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Cervical spondylotic myelopathy (CSM) is frequently underdiagnosed and
undertreated. The key to the initial diagnosis is a careful neurologic examina-
tion. The physical findings may be subtle, thus a high index of suspicion is
helpful.

Poor prognostic indicators and, therefore, absolute indications for surgery are:
1. Progression of signs and symptoms. 2. Presence of myelopathy for six
months or longer. 3. Compression ratio approaching 0.4 or transverse area of
the spinal cord of 40 square millimeters or less. Improvement is unusual with
nonoperative treatment and almost all patients progressively worsen. Surgical
intervention is the most predictable way to prevent neurologic deterioration.

The recommended decompression is anterior when there is anterior compres-
sion at one or two levels and no significant developmental narrowing of the
canal. For compression at more than two levels, developmental narrowing of
the canal, posterior compression, and ossification of the posterior longitudinal
ligament, we recommend posterior decompression. In order for posterior
decompression to be effective there must be lordosis of the cervical spine. If
kyphosis is present, anterior decompression is needed. Kyphosis associated
with a developmentally narrow canal or posterior compression may require
combined anterior and posterior approaches. Fusion is required for instability.

CSMe is defined as spinal cord dysfunction secondary to extrinsic compression of
the spinal cord and/or its vascular supply [1] from degenerative disease of the cervical
spine. It is the most common cause of spinal cord dysfunction in patients who are older
than fifty-five [2, 3]. The pathology may be associated with congenital or developmental
stenosis of the cervical canal. The pathogenesis begins with degenerative changes in the
disc [1] and this causes changes in the osseous and soft tissue structures. Encroachment
of the available space in the spinal canal and spinal cord is caused by deformation of the
facet and uncovertebral joints with associated osteophytic spurring. Soft tissue compres-
sion results from intervertebral disc herniation and invagination of the ligamentum
flavum into the canal. This is thought to be due to decrease in disc space height and loss
of elasticity of the ligamentum flavum [4]. There may also be thickening of the ligamen-
tum flavum [4-6]. Ligamentous laxity from degenerative changes, inflammatory disease,
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Figure 1. The pincer mechanism [4, 6] occurs when normal or abnormal motion combined
with dynamic mechanical factors create various patterns of cord encroachment.

or trauma may allow anterior or posterior subluxation of the cervical vertebrae which
may cause cord compression through a pincer mechanism [4, 6] (Figure 1). Physiologic
motion of the neck without subluxation can produce a pincer mechanism when there are
morphologic changes of the posterior vertebral body, spurring, and protrusion of the ante-
rior lamina or ligamentum flavum into the canal [5, 7-13].

The clinical evaluation includes a history, physical exam, and radiographs. MRI
and/or myelography followed by CT scanning are the most useful imaging studies for
surgical planning [2, 14]. Electrophysiologic studies are usually not necessary for the
diagnosis but may be useful in following the patient's progress [15].

Characteristically, patients with CSM complain of neck pain, difficulty walking, and
unsteadiness of the feet. In the upper extremities, pain, numbness, paresthesias, weak-
ness, and loss of dexterity are common complaints. There is usually coexisting compres-
sion of the nerve roots causing a radiculopathy of the involved nerve. Bladder dysfunc-
tion may occur but is not common. Coexisting lumbar spinal stenosis is common [16].

Physical examination may show upper motor neuron findings in the lower extremi-
ties and lower motor neuron findings in the upper extremities at the level of the lesion. A
good phrase to remember is "uppers in the lowers and lowers in the uppers.” There also
may be upper motor neuron findings in the upper extremities below the level of the
lesion; thus, deep tendon reflexes may be hyperactive in both upper and lower limbs. The
following signs which are indicative of myelopathy may be present: the inverted radial
reflex [17], Hoffmann's reflex, and clonus. Extending the neck during testing increases
the sensitivity of Hoffmann's sign [18]. The inverted radial reflex is a spontaneous flexion
of the digits when attempting to elicit the brachioradialis reflex. When this is present, it is
almost pathognomonic of CSM. This is because there is spondylosis at C5-6 which is the
most common level for this pathology. A large spur of disc has eliminated the C6 motor
(brachioradialis) and compressed the cord enough to cause an upper motor neuron deficit
and the spontaneous (spastic) contraction of the finger flexors which are innervated lower
at C8. Abnormal plantar responses usually do not occur until myelopathy becomes severe
[17]. Sensory examination may reveal changes in pain, temperature, and light touch, but
more specific for myelopathy are changes in position and vibratory sensation. The earli-
est findings are dysdiadokinesis, difficulty with tandem gait, and subtle deficits in fine
motor function.

Plain radiographs, anterior posterior, oblique, and lateral views frequently demon-
strate disc space narrowing. Posterior, foraminal, and uncovertebral osteophytes also may
be seen. The lateral view may show spondylolisthesis, lordosis, or kyphosis. The amount
of developmental stenosis should be assessed by measuring the Pavlov ratio [19, 20]
(Figure 2). A ratio of 1.0 is normal, and less than 0.8 indicates a developmentally narrow
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Figure 2. The normal Pavlov
ratio [20] is one, a ratio of less
than 0.8 indicates a narrow
canal.
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canal. Lateral flexion and extension radiographs are a useful test for instability [4].

MRI is preferable for evaluation of the soft tissue structures and spinal cord [21].
Dynamic MRI scanning with flexion and extension can be very useful in documenting
dynamic cord compression [5]. This may occur in the absence of instability on flexion
and extension views when there is a hypotonic ligamentum flavum and dynamic annular
bulging [10-12]. Myelography followed by CT scanning can be an adjunct to MRI and
help distinguish disc material from osteophyte [21].

A crucial measurement that can be made on the axial MRI or myelographic CT scan
is the compression ratio [6, 22] (Figure 3). The compression ratio is measured by taking
the smallest anterior to posterior measurement of the spinal cord and dividing this by the
broadest transverse diameter at the same level. A compression ratio of less then 0.4 or a
transverse area of less than 40 square millimeters correlates with histological and clinical
evidence of myelopathy and a guarded prognosis for recovery after decompression [22].
When the compression ratio is greater than 0.4 or the transverse area is greater than 40
square millimeters, improvement of these measurements on postoperative imaging corre-
lates with clinical recovery.

Careful attention to the exam and a complete work-up is necessary to make the diag-
nosis and to rule out other causes of spinal cord dysfunction. These include cerebrovascu-
lar disease, arteriovenous malformation, demyelinating disease, syringomyelia, intracra-
nial tumor, posterior fossa tumor, hydrocephalus, tabes dorsalis, myopathy, neuropathy,
metabolic, and alcoholic encephalopathy.

SURGICAL INDICATIONS

The natural history of CSM has not been thoroughly defined and documented.
Almost all patients worsen if left untreated and most studies report significant numbers
(over 50%) of patients progressing to severe disability [23-29]. At the time of this writ-
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Figure 3. The compression ratio [22] is a good index of cord pathology. A compression ratio of
40% is considered abnormal. The cross sectional area [22] is a more reliable indicator of cord dam-
age and clinical deficits and is abnormal at 40 square millimeters.
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ing, there is no known method of identifying those patients that will develop rapid catas-
trophic neurologic deterioration [25]. Although the prognosis for recovery after surgery is
not known [30], the best results are obtained in patients who are decompressed within six
months to one year after the onset of symptoms and in those with early, mild myelopathic
findings [31]. Until more is known about the natural history of CSM, we recommend that
documented evidence of CSM is an indication for surgical treatment. Absolute indica-
tions for operative treatment are progression of neurologic deficits and failure to improve
with nonoperative treatment, especially if CSM has been present for six months or longer.
Because of the less favorable prognosis for recovery with a compression ratio of less than
40% or transverse of 40 square millimeters, we recommend that surgery be done before
this degree of cord deformation occurs.

NON-OPERATIVE MANAGEMENT

The non-operative management of CSM consists of immobilization in a firm cervical
orthosis, anti-inflammatory medications, physical therapy emphasizing isometric muscle
strengthening, and other symptomatic measures such as heat, ice, and massage. Patients
being treated nonoperatively should be monitored closely. In patients who have a high
operative risk or significant co-morbid factors such as many of the elderly, cervical
epidural steroid injections may be useful [32]. We advise against traction because patients
can be made significantly worse by it [18]. Manipulation is contraindicated because
extension of the neck narrows the spinal canal [7-12] and the foramen [33].

OPERATIVE MANAGEMENT
The primary goal of surgery for CSM is decompression of the spinal cord. There is a
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Figure 4. CSM treatment algorithm.
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secondary goal which is to stabilize the region of the spinal column where there is
myelopathy and instability. The goals of decompression are to remove the spinal cord and
root impingement with the least surgical risk and the least disruption of the structural
integrity of the spinal column [4]. Decompression may be achieved using an anterior, a
posterior, or a combined approach. There is debate about which is the best approach.
Patients over seventy years of age with significant neurologic deficits and medical prob-
lems also present controversies regarding operative risk-benefit issues [34, 35]. We
believe that each patient presents with unique clinical conditions which requires individu-
alized treatment. Nevertheless, we have attempted to provide some useful guidelines
based on our clinical experience and the current literature (Figure 4).

The patient should be prepared for an awake fiberoptic intubation. Positioning
should avoid neck hyperextension.

When fusion is performed, we strongly recommend the use of autogenous graft over
allograft because there is a higher fusion rate and postoperative collapse is less likely to
occur [36].

ONE OR TWO INTERVERTEBRAL DISC LEVELS OF PATHOLOGY

Soft disc herniation

Soft disc herniations are usually seen in younger patients, and there is minimal or no
contribution to the pathology from osteophytic spurring [37]. The MRI should be
reviewed carefully for a free fragment of disc material behind the PLL. The disc should
be resected back until the vertical fibers of the PLL are seen. The PLL should be inspect-
ed carefully for a rent and any disc material that may have herniated through the defect
should be retrieved. We do not recommend routine removal of the PLL and inspection of
the dura if the MRI and careful inspection of the PLL do not reveal a free fragment.

We strongly recommend the Smith-Robinson anterior fusion [38] after discectomy.
We note that satisfactory results have been obtained without fusion in soft disc hernia-
tions involving one level [37, 39]. These studies have limited clinical follow-up or small
numbers of patients with myelopathy. The long-term effects concerning kyphotic collapse
and spondylosis occurring at the discectomy level are not known; therefore, we do not
recommend this procedure. We suggest the fusion technique described by Smith and
Robinson using tricortical iliac crest graft [38] because it provides the most stable con-
struct, is the least likely to collapse, and allows for distraction if disc space narrowing is

present.
Degenerative disc disease (spondylosis)

Cervical spondylosis with its associated disc space narrowing, disc herniation, and
osteophyte formation is the most common cause of CSM. Osteophytes have been shown
to resorb with solid fusion [40]. If the osteophytes are involved in the compression, are
prominent, associated with a developmentally narrow canal, or if the compression ratio is
less than 0.5 they should be removed to ensure adequate space available for the spinal
cord. After removing the disc back to the PLL, the spur on the posterior body should be
ground down to a thin cortical shell and left attached to the PLL. The thin cortical shell
can then be cracked off. If necessary it can be removed with a small curette or Kerrison
rongeur.

We recommend the Smith-Robinson fusion for the above reasons, and because it pro-
vides distraction of the collapsed disc space opening the foramen and decompressing the
nerve root. It is difficult to directly decompress the nerve root in the foramen from the
anterior approach. Another benefit of distraction is the tension that is placed on the liga-
mentum flavum which reduces an invaginated ligamentum when present. Excessive dis-
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traction should not be attempted because of the possibility of increasing tension on the
spinal cord [4, 41]. Axial tension on the spinal cord may play a role in the pathophysiolo-
gy of CSM [41].

A limitation of the Smith-Robinson technique is the potential for less visualization
posteriorly for osteophyte removal. The Cloward procedure [42] provides improved visu-
alization, but it is probably less stable [43], provides no distraction, and there is a poten-
tial for more postoperative collapse because the anterior end plates are removed. For two
level involvement, vertebral corpectomy provides the best visualization but is potentially
the most destabilizing procedure and it has a higher complication rate [44].

One or two level spondylosis with mild developmental narrowing of the canal

We define mild developmental narrowing of the canal as a Pavlov ratio of less than
1.0 and greater than 0.8. The Pavlov ratio is not affected by variations in magnification
that occurs with radiographs; therefore, it is a better guide than measuring the size of the
canal directly.

If the compression is purely anterior, a successful result can be expected from the
anterior approach. If the adjacent levels have degenerative changes, the patient is at risk
for developing stenosis adjacent to the level of anterior fusion and consideration should
be given to posterior decompression. We prefer the anterior approach when it is apparent
that there will be enough space available for the cord after decompression. This is recom-
mended because it limits the surgery to the involved levels and addresses the pathology
directly. In our opinion, if progressive improvement of myelopathy does not occur within
three to six months and postoperative imaging studies do not show a significant improve-
ment in the compression ratio, we suggest posterior decompression.

One or two level spondylosis with narrowing of the canal, posterior, or combined
anterior and posterior compression

When there is posterior compression, combined anterior and posterior compression,
or a developmentally narrow canal, a posterior approach is preferable [16, 45]. The ante-
rior approach in this situation has a higher risk because the dura and spinal cord are
pressed against the PLL in the stenotic canal. Epstein has suggested that the posterior
decompression should extend one or two levels above and below the level of anterior
pathology to allow the dura and cord to migrate dorsally [16]. The decision of whether to
decompress one level or two levels adjacent to the compression is based on the amount of
stenosis and anterior compression, the more severe the pathology, the more decompres-
sion is needed. We suggest that any level with a compression ratio of 0.5 or less should be
decompressed. Assessment of decompression intraoperatively can be difficult. Instillation
of water soluble contrast may be helpful in preventing inadequate decompression [46].
When in doubt, it is preferable to err on the side of too much decompression [47].

MORE THAN TWO INTERVERTEBRAL DISC LEVELS OF SPONDYLOSIS

When more than two disc levels are involved in the pathology, we recommended the
posterior approach. This is somewhat controversial because successful results can be
obtained with the anterior approach [48-50]. Disadvantages of the anterior approach in
this situation are destabilization of the spine, fusion of multiple levels, and graft dislodge-
ment [51, 52]. The advantages of the posterior approach are direct visualization of the
nerve roots [53] and the avoidance of multiple levels of fusion.

Another controversial question is whether laminoplasty or laminectomy should be
the posterior procedure of choice [16, 54-59]. The individual situation of each particular
patient should be the deciding factor. Post laminectomy kyphosis is uncommon [16,
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58-61] except in the growing cervical spine. Laminectomy has the mythological disad-
vantage of destabilizing the spine and allowing kyphosis to occur. A well designed, con-
trolled, prospective study with a five-year follow-up comparing laminectomy and lamino-
plasty revealed no difference [58]; another more recent study also supports no difference
between laminectomy and laminoplasty [60].

The facet joints are very important for spinal stability. In cadaver studies, it has been
demonstrated that preservation of 50%t of the facet joint preserves stability [62]. This
study was done using normal spines; theoretically, in cervical spondylosis, there may be
compromise of the facet joints leading to more loss of support with partial facet resec-
tions [53]. In the case where a partial facetectomy presents questions about stability, we
recommend laminoplasty. If a destabilizing facet resection is required, a posterior fusion
should be performed. However, in this case laminoplasty may be considered at the stable
levels combined with fusion at the unstable level (or levels).

There is loss of motion from laminoplasty especially in neck extension; however, this
may help prevent the progression of spondylosis and development of deformity.
Laminoplasty has the disadvantage of the lamina closing back down causing recurrent
stenosis [55].

Cervical lordosis must be present for the success of posterior decompression. A bow-
string effect occurs allowing dorsal migration of the spinal cord away from the anterior
compression thereby providing decompression [16]. This also allows the spinal cord to
shorten which decreases the axial tension and improves perfusion of the cord [16].
Kyphotic deformity of the cervical spine is a contraindication to posterior decompression
[16, 63] as the cord cannot be expected to migrate away from the anterior compressing
structures.

For laminectomy, we suggest a technique similar to the open door laminoplasty tech-
nique [57]. A high speed burr and small kerrison are used to thin out and cut the lateral
most aspect of the lamina. Instead of hinging open the opposite side, as one would do for
the laminoplasty, the same technique of cutting the lamina is used. The lamina can then
be lifted and freed from the underlying dura. This technique avoids having to place
instruments beneath the lamina into the canal. There have been several techniques for
laminoplasty described [54, 56-60]. The relative advantages of these surgical variations
on a theme have not yet been determined.

It is useful to point out that in the operative procedure, the erector spinae muscles
should not be dissected laterally beyond the facets. This is in order to avoid denervation
of the posterior cervical muscles which may cause postoperative kyphosis [16]. A five
millimeter thick free fat graft should be placed over the exposed dura to minimize adhe-
sions or formation of a post laminectomy membrane which may cause post laminectomy
neurologic deterioration [64].

More than two level spondylosis with or without posterior compression, with or without a
developmentally narrow canal

In these situations, we recommend a laminectomy in most patients. This is a safe,
reliable, and effective procedure. If there are concerns about post laminectomy instability
because of hypolordosis, facet resection or deformity, hypermobility, or erector spinae
muscle dysfunction, a laminoplasty can be considered.

Kyphosis and CSM

The preferred approach is anterior corpectomy and strut grafting [52, 54]. The lateral
borders of the vertebral body should be preserved. For two disc levels, iliac crest strut
graft is adequate; for greater than two levels, a fibular strut graft is superior [48, 52]. Post
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operative use of halo immobilization minimizes the probability of graft dislodgement,
spinal malalignment, and pseudoarthrosis. Anterior internal fixation with plates and
screws is becoming a popular technique to augment stability of these constructs and pos-
sibly eliminate the need for a halo [65-68]. We recommend a conservative and gradual
approach to the use of anterior internal fixation until the risks and benefits are more
clearly delineated.

In the unusual situation of spondylosis with kyphosis and posterior compression or
developmental narrowing of the canal, an anterior approach can be done if it appears
there will be adequate space available after anterior decompression. Otherwise a com-
bined anterior and posterior decompression is considered.

Instability and CSM

When cervical instability is present, a fusion is necessary. The guidelines for anterior
and posterior decompression are similar. Each case should be individualized because of
different levels and degrees of instability. In severe instability and instability with kypho-
sis, anterior and posterior approaches for decompression, fusion and stabilization should
be considered [69].

Anterior decompression and fusion

Bone grafts should be appropriately sized and fashioned to make the most stable
constructs [48, 68, 70], and consideration should be given to halo immobilization to
maintain the position. Catastrophic neurologic injury can result from graft dislodgement
with cord impingement [52, 70, 71]; this has been reported even with use of the halo
[70].

Internal fixation has the theoretical advantages of improving the stability of the graft
construct and possibly eliminating the need for a halo in selected patients [67, 72]. The
anterior plate fixation system developed by Morscher [73] is appealing because there is
no requirement that the screws penetrate the posterior cortex. The screws are locked into
the plate minimizing the complication of the screw loosening and backing out causing
esophageal erosion and other complications.

Posterior decompression and fusion

Posterior cancellous iliac crest bone graft is preferred; however, after laminectomy
there may be sufficient bone to serve as graft for posterior fusion.

If the facets are intact and will hold wire fixation after posterior decompression, the
posterior cervical wiring technique described by Robinson and Southwick [74] is a useful
procedure that adds little to the operative risks. When the facets are deformed by the dis-
ease or removed by the decompression, posterior cervical plates or rods with screws that
achieve fixation to the lateral masses is a reasonable option and is being employed more
frequently for posterior cervical fusions [67, 75]. This technique carries the risk of injury
to the nerve root or vertebral artery [67]; therefore, a thorough knowledge of the anatomy
and a careful precise application of well practiced technique is required to avoid these
complications.

Ossification of the Posterior Longitudinal Ligament (OPLL)

This condition was previously thought to be confined to Asians [51, 56]; however, it
is being reported with increasing frequency in Occidental patients [51, 71]. When OPLL
occurs in non-orientals, the clinical, radiographic, and histologic features are identical to
those of oriental patients [51]. About one-half of patients with OPLL have diffuse idio-
pathic skeletal hyperostosis (Forestier's disease) on plain radiographs [51, 76]. Enhanced
CT scanning is the best method for confirming the diagnosis of OPLL [51]. Awareness of
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the possibility of OPLL occurring in non-orientals and accurately making the diagnosis is
important when managing patients with CSM to avoid catastrophic surgical complica-
tions [6, 51 ,71].

The PLL ossifies and thickens causing anterior compression of the spinal cord. In
some cases, stability is enhanced by the ossified PLL allowing for a more extensive
decompression [6]. At the time of presentation, there may be few levels of involvement;
however, the disease may progress to involve the PLL at multiple levels [49].

We feel that the best surgical procedure for this condition is posterior decompression.
This is largely because of serious and potentially fatal complications that can occur with
anterior decompression [6, 51, 71). Because the dura may be absent [71] or the ossified
PLL may be adherent to the dura, attempts to remove the ossified PLL can result in major
dural injuries that are often difficult or impossible to repair [51]. In a series of twenty-two
patients who underwent anterior decompression, there were numerous complications, and
three patients developed significant postoperative neurological deficits that were thought
to be directly related to manipulation of the ossified PLL during surgical removal [51].
Anterior decompression is required when OPLL is associated with kyphosis. The anterior
floating method where the disc and a portion of the vertebral body is removed allowing
the ossified PLL to be gently pulled forward without actual removal [77, 78] has had an
acceptable success rate, but the complication rate is still higher than posterior decompres-
sion [77].

CONCLUSION

Although the treatment of CSM is controversial, this review presents our recom-
mended approach based on our experience and the most current literature. More prospec-
tive controlled studies are needed to provide the information that is necessary to make
definitive decisions about which patients should be operated and what operation should
be done [79, 80]. When more studies are completed, we will be able to keep the risk-ben-
efits of our surgical decision making in the patients favor. In the meantime, if we decom-
press the spinal cord or nerves with the least possible surgical risk and the least disruption
of the structural integrity of the spinal column, we will be making informed rational deci-
sions for our patients with all the various manifestations of CSM.
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