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Summary
Cervical spondylotic myelopathy (CSM) is the leading
cause of myelopathy in patients over age 50 years.
Despite advances, CSM remains a clinical diagnosis
and its natural history remains unclear. The treat-
ment of CSM is controversial, especially in patients
with mild or moderate clinical disease without rapid
progression of symptoms. Herein, we begin with a
clinical vignette followed by a brief description of
the clinical problems. We discuss evaluation, treat-
ment, and recommendations for the treatment of
CSM. Emphasis is drawn to areas of uncertainty
and present level of evidence for the treatment mo-
dalities of CSM.

C
ervical spondylotic myelopathy (CSM) is a degenerative condition of the cervical
spine and the leading cause of myelopathy in those over the age of 50.1–3 The
exact incidence and prevalence of CSM is unknown.1 Initially, patients may
present with any of the following symptoms: neck pain and decreased mobility

of the cervical spine, numb or clumsy hands, unsteady gait, hyperreflexia, and spasticity. In
time, upper extremity weakness, muscle atrophy, or sphincter dysfunction might develop.4–7

Clinical vignette
A 61-year-old teacher with a history of intermittent neck pain is seen after 5 months of con-
tinuing neck pain. MRI 2 months after the onset of pain showed degenerative changes with
spinal stenosis in the cervical region. He is very anxious because the first physician he consulted
recommended decompressive surgery and the second recommended conservative treatment
and to avoid surgery. He read on the Internet that he could eventually become paralyzed
and therefore seeks further opinions. How should this patient be evaluated and treated?

The pathophysiology of CSM involves 3 main components. The first component is the static
factor, where structural changes cause spinal canal stenosis and cord compression. A strong
correlation has been demonstrated between narrowing of the sagittal diameter of the cervical
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spine and the development of CSM.8–12 The second component is the dynamic mechanical
factor, characterized by repetitive movement of the compressed spinal cord. In flexion, the
spinal cord lengthens, which results in axial tension and, potentially, ischemia.13–15 In exten-
sion, the spinal canal shortens so that its cross-sectional area decreases. Furthermore, the
ligamentum flavum buckles inward. Both changes result in a high risk of compression of the
cervical spinal cord.2,11,15,16 The third component consists of histopathologic and vascular
changes resulting in ischemia, infarction, apoptosis, and other toxic cell alterations.17–20

The natural history of CSM seems dependent on the severity of the condition. It is generally
accepted that patients with severe symptoms will not improve or will undergo a steady progres-
sion.e1 However, the natural history of mild to moderate forms of CSM is unclear. Some have
reported that approximately one-third of patients will deteriorate and require surgical treat-
ment and others have reported that deterioration is rare.5,e2–e4 Due to this uncertainty, there is
an ongoing debate regarding the best management strategy for these patients.

Evaluation
The most commonly used measures to evaluate CSM are the Nurick grade6 and the modified
Japanese Orthopedic Association (mJOA) scoring system (tables 1 and 2). Patients with an
mJOA score of $12 or 0–3 Nurick grade are considered to have mild to moderate forms of
the disease. Otherwise the disease is considered severe.

Imaging
MRI of the cervical spine (figure) is the modality of choice, not only because the etiology of
the canal stenosis can be identified, but also because the magnitude of cord compression,
number of levels affected, and intramedullary signal intensity (SI) change. MRI parameters
have been used as predictors of functional outcome. However, there is conflicting evidence as
to whether spinal cord atrophy or the degree of spinal canal stenosis may predict outcome.e5

Increased intramedullary SI on T2-weighted images and decreased SI on T1-weighted images
(figure) are often seen with CSM and are related to unfavorable surgical outcome.e6 Plain
radiographs and CT are also useful in identifying changes in the disc space, osteophytes,
spinal alignment,e7 and instability of the cervical spine.e8

Evoked potentials
Somatosensory evoked potentials (SEP) and motor evoked potentials (MEP) are an objective
and sensitive method for detecting spinal cord compromise in patients with CSM.e9 In asymp-
tomatic patients with spinal cord compression, with or without intramedullary SI changes on
MRI, the presence of abnormal SEP and MEP could predict progression into clinically
evident CSM in most cases.e10 However, the use of SEP and MEP as predictors of surgical
outcome is unclear. Limited data suggest that SEP could have a role in predicting surgical
success. Favorable surgical outcome is associated with normal preoperative or early postop-
erative improvement of median SEP.e11,e12 Although MEP are sensitive in detecting CSM,
data reflecting their predictive value are lacking.e13

Table 1 Nurick grades

0 Signs or symptoms of root involvement but without evidence of spinal cord disease

1 Signs of spinal cord disease but no difficulty in walking

2 Slight difficulty in walking that did not prevent full-time employment

3 Difficulty in walking that prevented full-time employment or the ability to do all housework, but
that was not so severe as to require someone else’s help to walk

4 Able to walk only with someone else’s help or with the aid of a frame

5 Chairbound or bedridden

0–3 5 Mild to moderate disease; 4–5 5 severe disease.
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Treatment
Treatment of CSM is primarily based on the severity and dynamics of the condition. Operative
treatment is favorable for patients with rapid progression or severe forms of the disease (mJOA
, 12). However, there is no consensus in practice about how to manage patients with mild
to moderate forms of CSM (mJOA $ 12). Because the natural history in the long term of
mild to moderate forms of CSM remains uncertain,e1 it is not clear if surgical decompression
is necessary.e2,e3,e14–e18

Surgical treatment
Various surgical approaches have been proposed for patients with CSM. These include lami-
nectomy with or without fusion, laminoplasty, corpectomy with grafting, anterior discectomy
and fusion, or combined anterior–posterior procedures. Many studies have attempted to
clarify which surgical approach is best suited to patients with CSM.7,e19–e24 Some advocate
the strategy of “treat anterior pathology anteriorly and posterior pathology posteriorly.” How-
ever, the surgical outcome in CSM is dependent on more than just the approach. The

Table 2 Modified Japanese Orthopedic Association scoring system

Motor dysfunction

Upper extremities

Unable to move hands

Unable to eat with a spoon but able to move hands

Unable to button shirt but able to eat with spoon

Able to button shirt with great difficulty

Able to button shirt with slight difficulty

No dysfunction

Lower extremities

Complete loss of motor and sensory function

Sensory preservation without ability to move legs

Able to move legs but unable to walk

Able to walk on flat floor with a walking aid (cane or crutch)

Able to walk up and down stairs with aid of a handrail

Moderate to substantial lack of stability but able to walk up and down stairs without handrail

Mild lack of stability but able to walk unaided with smooth reciprocation

No dysfunction

Sensory dysfunction

Upper extremities

Complete loss of hand sensation

Severe sensory loss or pain

Mild sensory loss

No sensory loss

Sphincter dysfunction

Unable to micturate voluntarily

Marked difficulty in micturition

Mild to moderate difficulty in micturition

Normal micturition

mJOA $12 5 mild to moderate disease; mJOA ,12 5 severe disease.
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patient’s age, the radiographic transverse area of the level of maximal compression of the
spinal cord, and duration of symptoms are some of the factors affecting the surgical outcome
in patients with CSM.e19,e20

A systematic review comparing the efficacy of different surgical techniques for the treatment
of CSM showed that several well-accepted surgical techniques using the anterior or posterior
approach produce similar results.e25 The study group concluded that because of the high
relative effectiveness and similarity of costs and complications of these different surgical
approaches, it may not be necessary to devote substantial resources to clinical trails designed
to determine small advantages of one technique over the other.

In a recent multicenter study of 302 patients,e26 the authors assessed the rates of and risk
factors related to perioperative and delayed complications associated with the surgical treat-
ment of CSM. There was no standardization of surgical treatment and the patients were
treated with anterior-only (n 5 176), posterior-only (n 5 107), or combined anterior–pos-
terior (n 5 19) approaches. Perioperative complications were encountered in 47 (15.6%)
patients. The most common perioperative complications were minor cardiopulmonary events
(3.0%), dysphagia (3.0%), and superficial wound infection (2.3%). The extent of myelopathy
worsened in 4 patients (1.3%) and 1 patient died postoperatively (0.33%). At 2-year follow-up,
275 patients (follow-up rate of 91%) were available and presented an overall delayed com-
plications rate of 4.4%. Significant difference between the surgical approaches with regards to
complication rates was seen for infection rates following anterior-only or posterior-only
approaches (0.6% vs 4.7%) and dysphagia was more often encountered following the com-
bined anterior–posterior approach (21.1%) compared with the anterior-only approach (2.3%)

Figure MRI of the cervical spine

T2-weightedMRI of the cervical spine in a sagittal view (A) illustrates herniated disks at C3-C4, C4-C5, and C5-C6 as
well as an osteophytic spur at C5-C6with spinal cord compression. T2-weighted imaging in an axial view (B) at C5-C6
shows the level of maximum compression. At the level of maximum compression, C5-C6, a hyperintensity signal
(arrow), is illustrated.
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or posterior-only approach (0.9%). The authors were able to identify greater age, increased
operative time, and use of combined anterior–posterior procedures as risk factors for
complications.

Conservative treatment
Conservative treatment is feasible and safe for most patients with mild to moderate CSM.e4,e18,e27

In prospective cohort study of 60 patients with mild CSM, all patients were treated by
in-bed Good Samaritan cervical traction for 8 hours a day for 2 weeks and were encouraged
to avoid risky activities. For final evaluation, 55 patients were assessed. There was no signif-
icant difference in mean JOA score in all cases between first visit and endpoint. Forty-one of
the 55 (74.5) patients remained stable after more than 5 years. However, progression of the
condition was seen in 14 (25.5%) patients.e27 In a prospective study of 70 patients with mild
CSM,e4 the authors assessed outcome following conservative treatment. All patients were
treated by in-bed Good Samaritan cervical traction for 8 hours a day for approximately 2
weeks with or without anti-inflammatory drugs. The patients were then advised to avoid risky
activities. For final analyses (mean follow-up of 35.6 6 25.2 months), 56 patients were
examined. There was also no significant difference in mean JOA score in all cases between
first visit and endpoint. However, 11 of 56 (19.6%) deteriorated and therefore were referred to
surgery. Others have implemented more applicable regimens of conservative treatment. Others
used intermittent cervical immobilization with a soft collar, anti-inflammatory drugs, and
intermittent bed rest for patients with mild to moderate CSM (mJOA $ 12).e2,e3 The patients
were also advised to avoid high-risk activities and to avoid risky environments involving
physical overloading, manipulation therapy, or rigorous or prolonged flexion of the head.
The authors concluded that the symptoms of mild CSM in patients younger than 75 years
do not worsen in the majority of patients (80%). A retrospective evaluation of 45 patients with
mild CSM following conservative treatment revealed that the majority of patients did not
require surgery 5 years (82%) or 10 years (56%) following initial treatment.e18 Total cervical
range of motion, segmental kyphosis in the maximum compressed segment, and local slip were
significant prognostic factors for worse outcome.e18

Because chronic compression of the spinal cord is believed to cause ischemia and a range of
inflammatory and cytotoxic cell changes,19,20 anti-inflammatory drugs have been advocated.
However, none of the commonly recommended drugs has been tested in randomized,
placebo-controlled trials. Currently, a multicenter randomized controlled trial (http://
clinicaltrials.gov/ct2/show/NCT01257828) is examining the adjuvant effect of the neuro-
protective drug riluzole following decompressive surgery for CSM. Riluzole, Food and Drug
Administration–approved for the treatment of amyotrophic lateral sclerosis, blocks glutamate
receptors and increases glutamate receptor activity and is thereby thought to decrease gluta-
mate excitotoxicity.e28

Areas of uncertainty
The main uncertainty regarding CSM remains its natural history. Although sufficient evidence
is lacking, there is a general understanding that patients with severe symptoms (mJOA , 12)
and a long duration of impairment do not improve following conservative treatment.e1

Therefore, it would be unethical to conduct a randomized trial in order to provide
high-level evidence for those patients. For patients with mild to moderate CSM, progression
of the disease can be slow, with stepwise decline, or with long periods of quiescence.e1 Due to

Treatment of cervical spondylotic myelopathy
is primarily based on the severity and dynamics
of the condition.
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this uncertainty, there is an ongoing debate regarding the best management strategy for CSM.
The only 2 prospective comparative studies on this topic provide conflicting results.e2,e3,e17

Kadanka et al.e2 performed a single-center randomized study with 68 patients presenting
with mild to moderate forms of CSM, in which 33 patients underwent surgical decompres-
sion and 35 patients received conservative treatment. At 3-year follow-up, there were on
average no differences in clinical outcome between the groups. At 10-year follow-up, 25
patients in the conservatively treated group and 22 in the surgically treated group were
evaluated. There were no statistical differences between the groups in mJOA score or sub-
jective evaluation by the patients themselves.e3 Although this was a randomized study, the
evidence provided is considered to be low, because the study seems to have had an inappro-
priately small sample size, as evidenced by the large SD in the demographic factors of each
group.e29

Sampath et al.e17 examined 43 patients with CSM in a multicenter study, in which
23 patients received conservative treatment and the rest underwent surgical decompression.
According to their findings, surgically treated patients showed a substantial improvement in
functional status and in neurologic symptoms compared with patients treated conservatively.
Therefore, the authors concluded that surgical treatment is superior to nonsurgical manage-
ment. However, this study is considered to provide low-level evidence because the results may
have been biased by a short term of follow-up (mean 11.2 months), a low follow-up rate
(68%), and the fact that the patients were not randomized, and were selected without regard
to the degree of their myelopathy.

Amid potential cases considered for surgery, there is no consensus on the best surgical
approach or timing of surgery. All applied surgical approaches seem to yield similar results with-
out significant differences in radiologic or clinical outcome.e25

Recommendation
It is recommended that for patients younger than 75 years with mild to moderate CSM
(mJOA $ 12), both operative and nonoperative management options should be offered, as
objectively measured deterioration in function is rarely seen acutely.e30 It is also recommended
that operative therapy be offered to patients with severe symptoms and longer duration of
symptoms, because the likelihood of improvement with nonoperative measures is low.e1 For
patients with symptomatic spondylotic cervical stenosis without clinically evident myelopathy
(mJOA 5 18), in whom either abnormal electrophysiology findings or clinical radiculopathy
are observed, decompressive surgery may be considered as both factors are associated with
an approximately 5% annual risk of CSM development in this patient population.e1 For
conservative treatment, prolonged immobilization in a cervical collar, “low-risk” activity
modification or bed rest, and anti-inflammatory drugs, depending on the patient’s preference,
are recommended.e30

As the authors of these guidelines stated, guidelines can be only as strong as the underlying
evidence. Because there is no high-level evidence for patients with CSM, these recommenda-
tions are also a matter of debate.

DISCUSSION
For the patient described in the vignette, we would recommend conservative treatment and
yearly follow-up examinations if electrophysiologic examinations were normal. In case abnor-
malities are depicted in electrophysiologic examinations, in particular median SEP, then

Conservative treatment is feasible and safe for
most patients with mild to moderate cervical
spondylotic myelopathy.
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surgery could be considered. It is important to convey to the patient the uncertainties regarding
this condition and the lack of evidence supporting a best treatment option. Also, the patient
needs to know that this particular treatment decision is based on our opinion and other
surgeons might recommend surgery. For conservative treatment, we would prescribe an
anti-inflammatory drug and physiotherapy. Cervical immobilization in a cervical collar and
low-risk activity modifications are discussed with the patient but are not recommended due
to the lacking evidence. Surgery should be preserved for patients with severe forms of cervical
myelopathy (mJOA , 12) and could be considered for patients presenting with mild to
moderate forms (mJOA $ 12) with abnormal electrophysiologic examinations or who show
progression while being treated conservatively.

As the population ages, the incidence of CSM will continue to rise. The overwhelming ma-
jority of patients have mild to moderate forms of CSM. To date, there are no high-evidence
studies providing recommendations for the best treatment modality. It is surprising that such
a common and interdisciplinary encountered condition, with a potentially devastating out-
come, has no well-founded recommendations. It is time for a well-designed, randomized,
and multicenter trial.
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