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" ABSTRACT:

The multiplanar capability of MRI has markedly benefited the study of the spine. T,-weighted images yield
morphological images of the cord and roots contrasting against the low-intensity CSF (4) (Fig. 1). To-weighted im-
ages provide different types of information; the "myelographic effect®, in which CSF appears very bright, delin-
eates nervous structures (spinal cord and roots), as well as ligaments, which remain dark or gray. In this article,
the basic principles of MRI and recent advances in the evaluation of spinal pathologies have been presented and

current literature has also been reviewed.
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The multiplanar capability of MRI has markedly
benefited the study of the spine. The T;-and T,-
weighted images allow direct visualization of the spi-
nal cord besides the osseous structures of the spine,
which has previously not possible in a noninvasive
fashion (1-3). Meanwhile, the sagittal plane allowing
for visualization of a whole segment of the spine (ap-
proximately ten vertebral bodies) is very helpful.

Recent advances on MRI technic, helped us for
more effective use of this modality in the evaluation
of different diseases. In this article, the basic princi-
ples of MRI and recent advances in the evaluation of
spinal pathologies have been presented and current lit-
erature has also been reviewed.

T;-WEIGHTED IMAGES

T;-weighted images yield morphological images of
the cord and roots contrasting against the low-
intensity CSF (4) (Fig. 1). The vertebral bodies have
two different signal intensities: the cortical bone
yields a very low signal intensity due to the lack of
mobile protons, whereas the cancellous bone produces
a high signal intensity due to the presence of fatty
marrow within it. This type of sequence confuses cor-
tical bone, ligaments, and CSF and is not appropriate
to study the spinal canal caliber as it may mislead for
normality.

The intervertebral discs appear homogeneous and
slightly more intense than the vertebral bodies. With
T;-weighted gradient echo technique those relative in-
tensities are modified because faaty marrow appears
less intense than with spin echo; cancellous bone
presents the same signal intensity or lower signal in-
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tensity than discs. The use of surface coils producing
improvement in spatial resolution allows for differen-
tation between periependymal gray matter and whité
matter tracts (6). This is usually more striking on axial
slices. At the cervical level, axial slices also allow for
visualization of anterior and posterior nerve roots (7).
Lumbar spine benefited from oblique slices parallel to
the discs to better studythe nerve roots in the lateral
recesses and in the foramina (7, 8). Parasagittal slices
through the foramina show the nerve roots within the
epidural fat, joined with vascular elements (4).
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Figure 1. T,-weighted image of normal cervical

spine. Sagittal and midline section 4 mm thick
(1.5 T, SE 600/15). CSF is lower intensity when
compared with the cord.
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T,-WEIGHTED IMAGES

T,-weighted images provide different types of in-
formation; the ""myelographic effect", in which CSF
appears very bright, delineates nervous structures (spi-
nal cord and roots), as well as ligaments, which re-
main dark or gray. This sequence allows for the best
visualization of the interface between CSF and spinal
canal. The T,-weighted contrast of bodies and discs
shows lower intensity of cancellous bone due to short
T2 of fat. Intervertebral discs appear brighter and the

intensity is higher in hydrated discs. The hydration of .

the disc is more important in the lumbar than in the
cervical region. It also decreases with age. It is some-
times possible to demonstrate a hypointense band
within the disc, the intranuclear cleft, corresponding
to a fibrous septum extending from the annulus and
separating the nucleus pulposus in two parts (Fig. 2).
This cleft is present in most patients older than 20 and
is mainly visible in the lumbar spine (9, 10).

Figure 2. T,-weighted image of normal thoracal
spine. Sagittal and midline section 4 mm
thick (1.5 T, SE 300/105). CSF is bright and
easily separeted from the cortical bone and
ligaments which are hypointense. The nucleus
and the internal segment of the annulus are
very bright and intraunclear cleyts with in the
discs are clearly.

T,-weighted image sequence is the most sensitive
to changes in water content. It can show small abnor-
mal foci within the cord even in the absence of mor-

phological changes on T;-weighted images (e.g., mul-
tiple sclerosis, transverse myelitis, cervical mylopa-
thy, cord contusion) (Fig. 3).

Figure 3. Multiple sclerosis of cervical spinal
cord. T,-weighted sagittal image shows clearly
bright foci within the cord (arrows).

The T,-weighted images in the spine are some-
times degraded by artifacts due to CSF pulsation and
to the motion related to the cardiac and respiratory
movements. These will be detailed in the next para-
graph. Cardiac gating seems to improve the images
and overcome these artifacts. It is necessary in the cer-
vical and thoracic but not in the lumbar spine, where
the pulsations of the CSF are not as important.

Gradient echo images are very useful in obtaining
myelographic-type images without requiring cardiac
gating. This is easily performed in the cervical, upper
thoracic, and lumbar spine (Fig. 4). At the level of the
heart these sequences produce inconstant results. Sa-
gittal images, even in fewer number as obtained with
this technique, are satisfactory for a narrow structure
such as the spine. The axial images produce high sig-
nal intensity in the CSF and epidural veins, allowing
for an excellent visalization of the foramina and relia-
ble depiction of subarachnoid space compression (Fig.
5). These images are acquired faster and allow for ex-
cellent delineation between spine and CSF without re-
quiring cardiac gating. However, their reliability for
diagnosis of long T, foci inside the spinal cord is still
controversial as compared to the lang TR, long TE se-
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Figure 4. Axial Gradient-echo image of
normal cervical spine (1.5 T, GRE 57/8/15°).
This sequence allows for the best visualization
of the interface between CSF and spinal canal
and the white and the central gray matter can

be differentiated within the word.
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spine at the level of L5-S1. Posterior protrusion
of intervertebral disc and the compression of an-
terior subaraknoid space are clearly seen.

quences if the spinal cord is morphologically intact

Figure 5. Axial T,-weighted images of lumbar

(11-14).

EXAMINATION TECHNIC OF THE SPINE
MRI examination of the spine most often
includes:

L. a sagittal morphological Ti-weighted image with

thin sections (4mm),

2. asagittal T-weighted image,

3. axial or oblique T;-weighted images as needed (7)

The T,-weighted images my be performed either
with spin echo or gradient echo images with a long
flip angle (60° to 90°). The T1 weighting requires a
short TR (300 to 600 msec) and a short TE (less than
20 msec). The multislice mode allows a relatively
small number of slices to be performed during the
short TR but these sections are most often enough to
study the whole width of the canal in the sagittal plane
even when using thin sections (15, 16). The use of .
thin sections is paramount due to the small size of (he
cord. Sections of 3 to 4 mm in width are recommend-
ed in the cervical and thoracic spine. In the lumbar
spine section of 5 mm are acceptable. Contiguous sec-
tions must be used if the gradient echo technique is
performed because it produces strictly vertical slice
profiles. Therefore, even small gaps between slices
can miss lesions.

With spin echo, slice profiles are less strictly verti-
cal and a 1-mm gap is acceptable. Threedimensional
(3-D) acquisitions are currently available in new MR
units made by after the year of 1990 and should be-
come more routinely used as the reconstruction times
decrease (17). Additionally, although 3-D technique
has better signal-to-noise ratio it has lower contrast
than 2-D technique applied to the spine (18).

The Ty-weighted images may be performed using
gradient echo techniques or spin echo sequences.
When spin echo sequences are used, cardiac gating is
helpful in the cervical and thoracic region (19). TR of
1,800 to 3,000 msec may be used and the TE should
be of 50 to 90 msec using a double echo technic.,

Certain manufacturers have introduced asymmetri-
cal echoes. Thus, one can obtain a first echo that is
relatively Ty -weighted and a second echo with relative
T,-weighting using an intermediate TR of approgi-
mately 1,000 msec. This markedly decreases the ac-
quisition time. However, this technique is more sensi-
tive to flow artifacts since the even echo rephasing
phenomenon is less proneunced than on symimnetrical
echoes. Furthermore, the use of an intermediate TR
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Figure 6. Motion artifacts mimicking syringomyelia.

a) The image artifact is due to phase shift secondary to
patient motion and a low intensity intramedullary area of high
signal intensity (arrows) could mimic a syrinx
b) The sagittal T;-weighted GRE image demonstrates

no intramedullary pathology.

decreases the signal-to-noise ratio especially on the
second echo. Thus, this method is mainly used on the
high field (1,5 T) systems that have additional signal-
to-noise due to their high field strength.

The T,-weighted sequences using gradient echo
can be used as an alternative to the long TR sequences
(20). In the cervical and lumbar region, the image
quality is generally sufficient for a good examination.

FITFALLS AND ARTIFACTS

MRI is susceptible to numerous artifacts (21, 22).
Some are common and easily identifiable; others are
more discrete and may be mistaken for pathology. Ar-
tifacts reflect the complexity of MRI. Their unter-
standing requires some knowledge of MRI technology
and physics. Artifacts can be separated somewhat ar-
tificialy into artifacts due to the patient or due to the
MRI technique.

Patient-Related Artifacts: Patient-related arti-
facts include the artifacts due to patient motion during
the examination, artifacts of the metallic implants, and
artifacts due to the contrast medium.

Intentional or Unintentional Patient Motion
(23): These artifacts degrade the image in the direc-
tion of the phase-encoding gradient. One can see ei-
ther a blurred appearance of the anatomical interfaces
or alternation of hyper- and hypointense bands (phan-
tom images or harmonics) that are projected over the

entire image, particularly in the spine.
On the sagittal images these can mimic
intramedullary cavities or neoplasm
(Fig. 6); the axial images usually can ex-
clude the presence of a syrinx. Thus, it is
important for the patient to be in a com-
fortable position so that motion during
. the examination can be minimized.
| Some patients will require sedation.
Movements such as swallowing can also
| produce artifacts.

( Cardiac and Respiratory Motion
(24, 25): These artifacts are easily iden-
tifiable and are expressed by multiple
parallel images of the thoracic walls
(harmonics), which are projected on the
adjacent organs or outside the body (Fig.
7). The artifacts due to cardiac motion
(26) are particularly troublesome for the
study of the thoracic spine because they

can produce phantom images projecting over the cord
mimicking intramedullary pathology. The reversal of
the phase-and frequency-encoding gradients can help
palliate this difficulty. Cardiac gating also decreases
these artifacts.

Figure 7. Cardiac and respiratory artifacts. Res-
piratory artifact (open arrows) and cardiac arti-
facts (white arrows) are seen in axial T{-weighted

image. g
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Physiologic Motion of Body Fluids: These arti-
facts are created by blood flow and CSF pulsation.
The CSF motion is complex, depending on anatomical
and physiologic factors. Among them the pulsations
transmitted by the cardiovascular system play a major
role in the appearance of the MRI signal. For this rea-
son the study of flowing blood and CSF motion can be
performed simultaneously. Two types or artifacts need
to be considered. The first type is directly related to
flow phenomena (27): decreased signal at high speed
due to turbulent flow and dephasing of moving spins
on odd echoes, and high signal intensity due to en-
trance slice phenomenon, spin rephasing on even ech-
oes, and pscudogating during diastole and systole.
Two artifacts at the level of the cord are worth men-
tioning since they can be particularly deceiving. The
first is due to an entrance slice phenomenon (28). At
the level of the first section (and more rarely on the
last one) of the axial image of a multislice T;-weighted
sequence, CST appears hyperintense and may mimic a
tumor or a disc heriation. In fact, this high signal in-
tensity is due to the entrance in the plane of section of
unsaturated protons. One can exclude an abnormality
by performing an additional sequence in a different
plane.

The second artifact is due to the dephasing of spins
secondary to turbulence. It is seen when the plane of
section is parallel to the direction of flow (sagittal
plane when imaging the spine). It is due to the fact
that CSF flows more rapidly where the busarachnoid
sapces are narrow, in particular in the cervical thorac-
ic region when compared to the lumbosacral region.
Out of these conditions, the protons undergo different
accelerations and the phase angles become variable.
The 180" refocusing pulsis cannot refocus them any-
more, hence the high intensity of the CSF on T,-
weighted images in the lumbar spine in comparison
with the thoracic spine; this may suggest intradural
pathology. This artifact is relatively rare in the spine.
However, it is common in the aqueduct of Sylvius,
which appears usually as a hypointense area on the T,-
weighted images (29).

In the second group are included the artifacts re-
sembling cardiac and repiratory artifacts; they also are
phantom images projected outside the vessels and
subarachnoid spaces on the adjacent structures, in par-
ticular, along the spinal cord itself. Here, too, they are
noticed along the phase-encoding direction. To correct
the artifacts due to CSF pulsation, one can severse the
phase and frequency-encoding direction (30), or use

cardiac gating. This technical solution makes sense
since the artifacts are related to the consequence of the
cardiovascular pulsations on the CSF; furthermore, it
is easily implementable (EKG gating or photoplethys-
mography) (31). However, these methods cannot al-
ways correcty the artifact in the posterior subarach-
noid spaces of the thoracic region. Here, these
artifacts often mimic vessels in the subarachnoid
space, mimicking an arteriovenous malformation or a
dural fistula with medullary venous drainage (Fig. 8).
Axial images are required to exclude such pathology.
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Figure 8. CSF flow mimicking dilated
subaraknoid vessels in the thoracic spine.
Sagittal T,-weighted image shows hypointense
artifacts mimic vessels posteriorly to
the thoracic cord (arrows).

Metalic Artifacts (32): A metalic implant poses
two types of problems: potential danger to the patient
due to its movement in the magnetic ficld, an distor-
tion of the image due to the effect of the implant on
the local magnetic field homogeneity and to its
marked absorption of elektromagnetic waves.

The metalic implants (e.g., hip prosthesis, dental
prosthesis, orthopedic plates and screws) do not con-
stitute a contraindication to MRI. There are, however,
certain absolute contraindications that have to be rou-
tinely creened for: cardiac pacemakers, intracranial
ancurysm clips, and metallic fragments that can be
mobilized by the magnetic field, such as foreign intra-
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ocular bodies or bullet fragments. Vascular clips on
the dura do not constitute a contraindication if they
are far enough from the sinuses. The artifact is smaller
than the artifact produced on CT and it is possible to
obtain a diagnostic-quality image except in a small
area around the prosthesis. Visualization of the spine
and spinal cord is usually not impaired unless the im-
plants are located in the same section as the cord. The
largest artifacts are produced by pure ferromagnetic
elements (iron, nickel, chrome, cobalt) or when these
elements are used in alloys. The non-ferromagnetic
metals aluminum, gold, silver produce onl limited ar-
tifacts or a simple lack of signal at the level of the
prosthesis. Artifacts are usually easy to recognuze: a
central hypointense area surrounded by a hyperintense
border with variable deformity of the adjacent struc-
tures. Artifacts are worse when the signal-to-noise ra-
tio is low, e.g., on the T,-weighted images or on the
gradient echo images. Gradient echo images are much
more sensitive to metallic artifacts because the local
magnetic field inhomogeneities are not compensated
by a spin echo; however, the artifact deforms the adja-
cent structures less. Thus, one can use one technique
or another depending upon each particular situation.
Another artifact worth mentioning is the presence
of metalic microfragments from surgical drills and

other surgical instruments. These fragments are too |
small to be detected by standard radiographs but dis- |

tort the magnetic ficld enough to produce an artifact
(33).

Artifacts Due to Pantopaque (34): Old oil-based
mylographic material is fonud in patients who had

these studies before the introduction of water-soluble |

contrast. They have similar signal intensity to fat, and
may mimic a lipoma. The diagnosis is obvious on a
plain film or a CT scan.

Chemical Shift Artifact (35): This artifact is due
to the fact that the resonant frequency of hydrogens
bound to water is slightly superior to that of the reso-
nant frequency of hydrogens in fat. The 2-D FT tech-
nique most commonly used for the image reconstruc-
tion translates these differences in frequency between
different tissues in different spatial locations. This re-
sults in an apparent misregistration at the border be-
tween structures with a high fat content and structures
with a high water content. In the spine, this artifact is
consistently seen at the junction between the intérver-
tebral discs (high water content) and the vertebral

bodies (high fat content). This artifact can be con-
firmed by reversing the phase- and frequency-
encoding direction and demonstrating shifting of the
artifact with the frequency-encoding axis.

Ailasing artifact (36): This artifact seen when the
size of the object to be visualized is larger than the
field of view used or when the patient is not centered
in the magnet. It appears by an infolding of a peri-
pheral part of the patient into the center of the image.
If this projection occurs in an area of the field of view
which is already filled, a superimposition occurs that
prevents an accurate analysis.

Truncation Artifact (6, 7): This artifact occur at
the interfaces between different structures and appears
as multiple hypo- and hyperintense bands parallel to
the interface between two regions of very different
signal intensity. It is due to the difficulty of the Fouri-
er transformation to accurately represent a sudden
transition in signal. In the spine it is usually seen on
sagittal T,-weighted images where CSF is of high in-
tensity and the adjacent structures, in particular the
cord, are hypointense; it can mimic then an intrame-
dullary cavity (Fig. 9). The correct diagnosis is made
on the axial images with T}-weighting.
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" Figure 9. Truncation artifact. Sagittal
T,-weighted image shows hypointense
intermedullary signal (arrows) paralleling
the interface between the CSF and the cord
and simulating syrinx.
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Signal Inhomogeneity (38): This type of artifact
should be distinguished from the normal asymmetry
resulting from the use of a surface coil; in this case on
can see a progressive decrease of the signal intensity
from the patient's skin toward the deeper soft tissues.
Any other difference of intensity in a part of an image
where one does not except it is artiactual. It may be
due to a defect in field homogeneity transmitted by
the coil or the filters or a gradient failture.

Radio-Frequency Interferences (36): These in-
terferences can have an internal origin (different parts
of the machine) or external (poor radio-frequency in-
sulation). They are usually easy to recognize, and the
image has a striped appearance when the bandwidth of
the noise is wide, or bands of signal traversing the en-
tire image along the frequency-encoding direction
when the noise has a welldefined frequency.

FUTURE EXPECTATIONS

In recent years, the most important researches
helding on MRI are detecting the findings during the
function of the examined body portion. These are also
trying in spine during hyperextention and hyperflex-
ion for detecting the disc herniation which produce
compressive mylopathy. In the way of neutral position
sometimes this kind of finding can not be detect. In

our center we managed to examine of cervical spine
during the movement from hyperextention of hyper-
flexion, we called this new application as "kinematic
MRI". When we compared the findings of kinematic
MRI with routine technic we noticed that there ca be
some differences between them. Such as some normal
appearences in MR examination of neutral position
change in this kinematic application (Fig. 10). We
hope that in the near future such kind of applications
will be develope and objective criterias will be create
for correct diagnosis.
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Figure 10. Kinematic MR. a) Sagittal T;-weighted image of the cervical spine in neutral
phase shows no abnormality b) in hyperflexion phase intervertebral discs protrusions at the
levels of C5-C6 and C6-C7 are clearly seen (arrows).
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