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Objective: To evaluate the concordance of language lateralization between functional magnetic resonance imaging (fMRI)
using Thai version of language paradigm and Wada test or awake surgery with direct cortical brain stimulation (DCS).
Material and Method: Retrospective study of thirteen patients (3 males and 10 females with mean age of 33.9 years old)
with epilepsy (7 cases) or brain tumor (6 cases) was performed. Every patient underwent both fMRI (word generation, verb
generation, naming picture, and sentence completion tasks) and Wada test or awake surgery with DCS (defined as the gold
standard). The lateralization index (LI) of fMRI was automatically calculated by using the LI-toolbox on SPMS8. The
hemispheric lateralization was also evaluated visually. The concordance between fMRI and gold standard were analyzed.
Results: The concordance between the lateralization of fMRI by visual assessment and gold standard was 92.3%. Concordance
between the calculated LI by fMRI and gold standard was varied along with the task and regional calculation method. The
concordance was good in all tasks (except for naming picture task) when using calculated LI from frontal or whole brain
excluded cerebellum and occipital lobe (range 76.92 to 88.98% and 76.92 to 92.31%, respectively).

Conclusion: There was good concordance between fMRI and gold standard. Regional calculation from frontal lobes and
whole brain excluded cerebellum and occipital lobes gave the best results. The results supported feasibility to use the fMRI
with Thai language paradigm as an alternative way to determine the language dominant hemisphere in Thai patients. In
case of language dominant hemisphere is unclear, further invasive investigation of language mapping such as Wada test or

DCS is crucial.
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Determination of the language areas and
hemispheric dominance for language is one of the most
important considerations for pre-surgical planning in
order to prevent or minimize risk of postoperative
functional deficit in surgically treated patients involving
language dominant hemisphere. The intracarotid
amobarbital test or known as Wada test and direct
cortical stimulation (DCS) during awake surgery for
cortical mapping are gold standard for assessing the
language dominance®. However, the Wada test is an
invasive procedure and has a risk of complications
such as carotid artery dissection, stroke, potentiation
of seizures, and adverse reaction to contrast agent. The
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DCS is a method for localizing eloquent area such as
sensorimotor and languages during surgery by applying
electrical current directly on the cortical surface to
temporarily deactivate brain®?. For identification of
the language dominance, positive DCS sites confirm
the locations of critical language regions within a given
hemisphere, but cannot exclude the other essential
language areas outside the testing region and in the
contralateral hemisphere. Accordingly, the DCS is
restricted to the region of the craniotomy and electrode
placement and is limited by invasive nature.

The functional magnetic resonance imaging
(fMRI) has been developed for assessment of the brain
function using blood oxygenation level dependent
(BOLD) effect with the basic principle of hemodynamic
response during neuronal activation compared with
resting stage. During neuronal activation, the regional
cerebral blood flow is increased, causing change of the
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ratio between oxy- and deoxy-hemoglobin concentration
and resulting in signal change on the images®™.

The fMRI has emerged as a noninvasive
technique to complement to the Wada test for language
lateralization. Many studies demonstrated the
concordance between fMRI and Wada test ranging
from as high as 100% to as low as 56%¢'¥. The
property of the language paradigm or task design is
one of the factors influencing the result of functional
mapping. The silent word generation task was reported
the most robust and best lateralizing paradigm to
demonstrate the language related areas!'>. Discordance
of patient’s native language and one used in the
paradigm is another concerned issue!'®. The areas of
language activation are different between native and
non-native languages and increasing activation of
non-dominant hemisphere in people who learn English
as a second language was reported”. Studies in non-
English such as Chinese language reported different
cortical language processing areas that were not
identical to those in English language processing.

In Thai people, using Thai as a native
language may have different brain activity from
Western studies. The Thai language paradigm has been
developed as “Thai version of language paradigm
(SiTP1)” which consists of block paradigm of word
generation (WG) from Thai letters, verb generation
(VG) from nouns, naming pictures (NP), and sentence
completion (SC). The recent study in ten normal
right handedness Thai subjects who were native Thai
speakers reported localization of the language areas
in 90% and left hemispheric lateralization in 100%'®.

The aim of the present study was to evaluate
the feasibility of the Thai language fMRI in clinical
practice by studying the concodance of language
lateralization between fMRI using SiTP1 and Wada
test or awake surgery with DCS.

Material and Method
Subjects

This retrospective study was approved by
the Institutional Ethic Board of Faculty of Medicine
Siriraj Hospital, Mahidol University. The 29 Thai
native-speaker patients with epilepsy or brain tumor
who underwent fMRI with SiTP1 between January
2012 and September 2014 were enrolled into the study.
Five patients were excluded due to non-cooperative
fMRI examinations and 11 individuals were excluded
due to no available Wada test or DCS.

Finally, 13 patients (3 men and 10 women)
were enrolled into the study. Demographic data of each
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patient such as age, Edinburgh’s score, diagnosis,
presentation, and duration of symptom was collected
from the patients’ records.

Functional MRI

The Thai version of language paradigm
consisted of 4 tasks: WG from Thai letters, VG from
nouns, NP, and SC. All tasks were block design
consisting of five pairs of alternating between active
and rest blocks with 30 seconds block duration.
The patients were briefly informed about the task
before the fMRI scanning. Each task started with the
instruction slide that specified the category for three
seconds. The patients performed silent language
generation tasks. Each stimulus (alphabet, word,
picture, or sentence) was displayed for three seconds
with sequential 10 different stimuli in each active
block. The sharp sign (#) was shown on the screen
during the rest block. All stimuli and sharp sign were
in white on the black background, visually presented
by task presentation system for fMRI (ESys, Invivo).
The total scan time of each task was five minutes.

The patients were scanned with 3-Tesla
scanner (Achieva or Ingenia, Philips Medical systems,
Best, NL) and a SENSE-8 head coils. Before the
functional tasks, whole brain 3D T1 weighted (T1W)
turbo fast echo for structural images was acquired
for anatomical reference [voxel size = 1xI1x1 mm?,
repetition time (TR) = 7.6 ms, echo time (TE) =3.6 ms,
flip angles = 8°, TFE factor = 144, field of view
(FOV) =230x290 mm?, matrix = 232x290 mm?, slice
thickness = 1 mm, NEX = 1].

A single shot gradient-echo echo-planar
imaging (EPI) was used to acquire BOLD functional
image [voxel size = 2x2x4 mm?, TR = 3,000 ms, TE =
35 ms, flip angles = 90°, FOV = 240x240 mm?, slice
thickness =5 mm, NEX = 1, dynamic time = 3 seconds,
total number of dynamic = 100]. Total scan time
was 5 minutes 9 seconds (including a 9 seconds
pre-stimulus period excluded from analysis to allow
stabilization of the BOLD signal).

Imaging processing and LI analysis

Preprocessing of the EPI images and
further analyses were performed using SPM8
(http://www.fil.ion.ucl.ac.uk/spm/software/spmS,
Statistical Parametric Mapping, Wellcome Department
of Cognitive Neurology, London, UK) running on
MATLAB (MathWork Inc., Natick, Maryland, USA,
http://www.mathworks.com/) operation on LENUX
system.
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Briefly, the functional images of each
patient were realigned with the first image to reduce
movement-related artifacts. Then, the images were
co-registered with the T1W structural images using a
rigid body transformation and normalized to the
standard Montreal Neurological Institute (MNI)
space using the ICBM152 template'?, following
which they were smoothed by convolving with a
Gaussian kernel of 5 mm full-width at half maximum
(FWHM).

The activation maps were generated using
the first-level subject based on the general linear
model (GLM). Each voxel was assigned a T-score
revealing the correlation between an expected
hemodynamic response function (HRF) and the voxel
by voxel BOLD signal response. The first level SPM
t-contrast map was generated for each subject at a
threshold of p<0.05 (uncorrected).

The lateralization index (LI) was calculated
based on:

LI = (sum[activation left] - sum[activation right])/

(sum[activation left] + sum[activation right])

The LI value was between -1 and 1. The
value of nearly -1 was preferred right hemispheric
dominance while nearly 1 was preferred left hemispheric
dominance. The LI between -0.2 and 0.2 was defined
as bilateral or ambiguous lateralization®”.

In the present study, the automated calculation
of LI using the LI-toolbox, which is add-on software
on SPM8, was performed®". The LI-toolbox is freely
available and can be downloaded from a website at
http://www.fil.ion.ucl.ac.uk/spm/ext/#LI.

The image analysis of each patient was
performed according to workflow in the SPM
manual®®. Then, an additional workflow for LI
calculation was done in these following steps. First,
the image of t-value map of each subject was assigned
to the LI-tool in the SPM. This image resulted from
running SPM mapping on the subject that usually ends
with spmT xxx.img where xxx is a running number
automatically assigned by the SPM. Then, a selected
volume mask of the brain volume in question was
applied (i.e., frontal lobe, parietal lobe, temporal
lobe, occipital lobe, cingulate, central gray matter,
cerebellum, or all lobes). Midline region (10 mm) was
excluded from the LI calculation. As a result, the
LI-tool automatically generated all results in separate
windows plotting LI curves and displaying LI indices
against various threshold values.

Example of the LI analysis curve and SPM
result were shown in Fig. 1 and 2.
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Visual assessment of language lateralization

The individual fMRI results for each task
were further evaluated visually by an experienced
neuroradiologist (Wongsripuemtet J) who blinded to
the calculated LI results. Language lateralization was
classified as left, right, or bilateral.

The Wada test and awake-surgery with DCS

The Wada test and awake surgery with DCS
used as gold standard were performed by the
neurosurgeons. Briefly, the Wada test was used to
evaluate the function of each cerebral hemisphere
by injecting the propofol (Diprivan®) into one of the
internal carotid arteries via the intra-arterial catheter.
The propofol introduced temporal anesthesia. When
the drug reached the side of the brain, the patient would
lose all strength on the side of the body opposite to the
injection. Then, the function of brain opposed to the
injection was assessed. To test the patient’s speech, the
patient was asked to count, read words, identify objects,
and response to the verbal command. If the patient
could not produce the speech, the injected side of the
brain was the language hemispheric dominance. The
awake surgery with DCS was performed by applying
electrical stimulation on the surface of the cerebral
cortex directly while the patient awake in order to
induce temporary deactivation of the brain function.
For assessment of the language area and hemispheric
dominance, the patient was asked to count, read words,
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Fig. 1  Forty-eight years old female with right mesial
temporal sclerosis and left hemisphereic
lateralization by fMRI and Wada test. The LI
curve from word generation paradigm calculated
from activation areas in frontal lobe (A), parietal
lobe (B), temporal lobe (C), whole brain (D), whole
brain excluded cerebellum (E), and whole brain
excluded cerebellum and occipital lobe (F).
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Fig. 2

Same patient with Fig. 1. In verb generation paradigm, activation was demonstrated at Broca area of left

inferior frontal gyrus (A). Activated areas on SPM overlying with volume rendering TIW were seen from word
generation (B), verb generation (C), naming picture (D), and sentence completion (E) tasks of fMRI.

identify objects, and response to the verbal command
while the language cortex was stimulated intermittently
with the electrode. A location in which stimulation
reproducibly interrupted speech or counting was
recorded as the site of speech function or language area.

Twelve patients underwent the Wada test
and 1 case underwent awake surgery with DCS.

Statistical analysis

The concordance of language lateralization
between fMRI and Wada test or DCS was described
in percentage (SPSS v18.0).

Results

Thirteen cases were three males and
10 females with age ranging from 16 to 54 years old
(mean age = 33.9 years old). Twelve of 13 patients
(92.3%) were right handed according to Edinburgh’s
score. Seven cases were epilepsy patients and six were
tumor cases. The mean duration of symptom before
fMRI study was 218.6 months in epilepsy cases and
5.7 months in tumor cases.

There were nine cases with available fMRI
studies in 4 tasks of language paradigm (WG, VG,
NP, SC). Four cases had fMRI studies available in
three tasks (WG, VG, NP) and one case had two tasks
(WG, VG). In conclusion, WG and VG were available
in 13 cases, NP in 12 cases (6 epilepsy and 6 tumors)
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and SC in nine cases (5 epilepsy and 4 tumors). The
incomplete language paradigm study cases were the
cases in our early experience in fMRI and not well
co-operated patients.

Lateralization

Wada test or awake surgery with DCS

Of the 13 cases, 11 (84.6%) were left
hemispheric lateralization. One case was right and
one was bilateral hemispheric lateralization.

Visual assessment of fMRI (Table 1)

Lateralization by visual assessment of
fMRI images went along with gold standard in 12 of
13 patients. Only one tumor case, which was bilateral
hemispheric lateralization by gold standard, was
determined as right lateralization by fMRI visual
assessment. The concordance was 92.3%.

LI calculation from fMRI studies

In tumor cases, 6 had available WG, VG, and
NP and 4 with SC fMRI studies. Good concordance
between calculated LI from fMRI and gold standard
were demonstrated when using WG and VG (Table 2).
Calculating LI of VG fMRI from activated areas
on frontal, parietal lobe and whole brain excluded
cerebellum, and occipital lobe gave the best result
(100% concordance).
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In epilepsy cases, seven had available WG
and VG, six with NP, and five with SC fMRI studies.
Good concordance between calculated LI from fMRI

Table 1. Demographic data and hemispheric lateralization

and gold standard were found when using VG and SC
(Table 3). The best result with 100% concordance
was LI calculated from VG (whole brain excluded

No. Sex Age LI (Edinburgh’s  Diagnosis Location Duration of  Gold  fMRI (visual
(years) score) symptom*  standard assessment)

1 M 16 +100 Epilepsy  Left medial temporal lobe 108 Left Left

2 F 53 -100 Epilepsy Left cerebral hemisphere 600 Right Right

3 F 27 +100 Epilepsy Left medial temporal lobe 204 Left Left

4 F 19 +100 Epilepsy Left hippocampus 84 Left Mild left

5 F 48 +100 Epilepsy Right medial temporal lobe 120 Left Left

6 F 26 +100 Epilepsy Bilateral hippocampi 18 Left Left

7 F 36 +70 Epilepsy Right medial temporal lobe 396 Left Left

8 M 30 +100 Tumor  Left frontal lobe 0.07 Left Left

9 M 17 +100 Tumor  Right amygdala 12 Left Left

10 F 48 +100 Tumor  Right amygdala Left Left

11 F 42 +100 Tumor  Right temporal and insular lobe 2 Left Left

12 F 25 +100 Tumor  Left insular and frontal lobe 1 Right Bilateral

13 F 54 +100 Tumor  Left insular lobe 12 Left Left

LI = lateralization index; fMRI = functional magnetic resonance imaging; M = male; F = female
* Number in months, Wada test or awake surgery with direct cortical stimulation (DCS) was defined as gold standard

Table 2. Concordance between fMRI and gold standard in tumor group

Region of interest

Concordance (%)

WG (n=6) VG (n=06) NP (n = 6) SC(n=4)
Frontal 5(83.33) 6 (100.00) 4 (66.67) 3 (75.00)
Parietal 5(83.33) 6 (100.00) 4 (66.67) 1 (25.00)
Temporal 3 (50.00) 5(83.33) 2(33.33) 3 (75.00)
Whole brain 3 (50.00) 4 (66.67) 2(33.33) 2 (50.00)
Whole brain excluded cerebellum 4 (66.67) 5(83.33) 2 (33.33) 2 (50.00)
Whole brain excluded cerebellum and occipital 5(83.33) 6 (100.00) 5(83.33) 2 (50.00)
WG = word generation; VG = verb generation; NP = naming picture; SC = sentence completion
Wada test or awake surgery with DCS was defined as gold standard
Table 3. Concordance between fMRI and gold standard in epilepsy group
Region of interest Concordance (%)
WG (n=7) VG (n=7) NP (n = 6) SC (n=5)
Frontal 5(71.43) 5(71.43) 4 (66.67) 4 (80.00)
Parietal 5(71.43) 5(71.43) 3(50.00) 5(100.00)
Temporal 2(28.57) 6 (85.71) 4 (66.67) 1 (20.00)
Whole brain 2 (28.57) 5(71.43) 2(33.33) 3 (60.00)
Whole brain excluded cerebellum 4(57.14) 7 (100.00) 2(33.33) 4 (80.00)
Whole brain excluded cerebellum and occipital 5(71.43) 6 (85.71) 2 (33.33) 5 (100.00)

WG = word generation; VG = verb generation; NP = naming picture; SC = sentence completion
Wada test or awake surgery with DCS was defined as gold standard
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cerebellum) and SC (parietal and whole brain excluded
cerebellum and occipital lobe).

Discussion

Currently, the fMRI is widely clinical use as
a potential replacing the Wada test or awake surgery
with DCS in determination of the language hemispheric
dominance for pre-surgical planning. Many studies
reported the concordance between the fMRI and
Wada test ranging from 56 to 100%%'¥. However, those
studies are based on English language, which is not
suitable for Thai patients who are native Thai speakers.
Thai language is tonal language like the Mandarin
Chinese, which has differences in vocal fold vibration
for identical phonemes to distinguish between different
words in the lexicon from each other. Unlike the non-
tonal language as English, pitch variation is not used
to differentiate word meaning. The nature of tonal
language of Thai may imply more cortical brain
activation especially the non-dominant hemisphere
(as reported in music task)®*?Y. The previous pilot
study in ten normal native Thai speakers demonstrated
the feasibility of fMRI using Siriraj Thai language
paradigm (SiTP1) for language localization and
lateralization®.

The LI calculation in fMRI can be performed
by many methods and each may have different results
depending on many factors such as any threshold-
dependent, region of interest and tasks. Our study used
the calculated LI from LI-toolbox add-on program in
SPM8 and bootstrap analysis, which was the robust,
stable, and reliable method for LI assessment®. Our
pilot study in ten normal native Thai speakers showed
good left lateralization of the fMRI using SiTP1 and
the regional calculation from the frontal lobe gave the
best result. The present study showed good concordance
in all tasks (except for NP task) when using frontal and
whole brain excluded cerebellum and occipital lobe to
calculate the LI (range 76.92 to 88.98% and 76.92 to
92.31%, respectively), but poor concordance when
using whole brain to calculate the LI in all tasks. These
findings were similar to the previous studies reported
that the regional LI within the frontal lobe gave the
better concordance than other temporoparietal regions
and whole brain®*?®. The calculated LI using temporal
lobe and whole brain have poor concordance that
might be from the crossed language dominance or
interhemispheric dissociation of frontal and temporal
language regions as reported in a healthy subject and
in patients with focal epilepsy®®? and from crossed
cerebro-cerebellar activation®'=*¥. As mentioned in
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previous study, the activation in occipital lobes and
midline regions often influenced the calculated LI,
especially in visual paradigm*'¥. In the present
study, we found similar result and after excluded
occipital lobes from the whole brain analysis the better
concordance was given. The occipital lobes are not
normally expected to have lateralized function. The
recent literatures revealed that the reading mechanism
initiated activation at the left ventral occipito-temporal
cortex known as visual word form area, which is a
specific location for learning to recognize word form,
and then projected dorsally to posterior parietal lobe
and contributing to the inferior frontal activity by
different fiber tract®**>, The secondary visual cortex,
which is located in the occipital lobe, has an important
role in visual memory. All patients in the present study
were trained and orientated to the paradigms before
performed the fMRI, so the patients might have some
learning and memory effects on the fMRI.

Previous studies suggested that the cerebral
space occupying lesions such as large hemispheric
tumors could be either increased or decreased BOLD
effect. BOLD activation was reduced in the ipsilateral
hemisphere as compared to the contralateral side.
The probably mechanisms were tumor-induced
neurovascular uncoupling that altered the coupling
between neuronal activity and cerebral blood flow and
impaired vascular autoregulation. Reduced activation
in the left hemisphere resulted in increased the right
hemispheric weighting and falsely interpreted right
hemispheric dominance®®3®. On the other hand, the
neuronal plasticity induced by slow-growing tumor
might be a compensatory mechanism of the brain to
preserved the communicative function, might impact
on the language lateralization with a shifting to the
contralesional hemisphere in the patients with brain
tumor located at language area®®*”, We found
discordance in the patient No. 12 who had low grade
glioma at left insular and frontal operculum and
bilateral hemispheric dominance determined by Wada
test. LI calculation from fMRI gave varying results.
The tumor might influence the language lateralization
and resulting in discordance between the fMRI and
Wada test (Fig. 3).

There has been reported that the injury to the
left hemisphere in early childhood often results in
shifting of the language function to the contralateral
hemisphere and tends to be stronger as a consequence
of early lesion as compared to late lesion. The neuronal
plasticity gradually declined with age®'#?. In patient
No. 2 who developed epilepsy at 3 years of age and
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had profound left cerebral hemispheric atrophy, it had
the right hemisphere lateralization (Fig. 4). The early
onset of disease might lead the language reorganization
to the right hemisphere and the cerebral atrophy may
result in cerebrovascular alteration, which also affects
the BOLD activation.

The present study showed that the VG and
WG tasks gave the better concordance than the SC and
NP tasks. Only single task might be inadequate to
give lateralization. Previous studies demonstrated
that using a combination of multiple tasks or conjoint
analysis of all tasks gives a more effective and robust
result for hemispheric lateralization®%.

There were several limitations in the present
study: the first was retrospective study in nature. The
second was small sample size including small number
of patients with atypical or bilateral hemispheric
lateralization. Finally, the BOLD technique of the fMRI
may influence the calculated LI due to the potential
disturbance of the BOLD activation by the lesions,
cerebrovascular alteration, and susceptibility artifact

such as hemorrhage, hemosiderin or metallic material,
which would impair the validity of fMRI. Further
prospective study with larger sample size is needed
for clinical validation and generalization.

In conclusion, there was good concordance
of language lateralization between fMRI using SiTP1
and Wada test or DCS. Regional calculation from
frontal lobes and whole brain excluded cerebellum and
occipital lobes gave the best results. All tasks and
calculated LI of each task should be assessed together
for the accurate lateralization. The result supported
feasibility to use the fMRI with Thai language
paradigm as alternative investigation to determine the
language dominant hemisphere in native Thai patients.
In case of language dominant hemisphere was unclear,
further invasive investigation of language mapping
such as Wada test or DCS was crucial.

What is already known on this topic?
The fMRI has emerged as a noninvasive
technique to complement to the Wada test for language

Fig. 3

Twenty-five years old female with low grade glioma at left insular and frontal operculum (A, B) and right

hemispheric lateralization on fMRI. In SC task, the Broca area at right inferior frontal gyrus and Wernicke area

at right superior temporal gyrus were activated (C).

Fig. 4

Fifty-three years old female with left cerebral atrophy (A), and right hemispheric lateralization on fMRI. Activated

area on SPM overlying with volume rendering T1W demonstrated more activation on the right hemisphere than

the left side from WG (B) and VG (C) task fMRI.
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Supplementary Table 1. Hemispheric lateralization by calculated LI

No. Diagnosis (gold standard) LI calculation (weight mean)
Region of interest WG VG NP sC
1 Epilepsy (left) Frontal L (0.28) L (0.53) NA NA
Parietal B (-0.02) B (-0.17) NA NA
Temporal L (0.45) L (0.64) NA NA
WB B (0.18) L(0.41) NA NA
WB excluded cerebellum L(0.34) L(0.52) NA NA
WB excluded cerebellum and occipital L(0.31) L(0.51) NA NA
2 Epilepsy (right) Frontal B (-0.054) B (-0.09) R (-0.58) NA
Parietal R (-0.9) R (-0.9) R (-0.86) NA
Temporal R (-0.74) R (-0.78) R (-0.82) NA
WB R (-0.68) R (-0.72) R (-0.78) NA
WB excluded cerebellum R (-0.69) R (-0.72) R (-0.78) NA
WB excluded cerebellum and occipital R (-0.55) R (-0.58) R (-0.72) NA
3 Epilepsy (left) Frontal L(0.34) L(0.7) R (-0.29) B (0.045)
Parietal L (0.62) L (0.88) B (0.091) L(0.52)
Temporal B(0.15) L(0.35) L(0.3) L(0.86)
WB L(0.56) L (0.44) B (0.095) L(0.49)
WB excluded cerebellum L (0.63) L(0.45) B (0.017) L(0.51)
WB excluded cerebellum and occipital L (0.46) L (0.74) B(0.14) L (0.57)
4 Epilepsy (left) Frontal B (0.17) L(0.3) B (-0.11) L (0.45)
Parietal B (-0.073) B(0.14) R (-0.38) L (0.44)
Temporal B (-0.013) L(0.38) L (0.26) B (0.18)
WB R (-0.26) B (-0.16) B (0.014) B (-0.0026)
WB excluded cerebellum B (0.18) L(0.41) B (0.19) L (0.54)
WB excluded cerebellum and occipital B (0.14) L (0.36) B (0.048) L(0.4)
5 Epilepsy (left) Frontal L (0.54) L (0.67) L (0.42) L (0.41)
Parietal L (0.56) L(0.59) L(0.35) L(0.4)
Temporal B(0.13) L(0.56) L(0.33) L(0.48)
WB B(0.18) L(0.41) L(0.32) L(0.38)
WB excluded cerebellum L (0.24) L(0.51) L(0.31) L (0.38)
WB excluded cerebellum and occipital L (0.58) L(0.61) L (0.25) L (0.41)
6 Epilepsy (left) Frontal L(0.38) L (0.46) L(0.37) L(0.31)
Parietal L (0.46) L(0.53) L(0.24) L(0.24)
Temporal R (-0.59) L(0.42) B (-0.0057) B(0.11)
WB R (-0.41) L(0.22) B (0.056) B (0.049)
WB excluded cerebellum R (-0.41) L(0.3) B(0.1) B (0.052)
WB excluded cerebellum and occipital B (-0.0068) L (0.54) B (0.19) L(0.29)
7 Epilepsy (left) Frontal L(0.5) B (0.18) L(0.36) L(0.72)
Parietal L(0.63) L(0.32) B(0.14) L(0.7)
Temporal B (0.083) B (0.056) R (-0.38) B(0.2)
WB B (-0.098) B (0.18) B (-0.095) L (0.54)
WB excluded cerebellum B (0.067) L(0.22) B (-0.0048) L (0.69)
WB excluded cerebellum and occipital L(0.51) B (0.051) R (-0.21) L(0.73)
8 Tumor (left) Frontal L (0.63) L (0.44) L(0.3) NA
Parietal L(0.62) L(0.71) L(0.38) NA
Temporal B(0.1) B (0.041) B (0.063) NA
WB L(0.51) L(0.33) B(0.18) NA
WB excluded cerebellum L (0.6) L(0.33) B(0.17) NA
WB excluded cerebellum and occipital L(0.6) L(0.52) L(0.53) NA
9 Tumor (left) Frontal L (0.67) L(0.34) L(0.35) NA
Parietal L(0.42) L(0.79) L (0.46) NA
Temporal R (-0.29) L (0.59) L(0.32) NA
WB L (0.45) L(0.41) L(0.31) NA
WB excluded cerebellum L (0.45) L (0.45) L (0.48) NA
WB excluded cerebellum and occipital L(0.61) L (0.53) L(0.22) NA
10 Tumor (left) Frontal L(0.25) L (0.58) B(0.15) L(0.49)
Parietal L (0.66) L(0.7) L(0.28) L(0.61)
Temporal L (0.28) L(0.54) L (0.45) L (0.47)
WB L(0.36) L(0.51) B (-0.025) L (0.46)
WB excluded cerebellum L(0.37) L(0.57) B (-0.032) L(0.49)
WB excluded cerebellum and occipital L(0.39) L (0.63) L(0.27) L(0.54)
11 Tumor (left) Frontal L(0.74) L (0.88) L (0.66) L(0.42)
Parietal L(0.76) L (0.84) B(0.18) B (0.022)
Temporal L (0.62) L (0.25) B(0.2) L (0.42)
WB B (-0.086) B (-0.082) B(0.18) L(0.25)
WB excluded cerebellum L(0.41) L(0.75) B (0.14) L(0.25)
WB excluded cerebellum and occipital L(0.77) L (0.86) L(0.52) L(0.25)
12 Tumor (bilateral) Frontal R (-0.58) B (0.0035) B (-0.024) R (-0.54)
Parietal R (-0.37) B (-0.038) R (-0.28) R (-0.38)
Temporal R (-0.49) B (-0.12) L(0.48) B (0.031)
WB R (-0.41) L(0.28) B (-0.12) R (-0.3)
WB excluded cerebellum R (-0.43) L(0.25) B (0.15) R (-0.28)
WB excluded cerebellum and occipital R (-0.44) B (-0.097) B (-0.17) R (-0.36)
13 Tumor (left) Frontal L (0.49) L (0.66)) R (-0.45) L(0.24)
Parietal L (0.49) L(0.72) L(0.57) R (-0.36)
Temporal L(0.29) L(0.76) B(0.12) B (-0.065)
WB B (-0.043) L(0.55) R (-0.26) R (-0.29)
WB excluded cerebellum B (-0.078) L (0.65) R (-0.34) R (-0.32)
WB excluded cerebellum and occipital L (0.46) L(0.71) R (-0.32) B (-0.11)

WG = word generation; VG = verb generation; NP = naming picture; SC = sentence completion; WB = whole brain; L = left; R = right;
B = bilateral; LI = lateralization index; NA = not applicable

Wada test or awake surgery with DCS was defined as gold standard
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lateralization. Many studies demonstrated the
concordance between fMRI and Wada test ranging
from as high as 100% to as low as 56%¢'%. The
property of the language paradigm or task design is
one of the factors influencing the result of functional
mapping.

In Thai people, using Thai as a native
language may have different brain activity from
Western studies. The Thai language paradigm has been
developed as “Thai version of language paradigm
(SiTP1)”. The recent study in ten normal right handed
Thai subjects who were native Thai speakers reported
localization of the language areas in 90% and left
hemispheric lateralization in 100%.

What this study adds?

There was good concordance of language
lateralization between fMRI using SiTP1 and Wada
test or DCS. Regional calculation from frontal lobes
and whole brain excluded cerebellum and occipital
lobes gave the best results. All tasks and calculated LI
of each task should be assessed together for the
accurate lateralization. The result supported feasibility
to use the fMRI with Thai language paradigm as
alternative investigation to determine the language
dominant hemisphere in native Thai patients.
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