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Cervical spondylosis is the defined as “spinal canal 
and neural foraminal narrowing in cervical spine 

secondary to multifactorial degenerative changes”(40). 
This is one of the most common degenerative disorders 
of the spine, affecting 95% of patients by the age of 65 
years (3,11,12,19,21,32,35). The degeneration of the 
intervertebral disc stems from osteophyte development 
of the amphiarthrodial joint, contrasting with arthritis, 
which is associated with diarthrodial joints and synovial 
space. The non-inflammatory disc degeneration is one 
of the defining characteristics of spondylosis (4). In 
this article, we will discuss the presentation, evaluation, 
pathophysiology, and biomechanics of cervical 
spondylosis.

Presentation

The majority of people with spondylosis are 
asymptomatic (35). Patients who are symptomatic tend 
to be older than 40 years old and present with 3 types 
of symptoms; neck pain, cervical radiculopathy, and/or 
cervical myelopathy (10,45). The neck pain is either acute 

or chronic and often without an identifiable precipitating 
event (35). The pain often stems from abnormalities 
in structures innervated by the sinuvertebral nerve or 
branches of the posterior primary ramus. Among the 
structures that the sinuvertebral nerve innervates are the 
posterior longitudinal ligament, the epidural vasculature, 
and the spinal periosteum (10,35). Less commonly, 
the pain can be attributed to the facet joints, which are 
innervated by the primary posterior ramus (21).

Radiculopathy implies a problem with the spinal nerve 
root. Cervical radiculopathy symptoms can be caused by 
herniated nucleus pulposus or osteophytic stenosis of the 
spinal canal or neural foramina. Patients less than 55 years 
old will frequently present with cervical radiculopathy 
symptoms due to a herniated nucleus pulposus. 
Alternatively, older patients frequently have stenosis due 
to osteophytes (35). Symptoms can include weakness, 
atrophy, paresthesias, hyperesthesia, or hyperalgesia. 
Motor symptoms are more often associated with a soft 
herniated disc, whereas sensory symptoms are more often 
associated with a hard herniated disc (10). 

ABStrACt
Cervical Spondylosis is one of the most common degenerative conditions of the spine; it is caused by the 
degeneration of cervical intervertebral discs and facet joints. These connecting structures are responsible 
for the transmission of forces and mobility between adjacent vertebrae. When osteophytic development 
compromise the canal diameter, myelopathic and/or radicular symptoms often develop. These symptoms 
are the result of increased pressure on the spinal cord producing neurological and vascular changes. 
Clinical management of cervical spondylosis requires a thorough knowledge of the biomechanics and 
pathophysiology of the condition.
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Myelopathy implies a problem with the spinal cord. The 
clinical definition of myelopathy is “the presence of long-
tract signs, which are the result of inhibition of the spinal 
afferent or efferent (pyramidal) nerve tracts” (24). Patient’s 
who are myelopathic will have symptoms including neck 
and shoulder pain, sensory changes (electrical shock 
sensation in all extremities, numbness in limbs, painful 
paresthesias), or motor changes (progressive spasticity, 
decrease dexterity, spastic gait) (3,11-13,22,23,26,39,46). 
Gait changes in the myelopathic patient have been shown 
to be decreased stride length and increased support 
time and these changes may be attributable to impaired 
proprioception and stability in the lower extremities 
(33). Some of the classic clinical findings in myelopathic 
patients are hyperreflexia, increased muscle tone, and 
presence of pathological reflexes, such as Babinksi’s, 
clonus, and Hoffman’s signs. Other pathological reflexes 
include Oppenheim’s, Gordon’s, Schaefer’s, Bing’s, 
Chaddock’s, Gonda’s, and Allen’s signs (24). Late findings 
of atrophy, fasciculations, and sphincter dysfunction are 
associated with a worse prognosis for recovery (15,26,32). 
Atrophy will only occur distal to stenosis and if atrophy 
or fasciculations are present proximal to stenosis the 
physician must exclude other causes such as amyotrophic 
lateral sclerosis (24). Another clinical finding that may 
cloud the diagnosis is upper and lower motor neuron 
findings in the legs as this may indicate cervical and 
lumbar involvement which occurs in roughly 13% of 
patients (10,13). A recent study described the possible 
sympathetic symptoms of cervical spondylosis to include 
“vertigo, headache, tinnitus, nausea and vomiting, heart 
throb, hypomnesia, and gastroenterologic discomfort” as 
a result of “stimulation or compression of the sympathetic 
nervous system” due to degenerative changes in the 
cervical spine (28).

Imaging Evaluation

Various imaging studies are used in the workup 
of cervical spondylosis, including static or flexion-
extension x-rays, CT scans, MRI and myelography. 
X-rays may show loss of disc space height, kyphotic 
changes, osteophytes, facet arthropathy, and autofusion 
of adjacent vertebrae (1,3,11,19,21). CT scans are useful 
for evaluating the spinal canal’s shape and size, transverse 
foramina and joint spaces (1,19). CT scans offer higher 
quality assessment of bony structures compared to MRI 
(21). MRI offers the ability to evaluate the spinal canal 

dimensions, the spinal cord, intervertebral discs, and 
cervical soft tissues (1,3,11,17,19,21,34,39). Additionally, 
T2-weighted MRI often demonstrates cord signal changes 
at the level of compression, which represents “edema, 
inflammation, ischemia, myelomalacia, or gliosis” 
(34,35). A recent publication documented the correlation 
between clinically diagnosed cervical myelopathy and 
radiographic evaluation, specifically T2 signal changes 
on the spinal cord (25). Recent studies focus on using 
MRI to study the kinematics of the cervical spine in 
spondylosis patients (35). With the increase in MRI, CT 
myelography has largely been replaced. However some 
physicians contend that CT myelography is superior to 
MRI in distinguishing osteophytic spurs from soft tissue, 
disc protrusion or cartilage (3,20).

Clinicopathological distinctions

Cervical spondylosis can lead to other types of spinal cord 
injury, such as central cord or Brown-Sequard syndromes.
(35) Spinal cord injury can result from superimposed acute 
injury on chronic trauma (3,11,17,26,32). Medial spinal 
cord lesions are often thought to be ischemic in nature 
due to vascular compression versus lateral spinal cord 
lesions that are more radicular (1,5,17,48). Medial spinal 
cord lesions more often present acutely with proximal 
lower extremity weakness as an early sign, progressing to 
“dorsal column sensory loss and spastic gait” (19,35,46) 
Due to the inherent nature of spondylosis, patients are at 
significantly higher risk of spinal cord injury following a 
relatively minor trauma (2,19,46). 

In patients with cervical radiculopathy, the differential 
diagnosis should initially include spinal tumor, angina, 
RSD, infection/abscess, peripheral nerve entrapment, 
thoracic outlet syndrome, and brachial neuritis (35). 
Other disease processes that may present similarly 
to spondylosis are ALS, transverse myelitis, multiple 
sclerosis, intracranial pathology, syringomyelia, Chiari 
malformation, ligamentous calcification or ossification, 
and ankylosing spondylitis (3,5,6,16,38,45). 

Pathophysiology

Primary Degenerative Phenomena

Etiology of Cervical Spondylosis

The degenerative changes of the cervical spine 
are responsible for the primary lesions in cervical 
spondylosis, while both spinal cord (neural) and 
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vascular compression are responsible for the myelopathic 
symptoms (2,12,30,32,42,47). Mechanical factors 
involved in the pathogenesis of cervical spondylosis have 
been categorized into two groups as static and dynamic 
factors (47).

Static factors include congenital canal stenosis, disc 
herniation, degenerative osteophytic growth, hypertrophy 
of the ligamentum flavum, and calcification of PLL. The 
dynamic factors are “abnormal forces on the spinal column 
and spinal cord during normal and abnormal movements 
and loads (Table 1) (35).

Pathogenesis of Cervical Spondylosis

Degenerative changes begin with intervertebral disc 
desiccation, which is associated with increase in the 
ratio of keratin sulfate to chondroitin sulfate (4,14,19). 
Along with desiccation, the nucleus pulposus shrinks, 
loses elasticity, and becomes more fibrous due the loss of 
water, protein and mucopolysaccharides during the aging 
process (3,4,14,32,42,46). Disc height is initially lost in 
the ventral portion of the disc, which results in a decrease 
in cervical lordosis. Unfortunately, this process results 
in positive feedback cycle due to the increase in forces 
applied ventrally and eventually may lead to kyphotic 
deformity (Figures 1, 2) (4). These early changes 
ultimately lead to the main pathophysiological process 
of cervical spondylosis, a reduction in sagittal spinal 
canal diameter (35). Additionally, these changes cause a 
transfer of axial load onto the facet joints, resulting in 
hypertrophy of those joints that further decreases the 
spinal canal’s diameter (32).

The annulus fibrosis is thinner dorsally, thus making 
it easier for the nucleus pulposus to dissect through and 
cause disc herniations into the spinal canal (19,32,46). 
Preceding disc herniation, the peripheral fibers of the 
annulus fibrosis and Sharpey’s fibers dissect from the 
vertebral body edges (35). Another early degenerative 
change is the posterior longitudinal ligament beginning 
to pull away from the vertebral bodies near the end 
plates (42,46). Eventually, abnormal cervical movement 

Static
Congenital canal stenosis, disc herniation, degenerative osteophytic growth, hypertrophy of the ligamentum 
flavum, calcification of PLL.

Dynamic Abnormal forces on the spinal column and cord during movement.

table 1: Mechanical factors in pathogenesis of spondylosis (35)

Figure 1: A) In a neutral spinal orientation, the facet joints of the cervical 
spine are unloaded during moderate axial loading. B) In a lordotic 
orientation (relative extension), however, they are loaded and thus 
subjected to injury during axial loading. 

result either from the pain of disc herniation or annular 
protrusion, worsening degenerative changes, or increased 
ligamentous laxity (46). Where the PLL peels off the 
dorsal vertebral body, reactive bone formation begins 
forming spondylotic bone spurs, which may be as 
large as the width of the vertebral body (31,42). These 
osteophytic growths may project into the intervertebral 
foramina (35). Some have referred to these degenerative 
changes as cervical hyperostotic myelopathy (29). Of 
note, the increase in joint motion causes an acceleration 
of osteophyte growth, and this is most pronounced at C5-
C6 and C6-C7(2,32). As expected, these two levels are 
also the most often affected by spondylosis, with C6-C7 
affected more commonly than C5-C6 (38). The growth 
of osteophytes, along with degenerative changes, leads 
to decrease in sagittal spinal canal diameter, the main 
pathophysiological process in cervical spinal spondylosis. 

In addition to the above-described osteophytic and 
degenerative changes, a third modality that causes spinal 



92 World Spinal Column Journal, Volume 2 / No: 3 / September 2011

Overview of Cervical Spondylosis Pathophysiology and Biomechanics

canal narrowing is congenital cervical stenosis (3,6,22). 
The average cervical spondolytic patient’s spinal canal 
is 3 mm smaller than the average population. More 
pronounced narrowing is observed in congenital stenosis 
patients (3,38). The average adult spinal canal diameter 
has been reported to be 17 to 18 mm between C3 and 
C7 (3,18). Within the literature, there exists some minor 
disagreements over at what diameter patients will suffer 
from spondylosis and the range reported is 13-14.8 mm 
(3,18,19,39,47). In patients with congenital stenosis, 
these degenerative changes are magnified, leading to 
earlier onset of myelopathy (6,11,17,19,46-48).

Cervical Spine Posture

The upper cervical spine is anatomically complex, 
allowing for varying degrees of motion in multiple 
directions as summarized in Table 2 (35). In addition to 
providing flexibility, the cervical spine also functions to 
support the cranium and protect the spinal cord (4). The 
lower parts of the cervical spine do not provide the same 
degree of motion. A significant feature of this part of the 

spine is the lordotic posture, and it is believed that this 
may play a role in preventing spinal cord injury. By being 
in lordosis, the cervical axial loads are symmetrically 
displaced. Also providing protection is the coronal 
orientation of the facet joints, which limits movement only 
in the direction of extension, where the spine is most able 
to resist axial loading in this direction. The facet joints are 
most effective in participating in axial load support when 
in extension (35).

Figure 2: Sagittal magnetic resonance imaging (MRI) of the cervical spine showing ventral spinal cord compression from disc herniation at C3-4 and 
vertebral body osteophytes. Note the compression of the spinal cord in extension. Reprinted with permission of AANS publications.

table 2: Movements allowed in the craniocervical region

Joint Motion
range of Motion 

(degrees)

Occiput-C1

Combined flexion/extension

Lateral bending (unilateral)

Axial rotation (unilateral)

25                                  

5

5

C1-C2

Combined flexion/extension

Lateral bending (unilateral)

Axial rotation (unilateral)

20

5

40
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Late Pathological Features

As discussed earlier, osteophytes originate from the 
vertebral bodies and extend into the spinal canal while 
some eventually progress to cross the intervertebral 
disc space. When this occurs, the vertebral bodies may 
combine and fuse (35). If this autofusion occurs, patients 
may experience a paradoxical increase in stability of 
their cervical spine (5,19). This autofusion also results 
in decreased cervical motion and may be responsible for 
the improvement of symptoms in patients with mild or 
moderate myelopathy (2). However, this process occurs in 
the setting of relative kyphosis and may place additional 
stress on adjacent cervical levels and lead to progression 
of spondylotic abnormalities at he rostral and caudal 
levels (35).

Secondary Compressive Processes

Spinal Cord Compression

Cervical compression in the sagittal plane is the 
most frequently cited cause of spondylotic myelopathy 
(5,11,18,42,47,48). This compression may be ventral 
via osteophytes or dorsally via bulging ligamentum 
flavum (42,43,47). With ventral compression, symptoms 
can worsen with flexion and especially with kyphosis 
(9,27,46). In flexion, the spinal cord’s lateral and ventral 
columns are deformed and the sagittal dimensions are 
reduced, and this is attributed to axial tension (19). 
On the other hand, extension may result in dorsal 
compression of the spinal cord due to impingement from 
the ligamentum flavum, often with resultant myelopathy 
or Lhermitte’s sign (19,22,27,38,39,42,46). Several 
studies have demonstrated that spondylotic processes 
cause significant indentation of the cervical spinal cord 
during hyperextension, and to a lesser degree during 
lateral bending and axial rotation (9,38,44). Flexion and 
extension MRI images have shown that increased stenosis 
is two times more likely during extension than during 
flexion (Figure 3) (37). Normal spinal cord movement 
is altered by ventral osteophytes, which causes ventral 
deformities to occur (15,39). A study by Brieg et al has 
shown that the dorsal half of the spinal cord shortens 
more than the ventral half and osteophytes cause deep 
furrows in the ventral surface during extension (9). It 
has been shown that the spinal cord regions containing 
nerve tracts for the upper extremities undergo five times 
more compressive stress than the tracts for the lower 
extremities (42). 

Figure 3: The nonpathological state where the dorsal vertebral body height 
is less than the ventral vertebral body height results in normal cervical 
lordosis (A). Loss of the ventral disc interspace height which occurs 
with the natural degenerative process results in loss of lordosis (B). This 
causes elongation of the moment arm applied to the spine (D), leading to 
ventral vertebral body compression. A further exaggeration of pathological 
kyphotic posture may then ensue (C). Reprinted with permission of AANS 
publications

A

B

C
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Another change in normal biomechanics that has been 
described is a pincer phenomenon, the result of unstable 
cervical segments undergoing subluxation during flexion, 
extension or both. This subluxation results in pinching of 
the spinal cord, while further exacerbation is caused by 
large osteophytes and ligamentous laxity with instability 
(22,23,35,46,47).

The sagittal bowstring effect is when an “effective 
kyphosis” results in spinal cord tethering over the 
kyphosis in the sagittal plane during flexion (Figure 4) 
(4-6,18,19,35). An “effective kyphosis” is when no part 
of the dorsal aspects of C3 through C7 vertebral bodies 
crosses an imaginary line; this line is “associated with a 
zone of uncertainty…, within which the surgeon’s bias” 
determines the principal configuration in the midsagittal 
section, lordosis or kyphosis (Figure 5) (4,35). A coronal 
bowstring effect is also possible, often caused by nerve 
roots or dentate ligaments tethering the cord. In coronal 
bowstring, laminectomy is not effective in releasing the 
tethered spinal cord, and a ventral decompression is 
therefore required (Figure 6) (4,35). 

Pathological and Histological Changes

Histopathogical changes are most frequently 
demyelination of the lateral columns at the level of the 
osteophytic growth and the dorsal columns are also 
frequently affected. When the corticospinal tract is 
compressed, the changes occur caudal to the compressed 
level (35). With severe and chronic compression, necrosis 
and cavitation of the gray matter ensues (7,8,19,27,32). 
The term “butterfly” partial necrosis has been used to 
describe the areas affected by necrosis; the lateral columns, 
the lateral portions of the gray matter, and the ventral 
parts of the dorsal columns (Figure 7). This pattern of 
necrosis is thought to be due to occlusion of the arterial 
or venous systems or both (4,23,32).

Effect of trauma

The central cord syndrome is often associated with 
acute spinal cord injury but can also occur in chronically 
injured spinal cords. A collection of chronic minor injuries 
may be minor but the collection of repetitive, concussive 
injuries may be significant and result in the central cord 
syndrome (19,35,47). Additionally, spondylosis patients 
may suffer from spinal concussions, contusions and the 
Brown-Sequard syndrome (15,16).

Vascular Compression

Evidence suggestive of vascular mechanisms in 
cervical spondylosis is necrosis is found in the spinal 
gray matter that is more sensitive to ischemia. Spinal 

Figure 4: Kyphosis associated with cervical spondylosis causes neural 
injury, in part, by tethering the spinal cord over a ventral mass via 
the “sagittal bowstring” effect (A). Dorsal decompression (i.e. via 
laminectomy) may worsen deformation (B). Reprinted with permission of 
AANS publications.

Figure 5: A midsagittal section of the cervical spine configured in lordotic 
posture (“effective” cervical lordosis. A line has been drawn from the 
dorsocaudal aspect of the vertebral body of C2 to the dorsocaudal aspect 
of the vertebral body of C7 (solid line). The “gray zone” is outlined by 
the other lines (A). A midsagittal section of a cervical spine in kyphosis 
(“effective” cervical kyphosis). Note that portions of the vertebral bodies 
are located dorsally to the gray zone (B). A midsagittal section of a 
“straightened” cervical spine (C). Note that the most dorsal aspect of 
vertebral bodies are located within, but not dorsally to, the gray zone. 
Reprinted with permission of AANS publications.
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Figure 6: Coronal plane tethering (“coronal bowstring” effect). The nerve roots, or more commonly, the dentate ligaments may tether the spinal cord in 
the coronal plane (A). Laminectomy may not relieve the distortion (B). Ventral decompression is a more commonly considered approach (C). Reprinted 
with permission of AANS publications.

Figure 7: Diagrammatic axial sections of the spinal cord demonstrating the 
somatropic orientation of the spinal tracts. The zone of “butterfly” partial 
necrosis is observed in the cervical spinal cord of patients with cervical 
spondylotic myelopathy (grayed region). The necrosis affects the lateral 
columns, lateral portion of the central gray matter and ventral portions of 
the dorsal column. Reprinted with permission of AANS publications.
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cord vascularization is more tenuous between C5 and 
C7, and occasionally acute presentations of cervical 
spondylotic myelopathy are attributed to spontaneous 
thrombosis of spinal arteries leading to ischemia 
(7,10,34,46). Among the local arterial supply vessels that 
are compressed in spondylosis are the anterior spinal 
artery, the posterior spinal artery, radicular arteries, pial 
plexuses, and penetrating spinal cord vessels (3,4,5,17-
19,22,31,32,42,43,46,47).

In addition to arterial blood supply being compromised, 
venous blood flow may also be affected. The anterior 
median spinal vein, which receives flow from central sulcal 
tributaries, may be compressed by ventral osteophytes. 
Delayed syringe cavitation development may be caused 
by venous infarction (32).

COnCLuSIOn

Cervical spondylosis is a complex pathology. The 
management requires an extensive knowledge of the 
anatomy, biomechanics and surgical options.  

rEFErEnCES

1. Alker G: Neuroradiology of Cervical Spondylotic Myelopathy. 
Spine 13:850-853, 1988

2. Arnasson O, Carlsson CA, Pellettieri L: Surgical and Conservative 
Treatment of Cervical Spondylotic Radiculopathy and Myelopathy. 
Acta Neurochir (Wien) 84:48-53, 1987

3. Asgari S: Cervical Spondylotic Myelopathy, in Palmer JD (ed): 
Neurosurgery ’96: Manuel of Neurosurgery. New York, Churchill 
Livingstone, 1996 pp750-754

4. Benzel EC: Biomechanics of Spine Stabilization. Rolling Meadows, 
American Association of Neurological Surgeons Publications, 
2001

5. Benzel EC: Cervical Spondylotic Myelopathy: Posterior Surgical 
Approaches, in Menezes AH, Sonntag VKH (eds): Principles of 
Spinal Surgery. New York, McGraw-Hill, 1996, pp571-580

6. Benzel EC: Cervical Spondylotic Myelopathy: Posterior Surgical 
Approaches in Cooper PR (ed): Degenerative Disease of the 
Cervical Spine. Park Ridge, AANS Publications, 1993, pp91-104

7. Bohlman HH, Emery SE: The Pathophysiology of Cervical 
Spondylosis and Myelopathy. Spine 13:843-846, 1988

8. Brain WR, Northfield D, Wilkinson M: The Neurological 
Manifestation of Cervical Spondylosis. Brain 75:187-225, 1952

9. Brieg A, Turbull I, Hassler O: Effects of Mechanical Stresses on the 
Spinal Cord in Cervical Spondylosis. J Neurosurg 34:54-56, 1966

10. Connell MD, Wiesel SW: Natural History and pathogenesis of 
Cervical Disk Disease. Orthop Clin North Am 23:369-380,1992

11. Crandall PH, Batzdorf U: Cervical Spondylotic Myelopathy. J 
Neurosurg 25:57-66, 1966

12. Ebersold MJ, Pare MC, Quast LM: Surgical Treatment for Cervical 
Spondylitic Myelopathy. J Neurosurg 82:745-751, 1995

13. Edwards WC, LaRocca SH: The Developmental Segmental Sagittal 
Diameter in Combined Cervical and Lumbar Spondylosis. Spine 
10:42-49, 1985

14. Emery SE: Cervical Spondylotic Myelopathy: Diagnosis and 
Treatment. J Am Acad Orthop Surg 9:376-388, 2001

15. Epstein JA, Epstein BS, Lavine LS, Carras R, Rosenthal AD: 
Cervical Myelo-radiculopathy Caused by Arthrotic Hypertrophy of 
the Posterior Facets and Laminae. J Neurosurg 49:387-392, 1978

16. Epstein N: The Surgical Management of Ossification of the 
Posterior Longitudinal Ligament in 51 Patients. J Spinal Disord 
6:432-455, 1993

17. Fager CA: Results of Adequate Posterior Decompression in the 
Relief of Spondylotic Cervical Myelopathy. J Neurosurg 38:684-
692, 1973

18. Fager CA: Reversal of Cervical Myelopathy by Adequate Posterior 
Decompression. Lahey Clin Found Bull 18:99-108, 1969.

19. Ferguson RJ, Caplan LR: Cervical Spondylotic Myelopathy. Neurol 
Clin 3:373-382, 1985

20. Fox MW, Onofrio BM: Transdural Approach to the Anterior Spinal 
Canal in Patients with Cervical Spondylotic Myelopathy and 
Superimposed Central Soft Disc Herniation. Neurosurgery 43:634-
642, 1994

21. Garfin SR: Cervical Degenerative Disorders: Etiology, Presentation, 
and imaging Studies. Instr Course Lect 49:335-338, 2000

22. Gorter K: Influence of Laminectomy on the Course of Cervical 
Myelopathy. Acta Neurochir (Wien) 33:265-281, 1976

23. Gross JD, Benzel EC: Dorsal Surgical Approach for Cervical 
Spondylotic Myelopathy. Tech Neurosurg 5:162-176, 1999

24. Harrop J, Hanna A, Silva M, Sharan A. Neurological Manifestations 
of Cervical Spondylosis: An Overview of Signs, Symptoms, and 
Pathophysiology. Neurosurgery 60:S1-14–S1-20, 2007

25. Harrop J, Narolji S, et al: Cervical Myelopathy A Clinical and 
Radiographic Evaluation and Correlation to Cervical Spondylotic 
Myelopathy. Spine 35:620-624, 2010

26. Hirabayashi K Miyakawa J, Satomi K, Maruyama T, Wakano K: 
Operative Results and Postoperative Progression of Ossification 
Among Patients with Ossification of Cervical Posterior Longitudinal 
Ligament. Spine 6:453-364, 1981

27. Hirabayashi K, Bohlman HH: Multilevel Cervical Spondylosis. 
Laminoplasty Versus Anterior Decompression. Spine 20:6:354-
364, 1981

28. Hong L and Kawaguchi Y. Anterior Cervical Discectomy and 
Fusion to Treat Cervical Spondylosis With Sympathetic Symptoms. 
J Spinal Disord Tech 24: 11-14, 2011

29. Hukuda S, Mochizuki T, Ogata M, Shichikawa K, Shimomura Y: 
Operations for Cervical Spondylotic Myelopathy. A Comparison of 
the Results of Anterior and Posterior Procedures. J Bone Joint Surg 
Br 67:609-615,1985

30. Inoue H, Ohmori K, Ishida Y Suzuki K, Takatsu T: Long-term 
Follow-up Review of Suspension Laminotomy for Cervical 
Compression Myelopathy. J Neurosurg 85:817-823,1996

31. Kahn EA: The Role of the Dentate Ligaments in the Spinal Cord 
Compression and the Syndrome of Lateral Sclerosis. J Neurosurg 
4:191-199, 1946



97World Spinal Column Journal, Volume 2 / No: 3 / September 2011

J Mullin et al.

32. Kim RC: Spinal Cord Pathology, in Nelson JS, Parisi JE, Schochet 
SS (eds): Principles and practice of Neuropathology. St. Louis, CV 
Mosby, 1993, pp 398-435

33. Lee JH, Lee SH, Seo S: The Characteristics of Gait Disturbance 
and Its relationship with Posterior Tibial Somatosensory Evoked 
Potentials in Patients with Cervical Myelopathy. Spine 36: 524-
530, 2011

34. McCormick WE, Steinmetz MP, Benzel EC: Cervical Spondylotic 
Myelopathy: Make the Difficult Diagnosis, then Refer for Surgery. 
Cleve Clin J Med 70:899-904, 2003

35. Morishita Y, Falakassa J, Naito M, Hymanson HJ, Taghavi C, Wang 
JC. The Kinematic Relationships of the Upper Cervical Spine Spine 
34, 2642–2645,2009

36. Muhle C, Weinert D, Faliner A, Wiskirchen J, Metzner J, Baumer 
M, Brinkmann G, Heller M: Dynamic Changes of the Sinal Canal in 
Patients with Cervical Spondylosis at Flexion and Extension Using 
Magnetic Resonance Imaging. Invest Radiol 33:444-449, 1998

37. Osborn AG: Diagnostic Neuroradiology. St. Louis, CV Mosby, 
1994, pp 785-872

38. Panjabi M, White A 3rd: Biomechanics of Nonacute Cervical Spinal 
Cord Trauma. Spine 13:838-842, 1988

39. Patten J: Neurological Differential Diagnosis. London, Springer-
Verlag, 1977, pp 139-171

40. Ross J, Brant-Sawadzki M, Moore K, et al: Diagnostic Imaging: 
Spine.Amursys, 2005, pp. II:2:64-68

41. Saunders RL, WIlon DH: The Surgery of Cervical Disk Disease: 
New Perspectives. Clin Orthop Relat Res 146: 119-17, 1980

42. Schneider RC, Cherry G, Pantek H: The Syndrome of Acute 
Central Cervical Spinal Cord Injury; with Special reference to 
the Mechanisms Involved in Hyperextension Injuries of Cervical 
Spine. J Neurosurg 28:565-581, 1968

43. Shimomura Y, Hukuda S, Mizuno S: Experimental Study of 
Ischemic Damage to the Cervical Spinal Cord. J Neurosurg 28:565-
581, 1968

44. Taylor A: The Mechanism of Injury to the Spinal Cord in the Neck 
Without Damage to the Vertebral Column. J Bone Joint Surg Br 
33:543-547, 1951

45. Truumees E, Herkowitz HN: Cervical Spondylotic Myelopathy and 
Radiculopathy. Instr Course Lect 49:339-360, 2000

46. Verbiest H: Chapter 23. The Management of Cervical Spondylosis. 
Clin Neurosurg 20: 62-294, 1973

47. White AA 3rd, Panjabi MM: Biomechanical Consideration in the 
Surgical Management of Cervical Spondylotic Myelopathy. Spine 
13:856-860, 1988

48. Wilberg J: Effects of Surgery on Cervical Spondylotic Myelopathy. 
Acta Neurochir (Wien) 81:113-117, 1986

Manuscript submitted June 08, 2011.
Accepted August 18, 2011.

Address correspondence to: Edward C. Benzel, Chairman, Department of 
Neurosurgery, Cleveland Clinic, 9500 Euclid Avenue S-80 Cleveland OH 
44195

GSM: 216 444 7381
Fax  : 216 445 4527

email: benzele@ccf.org


