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Fast Spin-Echo MR in the Detection of Vertebral Metastases:

Comparison of Three Sequences

Kendall M. Jones, Richard B. Schwartz, Michael T. Mantello, Sungkee S. Ahn, Ramin Khorasani, Suresh Mukheriji,

Koichi Oshio, and Robert V. Mulkern

PURPOSE: To examine the relative capabilities for the detection of vertebral metastases of three
available fast spin-echo sequences: T1-weighted fast spin-echo, short tau inversion recovery (STIR)
fast spin-echo, and T2-weighted fast spin-echo sequences with chemical shift selective saturation
pulse fat suppression. METHODS: Fourteen patients were evaluated prospectively over a 2-month
period with T1-weighted fast spin-echo (four echo train, four acquisitions, 1 min 59 sec-2 min 37
sec), STIR fast spin-echo (16 echo train, four acquisitions, 2 min 30 sec-3 min 19 sec), and T2-
weighted fast spin-echo (16 echo train, 4 acquisitions, 2 min 27 sec-3 min 16 sec). For all three
pulse sequences, measurements were obtained of the signal intensities of normal marrow, abnormal
marrow, fat, and noise posterior to the spine. Contrast-to-noise ratios were calculated for
metastases in each case. Lesions were evaluated by three observers and rated for size, location,
and conspicuity. RESULTS: Signal intensities of fat, normal marrow, and noise were highest for
T1-weighted fast spin-echo sequences. STIR fast spin-echo and fat-suppressed T2-weighted fast
spin-echo had approximately similar fat-suppression capabilities. Though contrast-to-noise ratios
were highest overall for STIR fast spin-echo, the finding was not statistically significant and lesion
conspicuity was deemed better with fat-suppressed T2-weighted fast spin-echo and T1-weighted
fast spin-echo images. Discrete lesions were well identified on all three pulse sequences. CONCLU-
SION: Fast spin-echo sequences appear promising for the detection of vertebral metastases.
Further work should be directed toward comparison with conventional spin-echo to determine
whether fast spin-echo may replace conventional spin-echo sequences for evaluation of vertebral
metastases.
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Fast spin-echo is a technique for rapid acqui-
sition of spin-echo images, and is based on the
original radio frequency echo planar methods
introduced by Hennig et al (1). Manipulation of
image parameters such as the echo train length,
interecho interval, repetition time, and pseudo-
echo time permits acquisition of images far more
rapidly than is possible with conventional spin-
echo, while retaining contrast features similar to
conventional spin-echo (2-6). Though demon-

Received November 10, 1992; accepted pending revision January 28,
1993; revision received May 14.

From the Department of Radiology, Brigham and Women's Hospital,
The Children's Hospital, Harvard Medical School, Boston, MA 02115.
Address reprint requests to R. V. Mulkern, Ph.D.

AJNR 15:401-407, Mar 1994 0195-6108/94/1503-0401
© American Society of Neuroradiology

401

strating similar contrast features in general to
conventional spin-echo images, fast spin-echo
spine images differ in one important respect: fat
appears bright on routine fast spin-echo pulse
sequences including T1-weighted proton density—
weighted, and T2-weighted images. This is re-
flected in the relatively bright appearance of ver-
tebral marrow in most patients, even on heavily
T2-weighted images. This is particularly true in
elderly patients with yellow (fatty) vertebral mar-
row, who are most prone to develop marrow
metastases. Because marrow metastases often
display high signal intensity on T2-weighted im-
ages, metastatic lesions may be missed adjacent
to a background of bright fatty marrow.

The purpose of our study is to evaluate and
compare the relative conspicuity of vertebral
metastatic lesions on three fast spin-echo pulse
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sequences: T 1-weighted fast spin-echo, short tau
inversion recovery (STIR) fast spin-echo, and T2-
weighted fast spin-echo with chemical shift selec-
tive saturation (CHESS) fat suppression.

Materials and Methods

We prospectively evaluated 14 patients (eight men and
six women) 29 to 80 years of age (mean, 57) using a Signa
1.5-T scanner (GE Medical Systems, Milwaukee, Wis).
Fifteen separate scans were performed from October to
December, 1991. Patients were selected based on known
metastatic disease with demonstrated vertebral metastases.
Twelve scans were performed through the thoracic spine,
two scans through the lumbar spine, and one scan through
the cervical spine. One patient had two scans on separate
dates (one cervical spine, one thoracic spine). The primary
sites of the metastatic lesions included lung (three cases),
gastrointestinal adenocarcinoma (two cases), melanoma
(two cases), lymphoma (one nodular sclerosing Hodgkin, 1
non-Hodgkin), prostate (two cases), breast (one case), tran-
sitional cell bladder carcinoma (one case), and adenocar-
cinoma of unknown primary (one case). In all cases, patient
charts were reviewed and the primary diagnosis was estab-
lished by surgical or needle biopsy. Metastatic disease was
documented in each case by multiple modalities, and
vertebral metastases in particular were confirmed in all
cases by multiple techniques including bone scan (nine
cases), plain films (six cases), computed tomography (five
cases), conventional magnetic resonance (five cases), bone
biopsy (three cases), and gallium scan (one case).

In all 15 examinations, T1-weighted fast spin-echo, T2-
weighted fast spin-echo, and STIR fast spin-echo scans
were obtained. In 14 cases, the T2-weighted images were
obtained with fat suppression using the CHESS technique.
In one patient, T2-weighted fast spin-echo scans were
obtained both with and without the fat suppression.

All fast spin-echo sequences were performed in the
sagittal plane using a 4/0.5-mm section/gap profile with
either a 28 or a 32 cm field of view, with the field of view
fixed for all three sequences in any given patient. For the
T1-weighted fast spin-echo sequence 600/12/4 (repetition
time/echo time [effective]/excitations) the echo spacing
was 12 msec, echo train length was 4, and a centric phase
encode ordering was used (2, 3). A total of 10 section
locations were acquired with this set of parameters. In 13
cases, a 256 X 192 matrix was used with a total imaging
time of 1 minute 59 seconds. In two cases, a 256 X 256
matrix was used (2 min 37 sec).

T2-weighted fast spin-echo images with CHESS fat
suppression were obtained in 14 cases. In 12 cases, acqui-
sition parameters were 3000/102/4 with 13 section loca-
tions obtained in 2 minutes 27 seconds (256 X 192 matrix,
12 cases) or 3 minutes 15 seconds (256 X 256 matrix, one
case). In two cases, parameters were 4000/102/4 with 16
section locations obtained in 3 minutes 16 seconds (256 X
192 matrix). A 12-msec echo spacing and 16 echo train
length were used with a straight phase encode ordering,
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placing the effective echo time at the center of the echo
train (7).

STIR fast spin-echo images were obtained in 15 cases.
In 12 cases, acquisition parameters were 3104/90/4 (in-
version time of 110). Images were obtained at seven section
locations in 2 minutes 30 seconds (256 X 192 matrix, 11
cases) or in 3 minutes 19 seconds (256 X 256 matrix, two
cases). In three cases, acquisition parameters were 4105/
90/4, inversion time 110, with nine section locations ob-
tained in 3 minutes 18 seconds (256 X 192 matrix). The
echo spacing was 18 msec and echo train length was 16.
The reordered phase encoding scheme introduced by Melki
et al (3) was used to manipulate the effective echo time.

For all 15 cases of marrow metastases, measurements
were obtained of the absolute signal intensity of specific
regions of interest on the scanner console. For all three
pulse sequences, measurements were obtained within nor-
mal marrow, metastatic marrow, fat, and noise posterior
to the spine. The regions of interest were matched as
closely as possible between sequences. In each case, the
largest metastatic lesion was selected for measurement. In
all 15 cases, T1-weighted fast spin-echo, STIR fast spin-
echo, and T2-weighted fast spin-echo images were evalu-
ated by consensus of three trained neuroradiologists (K.J.,
R.S., M.M.) and all lesions were evaluated with respect to
location, margination, and conspicuity. In addition, size
measurements were obtained on each sequence for each
discrete lesion. The three pulse sequences were then ranked
in each case in terms of overall lesion conspicuity, and
artifacts were recorded.

Statistical analyses included calculation of the mean and
standard deviation of all signal intensities from each tissue
for each sequence. Contrast-to-noise ratios were then cal-
culated by taking the difference in mean values between
normal marrow signal and lesion signal and dividing by the
mean noise value obtained for that sequence. In addition,
each signal intensity measurement was divided by the
standard deviation of the signal within that region of inter-
est. The mean of all such measurements for both normal
marrow and lesion was calculated and the difference be-
tween these two means yielded an alternate measure of
contrast-to-noise ratios for each sequence. The statistical
significance of differences between contrast-to-noise ratios
for different sequences was calculated using paired t tests.
The overall conspicuity of lesions on each of the pulse
sequences was appraised by three readers and these results
were tabulated and ranked; statistical significance of these
rankings was determined using paired t tests.

Results

Mean signal intensities of normal marrow, le-
sion, fat, and background noise for all three pulse
sequences are listed in Table 1. As expected, the
signal intensity of normal marrow and fat was
significantly higher for T1-weighted fast spin-
echo sequences than for the inversion recovery
or T2-weighted fast spin-echo sequences with
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TABLE 1: Means and standard deviations of all signal intensity
measurements and the contrast-to-noise ratio

Marrow  Lesion Fat Noise C/N

139+41 66+31 326+ 143 95 -8.1
147 5520 25+10 3*1 137
156 6123 61%31 4+1 115

T1-weighted FSE
STIR FSE
T2-weighted FSE

Note: Contrast-to-noise (C/N) ratios were obtained by subtracting
mean lesion signal from mean marrow signal and dividing by the mean
noise value. FSE indicates fast spin-echo.

their fat-suppression techniques. Though subcu-
taneous fat showed lower signal intensity for STIR
fast spin-echo than for T2-weighted images with
fat suppression, normal marrow had nearly iden-
tical signal intensity on both sequences. T1-
weighted images demonstrated considerably
more noise than either inversion-recovery or T2-
weighted images. There was no statistical signif-
icance among any of the three sequences as far
as overall mean signal intensity for metastatic
lesions.

The contrast-to-noise ratios reported in Table
1 were calculated directly from the mean lesion,
marrow, and noise values in the table and indicate
that contrast-to-noise for STIR fast spin-echo is
highest, followed by T2-weighted fast spin-echo
with fat suppression and T1-weighted fast spin-
echo. The contrast-to-noise ratios calculated with
the alternate method using region of interest
signal intensity and its standard deviation dem-
onstrated the same rank order, with contrast-to-
noise for STIR fast spin-echo being the highest
(7.9), followed by T2-weighted fast spin-echo
with fat suppression (5.4) and T1-weighted fast
spin-echo (3.0). Paired t tests indicated no statis-
tical significance for the differences in the mag-
nitude of contrast-to-noise values between se-
quences (P > .05).

Subjectively, T1-weighted fast spin-echo im-
ages appeared more prone to noise, and the spinal
cord appeared less sharp than on the T2-weighted
fast spin-echo images. Inversion recovery (STIR)
images appeared less sharp than T2-weighted fast
spin-echo images with CHESS fat suppression,
and images were more prone to motion and flow-
related artifact, particularly in the thoracic spine,
where respiratory motion is greatest.

A total of 42 discrete lesions were identified.
Of these, 40 were detected on T1-weighted fast
spin-echo; 40 were detected on STIR fast spin-
echo; and 39 were detected on T2-weighted fast
spin-echo with fat suppression. Lesion detection
was concordant for all three pulse sequences in
38 of 42 cases. In one patient, two of nine lesions

FAST SPIN-ECHO MR 403

were seen on STIR which were not apparent on
the other two sequences. In another patient, two
of seven lesions seen on the T1-weighted fast
spin-echo sequence were not apparent on the
STIR fast spin-echo sequence, and one of the
seven lesions was not apparent on the T2-
weighted fast spin-echo sequence with fat
suppression. In four patients, lesions were too ill
defined or diffuse to number and measure dis-
crete lesions.

On T1-weighted fast spin-echo sequences, le-
sions were rated as well circumscribed in 10 of
15 cases, and poorly circumscribed in 5 of 15
cases. On T2-weighted fast spin-echo sequences,
eight cases were rated well circumscribed and
seven cases poorly circumscribed. On STIR fast
spin-echo sequences, seven cases were rated well
circumscribed and eight cases were rated poorly
circumscribed.

The 42 discrete lesions identified in all patients
were measured in greatest cross-sectional diam-
eter. Twelve lesions measured greater than 2 cm
in diameter; 11 lesions measured 1.5 to 2 cm in
diameter; nine lesions measured 1 to 1.5 cm in
diameter; and 10 lesions measured less than 1
cm in diameter (smallest lesion: 6 mm). The two
lesions seen on STIR but not on the other two
sequences each measured 7 mm in diameter.
One lesion seen on the T1-weighted sequence
but not seen on the other sequences measured 8
mm. Finally, one lesion not seen on STIR but
seen on the other sequences measured 1.2 cm.

The three techniques were rated with respect
to conspicuity of vertebral lesions. They were
accorded a ranking of 1, 2, or 3 based on de-
scending order of preference (tied ranks were
assigned the average of the ranks they would
have been assigned had there been no tie). The
preferred sequence was T2-weighted fast spin-
echo with CHESS pulse fat suppression, which
received a ranking of 1.83 * 0.45, followed by
T1-weighted fast spin-echo at 1.93 + 0.8, and
STIR at 2.23 % 0.56. The difference between the
T2-weighted fast spin-echo and STIR ranking was
significant at the .05 level; the other differences
in ranking did not reach statistical significance.

Epidural metastatic disease was noted in six
cases. In three cases, conspicuity was rated equal
on all pulse sequences. However, in three cases,
epidural disease was rated more conspicuous on
both T2-weighted fast spin-echo and STIR fast
spin-echo sequences than on T1-weighted fast
spin-echo sequences. Metastatic disease involv-
ing the posterior elements was noted in nine
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Fig. 1. A, T1l-weighted fast spin-echo
image of the thoracic spine in a patient with
metastatic melanoma. Metastases are well
seen adjacent to bright fatty marrow. Epi-
dural metastasis is also evident (arrows). B,
T2-weighted fast spin-echo image with fat
suppression of the same region. Metastases
are again well seen involving the vertebral
bodies and the posterior elements (arrows).
Cord expansion is also well seen on this
sequence presumably because of intramed-
ullary metastases. Note bright fat adjacent
to the coil (asterisk). C, STIR fast spin-echo
image photographed at same settings dem-
onstrates similar findings. The signal inten-
sity of metastases is lower, and fat suppres-
sion is more complete (asterisk).

cases. In seven cases, conspicuity was rated equal
on all pulse sequences. In two cases, conspicuity
was rated higher on T2-weighted fast spin-echo
and STIR fast spin-echo sequences than on T1-
weighted sequences. In two cases, the vertebral
mass extended posteriorly into the spinal canal,
and in these cases the conspicuity of the lesion
was rated equal on all three pulse sequences.

Discussion

Fast spin-echo sequences are relatively recent
modifications (2-7) of the hybrid relaxation-en-
hanced rapid acquisition (RARE) sequences orig-
inally described by Hennig et al (1). Manipulation
of imaging parameters including repetition time,
echo train length, interecho interval and phase-
encode order allows manipulation of image con-
trast and speed to obtain images far more rapidly
than is possible using conventional spin-echo
techniques. With the most recent modifications,
RARE/fast spin-echo has become widely appli-
cable for the generation of high-quality T1-
weighted, proton density—weighted, and T2-
weighted images, with or without fat suppression.
For proton density—weighted and T2-weighted
fast spin-echo images, acquisition time is signifi-
cantly (three- to four-fold) shorter than in con-
ventional spin-echo sequences. For T1-weighted
images, the time savings is not as impressive
when expressed in terms of time-to-section ratio
compared with conventional spin-echo se-
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quences. However, if only a limited number of
sections is required (as may be the case in sagittal
spine imaging), a four-fold reduction in scan time
may be obtained.

Recent studies have emphasized the similarity
of fast spin-echo images to conventional spin-
echo images in terms of spin-echo contrast fea-
tures and lesion conspicuity (3-6). Although in
most respects fast spin-echo images show similar
contrast characteristics to conventional spin-echo
images, there are some important differences.
Fast spin-echo images display decreased mag-
netic susceptibility effects, as described in pre-
vious reports (3-6). Fat has a uniformly bright
appearance on all standard fast spin-echo se-
quences, most likely because of the effect of
multiple closely spaced 180 degree refocusing
pulses reducing contributions to T2 decay proc-
esses from spin-spin splitting interactions (8).

The bright appearance of fat on fast spin-echo
pulse sequences has important implications for
the evaluation of marrow using this technique.
On Tl1-weighted conventional spin-echo se-
quences, the bright appearance of vertebral mar-
row fat results in excellent conspicuity of most
metastatic lesions, which are usually hypointense
on this pulse sequence. Similarly, the high signal
intensity of fat on T1-weighted fast spin-echo
images leads to hypointense metastatic lesions
demonstrating good contrast adjacent to a back-
ground of bright fatty marrow (Fig 1A).
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Fig. 2. A, T1-weighted fast spin-echo image of the thoracic spine in a patient with metastatic adenocarcinoma of unknown primary.
Lesions are well seen, but the spinal cord shows suboptimal anatomic detail. B, T2-weighted fast spin-echo image with fat suppression
shows improved cord detail. Posterior extent of lesions is well seen. C, STIR fast spin-echo image with identical findings. Note bright

cerebrospinal fluid-related artifact (arrows).

Despite the good conspicuity of most vertebral
lesions on T1-weighted fast spin-echo images, we
feel that they should be supplemented with ad-
ditional pulse sequences in cases of suspected
vertebral metastases. Such additional sequences
may be useful for evaluating intrinsic cord lesions,
which may not be seen on T1-weighted fast spin-
echo images, and for differentiating degenerative
changes from metastatic lesions. Also, lesions
may be well seen on one sequence but poorly
seen or not seen at all on another, as in one case
of lymphoma which was nearly isointense to
normal marrow on T1-weighted images, but well
seen on T2-weighted and STIR images. Although
this was not a common occurrence in our series
(4 of 42 lesions were seen on only one sequence
but not on either of the other sequences), the
consequences may be significant for the individ-
ual patient if a small number of lesions or a single
lesion is present. In particular, small lesions (less
than 1 cm) were missed in three of our four
discordant cases. Also, in our series, metastases
to the posterior elements or epidural space were
often more conspicuous on T2-weighted fast

spin-echo or STIR fast spin-echo than on T1-
weighted fast spin-echo sequences, offering ad-
ditional evidence that T1-weighted sequences
should be supplemented with T2-weighted im-
ages using fat suppression.

In general, lesion margins appeared sharper on
T1-weighted fast spin-echo images than on T2-
weighted fast spin-echo images. This may be
related, in part, to the sensitivity of T2-weighted
sequences to associated marrow edema around
the periphery of the lesion, with associated loss
of sharpness. The more sharply demarcated ap-
pearance of lesions on T1-weighted fast spin-
echo images may also help to explain why small
lesions (less than 1 cm) were more often detected
on T1-weighted images.

Although motion and flow-related artifact were
not significant problems in our study, TI1-
weighted fast spin-echo images demonstrated in-
creased noise over the other two sequences. This
was manifested in some cases by an indistinct
margin to the cord (Fig 2A).

In previous studies, T2-weighted conventional
spin-echo images have not been found to be
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useful for the detection of vertebral metastases
(9-12). Because fat has a relatively long T2,
vertebral marrow appears somewhat hyperin-
tense on T2-weighted images, particularly in older
patients with fatty marrow replacement. For this
reason, marrow metastases (usually hyperintense
on T2-weighted images) are often poorly seen
against a background of hyperintense fatty mar-
row. The problem is compounded on T2-
weighted fast spin-echo images, in which fat
appears very bright even on heavily T2-weighted
images. In our one case in which fat suppression
was not applied, an isolated metastatic marrow
lesion appeared nearly isointense to normal mar-
row (Fig 3A). It is interesting to note that this
same lesion was nearly isointense to normal mar-
row on the T1-weighted fast spin-echo sequence
(Fig 3B), whereas the lesion was clearly detected
on the T2-weighted sequence with CHESS pulse
fat suppression pulse (Fig 3C). By applying a
presaturation frequency selective pulse to the fat
resonance, fat in the vertebral marrow may be
rendered dark, resulting in high conspicuity of
bright adjacent metastatic lesions.

Overall, excellent images were obtained in two
to three minutes, with very little motion- or flow-
related artifact. Anatomic detail, in particular the
spinal cord, appeared sharper on T2-weighted
fast spin-echo images than on the other two
sequences (Fig 2B). However, T2-weighted fast
spin-echo images showed less complete fat
suppression than STIR images (Table 1), though
it is possible that more complete fat suppression

Fig. 3. A, T2-weighted fast spin-echo
image without fat suppression of the lumbar
spine in a 53-year-old patient with met-
astatic melanoma shows marrow lesion ap-
pearing only slightly higher in signal intensity
than adjacent normal marrow. In an older
patient, normal marrow would be expected
to show even higher signal intensity because
of fatty replacement. B, T1-weighted fast
spin-echo image shows even less conspicu-
ity of the marrow metastasis. C, T2-weighted
fast spin-echo image after application of
CHESS fat suppression now demonstrates
high conspicuity of the marrow lesion.
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could be obtained on T2-weighted fast spin-echo
images by manipulating the presaturation pulse.
Other methods, unique to fast spin-echo-type
sequences, may also be used to increase fat
suppression further in T2-weighted fast spin-echo
sequences (13).

In STIR imaging, fat is rendered dark through
the application of an inversion recovery pulse
approximately 100 to 140 msec before the exci-
tation pulse of the imaging sequence. By selecting
an inversion time so that the fat magnetization
lies in the transverse plane at the time of the
excitation pulse, fat signal is suppressed. The
additive T1 and T2 contrast of STIR sequences
often makes lesion conspicuity quite high. Con-
ventional STIR sequences have proved useful in
many clinical settings (9-12). However, use of
this sequence has been limited because of long
scan times and artifact (motion- and flow-related),
particularly at high field strength (12). Our study
demonstrated that lesion conspicuity for STIR
fast spin-echo images is lower overall than for
T2-weighted fast spin-echo images with fat
suppression, though the difference between con-
trast-to-noise ratios was not statistically signifi-
cant. In addition, STIR fast spin-echo images did
not appear as sharp as T2-weighted fast spin-
echo images, and appeared more prone to mo-
tion- and flow-related artifacts, particularly in the
thoracic spine (Fig 2C). Problems with motion
and flow-related artifact should be substantially
reduced with the addition of gradient moment
nulling, though this has not as yet been imple-
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mented. The use of a long repetition time (3000-
4000 msec) for both T2-weighted fast spin-echo
and STIR fast spin-echo sequences, feasible be-
cause of the rapid imaging times of fast spin-
echo, permitted excellent cord detail and ren-
dered cerebrospinal fluid very bright adjacent to
the cord.

Our study was limited by the lack of direct
comparison with conventional spin-echo images.
Because of imaging time constraints, only three
sequences were performed at the level of interest;
the purpose of our study was rather to compare
directly the various fast spin-echo pulse se-
quences that might prove efficacious in the de-
tection of spinal metastases. However, compari-
son with conventional spin-echo sequences is
clearly warranted. Fast spin-echo must also dem-
onstrate conspicuity similar to conventional spin-
echo before fast spin-echo sequences can reliably
replace conventional spin-echo for the detection
of spinal metastases.

In conclusion, fast spin-echo sequences appear
promising for the detection of vertebral metas-
tases. Images may be obtained far more rapidly
than conventional spin-echo images, while retain-
ing spin-echo contrast features. Although other
sequences (gradient-echo, conventional STIR)
also appear promising for the detection of verte-
bral metastases (9-12), fast spin-echo may pro-
vide a feasible alternative to conventional spin-
echo imaging. STIR fast spin-echo sequences
may become more useful with the addition of
gradient moment nulling. At present, however,
we feel that T1-weighted and T2-weighted images
with fat suppression are the most useful fast spin-
echo sequences for detection of vertebral metas-
tases.
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