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Abstract
Background: When intramedullary high-intensity lesions are found on cervical T2-weighted magnetic
resonance images of patients with whiplash injury, it is often required to identify whether they are due to
spinal cord injury (SCI) or cervical compressive myelopathy (CCM). This is important to determine
insurance coverage. Thus, this study aimed to develop a method to distinguish between SCI and CCM.

Methods: Magnetic resonance images of 20 patients who had cervical SCI were evaluated. These 20 SCI
patients were age- and sex-matched to 20 CCM patients. The number of discs adjacent to T2 high-
intensity lesions was counted because the T2 high-intensity lesions in SCI were characterized by sagittal
dilation. The “snake-eyes appearance” was assessed as a characteristic �nding of CCM. T2 values in T2
high-intensity lesions were evaluated quantitatively by its ratio with the T2 values in the normal spinal
cord, including signal ratio and contrast ratio.

Results: The number of discs adjacent to T2 high-intensity lesions was signi�cantly higher in SCI than in
CCM. The snake-eyes appearance was found in 9 of 20 CCM patients, but not in SCI patients. The signal
ratio and contrast ratio on axial images were signi�cantly higher in SCI than in CCM. A new diagnostic
scale was created based on these results. This diagnostic scale has made it possible to distinguish SCI
and CCM with >90% accuracy from all perspectives including sensitivity, speci�city, positive predictive
value, and negative predictive value.

Conclusions: The features of T2 high-intensity lesions can be used to distinguish between SCI and CCM.

Background
Whiplash injury following a tra�c accident is caused by sudden movements of the neck such as
extension and �exion. Whiplash injury has major symptoms such as neck tenderness, pain upon
movement, and restricted movement and various other symptoms such as headache, dizziness,
weakness, tinnitus, and visual impairment. The collection of these symptoms is called whiplash-
associated disorder (WAD) [1-3]. WAD often becomes chronic, requiring high �nancial costs [4-6]. Several
studies have suggested the presence of mild spinal cord injury (SCI) in WAD [7-9]. The presence of SCI is
important in determining the amount of insurance compensation for whiplash injury.

Intramedullary high-intensity lesion in the cervical spinal cord detected by T2-weighted magnetic
resonance imaging (MRI) is one of the possible signs of SCI [10]. However, intramedullary T2 high-
intensity lesion is also observed in patients with cervical compressive myelopathy (CCM) [11]. With the
aging of the population, the number of patients with SCI without bone injury and CCM is increasing [12-
14]. Therefore, it is often necessary to determine whether the cause of intramedullary T2 high-intensity
lesion in a whiplash patient is SCI or CCM. Although physicians familiar with spine surgery use empirical
knowledge to distinguish between SCI and CCM, there is no clear identi�cation method.
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Thus, in this study, we aimed to develop a method to distinguish between SCI and CCM by quantifying
the features of intramedullary T2 high-intensity lesions in the cervical spinal cord.

Methods
This study was approved by our institutional review board.

MRI assessments

In this study, 1.5 tesla (T) or 3.0-T MR scanners were used. MR images of 20 patients who had cervical
spinal cord injury without bone injury or dislocation and transferred to our hospital between 2015 and
2019 (SCI group) were evaluated. A bone bruise that could be judged only by MRI was not judged as a
bone injury. MR images were taken in 13 patients on the day of injury, in four patients the day after the
injury, and three patients 2 days after the injury. For comparison, we also evaluated the MR images of 20
patients with a clear diagnosis of CCM in our clinic in 2019. Patients with intramedullary T2 high-intensity
lesions in the cervical spinal cord who matched in age and sex with the patients in the SCI group were
selected (CCM group). The sagittal or axial T2-weighted images were used for evaluation. The slice with
the largest T2 high-intensity lesion was selected for both sagittal and axial images.

Signal intensity (SI) values were acquired by de�ning the region of interest (ROI) at the T2 high-intensity
lesion and in the spinal cord at the �rst thoracic vertebral body level on sagittal (Fig.1a, d, circles) and
axial (Fig. 1b–f, circles) images. The ROIs of over 50 pixels were taken for each point because of the
decreased bias of the image. Additionally, sagittal extent and snake-eyes appearance (SEA) were
assessed as features of T2 high-intensity lesions. The sagittal extent of T2 high-intensity lesions was
assessed by the number of intervertebral discs adjacent to the consistent lesion (Fig.1a, d, arrows). The
SEA was characterized as a symmetrical bilateral small high-intensity lesion on an axial T2-weighted MRI
[15] (Fig. 1e). Spinal surgeons with >15 years of experience (KN and TN) performed the MRI evaluations
for each patient. The observers were blinded to the patients’ data. The average SI values of the two
observers were used in this study. 

Signal ratio and contrast ratio on MRI

The SI values of the T2 high-intensity lesion (H) and the spinal cord (C) were used to calculate the signal
ratio (SR) and contrast ratio (CR). The SR and CR were calculated according to the following formulae
[16, 17]:

SR = H / C

CR = (H-C) / (H+C) 

Statistical analysis
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Data were expressed as mean values ± standard deviation. Data were analyzed using the JMP® 15 (SAS
Institute Inc., Cary, NC). Mann–Whitney U test was used to compare the the two groups. One-way analysis
of variance (ANOVA), followed by Tukey’s post-hoc test, was performed for multiple comparisons. P <
0.05 was considered to denote statistical signi�cance.

Diagnostic scale

Our original diagnostic scale was devised considering the difference between SCI and CCM in the
features of intramedullary T2 high-intensity lesions including the sagittal range of T2 high-intensity
lesions, presence of SEA, and CR (Table 1). Each patient was scored and evaluated using our new
diagnostic scale.

Table 1. Diagnostic scale
 Score

Number of Discs 1 1

2 2

≥ 3 3

Contrast Ratio > 0.17 2

0.17 - 0.12 1

< 0.12 0

SEA +  -3

Results
Demographic data

The SCI group was composed of 20 patients (17 men and three women) with a mean age of 65.2 (range,
22–82) years. The degree of spinal cord injury was Frankel A in one, Frankel B in one, Frankel C in 13, and
Frankel D in �ve patients. The CCM group was also composed of 20 age- and sex-matched patients (17
men and three women), with a mean age of 64.1 (range, 36–82) years. T2 high-intensity lesions were
located from C2-3 to C5-6.

Sagittal extent of the T2 high-intensity lesions

On MRI, the intramedullary T2 high-intensity lesions of SCI often spread vertically, and CCM lesions were
mainly localized between vertebrae (Fig. 1). The number of intervertebral discs adjacent to the T2 high-
intensity lesion in sagittal MR images was 1.95 ± 0.99 in the SCI group and 1.25 ± 0.44 in the CCM group



Page 5/14

(Fig. 2). The number of intervertebral discs in the SCI group was signi�cantly greater than that in the CCM
group (p = 0.017).

SEA

In axial MR images, T2 high-intensity lesions in SCI often spread from the gray matter to the white matter
with unclear borders, but in CCM, they had clear borders and were localized to the gray matter (Fig. 1).
However, these features could only be evaluated subjectively. Therefore, the presence of SEA was used as
an objective feature of CCM. Although the presence of SEA in axial MR images was observed in nine CCM
patients, it never existed in SCI patients (Table 2).

Table 2. Presence of snake eyes appearance (SEA)
 SEA + SEA -

SCI 0 20

CCM 9 11

Signal ratio and contrast ratio of T2 values

T2 values on MR images of intramedullary T2 high-intensity lesions were quanti�ed by SR and CR. The
average SR values were 1.39 ± 0.21 and 1.29 ± 0.13 in the sagittal images and 1.43 ± 0.24 and 1.26 ±
0.12 in the axial images of the SCI group and CCM group, respectively (Fig. 3a). Comparison results of
the SR values between the SCI group and the CCM group showed no signi�cant difference in the sagittal
view, but a signi�cant difference was noted in the axial view (p = 0.314 in SCI sagittal vs CSM sagittal, p =
0.021 in SCI axial vs CSM axial). In both SCI and CCM, no signi�cant difference was found between SR
values in the sagittal view and in the axial view (p = 0.894 in SCI sagittal vs SCI axial, p = 0.955 in CSM
sagittal vs CSM axial). In addition, the average CR values were 0.16 ± 0.07 and 0.12 ± 0.05 in the sagittal
images and 0.17 ± 0.07 and 0.11 ± 0.04 in the axial images of the SCI group and CCM group, respectively
(Fig. 3b). Comparison results of the CR values between the SCI group and the CCM group showed no
signi�cant difference in the sagittal view, but a signi�cant difference was observed in the axial view (p =
0.308 in SCI sagittal vs CSM sagittal, p = 0.017 in SCI axial vs CSM axial). In both SCI and CCM, no
signi�cant difference was noted between CR values in the sagittal view and in the axial view (p = 0.900 in
SCI sagittal vs SCI axial, p = 0.930 in CSM sagittal vs CSM axial). In the SCI group, no signi�cant
difference was found in the SR or CR values due to the different timing of MRI assessment (Table 3a).
However, the SR and CR values in a patient with Frankel A were higher than those in other cases (Table
3b).

Table 3.
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Comparison of SR and CR in SCI by (a) timing of taking MRI and (b) Frankel grade.
a.

Days after SCI 0day (n=13) 1day (n=4) 2days (n=3)

Sagittal-SR 1.42±0.23 1.32±0.21 1.37±0.12
Sagittal-CR 0.17±0.07 0.13±0.08 0.16±0.04

Axial-SR 1.48±0.27 1.36±0.18 1.33±0.12
Axial-CR 0.18±0.08 0.15±0.07 0.14±0.04

 
b.

Frankel grade A (n=1) B (n=1) C (n=13) D (n=5)

Sagittal-SR 1.74 1.41 1.38±0.23 1.48±0.12
Sagittal-CR 0.27 0.17 0.15±0.08 0.15±0.04

Axial-SR 2.24 1.3 1.34±0.13 1.53±0.15
Axial-CR 0.38 0.13 0.14±0.05 0.21±0.05

Diagnostics using the new scale

A new diagnostic scale was devised considering the difference in the features in T2 high-intensity lesions
between SCI and CCM (Table 1). Because the number of discs adjacent to the T2 high-intensity lesion
was signi�cantly higher in SCI than in CCM, points were assigned to patients with a high number of discs
involved and thus were likely diagnosed with SCI. In addition, given the �nding that the CR value in the
axial view was signi�cantly higher in SCI than in CCM, patients with larger CR values were assigned
points and thus were likely to be diagnosed with SCI. The average CR values in the SCI and CCM groups
were used to determine the boundaries between points. Since SEA was only observed in the CCM group,
points were assigned to patients with SEA and likely diagnosed with CCM. The 18 patients in the SCI
group and one patient in the CCM group scored ≥3 on this diagnostic scale, while two patients in the SCI
group and 19 patients in the CCM group scored ≤2 (Table 4). When patients with a score ≥3 were
diagnosed with SCI, the sensitivity, speci�city, positive predictive value, and negative predictive value were
90.0%, 95.0%, 94.7%, and 90.5%, respectively.

Table 4. Diagnostic scores
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 Diagnostic Score

≥ 3 ≤ 2

SCI 18 2

CCM 1 19

 

Discussion
This study demonstrated a difference in MRI features of intramedullary T2 high-intensity lesions in the
cervical spinal cord between SCI and CCM patients. Speci�cally, for diagnosis, the T2 values of the
lesions were quanti�ed by its ratio with the T2 values of the normal spinal cord. To the best of our
knowledge, this is the �rst study to distinguish SCI from CCM based on MRI �ndings.

With the spread of MRI, WAD patients with relatively severe symptoms are becoming more commonly
evaluated by MRI of the cervical spine early after injury. If there is compression of the spinal cord due to
cervical spinal canal stenosis, the spinal cord can be damaged by whiplash injury without a fracture or
dislocation of the cervical spine [13, 18]. When intramedullary T2 high-intensity lesions in the cervical
spinal cord are observed on MRI, it is necessary to distinguish whether SCI or CCM is the cause, because
the presence of SCI is very important in determining insurance coverage. The existing diagnostic method
has been based on the empirical knowledge of specialists, because there were no clear diagnostic criteria.

In this study, some features of intramedullary T2 high-intensity lesions were assessed to establish the
diagnostic criteria by distinguishing between SCI and CCM. SCI and CCM have different pathologies in
the intramedullary T2 high-intensity lesions. In SCI, trauma causes primary injury, followed by secondary
injury, including bleeding, ischemia, edema, in�ammatory cell in�ltration, and neuronal and glial cell
death [19]. Intramedullary T2 high-intensity lesions in acute and subacute SCI were reported to primarily
re�ect edema or hemorrhage [20, 21]. In a previous study, MR images of acute and subacute SCI showed
that T2 high-intensity lesions with unclear boundary spread in the sagittal direction [20]. In the present
study, similar features of T2 high-intensity lesion in SCI were observed. On the contrary, intramedullary T2
high-intensity lesions with sharp boundaries were often con�ned to the interbody region in CCM. Previous
studies also showed this feature [11, 22, 23]. In the present study, the sagittal extent of intramedullary T2
high-intensity lesions was evaluated by the number of adjacent discs. This evaluation showed that the
sagittal spread of intramedullary T2 high-intensity lesions was signi�cantly greater in SCI than in CCM. In
addition, SEA was previously reported as a characteristic MRI �nding of CCM [15, 23]. Moreover, it is the
most objectively recognizable feature of CCM in the present study. A previous autopsy study
demonstrated that SEA re�ected cystic necrosis in the gray matter of the spinal cord [15]. In the present
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study, quantitative assessment of T2 values using SR and CR showed a signi�cant difference between
SCI and CSM on axial images. Moreover, no signi�cant differences in SR and CR values were found
between sagittal and axial views. Therefore, it is unclear why signi�cant differences in SR and CR values
between SCI and CCM were found in the axial view but not in the sagittal view. ROI settings might be
more suitable for axial views than for sagittal views. Even in the axial views, no clear difference was
su�cient to distinguish between SCI and CSM based on SR or CR values alone. Therefore, in this study,
an algorithm was devised to distinguish between SCI and CCM by combining the number of discs
adjacent to T2 high-intensity lesions, presence of SEA, and CR values in axial images. In addition, a
diagnostic scale was created to further simplify the diagnostic algorithm. Diagnosis using this scale
made it possible to distinguish SCI and CCM with ≥ 90% accuracy from various viewpoints such as
sensitivity, speci�city, positive predictive value, and negative predictive value.

Nevertheless, this study had some limitations. The number of cases was small to prove that the
diagnostic accuracy using our diagnostic scale is de�nitely high. Additionally, severe SCI patients were
included in the SCI group. However, patients with mild SCI may be better suited to this study. CCM
patients were not consecutive because they were selected to match the age and sex of the SCI patients.
Further comparative study with a large number of consecutive patients, including mainly mild SCI
patients, is needed. Depending on the observer, there might have been some variations in ROI values. To
reduce the image bias in this study, ROIs > 50 pixels were taken at each point, and radiological
examinations were performed twice on each patient by two senior spine surgeons.

Conclusions
This study proposed a new diagnostic method to distinguish between SCI and CCM based on the
features of intramedullary T2 high-intensity lesions on MRI. Our diagnostic scale uses the number of
adjacent discs, presence of SEA, and CR of T2 values.
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Figure 1

Area where the T2 signal intensities were measured in the SCI group (a-c) and the CCM group (d-f). The
white circles on the sagittal and axial T2-weighted images indicate regions of interest (ROI) in the
intramedullary T2 high-intensity lesions (a, b, d, e) and in similar parts of the spinal cord at the T1 level (a,
c, d, f). CCM, cervical compressive myelopathy; SCI, spinal cord injury

Figure 2

The number of intervertebral discs adjacent to intramedullary T2 high-intensity lesions. The number of
discs in the SCI group was signi�cantly greater than that in the CCM group. * Signi�cant difference, p <
0.05 (Mann–Whitney U test). CCM, cervical compressive myelopathy; SCI, spinal cord injury
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Figure 3

Box plot of the signal ratio (a) and contrast ratio (b) calculated from T2 values of intramedullary T2 high-
intensity lesions and the spinal cord at T1 levels on sagittal and axial images. The signal and contrast
ratios of the SCI group in the axial image were signi�cantly higher than those of the CCM group. *
Signi�cant difference, p < 0.05 (one-way analysis of variance with Tukey’s post-hoc test). CCM, cervical
compressive myelopathy; SCI, spinal cord injury


