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The treatment of mild cervical spondylotic myelopathy
with increased signal intensity on T2-weighted magnetic
resonance imaging

FN Li1,2,5, ZH Li3,5, X Huang2, SZ Yu4, F Zhang2, Z Chen2, HX Shen2, B Cai2 and TS Hou2

Study design: A retrospective comparative study.
Objectives: To compare clinical outcomes of surgery or non-operated treatment for mild cervical spondylotic myelopathy (CSM)
patients with intramedullary increased signal intensity (ISI) on T2-weighted imaging (T2WI) of magnetic resonance imaging (MRI),
related factors that may affect prognosis were explored.
Methods: Data from 91 patients treated from July 2008 to June 2011 were retrospectively analyzed. The Japanese Orthopedic
Association (JOA) recovery ratio was used to compare outcomes of surgery and non-operated treatment. Correlation and multiple linear
regression analyses were performed between JOA recovery ratio and age, disease course, segmental lordosis, total range of motion
(ROM), segmental ROM, local slip, extent of spinal cord compression or ISI type.
Results: Patients were divided into two groups by therapy methods: Group A (n¼53, 33 males, age 36–68 years) underwent anterior
cervical decompression and fusion surgery, average follow-up 30.68±8.19 months; Group B (n¼38, 14 males, age 28–76 years)
received non-operated treatment, average follow-up 34.08±9.05 months. There were no significant differences in clinical outcomes
between the two groups. There were significant correlations between JOA recovery ratio and clinical course (Po0.01) or segmental
lordosis (Po0.01). Patients with shorter disease course and larger segmental lordosis have better clinical outcomes as shown by
multiple linear regression analysis.
Conclusion: For mild CSM patients with ISI on T2WI-MRI, there are no significant differences in clinical outcome between surgery
and non-operated treatment during the short-term follow-up. Patients with shorter disease course and larger segmental lordosis have
better clinical outcomes than those with longer course and segmental kyphosis.
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INTRODUCTION

Cervical spondylotic myelopathy (CSM) is described by symptoms
and signs caused by stimulation and compression of the spinal cord
due to cervical intervertebral disk degeneration diseases and second-
ary changes. Because of occult onset and continuous aggravation,
severe clinical symptoms and signs usually appear at late-stage disease,
leading to poor prognosis and seriously affecting the quality of life.1

As CSM is characterized by chronic compression of the spinal cord in
the cervical spine, this increased pressure causes ischemic injury and
even the degeneration of spinal cord, and these lesions show increased
signal intensity (ISI) on T2-weighted imaging (T2WI) of magnetic
resonance imaging (MRI).2 It has been reported by meta-analysis
that the prognosis of CSM patients with intramedullary ISI is poorer
than those without intramedullary ISI.3 For mild-to-moderate
CSM patients, there is no significant difference between surgery and
conservative treatment as reported.4–6

However, there is no necessary correlation of spinal cord compres-
sion and intramedullary signal intensity with clinical symptoms.
Sometimes, we may meet such patients whose clinical symptoms are

relatively mild, although severe spinal cord compression is shown by
MRI even with intramedullary ISI on T2WI. For these patients, it is
more difficult to determine the disease progression and surgery time,
and because surgical intervention is later, postoperative neurological
functional recovery might be poorer.
The aim of this research was to compare the clinical outcomes of

mild CSM patients with intramedullary ISI on T2WI who received
surgery or non-operated treatment to find out whether a surgical
procedure is needed to proceed for these patients. We collected data
from mild CSM patients who met the inclusion requirements, in
order to explore the related factors that may affect prognosis.

MATERIALS AND METHODS

Patient population
Inclusion criteria: single level CSM patients with intramedullary ISI on T2WI

and Japanese Orthopedic Association (JOA) X13. Exclusion criteria: multi-

level CSM; history of trauma; CSM combined with cervical spondylotic

radiculopathy; CSM combined with ossification of posterior longitudinal

ligament. Outpatients and inpatients with CSM treated in our hospital from
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July 2008 to June 2011 were retrospectively analyzed. A total of 91 cases

qualified for the inclusion criteria. The data were divided into two groups

according to therapy method: Group A underwent anterior cervical decom-

pression and fusion surgery, Group B refused surgery because of poor

economic conditions and received non-operated treatment.

Treatment methods
Surgery method: all patients received anterior cervical decompression and

fusion surgery. X-ray perspective was used to determine operation section.

Patients were instructed to wear a neck collar for 6 weeks for protection and

followed up at 6-weeks, 3, 6, 12, 18 and 24 months postoperatively.

Non-operated treatment included the following: oral drugs (for neuro-

nutrition, diminished inflammation and pain relief), traction, acupuncture,

physiotherapy, and so on.

Collected data and outcome assessment
Clinical outcome, including prior-treatment and post-treatment JOA score,

Neck Disability Index (NDI) score, JOA recovery ratio ¼ (post-treatment

JOA score � prior-treatment JOA score)/(17 � prior-treatment JOA score)

� 100%.

Imaging, including range of motion (ROM) of C2–C7: the curve value is

characterized as the angle between the link line of inferior edges of C2 and C7

vertebrae. The value is chosen by subtracting the flexion angle from the

extension angle; if the flexion angle was kyphosis, a negative value results

(Figure 1). Segmental lordosis: the angle between the superior and inferior

edges of connected vertebral bodies of the most compressed spinal cord

segment is measured on MRI, with negative value result with kyphosis

(Figure 2). Extent of spinal cord compression: the value measured as sagittal

diameter of the most compressed spinal cord segment/sagittal diameter of the

C1 segment; smaller values indicate more severe compression. We also

measured presence or absence of a local slip of 2mm or more and ROM at

the maximum compression segment on MRI as Oshima described.6 On the

basis of the ISI characteristics, we categorize ISI as fuzzy type or sharp type.7

All radiological outcomes was evaluated by two independent examiners.

Statistical analysis
All data analyses were conducted using SPSS 19 software (SPSS Inc., Chicago,

IL, USA). The quantitative data, such as age, JOA scores and NDI scores are

presented as the mean± s.d. Intergroup comparisons were made by t-test;

Pearson correlation analysis was performed between JOA recovery ratio and

ages, disease course, segmental lordosis, ROM (C2–7), segmental ROM or

extent of spinal cord compression. Spearman correlation analysis was

performed between JOA recovery ratio and therapy methods, local slip, gender

or ISI type. Statistical analysis of factors influencing the treatment clinical

curative effect was performed with multiple linear regression (differences were

considered statistically significant when Po0.05).

RESULTS

Patients data
A total of 91 cases were included in the study. Group A included
53 cases (33 males, 20 females), the average age was 50.36±8.13 years,
and average follow-up was 30.68±8.19 months. Group B included
38 cases (14 males, 24 females), the average age was 52.95±11.64
years, and average follow-up was 34.08±9.05 months. There was no
significant difference in age or duration of follow-up between the two
groups. Table 1 summarizes the demographics of the patients,
imaging results and clinical therapy effects of the two groups. As
compared with the non-operated treatment group, no obvious
advantage was shown in the JOA recovery ratio and the NDI score
of surgery groups. There was no significant difference in clinical
effects between the two groups. Typical patients of both the groups
are shown in Figures 3 and 4.

Pearson and Spearman correlation analysis results
There is significant correlation between JOA recovery ratio and disease
course (Po0.01) or segmental lordosis (Po0.01), whereas no
significant correlation between JOA recovery ratio and ages, clinical
course, segmental lordosis, total ROM (C2–7), segmental ROM, local
slip, extent of spinal cord compression or ISI type (Table 2).

Multiple linear regression analysis results
The significant correlative index, disease course, segmental lordosis
and JOA recovery ratio were analyzed by multiple linear regression
analysis. Regression formula: JOA recovery ratio ¼ 0.495–0.011�
disease course þ 0.097� segmental lordosis.
Two statistical significant predictive index correlating with JOA

recovery ratio were disease course (Po0.01) and segmental lordosis
(Po0.01). Correlation coefficient of regression formula R¼ 0.888,
determination coefficient R2¼ 0.785, hypothesis testing F¼ 297.225

Figure 1 ROM of C2–C7: curve value is characterized as the angle between the link line of the inferior edges of C2 and C7 vertebrae; negative values result

with kyphosis.
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(Po0.01), specified the formula with statistical significance. As shown
in the linear regression formula, patients with shorter disease course
and larger segmental lordosis have better clinical outcomes.

DISCUSSION

Aiming at the clinical therapy of mild CSM patients with intrame-
dullary ISI on T2WI of MRI, we collected the data of patients
undergoing surgery and non-operated treatment in our hospital. No

significant differences in clinical outcomes between the two groups
were shown during the follow-up. The potential factors linked with
clinical outcomes were further analyzed by using multiple linear
regression analysis. It turned out that the disease course and
segmental lordosis was significantly correlated with JOA recovery
ratio, specifying that patients with shorter disease course and larger
segmental lordosis have better clinical outcomes. Because of the short-
term follow-up, the results may not withstand the test of time. All
patients in the study, even receiving non-operated treatment, had a
stable clinical course, which may be associated with the short-term
follow-up. However, we think that it is reasonable to conclude that for
most patients, there is a relatively low risk for spinal cord injury in the
2–4-year follow-up period. Therefore, there does not appear to be an
urgent need for surgical treatment.
The relationship between intramedullary ISI on T2WI and surgical

prognosis has always been controversial with three major viewpoints:
(1) Previous research suggests that ISI means different extent of
pathological changes at segmental spinal cord, even receive surgery,
their prognosis are usually poor.2,8 (2) There is no correlation
between ISI and severity of CSM as well as surgical prognosis;9,10

some researchers reported that ISI correlated with surgical prognosis,
but no significant difference has been showed by statistical
analysis.11–13 (3) Another viewpoint suggested is that the
intramedullary ISI change is a gradual progress. At the early stage,
ISI reflects edema of spinal cord; at the mid-stage, it reflects necrosis
of gray matter cells; and at the late stage, it reflects formation of spinal
cord cavity. For early stage, intramedullary ISI may decrease to an
approximately normal level by surgical decompression. Necrosis and
cavity at the mid–late stage are irreversible pathological changes,
which may explain why the clinical outcome of surgery is poor.14–17

As shown by our previous meta-analysis, clinical outcomes of patients
with intramedullary ISI on T2WI of MRI are poor.3

Figure 2 Segmental lordosis: the angle between the superior and inferior edges of connected vertebral bodies of the most compressed spinal cord segment

measured on MRI; negative value indicate kyphosis.

Table 1 Basic information, imaging results, and clinical therapy

effects of surgery group and non-operated treatment group

Surgery group

(n¼53)

Non-operated group

(n¼38)

P-

value

Age (year) 50.36±8.13 52.95±11.64 0.056

Gender (male:female) 33:20 14:24 0.863

Disease course (month) 4.69±3.28 5.97±5.08 0.087

Duration of follow-up

(month)

30.68±8.19 34.08±9.05 0.351

Total ROM (C2–7) (1) 54.52±6.93 52.36±6.73 0.745

Segmental ROM (1) 12.04±2.07 11.96±2.21 0.676

Segmental lordosis (1) 0.76±2.29 0.23±2.51 0.585

Extent of spinal cord

compression (%)

53.97±6.57 50.46±5.27 0.312

Local slip (Yes:No) 5:48 2:36 0.140

ISI type (fuzzy:sharp) 31:22 19:19 0.296

Prior-treatment JOA score 14.23±1.07 14.37±0.97 0.365

Post-treatment JOA score 15.60±0.91 15.45±0.92 0.891

JOA recovery ratio (%) 52.83±27.44 43.86±29.55 0.646

Prior-treatment NDI (%) 21.15±4.98 20.82±4.24 0.303

Post-treatment NDI (%) 18.03±4.76 18.73±4.54 0.991

Values shown are mean±s.d.
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Figure 3 A 38-year-old male patient presented with a 3-month history of numbness in both hands which had become aggravated in the last month. This

was accompanied by a month history of unsteady gait. Preoperative MRI image (a) shows intramedullary ISI behind C3–4 intervertebral disk. He underwent

anterior cervical decompression and fusion surgery. Postoperative MRI images (b) three months after surgery shows the area of ISI decreased. His JOA and

NDI score changed from 14 to 16 and 24 to 18, respectively.

Figure 4 A 63-year-old male patient presented with a two-month history of limb weakness accompanied by unsteady gait. Prior-treatment MRI image

(a) shows intramedullary ISI behind C3–4 intervertebral disk. He refused surgery because of fear of operation. (b) shows MRI image two years after

non-operated treatment, the intramedullary ISI did not have much difference compared with before. His JOA and NDI score changed from 14 to 15 and 23

to 20, respectively.
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Vedantam et al.18 reviewed the literature of ISI, and found that
multisegmental ISI and sharp, intense ISI are associated with poorer
surgical outcome and the regression of ISI postoperatively correlates
with better functional outcomes. However, in our study, no significant
differences in ISI type were shown between the two groups, and ISI
type was not associated with JOA recovery ratio.
For the treatment of mild CSM, most researchers suggest there is

no significant difference between conservative treatment and surgery.
Kadanka et al.4,19 proposed that 80% of mild CSM patients will have
better recovery, with or without surgery. Ten years of prospective
randomized controlled trials showed that for mild-to-moderate CSM
patients, no obvious significant difference exists between conservative
treatment and surgery. For both groups, patient conditions all
improve at first, but then grow worse.20 Shimomura et al.5

proposed that 80% of mild CSM patients are in a continuous stable
state during 3 years of follow-up. Epstein et al.21 and Sampath et al.22

also supported this conclusion. Yarbrough et al.23 pointed out that as
time goes on, individual subjective feeling and health status may
decrease, which may affect the individual choice for therapy method.
Traditional concepts suggested that CSM is an inert disease,

because of the continual deterioration of spinal cord function caused
by internal compression of osteophyte. Therefore, decompressing
surgery can prevent disease development, while conservative treat-
ment effects should not be obvious, because it cannot decompress the
spinal cord. However, Matz24 proposed that the pathogenesis of CSM
consists of some dynamic factors other than statistic compression.
Once more obvious clinical symptoms appear, no matter what
measures are taken, the disease will still persistently advance. By
this assumption, conservative treatment can prevent the progress of
disease and improve symptoms, especially for mild CSM, but this
conclusion is not convincing, because the research samples are not
large enough. However, researchers had to admit that conservative
treatment is important in the early stage of the disease, while surgery
may not achieve the desired clinical effects through a long-time
follow-up.
Some limitations exist with this, as with many previous studies.

Because of occult onset at the early stage of CSM, the clinical
manifestation is easily ignored. The diagnosis of mild CSM is usually
made according to the JOA score, while the JOA score is a patient’s
subjective assessment scale, and may not objectively and accurately
reflect the disease situation. The clinical symptoms may not be in
accord with the imaging manifestation; for example, clinical symp-
toms being relatively mild, while MRI shows severe compression of
the spinal cord, and even intramedullary ISI on T2WI. Oshima and

group6 published research to clarify mild CSM, especially the natural
course and prognostic factors of those with intramedullary ISI. He
retrospectively studied 45 CSM patients not having surgery at first
visit, some of whom turned to surgery when they showed neurologic
deterioration. He further compared the relative prognostic factors
of these kinds of patients and the other patients still insisting
on conservative treatment. The results showed that, during 5 and
10 years after the initial diagnosis, 82 and 56% of patients still did
not need surgery. Large range of motion, segmental kyphosis and
instability at the narrowest canal were risk factors for converting to
surgery in the future.
In analysis of previous research, we filtered the patients’ literatures,

and the index of intramedullary ISI on MRI T2WI was analyzed, to
increase the reliability of the findings. Patients with shorter disease
course and larger segmental lordosis have better clinical outcomes,
which means mild CSM patients with intramedullary ISI on MRI
T2WI need therapeutic intervention as early as possible, whatever
kind of therapy is chosen. For patients who have segmental kyphosis
at the most compressed segment, any therapy may not be helpful.
Although the reason why the existence of segmental kyphosis
influenced the prognosis remains uncertain, long-standing segmental
malalignment might have caused chronic ischemia of the spinal
cord.25,26

In conclusion, for mild CSM patients with intramedullary ISI on
MRI T2WI, no significant differences between surgery and conserva-
tive treatment were found during the short-term follow-up. However,
the clinical effects of patients with shorter disease course and larger
segmental lordosis are better than that with longer course and
segmental kyphosis.
This study has several limitations. First, it is a retrospective study.

Second, some limitations exist, such as short follow-up periods and
economic conditions that may affect the therapy chosen. For mild
CSM patients with intramedullary ISI, natural course and surgery
time must be further analyzed in randomized controlled trials.
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