
Observational Study Medicine®

OPEN
Increased signal intensity
 of spinal cord on T2W
magnetic resonance imaging for cervical
spondylotic myelopathy patients
Risk factors and prognosis (a STROBE-compliant article)
Li-qiang Yin, MD

∗
, Jian Zhang, MD, Yong-gui Wu, MD, Jin-hui Li, MD, Qing Yang, MD

Abstract
To investigate the risk factors for progression of increased signal intensity (ISI) on T2W magnetic resonance imaging (MRI) and its
prognostic value in patients with cervical spondylotic myelopathy (CSM).
A total of 109 patients with CSM were included in this study. All the patients were treated with anterior cervical discectomy and

fusion. MRI was performed for all 109 patients preoperatively and at the final follow-up. Radiological evaluation included ISI, anterior
compression (AC) of dural and spinal cord, hyperintensity region (HR) at the involved level. Clinical data including Japanese
Orthopedic Association (JOA) score, Neck Disability Index (NDI) score, and Visual Analogue Scale were collected and evaluated.
Patients were divided into 2 groups according to ISI grades (Group A: no hyper-intensity; Group B: presence of ISI). Then all patients
presented with ISI were divided into 2 subgroups based on the range of HR (Group B1: hyper-intensity diameter accounts for less
than half of the spinal cord diameter at the involved level; Group B2, hyper-intensity diameter accounts for more than half of the spinal
cord diameter at the involved level). AC, disease duration, age, and gender were analyzed as potential risk factors.
Significantly better JOA and NDI scores were observed in Group A preoperatively and at the final follow-up, compared to Group B

(P< .05). Disease duration was found significantly longer in patients with ISI (P< .05). Notably better JOA and NDI scores were
noticed in Group B1 rather than Group B2 (P< .05). Logistical regression showed that disease duration was the only factor that
significantly correlated with the progress of ISI (P< .001).
CSMpatients with ISI on T2WMR images had poorer surgical outcomes compared to others, while the increased range of HRmay

deteriorate preoperative neurological function. Moreover, patients with longer disease duration had greater risk of ISI in spinal cord.

Abbreviations: AC = anterior compression, ACDF = anterior cervical discectomy and fusion, ASIA = American Spinal Injury
Association, CSM = cervical spondylotic myelopathy, HR = hyper-intensity region, ISI = increased signal intensity, JOA = Japanese
Orthopedic Association, MRI = magnetic resonance imaging, NDI = Neck Disability Index, VAS = Visual Analogue Scale.
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1. Introduction

Cervical spondylotic myelopathy (CSM) is the most common
cause of spinal cord dysfunction in adults. Magnetic resonance
imaging (MRI) is an invaluable examination tool in patients with
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compressive cervical myelopathy.[1] MRI can not only depict the
degree of spinal cord compression, but also reflect the
pathological changes in the spinal cord.[2] The increased signal
intensity (ISI) of spinal cord on axial T2W MR images, also
known as “snake-eye appearance,” is often observed in CSM
patients.
The significance of signal intensity change of spinal cord has

been well documented. It has been widely accepted that low-
intensity signal change on T1WMR images is a prognostic factor
for poor outcomes after surgery for CSM.[3–5] However, based on
our clinical observation, very few CSM patients presented with
both low-intensity signal change on T1W MR images and ISI on
T2WMR images. Furthermore, poor outcomes were observed in
substantial numbers of CSM patients presented with ISI on T2W
MR images without low-intensity signal change on T1W MR
images, which indicates ISI on T2W MR images may be one
independent risk factor in CSM patients. Besides, the prognostic
value of ISI on T2W MR images remains controversial in
literature. Some research revealed that CSM patients presented
with ISI preoperatively have poor outcomes after surgery,[6–8]

while others reported no correlation between prognosis and
preoperative ISI.[3,4,9] In 2010, Zhang et al[7] reported that CSM
patients with low signal intensity ratio on T2 images who were
younger and had shorter duration of disease may achieve good
surgical outcomes. Furthermore, different types of ISI changes
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were considered another factor affecting prognosis of these
patients.[8] However, the previous studies did not control for
surgical procedures like laminoplasty, laminectomy, or anterior
cervical discectomy and fusion (ACDF), which have an
independent effect on the outcomes. Also, to the best of our
knowledge, few studies have looked at the potential risk factors
for ISI. Thus, the purpose of this study was to investigate the
predictive value of ISI in CSM patients that underwent ACDF,
with a further analysis of the possible cause of ISI in CSM
patients.
2. Materials and methods

2.1. Subjects

After the Institutional IRB approval, consecutive CSM patients
who underwent ACDF at our institution between May 2014 and
April 2017 were retrospectively reviewed. The inclusion criteria
were: CSM patients with age >18 years; underwent one- or
multilevel ACDF for spinal canal stenosis or spinal cord
compression; and with a minimum 2-year follow-up. Patients
with cervical spine fracture, dislocation, and previous cervical
spine surgery were excluded. Finally, a total of 109 CSM patients
meet the inclusion criteria. Patient demographic data including
age, gender, duration of disease, involved levels, and follow-up
time were gathered from the medical record.
2.2. Radiological evaluation

Radiological findings on MRI images included: increase in the
signal intensity of the involved level (ISI); anterior compression
(AC) of dural and spinal cord; hyper-intensity region (HR) at the
involved level. The ISI was ranked as grades 0 to 1: grade 0, as
dark as or slightly more bright than cerebrospinal fluid at C7/T1
level; grade 1, markedly more bright than cerebrospinal fluid at
C7/T1 level. The patients were then divided into 2 groups
according to the presence of hyper intense signal on T2W MRI
images: group A, CSM patients with grade 0 ISI; group B, CSM
patients with grade 1 ISI. The AC was ranked as grades from 0 to
2: grade 0, compression on less than one-third of spinal cord;
grade 1, compression on more than one-third of spinal cord;
grade 2, compression onmore than two-thirds of spinal cord. The
HRwas defined as grades from 0 to 2: grade 0, no hyper-intensity
at the involved level; grade 1, hyper-intensity diameter accounts
for less than half of the spinal cord diameter at the involved level;
grade 2, hyper-intensity diameter accounts for more than half of
the spinal cord diameter at the involved level. Patients were then
divided into 2 subgroups according to the HR: group B1: patients
with grade 1 HR; group B2: patients with grade 2 HR (Table 1).
At the final follow-up, the HR of all group B patients were
reassessed. The MRI scanning was performed before surgery and
at 24-months follow-up. Images were independently read by 2
Table 1

Demonstration of groups.

Group A Group B

CSM patients
with grade 0 ISI

CSM patients
with grade 1 ISI

Group B1 Group B2
patients with grade 1 HR patients with grade 2 HR

CSM = cervical spondylotic myelopathy, ISI = increased signal intensity.
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senior residents, and the inconsistent results were examined by
another senior attending.
2.3. Clinical evaluation

Clinical data including American Spinal Injury Association
(ASIA) grade, Japanese Orthopedic Association (JOA) score,
Neck Disability Index (NDI) score, and Visual Analogue Scale
(VAS) were collected and evaluated preoperatively and at 3, 6, 9
and the final follow-up.
2.4. Statistics

All the data analysis was performed using SPSS 14.0 statistical
software (SPSS 14.0, Chicago, IL). A paired sample t test was
performed to compare preoperative and final follow-up data. The
independent sample t test was applied to determine the difference
of radiological and clinical outcomes between the 2 groups and 2
subgroups. Logistic regression analysis was performed to identify
correlations between ISI and AC, duration, age and gender.
Significance was defined as a P< .05.
3. Results

A total of 109 patients were included in this study. There were 62
males and 47 females. The average patient age at presentation
was 48.3 years (range, 29–64 years) and the mean follow-up
duration was 25.9 months (range, 24–61 months). The mean
disease duration was 11.2 months and ranged between 1–48
months.
Of these 109 patients, 65 with grade 0 ISI were assigned into

group A, with a mean age of 47.5 years (range, 29–64 years).
Forty-four patients with grade 1 ISI were assigned into group B
(Fig. 1), with an average age of 49.1 years (range, 32–60 years).
The mean involved levels of CSM were 1.8 in group A and 1.9 in
group B, with no significant difference between the 2 groups. The
average duration of CSM was 9.9 months in group A, which is
apparently shorter than 14.1 months of group B (P< .05).
Regarding ASIA scores, more than half of group A patients
presented with neurologic dysfunction as ASIA D, while most
group B patients were classified as ASIA C. The AC of spinal cord
was: grade 0 in 44 patients, grade 1 in 13 patients, and grade 2 in
8 patients in group A; grade 0 in 21 patients, grade 1 in 18
patients, and grade 2 in 5 patients in group B. In group B, 31
patients presented with grade 1 hyper-intensity region, while the
other 13 presented with grade 2. Detailed data were listed in
Table 2.
All the clinical data, including JOA, NDI, VAS scores, were

notably improved after surgery. Generally, the mean JOA score
was improved from 11.1 preoperatively to 13.9 after surgery
(P< .05). The average NDI and VAS were changed from 40.2 to
27.8 and from 2.9 to 2.1, respectively (P< .05). At the final
follow-up, the mean JOA, NDI, and VAS scores were 14.1, 21.3,
and 2.0, respectively. Significant differences of preoperative JOA
and NDI were observed comparing the clinical data between
groups A and B. At the final follow-up, apparently worse JOA
and NDI scores were observed in group B patients (Fig. 2). The
change of ASIA grades of groupA and B patients was presented in
Table 3. Fifty-nine patients in group A achieved at least 1 grade
improvement of ASIA, while 15 patients in group B remained
unchanged at the final follow-up. In patients presented with
hyper-intensity spinal cord, there were 31 patients with HR



Figure 1. A 53-year-old male CSM patient with anterior compression at C4/5 and C5/6 (A). Duration of symptoms was 14 months at the initial visit. ISI was
observed at C4/5 level on T2WMR images (a, white arrow). No sign of decreased signal intensity was found on T1WMR images (B). At the final follow-up (25-month
post operation), remaining ISI was noticed on T2W MR images (c, white arrow). CSM = cervical spondylotic myelopathy, ISI = increased signal intensity.

Table 2

Demographic and preoperative data of the patients.

Group A Group B

No. 65 44
Age (Y) 47.5±17.1 49.1±16.5
Gender (M/F) 36/29 26/18
Disease duration (M) 9.3±5.1 14.1±5.5

∗

Involved levels 1.8±0.8 1.9±0.8
Follow-up time (M) 26.5±8.1 25.3±7.5
JOA 12.4±3.2 9.9±3.4

∗

NDI (%) 37.2±18.1 46.9±17.2
∗

VAS 2.8±1.1 3.3±1.0
ASIA (No.)
A 0 0
B 3 4
C 27 25
D 35 15
E 0 0

AC (No.)
Grade 0 44 21
Grade 1 13 18
Grade 2 8 5

HR (No.)
Grade 0 65 0
Grade 1 0 31
Grade 2 0 13

JOA = Japanese Orthopedic Association, NDI = Neck Disability Index.
#Mean values are presented as the mean±SE.
∗
Indicates a statistically significant difference between the 2 groups.
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affected less than half of the spinal cord diameter (group B1), and
13 with HR accounted more than half of the spinal cord diameter
(group B2). At the final follow-up, 12 patients from group B1 and
1 patient from group B2 showed no sign of ISI, while 19 patients
from group B1 and 12 patients from group B2 had decreased
range of ISI (Table 4). Comparing the clinical data between
groups B1 and B2, statistically worse preoperative JOA and NDI
scores were noted in group B2. At the final follow-up, no
significant difference was observed (Fig. 3).
Two-level logistic regression analysis was used to identify

predictors of ISI presence (Table 5). It was found that disease
duration was the only significant independent factor affecting the
appearance of ISI (P< .001). No association was found between
the presence of ISI and other factors like AC (P= .055), age
(P= .643), and gender (P= .701). Logistic regression was
performed for ISI patients with different grades of HR using
AC, duration of symptoms, age, and gender. Disease duration
was determined as the only variable that significantly affected the
HR grades (P< .001).
4. Discussion

Cervical spondylosis is a progressive disease that frequently
causes cervical myelopathy in individuals. Nerve involvement in
CSM is embodied in the progressive neurological deterioration.
Spinal cord injury may occur due to mechanical compression and
vascular compromise, with resultant lesions in the dorsal and
lateral columns and degeneration of the ascending and descend-
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Figure 2. Comparison of preoperative and follow-up JOA and NDI scores between groups A and B.
∗
Indicates a significant difference between the 2 groups. F-U:

final follow-up. JOA = Japanese Orthopedic Association, NDI = Neck Disability Index.

Table 3

Change of ASIA grades of groups A and B at the final follow-up.

Unchanged One grade Two grades Three grades

Group A (No.) 6 48 9 2
Group B (No.) 15 22 5 2

Yin et al. Medicine (2020) 99:49 Medicine
ing tracts.[6,10] In the late stages of this disease, spinal cord
decompression surgery is imperative to expand the narrow spinal
canal and release the compressed cord.
The neurological outcome of decompression surgery is

influenced by several factors. Many authors have reported
intramedullary signal intensity changes on MR images in CSM
patients.[2–4,6,11] Such signal intensity changes are considered
myelomalacia or cord gliosis due to a long-term, continuous
compressive effect on the spinal cord.[11] It has been consistent
that low-intensity signal change on T1W MRI is a predictor for
poor outcome after decompression surgery.[6,7] To our best
4

knowledge, the MRI findings of ISI in CSM patients were first
reported by Takahashi et al[12] in 1987. The significance of ISI has
been investigated ever since, with conflicting results of its



Table 4

The change of HR grades at the final follow-up.

Group B1 Group B2

Preop F-U Preop F-U

Grade 0 (No.) 0 12 0 1
Grade 1 (No.) 31 19 0 12
Grade 2 (No.) 0 0 13 0

F-U = final follow-up, preop = preoperative.

Yin et al. Medicine (2020) 99:49 www.md-journal.com
predictive value. Some authors found that patients with ISI have
poor prognosis after surgery.[6–8] Nevertheless, others reported
that no association was found between ISI and surgical
outcomes.[3,4,9] Zhang et al[7] compared the clinical outcomes
Figure 3. Comparison of preoperative and follow-up JOA and NDI scores between
U = final follow-up.

5

of CSM patients with different ranks of signal intensity ratio.
They concluded that CSMpatients with high signal intensity ratio
and pyramidal had poor prognosis after surgery. In 2011,
Vedantam et al[8] reported that sharp ISI changes on T2W MR
images predicted a decreased likelihood of cure in patients with
CSM or OPLL. Pathological study of the hyper-intensity district
in CSM patients has demonstrated the destruction of the gray
matter and significant neuronal loss in the anterior horn of spinal
cord, suggesting that ISI is an unfavorable prognostic factor for
recovery of neurological dysfunction.[13] However, the previous
studies included various surgical procedures with different
surgical approaches, which may affect the outcomes of surgical
treatment. Given the facts above, it is still uncertain the predictive
value of ISI under control of surgical strategies in CSM patients.
Besides, the few previous studies have reported the risk factors of
groups B1 and B2.
∗
Indicates a significant difference between the 2 groups. F-
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Table 5

Logistic regression analysis for factors predicting ISI and HR.

ISI grades (0 or 1) HR grades (1 or 2)

Variables P r df P r df

AC .055 0.35 108 .061 0.57 43
Disease duration <.001

∗
0.50 108 <.001

∗
0.78 43

Age .643 0.14 108 .587 �0.30 43
Gender .701 �0.40 108 .064 0.45 43
∗
P< .05.

Yin et al. Medicine (2020) 99:49 Medicine
ISI in CSM patients. Thus, the current study was designed to
evaluate the prognostic value of ISI in CSM patients who
underwent ACDF, with a further investigation of possible cause
of ISI.
Generally, all the 109 patients included in this study achieved

notable improvement of neurological function after surgery.
Significantly worse preoperative JOA and NDI scores were
observed in group B patients, compared with group A. This result
was in accordance with others in previous studies,[6,7,11] which
indicate that patients with ISI had greater neurological dysfunc-
tion before surgical treatment. At the final follow-up, the JOA
and NDI scores were apparently improved compared to
preoperative data, but still remained significantly different
between the 2 groups. That means patients with ISI tend to
experience lower recovery rate even after total decompression of
the stenosis level, which is consistent with literature.[6–8] Based on
our observation, except for the ratio and type of ISI, the range of
ISI on sagittal T2W MR images also varied from patients to
patients. Our results revealed that patients with grade 2 HR
presented with poorer preoperative JOA and NDI scores, but no
significant difference was observed at the final follow-up. Given
the decreased HR at the final follow-up, we considered that the
increased HR may affect the neurological function, but it did not
contribute to poor prognosis of patients with ISI.
A previous clinicopathological study of patients with CSM has

revealed that there might be a common pattern of lesion
progression.[14] In other words, the ISI of spinal cord on T2W
MR images was considered to include a wide range of
compressive myelopathy pathologies and reflects various spinal
cord recuperative potentials.[14] Previous studies mainly focused
on the predictive value of ISI in prognosis of CSM patients, but
few had paid attention to the potential risk factors of ISI itself.
Thus, based on our observation and previous studies, we selected
AC, disease duration, age, and gender for analysis.[15] Results of
the current study showed that disease duration was the only
factor that had an effect on the occurrence of ISI and the range of
HR. That means, CSM patients with longer duration of disease
may suffer higher risk of ISI of spinal cord and increased range of
HR, which may contribute to poor surgical outcomes. However,
no association was found between ISI progression and AC, age,
gender, although nearly statistically significant correlation was
observed between ISI and AC. Given the above results, we may
conclude that degeneration of spinal cord and poor prognosis in
CSM patients correlates more with the duration of spinal cord
compression, instead of compression degree, age, or gender.
There were some limitations of our study. This is a

retrospective study and we did not control for the disease-
involved segments, which could affect surgical outcomes.
Moreover, we did not have multicenter database to support
our conclusion. Besides, the follow-up time was still too short.
6

Further multicenter study with long-term follow-up is needed to
confirm the conclusions of the current study.
To our best knowledge, this is the first study that reported the

potential risk factors for ISI in CSM patients. Our results
demonstrated that CSM patients with ISI on T2W MR images
had poorer surgical outcomes after ACDF compared to others.
Increased range of hyper-intensity area could lead to greater
preoperative neurological dysfunction, but had no effect on
surgical outcomes. Furthermore, patients with longer duration of
disease may suffer greater risk of occurrence of ISI of spinal cord.
5. Conclusion

In conclusion, CSM patients with ISI on T2W MR images had
poorer surgical outcomes compared to others, while the increased
range of HR may deteriorate preoperative neurological function.
Moreover, patients with longer disease duration had greater risk
of ISI in spinal cord.
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