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Objective : Functional magnetic resonance imaging {fMRI) is frequently used to localize language areas in a non-invasive manner. Various
paradigms for presurgical localization of language areas have been developed, but a systematic quantitative evaluation of the efficiency of those
paradigms has not been performed. In the present study, the authors analyzed different language paradigms to see which paradigm is most
efficient in localizing frontal language areas.

Methods : Five men and five women with no neurological deficits participated (mean age, 24 years) in this study. All volunteers were right-
handed. Each subject performed 4 tasks, including fixation {Fix), sentence reading (SR), pseudoword reading (PR}, and word generation (WG).
Fixation and pseudowaord reading were used as contrasts. The functional area was defined as the area(s) with a t-value of more than 3.92 in fMRI
with different tasks. To apply an anatomical constraint, we used a brain atlas mapping system, which is available in AFNI, to define the
anatomical frontal language area. The numbers of voxels in overlapped area between anatomical and functional area were individually counted
in the frontal expressive language area.

Results : Of the various combinations, the word generation task was most effective in delineating the frontal expressive language area when
fixation was used as a contrast {p<0.05). The sensitivity of this test for localizing Broca’s area was 81% and specificity was 70%.

Conclusion : Word generation versus fixation could effectively and reliably delineate the frontal language area. A customized effective paradigm
should be analyzed in order to evaluate various language functions.
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INTRODUCTION

Functional magnetic resonance imaging (fMRI) has been
frequently used to localize language areas in the brain in a
non-invasive manner"#>31>1618192420 Narious paradigms
for the presurgical localization of language areas have been
developed to replace invasive brain mapping. However, a
systematic quantitative evaluation of the efficiency of those
paradigms has not been performed'#1#1>151618192429 The
aim of this study was to evaluate the efficacy of different
paradigms for localizing the expressive language area.

» Received : January 20, 2009 »Accepted : April 5, 2009
+ Address for reprints : Chun Kee Chung, MD., PhD.
Department of Neurosurgery. Seoul Nationat University College of
Medicine, 101 Daehak-ro, Jongno-gu, Seout 110-744, Korea
Tel : +82-2-2072-2352, 2358, Fox : +82-2-744-8459
E-mail : chungc@snu.ackr

MATERIALS AND METHODS

Subjects

Ten healthy volunteers with no neurological diseases were
recruited. Five men and five women were included, and
their mean age was 24 years (22-26). All volunteers were
from the professional or academic sector and enjoyed
leading a normal social life. All of the volunteers had a good
understanding of the procedure of fMRI and successfully
petformed a variety of tasks. All volunteers were strongly
right-handed, as determined by the Edinburg Handedness
Inventory. This study was approved by the Institutional
Review Board of Seoul National University Hospital
(Number; H-0712-007-227).

Image acquisition
fMRI was performed using a GE Signa 1.5 Tesla clinical
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scanner equipped with a standard head coil (General
Electric Medical System, Milwaukee, WI). A neck-collar
(MJ-200, USA) was used to reduce movement, and ear
plugs were used to dampen scanner noise. Twenty axial
slices with a matrix size of 64x64 and a field of view of
240 %240 mm were collected. For each run, we acquired 96
T2-weighted, gradient-echo (GRE) planar imaging (EPI)
scans with the following parameters : slice thickness, 6 mm;
interslice gap, 0 mm; TR, 3,000 ms; TE, 50 ms. In addition,
a high-resolution structural T1-weighted image was
acquired using a flow-sensitive conventional gradient echo
sequence with 120 slices (slice thickness, 1.4 mm; interslice
gap, 0 mm; TR, 50 ms; TE, 4 ms; flip angle, 60°).

Experimental design

All experiments used an alternating block format with a
duration of 24 seconds, and the duration of each trial was 3
seconds (8 trials per block) to ensure equivalent sampling
across language activation conditions. Each run had four
tasks, including fixation (eye fixation at dot on screen; Fix),
simple sentence reading (read an easily interpretable
sentence; SR), pseudoword reading (read meaningless
word; PR), and word generation (generate a semantically
related word to complete a simple blanked sentence; WG)
task. All subjects performed four runs, and a different type
of stimulus was used for each run. A total of 96 time points
were acquired for each task. All stimuli were presented
visually in Korean on a projected screen. A covert response
was used rather than an overt response in order to reduce
artifacts from jaw movement. Before the actual experiment,
the subjects were trained on each task outside the scanner
to ensure that they understood the instructions and to test
whether they were able to perform each task completely. All
stimuli in the simple sentence reading and word generation
tasks were controlled at the level of a 6-year-old child.

General functional MRI analyses

Functional data were analyzed within the framework of
the general linear model in the Analysis of Functional
Neuroimages program (AFNI, hetp://afni.nimh.nih.gov/
afni), and the following preprocessing steps were performed”.
1) The first four volumes in each scan series, collected
before equilibrium magnetization was reached, were discard-
ed. 2) Of the remaining volumes, all were spatially realigned
to the first to correct for head movement after accounting for
different signal-acquisition times. 3) The structural image
was coregistered to the fMRI image using a 7-parameter
linear transformation, and the inverse matrix applied to the
fMRI data to minimize distortion effects. 4) The dara were
then spatially normalized onto the Talairach space.

Structural data was normalized onto the Talairach space
and then functional data were warped by the parameters
acquired from structural data normalization. 5) All nor-
malized images were spatially smoothed using a Gaussian
kernel of 8-mm full-width half-maximum (FWHM), and
resampled to 3%3x3 m’ isotropic voxels. 6) The signal
magnitude for each scan series was adjusted to normalize
the global signal for between-subject comparison.

After preprocessing, the fMRI experiment was modeled
in a box-car design with the regressor entered into the
design matrix with a canonical hemodynamic response
funcrion to represent the brain physiology. Other covariates
of no interest included the realignment parameters used to
account for motion artifacts. Four runs were concatenated
into one big run, and this was considered to be an indivi-
dual activation map. Magnitude estimates for effects of
interest were computed for each subject based on an
implementation of the general linear model (3dDeconvolve
in AFNI). A random-effect model was used to create group
activation maps. The regression model provided a single
magnitude estimate of the response to each stimulus type in
each voxel for each subject.

Region of interest analysis

The individual activation maps were analyzed. In the
present study, the fixation and pseudoword reading was
used for contrast. Group activation maps of the ten subjects
were also created for each combination (PR-Fix, SR-Fix,
WG-Fix, SR-PR and WG-PR). The functional area was
defined as an area with a t-value of more than 3.92 in
fMRI. The functional areas were calculated in each subject
and group activation map. To apply an anatomical constraint,
we used a brain atlas mapping system'?, which is available

Fig. 1. Anafomical region of interest of expressive language areas. This
includes most of the middle and inferior frontal gyrus (http:/afni.nimh.nih.
gov/afni).

220



in AFNI, to define the anatomical fron-
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Table 1. Voxel number in over!apped area between functional and anatomscal region of mterest

tal language area (anatomical ROI) Casero. PRI - SR CWeEe R WeR
(Fig. M%7, Voxel counts of func- ! 8 165 0 0 39
tional areas within an anatomical ROI 2 9 30;') gji g 5559
were calculated individually using the z 22]] ” 50 0 205
AFNI program”. The same anato- 5 e o - 0 287
mical ROI in AFNI was compared 6 ol 13 a3 8 “°
with individual patients. 7 131 %65 a8 5 06
The probabilistic mapping of group 8 23 89 43 0 289
data was overlapped onto the T1 tem- 9 194 167 356 0 20
plate in the AFNI program and aligned 10 149 180 27 5 100
with the Talairach atlas”. The sensi- MeantSD 179135 149287 408261 6x15 2892123
tivity and specificity of each combina-  Sensiivity (%) 3.7 27 810 12 574
tion was calculated also. Specificity (%) 788 843 703 9.2 88.5

Each score represents the voxel number in the overlapped area between anafornical and functional

Sensitivity : A/C
Specificity : B/D

A:
B:

activated voxel count in anatomical ROI

non activated voxel count in left hemisphere except
anatomical ROI area

total voxel count in anatomical ROI

total voxel count in left hemisphere except anatomical
ROl area

C:
D:

Statistical analysis

All analyses were performed using the independent
sample t-test and one way ANOVA to determine whether
there was a significant difference between combinations of
different tasks. A p-value of less than 0.05 was considered
statistically significant. All analyses were performed using
commercially available software (SPSS version 12.0, SPSS
Inc, Chicago, IL).

RESULTS

Total voxel count in anatomical ROI was 504 and voxel
count in left hemisphere was 25949. Individual voxel
counts for each combination of tasks in each functional
area within each anatomical constraint are presented in
Table 1. Statistical analysis revealed a significant difference
between combinations (p<0.001, one way ANOVA). Four
combinations (PR-Fix, SR-Fix, WG-Fix and WG-PR),
which showed more than 100 voxels in anatomical const-
raints, were compared with each other. The expressive
language area was most well-delineated by the word genera-
tion task when fixation was used as a contrast (p<0.05,
independent sample t-test) (Table 2, Fig. 2). The probabili-
stic image of the group activation map with the WG-Fix
combination was overlapped on the T1 template in the AFNI
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RO, Fix : fixation, PR : pseudoword reading, RO : region of interest, SR : senfence reading, WG : word
generation, SD : standard deviation

Table 2. Statfistical ana!y3|s between multlple combunaﬂons of tasks

o *
WG-Fix vs, PR-Fix <0,iIJO
WGix vs, SRFix <0000
WG-Fix vs, WG-PR 0014
SR-Fix vs, WG-PR 0.009
PRFix vs, SR-Fix 0564
PR-Fix vs, WG-PR 0076

Abbrevigtions are the same ¢s in Table 1. *Independent sample test.
Fix « fixation, PR : pseudoword reading, RO! : reglion of interest, SR : sentence
reading, WG @ word generation, SD « standard deviation.
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Fig. 2. Voxel count in overlapped area between functional and anatomical
region of interest. Box graph shows mean and standard deviation values.

program. This mapping corresponded well to Broadmann’s
areas 44, 45 and 47 with reference to the anatomical
information in the Talairach atlas equipped in the AFNI
program (Fig. 3).
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Fig. 3. Probablistic map of WG-Fix in frontal language area. Probabilistic mapping was overlapped on a
T1 template in the Analysis of Functional Neuroimages program. The red area {upper of scale bar)
represents strong activation area. Frontal activation area {red area) was well conslated with Brodmann's
areas 44, 45, 47

The sensitivity of WG-Fix combination for localizing
expressive language area was 81% and specificity was 70%
(Table 1).

DISCUSSION

Overview

Brain mapping with direct cortical stimulation is still a
gold standard method for language mapping*”'¥. However
this is not always possible due to invasive nature and many
different methods have been developed. Vatious modalities,
such as the Wada test, fIMRI, functional PET, and magne-
toencephalography, can be used for non-invasive localization
or lateralization of language area(s) for presurgical purposes.
The Wada test and fMRI are the most popular of these
modalities*'*?*?. Although the Wada test can serve as a
useful index of language laterality, it is less useful for locali-
zing language areas. Although this modality has been a gold
standard for lateralizing language hemispheres, the major
drawback of the Wada test is that it is invasive with inhe-
rent risks”. Many studies have shown that MR is at least
comparable to the Wada test in terms of lateralizing
language function®®'**, Thus, fMRI appears to be a
promising modality for the evaluation of language function,
especially in terms of preoperative planning in order to
preserve essential language areas. Various paradigms have
been developed for preoperative language mapping in
fMRI'7121316182020 However, a systemic study of the

efficacy of those paradigms has not been performed™?.

The value of finding a paradigm that can localize
expressive language areas

There are reports that fMRI is well correlated with the
Wada test if the frontal language area is selected for
language lateralization>'?. In this regard, it is important to

identify an effective paradigm for
representing expressive language areas.
We know that Brocds area is activated
by paradigms such as naming or word
generationi-7,i2,15,16,l8,20,21,25,27)- Wofd
generation with the use of fixation as
a control is a commonly used para-
digm due to its simplicity and ease of
taSkI-ZlZ,I5,16,18,20,21,25,27)' The authol‘s
quantitatively analyzed the individual
data in order to determine which com-
bination would be better for visualiza-
tion of expressive language areas and
showed that the word generation para-
digm is an effective paradigm for
functionally outlining the frontal language area if fixation is
used as a contrast.

We focused on an area other than the hot spot in fMRI.
The frontal expressive language area is larger than expected,
and there is individual variation®”. Thus, it is important
to avoid damaging the whole language area rather than o
save only the hot spot in fMRI in surgical planning. This is
why we did not choose a spot but rather chose an area.
However, setting the threshold to ©3.92 is somewhat arbi-
trary. Much data should be collected in order to differen-
tiate essential versus non-essential activation in fMRI.

The limitation of this study

We verified an effective paradigm for localizing the
frontal language area. However, there are several limitations
to this study. First, we assumed that all volunteers had left
hemispheric dominance for language because all volunteers
were right-handed, and this was verified by the Edinburg
Handedness Inventory. Second, although there are various
paradigms for language mapping, our paradigms were
restricted to five combinations. Third, this result was not
verified with direct brain mapping method. However, the
purpose of the present study is not presenting expressive
language area but effective paradigm that is well correlated
with expressive language area. Fourth, the number of subjects
was small, and further studies with various paradigms for
large subjects should be conducted. Fifth, application of
such specific language tasks may lead to different results in
Asian and e.g. North American or European volunteers and
patients due-to the calligraphically elements of written Asian
words and their respective association with visual informa-
tion. Nonetheless, we presented an effective language
paradigm and its diagnostic value for localization of frontal
expressive language area with individual quantitative analysis.
We hope this study to be a stepping stone for developing
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effective paradigms for different language areas.

CONCLUSION

Different language paradigms in functional MR image
have different effective expression of language area. Word
generation versus fixation could effectively and reliably
delineate the frontal language area. A customized effective
paradigm should be analyzed in order to evaluate various
language functions.
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