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Diffusion-Weighted Imaging of the Spine:
Is It Reliable?

Mauricio Castillo

During the past few years, diffusion-weighted
(DW) imaging of the spine has received considerable
attention in the imaging literature, although its use-
fulness and efficacy remain controversial. The inter-
est in spinal DW imaging stems from the fact that,
with conventional MR imaging alone, it is difficult to
distinguish benign from pathologic vertebral body
compression fractures (1). One of the most reliable
signs for this purpose is that of visualizing a fracture
line in which the fracture is usually seen on T2- or
postcontrast T1-weighted images as a linear hypoin-
tensity in the middle of the compressed vertebral
body or adjacent to a compressed endplate (2). Other
signs that favor benign compression fractures (from
the most to the least specific) include the presence of
intervertebral fluid, an intervertebral vacuum cleft,
absence of accompanying soft tissue masses, lack of
pedicle abnormalities, solitary vertebral involvement,
preservation of the posterior cortical margin, and a
wedge-shaped deformity (3). Unfortunately, these signs
cannot be found in all patients, and assessing the cause
of a fracture is difficult, particularly when only one
vertebra is involved. Most vertebral compression frac-
tures, regardless of whether they are benign or malig-
nant, show low T1 and high T2 signal intensities and
may enhance after contrast material is administered (1,
3). In the chronic stage, the bone marrow of benign
vertebral compression fractures returns to its normally
high T1 signal intensity (reflecting the presence of fatty
bone marrow), whereas the bone marrow infiltrated by
tumor remains hypointense on T1-weighted images (2).
It is not acceptable to wait for these changes to occur,
however, because cancer patients require treatment to
avoid spinal cord compression.

The first article to describe the use of DW imaging
for differentiating benign from malignant vertebral
compression fractures was written by Baur et al (4) in
1998 and elicited controversy. In that article, 22 be-
nign and 17 pathologic fractures were correctly diag-
nosed and showed low and high signal intensity on
DW images, respectively, when compared with other
vertebrae that were assumed to be normal. The au-
thors used a steady-state free precession (SSFP) se-
quence with a low b value (165 s/mm?), because it
resulted in optimal signal-to-noise ratio and because
they believed that increasing the b value resulted in a
drop of signal intensity and provided no greater dif-
fusion-related information. The authors concluded
that the tumor packing present in pathologic fractures
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led to restriction of water diffusion and thus high
signal intensity on DW images. Criticisms of that
article center on the fact that the SSFP sequence
contains information from both T1 and T2 effects
(particularly T2 shine-through) and thus the findings
cannot be solely related to diffusion aberrations (5).
In addition, because only one diffusion gradient in
only one direction was applied, quantification of dif-
fusion was not possible. In a separate article (6), the
same sequence was used to evaluate spinal metastases
and was compared with conventional T1- and T2-
weighted images. That study has been misquoted sev-
eral times (7, 8) to point out the differences between
our study and the one by Baur et al (4). In our
investigation, we did not set out to evaluate the utility
of DW imaging in vertebral compression fractures
(only two of 15 patients had compression fractures),
but rather only in the identification of vertebral me-
tastases in the absence of compression fractures. We
learned from our investigation that the SSFP se-
quence did not offer additional benefits over noncon-
trast T1-weighted images and that most metastases
that were hyperintense on DW images were also hy-
perintense on T2-weighted images. Thus, this con-
firmed that the findings revealed by the DW SSFP
sequence are greatly influenced by T2 shine-through
and are in fact no better than routinely used MR
images. Byun et al (9)used an SSFG sequence with a
b value of 165 s/mm? and a single-shot stimulated-
echo acquisition sequence with a b value of 650 s/mm?
to assess the response to therapy in metastatic spinal
disease. They noted that a favorable response to ir-
radiation was seen as reduced signal intensity on DW
images (both sequences) 1 month after the therapy.

Different investigators have used higher b values
(360 and 598 s/mm~) with a variety of sequences that
included diffusion-weighted spin-echo, diffusion-
weighted fat-suppressed spin-echo, and diffusion-
weighted stimulated-echo sequences to differentiate
between benign vertebral edema and tumor infiltra-
tion (10). Because these sequences take a relatively
long time to perform and respiratory gating was not
used, a navigation-echo motion correction technique
had to be used. Because of the complexity of these
sequences, application of diffusion-sensitizing gradi-
ents in different directions was not possible. These
authors eliminated most T2 effects by obtaining base-
line images without the diffusion-sensitizing gradi-
ents. The stimulated-echo sequence, which is the
most promising of the three applied, uses three 90°
pulses before an echo with a 180° pulse. Theoretically,
this sequence should be ideal for spinal DW imaging
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because of its relative lack of T2 effects and the
possibility of incorporating into it long diffusion se-
quences and using the third 90° echo to trigger either
respiratory or cardiac gating. Regardless of these the-
oretical benefits, all three sequences evaluated were
found to be equally suitable for imaging of benign
versus malignant vertebral compression fractures.

Baur et al (11) revisited the topic of spinal DW
imaging and evaluated a series of patients again with
the SSFP sequence by using different diffusion pulse
lengths (that resulted in higher b values). They found
that, with increasing diffusion pulse length (which
increases the b value), benign fractures became progres-
sively hypointense, thus reducing the number of false-
positive results while malignant compression fractures
remained hyperintense at short and longer pulse
lengths. An accompanying editorial suggests that the
qualitative evaluation of the high signal intensity seen on
the SSFP DW image is mostly a reflection of high T2
signal intensity and, although DW imaging has potential
in spinal imaging, sequences other than the SSFP need
to be used in the future (7).

To avoid the problems described above, other inves-
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tigators have used DW imaging techniques that allow
for the calculation of apparent diffusion coefficient
(ADC) values. In one article, qualitative ADC mapping
showed that pathologic compression fractures had lower
values (1.9 + 0.3 X 10~* mm?s versus 3.2 + 0.5 X 10~*
mm?/s) than benign fractures (12). The b values used in
that investigation were low (0, 150, and 250 s/mrnz), and
the qualitative evaluation of their images resulted in
nearly 50% false-positive results. Conversely, quantita-
tive evaluation demonstrated a statistically significant
separation between pathologic and benign compression
fractures. Their results were also presented in the form
of ADC histograms, and an accompanying editorial
notes that an overlap for both groups of fractures exists
(13). Other investigators have achieved similar results by
using b values as high as 880-1000 s/mm? (8, 14). Most
of the images shown in these articles have low signal-
to-noise ratios because of the high b value used and
despite the fact that a spine phase-array coil was used.
Using a phase array—dedicated spine coil with an SSFP
sequence negates this problem and results in images of
good quality. Images of adequate quality by using the
spinal phase-array coil may be obtained with line-scan

Fic 1. Initial MR study.

A, Midsagittal T1-weighted image, showing
a mild compression deformity of the T7 ver-
tebral body. The bone marrow is slightly hy-
pointense, particularly along the superior
endplate.

B, T2-weighted image obtained at the same
location. Vertebra T7 is bright.

C, Corresponding short Taub inversion re-
covery image shows high signal intensity
throughout the T7 vertebral body.

D, Diffusion-weighted image, showing that
T7 has much higher signal intensity than the
adjacent vertebrae.

Fic 2. Follow-up study, 6 months after initial
one. Midsagittal T1-weighted image shows
that the signal intensity of the T7 vertebral
body is now high compatible with fatty bone
marrow.



AJNR: 24, June/July 2003

diffusion-weighted imaging. In one recent article, this
technique resulted in good-quality images, and, despite
its relatively long acquisition time (6 minutes 30 sec-
onds), motion artifacts were absent (15). The authors
used two b values (5 and 3005 s/mm?), allowing them to
obtain mean diffusion coefficients. Imaging with such a
high b value is possible because the short echo time used
with this sequence allows it to maintain a high signal-
to-noise ratio. High diffusion coefficients were found in
benign compression fractures when compared with the
normal vertebral bodies. Because that work is prelimi-
nary, the usefulness of line-scan diffusion imaging in
differentiating benign from malignant compression frac-
tures was not evaluated, but I believe it is promising.

To illustrate some of the problems encountered
with the SSFP sequence, images of the spine of a
51-year-old man with hepatocellular carcinoma in-
volving the caudate lobe of the liver are shown (Figs
1 and 2). The tumor was successfully resected. Three
months later, however, the patient developed acute
midthoracic pain. An MR imaging study of that area
showed that the T7 vertebral body was slightly
wedged anteriorly and that its superior endplate was
depressed. On T1-weighted images (500/15 [TR/TE])
this vertebral body was slightly hypointense (Fig 1A).
On T2-weighted (3500/90) and short Taub inversion
recovery (3600/60 [TR/TE]; TI = 150 ms) images, the
vertebral body was hyperintense (Figs 1B and C).
After intravenous contrast material injection, the ver-
tebral body demonstrated mild enhancement and no
accompanying soft tissue abnormalities. A radionu-
clide bone scan demonstrated increased tracer activ-
ity in T7. Because of the concern for metastatic dis-
ease, we performed DW imaging of the spine. Three
4-mm-thick (one midline, two parasagittal) sections
by using a diffusion-sensitized SSFP sequence with a
b value of 600 s/mm? were used. On this sequence, the
T7 vertebral body was significantly more hyperintense
than the adjacent normal vertebrae, suggesting the
possibility of an underlying malignancy (Fig 1D). A
CT-guided needle biopsy was performed and yielded
normal bone findings. Because of this finding, therapy
was postponed, and 6 months later MR imaging of
the thoracic spine was repeated. At the time of this
last study, the patient was asymptomatic, and the
T1-weighted images showed that the normal bone
marrow signal intensity abnormality had returned and
that the involved vertebral body was more hyperin-
tense than the adjacent vertebrae (Fig 2), implying
the presence of fatty marrow and no tumor. Approx-
imately 3 months after the last MR imaging study, the
patient continues to be without back pain.

This case is interesting because it confirms that
spinal DW imaging is a controversial technique and
should serve as a warning regarding overinterpreta-
tion of this type of study. Certainly, other authors
have shown that benign compression fractures may be
falsely hyperintense on DW images but for the most
part if only an SSFP sequence with a low b value is
used (3). In our patient, des;z)ite the fact that a rela-
tively high b value (600 s/mm~) was used, the affected
vertebral body was deceptively hyperintense. I am not
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able to comment on the ADC of the lesion presented
here, because an SSFP sequence was used to study
the patient. This sequence uses only a unidirectional
diffusion-sensitizing gradient and a baseline image
without it cannot be acquired; thus, ADC values can-
not be calculated. The false-positive result of spinal
DW imaging in our patient is probably due to a
combination of factors, such as limited application of
a diffusion gradient in only one direction and T2
shine-through. Therefore, it is obvious that, despite
the 100% accuracy reported by some authors by using
the SSFP sequence with high b values (11), discrimi-
nation of pathologic versus benign compression frac-
tures is not always clear. During the past few months,
we have seen another case identical to the one here
presented. Much work remains to be done with re-
spect to spinal DW imaging, but for now caution is
recommended when interpreting DW findings of the
spine, especially if the SSFP sequence is being used.
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