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Recommendations

In younger patients with mild CSM (age younger than 
75 years and mJOA scale score > 12), it is recom-
mended that both operative and nonoperative man-

agement options be offered, as objectively measurable 
deterioration in function is rarely seen acutely (quality of 
evidence: Class I; strength of recommendation, B).

It is recommended that both operative and nonop-
erative management options be offered to younger pa-
tients with mild CSM given that the evidence indicates 
that clinical gains after nonoperative treatment are often 
maintained over 3 years in 70% of cases (quality of evi-
dence, Class III; strength of recommendation, D).

It is recommended that discussion of the natural his-
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tory of CSM conveys that the course of CSM is mixed, 
with many patients experiencing a slow, stepwise decline. 
Discussion should address the fact that long periods of 
quiescence are not uncommon and that a subgroup of 
patients may have interim improvement (quality of evi-
dence, Class III; strength of recommendation, D).

It is also recommended that discussion of the natural 
history of CSM convey that long periods of severe steno-
sis over many years are associated with demyelination 
of white matter and may result in necrosis of both gray 
and white matter leading to potentially irreversible deficit 
(quality of evidence Class III; strength of recommenda-
tion, D).

It is recommended that operative therapy be offered 
to patients with severe and/or long lasting symptoms, be-
cause the likelihood of improvement with nonoperative 
measures is low (quality of evidence Class III; strength of 
recommendation, D).

In patients with cervical stenosis without myelopa-
thy who either have abnormal EMG findings or clinical 
radiculopathy, decompression should be considered (if 
the patient does not otherwise require surgery for radicu-
lopathy) because the presence of EMG abnormalities or 
clinical radiculopathy is associated with development of 
symptomatic CSM in this patient population (quality of 
evidence, Class I; strength of recommendation, B).

Rationale
As cervical disc degeneration progresses, posterior el-

ement osteophytes develop along with ligamentum flavum 
hypertrophy. The end result is acquired cervical canal 
stenosis that may be exacerbated by underlying congenital 
stenosis. This resultant canal narrowing is often asymp-
tomatic. However, compression of the spinal cord and 
nerve roots may become clinically symptomatic as CSM.

The purpose of this study is to undertake a systemat-
ic review of the natural history and disease progression of 
CSM. Although CSM has been studied for several years, 
several questions remain regarding disease progression. 
Specifically, it is not well understood why myelopathy 
develops in certain patients but not in others, despite ra-
diographic evidence of cervical stenosis. It is also poorly 
understood why certain patients have clinically severe 
myelopathy and others manifest only mild myelopathy. 
Finally, the time course of disease progression seems to 
differ between studies, with some authors reporting a 
precipitous decline and others showing static symptoms. 
Increased use of functional scales such as the JOA allows 
the severity of CSM to be quantified. The use of such 
scales has also permitted a more objective analysis of the 
natural history of the disease. For the purposes of this 
manuscript, “natural history” refers either to no treatment 
or nonoperative therapy because it has been impossible to 
verify compliance with most nonoperative therapies (in-
cluding rest and cervical collar immobilization).

Search Criteria
We completed a computerized search of the National 

Library of Medicine database and the Cochrane database 

of the literature published from 1966 to 2007 using search 
terms and MeSH headings. A search using the subject 
heading “spondylosis and myelopathy” yielded 754 cita-
tions. We combined the following subject headings with 
“spondylosis and myelopathy”: “disease progression” (18 
citations), “outcome assessment” (113 citations), “signs 
and symptoms” (142 citations), “pathophysiology” (171 
citations). Also searched were terms “cervical spine and 
natural history” (111 citations) and “cervical spine and 
myelopathy and natural history” (20 citations). Account-
ing for redundancy, we acquired 438 citations; we select-
ed only English citations. We then reviewed the titles and 
abstracts of the articles and culled additional references 
from the bibliographies.

Among the articles reviewed, we included 32 studies 
and reviews that dealt with CSM and its progression and 
outcome without surgical intervention (Evidentiary Table 
1). Seventeen of these studies examined outcomes over a 
period permitting longitudinal follow-up. Outcome mea-
sures used were primarily the JOA and the Nurick scale. 
Other parameters studied included abnormalities on MR 
imaging and changes on electrophysiological testing.

Scientific Foundation
Longitudinal Analysis Without Objective Outcomes

An assessment of the natural history of disease 
progression in CSM essentially involves prognosis in 
the absence of surgical intervention. A determination 
of prognosis involves evaluation of validity, results, and 
applicability.3 Specifically, a reviewer must determine 
whether a sample of patients was representative and ho-
mogeneous. Also vital are a sufficient length of follow-up 
and objective outcome measures. Results must illustrate 
outcomes over time and the precision of said outcomes.

Most studies have examined CSM primarily in quali-
tative terms, often without the use of objective outcome 
measures. Quantitative outcome measures for cervical 
myelopathy are many; the most commonly used were the 
JOA score and the Nurick scale.5,15 The JOA scale is a 
reliable, valid, and responsive measure. Although more 
traditional, the Nurick scale has not been studied in as 
great detail. Prior to utilization of these outcome mea-
sures, most authors assessed CSM qualitatively.

Clarke and Robinson4 described a retrospective se-
ries of 120 patients with CSM over several years. In this 
study, CSM appeared to have a mixed progression. Of 
this cohort, 26 patients did not undergo surgery. The au-
thors combined the natural history of these 26 with the 
progression of the disease in the remaining patients prior 
to surgery. The authors assessed outcomes based on clini-
cal symptoms including motor symptoms in one or both 
legs, motor symptoms in one or both arms, and sensory 
symptoms in arms and legs. The authors found that the 
disease process consisted of episodes during which new 
symptoms and signs appeared in 75% of patients. Dur-
ing quiescent intervals, deterioration was seen in 2/3 of 
patients, while 1/3 of the patients had no deterioration. 
In 20% of patients, the authors observed a slow, steady 
progression of symptoms without stepwise decline; 5% 
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had a rapid onset of symptoms followed by a long plateau. 
In the 26 patients who did not undergo surgery, the study 
described improvement in 50%. Overall, this population 
was heterogeneous and was followed without objective 
outcome measures (Class III).4

Lees and Turner11 detailed a cohort of 44 patients 
with CSM assembled over several years and diagnosed 
on the basis of repeated examination and myelography. 
It appeared from their study that the natural history of 
CSM may be prolonged with long periods of quiescence. 
They classified symptom severity as nil, mild (similar to 
Nurick Grade II), moderate (similar to Nurick Grade III), 
or severe (similar to Nurick Grades IV and V). The au-
thors divided patients into those whose symptoms were < 
10 years (3–10 years) and those who had symptoms lon-
ger than 10 years (10–40 years). As an aggregate group, 
initial CSM symptoms were nil in 0, mild in 4, moderate 
in 15, and severe in 25 patients. At follow-up, symptoms 
were nil in 2, mild in 3, moderate in 21, and severe in 18 
patients. Most notable was that 15 patients with symp-
toms of longer than 10-years’ duration had severe CSM 
that improved to moderate. In this cohort, several patients 
were treated with a cervical collar. Ultimately, 8 patients 
underwent surgery, 4 of whom had deteriorated during 
the observation period. In the 28 patients who were man-
aged entirely in nonoperative fashion, 60% improved. 
Furthermore, improvement may occur with conservative 
management even in the presence of a long duration. This 
study population was a heterogeneous group evaluated 
without objective outcome measures and assessed at dif-
fering time points (Class III).11

Roberts18 reviewed a retrospective series of 24 pa-
tients with CSM (average age 54.2 years) diagnosed by 
examination and myelography. The author concluded that 
a long duration and severity of symptoms seems to pre-
clude recovery. This study detailed the 2-year period prior 
to any therapy. The mean follow-up period was 3.1 years, 
and patients were treated with bed rest and immobiliza-
tion. The author graded motor disability in the patients 
(1–4 roughly equivalent to Nurick Grades II–V). Dur-
ing the study period, 7 patients (29%) improved, 9 were 
unchanged, and 8 worsened. Of those who improved, all 
recovered within 5 months. In contrast, poor outcome 
was associated with symptom duration > 18 months. The 
population in this study was heterogeneous, and objective 
outcome measures were lacking (Class III).18

Sadasivan et al.19 corroborated the negative associa-
tion between symptom duration and outcome. These au-
thors described 22 patients (average age 50.8 years) with 
symptom durations averaging 6.3 years prior to diagno-
sis of CSM. Based on their medical histories, all patients 
were assessed as having Nurick Grade II myelopathy at 
diagnosis. One patient’s myelopathy progressed to Nurick 
Grade III, in 17 it progresesd to Nurick Grade IV, and in 
4 to Nurick Grade V. Gait was involved in 100%, dexter-
ity in 72%, and weakness in 45% of patients. Although 
this sample was heterogeneous and was assessed without 
truly objective outcome measures (Class III), the results 
did suggest deterioration over time. However, the Nurick 
classifications were determined based on history and not 
on clinical records.19

Barnes and Saunders1 found that increased ROM and 
female sex portended a worse outcome. These authors ex-
amined 45 patients with CSM (average age 65 years) with 
an average follow-up period of 8.2 years. The mean time 
between symptoms and treatment was 1.2 years. Myelop-
athy in the patients in Group I improved 1 Nurick grade, 
in Group III it deteriorated by 1 Nurick grade, and in 
Group II it remained stable. Nine patients were in Group 
I, 30 in Group II, and 6 in Group III. These authors found 
that, over several years, the majority of patients with CSM 
remain stable, with deterioration more prevalent with fe-
male sex and increased ROM. This population was het-
erogeneous and assessed without truly objective outcome 
measures (Class III).

Pathology
Ogino et al.,16 Ono et al.,17 and Ito and colleagues6 

all described pathological series of CSM at autopsy. In 
essence, all 3 studies indicated pathological progression 
that appears to worsen with duration and AP compres-
sion. Ogino et al.16 detailed 9 patients (average age 76.4 
years) from diagnosis to death (average duration of symp-
toms was 18.2 years). In their similar study, Ono et al.17 
reported on 5 patients with an average age of 74.2 years. 
Ito et al.6 reported on 7 patients (average age 67.9 years) 
with a symptom duration of 4.7 years. Ito and colleagues 
noted that, over time, marked atrophy and neuronal loss 
developed in gray matter with severe degeneration in the 
white matter columns. These authors described this as a 
pattern similar to what is seen in a transient hypoperfu-
sion syndrome. Ono et al.16 noted similar findings to that 
of Ito and associates. Specifically, infarction and cavita-
tion of the gray matter developed with white matter de-
myelination. In most instances, the AP compression ratio 
was below normal. Ogino et al.16 noted that when the AP 
compression ratio was 40–44% of normal, flattening of 
the gray matter was present with mild demyelination. At 
22–39% of normal, small cavitation developed in the gray 
matter with diffuse demyelination. Finally, at 12–19%, 
extensive gray matter necrosis with white matter gliosis 
occurred. However, these were small, heterogeneous se-
ries (Class III).

Longitudinal Analysis With Outcome Measures
Kadanka and colleagues9,10 used the mJOA scale, a 

timed 10-m walk, and evaluation of video-recorded ADLs 
to assess 33 patients with CSM (average age 54 years). 
These authors concluded that the symptoms of mild CSM 
(mJOA score > 12) in patients younger than 75 years of age 
do not worsen in the majority of patients (80%), and may 
occasionally improve. The average duration of symptoms 
was 1 year, and entry criteria mandated diagnosis on MR 
imaging with an mJOA scale score > 12 (mild symptoms). 
Patients had an average of 2 stenotic levels.9 The authors 
stratified outcomes into nonresponders, responders, and 
very good responders. Responders improved in the 10-m 
walk or added a point on the mJOA scale. Those in the 
very good responder group demonstrated +2 on the mJOA 
scale. At 6 months, 9 patients were nonresponders, 24 
were responders, and 6 were very good responders, At 36 
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months, 8 were nonresponders, 22 were responders, and 
7 were very good responders.10 The average mJOA scale 
score improved from 14.6 to 14.7 (95% CI 14.0–15.3). The 
10-m walk times stayed similar at 7.4–7.5 seconds (95% 
CI 6.7–8.4).9 Patients who responded better seemed to be 
on the older side and had increased Pavlov ratios.

In a similar series, Kadanka et al.7,8 detailed their 
experience in 27 patients (average age 55.6 years, all 
younger than 75 years) with mJOA scale scores > 12. The 
authors noted that mild-to-moderate CSM stabilizes over 
24 months. They assessed outcome over 24 months using 
a timed 10-m walk, evaluation of video-recorded ADLs, 
and mJOA scale scores. In the conservatively managed 
group, the 10-m walk times reduced from 8.3 to 8.0 sec-
onds at 24 months. Activities of daily living were un-
changed in 70.4%, worsened in 18.5% (−1), and improved 
in 11.1% (+1). The mJOA scale scores improved from av-
erage of 14.3 to 14.5 over 24 months.7,8 These 4 studies 
were Class I, because they contained homogenous groups 
and stratified prognostic factors with objective outcome 
measures detailed over time.

Nakamura and colleagues14 reviewed 64 patients with 
CSM (average age 52 years) with a minimum sagittal di-
ameter of 12.0 mm (average 13.5 mm). The authors ob-
served a level of normalcy (no disability) in 27% in the 
upper and 26% in the lower extremity. The duration of 
symptoms in the study patients was 2 years. The authors 
measured outcome using the extremity subscale from the 
JOA. Follow-up was a minimum of 1 year and averaged 
6. Conservative therapy varied and included Crutchfield 
tongs, plaster casts, traction, and bracing. In this series, 
55% of patients improved in the upper extremity and 
57% improved in the lower extremity. Only 3% showed 
deterioration in the lower extremity and all others re-
mained the same. Younger patients and those with a mild 
disability more frequently achieved no disability status. 
Maintenance was 70% over several years with only 3% of 
patients experiencing worsening. This study was graded 
Class III because the cohort did not stratify for prognostic 
factors, and the authors did not include all patients in the 
time periods studied.14

Matsumoto and colleagues12 reviewed soft cervical 
disc displacement in 27 patients (average age 44.4 years, 
JOA scale score > 10) with myelopathy. The JOA scale 
scores ranged 11–16 (average 13.6). Treatment was with a 
cervical collar 8 hours daily for 3 months. Patients were 
symptomatic an average of 4–5 months prior to enroll-
ment and the average follow-up was 3.9 years. Of these 
27 patients, 10 experienced clinical deterioration and re-
quired surgery, whereas 17 did not require further inter-
vention. Among those who underwent surgery, the aver-
age JOA scale score was 14.1 initially, falling to 12.9 at 3 
months and 12.1 at 6 months. After surgery, these patients 
improved to 16.0. In those who did not clinically worsen, 
JOA was 13.6 initially and improved to 14.9 at 3 months, 
and 15.6 at 6 months with a final JOA of 16.2. This study 
was Class III because a large group underwent surgical 
intervention over the final time course and that the pa-
tients were not truly representative of the overall CSM 
population.12

Predictors of Development and Worsening of CSM
Traditionally, clinicians have used electrophysiologi-

cal techniques to study peripheral nerve abnormalities. 
Kadanka et al.7 and Bednarik et al.2 examined the devel-
opment of CSM as it related to electrophysiological ab-
normalities. Kadanka and colleagues7 described a series 
of 30 patients without clinical CSM all of whom had ra-
diographic cervical stenosis. The study evaluated patients 
using SEPs and motor-evoked potentials in the upper and 
lower extremities. The authors found abnormal electro-
physiological results in 15 of 30 patients. Of those in the 
group with abnormalities, clinical CSM ulimately devel-
oped in 5 patients over a 2-year follow-up period, where-
as none of the 15 patients in the electrophysiologically 
normal group developed CSM (likelihood ratio positive 
2.5, likelihood ratio negative 0, positive predictive value 
30%, and negative predictive value 100%). This study 
was graded Class III. Although it represented a homog-
enous sample followed over time with objective outcome 
measures of EP, the clinical outcome measures were not 
documented quantitatively.7

Bednarik et al.2 described 66 patients with spondylot-
ic compression of the spinal cord, all of whom had mJOA 
scale scores of 18 (normal). These authors concluded 
that development of CSM in the presence of spondylotic 
compression is associated with clinical radiculopathy and 
premorbid abnormalities on EMG and SEP testing.2 The 
authors longitudinally studied EMG of the anterior horn 
cells, SEPs, radiographic compression ratios on MR im-
ages, and clinical examination results. They defined de-
velopment of myelopathy by clinical examination and 
loss of 1 point on the mJOA scale. In this series, 19.7% 
developed CSM (~ 5%/year). Clinical radiculopathy was 
present in 92% of the patients with CSM and in 24% of 
those in whom CSM did not develop (p < 0.0001). Soma-
tosensory evoked potentials were abnormal in 38.5% of 
patients with CSM and 9.4% of patients without (p < 0.02). 
Electromyography abnormalities were present in 61% of 
those who developed CSM and 11.3% of those who did 
not (p < 0.01). This study was graded Class I because a 
representative, homogeneous sample was followed over a 
reasonable time period with objective outcome measures. 
The limitation of this study is that the mJOA scale is typi-
cally not responsive to a one point difference.20

In their Class I study described above, Bednarik et 
al.2 also studied compression ratios—defined as the quo-
tient of AP/width—including the standard Pavlov ratio. 
These authors found that the severity of the compression 
ratios did not correlate with the rate of development of 
CSM. Congenital stenosis was defined as a Pavlov ratio 
< 0.8 and spondylotic compression was defined as an AP/
width ratio < 0.4.

Matsumoto et al.13 focused on ISI in the cervical spi-
nal cord on the T2-weighted MR imaging sequence. They 
described a series of 52 patients (29 with CSM, 12 with 
cervical disc displacement, and 11 with ossification of the 
posterior longitudinal ligament) with myelopathy (JOA 
scale score > 10, average age 55 years). The morbidity 
period before treatment ranged between 1 month and 2 
years (mean 7 months). Treatment included cervical im-
mobilization 8 hours daily for 3 months. Increased signal 
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intensity was present in 34/52 and was described as focal 
or multisegmental. A satisfactory outcome was defined 
as JOA > 15 or improved function. Follow-up averaged 
3 years.

In patients with focal ISI, the average JOA scale score 
improved from 14.0 to 14.4. In patients with multisegmen-
tal ISI, JOA scores improved from 13.8 to 14.0. In those 
with no ISI, the average JOA scale score improved from 
14.3 to 14.6. The authors reported satisfactory results in 
63% of patients with focal ISI, 70% with multisegmental 
ISI, and 78% of those without ISI. These authors conclud-
ed that ISI does not play a role in outcome in patients with 
conservatively managed cervical myelopathy.13 This study 
was graded Class III because the sample combined simi-
lar, but different, pathological entities. In addition, 20% of 
patients underwent surgery, and it was not clear whether 
they were included in the outcome analysis. However, the 
authors conducted follow-up in their patients over a pe-
riod of time, used objective outcome measures, and also 
attempted to stratify imaging abnormalities.

Summary
Clinical studies have not been strong in defining the 

natural history of CSM. There is Class III evidence that 
the natural history of CSM may be mixed with many 
patients experiencing a slow, stepwise decline. Long 
periods of quiescence are not uncommon, however, and 
a subgroup of patients may improve. There is Class III 
evidence from 3 pathological studies associating CSM of 
several years’ duration with demyelination of white mat-
ter. Severe stenosis may ultimately result in necrosis of 
both gray and white matter (Class III).

In patients younger than 75 years of age with mild 
CSM (mJOA scale score > 12), there is Class I evidence 
that associates nonoperative management with a stable 
clinical course over a 36-month period. In these patients, 
Class I evidence indicates that the mJOA scale score, 
10-m walk times, and ADL assessments typically do not 
worsen over this time frame. Class III evidence indicates 
that clinical gains associated with nonoperative treatment 
are often maintained over 3 years in 70%.

With regard to predictive factors, Class I evidence 
demonstrates that EMG abnormalities in the anterior 
horn cells or the presence of clinical radiculopathy are 
associated with development of CSM in patients with as-
ymptomatic stenosis. The importance of these findings in 
an asymptomatic individual is debatable.

A common theme in all studies of natural course was 
possible selection bias. Many studies analyzed patients 
with CSM after completion of conservative or surgical 
treatment. It was not clear which selection criteria were 
used to determine who should receive conservative ther-
apy. It is very likely that patients with more severe symp-
toms were excluded from the studies. In most analyses, 
~ 20% of patients who initially underwent conservative 
treatment ultimately received surgery. What is unclear 
is the number of patients with CSM who were initially 
stratified to surgical therapy.

Key Issues
It is evident that there is a need for a randomized 

clinical trial examining patients with mild CSM and 
comparing operative and nonoperative treatment. There 
is sufficient evidence indicating that patients with severe 
symptoms and a long duration of symptoms will gener-
ally not improve, and attempts at randomizing these pa-
tients to different treatment groups may not be ethically 
feasible.
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