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Experience of Functional MRI Protocol in King Chulalongkorn
Memorial Hospital [KCMH] for Thai Language Lateralization
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Objective: To investigate the effects of statistical thresholding and to determine an optimal functional magnetic resonance imaging
[fMRI] statistical threshold for Thai language lateralization.

Materials and Methods: The present study was prospective descriptive study of twenty Thai native speaker right-handed healthy
volunteers performed Thai verb and word generation paradigms during 3T fMRI. Bihemispheric activation difference of language
region of interests was calculated for laterality index [LI] through ranks of statistical threshold, from the threshold that generated
an empty map to the minimal threshold with p-value less than 0.05.

Results: LI of both verb generation and word generation paradigms tended to rise in higher statistical thresholds. In two subjects,
shifted of LI from co-dominant to left dominant were found as an effect of statistical thresholding on both paradigms. A threshold
(t-value) of 7 in verb generation paradigm and a threshold (t-value) of 6 in word generation paradigm significantly increased mean
LI (with p-value 0.004 and 0.003, respectively) and categorized 95% of the subjects as left hemispheric dominance.

Conclusion: LI varies across different statistical thresholds. Optimal thresholds (t-value) for language lateralization are 7 in Thai
verb generation and 6 in Thai word generation paradigms.
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Functional imaging assists neurosurgeons with
information in determining surgical candidacy for
patients with brain tumor. It also allows function-
preserving operations that reduce postoperative
morbidity and maximize resection of pathology, thus,
enhance patients’ quality of life.

Language lateralization and localization are
one of the most important considerations in surgical
planning. Functional magnetic resonance imaging
[fMRI] is a non-invasive imaging technique that has
high concordance to Wada test (the gold standard) for
language lateralization"?. In fMRI, brain function is
assessed by measuring the hemodynamic responses
to neuronal activity. During activation period,
oxyhemoglobin-to-deoxy-hemoglobin ratio at cortical
region changes from baseline. Different magnetic
properties of the oxyhemoglobin and deoxyhemoglobin
result in blood oxygen level dependent [BOLD]

Correspondence to:

Chosakun P. Department of Radiology, King Chulalongkorn Memorial
Hospital Thai Red Cross Society, Bangkok 10330, Thailand.

Phone: +66-2-2564413

Email: phattharachuda@gmail.com

contrast and enable generation of a functional brain
mapping.

Changes of BOLD signal during activation is low,
being 3% to 5% in 1.5 Tesla MRI®. Signal originated
from activated brain regions must be differentiated
from physiological and physical noise. Statistical
thresholding is one of the essential post processing
steps to determine the statistically significant signal
changes (increase or decrease responses). Only the
change whose absolute values were above a certain
threshold is displayed. The activated brain volume is
used to calculate the laterality index [LI] to determine
the hemispheric language dominant for language.
Several studies found that LI varies with the statistical
threshold®?”. Setting the threshold too low may cause
spurious activation in bilateral cerebral hemispheres
from false-positive correlations. On the contrary,
setting threshold too high may fail to depict true
activations. Therefore, an optimal statistical threshold
is necessary for accurate language lateralization.

To the best of the authors knowledge, there
has been no guideline or standard routine protocol
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regarding fMRI threshold selection. The present study
investigated the effects of thresholding on the LI, and to
determine an optimal statistical threshold for language
lateralization using Thai language paradigm. This
might potentially lead to a reference threshold level
for routine fMRI procedures.

Materials and Methods
Subjects

Between June 2015 and March 2016, healthy
volunteers who were native and capable to read Thai
language, age 20 to 60 years old with at least nine years
education, right-handed as determined by Edinburgh
Handedness Inventory® (Thai version questionnaire),
and had no prior history of neurological disease or
current usage of medication were enrolled in the
present study. The volunteer who was pregnant, had
contraindication to perform MRI, had metallic material
that caused unacceptable susceptibility, unable to
complete all designed paradigms, or had poor MR
image quality due to unacceptable motion artifact were
excluded. The required sample size for comparison of
two dependent means that were statistical thresholds
and lateral index was 17. However, the study needed
20 volunteers to account for potential dropouts (about
15%). The volunteer recruitment and human subject
data collection were done under an approval of the
Institutional Ethic Committee at King Chulalongkorn
Memorial Hospital [KCMH].

Functional and morphologic MRI

Before the examination, all subjects were given
instructions and followed training for each paradigm.
Block design fMRI was started with resting for 30
seconds and then alternated to activation for 30 seconds
for each cycle. Total of 5-cycles were obtained and
total paradigm runtime was five minutes. Two Thai
language paradigms were visually triggered silent
verb and word generations (Figure 1) by binocular
visual presentations. For silent verb generation,
subjects were asked to generate as many related verbs
for given Thai nouns (one trigger at a time and 10
triggers per activation period). Similarly for silent
word generation, subjects were requested to generate
as many meaningful words initiated with the triggers,
which were Thai alphabets. Only the 30-most common
Thai alphabets were used in random mode. One trigger
was shown at a time and 10 triggers per activation
period. During the rest period, a plus symbol was
displayed on the screen and subjects were asked to
discontinue language production and relax. Silent verb
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Figure 1. Example sets of Thai language paradigms: (a) Block
design functional MR imaging was performed, 30
seconds for each rest and activated period. Totally 5
cycles and 5 minutes were done for arun. (b) Example
set of Thai verb generation paradigm which triggered
by a Thai noun. One trigger was presented for 3 seconds
and total 10 triggers per an activation period. (c)
Example set of Thai word generation paradigm which
triggered by a Thai alphabet. One trigger was displayed
for 3 seconds and total 10 thiriggers per an activation
period. represent rest period; s and m stand for
second and minute, respectively.

generation was run initially and followed by silent word
generation for all subjects.

Allsubjects underwent functional and morphological
brain MRI by using GE Discovery MR 750 w 3.0 Tesla
(General Electric Healthcare, Milwaukee, WI, USA)
with 32-channel headcoil. Preformed foam cushions
were used for biparietotemporal head fixation. The
fMRI protocol included BOLD contrast, using 2D
T2*-weighted single shot gradient-echo echo planar
imaging sequence in axial plane, TR/TE (msec)
3,000/35, flip angle 90 degree, Field of View 220 mm,
slice thickness 3.6 mm, no spacing, number of slice
42, matrix 64x64mm?, voxel size 3.4x3.4x3.6 mm?,
and NEX 1.

Morphological images were acquired for overlay
of activation map, using 3D FSPGR on axial plane,
TR/TE (msec) 8.5/3.3, flip angle 12 degree, Field of
View 240 mm, slice thickness 1.2 mm, no spacing,
number of slice 140, matrix 256x256 mm?, voxel size
0.93x0.93x1.2 mm?, and NEX 1. FLAIR T2-weighted
image with fat suppression were also performed for
screening any brain pathology, acquisition on axial
plane, TR/TE (msec) 8,025/95, flip angle 160 degree,
ETL 16, TI (msec) 2,356, Field of View 240 mm, slice
thickness 5 mm, space 1 mm, number of slice 24,
matrix 320x224 mm?, and NEX 1.

Real-time display of activation images, data
quality and motion parameter were monitored during
scan. If the subject was moving more than 5 mm,
stopping the scan was considered. Repeated scan was
done after resolving the problem.
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Processing and analysis of functional and morphologic
MRI

Two authors (Chosakun P with one year experience
of neuroimaging and Chaitusaney T with four years
expereince of neuroimaging) processed and analyzed
all data, independently.

BrainWaveHW Lite software was used for
synchronization of function and anatomical mapping,
motion correction, spatial and temporal smoothing,
and coregistration. Furthermore, Avotec software was
used for paradigm display and voxelwise calculation
of BOLD activations. Two authors (Chosakun P and
Chaitusaney T) manually segmentated activated voxels
in the presumed language areas which were inferior
frontal gyrus, supramarginal gyrus, angular gyrus,
and superior temporal gyrus of bilateral cerebral
hemispheres. These gyri were anatomically define on
the basic of T1-weighted morphological images and
according to Naidich et al® This regions of interests
[ROIs] were in concordance to prior studies®*'", The
number of activated voxels in each ROIs in the left
and right cerebral hemispheres were used to calculated
language LI'*'® as follows: Laterality index [LI]
= sum(Activation in left hemis) - sum(Activation
in right hemis) / sum(Activation in left hemis) +
sum(Activation in right hemis).

LI was calculated at various statistical thresholds,
ranging from the maximal threshold that did not
display any signal on activation map (empty map) and
decrement of 1 until the minimal threhold that still had
true correlation with brain activation (p-value less than
0.05). For example, if the empty map was t-value 8, and
the minimal threshold was t-value 5, LI were calculated
at t-value 8, 7, 6, and 5.

LI ranges from +1.0 (fully left lateralized activity)
to -1.0 (fully right lateralized activity). In corcordance
to prior studies®'?, LI greater than 0.2 represented left
hemispheric dominant, -0.2 to 0.2 was co-dominant,
and LI less than -0.2 represented right hemispheric
dominant.

Optimal statistical thresholds for language
lateralization were defined as a t-value that provided
high LI (approached to +1.0) and left lateralized of
right-handed subjects as many as possible. Optimal
statistical threshold of each Thai language paradigm
were determined separately.

Statistical analysis

Mean of LI of the rank of statistical threholds of
each of Thai language paradigms, verb generation and
word generation paradigms, were separately calculated.
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Repeated analysis of variance [ANOVA] with SPSS
software version 22 was used to define the difference
of the LI of the rank of statistical thresholds, where
p-value less than 0.05 for this difference was considered
statistically significant. LI of each individual subjects
was assessed separately by two authors (Chosakun P
and Chaitusaney T). Intraclass correlation coefficient
[ICC] of these authors was evaluated; 0 to 0.2 indicates
poor agreement; 0.3 to 0.4 indicates fair agreement;
0.5 to 0.6 indicates moderate agreement; 0.7 to 0.8
indicates strong agreement; and greater than 0.8
indicates almost perfect agreement.

Results

Twenty-two healthy volunteers were enrolled in
the present study. Two volunteers were excluded due
to unacceptable motion and incidentally found non-
specific white matter change on FLAIR T2-weight
sequence. Therefore, 20 healthy volunteers were
studied (ten men and ten women, mean age: 30.7 (26
to 49) years). All of them were right-handed with
Edinburgh Handedness’s score, mean +96.5 (+80 to
+100), where Edinburgh Handedness’s score ranging
from -100 (left handedness) to +100 (right handedness).

LI variably depended on statistical threshold as
demonstrated by the LI curves of each Thai language
paradigm (Figure 2, 3). LI of both verb and word
generation paradigms tended to rise in higher statistical
thresholds. For verb generation paradigm, two subjects
(No. 7 and No. 17) showed co-dominant (LI=0.11 and
0.06) at minimal statistical threshold (t-value 5), and
then shifting to the left dominant (LI = 1) at the peak
threshold (t-value 10 and 13), Figure 4. In the same
way, for word generation paradigm, subject No. 15 and
No. 17 were co-dominant (LI = 0.16 and 0.17) at the
lowest threshold (t-value 5). The subject No. 18 failed
to generate LI curve due to no activated voxel in the
presumed language region of interest at all statistical
thresholds. No right lateralization (LI less than -0.2)
was seen throughout the ranking of statistical threshold
of both verb and word generation paradigms for all of
our subjects.

At higher statistical threshold of both verb and
word generation paradigms, there was a trade-off
between rising of mean LI and falling number of
subjects that were categorized as left hemispheric
dominant (LI greater than 0.2) in Figure 5. For verb
generation paradigm, using t-value of 7 for calculating
LI, nineteen subjects (95%) were categorized as left
hemispheric dominant with mean LI 0.91. Repeated
ANOVA demonstrated that changing t-value from
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Figure 2. Laterality Index [LI] curve of verb generation paradigm
tended to rise in higher statistical thresholds. At the
minimal threshold (t-value 5, p-value <0.05) showed
lower LI compare to the higher threshold. Two subjects
(No. 7 and No. 17) showed co-dominant at initial
threshold (LI = 0.11 and 0.06 at t-value 5), and then
shifting to the left dominant at the peak threshold
(LI = 1 at t-value 10 and 13). No right lateralization
(LI <-0.2) was seen throughout the ranking of statistical
threshold of verb generation paradigm.

6 to 7 significantly increased mean LI with p-value
0.004. However, when using t-value of 7, one subject
(Subject No. 18) could not be calculated LI due to an
empty map. Similarly, for word generation paradigm,
applying t-value of 6, nineteen subjects (95%) were
defined as left hemispheric dominant with mean
LI 0.85. Compared with t-value of 5, mean LI was
significantly increased while changing to t-value of
6 (p-value 0.003). However, there was no significant
difference of mean LI between t-value of 6 and 7
(p-value 0.056). Only one subject (No. 18) could not
calculated LI of word generation paradigm due to no
activated voxel on language regions of interest even if
the lowest threshold as t-value of 5 was used.

Inter-rater reliability for LI of each subject at
the certain thresholds of both language paradigms
demonstrated almost perfect agreement. Intraclass
correlation of two authors (Chosakun P and Chaitusaney
T) was 0.93

Discussion

LI varies across different statistical thresholds.
Optimal thresholds (t-value) for language lateralization
are 7 in Thai verb generation and 6 in Thai word

1504

wl BF g 7
0.8 -2
g5 ] /i S

0.5 +

0.4 -

03 S
02
0.1

u oo
01
02
03
0.4

-0.5
-0.6
-0.7
-0.8
-0.9

Statistical threshold (Z-score)

Figure 3. Laterality Index [LI] curve of word generation paradigm
of most of subjects were rising when increasing
statistical threshold, except the subject No. 1 which
slightly falling of LI (LI = 0.64) at peak threshold
(t-value 9). Subject No. 8,15, and 17 were co-dominant
atinitial threshold (LI1=0.84,0.16,and 0.17 at t-value 5,
respectively). The subject No. 18 was failed to generate
LI curve due to no activated voxel in language region
of interest at all threshold. No right hemispheric
dominant (LI <-0.2) was seen throughout the ranking
of statistical threshold of word generation paradigm.

Figure 4. The fMRI images of subject No. 17 on silent verb
generation paradigm. 3D volume rendering of left
hemisphere (top row) showed the variable extent of
activated area through the rank of statistical thresholds.
Functional activation map overlaid on axial 3D FSPGR
TR/TE (msec) 8.5/3.3 atlevel of Sylvian fissure (bottom
row) demonstrated activation in right inferior frontal
gyrus (black arrow head), left inferior frontal gyrus
(white arrow head) and left superior temporal gyrus
(white arrow) which were measured to calculate LI
After rising the t-value to 9, the activated voxels in right
inferior frontal gyrus were not survived. Empty map
was showed at t-value of 15 which no any activated
signal was displayed. BOLD signal time course of
activation at bilateral inferior frontal gyri were showed
in the rightmost column.

generation paradigms. Using these thresholds
significantly increased mean LI of our subjects and
widely defined our right-handed subjects as left
lateralization.
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Figure 5. Graphs of the mean LI and number of left lateralized
subjects through the rank of statistical thresholds of
verb generation paradigm (a) and word generation
paradigm (b). Mean LI of both language paradigms
tended to increase against the number of subjects that
define as left lateralization. (a) For verb generation
paradigm, t-value of 7 significantly increased mean
LI (p-value 0.004) while categorizing nineteen
subjects (95%) as left hemispheric dominant. (b) For
word generation paradigm, t-value of 6 significantly
increased mean LI (p-value 0.003) and defined
nineteen subjects (95%) as left lateralized

To enhance the impact of statistical threshold
on LI and avoid too much heterogeneity in language
lateralization, we included only right-handed healthy
volunteers for assumption left lateralization!>'>'®).

The present study designed to use visual triggered
language paradigm for prevention of false positive due
to similar area of brain activation using auditory trigger,
according to study of Chee et al".

Both silent verb and word generation paradigms
which were used in the present study were categorized in
word production task®?). For language lateralization,
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word production task had more sensitivity and
specificity than semantic task, according to meta-
analysis which evaluated language lateralization of
fMRI in comparison with Wada test(".

Evaluation of language lateralization with multiple
paradigms provides more accuracy®®??, which also
consistenly demonstrated in the present study. One
of the study subjects whose LI was fail to calculate
on word generation paradigm, but verb generation
paradigm was able to determine language lateralization.

LI was used for quantitative assessment of
hemispheric language dominance by measuring
volume of voxels that survive on certain statistical
thresholds"®. This method is more accurate for
language lateralization than the average magnitude
method in comparison with Wada test®!4%),

The present study determined the language LI by
calculating activated voxels in the language specific
regions, including inferior frontal gyrus, supramarginal
gyrus, angular gyrus, and superior temporal gyrus of
bilateral hemispheres. These regions were defined
by anatomical landmark according to the study of
Naidich et al®. Stippich et al® used these regions and
found high validity (98%) for language lateralization
and localization in comparison with Wada test and
electrocorticography. However, one recent meta-
analysis study® demonstrated that determination of
language dominance by whole brain LI gave higher
LI value than by regional LI.

Statistical thresholding is a significant processing
step for BOLD-contrast fMRI. Aim of statistical
threshold is to define the true correlation of BOLD
signal change and the hemodynamic response function
of the activated brain region and to minimize effect of
both physiological and physical noise fluctuation®®.
The neglect of this issue may result in incorrect
interpretation of language hemispheric dominant and
the spatial extent of a functional brain area®2*,

The basis of t-value is the analysis of the difference
of the means, which is related to the variability of data.
In case of fMRI, it means a comparison of the two
mean values during rest and activation by concerning
the effect of noise fluctuations. The higher the t-value
estimates, the less likely is the difference of the mean
value, which is affected from the noise®?. In contrast, a
lower t-value is more likely to be affected by the mean
value from the noise.

The present study clearly demonstrated the impact
of statistical threshold on language lateralization. Some
of our subjects demonstrated shifts from co-dominant to
left dominance at higher threshold regardless to specific
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paradigm. All of them were strong right handedness
(Edinburgh Handedness’s score +100). There is
likely more false positive voxel increment in bilateral
hemispheres at lower threshold and concordance to
the results of prior study®®'¥. In contrary, at peak
threshold, most of the present study subjects failed
to evaluate lateralization. The reasonable explanation
is due to both true and false positive activated voxel
that did not survived. To define the optimal statistical
threshold that is not too low to include the false positive
voxel, and not too high to miss the true positive voxel,
is important for precise language lateralization. The
authors demonstrated that optimal thresholds (t-value)
for language lateralization are 7 in Thai verb generation
and 6 in Thai word generation paradigms. The present
results agree with the results of Adcock et al® that use
3T-fMRI and single English word generation paradigm
in healthy controls and patients with temporal lobe
epilepsy. They found that LI was threshold dependent
and demonstrated a z-score of 5.3 compared to a
z-score of 2.3, which significantly increased the LI
in both controls and patients with right temporal lobe
epilepsy. Slight difference of the optimal statistical
threshold may be the result of different segmentation
method.

One limitation of the present study is that the
authors did not validate and confirm the results
with gold standard (Wada test), which is a common
limitation of the study done on healthy volunteers.
Further application of the results in clinical controlled
trial studies is needed to be established.

Conclusion

LI varies across different statistical thresholds.
Optimal thresholds (t-value) for language lateralization
are 7 in Thai verb generation and 6 in Thai word
generation paradigms.

What is already known on this topic?
The impact of the statistical threshold on the
language lateralization is known.

What this study adds?

This study is the first that defines the optimal
statistical thresholds for Thai language lateralization.
This might be useful in clinical controlled trial studies
in Thai patient.
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