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Purpose : To evaluate the differences of functional imaging patterns between
conventional spoiled gradient echo (SPGR) and echo planar imaging (EPI) methods
in cerebral motor cortex activation.

Materials and Methods : Functional MR imaging of cerebral motor cortex acti-
vation was examined on a 1.5T MR unit with SPGR (TR/TEAlip angle=50ms/
40ms/30°, FOV=300mm, matrix size=256X 256, slice thickness=5mm) and an
interleaved single shot gradient echo EPI (TR/TE/flip angle=3000ms/40ms/90°,
FOV=300mm, matrix size=128 X 128, slice thickness=5mm) techniques in five
male healthy volunteers. A total of 160 images in one slice and 960 images in 6 slices
were obtained with SPGR and EPI, respectively. A right finger movement was ac-
complished with a paradigm of an 8 activation/ 8 rest periods. The cross-corre-
lation was used for a statistical mapping algorithm. We evaluated any differences
of the time series and the signal intensity changes between the rest and activation
periods obtained with two techniques. Also, the locations and areas of the acti-
vation sites were compared between two techniques.

Results : The activation sites in the motor cortex were accurately localized with
both methods. In the signal intensity changes between the rest and activation
periods at the activation regions, no significant differences were found between

'EPI and SPGR. Signal to noise ratio (SNR) of the time series data was higher in EPI
than in SPGR by two folds. Also, larger pixels were distributed over small p-values
at the activation sites in EPIL.

Conclusions: Good quality functional MR imaging of the cerebral motor cortex
activation could be obtained with both SPGR and EPI. However, EPI is preferable
because it provides more precise information on hemodynamics related to neural
activities than SPGR due to high sensitivity.
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functional neuroimages to be prone to the degra-
dation by noises (1 —4). Many measurement tech-
niques and statistical methods have been presented

Small difference of signal intensities between the  for the reliable and meaningful functional neuroi-
activation and rest states by BOLD effect caused  mages (5—9). An optimized, robust and reliable
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scan method and map algorithms have, however,
been not known yet. Of a variety of statistical
methods, cross-correlation method has been known
as a reliable tool for obtaining functional map images
in the fMRI study using block design. When using
the cross-correlation method, the signal to noise ratio
(SNR) of time series of signal intensities with a given
paradigm will be important for the evaluation of the
activation sites and their hemodynamic information.
Therefore, high SNR in functional MR raw data may
be an important requirement for analyzing brain
function more precisely. Currently, either conven-
tional gradient echo or EPI sequences has been used
as a tool of functional MR studies and their results

were satisfactory, but there were few reports on
comparative analysis of the patterns of functional
MR images with two methods (10). Our study com-
paratively investigated the patterns of time series
and the signal intensity changes between the rest
and activation periods in functional MR study of the
cerebral motor cortex with SPGR and EPI tech-
niques. Also, the locations and areas of the activation
sites were compared between the two methods.

Materials and Methods

Five healthy and righted-handed men were
investigated using interleaved single shot gradient

Fig. 1. Activation map images of the
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08 right finger movement and the time
series of signal intensities at the acti-
vation regions with a box ; SPGR (a)
vs. EPI(b). Cross-correlation method
was used for a statistical analysis
and the pixels with p value below
0.05 are shown.
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Table 1. The Average SNRs of the Time Series Data in
SPGR and EPI.

Subjects SPGR EPI

1 23.0 67.7

2 19.8 32.3

3 28.7 50.2

4 30.8 46.8

5 4.3 34.9
Total 21.3+13.5 46.4+20.2

Note. The SNRs were significantly higher in EPI than in
SPGR (p({0.0001).

echo EPI and SPGR sequences on a 1.5T scanner (GE
Signa Horizon) with a quadrature head coil. Six
slices were acquired using gradient echo EPI se-
quence (30cm FOV, 128 X128 matrix, TR/T E/oc
=3000ms/40ms/90°, 5Smm slice thickness). In SPGR
(30cm FOV, 256256 matrix, TR/TE/x=50ms/
40ms/30°, 5mm slice thickness), one slice containing
motor cortex area was scanned of six slices obtained
by using EPI sequence. Tl-weighted spin echo
images were obtained for precise localization of the
activation regions and the overlay of functional MR
images. Motor task used periodic paradigm of 8
rests/8 activations (right finger movement) in both
techniques. In EPI, imaging time was 8 minutes with
alternating rest (30 sec) and activation (30 sec)
periods, whereas in SPGR imaging time was 30
minutes with alternating rest (130 sec) and activation
(130 sec) periods. Finger movement consisted of the
alternative stretching and grasping of all right
fingers simultaneously at a rate of 1/sec. In EPI and
SPGR, a total of 960 and 160 images (10 images/1 rest
or 1 activation period/l slice) were acquired, re-
spectively. All reconstructed images were trans-
ferred to an off-line workstation for analysis. In EPI,
the first three functional images from each period
were excluded from quantitative and statistical
analyses in order to achieve steady state conditions
in the pretask baseline period and to avoid the tran-
sient hemodynamic response delay in task-related
activation at the start and end of finger movement.
Functional MR images were determined by the
cross-correlation method using the reference wave-
form that matches the paradigm. In one slice selected
in SPGR and EPI, we measured SNRs of time series
data, the locations and areas of the activation sites,
and the signal intensity changes between the rest
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Table 2. The Distribution of the Activation Areas with
p-value on Five Volunteers’ Functional MR Images : SPGR
vs. EPI

unit : mm?2
P value
5e-2 5e-3 5e-4 5Se-5 5e-6

Subject  Sequence ~ 0~ o~ o~ > Total

5e-3 5e-4 5e-5 5e-6
1 SPGR 69 27 41 0.0 0.0 13.7
EPI 89 28 55 14 6.2 248
2 SPGR 55 27 69 4.1 9.6 28.8
EPI 55 2.8 28 41 11.7 26.9
3 SPGR 1.4 41 00 00 6.9 124
EPI 1.4 28 48 48 69 20.7
4 SPGR 1.4 27 00 0.0 27 6.9
EPI 41 14 14 14 124 20.7
5 SPGR 55 1.4 00 0.0 1.4 8.2
EPI 34 34 1.4 00 5.5 13.7

and activation periods in SPGR and EPI. The SNR
was measured as an average of each period’s one.

Results

EPI and SPGR techniques provided similar acti-
vation regions located at premotor cortex and the
surrounding central sulcus (Fig. 1). However, EPI
technique showed higher SNR than SPGR in time
series data at motor cortex area by a factor of two.
The SNRs in five volunteers were summarized in
Table 1. Activation areas in EPI than in SPGR were
significantly larger (Table 2. 21.4+5.1 and 14+8.
7mm? in EPI and SPGR, respectively, paired student
t-test, p(0.0S). Also, Table 2 shows that larger pixels
in EPI than in SPGR were distributed over small
p-values at the activation sites. In the signal inte-
nsities changes between the rest and activation
periods at the activation regions, no significant
differences were found between EPI and SPGR
(1.64+0.34 and 1.56 +0.54% in EPI and SPGR, re-
spectively).

Discussion

Because MRI techniques used in the functional
MR study were based on a BOLD effect with very
small changes (5—10%) in cerebral blood oxygen-
ation (1), the SNR of MR raw data was of very im-
portance for a functional map. In our study, the SNR
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of time series data at cortical motor areas was higher
in EPI than in SPGR. Therefore, these results suggest
that more detailed information on hemodynamics in
functional MR study can be obtained by using EPI
than SPGR. Time series data may be degraded by a
variety of sources such as random noise, systematic
noise due to MR characteristics, subjects' motion
and physiological noises due to cardiac and respirat-
ory pulsations (2—4). High performance in MR sys-
tem components has made their noises to be ignored.
Thus physiological noises may be a major source for
determining SNR of time series data. In SPGR, time
resolution available was about 8 — 11 sec, which MR
raw data to be easily affected by subjects” motion
and physiological motion such as CSF pulsation.
These motion-induced noises reduce SNR in time
series of SPGR. But in EPI a better temporal resol-
ution overcomes the motion-related artifacts, which
increases the SNR in time series data. Therefore, in
EPI higher SNR of functional MR raw data may
cause the activation areas to be larger than in SPGR
at functional MR images by the cross-correlation
method and p-values of the activation pixels to be
shifted to smaller. More detailed information on
hemodynamics in functional MR study can be ob-
tained by using EPI than SPGR because of increased
sensitivity in EPL.

Better spatial resolution and no geometric distor-
tion in SPGR may provide advantages in spatial in-
formation of the activation sites over EPI (11, 12).
But, our study shows that EPI and SPGR techniques
made no significant difference in the localization of
the motor cortex and the signal intensities changes
between the rest and activation periods, which
suggests the usefulness of two methods for localizing
the activation sites in a functional MR study.

In conclusion, although both SPGR and EPI are
useful in fMRI study, EPI method is preferable due
to higher SNR and short imaging time.
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