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Seed-Based Resting-State Functional MRI for Presurgical
Localization of the Motor Cortex: A Task-Based
Functional MRI-Determined Seed Versus an Anatomy-

Determined Seed
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Objective: For localization of the motor cortex, seed-based resting-state functional MRI (rsfMRI) uses the contralateral motor
cortex as a seed. However, research has shown that the location of the motor cortex could differ according to anatomical
variations. The purpose of this study was to compare the results of rsfMRI using two seeds: a template seed (the anatomically
expected location of the contralateral motor cortex) and a functional seed (the actual location of the contralateral motor
cortex determined by task-based functional MRI [tbfMRI]).

Materials and Methods: Eight patients (4 with glioma, 3 with meningioma, and 1 with arteriovenous malformation) and 9
healthy volunteers participated. For the patients, tbfMRI was performed unilaterally to activate the healthy contralateral
motor cortex. The affected ipsilateral motor cortices were mapped with rsfMRI using seed-based and independent component
analysis (ICA). In the healthy volunteer group, both motor cortices were mapped with both-hands tbfMRI and rsfMRI. We
compared the results between template and functional seeds, and between the seed-based analysis and ICA with visual and
quantitative analysis.

Results: For the visual analysis, the functional seed showed significantly higher scores compared to the template seed in
both the patients (p = 0.002) and healthy volunteers (p < 0.001). Although no significant difference was observed between
the functional seed and ICA, the ICA results showed significantly higher scores than the template seed in both the patients
(p = 0.01) and healthy volunteers (p = 0.005). In the quantitative analysis, the functional seed exhibited greater similarity
to tbfMRI than the template seed and ICA.

Conclusion: Using the contralateral motor cortex determined by tbfMRI as a seed could enhance visual delineation of the
motor cortex in seed-based rsfMRI.
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INTRODUCTION is currently the gold standard method for motor cortex
localization. However, it is an invasive method and does not
Accurate preoperative localization of the motor cortex is provide neurosurgeons with preoperative guidance (3, 4).
critical for minimizing postoperative neurological deficits Functional MRI (fMRI) is a useful imaging method for

(1, 2). Intraoperative electrical stimulation in awake surgery  localizing the motor cortex using a blood-oxygen-level-
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dependent (BOLD) signal. It is noninvasive and provides
preoperative information for mapping the motor cortex

(5). fMRI can be divided into task-based fMRI (tbfMRI)

and resting-state fMRI (rsfMRI); recently, rsfMRI has

been identified as a promising method for motor cortex
localization (6). Compared to tbfMRI, rsfMRI studies
observe the brain in the absence of overt task performance
or stimulus. Therefore, rsfMRI can be used in patients with
neurological deficits or in uncooperative patients, including
children or anesthetized patients (4, 7).

Many studies have demonstrated that rsfMRI could be
clinically effective for presurgical mapping of the eloquent
motor cortex (4, 8-12). Functional connectivity has been
found between the left and right sensorimotor cortices
and between language areas (9-11, 13). Furthermore,
the reliability of this connectivity has been found to be
consistent within the same patients and across patients
(1, 11, 14). The results of tbfMRI and rsfMRI have been
compared and found to be comparable (8, 9, 11, 14-16).
Among the various analytical methods of rsfMRI, seed-
based analysis uses the contralateral motor cortex of the
healthy hemisphere as a seed and has been widely used to
localize the motor cortex in hemiplegic or uncooperative
tumor patients (9-11, 14). In these studies, the contralateral
hand area of the motor cortex was determined based on the
anatomy of a knob-like structure in the precentral gyrus (14).

However, previous studies have shown that the location
of the motor cortex could differ according to anatomical
variations and distortions or shifting caused by mass effects
in patients with tumors (5, 8, 17, 18). Although anatomical
distortion or shifting might be less prominent in the
contralateral motor cortex than on the affected ipsilateral
side, it could cause inaccuracies in rsfMRI results obtained
using a seed bhased on the anatomically expected location
of the contralateral motor cortex. We hypothesized that
the contralateral motor cortex determined by tbfMRI could
be used as a seed in rsfMRI, and it might provide a more
accurate map of the affected ipsilateral motor cortex. Our
purpose was to identify an effective seed for rsfMRI for
localizing the affected ipsilateral motor cortex in patients
with brain pathologies that were unable to perform tbfMRI.
We compared the results of template seed rsfMRI based
on the anatomically expected location of the contralateral
motor cortex with those of functional seed rsfMRI based on
the location of the contralateral motor cortex determined
by tbfMRI.

The drawback of seed-based analysis is that it relies
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on the operator’s assumption for region of interest (ROI)
selection (1, 19). To solve this problem, we also compared
the results between seed-based analysis and independent
component analysis (ICA), which is a data-driven analytic
method without the need for an operator’s assumption.

MATERIALS AND METHODS

Patients

This study was approved by our Institutional Review Board
and the requirement for informed consent was waived in
accordance with the requirements of a retrospective study.
A total of 17 patients were enrolled in this study. Eight
patients (7 men and 1 woman; mean age, 45.5 years; age
range, 34-79 years) and 9 healthy volunteers (6 men and
3 women; mean age, 34.7 years; age range, 22-44 years)
participated in the study. Pathologies included glioma in
4 patients, meningioma in 3 patients, and arteriovenous
malformation in 1 patient. All of the patients suffered from
lesion-induced motor weakness in the affected hand.

Image Acquisition

We used a 3T MRI scanner (Magnetom Verio, Siemens,
Erlangen, Germany) with an 8-channel head coil. A
magnetization-prepared gradient echo (MPRAGE) volumetric
T1-weighted sequence was performed to assess anatomical
localization with the following parameters: repetition time
(TR), 1900 ms; echo time (TE), 2.93 ms; flip angle, 9°; field
of view (FOV), 250 x 250 mm; matrix size, 256 x 256; slice
thickness, 1 mm.

For tbfMRI, single-shot gradient-echo echo-planar
imaging (EPI) was used with the following parameters:
TR, 2000 ms; TE, 30 ms; flip angle, 90°; FOV, 240 x 240
mm; matrix size, 96 x 96; slice thickness, 3 mm. tbfMRI
consisted of 5 cycles of blocked trial runs of hand motor
movements for 30 seconds using finger tapping and rest
runs for 30 seconds. For the patient group, tbfMRI was
performed only with ipsilateral hand motor movements to
activate the healthy contralateral motor cortex. For the
healthy volunteer group, tbfMRI was performed bilaterally.

Single-shot gradient-echo EPI was used for rsfMRI: TR,
2000 ms; TE, 30 ms; flip angle, 90°; FOV, 240 x 240 mm;
matrix size, 96 x 96; slice thickness, 3 mm. The patients
were instructed to keep their eyes closed and to refrain
from any cognitive, language, or motor tasks for 8 minutes
during the resting-state acquisition.

https://doi.org/10.3348/kjr.2018.0004 kjronline.org
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Seed-Based ROI Analysis and ICA of rsfMRI

Image preprocessing was performed with statistical
parametric mapping 12 (https://www.fil.ion.ucl.ac.uk/spm).
Time- and motion-correction were performed. Structural
images using T1-weighted MPRAGE were co-registered and
spatial normalization was performed based on the Montreal
Neurologic Institute template. Images were smoothed using
a spatial Gaussian kernel with a full width at half maximum
of 8 mm to increase the signal-to-noise ratio (19). Linear
detrending, bandpass filtering (0.01-0.08 Hz), and nuisance
regression were performed. Statistical maps of activations
were generated using cross-correlation analysis and the
threshold for statistical significance was set to p < 0.05.

For the patient group, seeds were localized to the healthy
contralateral hand motor cortex area because it was not
possible to determine an affected ipsilateral seed for rsfMRI
because of displacement and distortion of the motor cortex
caused by the lesion. Two kinds of seeds were used: a
template seed, which was indicated by a built-in anatomical
template in CONN software (https://www.nitrc.org/projects/
conn) (i.e., the anatomically expected location of the motor
cortex), and a functional seed, which was determined by
tbfMRI of the healthy contralateral hand motor cortex. A
spherical seed ROI with a radius of 6 mm was drawn in each
seed region to avoid noise.

rsfMRI was also analyzed with single-patient ICA using
the Group ICA of fMRI Toolbox software (GIFT; http://
mialab.mrn.org/software/gift/). ICA was performed
separately for each patient using the InfoMax algorithm
with the ICASSO (http://research.ics.aalto.fi/ica/icasso/)
toolbox implemented in GIFT. The number of independent
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components (ICs) was estimated individually for each
patient and a total of 30 ICs were performed in this study.

Two neuroradiologists reviewed the results of rsfMRI with
template seeds, functional seeds, and ICA. For the patient
group, we first evaluated the ability of rsfMRI in mapping
the eloquent motor cortex location, and assessed the
activation map to determine the strength of the signal in
the motor cortex. For qualitative analysis, we used a scoring
system based on signal intensity and visibility. The scoring
criteria were as follows: score of 0 (no signal), score of 1
(detectable signal), and score of 2 (stronger signal) (Fig. 1).

In the healthy volunteer group, both motor cortex
locations were mapped using both-hand thfMRI and the
participants also underwent rsfMRIL. Seed-based rsfMRI was
performed for the patient group as described previously. The
two seed types, template and functional, were also used.
Contralateral thfMRI maps were used as functional seeds,
whereas ipsilateral tbfMRI maps were used as a reference
for comparison with the rsfMRI results obtained using
the template and functional seed approaches. The scoring
systems were based on signal intensity, visibility, and
location overlap using the tbfMRI results. The same scoring
system used in the patient group was applied.

For the quantitative assessment of the overlap of
the activation maps of the two different methods, we
calculated Dice coefficients at an optimal threshold which
was determined by two neuroradiologists by consensus.
Dice coefficients indicate the degree of similarity or
concordance between two data sets, ranging from 0 to 1
(20, 21). To compute the coefficients, masks were extracted
from the activation maps from which Dice coefficients

A B

C

Fig. 1. Patient group scoring criteria. Classification is divided into scores of 0-2, as follows.
A. Score of 0: rsfMRI reveals no signal on left motor cortex. B. Score of 1: rsfMRI reveals detectable signal in left motor cortex. C. Score of
2: rsfMRI reveals strong signal in left motor cortex. All images are demonstrated left-on-left (neurologic convention). rsfMRI = resting-state

functional MRI
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were calculated by counting the number of voxels for the
individual masks and overlapped regions. For comparisons
between functional and template seeds, Dice coefficients
were obtained from the two data sets: functional seed
rsfMRI vs. tbfMRI, and template seed rsfMRI vs. tbfMRI.
For comparisons between seed-based analysis and ICA,

Dice coefficients were obtained from the values between
functional seed rsfMRI-tbfMRI and ICA-tbfMRI or template
seed rsfMRI-tbfMRI and ICA-tbfMRI. In comparisons
between seed-based analysis and ICA, adopting tbfMRI as a
reference allowed the results of Dice coefficients to indicate
which method was more similar to tbfMRI.

Statistical Analysis

The Wilcoxon rank-sum test was used to determine
whether a significant difference existed between functional
and template seeds and between seed-based analysis
and ICA for the patient and healthy volunteer groups. For
the healthy volunteer group, the Dice coefficients were
compared between functional and template seeds and
between seed-based analysis and ICA using the Wilcoxon
rank-sum test. Statistical analyses were performed using
commercially available software (SPSS, version 18 for
Windows, SPSS Inc., Chicago, IL, USA). A value of p < 0.016
(0.05/3) indicated statistical significance for multiple
comparisons correction.

RESULTS

Visual Scoring of rsfMRI

In the rsfMRI results of the patient group, all motor
cortices were identified using the functional seed approach
but only half were identified using the template seed
approach. Table 1 summarizes the patients’ characteristics.
Detailed analysis revealed that functional seed rsfMRI
attained significantly higher scores than template seed

Table 1. Patient Group Characteristics
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analysis (p = 0.002); functional seed rsfMRI maps attained
a score of 2 in 6 cortices (75%) and a score of 1in 2
cortices (25%) (Table 2). However, template seed rsfMRI
attained a score of 1 in 4 cortices (50%) and a score of 0
in 4 cortices (50%) (Table 2). ICA attained a score 2 in 5
cortices (62.5%) and a score of 1 in 3 cortices (37.5%).
For the comparisons between seed-based analysis and ICA,
no significant difference was observed between functional
seed and ICA, whereas ICA showed significantly higher
scores than template seed analysis (p = 0.01). Figure 2
shows an example of a patient with meningioma in the left
parasagittal area; the template seed (Fig. 2B) attained a
score of 1, whereas the functional seed (Fig. 2C) and ICA
(Fig. 2D) attained a score of 2.

In the healthy volunteer group, the motor cortices were
identified by both template and functional seed rsfMRI,
and these rsfMRI maps were similar in locations compared
with the reference tbfMRI. For the comparisons between
functional and template seed rsfMRI, detailed analysis
indicated that functional seed rsfMRI attained a score of 2
in 13 cortices (72.2%) and a score of 1in 5 cortices (27.8%)
(Table 2), whereas template seed rsfMRI attained a score
of 2 in 4 cortices (22.2%) and a score of 1 in 14 cortices

Table 2. Visual Analysis Results in Patient and Healthy
Volunteer Groups

Patient Group (Total = 8)

Score Template Seed Functional Seed ICA
4 0 0
4 2
0 6
Score Healthy Volunteer Group (Toltal = 18) ICA
Template Seed Functional Seed
0 0 0
1 14 5
2 4 13 12

ICA = independent component analysis

Case Age Sex Diagnosis (Histopathology) Tumor Location Presurgical Neurologic Exam Status
1 56 F Oligodendroglioma, grade II L frontal lobe Numbness and weakness in both hands
2 33 F Diffuse astrocytoma, grade II R frontoparietal lobe L hand and foot weakness
3 67 F Meningioma R frontal convexity L hemiplegia
4 41 F Low-grade glioma L frontal lobe R hand weakness
5 34 M Diffuse astrocytoma, grade II L frontal lobe R hand and foot weakness
6 39 F Meningioma L frontal convexity R hand tremor and severe weakness
7 77 F Meningioma L parasagittal area R hand and foot hemiplegia
8 49 F Arteriovenous malformation L parietal lobe R hand numbness and weakness

F = female, L = left, M = male, R = right
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Fig. 2. Patient group representative case.

Axial contrast-enhanced T1-weighted image (A) showing well-enhanced extra-axial mass, which was confirmed to be meningioma of left
parasagittal area. Template seed (B) rsfMRI attained score of 1 in left motor cortex using seed based on anatomically expected location of
contralateral motor cortex. Functional seed (C) rsfMRI attained score of 2 in left motor cortex using seed based on contralateral motor cortex
location determined by tbfMRI. Functional seed analysis attained stronger signal than template seed analysis. Furthermore, ICA map (D) of
rsfMRI attained score of 2 in left motor cortex. All images are demonstrated left-on-left (neurologic convention). ICA = independent component
analysis, tbfMRI = task-based functional MRI

(77.8%) (Table 2). The functional seed analysis attained ICA (Fig. 3D) was 2 in the right motor cortex.
significantly higher scores than template seed analysis (p
= 0.003). ICA attained a score of 2 in 12 cortices (66.7%) Quantitative Analysis with Dice Coefficients

and a score of 11in 6 cortices (33.3%). For the comparisons In this study, Dice coefficients were calculated only for
between seed-based analysis and ICA, no significant the healthy volunteer group because the patient group
difference was observed between functional seed analysis lacked tbfMRI data as a reference. In the healthy volunteer
and ICA, whereas ICA attained significantly higher scores group, the mean Dice coefficient values were 0.40, 0.48,
than template seed analysis (p = 0.005). Figure 3 shows and 0.42 for the template seed analysis, functional seed
that template seed analysis (Fig. 3B) attained a score of analysis, and ICA, respectively, with reference to thfMRI.

1 in the right motor cortex compared to thfMRI (Fig. 3A), Functional seed analysis was the most similar to tbfMRI
whereas the score of functional seed analysis (Fig. 3C) and among the three different methods. However, no significant
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Fig. 3. Healthy volunteer representative case.

Lee et al.

tbfMRI map (A) demonstrating results of left hand finger tapping to activate right motor cortex. tbfMRI map (A) was used as reference. When
compared with tbfMRI (A), template seed (B) rsfMRI attained score of 1 in right motor cortex using anatomically expected left motor cortex
location. When compared with tbfMRI (A), functional seed (C) rsfMRI attained score of 2 in right motor cortex using left motor cortex location
determined by tbfMRI. ICA map (D) of rsfMRI attained score 2 in right motor cortex. All images are demonstrated left-on-left (neurologic

convention).

difference was observed in Dice coefficient values between
template seed and functional seed analysis. In addition,
no significant differences were observed in Dice coefficient
values between template seed analysis and ICA or between
functional seed analysis and ICA (Table 3).

DISCUSSION

In this study, we determined a more effective method for
selecting seeds when performing rsfMRI. Functional and
template seeds can both be commonly used for delineating

176

contralateral motor cortex imaging and the locations they
identify are in close proximity. However, we found that
functional seed rsfMRI could enhance visual delineation

of the motor cortex compared to that of template seed
analysis. The difference in results could be attributable to
functional seed analysis being derived from an actual seed
in tbfMRI. Thus, rsfMRI with functional seeds could reflect
the distortion or shifting of normal brain architecture
resulting from mass effects or obscuration caused by edema
or pathologies. By contrast, because template seed analysis
is reliant on the anatomically expected location of the

https://doi.org/10.3348/kir.2018.0004 kjronline.org
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Table 3. Quantitative Analysis Results in Healthy Volunteer Group

Dice Coefficients

(A) Functional seed rsfMRI vs. tbfMRI 0.48
(B) Template seed rsfMRI vs. thfMRI 0.40
(C) ICA vs. thfMRI 0.42

Comparisons between (A) and (B), between (A) and (C), and
between (B) and (C) are not statistically significant. rsfMRI =
resting-state functional MRI, tbfMRI = task-based functional MRI

motor cortex, it is more difficult for this approach to reflect
the actual location of the motor cortex. Therefore, using
the location of contralateral motor cortex obtained from
tbfMRI as a seed could be an effective method for seed
determination in rsfMRI.

Through comparisons between seed-based analysis and
ICA, we found no significant difference between functional
seed analysis and ICA. Although statistically nonsignificant,
we observed a tendency toward higher scores with
functional seed analysis than ICA in the visual assessment.
Functional seed analysis was found to be the most similar
to tbfMRI with a Dice coefficient value of 0.48, followed by
ICA and template seed analysis. Furthermore, no significant
difference was found between functional seed analysis and
ICA in quantitative analysis. Regarding the comparisons
between seed-based analysis and ICA, a previous study
by Rosazza et al. (22) obtained results from the two
methods that were similar with moderate correspondence,
but not exactly identical. Joel et al. (23) reported that
seed-based analysis provides a single metric of functional
connectivity, whereas ICA provides total functional
connectivity and decomposes into connectivity within
each network and between networks. They demonstrated
that seed-based analysis reveals the connectivity of the
specific experimental state, whereas ICA provides metrics of
connectivity between networks. Accordingly, functional seed
analysis might be more accurate than ICA in delineating
the motor cortex, particularly by showing a single metric of
connectivity between the bilateral motor cortex in a patient
with a brain tumor.

In the visual and quantitative analysis, tbfMRI was used
as the reference only in the healthy volunteer group but
not in the patient group. For the visual analysis, rsfMRI
maps with functional seed analysis, template seed analysis,
and ICA were compared with ipsilateral tbfMRI maps in
the healthy volunteer group. By contrast, no reference
was available for the patient group because tbfMRI could
not be performed to localize the affected ipsilateral motor
cortex. tbfMRI was performed in the patient group only to

kjronline.org https://doi.org/10.3348/kjr.2018.0004
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localize the healthy contralateral motor cortex. Therefore,
we compared the results of rsfMRI without tbfMRI as the
reference in the patient group. For the quantitative analysis,
the Dice coefficients between rsfMRI and tbfMRI were
obtained to determine the degree of similarity with respect
to the reference tbfMRI. Because the patient group did not
have reference tbfMRI of the affected ipsilateral side, Dice
coefficients were calculated only in the healthy volunteer
group.

Since Biswal et al. (24) reported rsfMRI as a useful
diagnostic tool, many studies (8, 10, 11, 14) have also
demonstrated its usefulness. The rsfMRI method focuses on
spontaneous low-frequency fluctuation (< 0.1 Hz) and uses
the BOLD technique without task performance. Therefore,
rsfMRI has been demonstrated as a highly useful tool
for presurgical mapping of the motor cortex in disabled,
anesthetized, or uncooperative patients and children (1-

3, 7). Zhang et al. (11) and Liu et al. (14) reported that
rsfMRI was effective for presurgical motor cortex mapping.
They applied seed-based analysis using the contralateral
motor cortex as a seed. They used the anatomically
expected location of the motor cortex, which was defined
as a presumptive template seed in our study. To the best
of our knowledge, no studies have reported a more reliable
method for selecting seeds in rsfMRI.

Hou et al. (17) quantitatively compared tbfMRI, rsfMRI,
and anatomically expected locations to determine the
location of the motor cortex in patients and healthy
volunteer groups. In the healthy volunteer group, the results
showed a gap of less than 2 cm between the anatomically
expected location of the motor cortex and the motor cortex
location determined by tbfMRI. This result supports our
hypothesis of a difference between the anatomically expected
location of the motor cortex (template seed) and the tbfMRI-
derived motor cortex location (the functional seed).

The most common analytical methods for rsfMRI are seed-
based analysis and ICA (1). Several studies have shown
that these two methods produce similar and complementary
results (22, 23). Seed-based analysis has several advantages
and disadvantages compared to the ICA method. For seed-
based analysis, the results are straightforward and easy
to interpret; however, it requires an assumption by the
operator to determine the seed area. Conversely, ICA does
not require assumption-driven determination of the seed
area. Instead, because the ICA is a data-driven extraction
method, the results of ICA could differ depending on the
number of components selected. Moreover, problems can be
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encountered when interpreting noise (1, 6, 8, 9, 25, 26).

This study had some limitations. First, the number of
enrolled patients was small. Second, the disease spectrum
in the patient group was heterogeneous. According to
Fraga de Abreu et al. (27), the BOLD signal is affected by
tumor types in tbfMRI, with a markedly decreased signal
in glioblastomas but not in metastasis and meningiomas.
Therefore, the BOLD signal might have differed because of
tumor types in our study. Accordingly, further studies must
account for the effect of different tumor types in image
analysis. Third, we performed tbfMRI only for the hand
paradigm and, therefore, tailored design is necessary for
tbfMRI using the foot and face in the future. Additionally,
our results did not provide correlations with electrical
cortical stimulation, which is the gold standard for motor
cortex localization. In the visual analysis of activation
maps, demonstration of larger correlated areas may improve
visual sensitivity but may conversely increase false-
positives. To overcome the disadvantages of visual analysis,
we applied quantitative analysis with Dice coefficients.
Nevertheless, an appropriate threshold is necessary for the
acquisition of activation maps in the future.

In conclusion, preserving the motor cortex is essential
to maintaining quality of life and ensuring functional
outcomes for patients undergoing surgery. Therefore,
dedicated and precise mapping is crucial. We postulated
that seed-based analysis for rsfMRI with a functional seed
in which the location of the contralateral motor cortex is
derived from tbfMRI could enhance pre-surgical mapping of
the motor cortex.
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