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Abstract

Objectives To investigate the cervical spinal canal diam-
eters variance under positional MRI, and also the rela-
tionship between cervical canal diameter variance rate and
grade of degeneration.

Methods From January 2013 to January 2015, a consecu-
tive of 273 symptomatic patients (166 males and 207
females) with an average age of 44.6 years (range
21-89 years) underwent positional cervical MRI. T2-
weighted sagittal images of 1638 cervical intervertebral
discs from 273 subjects were classified into five grades.
The canal diameter and canal diameter variance rate at
three positions and their comparison among five grade of
degeneration were evaluated. The measurements were
tabulated and analyzed using SPSS. 13.0. p values less than
0.05 were considered to indicate a statistically significant
difference.

Results The sagittal cervical canal diameter at the C5/6
level were the smallest compared with the other levels
regardless of neutral, flexion or extension positions, C5/6
level had the largest canal diameter variance rate in both
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flexion and extension (8.14 F 0.38 and 7.81 ¥ 0.31 %,
respectively), second was C4/5 level (7.65 F 0.39 and
7.67 F 0.32 %, respectively). A total of 1638 discs were
classified into 5 groups, each level showed the similar
tendency that no matter what position, with the increasing
grade of degenerative disc degree, spine canal diameter
decreased gradually. For C5/6 under extension and flexion
position, significant difference was also noted between
grade 2 and 3; For C4/5 under extension position, sig-
nificant difference existed between grade 1 and 2, grade 1
and 3, while under flexion position, significant difference
existed between grade 2 and 4, and the results also
showed no significant difference at the same degree of
degeneration on both levels between extension and flexion
position.

Conclusions C5/6 and C4/5 is of higher risk of suffering
SCI than other levels, C4/5 level predispose SCI at earlier
stage than C5/6, patients presenting with intermediate
signal and slight decreased disc height on T2 weighted
MRI at C4/5 level should be paid attention.

Keywords Cervical spine - SCIWORA - MRI - Canal
diameter - Degeneration

Introduction

To the best of our knowledge, few reports have thus far
described the differences between the pathogenetic mech-
anisms of cervical canal stenosis at different segments
using positional MRI [1-4]. In this study, we investigated
the cervical spinal canal diameters changing under posi-
tional MRI, and also the relationship between cervical
canal diameter changing under positional MRI and degree
of degeneration was examined.
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Materials and methods

From January 2013 to January 2015, a consecutive of 273
symptomatic patients (166 males and 207 females) with an
average age of 44.6 years (range 21-89 years) underwent
positional cervical MRI. All these patients presented with
neck pain with or without neurogenic symptoms. None of the
subjects had previously undergone any spinal surgery. Most
patients were in a chronic process, and showed a progressive
exacerbation. The duration of the disease ranged from
5 months to 9 years, with a mean of 4.3 years. After the onset
of the disease, all subjects experienced neck and shoulder
discomfort, numbness of limbs, unsteady gait and zonesthesia
in chest or abdomen. Physical examination showed that
compression was mainly on lower cervical spinal cord, and
different degrees of incomplete paralysis were detected in
limbs. Cervical spinal cord function of all patients with CSM
was measured using Japanese Orthopaedic Association (JOA)
scoring method. JOA score of all CSM patients ranged from 6
to 14, with a mean score of 12.21.

Positional MRI

The measurements of the cervical spine in flexion, neutrality
and extension were performed with the patient in the supine
position. Cervical flexion was initiated by placing a 20 cm
pillow below the head. Cervical extension was initiated by
placing the pillow below the upper thoracic vertebrae. The
MRI machine used is a 1.5T MRI scanner (Siemens Magne-
tom Espree Pink 1.5T MRI System). The technical details
included XJ Gradients (33 mT/m @ 125 T/m/s), XQ Gradients
(45 mT/m @ 200 T/m/s), Tim [204 x 24], [204 x 48],
[204 x 64]. All sequences were acquired without fat satura-
tion. The data obtained from the MR images were recorded on
a computer for subsequent calculations. Sagittal MR images
were analyzed in three positions—flexion, neutral, and
extension. The sagittal diameter of cervical canal at six disc
levels (C2/3, C3/4, C4/5, C5/6, C6/7, C7/T1) of each position
were recorded. Radiographs were accessed by a DICOM-
based Radworks 5.1 (Applicare Medical Imaging BV, Zeist,
The Netherlands) computer software program. The mea-
surements of T2-weighted disc degree and sagittal diameter of
spinal canal were recorded by a spine surgeon and a radiog-
rapher, reliability assessment was based on intraclass corre-
lation (ICC), which was an appropriate statistical tool for this
analysis, and the final results were the means of both
measurements.

Cervical intervertebral disc degeneration
A comprehensive grading system for cervical disc degen-

eration was obtained by previously reported systems of
classifying cervical intervertebral disc degeneration based

on degenerative changes in the cervical functional spinal
unit (FSU) [5]. Accordingly, T2-weighted sagittal images
of 1638 cervical intervertebral discs from 273 subjects
were classified into five grades which defined as following:
grade 0: normal disc; grade 1: nucleus hyperintensive
signal with normal disc height; grade 2: nucleus interme-
diate signal with slight decreased disc height; grade 3:
nucleus hypointensive signal with decreased disc height
and disc herniation/osteophyte; grade 4: nucleus hypotin-
tensive signal with collapsed disc height and disc hernia-
tion/osteophyte.

We defined flexion variance rate of spine canal as
(flexion spine canal diameter at disc level—neutral spine
diameter at same disc level)/neutral spine diameter at same
disc level, and extension variance rate of spine canal as
(extension spine canal diameter at disc level—neutral spine
diameter at same disc level)/neutral spine diameter at same
disc level association between disc degree and spine canal
diameter variance rate at each disc level under three dif-
ferent positions were evaluated.

Data were expressed as mean =+ standard deviation. The
measurements were tabulated and analyzed using JMP ver.
8.0 (SAS Institute Inc., Cary, NC, USA). Differences
between groups were examined for statistical significance
using the Mann—Whitney test. p values less than 0.05 were
considered to indicate a statistically significant difference.

Results

Our results showed good reliability of measurements of
cervical spine canal diameter and disc degeneration grade
with the ICC was 0.86 (95 % CI1 0.81-0.92) and 0.97 (95 %
CI 0.95-0.99).

Sagittal cervical canal diameter

The sagittal cervical canal diameter at the C5/6 level was
the smallest compared with the other levels regardless of
neutral, flexion or extension positions (11.92 F 0.11,
12.39 ¥ 0.11, 11.97 F 0.10, respectively), and second was
C4/5 level (12.18 F 0.10, 12.64 = 0.10 and 11.70 F 0.11
for neutral, flexion and extension, respectively). The cer-
vical canal diameter increased from C5/6 to C7/T1 and
from C5/6 to C2/3 regardless of positions, and C2/3 level
had the largest canal diameter at flexion position, while C7/
T1 had the largest canal diameter at neutral and extension
position (Table 1).

We measured the extension and flexion variance rate at
each disc level (Table 2). C5/6, C7/T1 reached the largest
extension variance (0.91 F 0.04) and flexion variance
(0.92 F 0.05), respectively, followed them was C4/5
(091 F 0.04) at extension and C5/6 (0.91 F 0.04) at

@ Springer



2168

Eur Spine J (2016) 25:2166-2172

Table 1 Canal diameter of each level at three positions (mm)

Table 3 Number of levels at each grade of degeneration

Neutral Extension Flexion C2/3 C3/4 C4/5 C5/6 Co/7 C7/T1
C2/3 13.39 £ 0.11 13.49 £ 0.11 13.62 £ 0.10 0 24 18 16 18 42 114
C3/4 12.17 £ 0.10 11.93 £ 0.11 12.54 £ 0.09 1 163 104 70 44 99 155
C4/5 12.18 £ 0.10 11.70 £ 0.11 12.64 £+ 0.10 2 128 169 191 153 143 87
C5/6 11.92 £ 0.11 11.44 £ 0.11 12.39 £ 0.11 3 58 73 76 100 51 12
Co/7 12.27 £ 0.10 11.97 £ 0.10 12.57 £ 0.10 4 0 9 20 58 38 5
C7/1 13.59 £+ 0.08 13.47 £+ 0.09 13.47 £ 0.09 Total 373 373 373 373 373 373

flexion, however, when considering the variance rate, C5/6
level had the largest value in both flexion and extension
(8.14 = 0.38 and 7.81 ¥ 0.31 %, respectively), followed
them was C4/5 level (7.65 F 0.39 and 7.67 F 0.32 %,
respectively). We noted that although C2/3 had larger
flexion and extension variance rate than C5/6, the standard
deviation were larger significantly than that of C5/6, which
revealed C2/3 variance rate had the characteristics of dis-
crete distribution. We concluded from Tables 1 and 2 that
C5/6 level was the most prevalent level of developing
spinal cord injury without radiographic abnormalities due
to its largest extension and flexion variance rate and nar-
rowest canal diameter, and second was C4/5 level, which
corroborate the clinical findings.

To evaluate the association between degree of degen-
eration and canal diameter variance rate of each level, a
total of 1638 discs were classified into 5 groups (group
0-normal, group 4-severe degeneration). Table 3 listed
number of each group under every level. Group 2 had
largest number of discs (n = 871), and group 1 had second
largest number of discs (n = 635). Table 4 listed the each
cervical canal diameter in each group under three different
positions. Each level showed the similar tendency that no
matter what position, with the increasing grade of degen-
erative disc degree, spine canal diameter decreased grad-
ually, normal disc had the largest canal diameter and grade
4 disc had the smallest canal diameter.

For every level, we compared the flexion and extension
variance rate between each two different degenerative
degree (0/1, 172, 2/3, 3/4, 0/2, 1/3, 2/4, 0/3, 1/4, 0/4),
Table 5 showed extension variance rate comparison,

Table 6 showed flexion variance rate comparison. For C5/6
under extension position, significant difference was noted
between grade 2 and 3, no difference between grade 0 and
1, grade 1 and 2, grade 0 and 2, grade 3 and 4; while under
flexion position, significant difference also existed between
grade 2 and 3, no difference between grade 0 and 1, grade 1
and 2, grade O and 2, grade 3 and 4. For C4/5 under
extension position, significant difference existed between
grade 1 and 2, grade 1 and 3, no difference between grade 0
and 1, grade 2 and 3, grade 3 and 4; while under flexion
position, significant difference existed between grade 2 and
4, no difference between grade 0 and 1, grade 1 and 2, 2
and 3, 3 and 4, 1 and 3, 0 and 2. From these data, we
concluded for C5/6 level, degenerative degree of grade 3 is
a demarcation, grade >3 had larger disc canal diameter
variance rate under flexion—extension movement than
grade <3; and for C4/5 level, under extension position,
grade 2 is a demarcation, while under flexion position,
grade 4 is a demarcation. Considering the canal diameter
variance at C4/5 level under extension position was a little
bit larger than flexion position (Table 2), to evaluate
whether this difference is significant, we compared the
difference of variance rate between extension and flexion
position at each degree of degeneration for C4/5 and C5/6,
the results showed no significant difference at the same
degree of degeneration on both levels (Table 7), which
indicate extension position exert similar impact on canal
diameter with flexion position. As a result, we considered
grade 2 was a demarcation for C4/5, grade >2 had larger
disc canal diameter variance rate under flexion—extension
movement than grade <2. The process of degeneration was

Table 2 Canal diameter

. Extension (mm
variance rate of each level at (mm)

Flexion (mm) Extension rate (%) Flexion rate (%)

flexion and exFension extension C2/3 0.83 + 0.05

rate = (extension—neutral)/

neutral x 100 %, flexion C3/4 0.78 £ 0.04

rate = (neutral—flexion)/ C4/5 0.91 £+ 0.04

neutral x 100 % C5/6 0.92 4 0.04
Co6/7 0.80 & 0.04
C7/1 0.80 & 0.04

0.82 £ 0.05 8.30 + 2.33 8.34 £ 2.28
0.84 £ 0.04 6.59 £ 0.30 7.37 £0.36
0.86 £+ 0.04 7.67 £0.32 7.65 £ 0.39
091 £ 0.04 7.81 £ 0.31 8.14 + 0.38
0.84 £+ 0.04 6.60 & 0.31 7.30 &+ 0.38
0.92 &+ 0.05 6.07 £ 0.33 6.90 &+ 0.34
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Table 4 Canal diameter of each level with different grade of degeneration (mm)

Flexion Neutral Extension Flexion Neutral Extension Flexion
C3/4 C4/5

Extension

Neutral
C2/3

Grade

13.84 £ 0.40
13.41 £ 0.19
12.64 £ 0.14
12.21 £ 0.21
10.63 £ 0.37

13.41 £ 0.51
12.70 £ 0.20
11.62 £ 0.14
11.08 £ 0.22

13.34 £ 0.44
13.06 £ 0.20
12.21 £ 0.13
11.69 £ 0.23

13.51 £ 0.39
13.14 £ 0.15
12.38 £ 0.14
12.07 £ 0.21
10.66 £+ 0.81

13.52 £ 0.47
12.78 £ 0.17
11.69 £ 0.16
11.29 £ 0.23
8.69 + 0.81

13.96 £+ 0.40
12.92 £ 0.15
11.96 £+ 0.14
11.51 £ 0.23
9.28 £+ 0.85

14.50 £ 0.39
13.66 £ 0.14
13.42 £ 0.15
13.61 £ 0.28

14.95 £+ 0.57
13.65 £ 0.16
13.15 £ 0.18
13.28 £+ 0.30

14.73 £ 0.47
13.49 £ 0.16
13.16 £ 0.17
13.08 £ 0.29

9.83 £ 042

9.80 £ 0.47

C7/T1

Co6/7

C5/6

13.85 £ 0.15
13.58 + 0.14
12.99 £+ 0.18
13.04 £ 0.46
11.40 £ 0.68

13.68 £+ 0.17
13.60 £ 0.14
13.22 £ 0.20
12.53 £ 0.46
11.78 £ 0.50

13.86 £ 0.15
13.60 £+ 0.13
13.32 £ 0.18
13.37 £ 0.21
12.54 £ 0.49

13.73 £ 0.24
13.22 £ 0.15
12.41 £ 0.17
11.67 £ 0.25
11.50 £ 0.34

13.17 £ 0.29
12.67 £ 0.17
11.84 £ 0.16
10.90 £ 0.26
10.80 £ 0.33

13.26 £ 0.25
13.09 £ 0.17
12.08 £ 0.15
11.28 £ 0.23
11.20 £ 0.36

14.37 £ 0.33
13.19 £ 0.26
12.85 £ 0.14
11.77 £ 0.20
11.00 £ 0.28

13.69 £+ 0.44
12.56 £ 0.26
11.90 £+ 0.14
10.57 £ 0.18
10.17 £ 0.27

14.04 £ 0.32
12.80 + 0.28
1241 £ 0.14
11.18 £ 0.20
10.55 £ 0.30

0
1
2
3
4

an age-related phenomenon, so C4/5 tended to suffer spinal
cord injury at earlier stage than C5/6.

Discussion

Previous studies revealed that flexion and extension
movement changed the cervical spinal canal diameter and
its components [6—8]. Our study obtained more accurate
results using positional MRI, unlike previous studies that
used conventional roentgenography or neutral MRI.
Ruegg et al. [9] investigate the relevance of 2D MRI
measurements for the diagnosis of critical cervical spinal
canal stenosis. They found that the cord-canal-area ratio
(>0.8) or the space available for the cord (<1.2 mm)
measured on MR images can be used to reliably identify
patients at risk for acute CSCI after a minor trauma to the
cervical spine. Ono et al. [10] reported that the AP com-
pression ratio of <0.4, which was measured by dividing
the sagittal diameter by the transverse diameter of the
spinal cord, indicates an abnormal neurological function.
Matsuura et al. [11] in their comparative study using CT
scans, reported significant differences between normal
patients and those with an injury to the spinal cord with
regard to the shape and transverse diameter of the spinal
canal rather than the area of the spinal cord itself. How-
ever, these methods used to determine the shape of the
spinal cord and compression ratio can be useful when
assessing the severity of a lesion caused by a disc protru-
sion or osteophytes. However, their use is limited when
evaluating traumatic spinal stenosis without severe com-
pression. In Kyung’s [12] study, the neurological outcome
was not affected by the sagittal diameter of the spinal canal
and the spinal cord area measured on the MRI images
(p = 0.539, 0.317) while there was a significant correlation
between Pavlov’s ratio on the plain radiographs and the
development of clinical symptoms (p = 0.006). Although
the width of the spinal canal area was inversely proportion
to the severity of the neurological injury, no statistical
significance was found (p = 0.158). Torg et al. [13]
reported that a ratio of 0.80 or less in spinal canal diameter
to the vertebral body diameter indicated a high sensitivity
for transient cervical neuropraxia. However, in this study,
the diameters and ratios were derived from lateral radio-
graphs, and the obtained measurements were significantly
smaller than those obtained from MRI images. Lee et al.
[14] used MRI to measure the canal diameter at disc level
and disc diameter in 20 SCI patients, and draw the con-
clusion of complete SCI is associated with a small canal
diameter at disc level to disc diameter ration at C4/5 and
with extensive high signal intensity in MRI. In our studies,
we undertook the positional MRI to document the exten-
sion-flexion canal diameter of cervical spine, and found the
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Table 5 Comparison of canal
diameter variaﬁce (CDV) and 0/1 12 2/3 3/4 0/2 1/3 2/4 0/3 1/4 0/4
canal diameter variance rate C2/3
(CDVR) at extension of each
level between each two grade of CDVR  0.763 0.512 0.284 0.832  0.736 0.386
degeneration CDV 0.037  0.043 0.709 0.000  0.255 0.006
C3/4
CDVR  0.510  0.001 0.425 0.515 0.359  0.001 0.274  0.237 0.011 0.167
CDhV 0.096  0.000 0.155 0.000  0.000  0.000 0.000 0.000 0.000 0.000
C4/5
CDVR  0.095 0.001 0.255 0.766  0.001 0.000 0.266 0.000 0.002 0.001
CDhV 0.147  0.000 0.040 0.010 0.001 0.000  0.000 0.000 0.000 0.000
C5/6
CDVR  0.854 0.779  0.003 0.418 0.651 0.032 0.004 0.089 0.013 0.061
CDhV 0.024 0.032 0.000 0.209 0.000 0.000 0.000 0.000 0.000 0.000
Cco/7
CDVR  0.023 0.064 0306 0.816 0.163 0.047  0.118 0.718 0.026  0.896
CDhV 0.117  0.001 0.004  0.803 0.000  0.000  0.005 0.000  0.000  0.000
C7/T1
CDVR 0978  0.561 0.229  0.501 0.667  0.191 0.954  0.148 0.909  0.940
CDV 0.191 0.216  0.868 0.087 0.021 0.373 0.314  0.071 0.158 0.067

Compared with each two grade of degeneration, p < 0.05 was noted as significant

Table 6 Comparison of canal

diameter variance (CDV) and 0/1 12 2/3 3/4 0/2 1/3 2/4 0/3 1/4 0/4
canal diameter variance rate C2/3
(CDVR) at flexion of each level
between each two grade of CDVR  0.729 0576  0.341 0.221 0.820 0.191
degeneration CDhV 0.033  0.257  0.551 0.006  0.883 0.083
C3/4
CDVR 0214 0.000 0.048 0.098 0.000 0.000 0.044 0.001 0.000  0.009
CDhV 0.369 0.000 0.222 0.038 0.012 0.000 0.007 0.003 0.000 0.001
C4/5
CDVR 0522  0.113  0.691 0.061 0.207  0.117 0.047 0.180 0.023  0.015
CDhV 0.331 0.002  0.090 0.001 0.014  0.000 0.000 0.002 0.000 0.000
C5/6
CDVR 0.145 0.768 0.027 0.647 0.102 0200 0.012  0.001 0.081 0.000
CDV 0.013  0.259 0.000 0.022 0.000 0.000 0.000 0.000 0.000 0.000
Co/7
CDVR  0.071 0.000 0995 0.114 0348 0.010 0.103 0428 0.002 0.039
CDhV 0.072  0.001 0.019 0.695 0.000 0.000 0.014 0.000 0.000 0.000
C7/T1
CDVR 059 0.133 0.726  0.538 0300 0.747 0587 0918 0215 0.29%
CDV 0.705 0.124 0229 0.353 0.084 0.046 0.094 0.040 0.024 0.024

Compared with each two grade of degeneration, p < 0.05 was noted as significant

cervical canal diameter at disc level reached minimum at
C5/6 level regardless of positions, and C5/6 also had lar-
gest canal diameter variance rate, the second was C4/5
level, which means C5/6 and C4/5 have higher risk of
suffering SCI than other levels. This was corroborated by
Guo’s [15] epidemiological study, in their study, they
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found the C4/5 segment was the most common level,
accounting for 48.7 % of all SCI, C5/6 was the next, which
accounted for 30.5 %. For the adult population, the most
prevalent predominant level of cervical myelopathy or
spondylosis is C4/5, followed by C5/6 and C3/4 [16, 17].
Meanwhile, we noted whether C7/T1 or C2/3 showed no
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Table 7 Comparison of variance rate between extension and flexion
position at each degree of degeneration for C4/5 and C5/6

Grade of degeneration C4/5 C5/6

0 0.183 0.416
1 0.282 0.279
2 0.360 0.545
3 0.217 0.703
4 0.075 0.806

Compared with two positions, p < 0.05 was noted as significant

association between degree of degeneration and canal
diameter variance rate, this partially explained few inci-
dence of SCI at these 2 levels. The characteristics of injury
level distribution due to the age group indirectly reveal
that, secondary degeneration may participate in the onset of
adult SCL.

Morishita et al. [18] in their papers used degenerative
grade as a parameter, and compared the grade between
different canal diameter groups, however, they did not
evaluate the association between degenerative grade and
AP diameter. For cervical spine myelopathy suffering SCI,
the most important thing is canal diameter variance rate, so
in our study, we evaluated the association between disc
degenerative degree and canal diameter variance rate under
extension and flexion position, and found different level
predisposed SCI at different disc degenerative degree, for
C5/6, the disc-level canal diameter variance rate of disc
degenerative degree >3 showed significant difference
compared with that of disc degenerative degree <2, grade 3
showed following characteristics such, as nucleus
hypointensive signal with decreased disc height and disc
herniation/osteophyte, while grade 2 presented with the
features of nucleus intermediate signal with slight
decreased disc height, so C5/6 with degenerative
degree >3 has larger canal diameter variance rate and is of
high risk of suffering SCI than other degree. For C4/5,
grade >2 has larger canal diameter variance rate and i is
high risk of suffering SCI. Furthermore, disc degeneration
is an age-related process, grade 2 degeneration predispose
C4/5 at SCI, while grade 3 degeneration predispose C5/6 at
SCI, we draw the conclusion that C4/5 level predispose
SCI at earlier stage than C5/6, we should pay attention to
patients presenting with intermediate signal and slight
decreased disc height in T2 weighted MRI at C4/5 level,
they should be cautious for their daily life, especially the
neck movement.

This study had some limitations. It is known that the
segmental range of motion changes depending on the
cervical curves [19]. This type of research should con-
sider the differences in the original cervical curve.

Second, this study focused mainly on the MRI findings
and statistical analysis of symptomatic patients, the results
need clinical test in SCI patients. Third, due to the lim-
itation of MRI machine, patients in our study can not be
placed in upright position and the flexion—extension
movement is passive, we are unable to consider the effect
of gravity and spinal curve on measurement, so the
kinematic study on upright patients and active flexion and
extension movement should performed during the future
study. Despite these limitations, we consider the current
results obtained from MRI measurements clearly defined
predispotisions of SCI. In future studies, it may be helpful
for clinician to predict the risk factors of SCI and cor-
respondent intervention.

In conclusion, C5/6 and C4/5 have higher risk of suf-
fering SCI than other levels due to their lowest canal
diameter and largest canal diameter variance rate, C5/6
with degenerative degree >3 is of high risk of suffering
SCI, while for C4/5, grade >2 has high risk of suffering
SCI, C4/5 tended to suffer SCI at earlier stage than C5/6.
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