscle on C2 and the 
nuchal ligament on C6-C7 because of the posterior 
approach and/or section of the ligamentum flavum at 
C2-C3.   
 
Shinomiya et al (205) described the relationship 
between the loss of the posterior epidural ligaments and 
cervical spinal cord injury.  The role of the posterior 
cervical epidural ligaments is to anchor the posterior 
dura mater to the ligamentum flavum and theoretically 
prevent injury to the spinal cord by resisting collapse of 
the dura during cervical flexion.  Posterior laminectomy 
destroys the attachments for these ligaments.  The 
authors found that reduced blood flow and changes in 
motor and sensory evoked potentials were noted in the 
spinal cord at 50 degrees, 60 degrees, and 70 degrees of 
flexion in test animals that underwent laminectomy.  No 
changes in blood flow or evoked potentials were noted 
in the control group during flexion of the cervical spine.  
The study concluded that the loss of the posterior 
cervical epidural ligaments allows anterior displacement 
of the posterior dura mater in flexion, which may lead 
to flexion myelopathy. 
 
The facet joints account for greater than 40% of the 
cervical spine’s stability.  Laminectomy and 
facetectomy result in 60% of the cervical spine’s 
stability in flexion being lost (69,70,72).  Risk factors 
for the development of post-laminectomy kyphosis are 
as follows (72): 

• Children or adults less than 25 years of age 
• Patients who have undergone laminectomy 

combined with foraminotomy or extensive 
dissection about the facets 

• Patients undergoing laminectomy following 
trauma, in whom spinal stability is already 
compromised 

 
Sinha et al (171) reported on 119 cases of patients 
treated via decompressive laminectomy for cervical 
spondylosis.  His results indicated that 68% improved, 
15% were unchanged, 15% worsened, and 1.6% died.  
Arnasson et al (172) reported that 69% of cervical 
spondylotic myelopathy patients treated with posterior 
surgery improved.  Guigui et al (175) studied 60 
patients over the age of 30 who underwent a 
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laminectomy of more than 3 levels without fusion for 
myelopathy secondary to cervical spondylosis.  The 
patients in the study were followed for an average of 5 
years through the use of lateral cervical radiographs that 
included neutral lateral, flexion, and extension films.  
They found that 31% of the patients developed post-
operative changes in cervical spine curvature.  Twenty-
five percent of patients demonstrated one or more 
destabilized levels, and destabilization required repeat 
surgery in 3 patients.  It was noted that all levels found 
destabilized on the post-operative radiographs were also 
hypermobile on pre-operative radiographs. 
 
Combined Approach: Anterior Discectomy and Fusion 

with Posterior Laminectomy 
 
A small subclass of patients treated operatively has 
undergone surgery according to a protocol involving 
both an anterior approach and a posterior laminectomy.  
The combined approach may be necessary in cases 
where the patient has kyphosis associated with a 
developmentally small spinal canal and multilevel 
pathology (174).  Jeffreys (167) reported on 137 
patients with severe disability that were treated with the 
anterior approach and posterior laminectomy.  Fifty-two 
percent of patients returned to full employment 
following surgery, 39% returned to light employment, 
and 9% remained disabled though improved from the 
pre-operative status.  Sinha et al (171) reported on 6 
cases in which patients were treated via the combined 
approach.  In the combined approach, 66% showed 
improvement post-operatively, 17% remained 
unchanged, and 17% died. 
 
References 
1. Gore, D.R. et al, "Neck pain:  A long-term follow-up of 250 patients", Spine, Vol. 12, No. 1, 

1987. 
2. Bland, J.H., "The cervical spine:  From anatomy to clinical care", Medical Times, Vol. 117, 

No. 9, 1989. 
3. Rothman, R.H., and Simeone, F.A., The Spine, Second Edition, W.B. Saunders, 

Philadelphia, 1982. 
4. Dillin, W., et al, "Cervical radiculopathy - a review", Spine, Vol. 11, No. 10, 1986. 
5. Davis, C., "Disc and degenerative disease:  Stenosis, spondylosis, and subluxation", in 

Critchley, E., and Eisen, A., Diseases of the Spinal Cord, Springer-Verlag, New York, 1992. 
6. Connell, M.D., and Wiesel, S.W., "Natural history and pathogenesis of cervical disc disease", 

Ortho Clin North Am, Vol. 23, No. 3, 1992. 
7. Heller J.G., "The syndromes of degenerative cervical disease", Ortho Clin North Am, Vol. 

23, No. 3, 1992. 
8. Friedenberg, Z.B., and Miller, W.B., "Degenerative disc disease of the cervical spine", JBJS, 

Vol. 45-A, No. 6, 1963. 
9. Viikari-Juntura, E., et al, "Validity of clinical tests in the diagnosis of root compression in 

cervical disc disease", Spine, Vol. 14, No. 3, 1989. 
10. Fisher, D.K., Simpson, R.K., and Baskin, D.S., "Spinal spondylosis and disc disease", in 

Evans R.W., Baskin, D.S., and Yatsu, F.M., Prognosis of Neurological Disorders, Oxford 
University Press, New York, 1992. 

11. Lestini, W.F., and Wiesel, S.W., "The pathogenesis of cervical spondylosis", Clin Orth Rel 
Res, 239:69-93, 1989. 

12. Fast, A., Shailesh, P. and Marin, E., "The shoulder abduction relief sign in cervical 
radiculopathy", Arch Phys Med Rehabil, Vol. 70, May 1989. 

13. Davidson, R.I., Dunn, E.J., and Metzmaker, J.N., "The shoulder abduction relief test in the 
diagnosis of radicular pain in cervical extradural compressive monoradiculopathies", Spine, 
6:441, 1991. 

14. Hunt, W.E., "Cervical spondylosis:  Natural history and rare indications for surgical 
decompression", Clin Neurosurg, 27:466, 1980. 

15. Lees, F., and Turner, J.W., "Natural history and prognosis of cervical spondylosis" BMJ, 
2:1607, 1963. 

16. Montgomery, D.M., and Brower, R.S., "Cervical spondylotic myelopathy:  Clinical syndrome 
and natural history", Ortho Clin North Am, Vol. 23, No. 3, 1992. 

17. LaRocca, H., "Cervical spondylotic myelopathy:  Natural history", Spine, Vol. 13, No. 7, 
1988. 

18. Saunders, B.M., "The effect of cervical mobility on the natural history of cervical spondylotic 
myelopathy", J. Neurol, Neurosurg, and Psychiat, 47:17-20, 1984. 

19. Gregorius, F.K., Estrin, T., and Crandall, P.H., "Cervical spondylotic radiculopathy and 
myelopathy", Arch Neurol, 33:618, 1976. 

20. Nurick, S., "The pathogenesis of the spinal cord disorder associated with cervical 
spondylosis", Brain, 95:87-100, 1972. 

21. Clark, E., and Robinson, P.K., "Cervical myelopathy:  A complication of cervical 
spondylosis", Brain, 79:483-510, 1956. 

22. MacNab, I., "Cervical spondylosis", Clin Orth Rel Res, 109:69-77, 1975. 
23. Fukui, K., et al, "Pathomechanism, pathogenesis, and results of treatment in cervical 

spondylotic myelopathy caused by dynamic canal stenosis", Spine, Vol. 15, No. 11, 1990. 
24. Payne, E.E., and Spillane, J.D., "The cervical spine:  An anatomico-pathological study of 70 

specimens with particular reference to the problem of cervical spondylosis", Brain, 80:571-
596, 1957. 

25. Bohlman, H.H., and Emery, S.E., "The pathophysiology of cervical spondylosis and 
myelopathy", Spine, Vol. 13, No. 7, 1988. 

26. Parke, W.W., "Correlative anatomy of cervical spondylotic myelopathy", Spine, Vol. 13, No. 
7, 1988. 

27. Brieg, A., Adverse Mechanical Tension in the Central Nervous System, John Wiley and 
Sons, New York, 1978. 

28. Holt, S., and Yates, P.O., "Cervical spondylosis and nerve root lesions:  Incidence at routine 
necropsy", JBJS, Vol. 48-B, No. 3, 1966. 

29. Epstein, J.A., et al, "Cervical myeloradiculopathy caused by arthrotic hypertrophy of the 
posterior facets and laminae", J. Neurosurg, 49:387-392, 1978. 

30. Veidlinger, O.F., et al, "Cervical myelopathy and its relationship to cervical stenosis", Spine, 
Vol. 6, No. 6, 1981. 

31. Ogino, H. et al, "Canal diameter, anteroposterior compression ratio, and spondylotic 
myelopathy of the cervical spine", Spine, Vol. 8, No. 1, 1983. 

32. Ono, K., et al, "Cervical myelopathy secondary to multiple spondylotic protrusions - a 
clinicopathologic study", Spine, Vol. 2, No. 2, 1977. 

33. Teng, P., "Spondylosis of the cervical spine with compression of the spinal canal and nerve 
roots", JBJS, Vol. 42-A, No. 3, 1960. 

34. Allen, K.L., "Neuropathies caused by bone spurs in the cervical spine with special reference 
to surgical treatment", J. Neurol, Neurosurg, and Psychiat, 15:20-36, 1952. 

35. Kasdon, D.L., "Cervical spondylotic myelopathy with reversible fasciculations in the lower 
extremities", Arch Neurol, 34:774-776, 1977. 

36. Robinson, R.A., et al, "Cervical spondylotic myelopathy:  Etiology and treatment concepts", 
Spine, Vol. 2, No. 2, 1977. 

37. Hukuda, S., Ogata, M., and Katsuura, A., "Experimental study on acute aggravating factors of 
cervical spondylotic myelopathy", Spine, Vol. 13, No. 1, 1988. 

38. Voskuhl, R.R., and Hinton, R.C., "Sensory impairment in the hands secondary to spondylotic 
compression of the cervical spinal cord", Arch Neurol, 47:309-311, 1990. 

39. Taylor, A.R., and Aberd, M.B., "Vascular factors in the myelopathy associated with cervical 
spondylosis", Neurology, 14:62-68, 1964. 

40. Hoff, J., et al, "The role of ischemia in the pathogenesis of cervical spondylotic myelopathy - 
a review and new microangiographic evidence", Spine, Vol. 2, No. 2, 1977. 

41. Gooding, M.R., "Pathogenesis of myelopathy in cervical spondylosis", Lancet, 1180, Nov., 
1974. 

42. Torg, J.S., et al, "Neurapraxia of the cervical spinal cord with transient quadriplegia", JBJS, 
Vol. 68-A, No. 9, 1986. 

43. Dommisse, G.F., "The blood supply of the spinal cord", in Grieve, G.P., Modern Manual 
Therapy of the Vertebral Column, Churchill-Livingstone, New York, 1986. 

44. Hukuda, S., and Amano, K., "Spinal cord tissue oxygen in experimental ischemia, 
compression, and central necrosis", Spine, Vol.5, No. 4, 1980. 

45. Shinomiya, K., Mutoh, N., and Furuya, K., "Study of experimental cervical spondylotic 
myelopathy", Spine, Vol. 17, No. 10S, 1992. 

46. White, A.A., and Panjabi, M.M., Clinical Biomechanics of the Spine, J.B. Lippincott, 
Philadelphia, 1978. 

47. Ono, K., et al, "Myelopathy hand - new clinical signs of cervical cord damage", JBJS, Vol. 
69-B, No. 2, 1987. 

48. Gelfan, S., and Tarlov, I.M., "Differential vulnerability of spinal cord structures to anoxia", J. 
Neurophysiol, 18:170, 1955. 

49. Gore, D.R., Sepic, S.B., and Gardner, G.M., "Roentgenographic findings of the cervical spine 
in asymptomatic people", Spine, Vol. 11, No. 6, 1986. 

50. Denno, J.J., and Meadows, G.R., "Early diagnosis of cervical spondylotic myelopathy - a 
useful clinical sign", Spine, Vol. 16, No. 12, 1991. 

51. Clark, C.R., "Cervical spondylotic myelopathy:  History and physical findings", Spine, Vol. 
13, No. 7, 1988. 

52. Ebara, S., et al, "Myelopathy hand characterized by muscle wasting:  a different type of 
myelopathy hand in patients with cervical spondylosis", Spine, Vol. 13, No. 7, 1988. 

53. Batzdorf, U., and Batzdorf, A., "Analysis of cervical spine curvature in patients with cervical 
spondylosis", Neurosurg, Vol. 22, No. 5, 1988. 

54. Fineman, S. et al, "The cervical spine:  Transformation of the normal lordotic pattern into a 
linear pattern in the neutral posture", JBJS, Vol. 45-A, No. 6, 1963. 

55. Rechtman, A.M., et al, "The lordotic curve or the cervical spine", Clin Orth Rel Res, 20:208-
216, 1961. 

56. Boreadis Borden, A.G., et al, "The normal cervical lordosis", Radiology, 74:806-809, 1960. 
57. Shirasaki, N., et al, "Structural characteristics predisposing cervical instability after anterior 

spinal fusion", Neuro-Orthopedics, 10:97-109, 1991. 
58. Bogduk, N., "Cervical causes of headache and dizziness", in Grieve, G.P., Modern Manual 

Therapy of the Vertebral Column, Churchill-Livingstone, New York, 1986. 
59. Yoo, J.U., et al, "Effect of cervical spine motion on the neuroforaminal dimensions of the 

human spine", Spine, Vol. 17, No. 10, 1992. 
60. Hayashi, H., et al, "Cervical spondylotic myelopathy in the aged patient", Spine, Vol. 13, No. 

7, 1988. 
61. Reid, J.D., "Effects of flexion-extension movements of the head and spine upon the spinal 

cord and nerve roots", J. Neurol, Neurosurg, and Psychiat., 23:214-221, 1960. 
62. White, A.A., and Panjabi, M.M., "Biomechanical considerations in the surgical management 

of cervical spondylotic myelopathy", Spine, Vol. 13, No. 7, 1988. 



 21 

63. Bohlman, H.H., "Cervical spondylosis with moderate to severe myelopathy", Spine, Vol. 2, 
No. 2, 1977. 

64. Herkowitz, H.N., "The surgical management of cervical spondylotic radiculopathy and 
myelopathy", Clin Orth Rel Res, No. 239, 1989. 

65. Crandall, P.H., and Gregorius, F.K., "Long-term follow-up of surgical treatment of cervical 
spondylotic myelopathy", Spine, Vol. 2, No. 2, 1977. 

66. DePalma, A.F., and Cooke, A.J., "Results of anterior interbody fusion of the cervical spine", 
Clin Orth Rel Res, No. 60, 1968. 

67. Yang, K.C., et al, "Cervical spondylotic myelopathy treated by anterior multilevel 
decompression and fusion - follow-up report of 214 cases", Clin Orth Rel Res, 221:161-164, 
1987. 

68. Epstein, J.A., et al, "Cervical spondylotic radiculopathy", Clin Orth Rel Res, 40:113-122, 
1965. 

69. Butler, J.C., and Whitecloud, T.S., "Post-laminectomy kyphosis - causes and surgical 
management", Ortho Clin North Am, Vol. 23, No. 3, 1992 

70. Saito, T., et al, "Analysis and prevention of spinal column deformity following cervical 
laminectomy. I. Pathogenetic analysis of postlaminectomy deformities", Spine, Vol. 16, No. 
5, 1991. 

71. Alker, G., "Neuroradiology of cervical spondylotic myelopathy", Spine, Vol. 13, No. 7, 1988. 
72. Cervical Spine Research Society, The Cervical Spine, J.B. Lippincott, Philadelphia, 1983. 
73. McKechnie, B., "Closing loopholes", Dynamic Chiropractic, Vol. 9, No. 20, 1991. 
74. McKechnie, B., "A neurological perspective on the use of extension traction for the 

restoration of cervical lordosis", Dynamic Chiropractic, Vol. 9, No. 2, 1991. 
75. Jull, G.A., "Headaches associated with the cervical spine - a clinical review", in Grieve, G.P., 

Modern Manual Therapy of the Vertebral Column, Churchill-livingstone, New York, 1986. 
76. Rahim, K.A., and Stambough, J.L., "Radiographic evaluation of the degenerative cervical 

spine", Ortho Clin North Am, Vol. 23, No. 3, 1992. 
77. Teresi, C.M., Lufkin, R.B., and Reicher, M.A., "Asymptomatic degenerative disease and 

spondylosis of the cervical spine:  MR imaging", Radiology, 164:83, 1987. 
78. Kramer, J., Intervertebral Disk Diseases – Causes, Diagnosis, Treatment and Prophylaxis, 

Yearbook Medical Publishers, Inc., Chicago, 1981. 
79. Hubka, MJ, et al, “Rotary manipulation for cervical radiculopathy: observartions on the 

importance of the direction of the thrust”, JMPT, 20:622-627, 1997. 
80. BenEliyahu, DJ, “Magnetic resonance imaging and clinical follow-up: study of 27 patients 

receiving chiropractic care for cervical and lumbar disc herniations”, JMPT, 19:597-606, 
1996.  

81. Maigne, JV, and Deligne, L., “Computed tomographic follow-up study of 21 cases of non-
operatively treated cervical soft disc herniation”, Spine, 19:189-191, 1994. 

82. Tan, JC, and Nordin, M., “Role of physical therapy in the treatment of cervical disc 
disease”, Orthop Clin North Am, 23:435-449, 1992. 

83. Moore, AP., and Blumhardt, L.D., “A prospective study of the causes of non-traumatic 
spastic paraparesis and tetraparesis in 585 patients”, Spinal Cord, 35:361-367, 1997. 

84. Sadasivian, K.K., et al, “The natural history of cervical spondylotic myelopathy”, Yale 
J Biol  Med, 66:235-242, 1993. 

85. Rodiek, S.O., “Computed tomographic studies in cervical spinal stenosis”, ROFO 
Fortschr Geb Rontgenstr Nuklearmed, 139:383-388, 1983. 

86. Martin, G., “Cervical spondylotic myelopathy in wide canals”, N Z Med J, 85:475-
476, 1977. 

87. Muhle, C., et al, “Dynamic changes of the spinal canal in patients with cervical 
spondylosis at flexion and extension using MRI”, Invest Radiol, 33:444-448, 1998. 

88. Barnes, M.P., and Saunders, M., “The effect of cervical mobility on the natural history 
of cervical spondylotic myelopathy”, J Neurol Neurosurg Psychiatry, 47:17-20, 1984. 

89. Higo, M., “Roentgenological study of antero-posterior diameter in developmental 
canal stenosis of cervical spine”, Nippon Seikeigeka Gakkai Zasshi, 61:455-465, 1987. 

90. Matsunaga, S., “Dissociated motor loss in the upper extremities”, Spine, 14:1964-
1967, 1993. 

91. Lohnert, J., and Latal, J., “Cervical spondylotic myelopathy”, Bratisl Lek Listy, 
96:395-400, 1995. 

92. Epstein, N.E., Epstein, J.A., and Carras, R., “Coexisting cervical spondylotic 
myelopathy and bilateral carpal tunnel syndrome”, J. Spinal Disord, 2:36-42, 1989. 

93. Wada, E., et al, “Can intramedullary signal change on magnetic resonance imaging 
predict surgical outcome in cervical spondylotic myelopathy?”, Spine, 24:455-461, 
1999. 

94. Ratliff, J., and Voorhies, R., “Increased MRI signal intensity in association with 
myelopathy and cervical instability: case report and review of the literature”, Surgical 
Neurology, 53:8-13, 2000. 

95. Kameyama, O, Kawakita, H., and Ogawa, R., “Electrophysiological and MRI study on 
poor outcome after surgery for cervical myelopathy”, Nippon Seikeigeka Gakkai 
Zasshi, 69:1095-1101, 1995. 

96. Mihara, H. et al, “Cervical myelopathy caused by C3-C4 spondylosis in elderly 
patients: a radiographic study of pathogenesis”, Spine, 25:796-800, 2000. 

97. Tani, T., Yamamoto, H., and Kimura, J., “Cervical spondylotic myelopathy in elderly 
people: a high incidence of conduction block at C3-4 or C4-5”, J Neurol Neurosurg 
Psychiatry, 66:456-464, 1999. 

98. Kameyama, T., Ando, T., Yanagi, T., and Hashizume, Y., “Neuroimaging and 
pathology of the spinal cord in compressive cervical myelopathy”, Rinsho Byori, 
43:886-890, 1995. 

99. Swezey, R.L., Swezey, A.M., and Warner, K., “Efficacy of home cervical traction 
therapy”, Am J Phys Med Rehabil, 78:30-32, 1999. 

100. McCormack, B.M., and Weinstein, P.R., “Cervical spondylosis: an update”, West J 
Med, 165:43-51, 1996. 

101. Greene, K.A., Gorman, W.F., and Sonntag, V.K., “Gentle cervical hyperextension 
causing quadriplegia in an older man with symptomatic cervical spondylosis”, J Am 
Geriatric Soc, 46:208-209, 1998. 

102. Kuhtz-Buschbeck, J.P., et al, “Analysis of gait in cervical myelopathy”, Gait Posture, 
9:184-189, 1999. 

103. Singh, A., and Crockard, H.A., “Quantitative assessment of cervical spondylotic 
myelopathy by a simple walking test”, Lancet, 354:370-373, 1999. 

104. Holmes, A., et al, “The range and nature of flexion-extension motion in the cervical 
spine”, Spine, 19:2505-2510, 1994. 

105. Sato, M., and Tsuru, M., “The antero-posterior diameter of the cervical spinal canal in 
cervical spondylosis”, No Shinkei Geka, 4:359-364, 1976. 

106. Bednarik, J., Kadanka, Z., and Vohanka, S., “Median nerve mononeuropathy in 
spondylotic cervical myelopathy: double crush syndrome?”, J neurol, 246:544-551, 
1999. 

107. Wada, E., Ohmura, M., and Yonenobu, K., “Intramedullary changes of the spinal cord 
in cervical spondylotic myelopathy”, Spine, 20:2226-2232, 1995. 

108. Sasaki, T., Kadoya, S., and Iizuka, H., “Roentgenological study of the sagittal diameter 
of the cervical spinal canal in normal adult Japanese”, Neurol Med Chir (Tokyo), 
38:83-88, 1998. 

109. Whiteson, J.H., et al, “Tetraparesis following dental extraction: case report and 
discussion of preventive measures for cervical spinal hyperextension injury”, J Spinal 
Cord Med, 20:422-425, 1997. 

110. Chang, M.H., et al, “Numb, clumsy hands and tactile agnosia secondary to high 
cervical spondylotic myelopathy: a clinical and electrophysiological correlation”, Acta 
Neurol Scand, 86:622-625, 1992. 

111. Romano, J.G., Bradley, W.G., and Green, B., “High cervical myelopathy presenting 
with numb clumsy hand syndrome”, J Neurol Sci, 140:137-140, 1996. 

112. Chen, T.Y., “The clinical presentation of uppermost cervical disc protrusion”, Spine, 
25:439-442, 2000. 

113. Watson, J.C., Broaddus, W.C., Smith, M.M., and Kubal, W.S., “Hyperactive pectoralis 
reflex as an indicator of upper cervical spinal cord compression – a report of 15 cases”, 
J Neurosurg, 86:159-161, 1997. 

114. Voskuhl, R.R., and Hinton, R.C., “Sensory impairment in the hands secondary to 
spondylotic compression of the cervical spinal cord”, Arch Neurol, 47:309-311, 1990. 

115. Rovira, M., Torrent, O., and Ruscalleda, J., “Some aspects of the spinal cord 
circulation in cervical myelopathy”, Neuroradiology, 9:209-214, 1975. 

116. Good, D.C., Couch, J.R., and Wacaser, L., “Numb, clumsy hands and high cervical 
spondylosis”, Surg Neurol, 22:285-291, 1984. 

117. Stuart, D., “Dysphagia due to cervical osteophytes – a description of five patients and 
a review of the literature”, Int Orthop, 13:95-99, 1989. 

118. Ando, T., et al, “Dynamic MR imaging of the cervical cord in patients with cervical 
spondylosis and ossification of the posterior longitudinal ligament – significance of 
dynamic cord compression”, Rinsho Shinkeigaku, 32:30-36, 1992. 

119. Zhao, D.L., “The design of a model of the experimental cervical spondylosis”, Chung 
Hua Wai Ko Tsa Chih, 31:453-455, 1993. 

120. Valergakis, F.E., “Cervical spondylosis: most common cause of position and vibratory 
sense loss”, Geriatrics, 31:51-56, 1976. 

121. Swagerty, D.L., “Cervical spondylotic myelopathy: a cause of gait disturbance and 
falls in the elderly”, Kans Med, 95:226-227, 1994. 

122. Goodridge, A.E., et al, “Hand wasting due to mid-cervical spinal cord compression”, 
Can J Neurol, 14:309-311, 1987. 

123. Kasdon, D.L., “Cervical spondylotic myelopathy with reversible fasciculations in the 
lower extremities”, Arch Neurol, 34:774-776, 1977. 

124. Iansek, R., Heywood, J., Karnaghan, J., and Balla, J.I., “Cervical spondylosis and 
headaches”, Clin Exp Neurol, 23:175-178, 1987. 

125. Phillips, D.G., “Upper limb involvement in cervical spondylosis”, J Neurol Neurosurg 
Psychiatry, 38:386-390, 1975. 

126. Ito, T., et al, “Cervical spondylotic myelopathy. Clinopathologic study on the progression 
pattern and thin myelinated fibers of the lesions of seven patients examined during complete 
autopsy”, Spine, 21:827-833, 1996. 

127. Shinomiya, K., Mutoh, N., and Furuya, K., “Study of experimental cervical spondylotic 
myelopathy”, Spine, 17(10 Suppl):S383-387, 1992.  

128. Levine, D.N., “Pathogenesis of cervical spondylotic myelopathy”, J Neurol Neurosurg 
Psychiatry, 62:334-340, 1997. 

129. Fehlings, M.G., and Skaf, G., “A review of the pathophysiology of cervical spondylotic 
myelopathy with insights for potential novel mechanisms drawn from traumatic spinal cord 
injury”, Spine, 24:2370-2377, 1998. 

130. Al-Mefty, O., et al, “Experimental chronic compressive cervical myelopathy”, J 
Neurosurg, 79:550-561, 1993. 

131. Loy, T.T., “Treatment of cervical spondylosis – electroacupuncture versus 
physiotherapy”, Med J Aust, 9:32-34, 1983. 

132. Takahashi, M., Sakamoto, Y., Miyawaki, M., and Bussaka, H., “Increased MR signal 
intensity secondary to chronic cervical cord compression”, Neuroradiology, 29:550-
556, 1987. 

133. Kameyama, T., Ando, T., Yanagi, T., Yasui, K., and Sobue, G., “Cervical spondylotic 
amyotrophy – magnetic resonance imaging demonstration of intrinsic cord pathology”, 
Spine, 23:448-452, 1998. 

134. Tung, M.Y., and Tan, K.K., “An unusual cause of dysphagia”, Singapore Med J, 
37:315-317, 1996. 

135. Kameyama, T., Ando, T., Yanagi, T., and Hashizume, Y., “Neuroimaging and 
pathology of the spinal cord in compressive cervical myelopathy”, Rinsho Byori, 
43:886-890, 1995. 

136. Bucciero, A., Vizioli, L., Carangelo, B., and Tedeschi, G., “MR signal enhancement in 
cervical spondylotic myelopathy – correlation with surgical results in 35 cases”, J 
Neurosurg Sci, 37:217-222, 1993. 

137. Giammona, G., et al, “Magnetic resonance imaging in cervical spinal cord 
compression”, Arq Neuropsiquiatr, 51:407-408, 1993. 

138. Al-Mefty, O., et al, “Myelopathic cervical spondylotic lesions demonstrated by 
magnetic resonance imaging”, J Neurosurg, 68:217-222, 1988. 

139. Yoshiyama, Y., et al, “The pseudo-polyneuropathy type sensory disturbances in 
cervical spondylotic myelopathy”, Rinsho Shinkeigaku, 35:141-146, 1995. 

140. Mifsud, V., and Pullicino, P., “Spinal cord MRI hyperintensities in cervical 
spondylosis: an ischemic pathogenesis?”, J Neuroimaging, 10:96-100, 2000. 

141. Young, W.F., “Cervical spondylotic myelopathy: a common cause of spinal cord 
dysfunction in older persons”, Am Fam Physician, 62:1064-1073, 2000. 

142. Kelkar, P., Ross, M.A., and Yamada, T., “Isolated posterior column dysfunction: an 
unusual presentation of spondylotic myelopathy”, J Spinal Disorders, 13:356-359, 
2000. 

143. Kodama, M., et al, “Dysphagia caused by an anterior cervical osteophyte: case report”, 
Neuroradiology, 37:58-59, 1995. 



 22 

144. Sonstein, W.J., LaSala, P.A., Michaelsen, W.J., and Onesti, S.T., “False localizing 
signs in upper cervical spinal cord compression”, Neurosurgery, 38:445-448, 1996. 

145. Wilberger, J.E., and Chedid, M.K., “Acute cervical spondylotic myelopathy”, 
Neurosurgery, 22:145-146, 1988. 

146. Meyer, F., and Sandovss, G., “Unsuspected multiple sclerosis in patients with 
presumed chronic cervical spondylotic myelopathy: report on 4 cases”, Sentralbl 
Neurochir, 55:110-112, 1994. 

147. Burgerman, R., et al, “The association of cervical spondylosis and multiple sclerosis”, 
Surg Neurol, 38:276-270, 1992. 

148. Buszek, M.C., et al, “Hemidiaphragmatic paralysis: an unusual complication of 
cervical spondylosis”, Arch Phys Med Rehabil, 64:601-603, 1983. 

149. Yu, Y.L., and Moseley, I.F., “Syringomyelia and cervical spondylosis: a 
clinicoradiological investigation”, Neuroradiology, 29:143-151, 1987. 

150. Kameyama, T., et al, “Syringomyelic syndrome secondary to cervical canal stenosis 
and cervical spondylosis”, Rinsho Shinkeigaku, 33:1179-1183, 1993. 

151. Mossman, S.S., and Jestico, J.V., “Central cord lesions in cervical spondylotic 
myelopathy”, J Neurol, 230:227-230, 1983. 

152. Kaar, G.F., N’Dow, J.M., and Bashir, S.H., “Cervical spondylotic myelopathy with 
syringomyelia”, Br J Neurosurg, 10:413-415, 1996. 

153. Dvorak, J., “Neurological causes for wrist pain”, Orthopade, 22:25-29, 1993. 
154. Misra, U.K., and Kalita, J., “Motor evoked potential is useful in monitoring the effect 

of collar therapy in cervical spondylotic myelopathy”, J Neurol Sci, 154:222-228, 
1998. 

155. Scher, A.T., “Cervical spinal cord injury without evidence of fracture or dislocation. 
An assessment of the radiological features”, S Afr Med J, 50:962-965, 1976. 

156. Scher, A.T., “Hyperextension trauma in the elderly: an easily overlooked spinal 
injury”, J Trauma, 23:1066-1068, 1983. 

157. Borovich, B., Peyser, E., and Gruskiewicz, J., “Acute central and intermediate cervical 
cord injury”, Neurochirurgia, 21:77-84, 1978. 

158. Foo, D., “Spinal cord injury in forty-four patients with cervical spondylosis”, 
Paraplegia, 24:301-306, 1986. 

159. Regenbogen, V.S., et al, “Cervical spinal cord injuries in patients with cervical 
spondylosis”, Am J Roentgenol, 146:277-284, 1984. 

160. Verstichel, P., et al, “Traumatic spinal complications of cervical arthrosis”, Clinique 
Neurologique, 25:230-234, 1996. 

161. Epstein, J.A., et al, “Cervical myelopathy caused by developmental stenosis of the 
spinal canal”, J Neurosurg, 51:362-367, 1979. 

162. Ina, G., et al, “Central cervical cord syndrome: a case report on rehabilitation, with 
special references to accidental falls in the elderly”, Nippon Ronen Igakkai Zasshi, 
32:201-205, 1995. 

163. Tow, A.M., and Kong, K.H., “Central cord syndrome: functional outcome after 
rehabilitation”, Spinal Cord, 36:156-160, 1998. 

164. Chiles, B.W., Leonard, M.A., Choudhri, H.F., and Cooper, P.R., “Cervical spondylotic 
myelopathy: patterns of neurological deficit and recovery after anterior cervical 
decompression”, Neurosurgery, 44:762-769, 1999. 

165. Kaptain, G.J., Simmons, N.E., Replogle, R.E., and Pobereskin, L., “Incidence and 
outcome of kyphotic deformity following laminectomy for cervical spondylotic 
myelopathy”, J Neurosurg, 93:199-204, 2000. 

166. Nakajima, M., and Hirayama, K., “Midcervical central cord syndrome: numb and 
clumsy hands due to midline cervical disc protrusion at the C3-4 intervertebral level”, 
J Neuro Neursurg Psychiatry, 58:607-613, 1995. 

167. Jeffreys, R.V., “The surgical treatment of cervical myelopathy due to spondylosis and 
disc degeneration”, J Neurol Neurosurg Psychiatry, 49:353-361, 1986. 

168. Hilibrand, A.S., et al, “Radiculopathy and myelopathy at segments adjacent to the site 
of a previous anterior cervical arthrodesis”, J Bone Joint Surg Am, 81:519-528, 1999. 

169. Truumees, E., and Herkowitz, H.N., “Cervical spondylotic myelopathy and 
radiculopathy”, Instr Course Lect, 49:339-360, 2000. 

170. Sasai, K., et al, “Cervical curvature after laminoplasty for spondylotic myelopathy – 
involvement of yellow ligament, semispinalis cervicis muscle, and nuchal ligament”, J 
Spinal Disorders, 13:26-30, 2000. 

171. Sinha, S., et al, “Cervical spondylosis: A review of 230 cases”, J Indian Med Assoc, 
92:223-224, 1994. 

172. Arnasson, O., Carlsson, C.A., and Pellettieri, L., “Surgical and conservative treatment 
of cervical spondylotic radiculopathy and myelopathy”, Acta Neurochir, 84:48-53, 
1987. 

173. Dowd, G.C., and Wirth, F.P., “Anterior cervical discectomy: is fusion necessary?”, J 
Neurosurg, 90(1 Suppl):8-12, 1999. 

174. Law, M.D., Bernhardt, M., and White, A.A., “Cervical spondylotic myelopathy: a 
review of surgical indications and decision-making”, Yale J Biol Med, 66:165-177, 
1993. 

175. Guigui, P., et al, “Static and dynamic changes of the cervical spine after laminectomy 
for cervical spondylotic myelopathy”, Rev Chir Orthop Reparatrice Appar Mot, 84:17-
25, 1998. 

176. Naderi, S., et al, “Cervical spondylotic myelopathy: surgical results and factors 
affecting prognosis”, Neurosurg, 43:43-50, 1998. 

177. Kumar, V.G., Rea, G.L., Mervis, L.J., and McGregor, J.M., “Cervical spondylotic 
myelopathy: functional and radiographic long-term outcome after laminectomy and 
posterior fusion”, Neurosurgery, 44:771-777, 1999. 

178. Wang, Y.L., Tsau, J.C., and Huahg, M.H., “The prognosis of patients with cervical 
spondylotic myelopathy”, Kao Hsiung I Hsueh Tsa Chih, 13:425-431, 1997. 

179. Chen, T.Y., et al, “The role of decompression for acute incomplete cervical spinal cord 
injury in cervical spondylosis”, Spine, 23:2398-2403, 1998. 

180. Lehman, L.B., “Cervical spondylotic myelopathy – a diagnostic challenge in aging 
patients”, Postgrad Med, 88:240-243, 1990. 

181. Dai, L., et al, “Radiculopathy after laminectomy for cervical compression 
myelopathy”, J Bone Joint Surg Br 80:846-849, 1998. 

182. Bashir, K., Et al, “Surgery for cervical spinal cord compression in patients with 
multiple sclerosis”, Neurosurgery, 47:637-643, 2000. 

183. Koschorek, F., Jensen, H.P., and Terwey, B., “Dynamic studies of cervical spinal canal 
and cervical spinal cord by magnetic resonance imaging”, Acta Radiol Suppl, 369:727-
729, 1986. 

184. Yuan, Q., Dougherty, L., and Margulies, S.S., “In vivo human spinal cord deformation 
and displacement in flexion”, Spine, 23:1677-1683, 1998. 

185. Muhle, C., et al, “Biomechanical aspects of the subarachnoid space and cervical cord 
in healthy individuals examined by kinematic magnetic resonance imaging”, Spine, 
23:556-567, 1998. 

186. Kitahara, Y., Iida, H., and Tachibana, S., “Effect of spinal cord stretching due to head 
flexion on intramedullary pressure”, Neurol Med Chir, 35:285-288, 1995. 

187. Tachibana, S., Kitahara, Y., Iida, H., and Yada, K., “Spinal cord intramedullary 
pressure – a possible factor in syrinx growth”, Spine, 19:2174-2178, 1994. 

188. Iida, H., and Tachibana, S., “Spinal cord intramedullary pressure: direct cord traction 
test”, Neurol Med Chir, 35:75-77, 1995. 

189. Stys, P.K., “Anoxic and ischemic injury of myelinated axons in CNS white matter: 
from mechanistic concepts to therapeutics”, J Cereb Blood Flow Metab, 18:2-25, 
1998. 

190. Petty, M.A., and Wettstein, J.G., “White matter ischemia”, Brain Res Brain Res Rev, 
31:58-64, 1999. 

191. Holmes, A., et al, “Changes in cervical canal spinal volume during in vitro flexion-
extension”, Spine, 21:1313-1319, 1996. 

192. Muhle, C., et al, “Classification system based on kinematic MR imaging in cervical 
spondylotic myelopathy”, An J Neuroradiol, 19:1763-1771, 1998. 

193. Dai, L., “Disc degeneration and cervical instability.  Correlation of magnetic resonance 
imaging with radiography”, Spine, 23:1734-1738, 1998. 

194. Matsunaga, S., et al, “Strain on intervertebral discs after anterior cervical 
decompression and fusion”, Spine, 24:670-675, 1999. 

195. Newton, H.B., and Rea, G.L., “Lhermitte’s sign as a presenting symptom of primary 
spinal cord tumor”, J Neurooncol, 29:183-188, 1996. 

196. Gutrecht, J.A., Zamani, A.A., and Slagado, E.D., “Anatomic-radiologic basis of 
Lhermitte’s sign in multiple sclerosis”, Arch Neurol, 50:849-851, 1993. 

197. Traynelis, V.C., et al, “Magnetic resonance imaging and posttraumatic Lhermitte’s 
sign”, J Spinal Disord, 3:376-379, 1990. 

198. Chan, R.C., and Steinbok, P., “Delayed onset of Lhermitte’s sign following head 
and/or neck injuries.  Report of four cases”, J Neurosurg, 60:609-612, 1984. 

199. Mochida, K., et al, “Regression of cervical disc herniation observed on magnetic 
resonance images”, Spine, 23:990-995, 1998. 

200. Song, J.H., Park, H.K., and Kim, K.M., “Spontaneous regression of a herniated 
cervical disc in a patient with myelopathy – a case report”, J Neurosurg, 90(1 
Suppl):138-140, 1999. 

201. Westmark, R.M., Westmark, K.D., and Sonntag, V.K., “Disappearing cervical disc – 
case report”, J Neurosurg, 86:289-290, 1997. 

202. Yeung, M.C., and Hagen, N.A., “Cervical disc herniation presenting with chest wall 
pain”, Can J Neurol Sci, 20:59-61, 1993. 

203. Saal, J.S., Saal, J.A., and Yurth, E.F., “Nonoperative management of herniated 
cervical intervertebral disc with radiculopathy”, Spine, 21:1877-1883, 1996. 

204. Kessler, J.T., “Congenital narrowing of the cervical spinal canal”, J Neurol Neurosurg 
Psychiatry, 38:1218-1224, 1975. 

205. Shinomiya, K., et al, “An analysis of the posterior epidural ligament role on the 
cervical spinal cord”, Spine, 21:2081-2088, 1996. 

206. Jabbari, B., Pierce, J.F., Boston, S., and Echols, D.M., “Brown-Sequard syndrome and 
cervical spondylosis”, J Neurosurg, 47:556-560, 1977. 

207. Kohno, M., Takahashi, H., Yamakawa, K., Ide, K., and Segawa, H., “Postoperative 
prognosis of Brown-Sequard type myelopathy in patients with cervical lesions”, Surg 
Neurol, 51:241-346, 1999. 

208. Young, S., and O’Laoire, S., “Cervical disc prolapse in the elderly: an easily 
overlooked, reversible cause of spinal cord compression” Br J Neurosurg, 1:93-98, 
1987. 

 
 
 


	Cervical Spondylosis
	Natural History of Cervical Disc Degeneration
	Natural History of Cervical Spondylosis
	Pathogenesis of Cervical Spondylotic Myelopathy
	Cervical Spondylotic Myelopathy: Vascular Factors
	Sensory Findings
	Motor Findings
	Reflex/Pathological Reflex Findings
	Imaging in Cervical Spondylotic Myelopathy
	Treatment of Cervical Spondylotic Myelopathy

