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Abstract The lower cervical segments are commonly the
level responsible for cervical spondylotic myelopathy;
however, we rarely encounter stenosis at the upper cervical
segment in a clinical setting. We assumed that there might
be some differences between the pathogenetic mechanisms
underlying the development of cervical canal stenosis at
different segments. We performed positional MRI in the
weight-bearing position for 295 consecutive symptomatic
patients. All subjects were classified into four groups (A:
normal; B: C3-4 stenosis; C: C5-6 stenosis; D: two-level
cervical segments stenosis, stenosis at C3-4 and C5-6).
Age, sagittal cervical canal diameter, cervical intervertebral
disc degeneration, cervical cord compression, and cervical
mobilities were evaluated for each group. Group B showed
a narrow cervical spinal canal structure at the C3 to C4
pedicle levels, while groups C and D showed narrow
structures at the C4 to C6 pedicle levels in the cervical
spine. Additionally, the sagittal cervical canal diameters at
all pedicle levels, except C7, in group D were significantly
smaller than those observed in group C. We demonstrated
the differences in the pathogenetic processes for the
development of cervical spinal canal stenosis between C3-
4, C5-6, and two-level cervical segments stenosis. Our
results suggest that the developmental morphological
structure of the cervical spinal canal plays an important

role in the development of cervical canal stenosis at
different segments. Moreover, individuals with sagittal
cervical canal diameters of less than 13 mm may be
exposed to an increased risk for future development of
cervical spinal canal stenosis at the upper cervical segments
following stenosis at the lower cervical segments.

Introduction

The most common causes of cervical spondylotic myelop-
athy (CSM) in patients older than 50 years of age are
spondylosis or degenerative changes. Moreover, a congen-
itally narrow cervical spinal canal has been established as
an important risk factor in the development of CSM in
patients with cervical spondylosis [1–4].

Cervical spondylosis begins with intervertebral disc
degeneration. Due to altered mechanical function of the
disc, degenerative changes also begin to occur posteriorly
in the facet joints [5–9]. The spondylotic changes in
anterior structures, such as bulging, ossified, or herniated
discs, as well as anterior osteophytic spurs are generally
responsible for cord compression in CSM. Disorders in
posterior structures, such as hypertrophy, or rarely, ossifi-
cation of the ligamentum flavum or facet joints may also
contribute to cord compression, but do so less commonly
than disorders in the anterior structures. Spondylotic
changes in the cervical spine are most prevalent at the
C5-6 segment, followed by C6-7 and C4-5 [10]. The lower
cervical segments are commonly the level responsible for
CSM; however, we rarely encounter stenosis at the upper
cervical segment (C3-4) in a clinical setting. We assumed
that there might be some differences between the pathoge-
netic mechanisms underlying the development of cervical
canal stenosis at different segments.
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CSM is a disorder that is typically treated surgically.
Early treatment before the onset of permanent cord injury is
recommended [11]. Therefore, it is important for physicians
to recognise the differences between the pathogenetic
mechanisms of cervical canal stenosis at different segments
for the surgical planning or management of these disorders.
Numerous studies have reported the pathogenesis of
cervical canal stenosis. However, to the best of our
knowledge, few reports have thus far described the differ-
ences between the pathogenetic mechanisms of cervical
canal stenosis at different segments. The objective of this
study was to elucidate these mechanisms by using
positional magnetic resonance imaging (MRI).

Materials and methods

From February 2006 to May 2007, 295 symptomatic
patients (135 men and 160 women) with an average age
of 43.8 years (range, 17–93 years) were examined. The
subjects comprised consecutive patients experiencing neck
pain with or without neurogenic symptoms induced by
cervical spondylosis. None of the subjects had previously
undergone spinal surgery. The Institutional Review Board
approved this study.

Positional MRI

All patients underwent cervical positional MRI; the
scanning was performed on a 0.6 Tesla MRI scanner
(Upright Multi-Position™; Fonar Corporation, New York,
NY) in the weight-bearing position.

The data obtained from the MR images were recorded on
a computer for subsequent measurements, and all calcu-
lations were automatically performed using an MR analyser
(True MRI Corporation, Bellflower, CA).

The sagittal diameter of the cervical cerebrospinal fluid
(CSF) column at five pedicle levels (C3, C4, C5, C6, and
C7) were calculated. Based on the results of previous
studies [12–14], we established the sagittal diameter of the
cervical CSF column at a given pedicle level to be the
sagittal diameter of the cervical spinal canal at that level.

Cervical intervertebral disc

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) [15]. Accordingly, T2-weighted sagittal images
of 1,475 cervical intervertebral discs from 295 subjects
were classified into four grades (Table 1) by the primary
author and were judged eligible for inclusion in the study.

Cervical cord compression

We estimated cervical cord compression in each segment
by examining the T2-weighted sagittal images. We
defined cervical cord compression as the obliteration of
the subarachnoid space in each segment resulting from
compression due to disc herniation, osteophyte forma-
tion, or hypertrophy of the ligamentum flavum. Cervical
cord compression in each segment was rated on a 3-point
scale (range, 0–2), in which 0 indicated no cervical cord
compression; 1, anterior or posterior cervical cord
compression not affecting cord alignment; and 2, anterior
or posterior cervical cord compression affecting cord
alignment [15].

More than 1 point for each individual segment was
regarded as a significant stenosis. Based on this scoring
system, all subjects were classified into four groups. Group
A: normal, with no stenosis at any individual segment;
group B: C3-4 stenosis, with stenosis only at the C3-4
segment; group C: C5-6 stenosis, with stenosis only at the
C5-6 segment; and group D: two-level cervical segments
stenosis, with stenosis at least at the C3-4 and C5-6
segments.

Cervical mobility

We defined the total sagittal motion of the cervical spine as
the total absolute value of the individual sagittal angular
motions (C2-3+C3-4+C4-5+C5-6+C6-7) in degrees, and
the contribution of each segment to the total angular
mobility of the cervical spine between flexion and
extension as percentage segmental mobility [(sagittal
angular motion of each segment in degrees)/(total sagittal
angular motion in degrees)×100].

Statistical analysis

Mann-Whitney U tests were used for statistical analyses. A
P value of less than 0.05 was considered statistically
significant.

Results

Age

The subjects were classified into four groups based on
the degree of cervical cord compression: Group A
comprised 90 subjects with an average age of
38.6 years; group B was 14 subjects with an average
age of 44.1 years; group C was 42 subjects with an
average age of 42.0 years; and group D was 40 subjects
with an average age of 47.9 years. The average age in
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groups B, C, and D tended to be higher than that in
group A, and a significant difference was observed only
between groups A and D (p<0.001). Group B tended to
have a higher age than group C; however, the difference
was not significant. Additionally, group D had a
significantly higher age than group C (p < 0.01).

Sagittal cervical canal diameter

Table 2 shows the sagittal cervical canal diameter at all
pedicle levels for each group. The sagittal cervical canal
diameter at the C3 and C4 pedicle levels in group B and at
all pedicle levels in groups C and D were significantly
smaller than those observed in group A. When the sagittal
cervical canal diameters of groups B and C are compared,
the value at the C3 pedicle level tended to be lower in
group B, and the value at the C4 pedicle level was almost
identical in both groups; the values at the other pedicle
levels, i.e., C5, C6, and C7, tended to be lower in group C.
However, no significant differences were observed at any
pedicle level. When the sagittal cervical canal diameters of
groups C and D were compared, the values at all pedicle
levels, except C7, were significantly smaller in group D.

In addition, structure of the cervical spinal canal in group
B demonstrated narrow structure at the C3 and C4 pedicle
levels, while those in groups C and D demonstrated narrow
structure at the C4, C5, and C6 pedicle levels.

Cervical intervertebral disc degeneration

Table 3 shows the grade of cervical intervertebral disc
degeneration at all segments for each group. The C3-4
segment in group B, the C5-6 segment in group C, and all
segments, except C2-3, in group D showed significantly

higher degeneration grades than the corresponding seg-
ments in group A. Significant differences were observed
between the C3-4 and C5-6 segments of groups B and C.
Moreover, all segments, except C2-3, in group D showed
significantly higher degeneration grades than those in
group C.

Cervical cord compression

The cervical cord compression score was 1.36±0.5 at the
C3-4 segment in group B, and 1.31±0.47 at the C5-6
segment in group C. The scores in group D were 0.03±0.16
at the C2-3 segment, 1.35±0.66 at the C3-4 segment, 0.83±
0.9 at the C4-5 segment, 1.70±0.79 at the C5-6 segment,
and 0.5±0.82 at the C6-7 segment. No significant differ-
ence was observed in the score at the C3-4 segment
between groups B and D. However, there was a significant
difference in the score at the C5-6 segment between groups
C and D (p <0.05).

Cervical mobility

Table 4 shows the cervical mobility at all segments for
each group. The total angular mobility in groups B, C, and
D tended to be smaller than that in group A, and a
significant difference was observed only between groups
A and D.

With respect to percent segmental mobility in groups A
and B, the C5-6 segment had the highest value, followed by
C4-5, while in group C, the C4-5 segment had the highest
value, followed by C5-6. Moreover, in group D, the C4-5
segment had the highest value, followed by C3-4. Com-
pared with the values in group A, only the C5-6 segment in
group D showed a significant difference.

Grade Nucleus signal intensity Disc height Structure of FSU

1 Hyperintense Normal Without disc herniation

2 Intermediate/hypointense Normal With/without disc herniation

3 Hypointense Decreased With disc herniation/osteophyte

4 Hypointense Collapsed With disc herniation/osteophyte

Table 1 The grading system for
cervical intervertebral disc
degeneration

Table 2 The sagittal cervical canal diameter at each pedicle level

Group C3† C4† C5† C6†† C7

A 14.39±1.87 14.27±1.85 14.29±1.77 14.35±1.81 14.42±1.70

B 13.39±3.05* 13.39±2.88* 13.82±2.65 13.94±2.90 13.96±2.29

C 13.75±2.36* 13.37±2.08** 13.36±1.98** 13.43±1.81** 13.83±1.72*

D 13.13±2.27*** 12.79±2.09*** 12.77±1.95*** 12.57±2.00*** 13.60±1.74**

Compared with group A: *p<0.05, **p<0.01, ***p<0.001

Compared between groups C and D: †p<0.05, ††p<0.01, †††p<0.001
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Discussion

In our study, all stenosis groups demonstrated significantly
narrower cervical spinal canal at all pedicle levels when
compared with the normal group, except at C5, C6, and C7
in the subjects with C3-4 stenosis. The cervical spinal
canals were significantly narrower at both the upper and
lower pedicle levels adjacent to all of the stenosed
segments. These results affirm previous studies [1–4] that
have shown that a congenitally narrow cervical spinal canal
is an important risk factor in the development of cervical
spinal canal stenosis.

We found that the developmental morphological struc-
ture of the cervical spinal canal was different between the
subjects with C3-4 stenosis and those with C5-6 stenosis.
The cervical spinal canal diameter at the C4 pedicle level in
both groups was almost identical; however, the values at
the other pedicle levels were different. The subjects with
C3-4 stenosis demonstrated significantly narrower sagittal
cervical spinal canal diameters only at the C3 and C4
pedicle levels in comparison to normal subjects, and a
narrow cervical spinal canal structure at the C3 to C4
pedicle levels in the cervical spine in comparison to other
segments in the same subjects (Fig. 1A). In contrast, the
subjects with C5-6 stenosis demonstrated significantly
narrower sagittal cervical spinal canal diameters at all
pedicle levels in comparison to normal subjects, and a
narrow cervical spinal canal structure at the C4 to C6

pedicle levels in the cervical spine in comparison to other
segments in the same subjects (Fig. 1B). The subjects with
C3-4 stenosis had a significant degenerative intervertebral
disc only at the C3-4 segment, while those with C5-6
stenosis had a significant degenerative intervertebral disc
only at the C5-6 segment when compared with the normal
subjects. These two stenosis subjects demonstrated different
pathological processes for the development of cervical
spinal canal stenosis.

With regard to kinematic changes of the cervical spine,
there were few changes in the distribution of the cervical
segmental mobility between the subjects with C3-4 stenosis
and the normal subjects, mostly at the C5-6 segment,
followed by C4-5. However, changes in the distribution of
the cervical segmental mobility in the subjects with C5-6
stenosis were larger, mostly at the C4-5 segment, followed
by C5-6. Miyazaki et al. [16] reported that the C5-6 and
C4-5 segments contributed the most to the total angular
mobility of the cervical spine in the subjects with normal
cervical intervertebral discs. However, the role of the C5-6
and C4-5 segments in the total angular mobility signifi-
cantly decreased with severe intervertebral disc degenera-
tive changes. They hypothesised that cervical intervertebral
disc degenerative changes begin at the C5-6 and C4-5
segments because these segments withstand the largest
mechanical loading. In our normal subjects, the C5-6
segment had the largest sagittal segmental mobility in the
cervical spine, followed by C4-5, which was consistent

Table 3 The intervertebral disc degeneration grade at each segment

Group C2-3 C3-4 C4-5 C5-6 C6-7

A 1.39±0.49 1.58±0.54 1.68±0.63 1.82±0.70 1.49±0.60

B 1.43±0.65 2.29±0.73*** 2.00±0.78 2.00±0.68 1.64±0.63

†† ††

C 1.29±0.46 1.67±0.53 1.83±0.49 2.60±0.63*** 1.67±0.69

††† †† † †††

D 1.45±0.50 2.33±0.62*** 2.30±0.76*** 2.95±0.78*** 2.38±0.93***

Compared with group A: *p<0.05, **p<0.01, ***p<0.001

Compared between groups B and C or groups C and D: †p<0.05, ††p<0.01, †††p<0.001

Table 4 The sagittal mobility of the cervical spine

Group Total mobility (°) Percent segmental mobility (%)

C2-3 C3-4 C4-5 C5-6 C6-7

A 47.19±12.81 15.20±9.94 19.14±11.23 22.68±11.86 24.54±13.63 18.44±10.54

B 46.17±13.62 12.22±8.05 20.99±11.49 23.39±10.20 26.00±14.60 17.41±9.17

C 45.61±13.54 16.05±8.64 18.08±10.06 24.54±10.95 20.87±11.94 20.46±11.37

D 41.30±10.52* 16.22±11.46 21.33±11.51 25.14±11.22 19.04±12.58* 18.27±11.20

Compared with group A: *p<0.05, **p<0.01, ***p<0.001
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with the results of Miyazaki et al. Our results demonstrated
that the subjects with C3-4 stenosis had a less degenerative
change at the C5-6 segment, which contributes the most to
the total mobility of the cervical spine; therefore, this
change may have a lesser effect on the distribution of the
cervical segmental mobility. However, the subjects with
C5-6 stenosis had a significant degenerative change at the
C5-6 segment; therefore, the distribution of the cervical
segmental mobility may be affected to a greater extent, and
may shift to the upper adjacent segment, i.e., the C4-5
segment, and then to C5-6.

Mihara et al. [17] reported that pathological changes
were noted at the C3-4 segment in 40.9 % of the elderly
CSM patients they studied, and that this incidence was five
times higher than that observed in their younger counter-
parts. Furthermore, they postulated that an age-related
reduction in the mobility of the lower cervical segments
may promote mechanical stresses on the upper cervical
segments, leading to canal stenosis at the C3-4 segment.
This is contradictory to our findings that the segmental
mobility of C4-5, C5-6, and C6-7 segments were not
reduced in the subjects with C3-4 stenosis. They only
discussed the pathogenesis of C3-4 stenosis that developed
following stenosis at the lower cervical segments. We also
assumed that the mechanism underlying the pathogenesis of
cervical spinal canal stenosis at two-level segments is
different from those underlying the pathogenesis of cervical
spinal canal stenosis at the C3-4 or C5-6 segments.

The morphological cervical spinal canal structure in two-
level cervical segment stenosis was similar to that in C5-6
stenosis, i.e., it had a narrow cervical spinal canal structure
at the C4 to C6 pedicle levels in the cervical spine.
Additionally, cervical spinal canals at all pedicle levels,
except C7 in two-level cervical segments stenosis were

significantly narrower than those in C5-6 stenosis (Fig. 1C).
The average age of the subjects with multiple cervical
segments stenosis was significantly higher, and the degen-
erative changes in the intervertebral discs at all segments,
except C2-3, showed more significant deterioration than
those noted in C5-6 stenosis. Moreover, the amount of
stenosis at the C5-6 segment was significantly greater in
two-level cervical segments stenosis than that in C5-6
stenosis. Based on these results, we hypothesise that two-
level cervical segments stenosis may develop following
initial stenosis at the C5-6 segment. Those with narrower
cervical spinal canals at multiple segments (less than
13 mm) may be exposed to an increased risk for
degeneration in cervical FSU at multiple segments.

We previously demonstrated [15] that cervical cord
compression greatly affected the sagittal segmental motion
of the cervical spine. The sagittal segmental mobility at all
levels was significantly reduced in the segments with severe
cord compression when compared to those with no cord
compression. The spinal cord may shift horizontally to
prevent lesions that develop due to cord compression.
However, in severe cord compression, which affects spinal
cord alignment and causes cord impingement, the spinal cord
cannot shift away and escape compression, and therefore
may be affected by restriction of segmental motion. In this
study, with severe cord compression at the C5-6 segment in
the subjects with two-level cervical segments stenosis, both
the sagittal segmental mobility at the C5-6 segment and total
mobility of the cervical spine decreased significantly. In such
cases, the distribution of segmental mobility may shift to the
upper segment, mostly at the C4-5 segment, followed by C3-
4. The increasing mechanical stresses on the upper cervical
segments may also contribute to the development of cervical
spinal canal stenosis at the upper segments.

Fig. 1 Developmental
morphological structures of the
cervical spinal canal. A C3-4
stenosis. B C5-6 stenosis. C
Multiple cervical segments
stenosis
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We demonstrated the differences in the pathogenetic
processes for the development of cervical spinal canal
stenosis and cervical kinematics between C3-4, C5-6, and
two-level cervical segments stenosis. Our results suggest
that the developmental morphological structure of the
cervical spinal canal plays an important role in the
development of cervical canal stenosis at different seg-
ments. Moreover, individuals with sagittal cervical spinal
canal diameters of less than 13 mm may be exposed to an
increased risk for future development of cervical spinal
canal stenosis at the upper cervical segments following
stenosis at the lower cervical segments.

Nevertheless, some issues remain unresolved even in
this study. We have not discussed the clinical manifes-
tations, such as myelopathy symptoms, in each of the study
groups. Therefore, using this investigation as a pilot study,
further research involving a larger patient population may
help resolve several issues left unanswered. Additionally,
the details of the pathogenetic mechanisms of cervical
spinal stenosis may be clarified further.
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