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Identifying task-related activation in the basal ganglia (BG) is an
important area of interest in normal motor systems and cognitive
neuroscience. The purpose of this study was to compare changes in brain
activation in the BG using results obtained from two different masking
methods: a mask drawn in standardized space from a T1-weighted
anatomical image and individual region of interest (ROI) masks drawn
from each subject’s echo-planar image (EPI) from different tasks with
reference to the high resolution fast spin echo image of each subject. Two
standardized masks were used: a mask developed in Talairach space
(Basal Ganglia Human Area Template (BGHAT)) and a mask
developed in Montreal Neurological Institute space (MNI mask). Ten
subjects produced fingertip force pulses in five separate contraction
tasks during fMRI scanning. ROIs were the left caudate, putamen,
external and internal portions of the globus pallidus, and subthalamic
nucleus. ANOVA revealed a similar average number of voxels in the EPI
mask across tasks in each BG region. The percent signal change (PSC)
was consistent within each region regardless of which mask was used.
Linear regression analyses between PSC in BGHAT and EPI masks and
MNI and EPI masks yielded #* values between 0.74—0.99 and 0.70—0.99
across regions, respectively. In conclusion, PSC in different BG ROIs
can be compared across studies using these different masking methods.
The masking method used does not affect the overall interpretation of
results with respect to the effect of task. Use of a mask drawn in
standardized space is a valid and time saving method of identifying PSC
in the small nuclei of the BG.
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Introduction

Functional magnetic resonance imaging (fMRI) has become an
important tool in understanding brain organization and task-related
changes in brain function in both the healthy and diseased
populations. Since its introduction, blood oxygenation level-
dependent (BOLD) based fMRI has emerged as the primary method
of indirectly identifying areas of neuronal activation within the brain
(Bandettini et al., 1992; Kwong et al., 1992; Ogawa et al., 1992).
The magnitude of the task-related BOLD signal change between rest
and activation is relatively small, typically in the order of 1-3% for
individual voxels (Moonen and Bandettini, 2000, p. 278). This can
be problematic when trying to assess activation in small regions of
the brain such as nuclei of the basal ganglia (BG) where the signal to
noise ratio is smaller than in the cortex (Parrish et al., 2000). The BG
are an important area of interest in normal motor systems and
cognitive neuroscience (Turner et al., 2003; Monchi et al., 2006;
Seidler et al., 2006). The BG are also of particular interest in
studying many movement disorders such as Parkinson’s disease
(Graybiel et al., 1994; Grafton, 2004), Huntington’s disease (Coyle
and Schwarcz, 1976), dystonia (Peller et al., 2006), and psychiatric
problems such as schizophrenia (Lidsky et al., 1979).

The basic sampling unit of fMRI is the volume element or
voxel. Depending on the scanning parameters, a typical voxel size
may be around 30 pl, and depending on the matrix size and number
of slices collected, there can be thousands of voxels in the brain
(Woods, 1996). When examining the subthalamic nucleus (STN) in
humans, which has an estimated size of 240 ul (Hamani et al.,
2004), this translates to examining activation in only 8 voxels. In
order to identify activation in the STN, these 8 voxels must be
appropriately identified from surrounding structures whose func-
tion and resulting activation during a task may be very different
(e.g. the red nucleus). Incorrect identification of regions of interest
(ROI) within the brain will lead to erroneous conclusions about
task-related activation in those regions and could have the potential
of influencing patient care.
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Different approaches have been employed to identify task-related
activation in specific ROIs within the brain. One approach is to create
a template identifying specific ROIs on a transformed anatomical
image. Transformation allows data from multiple subjects to be
placed in the same orientation and grid which enables voxel based
statistical computations for groups of subjects or patients. The major
advantage of using a mask developed in standardized space is
that data can be used in neuroinformatic databases that integrate
brain imaging studies from other laboratories across the world
(Martone et al., 2004; Van Horn et al., 2004). However, a major
disadvantage is that it fails to account for variability in cortical
landmarks across subjects so that a given voxel does not represent a
homologous anatomic location in each individual’s brain (Woods,
1996; Lazar et al., 2002). This may be more problematic for smaller
structures in the brain, like the nuclei of the BG, given the limited
spatial resolution of whole brain fMRI (Aron and Poldrack, 2006).

A second approach used in analysis, which minimizes
intersubject variability in brain anatomy, is to identify ROIs on
individual subject images using high resolution structural and
functional imaging protocols (Woods, 1996). The major advantage
of this method is that the anatomical image and functional image
are co-registered allowing ROIs to be determined on an individual
subject basis. A major disadvantage of this method however is the
time consuming nature of completing this identification on a slice
by slice basis for every subject.

We are unaware of any previous comparison of these two
commonly used analysis methods. Understanding the different
results obtained from using the two methods will facilitate
interpretation of data obtained using either method, and may
validate comparisons between studies involving different meth-
odologies. Therefore, the purpose of this study was to compare
changes in brain activation in the BG nuclei using these two
methods. To that end, ROI masks of the BG were developed in the
two most widely used spaces in the neuroscience community,
Talairach space and Montreal Neurological Institute (MNI) space
(Chau and Mclntosh, 2005). The masks developed in standardized
space were then compared against individual ROI masks drawn from
each subject’s echo-planar image (EPI).

Materials and methods
Subjects

Ten right-handed subjects, 4 males and 6 females, age 20—
37 years, participated in the experiment. This study was performed

in accordance with the Declaration of Helsinki. All participants
gave written informed consent prior to inclusion in the study.

Experimental design

During the experiment, subjects produced force output using a
rigid precision grip device using their right hand (Fig. 1A). The
custom grip apparatus is made of non-metallic material allowing its
use inside the fMRI environment. The grasping apparatus is
connected to a 35-ft nylon tube, which leads into an Entran (EPX-
N13-250P) pressure transducer located outside the scanner room.
When the pinch grip is performed the hydraulic pressure inside the
tube increases, which is sensed by the pressure transducer. The
pressure transducer output was amplified through a pressure gauge
amplifier. A PCMCI National Instruments A/D converter sampled
the pressure at a frequency of 100 Hz. The target force level in this
experiment was specified at 15% of the maximal voluntary
contraction (MVC). The MVC was calculated for each subject at
the beginning of data collection similarly to previous work
(Vaillancourt et al., 2004).

The experiment used a block design paradigm. There were five
functional scans each lasting 7 min and 10 s. Each functional scan
started with a 30-s rest block alternating with a 70-s task block,
which repeated four times and ended with a 30-s rest block. Each
70-s task block consisted of 30-s force production with visual
feedback, a 10-s break, and a 30-s force production with auditory
feedback. Only data from the visual feedback and rest conditions
were analyzed for this paper. During the force conditions, subjects
were required to generate a force pulse to 15% of MVC every 5 s,
resulting in six force pulses in one 30-s block. For each functional
scan, subjects were instructed to generate force pulses in one of
five force contraction types: 0.5s, 1's,2 s, 4 s, and Hold (Fig. 1B).

During each functional scan there was always a horizontal
target bar presented on the screen that was stationary and set at
15% of MVC. For the rest block, the target bar was in red color and
subjects were required to fixate on the red target bar and produce
no force. During the force block, the red target bar turned green
that cued the initiation of force production. (1) 0.5-s task: the green
time of the target bar lasted only 0.5 s, and returned to red for 4.5 s.
Correspondingly, subjects were to generate a force pulse to 15%
MVC as accurate and fast as possible within approximately 0.5 s,
and release force for the remaining 4.5 s. (2) 1-s task: the target bar
turned green for 1 s, and returned to red for 4 s. Subjects were
required to produce force to 15% MVC over 1 s, and then relax
when the target bar returned to red. (3) 2-s task: the target bar
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Fig. 1. (A) Hand configuration for the force pulse task. (B) The five force contractions produced in each scan.
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turned green for 2 s and returned to red for 3 s. Subjects were
required to generate force to 15% MVC over 2 s and then relax for
3 s. (4) 4-s task: the target bar turned green for 4 s and returned to
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red for 1 s. Subjects were required to generate force to 15% MVC
over a 4-s period and then relax for 1 s. (5) Hold: the green time of
the target bar was 4 s and returned to red for 1 s. Subjects were
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Fig. 2. (A) FSE, EPI, and SPGR images from one subject. ROIs were caudate (red), putamen (dark green), GPe (yellow), GPi (light green), and STN (blue) which are
shown for the EPI mask (EPI image), the BGHAT mask (SPGR image), and the MNI mask (SPGR image). (B) Average Talairach transformed EPI mask and the
BGHAT mask at different axial slices for each of the five BG regions. For the average EPI mask, areas were included that presented in more than 50% of EPI drawings.



J. Prodoehl et al. / Neurolmage 39 (2008) 956965 959

required to generate force to 15% MVC as fast as possible and
maintained the force level for the 4-s period. There was also a
horizontal white bar shown on the screen that represented the force
magnitude produced by the subject. The white target bar moved
vertically towards the green target bar when subjects produced
force. A 15% force output was a spatial overlap of the two bars.
The order of the five scans was randomly presented for each
subject. Anatomical scans were taken following the functional
scan. Each subject participated in a 1-h training session prior to
data collection.

fMRI data acquisition

Imaging data were obtained on a 3-T Signa scanner (3T94
EXCITE 2, General Electric Healthcare, Milwaukee, WI). Head
motion was restricted by using adjustable padding between the head
and head coil apparatus. In addition, a fixation point was given to the
subject together with visual feedback to facilitate a stable head
position within and between scans (Thulborn, 1999). Functional
images were obtained using a single shot, gradient-echo echo-planar
imaging pulse sequence (EPI) (TE 25 ms, TR 2500 ms, flip angle
90°, field of view 200 mm x 200 mm, image matrix 64 x 64, 42 slices
at 3 mm thickness with a 0-mm gap in between). High resolution fast
spin echo (FSE) T2-weighted images were also acquired (TE 98 ms,
TR 7000 ms, flip angle 90°, with a field of view of 200 X200 mm,
image matrix 512x512, 42 slices at 3 mm thickness). The FSE
images were co-registered to the EPI. T1-weighted anatomical scans
were acquired using a spoiled gradient echo pulse sequence (TE

Table 1

1.8 ms, TR 8.5 ms, flip angle 25°, field of view 220 %220 mm,
imaging matrix 256 %256, 120 contiguous slices with 1.5 mm slice
thickness). All slices were acquired axially.

fMRI data analysis

To develop the individual EPI masks and the BGHAT mask in
Talairach space, the public domain software AFNI (Cox, 1996)
was used. To develop the Montreal Neurological Institute (MNI)
mask, the public domain software SPM5 was used (Friston, 2000).
Motion detection and correction procedures were performed on
each functional time series using 3D volume registration in AFNI.
The head motion in all data sets was less than 1 mm in any
direction (average peak to peak displacement within each
sequence). The head motion was not significantly different
between the five force tasks F(4, 36)=0.47, p=0.75. We also
calculated head motion between scans. The first image from the
first scan run was used as the base image for all five functional
scans. The average between scan displacement across all scans and
all subjects was 0.68 mm, 0.33 mm, and 0.32 mm in the superior—
inferior, left-right, and posterior—anterior directions respectively.
Data were not spatially blurred.

Regions of interest
The specific regions of interest (ROIs) used in this study were

the left caudate, left putamen, left external portion of the globus
pallidus (GPe), left internal portion of the globus pallidus (GP1),

Summary statistics for basal ganglia regions in the average Talairach transformed EPI mask and the BGHAT mask

z Averaged Talairach transformed EPI mask

BGHAT Talairach transformed mask

x coordinate y coordinate

x coordinate y coordinate

Min Max Median Min Max Median Min Max Median Min Max Median

Caudate -3 —11 -6 -8 7 15 10 -13 -6 -10 7 17 12
0 -16 -4 -9 4 21 13 —-17 -5 -10 6 21 14

3 —-18 -4 -10 4 22 14 -19 -3 -10 5 21 14

6 -19 —4 —10 3 22 14 -19 -3 —10 4 22 14

9 -19 -5 —11 2 22 14 -19 -3 -10 2 22 14

12 -19 -6 -12 0 21 12 —-19 -3 —11 1 21 12

15 —-18 -6 -12 -2 18 9 -19 -4 —-11 -2 18 9

18 =17 -8 —-13 -6 15 5 -18 -6 -12 ) 15 5

21 -16 —11 -13 -8 8 0 -17 -9 -13 —11 9 -1

Putamen -3 =30 -13 =22 -10 15 5 -31 —11 —-22 —13 17 5
0 -32 -13 =25 -16 17 5 -33 -12 =25 —-18 17 4

3 -32 —14 -25 -17 17 4 -33 —13 —25 -19 18 4

6 =31 -16 =25 -17 16 3 =31 -15 =25 -19 17 2

9 =30 -17 =25 -16 14 1 =30 -17 =25 -19 15 1

12 -29 -18 -24 -14 11 -1 -29 —-16 -24 -17 12 -1

15 =27 =20 =23 -9 5 -2 -28 =20 -24 -12 7 -2

GPe -3 -26 —11 -19 -10 4 -2 -29 —11 -20 -14 3 -2
0 =27 -10 =20 —-15 6 -2 =30 -10 =20 -19 6 -2

3 =27 —11 =20 -16 7 -2 -29 -10 —-21 -20 8 -4

6 =27 —12 -20 -16 8 -3 —28 —11 —20 —20 9 -4

9 =25 -14 -19 -14 6 -3 =27 —-13 -19 -19 8 -4

GPi 0 -23 -9 -16 -12 2 -4 -26 -8 -17 -16 3 -5
3 -19 -9 —-14 -9 3 -2 -20 -9 -14 —11 4 -3

6 -16 —11 —14 -5 2 -2 —-17 -10 —14 -8 3 -2

STN -5 -14 =7 —11 -17 —11 -14 -13 -7 -10 —-17 -12 -14
-2 -13 -8 =11 -16 —11 -14 -14 -8 11 -17 -10 -13

Data are the minimum, maximum, and median xy coordinates axially every 3 mm.
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and the left subthalamic nucleus (STN) (Fig. 2A). ROIs were
drawn on axial planes in two ways (Fig. 2A) and results obtained
from each method were compared. First, an ROI analysis was
performed for the BG using a mask drawn in two different
standardized spaces: a mask developed in Talairach space using
AFNI and a mask developed in MNI space using SPM5. For the
Talairach mask, ROIs were drawn on a single Talairach
transformed anatomical image to form a template mask (BGHAT
mask), and this template was overlaid on each subject’s Talairach
transformed functional image. For the MNI mask, ROIs were
drawn on a single subject’s anatomical image transformed to fit the
average T1-weighted ICBM152 template. All ROIs were drawn
prior to any data analysis. The second method of ROI analysis
involved drawing a mask of the same BG regions on each subject’s
EPI with reference to the high resolution FSE image of each
subject (EPI mask). This method does not require transformation
into standardized space. Our previous experience with drawing
ROIs within the BG (Spraker et al., 2007; Vaillancourt et al., 2007)
and anatomical guidelines from previously published literature
were used to help identify boundaries of each nuclei.

Caudate nucleus

The caudate nucleus is a curved structure with the rostral head
being more voluminous than the body rostrally (Yelnik, 2002). It
can be identified up to the level of the top of the ventricles. The
medial border of the caudate nucleus is defined by the frontal horn
or body of the lateral ventricle and the lateral edge by the anterior
limb of the internal capsule (Ifthikharuddin et al., 2000). In the
coronal plane, the caudate nucleus can be identified from the
section in which the pineal gland is most prominently displayed
(Ifthikharuddin et al., 2000).

Putamen

The putamen is limited medially on inferior sections by the
globus pallidus and on more superior levels by the internal capsule
(Ifthikharuddin et al., 2000). Anteriorly, the anterior limb of the
internal capsule separates the putamen from the caudate. Laterally,
it is limited by the external capsule which is identified as high
intensity white matter.

Globus pallidus

The globus pallidus is limited medially by the posterior limb
of the internal capsule and laterally by the putamen (Ifthikhar-
uddin et al., 2000). It is divided into the globus pallidus internal
portion (GPi) and the globus pallidus external portion (GPe). The
GPe lies lateral to the GPi and is almost twice as large (Yelnik,
2002).

STN

The STN lies ventral to the thalamus, medial to the peduncular
portion of the internal capsule, and lateral and caudal to the
hypothalamus. It is lateral to the red nucleus and dorsolateral to the
substantia nigra in the coronal plane (or anteromedial in the axial
plane) (Dormont et al., 2004). The anterior portion of the STN has
been shown to be hypointense on coronal T2-weighted EPI images
and always visible while the posterior part of the sensorimotor
STN is not always visible on T2-weighted images (Dormont et al.,
2004). The center of the STN has been suggested to be represented
by the anterior border of the red nucleus (Bejjani et al., 2000), or
2 mm anterior to a line drawn orthogonal to the anterior border of
the red nucleus (Danish et al., 2006). The size of the STN may be

smaller than reported in the Talairach and Tournoux atlas,
particularly in the medial-lateral direction (Richter et al., 2004).

Test-retest (intrarater) reliability in drawing the EPI masks was
assessed by redrawing the ROI on the 50 EPIs for one subject
without reference to the original EPI mask for that subject. The
percentage of voxel overlap between the first and second EPI mask
drawings averaged across task was: caudate 95.4%, putamen
98.4%, GPe 96.8%, GPi 95.7%, and STN 96.6%.

To characterize how well the EPI overlapped with a mask
developed in standardized space, we created an average Talairach
transformed EPI mask for each region (Fig. 2B) and compared the
overlap with the BGHAT mask. The individual EPI masks for each
BG nucleus in each of the five force tasks were first transformed
into Talairach space. This resulted in 50 EPI masks for each BG
nucleus. An average mask for each BG nucleus was then created
by averaging the 50 EPI masks. Finally, we quantified the
minimum, maximum, and median xy coordinates on a slice by slice
basis for the average Talairach transformed EPI mask and the
BGHAT Talairach transformed mask (Table 1). To allow
comparison of coordinates of each mask, we also show coordinates
of the MNI mask (Table 2). It is important to note however that the
coordinates of the two standardized masks will be different since a
different brain template was used to develop each of them (Chau
and Mclntosh, 2005; Lancaster et al., in press).

Next, we calculated the average percent signal change (PSC)
within each region using the BGHAT and MNI masks and the
individual untransformed EPI masks. The PSC for each voxel was

Table 2
Summary statistics for basal ganglia regions in the MNI mask

z MNI Mask

x coordinate v coordinate

Min Max Median Min Max Median

Caudate -6 -16 —4 -10 5 24 15
-3 -19 -4 =10 5 26 17
0 =20 —4 =11 5 26 17
3 =20 -5 =11 5 25 17
6 -20 -5 -12 4 25 16
9 =20 -6 -12 3 23 14
12 -19 -7 -13 2 21 12
15 -18 -9 -13 -1 17 8
18 -18 =11 -15 =5 13 4
Putamen -6 -32 —14 -24 -8 19 7
-3 -33 -14 —26 -14 20 7
0 -35 -16 =27 =17 19 5
3 —34 -18 —28 -17 18 4
6 -33 -19 -28 -16 16 3
9 -32 -19 -27 -15 14 2
12 =31 =21 =27 -13 8 -1
GPe -6 =27 =11 -19 -8 6 0
-3 -29 =11 =21 -14 9 0
0 -29 -12 =21 -14 10 0
3 -29 -13 =22 =15 10 -1

6 —28 =15 =22 =15 8 -2.5
GPi -3 =25 -9 -17 -12 4 -3
0 —24 =10 -16 =11 4 -2
3 -18 -12 =15 -5 4 -1
STN -5 -15 -8 -12 =20 -12 -16
-2 -16 -9 -13 -17 -15 -16

Data are the minimum, maximum, and median xy coordinates axially every
3 mm.



J. Prodoehl et al. / Neurolmage 39 (2008) 956965 961

Caudate
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Overlap between
EPI and BGHAT
masks

EPI masks

BGHAT mask

Fig. 3. Average Talairach transformed EPI mask (red), the BGHAT mask (yellow), and the region of overlap between them (blue).

calculated for the task condition against the baseline rest condition
within each scan. To do the ROI analysis using the standardized
masks, the individual’s PSC data were transformed into Talairach
space using AFNI and into MNI space using SPMS. The BGHAT
and the MNI masks were then applied to the respective
transformed data sets. In the alternate method, we drew the BG
regions on each subject’s EPI images and then applied this mask on
original untransformed data to obtain the PSC within each region.
In both methods, the mean PSC within a region was calculated as
the average of all voxels. The average PSC within a region was
calculated for the 0.5-s, 1-s, 2-s, 4-s, and Hold force tasks using
each mask. Data were confirmed to have a normal distribution
using the Kolmogorov—Smirnov test. A three-way ANOVA was
performed to detect differences across the type of mask used
(BGHAT, MNI, and EPI), task (0.5s, 1's, 2 s, 4 s, and Hold), and
region (caudate, putamen, GPe, GPi, and the STN) using Statistica
(version 6.1, StatSoft Inc.). Robust regression analyses were
performed using S-PLUS (version 8.0, Insightful Corp.). All
statistics in the analysis of variance were evaluated as significant
when there was less than a 5% chance of making a Type I error
(p<0.05). Only significant effects are reported.

Results
Voxel count by mask type

Fig. 2B shows that the BG ROIs in the average Talairach
transformed EPI mask and the BGHAT mask are spatially similar.

Examination of the summary statistics in Table 1 confirms
appropriate spatial overlap across these masks. This is also shown
in Fig. 3. As expected, the coordinates of the MNI mask (Table 2)
were slightly different from those of the BGHAT mask.

Fig. 4 shows the number of voxels present in each BG region
across task condition for the untransformed EPI masks, the
BGHAT mask, and the MNI mask. For comparison purposes, the
number of voxels in the BGHAT and MNI masks is divided by the
voxel size in the individual EPI mask. The average number of
voxels in the EPI mask was similar for each task within each BG
region. A two-way ANOVA was performed to compare the number
of voxels used to create the individual EPI masks for each subject
across task condition and region. There were no differences
between task conditions in the number of voxels in each region. As
expected, there were differences in the number of voxels in each
region [F(4,36)=1021.65, p<0.001]. Importantly, however, there
was no task by region interaction showing that the number of
voxels in each EPI mask was stable in that it did not differ as a
function of task across the different BG regions.

Percent signal change across mask type

Fig. 5 shows the average PSC for each mask type across task
condition in the individual ROIs. The average PSC was consistent
within each region regardless of which mask was used. Statistical
analysis supported this observation. A three-way ANOVA
(Mask x Region x Task) revealed no significant main effect for
Mask. The main effect for Region was significant [F(4,36)=3.03,
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Fig. 4. The average number of all voxels in the individual EPI masks in each
task condition averaged across subjects (circles) and the number of voxels in
the BGHAT mask (triangle) and the MNI mask (square). Note, for the
BGHAT and MNI masks, the number of voxels is the same regardless of
task. For comparison purposes, the number of voxels in the BGHAT and
MNI masks is divided by the voxel size in the individual EPI mask.

p=0.030], as was the main effect for Task [F(4,36)=3.65,
p=0.013] with PSC increasing with increasing duration of
contraction. None of the interactions were significant. To examine
whether the choice of individual used to create a mask drawn in
standardized space significantly impacted the PSC results, we
created a second BGHAT mask on a different subject. We applied
this second BGHAT mask to the remaining subjects and
recalculated the PSC. We compared results obtained with each of
the BGHAT masks using ANOVA. There was no main effect of
mask and no Mask x Task interaction.

To further validate the use of a standardized mask, we
performed robust linear regression analysis between the PSC
calculated using the individual EPI masks and the BGHAT masks
(Fig. 6 panel A) and the individual EPI masks and the MNI mask
(Fig. 6 panel B) across regions. There were strong linear
relationships between EPI and both sets of standardized mask
data. The amount of variance accounted for with linear regression
was high across all regions with /> values ranging from 0.74 to
0.99 for the BGHAT vs. EPI masks and 0.70 to 0.99 for the MNI
vs. EPI masks. Slopes were similar across regions (BGHAT and
EPI: Caudate 0.96, Putamen 0.98, GPe 0.94, GPi 0.87, and STN
0.88; MNI and EPI: Caudate 1.02, Putamen 1.03, GPe 0.96, GPi
0.92, and STN 0.84). Intercepts were also similar across regions
(BGHAT and EPI: Caudate 0.001, Putamen —0.001, GPe 0.005,
GPi —0.036, and STN 0.021; MNI and EPI: Caudate —0.003,
Putamen 0.005, GPe 0.013, GPi 0.022, and STN 0.034).

Discussion

The purpose of this study was to compare changes in brain
activation in the nuclei of the BG using results obtained from two
different ROI masking methods. The first masking method used
was a mask drawn in standardized space. Two standardization
methods were used, a Talairach transformation using AFNI
(BGHAT mask) and an MNI transformation using SPM5 (MNI
mask). Each of these masks was drawn on a single subject’s
transformed anatomical image. The second masking method was

an EPI mask for every task condition drawn on each individual
subject’s EPI with reference to the high resolution fast spin echo
image. There are two important findings from this study. First, use
of a standardized mask produced PSC values that were very
consistent with results obtained using an EPI generated mask. This
suggests that results obtained across studies using these different
masking methods can be compared. Second, the masking method
used did not affect the overall interpretation of results with respect
to the effect of task. The strong linear relationship between PSC
from the EPI and the BGHAT masks and the EPI and the MNI
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Fig. 5. Percent signal change across the five force contraction tasks
calculated using the individual EPI mask (circles), the BGHAT mask
(triangles), and the MNI mask (squares) for each BG ROI. Data are the mean
and standard error.
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masks provides evidence of validity for the use of a mask of the
BG drawn in standardized space.

Identification of neural activation related to specific brain
structures is indirectly reflected by changes in the BOLD response
with fMRI (Logothetis and Wandell, 2004). Current and future
applications of fMRI provide the ability to move from basic
cognitive neuroscience to a myriad of clinical applications
including fMRI-guided neurosurgery, pharmacological fMRI, and
pre-symptomatic diagnosis of disease (Matthews et al., 2006). In
understanding basic cognitive processes, however, the ability to
ascribe task-related changes in brain function to specific brain
regions is dependent on the ability to correctly localize specific
brain regions. This task is made all the more challenging when one

considers small nuclei of the brain such as the BG, which have
increasingly been shown to be important in many aspects of motor
control and cognitive neuroscience, and an area of particular
interest in studying many movement disorders.

Group analysis of functional data from multiple subjects is
based on accurate co-registration of anatomy. Stereotaxic methods
for region identification offer one way to relate activation to
specific brain regions. The use of a standardized template for ROI
identification such as those developed in Talairach or MNI space
however has several disadvantages. First, the spatially normalized
templates are developed from neurologically normal brain images.
Relationships that hold in the normal brain may not be applicable
in the diseased brain, which has implications for clinical fMRI. It is
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also now understood that there can be considerable variation in
brain anatomy between individuals, including differences in the
location and shape of key sulci that form the basic landmarks of the
stereotaxic coordinate system (Steinmetz et al., 1990a,b). Overall,
standardized templates may be better at representing central
structures close to the origin of the 3D coordinate space like the
BG than for more lateral structures. Within the BG, we found a
similar number of voxels in the BGHAT and MNI masks compared
to the number of voxels in the EPI mask for each region which
suggests this to be the case. However, it should be noted that any
spatial smoothing of the data, such as smoothing that occurs as a
result of motion correction due to interpolation, may significantly
affect results in the small nuclei of the BG.

Given the aforementioned disadvantages of using spatially
transformed images, it is important to understand how transform-
ing data to stereotaxic space may affect interpretation of brain
activation levels. The first finding in this study was that use of
either of the spatially transformed masks produced PSC values that
were comparable to those generated using individual EPI masks.
Thus, use of spatially transformed images does not adversely affect
calculation of PSCs in the small nuclei of the BG. Further work is
required to confirm this in more lateral and distal areas of the brain,
particularly in the frontal and parietal regions, where the effects of
differential distortion due to the anatomy of the region may be of
concern. Further work is also needed to validate the normalized
masks in different patient populations with disease processes
affecting the brain and in older subjects who may show large
amounts of atrophy. Within the BG, we showed here that the PSC
was smallest for the pulse task. Given that one cost of using a
normalization approach is in the signal to noise ratio, the PSC itself
may have been expected to be lower when calculated using a
spatially transformed mask compared to the EPI mask. However,
we did not find either a Mask x Task interaction or a Mask x Ta-
sk xRegion interaction for PSC. This suggests that using spatial
normalization does not differentially affect detection of activation
in regions or in tasks with different signal to noise ratios.

The second finding from this study is that the masking method
used does not affect the overall interpretation of results with
respect to the effect of task. We found that the PSC did not differ as
a function of mask and task or mask and region. This is also
supported by the high #* values for each region between the PSC
calculated between the BGHAT and EPI masks and the MNI and
EPI masks (Fig. 6). An enormous savings in time and resources is
provided by using a mask created in standardized space rather than
an EPI mask. To draw a mask on individual slices for each scan
even for just the five BG nuclei of interest in this study takes
anywhere from 60 to 90 min per scan when a highly trained
individual performs the drawing. For ten subjects across five tasks,
this translates into a conservative estimate of 50 h of time spent
marking regions of interest per experiment. On the other hand,
using a standardized mask such as the BGHAT mask or the MNI
mask which has already been generated is an automated procedure
and only requires minimal manual intervention in terms of review.
Tracing regions manually on scans from individual subjects where
postmortem confirmation is not available is the gold standard for
ROI analysis on fMRI data. However, it is not without problems
beyond its time and labor intensive nature. An automated
technique may be more reliable for larger data sets since manual
tracing requires careful training and frequent calibration checks
across and within individuals over time (Andreasen et al., 1996).
For larger data sets, manual tracing is also more likely to be

associated with rater drift leading to diminished reliability and
validity (Andreasen et al., 1996).

Use of a standardized mask has other advantages beyond time
savings, the most important of which being the ability to compare
data across laboratories. Reporting Talairach or MNI coordinates
enables data to be presented in a standardized coordinate system that
can be added to neuroinformatic databases that integrate brain
imaging studies from other laboratories across the world (Fox and
Lancaster, 2002; Martone et al., 2004; Van Horn et al., 2004).
However, it should be noted that the mapping of a coordinate in MNI
space to Talairach space generates distinct coordinates for different
subjects (Chau and Mclntosh, 2005; Lancaster et al., in press).

We conclude that developing a mask of the BG in standardized
space is a valid and time saving method of identifying PSC in the
small nuclei of the BG. The BGHAT mask used in the present
study can be obtained though e-mail from the corresponding author
or by download from http://mcl.mvsc.uic.edu/index.htm.
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