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A B S T R A C T

Objective: To investigate preoperative factors affecting the presence of intramedullary increased signal intensity
(ISI) on T2-weighted magnetic resonance imaging (MRI) in patients with cervical spondylotic myelopathy (CSM)
and the impact of ISI on clinical manifestations.
Patients and methods: Eighty-nine patients with CSM were retrospectively reviewed from January 2013 to
December 2016 in our hospital. Based on the presence or absence of ISI on axial and sagittal T2-weighted MRI,
patients were divided into ISI group (48 cases) and non-ISI group (41 cases). Factors such as age, sex, body mass
index (BMI), duration of symptoms, clinical symptoms and signs, number and distribution of spinal cord com-
pression levels, preoperative Japanese Orthopedic Association (JOA) score, preoperative C2-C7 lordotic angle,
preoperative C2-C7 range of motion (ROM), maximal canal compromise (MCC) and maximal spinal cord
compression (MSCC) were initially compared using univariate analysis. Factors with significant result in uni-
variate analysis were included in multivariate logistic regression analysis. Receiver operating characteristic
(ROC) curve and the area under the curve (AUC) were applied to evaluate the reliability of multivariate logistic
regression model.
Results: Univariate analysis showed that the number of spinal cord compression levels, preoperative JOA score,
MCC and MSCC might be related to the presence of ISI (P < 0.05). Furthermore, multivariate logistic regression
analysis revealed that the number of spinal cord compression levels (OR=0.203, P < 0.05), preoperative JOA
score (OR = 4.274, P < 0.05) and MSCC (OR = 0.250, P < 0.05) were independent preoperative risk factors
associated with the presence of ISI, yielding an AUC of 0.9558. Patients with ISI showed a trend of increasing
clinical symptoms and signs, and also exhibited statistically significantly increased frequencies of clumsy hands,
lower limb spasticity, impairment of gait, broad-based, unstable gait, weakness and motor deficits (P < 0.05).
Conclusion: Multilevel spinal cord compression, lower preoperative JOA score and greater MSCC are in-
dependent preoperative risk factors related to the presence of ISI on T2-weighted MRI in patients with CSM.
Patients with ISI tend to have more clinical symptoms and signs, especially in lower limb manifestations and
motor deficits.

1. Introduction

Cervical spondylotic myelopathy (CSM) is a leading and progressive
spine disease caused by degenerative changes of cervical spine [1,2].
Patients with CSM have various symptoms and signs, including numb
hands, bilateral arm paresthesia, impairment of gait, hyperreflexia,
positive Hoffmann sign and atrophy of muscles [3,4]. Although the
diagnosis of CSM is mainly based on the clinical symptoms and signs,

magnetic resonance imaging (MRI) is an invaluable and irreplaceable
tool for radiographic neurological assessment by visualizing the degree
of spinal cord compression and the signal changes of spinal cord [1,5].

The presence of intramedullary increased signal intensity (ISI) on
T2-weighted MRI is a well-known signal change in patients with CSM
[6]. Since Takahashi et al [7] first reported ISI on T2-weighted MRI in
1987, the histopathological and clinical significance of ISI has been
broadly studied. ISI on T2-weighted MRI reflects a wide range of
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chronic intramedullary compression lesions such as gliosis, demyeli-
nation and necrosis [5,7,8]. Many researches have revealed that ISI on
T2-weighted MRI was associated with poor prognosis for patients with
CSM [9–11].

However, risk factors for the presence of ISI and impact of ISI on the
clinical manifestations have not been illustrated clearly. This study aims
to find the preoperative factors related to the presence of ISI on T2-
weighted MRI in patients with CSM and investigate the impact of ISI on
the clinical manifestations.

2. Patients and methods

2.1. Patient population

We retrospectively reviewed 89 patients (56 males and 33 females)
with CSM in our hospital between January 2013 and December 2016.
All patients underwent preoperative cervical lateral X-rays and MRI
diagnosis. The inclusion criteria included: (1) aged 18 years or older;
(2) at least 1 symptom of CSM; (3) evidence of cervical spinal cord
compression on MRI; (4) normal signal intensity of spinal cord on T1-
weighted MRI. The exclusion criteria included: (1) ossification of the
posterior longitudinal ligament; (2) cervical kyphosis angle> 13°; (3)
acute spinal injuries; (4) thoracic or lumbar spinal diseases; (5) pre-
vious spinal surgery; (6) history of rheumatoid arthritis, cerebral palsy
or tumors. All patients underwent anterior cervical discectomy and
fusion (ACDF) as described by previous studies [12,13]. Extensive de-
compression was performed by removing herniated nucleus pulposus,
osteophytes, and posterior longitudinal ligament. Postoperative results
were not collected as our study was designed to focus exclusively on the
preoperative factors affecting the presence of ISI on T2-weighted MRI.
Based on the presence or absence of ISI on axial and sagittal T2-
weighted MRI, patients were categorized into two groups as follows: ISI
group consisted of 48 patients (31 males and 17 females); non-ISI group
consisted of 41 patients (25 males and 16 females).

2.2. Neurofunctional assessment

The preoperative neurological function was assessed by using the
Japanese Orthopaedic Association (JOA) score (Table 1).

2.3. Radiographic assessment

All the patients underwent preoperative lateral X-rays and MRI di-
agnosis. All radiographic images were analyzed via ImageJ software
(National Institutes of Health, Bethesda, MD, USA).

The lordotic angles between C2 and C7 were measured using Cobb
method in the neutral and maximal flexion-extension lateral radio-
graphs (Fig. 1). Cervical range of motion (ROM) was defined as the
difference between flexion and extension in the alignment. Cervical
ROM in flexion was calculated by adding the angles in the neutral and
maximal flexion positions. Cervical ROM in extension was determined
by subtracting the angles in maximal extension and neutral positions.
Total ROM was calculated by adding the ROM in flexion and extension
(Fig. 1) [14,15].

All patients underwent high-resolution MRI varied from 1.5-T to
3.0-T, either at our hospital or from others. Only the sagittal T2-
weighted images were quantitatively analyzed in this study. We used
maximum canal compromise (MCC) and maximum spinal cord com-
pression (MSCC) to assess cervical canal stenosis and cord compression
more reliably, which have been confirmed by Karpova’s prospective
study [16]. MCC was applied to assess the maximal canal stenosis,
while MSCC was used to measure the maximal degree of spinal cord
compression. MCC was defined as the anteroposterior canal diameter at
the level of maximal canal stenosis (Di) divided by the averaged dia-
meters of 2 nonpathological canals, including one above (Da) and one
below (Db) (Fig. 2A). The formula for MCC was as follows: MCC (%) =

(1– [Di/{Da+Db}/2]) × 100%. MSCC was defined as the ante-
roposterior spinal cord diameter at the level of the maximal spinal cord
compression (di) divided by the average of the diameters of 2 non-
pathological cord levels, including one above (da) and one below (db)
(Fig. 2B) [3,16]. The formula for MSCC was as follows: MSCC (%) =
(1– [di/{da+db}/2]) × 100%.

2.4. Statistical analysis

Data were collected and analyzed in SPSS 18.0 (SPSS, Inc., Chicago,
IL, USA). Means and standard deviations were calculated for continuous
variables, while frequencies and percentages were generated for cate-
gorical variables. The Student’s t-test was used to compare continuous
variables. The Chi-square or Fisher’s exact test was conducted to com-
pare categorical variables. Multivariate logistic regression analysis was
performed to find potential independent preoperative factors correlated
with the presence of ISI on T2-weighted MRI. Adjusted odds ratios (OR)
with 95% confidence intervals (CI) were presented with respective P
values. Preoperative factors with P values less than 0.20 in univariate
analyses were entered into the multivariate analysis. Receiver operating
characteristic (ROC) curve was applied to measure the reliability of
multivariate logistic regression model. The area under the ROC curve
(AUC) was used to test the overall ability of multivariate logistic re-
gression model to discriminate the presence and absence of ISI on T2-
weighted MRI. P value less than 0.05 was considered to represent a
statistically significant difference.

3. Results

3.1. Baseline characteristics

Baseline characteristics and clinical features of all patients were
summarized in Table 2. The mean age was 54.76 years (range, 34–78
years); the mean duration of symptoms was 17.82 months (range, 1
month–10 years); the mean preoperative JOA score was 10.13 (range,
8–12); and the mean body mass index (BMI) was 22.57 kg/m2 (range,

Table 1
The JOA score.

Ⅰ. Motor function of the upper extremity
0. Impossible to eat with chopsticks or spoon
1. Possible to eat with spoon, but not with chopsticks
2. Possible to eat with chopsticks, but inadequate
3. Possible to eat with chopsticks, awkward
4. Normal
II. Motor function of the lower extremity
0. Impossible to walk
1. Needs cane or aid on flat ground
2. Needs cane or aid only on stairs
3. Possible to walk without cane or aid but slowly
4. Normal
III. Sensory function
A. Upper extremity
0. Apparent sensory loss
1. Minimal sensory loss
2. Normal
B. Lower extremity
0. Apparent sensory loss
1. Minimal sensory loss
2. Normal
C. Trunk
0. Apparent sensory loss
1. Minimal sensory loss
2. Normal
IV. Bladder function
0. Complete retention
1. Severe disturbance (sense of retention, dribbling, incomplete continence)
2. Mild disturbance (urinary frequency, urinary hesitancy)
3. Normal

JOA, Japanese Orthopedic Association.
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18.59 kg/m2–26.72 kg/m2). The numbers of spinal cord compression
levels at C3/4, C4/5, C5/6 and C6/7 were 19, 56, 79 and 30, respec-
tively.

3.2. Relationship between preoperative factors and the presence of ISI

On the basis of the presence or absence of ISI on axial and sagittal
T2-weighted MRI, 48 patients were divided into the ISI group, and 41
patients were divided into the non-ISI group. Univariate analyses were
conducted for both demographic and radiological factors. There were
no significant differences between two groups regarding the age,
gender, duration of symptoms, distribution of spinal cord compression
levels and BMI (P > 0.05). Nevertheless, patients in ISI group tended
to have multilevel spinal cord compression and lower preoperative JOA

score than that of non-ISI group (P < 0.05) (Table 3). For preoperative
radiological characteristics, no significant intergroup differences were
observed with regard to preoperative C2-C7 lordotic angle and C2-C7
ROM (P > 0.05), whereas patients in ISI group had higher pre-
operative MCC and MSCC than those in non-ISI group (P < 0.05)
(Table 4).

6 preoperative factors with P values< 0.20 in univariate analyses
(including age, duration of symptoms, number of spinal cord com-
pression levels, preoperative JOA score, MCC and MSCC) were selected
for the multivariate logistic regression model. The resulted showed that
the odds for the presence of ISI were greater when patients had mul-
tilevel spinal cord compression (OR=0.203, 95% CI 0.050–0.832, P=
0.027), lower preoperative JOA score (OR = 4.274, 95% CI
1.396–13.090, P= 0.011), and higher MSCC (OR = 0.250, 95% CI

Fig. 1. Measurements of C2-C7 lordotic angle (the Cobb method) in neutral (A, θ), flexion (B, θ1) and extension position (C, θ2).

Fig. 2. Measurements of MCC (A) and MSCC (B) in sagittal cervical MRI.

Table 2
Patients characteristics and clinical manifestations.

Patients characteristics (n= 89)
Age (years) 54.76 ± 10.82
Gender (% of Male, M/F) 62.9% (56/33)
Duration of symptoms (months) 17.82 ± 26.27
Number of spinal cord compression levels 2.07 ± 0.71
BMI (kg/m2) 22.57 ± 1.91
Preoperative JOA score 10.13 ± 0.91
Clinical symptoms and signs
Numb hands 86.5% (77/12)
Clumsy hands 55.1% (49/40)
Bilateral arm paresthesia 53.9% (48/41)
Atrophy of intrinsic hand muscles 25.8% (23/66)
Hoffmann sign 62.9% (56/33)
Babinski sign 25.8% (23/66)
Lower limb spasticity 32.6% (29/60)
Impairment of gait 55.1% (49/40)
Broad-based, unstable gait 43.8% (39/50)
Lhermitte phenomenon 19.1% (17/72)
Weakness 73.0% (65/24)
Motor deficits 48.3% (43/46)
Hyperreflexia 75.3% (67/22)

BMI, Body mass index, JOA, Japanese Orthopedic Association.

Table 3
Comparison of demographics characteristics between two groups.

ISI group Non-ISI group p Value

Number of patients 48 41
Age (years) 56.54 ± 10.82 52.68 ± 10.56 0.094
Gender (Male/Female) 31/17 25/16 0.725
Duration of symptoms (months) 22.56 ± 32.95 12.27 ± 13.54 0.052
Number of spinal cord compression

levels
2.27 ± 0.74 1.83 ± 0.59 0.002

Distribution of spinal cord
compression levels

0.261

C3-4 14 5
C4-5 36 20
C5-6 41 38
C6-7 18 12
BMI (kg/m2) 22.79 ± 1.87 22.31 ± 1.95 0.235
Preoperative JOA score 9.69 ± 0.75 10.66 ± 0.79 ＜0.001

ISI, Increased signal intensity; BMI, Body mass index, JOA, Japanese
Orthopedic Association.

Table 4
Comparison of preoperative radiological characteristics between two groups.

ISI group Non- ISI group p Value

C2-C7 lordotic angle
(°)

Neutral 12.64 ± 5.89
(lordotic)

12.78 ± 2.76
(lordotic)

0.889

Flexion 11.02 ± 4.88
(kyphotic)

11.69 ± 2.78
(kyphotic)

0.416

Extension 25.37 ± 6.52
(lordotic)

26.02 ± 4.57
(lordotic)

0.589

C2-C7 ROM (°)
Flexion 23.66 ± 7.58 24.47 ± 3.58 0.512
Extension 12.72 ± 5.08 13.25 ± 3.63 0.573
Total 36.38 ± 8.02 37.72 ± 5.12 0.441
MCC (%) 45.78 ± 12.08 27.19 ± 12.32 ＜0.001
MSCC (%) 34.25 ± 11.83 13.39 ± 9.46 ＜0.001

ISI, Increased signal intensity; ROM, Range of motion; SCR, Signal change ratio;
MCC, maximal canal compromise; MSCC, maximal spinal cord compression.
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0.111–0.565, P= 0.001) (Table 5). The AUC for the multivariate lo-
gistic regression model was 0.9558 (Fig. 3).

3.3. Impact of ISI on the clinical manifestations

There was a tendency of increasing frequency of clinical symptoms
and signs when altering from no signal change to ISI on T2-weighted
MRI (Table 6). Lower limb signs and symptoms were much more
common in patients with ISI on T2-weighted MRI, who also showed
statistically significantly higher risk of clumsy hands, lower limb

spasticity, impairment of gait, broad-based, unstable gait, weakness and
motor deficits (P < 0.05).

4. Discussion

CSM is a common cause of spinal cord dysfunction. Risk factors for
the progression of CSM include canal stenosis beyond a critical size,
degree of spinal cord compression, signal changes of spinal cord such as
low signal intensity on T1-weighted MRI and ISI on T2-weighted MRI,
as well as dynamic mechanical factors [6,17]. Additionally, recent
evidence also indicates genetic predisposition as a risk factor for the
development of CSM [18,19]. Single nucleotide polymorphism (SNP) in
the ε4 allele of APOE gene, 6007C > T of BMP-4 gene, 1790 G > A of
HIF-1α gene and Val66Met of BDNF gene was significantly associated
with the development of CSM and negatively related to the surgical
outcomes [17,20–23]. In the present study, we focused exclusively on
the clinical issues regarding to ISI on T2-weighted MRI.

ISI on T2-weighted MRI was commonly observed in patients with
CSM. From histopathological view, the presence of ISI reflects a wide
spectrum of spinal cord lesions, from mild to severe [24,25]. Zhang et al
[26] found that patients with ISI usually had lower preoperative JOA
score and less improved neurologic function after surgery. However,
the relationship between preoperative factors and the presence of ISI on
T2-weighted MRI remained unclear. The present study investigated the
association between preoperative factors and the presence of ISI on T2-
weighted MRI in patients with CSM and the impact of ISI on clinical
manifestations. The results demonstrated that multilevel spinal cord
compression, lower preoperative JOA score and greater MSCC were
independent preoperative factors related to the presence of ISI in pa-
tients with CSM. Patients with ISI tend to have more clinical symptoms
and signs, especially in lower limb manifestations and motor deficits.

4.1. Preoperative factors for the presence of ISI

Previous authors have found T2-weighted ISI within the cervical
cord in 41–97.2% of patients with CSM [27]. And the incidence of ISI
was 53.9% in our study, complying with the previous studies. From
univariate analysis, we found patients with ISI on T2-weighted MRI
tended to have multilevel spinal cord compression, lower preoperative
JOA score, greater preoperative MCC and MSCC. Analogous associa-
tions were found in Nouri’s study [3] but no further analysis was per-
formed in Nouri’s research.

In order to investigate the independent preoperative factors af-
fecting the presence of ISI in patients with CSM, we then conducted the
multivariate logistic regression, which revealed that multilevel spinal
cord compression, lower preoperative JOA score and greater MSCC
were significant factors. The mean number of spinal cord compression
levels was higher in ISI group (2.27 ± 0.74) than that in non-ISI group.
The potential explanation may be that multilevel compression would
leave little space for the movement of the spinal cord and thus spinal
cord was easy to be injured. Many studies demonstrated that the pre-
operative JOA score was an important prognostic factor in patients with
CSM [28,29]. In our study, we found preoperative JOA score was as-
sociated with the presence of ISI on T2-weighted MRI, which could be
explicated by the fact that patients with lower preoperative JOA score
tend to suffer more severe histopathological changes in the spinal cord.
Besides, we found that greater MSCC, rather than MCC, was related to
the presence of ISI on T2-weighted MRI. It is reasonable that MSCC may
be more precise and reliable measurement of spinal cord compression
than MCC. Our findings were in accordance with Karpova et al [16], in
whose study MSCC were also correlated better with the severity of
spinal cord compression than MCC.

To test the reliability of multivariate logistic regression model, we
employed the ROC curve and its AUC which could assess the ability of
this model to discriminate the presence or absence of ISI on T2-
weighted MRI. The value of AUC ranges from 0.5 to 1.0 and is graded

Table 5
Logistic regression analysis of preoperative risk factors for the presence of ISI on
T2-weighted MRI.

Variables OR 95% CI p Value

Age 0.530 0.203-1.385 0.195
Duration of symptoms 1.006 0.595-1.702 0.982
Number of spinal cord compression levels 0.203 0.050-0.832 0.027
Preoperative JOA score 4.274 1.396-13.090 0.011
MCC 0.597 0.232-1.537 0.285
MSCC 0.250 0.111-0.565 0.001

JOA, Japanese Orthopedic Association; ISI, Increased signal intensity; SCR,
Signal change ratio; OR, Odds ratio; CI, Confidence interval.

Fig. 3. ROC curve of multivariate logistic regression model. AUC of 0.9558
indicated an excellent ability to discriminate the presence of ISI on T2-weighted
MRI.

Table 6
Impact of ISI on the presence of specific clinical symptoms and signs.

Clinical symptoms and signs ISI group Non- ISI group p Value

Upper limb
Numb hands 87.5% (42/6) 85.4% (35/6) 0.769
Clumsy hands 66.7% (32/16) 41.5% (17/24) 0.017
Bilateral arm paresthesia 58.3% (28/20) 48.8% (20/21) 0.367
Atrophy of intrinsic hand muscles 31.3% (15/33) 19.5% (8/33) 0.207
Hoffmann sign 64.6% (31/17) 61.0% (25/16) 0.725
Lower limb
Babinski sign 37.5% (18/30) 12.2% (5/36) 0.007
Lower limb spasticity 43.8% (21/27) 19.5% (8/33) 0.015
Impairment of gait 72.9% (35/13) 34.1% (14/27) ＜0.001
Broad-based, unstable gait 64.6% (31/17) 19.5% (8/33) ＜0.001
Other clinical manifestations
Lhermitte phenomenon 22.9% (11/37) 14.6% (6/35) 0.322
Weakness 87.5% (42/6) 56.1% (23/18) 0.001
Motor deficits 58.3% (28/20) 36.6% (15/26) 0.041
Hyperreflexia 77.1% (37/11) 73.2% (30/11) 0.670

ISI, Increased signal intensity.
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as: worthless (0.5–0.6), poor (0.6–0.7), fair (0.7–0.8), good (0.8–0.9)
and excellent (0.9–1.0). [30,31]. Our model showed an AUC of 0.9558,
indicating an excellent discrimination ability.

4.2. Impact of ISI on the clinical manifestations

Our results demonstrated that ISI on T2-weighted MRI increased the
frequency of clinical symptoms and signs. This finding was reasonable
enough, because the absence of signal change indicated no obvious
histopathological changes. However, the presence of ISI on T2-
weighted MRI reflected a variety of histopathological lesions, from mild
to severe alternations. Compared with patients without signal change,
patients with ISI on T2-weighted MRI exhibited a tendency of increased
incidence of every clinical symptoms and signs, implying the presence
of ISI on T2-weighted MRI indeed had some clinical significance. In
addition, it was also found that patients with ISI showed exclusively
increased frequencies in lower limb symptoms and signs, which were
consistent with Nouri et al [3].

It is important for patients with CSM to receive early surgical in-
terventions before the presence of ISI on T2-weighted MRI, as patients
with ISI usually have lower preoperative JOA score, more clinical
symptoms, and worse improvement in neurologic function after sur-
gical operation. Law et al [32] reported that the absolute indications for
surgery were the progression of signs and symptoms, presence of
myelopathy for six months or longer and compression ratio ap-
proaching 0.4. In our study, we found that multilevel spinal cord
compression, lower preoperative JOA score and greater MSCC were
independent preoperative factors associated with the presence of ISI on
T2-weighted MRI in patients with CSM. Accordingly, when patients
tend to have multilevel spinal cord compression, lower preoperative
JOA score and greater MSCC before the presence of ISI on T2-weighted
MRI, they would benefit more regarding the neurological improvement
from early surgical interventions.

Our study is mainly limited by its retrospective design. Further work
with prospective study is needed. Besides, high-resolution MRI varied in
the field strength and working parameters.

5. Conclusion

Multilevel spinal cord compression, lower preoperative JOA score
and greater MSCC are independent preoperative factors related to the
presence of ISI on T2-weighted MRI in patients with CSM. Patients with
ISI tend to have more clinical symptoms and signs, especially in lower
limb manifestations and motor deficits.
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