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Abstract—Chronic spinal cord compression induced cervical
myelopathy is a comon cause of spinal cord dysfunction. The
exact mechanisms of underlying progressive cell death remain to
be elucidated. In this study, in vivo diffusion tensor imaging (DTI)
has been applied to investigate the microstructural changes of
white matter (WM) in this neurodegenerative disease. Compared
with conventional MRI techniques, DTI is believed to be more
specific to pathological changes. Radial diffusivity (A1) is higher
in the ipilesional region, suggesting demyelination or axonal
degradation may occur after prolonged compression. Near the
epicenter of lesion, axial diffusivity (»,) is lower. Also,
caudal-rostral asymmetry has been observed in A,. Feasibility of
using DTI to detect microstructural changes in chronic disease
has been demonstrated.

Index Terms—Cervical myelopathy, MRI, DTI, spinal cord
compression, axial diffusivity, radial diffusivity

I. INTRODUCTION

hronic spinal cord compression induced cervical

myelopathy is the most commonly acquired cause of

spinal cord dysfunction. The neurodegenerative disease
leads to impairment of motor and sensory functions
progressively [1]. Age related changes such as drift of
veterbral bodies, infolding of ligamentum flavum, formation
of osteophytes cause an extrinsic pressure on the spinal cord
[2]. The static and dynamic factors trigger various changes
such as ischemia, excitotoxicity and apoptosis [2, 3]. It is
believed that vascular factors play an important role in the
pathogenesis of myelopathy [2], yet the precise mechanism of
how the disease progresses remains to be investigated [1, 2].
In order to understand the mechanisms and assess treatment
efficacy, non-invasive imaging technique is essential. In this
study, a rat model with chronic spinal cord compression was
examined by in vivo diffusion tensor imaging (DTI) to
investigate the nature of neurodegeneration of this disease.
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Compared with conventional MRI techniques, DTI has
been demonstrated to be more pathologic specific as it
provides detailed information about tissue microstructure [4].
MR diffusion has been shown to be sensitive in probing
microstructural changes in different pathophysiological
situations [5-9]. DTI-derived indices reflecting diffusion
anisotropy and directional diffusivities are useful to reveal
fiber integrity. Reduction in diffusion anisotropy is believed
to reflect the structural changes in white matter (WM) fibers
[4]. It has been verified that pathologic specificity is
improved with analysis of individual eigenvalues of the DT
[10].

Both in vivo [4, 11, 12] and ex vivo [13-15] DTI has been
employed to investigate white matter integrity in different
spinal cord disorders. These studies focus on acute spinal
cord injury or multiple sclerosis, and the results have shown
great promise in detecting microstructural alterations. In
these studies, DTI indices have been demonstrated to be
sensitive markers of white matter pathology. Due to the need
of high spatial resolution, many of the studies were
performed on excised rodent spinal cords. However,
diffusivities and anisotropy of fixed spinal cords have been
known to be lower than that from the in vivo situation. In
these in vivo studies, RF coil has been implanted for image
quality improvement. Although SNR can be improved when
implantable coil is wused instead of external coil,
reproducibility of the practical steps in setting up the coil
must be ensured carefully [16]. This step is essential
especially when large number of animals is required in
longitudinal studies. Recently, studies without RF coil
implantation have shown that it is possible to obtain in vivo
diffusion properties of spinal cord at different regions [17,
18]. In this study, we demonstrate the feasibility of using DTI
in detecting chronic neurodegeneration, and therefore the
potential to study spinal cord injury or disease longitudinally
by DTI is possible in the future.

II. MATERIALS AND METHODS

A. Animal Preparation

Under anesthesia, laminae of C3-C7 of 5 adult Sprague
Dawley rats (250-300g) were exposed carefully. A urethane
containing polymer was then inserted into the lateral column
of C5-C6 and allowed to expand upon absorbing tissue fluid
for 9 months before MR acquisition. The polymer can
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expand up to 300% of its original size and it exerts a
compressive force onto the spinal cord.

B. MR acquisition

Animals were anesthetized with a mixture of isoflurane/air
at 3% for induction and 1.5% for maintenance throughout the
scan. A warming pad with circulating water was used
throughout the experiment. MR acquisition was performed
with a Bruker Pharmascan 7T scanner, with a birdcage
transmit-only coil with a 72mm inner diameter in combination
with an actively decoupled receive-only quadrature surface
coil. A respiratory sensory pillow was placed on the abdomen
for gating. 4-shot echo planar imaging sequence with the
implementation of navigator echo for correcting N/2 ghost,
correcting N/2 ghost,
frequency and phase
shifts between shots
was used with the
following parameters:

TR/TE=3000/29ms,
0/A=3.5/17Tms, slice
thickness =2mm with
0.2 mm inter-slice gap,
FOV=30mm, data

matrix=128x128,
NEX=4. Diffusion
encoded gradients
with b=0.8ms/pum’
were applied along 30
directions.

C. Data Analysis

Co-registration  of
all diffusion weighted
(DW) images was
performed by
AIRv5.2.5 before DT

Fig.1 Localization of slices. Slices were estimation. The DT
oriented perpendicular to the spinal cord. computation was
performed by

DTIStudio (John Hopkins University, Baltimore, Md.), DTI
parametric maps, including trace, fractional anisotropy (FA),
axial diffusivity (A,) and radial diffusivity (AL) were exported.
The spatial variations of the 4 defined ROIs were compared by
two-way ANOVA, followed by Bonferroni’s test to detect
inter-group differences.

III. RESULTS

Localization of slices of a typical animal is shown in Fig. 1.
Each slice was oriented to be perpendicular to the cord in
scout images. Parametric maps of a slice covering the lesion
cite is shown in Fig. 2. The polymer compressed the spinal
cord from the left side of the figure. The shape of the spinal
cord was deformed and hence the compression was
successfully made. The deformed “H” shaped grey matter is
still differentiable from the white matter in this animal.
However, in some of the animals (2/5), the compression has
severely distorted ipsilesional WM and the area of WM varies

significantly. As a result, Regions of interest (ROIs) were not
measured at the epicenter of injury. Regions of interest of 4
WM regions (V: ventral, D: dorsal, I: ipsilesional,
C:contralesional) in 8 slices covering 4.4 mm caudal and 4.4
mm rostral to the epicenter of injury were manually defined on
FA and ALmaps. Typical ROI delineation is shown in Fig. 3.
Parameters at different distance with the epicenter of the
injury were measured and the spatial variations of them were
plotted as in Fig. 3 (red: ipsilesional, blue: dorsal, green:
ventral, black: contralesional). The ipsilesional region has a
lower FA and higher A than other regions near the lesion site.

o TR

. ¢

Fig.2 parametric maps of the 9 slices covering the lesion are a) FA, b)
color-coded FA, ¢) A, d) AL and e)trace maps.
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Fig.3 ROI delineation. Four white matter regions were defined:
Ventral (V), Dorsal (D), Ipsilesional (I) and C (Contralesional).
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Fig. 4 Average (N=5) diffusion characteristic along the SC (Mean+SD).
Red: Ipsilesional(I);Blue: Dorsal (D); Green: Ventral (V); Black:
Contralesional (C). A, AL and Trace are listed in umz/ms.

IV. DISCUSSIONS

The chronic spinal cord compression induced cervical
myelopathy is characterized by its delayed and progressive
temporal characteristics. The precise mechanism is still not
well understood yet. The feasibility of DTI to detect
microstructural changes in this progressive disease is
therefore important for better understanding and diagnosing
the disease, and evaluating drug efficacy.

As shown in Fig.2, the water absorbing polymer
compressed the spinal cord laterally and the ipsilesional WM
was distorted. The injuries to other regions appear to be
moderate and such compression did not appear to have
significant effect on other WM regions. Additionally, the
fibers remain to be aligned coherently as shown in the
color-coded FA map in Fig. 2b. The homogeneous blue color
in the remaining WM suggests that the principle eigenvectors,
and hence the fiber orientation, align longitudinally after the
compression.

The spatial variation is shown in Fig. 4. Dorsal, ventral and
contralesional regions show a relatively flat curve in all 4
indices. These regions exhibit values of FA and AL closer to
normal. The spatial variation is statistically significant
(p<0.05) in FA and AL among different ROIs. Bonferroni’s

tests reveal that FA of ipsilesional region is statistically lower
(p<0.05) than that of dorsal and contralesional regions near
the epicenter of lesion, and AL of ipsilesional region is found to
be higher than that of contralesional region near the epicenter
of lesion (p<0.05). This suggests demyelination may occur
after prolonged compression. It is consistent with previous
studies about chronic degeneration of WM bundles in humans
[19]. In delayed and progressive myelopathy, demyelination
has been observed by histology in experiments using dogs or
rodents model, however both studies have added that
demyelination was not evident [1, 20]. Demyelination has
been shown to modulate AL [21], but it is known that myelin
is not the only factor [22]. The organization of axons may also
have altered also. Degradation of axonal packing might be a
factor of altering the anisotropy and diffusivity in the radial
direction. Near the epicenter of lesion in the ipsilesional area,
Ay is lower (p<0.05 without statistical significant differences
among 4 ROIs), axonal damage may also occur there.

It is interesting to see that A, in the rostral region increases
when it is farther away from the epicenter of lesion.
Alternatively, the A, remains similar in the caudal region. A
one-tailed paired t-test was then performed retrospectively.
Rostral regions of dorsal, ventral and contrlesional sides
exhibits higher 2, than caudal (p<0.05), but the difference is
not statiscally significant in rostral region of ipsilesional side
(p=0.102). This may suggest that there are more aligned axons
in the rostral section of the cord. This result is consistent with
a previous study on the electrophysiology of a cat with acute
spinal cord compression [23]. Action potential caudal to the
lesion site was found to be dimished. The reason of this
asymmetry may be due to the more compromised blood flow
in the rostral section. The better blood flow in rostral region is
hypothesized in a study that investigates how the levels of
N-acetyl aspartate (NAA) change in a spinal cord transectomy
[4, 24]. NAA levels were found to be unchanged in the acute
stage of recovery. The better blood flow may benefits the
axons such that they can be relatively intact in the rostral
region. Further studies are warranted to elucidate the elevated
level of A, in the rostral part.

In this study, the polymer was inserted into the spinal cord
at lateral side. In clinical situations such as spondylosis and
ossification of the posterior longitudinal ligament can be
caused by damage from the ventral region, and the location is
dorsal in hypertrophied yellow ligament[2]. Therefore, the
rodent model may not fully reflect the clinical situation in this
study.

V. CONCLUSION

We have demonstrated the feasibility of using DTI to
investigate the neurodegeneration of the chronic spinal cord
compression. The changes of DTI parameters in the lesion are
possibly due to the microstructural changes caused by the
pathology. /n vivo serial DTI is therefore applicable to
perform longitudinal study in chronic diseases.
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