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Structured abstract
Study design Retrospective kinematic MRI (kMRI) study.
Objective To evaluate the dynamic changes of thoracic anterior and posterior space available for cord (SAC), and thoracic
spinal cord in the dural sac in three positions.
Setting Expert MRI, Bellflower California; and University of Southern California, in Los Angeles, USA.
Methods A total of 118 patients (66 males and 52 females, mean age ( ± SD) of 45.6 ± 10.6 years) who underwent thoracic
spine kMRI were evaluated from T4–5 to T11–12 in flexion, neutral, and extension positions. The anterior SAC, posterior
SAC, and mid-sagittal thoracic cord diameter were measured at each level from T4–5 to T11–12. Inter- and intraobserver
agreements were analyzed.
Results The anterior SAC was significantly narrower in flexion position compared with other positions at T8–9 to T11–12
levels (p < 0.01). The T8–9 level had significantly wider posterior SAC in flexion and extension positions compared with the
neutral position (p < 0.005). However, the posterior SAC at T9–10 was narrower in extension than the neutral position (p=
0.002). Thoracic spinal cord diameter significantly increased in flexion position when compared with the neutral position at
T8–9, T9–10, and T11–12 levels (p < 0.005).
Conclusions Thoracic spinal cord had dynamic changes with positions. In flexion position, the thoracic cord at T8–9 and
below tended to move anteriorly, getting closer to the vertebral body and intervertebral disc. The mid-sagittal diameter of the
thoracic cord increased in flexion position at the levels below T8–9. In the presence of lesions in anterior epidural space, the
risk of spinal cord compression is higher in flexion position, especially at levels below T8–9.

Introduction

Thoracic spine is considered more stable for the spinal cord
compared with cervical region, because of its relative
rigidity from the rib cage [1–3]. However, the thoracic
region has the narrowest space available for cord (SAC) and
the least spinal cord blood supply [4, 5]. These anatomical
features make the thoracic cord at risk of developing thor-
acic myelopathy following compression by surrounding
structures.

Despite this rigidity, thoracic spine is still affected by
motion-related etiologies, such as thoracic spinal cord
injury without radiographic abnormalities and thoracic
ossification of the posterior longitudinal ligament (OPLL)
[6]. Furthermore, changes in the thoracic spinal cord
cross-sectional diameter and anteroposterior diameter of
the dural sac with flexion and extension have been
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reported [6]. Morita et al. evaluated the dynamic changes
of thoracic spine using functional multidetector-row
computed tomography (CT) [7]. Although the study
found dynamic changes of thoracic spinal cord cross-
sectional diameter, there were several limitations,
including:
non-weight-bearing imaging, inability to identify sur-
rounding soft tissue, and lack of information on neutral
position.

Magnetic resonance imaging (MRI) of the spine is a
noninvasive modality for evaluation of the soft tissue
structures, such as spinal cord, cerebrospinal fluid, inter-
vertebral disc, and ligamentum flavum [8]. The kinematic
MRI (kMRI) is a noninvasive technology, which allows
imaging in weight-bearing positions, including neutral,
flexion, and extension [9, 10], and is advantageous over
CT and plain X-ray in evaluation of soft tissue structures.

We hypothesized that the dynamic changes of thoracic
spinal cord and its space in the spinal canal or dural sac
might be among the predisposing factors for thoracic spinal
cord compression. The aim of this study was to evaluate and
describe the dynamic changes of the anterior SAC, posterior
SAC, and the thoracic spinal cord in weight-bearing con-
dition using kMRI.

Materials and methods

All patients who had undergone thoracic spine kMRI
between 2010 and 2016 were included in this study.
Patients with mid-sagittal T2-weighted MRI images that
had good visibility from the upper endplate of T4 to the
lower endplate of T12 in neutral, flexion, and extension
views were included. Patients with thoracic disc hernia-
tion, OPLL, ligamentum flavum hypertrophy, ossification
of the yellow ligament (OYL), congenital
anomalies, inflammatory spinal diseases, spinal infec-
tions, spinal tumors, deformities, and those who had
undergone thoracic spine surgery were excluded from our
study.

Kinematic magnetic resonance imaging

kMRI of the thoracic spine was performed using a 0.6 Tesla
MRI scanner (Upright Multi-Position, Fornar Corp., New
York, NY). The MR unit employs a horizontal orientation
of two opposing magnetic doughnuts, allowing patients to
be scanned in a weight-bearing position. The imaging
protocol included T1- and T2-weighted sagittal fast spin-
echo images that were obtained with the patient seated
upright in neutral (0°), flexion (40°), and extension (−20°)
weight-bearing positions that were measured using a flex-
ible surface coil.

kMRI analysis

At each intervertebral disc level from T4–5 to T11–12, a
line was drawn between the midpoint of the anterior disc
height, the midpoint of the posterior disc height, and the
corresponding point on the ligamentum flavum across the
spinal canal. The anterior SAC was defined as the distance
between the posterior border of the disc to the anterior
border of the thoracic cord (point a to point b on Fig. 1).
The posterior SAC was defined as the distance between the
posterior border of the thoracic cord to the anterior border of
the posterior column at each level (point c to point d on
Fig. 1). The mid-sagittal cord diameter was defined as the
distance between the anterior and posterior borders of
thoracic cord, and was measured in the mid-sagittal plane
(point b to point c on Fig. 1). All kMRI images were
evaluated using eRAD PACS system software (version
7.2.38.0, eRad, South Carolina, USA).

Statistical analysis

Descriptive statistics for all parameters were performed
using mean and standard deviation. Shapiro–Wilk test was
used to test the normality of the data and the nonparametric

Fig. 1 Demonstration of the anterior space available for cord, posterior
space available for cord, and the mid-sagittal cord diameter measure-
ments using a magnetic resonance image. The distance between a and
b is the anterior space available for cord, the distance between b and c
is the mid-sagittal spinal cord diameter, and the distance between c and
d is the posterior space available for cord
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statistics were used for analysis. Friedman’s test was used to
analyze the differences in SAC between neutral, flexion,
and extension positions at each segment, with a p-value of
< 0.05 being statistically significant. The Wilcoxon-signed
rank test with a Bonferroni correction was used for post-hoc
analysis of the levels with a significant Friedman’s test. A p-
value of 0.0167 was used as the statistical significance
threshold in post-hoc analysis.

Inter- and intraobserver agreements were analyzed using
22 patients and intraclass correlation coefficients (ICCs)
were calculated. The intra- and interobserver agreements for
SAC was analyzed. The ICC values were assessed using the
following criteria: 0–0.2 indicated slight agreement,
0.21–0.4 indicated fair agreement, 0.41–0.6 indicated
moderate agreement, 0.61–0.8 indicated substantial agree-
ment, and 0.81–1indicated excellent agreement [11]. All
statistical analyses were performed using SPSS (Version
23.0, International Business Machines, Chicago, IL, USA).

This study was reviewed and approved by the Institu-
tional Review Board (IRB).

Results

After filtering for the inclusion and exclusion criteria, 118
patients were included in our study. There were 66 males
and 52 females, with mean age ( ± SD) of 45.6 ± 10.63
years.

The ICCs between the two observers showed substantial
to excellent agreement (range: 0.732–0.846) in all
parameters.

For anterior SAC, flexion position had the narrowest
SAC in all thoracic levels from T4–5 to T11–12 (Table 1).
There were significant differences in anterior SAC in all
three positions from T8–9 to T11–12 (p= 0.001 T8–9, p <
0.001 at T9–10 to T11–12, Table 1). Post-hoc analysis
showed that the flexion position had significantly narrower
anterior SAC than neutral and extension positions at all
levels from T8–9 to T11–12 (p < 0.0167). At T8–9 and
T11–12 level, the extension position had significantly nar-
rower anterior SAC than in neutral position (p= 0.005 and
p= 0.007, respectively) (Table 2).

Assessment of the posterior SAC showed that the flexion
position had the narrowest SAC at T4–5 to T6–7 levels
compared with other positions, with T4–5 being statistically
significant (p < 0.001, Table 1). From T7–8 to T11–12,
posterior SAC in flexion position was wider or nearly equal
to the neutral position for T7–8 (p= 0.001), T8–9 (p <
0.001), and T9–10 (p < 0.001) (Table 1). Post-hoc analysis
at T4–5 level showed that the posterior SAC in flexion was
significantly narrower than in the neutral (p < 0.001) and
extension (p < 0.001) positions. Whereas at the lower
thoracic level, T8–9, the flexion and extension positions had

a significantly wider posterior SAC than the neutral position
(p= 0.002 and p < 0.001, respectively). AT T9–10, flexion
position showed significantly wider posterior SAC than in
the extension position (p < 0.001,Table 2).

The results of the mid-sagittal thoracic spinal cord dia-
meter in three positions are shown in Table 1. Thoracic
spinal cord mid-sagittal diameter tended to be narrower in
the flexion position when compared with the neutral posi-
tion at T4–5 to T6–7 levels. On the other hand, the mid-
sagittal thoracic cord diameter tended to be wider in
extension compared with the neutral position at T5–6 to
T7–8. At the levels below T8–9, the mid-sagittal thoracic
cord diameter tended to be the widest in flexion position
(Table 1). There were statistically significant differences in
mid-sagittal cord diameters among three positions at T4–5
(p= 0.01), T6–7 (p= 0.001), and T8–9 to T10–11 (p=
0.005 or less). The level of T11–12 showed a trend towards
a statistically significant difference (p= 0.051). At T8–9 to
T10–11, the cord diameter was significantly wider in flexion
compared with the neutral position (all three levels, p <
0.005), and extension (p= 0.012 or less). At T6–7, the
spinal cord was significantly narrower at flexion compared
with extension (p < 0.001) (Table 2).

Discussion

The current study found that the anterior SAC, the posterior
SAC, and the mid-sagittal thoracic spinal cord diameter had
dynamic changes with positional changes from neutral to
flexion and extension positions.

The dynamic changes in thoracic dural sac diameter,
thoracic spinal cord anteroposterior diameter, and thoracic
spinal cord cross-sectional diameter between flexion and
extension positions have been demonstrated using CT
images [6]. However, the thoracic spinal cord compression
can be caused by compression of the surrounding soft tissue
structures, which cannot be identified by CT scan, such as
intervertebral disc, ligamentum flavum hypertrophy or
ossification, OPLL, tumor, abscess, etc. [12–16].

Although the anterior SAC, posterior SAC, and sagittal
cord diameter are influenced by the degenerative patholo-
gies of the spine in this study, we evaluated only mild
spondylosis patients in order to minimize the effect of
degeneration and other pathologic factors on spinal cord
motion. The results from our study could help in under-
standing the kinematic properties of the thoracic spinal cord
in normal or very mildly degenerative thoracic spine. From
our results, the anterior SAC was narrower in flexion than
the neutral position at T4–5 to T11–12 levels, and the
thoracic sagittal spinal cord diameter was wider in flexion
compared with the neutral position at the lower thoracic
levels. Although the posterior SAC did not change from
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flexion to extension at T4–5 to T6–7 levels, there was a
tendency toward narrower posterior SAC in extension at
lower thoracic levels. We hypothesize that in patients with
thoracic disc herniation or OPLL, the severity of thoracic
spinal cord compression will increase with the flexion of
thoracic spine. On the other hand, in patients with myelo-
pathic lesions such as ossified ligamentum flavum and the
facet cyst, hyperextension position may deteriorate the
symptoms of thoracic myelopathy, especially in the lower
thoracic levels.

For the upper thoracic spine (above T8–9 level), our
study found dynamic changes similar to the previous study
[6], showing that the cord was narrower in flexion than in
extension position. At the levels below T8–9, our results
showed a trend toward wider cord diameter in flexion
position compared with the neutral and extension positions,
with statistically significant differences between flexion and
extension at the T8–9 and T9–10 levels. These results were
different from the previous study, which showed nearly

similar diameters of the spinal cord at the lower thoracic
levels. The differences between our findings and the pre-
vious study might be due to the weight-bearing imaging
method used in this study, which is known to reveal the
changes in soft tissue structures, which are not easily
observed in non-weight-bearing imaging. Furthermore,
these results confirmed the effect of weight bearing on
visualization of the soft tissue structures in spinal column
imaging.

When comparing the upper and lower thoracic levels, the
lower thoracic levels (below T8–9) had more dynamic
changes in most of the parameters. The explanation could
be that, the levels below T7–8 are considered the transi-
tional zone between the true thoracic ribs and false floating
thoracic ribs, making the lower region more mobile [7].

The strength of this study was that we evaluated the
dynamic changes of the anterior SAC, posterior SAC, and
the thoracic cord in weight-bearing conditions and in all
three position (neutral, flexion, and extension). The results

Table 1 Anterior space available
for cord, posterior space
available for cord, and thoracic
cord sagittal diameter with
statistical analysis

Level Position Anterior
SAC
(mean ±
SD) (mm)

Friedman’s
test (p-value)

Posterior
SAC
(mean ±
SD) (mm)

Friedman’s
test (p-value)

Thoracic
cord sagittal
diameter
(mean ± SD)
(mm)

Friedman’s
test (p-value)

T4–5 Neutral 1.12 ± 1.22 0.916 6.42 ± 1.81 <0.001* 4.54 ± 1.13 0.01*

Flexion 0.79 ± 0.96 6 ± 1.9 4.52 ± 1.31

Extension 0.91 ± 1.13 6.06 ± 1.83 4.55 ± 1.21

T5–6 Neutral 1.03 ± 0.96 0.056 6.45 ± 1.9 0.176 4.52 ± 1.35 0.675

Flexion 1.02 ± 1.15 6.19 ± 2.05 4.41 ± 1.31

Extension 0.91 ± 0.99 6.35 ± 1.88 4.64 ± 1.29

T6–7 Neutral 1.2 ± 1.2 0.226 6.1 ± 2.11 0.431 4.55 ± 1.27 0.001*

Flexion 0.98 ± 1.26 6.06 ± 2.1 4.36 ± 1.21

Extension 1.05 ± 1.07 6.29 ± 1.9 4.73 ± 1.22

T7–8 Neutral 1.37 ±
0.985

0.106 6.14 ± 1.89 0.001* 4.21 ± 1.13 0.08

Flexion 1.26 ± 0.96 6.11 ± 1.95 4.43 ± 1.19

Extension 1.46 ± 0.99 6.03 ± 2.07 4.54 ± 1.28

T8–9 Neutral 1.71 ± 1.07 0.001* 5.55 ± 1.74 <0.001* 4.58 ± 1.32 <0.001*

Flexion 1.3 ± 0.92 5.81 ± 2.02 4.91 ± 1.22

Extension 1.56 ± 1.01 5.81 ± 1.94 4.47 ± 1.23

T9–10 Neutral 2.19 ± 1.24 <0.001* 5.48 ± 1.93 <0.001* 4.52 ± 1.2 0.005*

Flexion 1.86 ± 1.18 5.47 ± 1.98 4.78 ± 1.39

Extension 2.26 ± 1.30 5.11 ± 1.83 4.56 ± 1.34

T10–11 Neutral 2.46 ± 1.14 <0.001* 4.9 ± 1.73 0.06 4.76 ± 1.31 0.001*

Flexion 2.07 ± 1.19 5.07 ± 2.3 4.98 ± 1.36

Extension 2.33 ± 1.54 4.57 ± 1.99 4.96 ± 1.57

T11–12 Neutral 2.63 ± 1.49 <0.001* 4.95 ± 1.91 0.836 5.13 ± 1.91 0.051

Flexion 2.01 ± 1.59 4.76 ± 1.73 6.03 ± 1.81

Extension 2.35 ± 1.52 4.87 ± 1.99 5.7 ± 1.77

SAC space available for cord

*Statistically significant difference at the level of p-value of <0.05
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of this study help understand the dynamic pathogenesis of
thoracic spinal cord compression and also can be helpful in
diagnosis of the pathologies involving the thoracic spinal
cord. Moreover, the presence of these dynamic positional
changes indicates that, in order to decrease the risk of post-
operative deterioration of myelopathy, post-laminectomy
thoracic spine flexion deformity and hyper-flexion posture
should be avoided, especially in patients with thoracic disc
herniation and thoracic OPLL who are at a risk of anterior
compression of the thoracic cord.

This study has several limitations. The T1 to T3 thoracic
vertebrae could not be evaluated because of the poor image
quality. Moreover, even though weight-bearing kMRI
modality was used, some patients may have had difficulty in
achieving full flexion or extension, due to conditions such
as obesity or pain. Despite these limitations, this study
provides novel and important information about dynamic
changes in anterior SAC, posterior SAC, and thoracic mid-
sagittal cord diameter from T4–5 to T11–12 levels.

Conclusions

Anterior SAC, posterior SAC, and thoracic mid-sagittal
cord diameter had dynamic changes during positional
changes. The flexion and extension positions put patients
with myelopathy at increased risks of thoracic spinal cord
compression, especially at the lower levels.
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