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Abstract:
This report describes a new finding regarding language-Supplementary Motor Area (SMA) in
language processing using robust clinical protocols i.e. word generation (WG) and sentence
generation (SG). This is a retrospective study on 7 patients referred for fMRI for preoperative
language mapping. Subjects ranged in age from 20 - 40 years (28.8 ± 7.3), mean ± SD. We
quantified the dimensions of language-SMA and motor-SMA and presented their mutual location
somatotopically. Compared with SMA associated with motor (hand) function, coined M-SMA, the
L-SMA is located anterior to M-SMA. It is estimated from the transverse images that the whole
strip extends approx.18.75 mm in the sagittal plane, which is similar to that of M-SMA. Distance
between L-SMA and M-SMA ranges from 9.8 to 19.8 mm. In conjunction with the commonly
observed localization and lateralization of Broca’s and Wernicke’s areas, the identification of LSMA activation may help confirm the adequacy of the fMRI language mapping.
Keywords: fMRI, language lateralization, SMA.

1. Introduction
Functional magnetic resonance imaging (fMRI) is a valuable tool for determining
language lateralization and is used preoperatively in patients who will undergo surgical
resection of brain lesions as a noninvasive alternative to the Wada test. Its primary use in
this realm is to lateralize Broca's and Wernicke's areas in the inferior frontal gyrus and
the superior temporal gyrus, respectively, to assist in planning the surgical approach.
These two areas have been extensively researched in conjunction with the production and
reception of language.
However, cortical activity during language tasks as assessed by fMRI is not limited to
these two areas. Foci of fMRI activation can also be demonstrated in the supplementary
motor area (SMA) 1,2,3,4,5, the cerebellum4,6, basal ganglia6, and cingulate gyrus4,7, but the
relevance of such activation is not as well understood or consistently described.
The SMA (Brodmann Area 6) lies on the medial surface of each hemisphere just
anterior to primary motor cortex. It is somatotopically arranged with the leg represented
most posteriorly, the arm represented anterior to the leg, and the face being represented
most anteriorly. The SMA is known for its role in planning complex movements and has
been implicated in language tasks, but to our knowledge, has not been compared with
SMA activation on motor tasks using fMRI.
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Ikuta, et.al.1 conducted a temporal study of fMRI brain activation during sentence
comprehension. In their study of thirty-four native Japanese-speaking volunteers, they
visually presented sentences fragmented into subject, object, and transitive verb at
intervals of 4.6 seconds. They used fMRI to determine activation during each sentence
fragment presentation and subtracted out activation during subject, object, and transitive
verbs presented at intervals of 4.6 seconds that did not belong to a fluent sentence. The
group concluded that differing areas of the brain are involved with comprehending
differing parts of sentences. They implicated the left lingual gyrus in deciphering the
sentence subject, left inferior frontal gyrus and left SMA in deciphering the sentence
object, and left inferior temporal gyrus in deciphering the transitive verb (all subjects
were right-handed).
Ikuta refers to previous examples of demonstrated SMA activity on fMRI as possible
explanations for this finding. Crosson, et.al.2 had previously described SMA activation in
two of four different word-generation tasks in fifteen native-English speaking volunteers.
During the “free generation” task a category was verbally presented and the subject was
instructed to generate as many examples of nouns belonging to that category as time
allowed. During “paced generation” task the subject was presented a category but cued
temporally in generating examples. During the “semantic generation” task subjects were
presented a category and then cued by descriptors of examples in that category and
instructed to generate the example that was cued by the descriptors. Finally, during the
“repetition” task subjects simply repeated presented words. SMA activation was noted
only in free generation and in repetition. Additionally, Krainik, et al3 reported surgical
interruption of SMA in twelve patients, which resulted in six of the twelve patients
suffering transient language impairment ranging from spontaneous language reduction to
complete mutism. Their patients had undergone pre-surgical fMRI lateralization of
language, on which SMA activation was noted on generation of words from a verbally
presented category. They did note that language comprehension was intact in all patients
after lesioning.
Additional studies have noted possible SMA implication in language processing. In a
study of thirty healthy, right-handed, native Korean-speaking trilinguals (Korean,
English, and Japanese), Jeong, et.al.5 tested brain activation by fMRI during sentence
comprehension in each language after auditory presentation of the stimuli. They observed
SMA activation only when subjects processed a sentence written in English. Wildgruber,
et al4 described SMA activation by fMRI in the silent recitation of the months of the year
in both forward and reverse by a group of eighteen right-handed volunteers. None of
these studies utilized visual stimuli for word/sentence generation, nor did they have
motor task comparison of activation foci.
Stippich, et al8,9 has reported on language lateralization by fMRI testing of word and
sentence generation by visual cues. In this study of eighty-one preoperative patients
(mixed right-handed, left-handed, and ambidextrous), the stimulus for sentence
generation was a picture visible to the patient from which the patient was to derive a
sentence. For word generation, a category name was presented on a screen and the patient
was to generate examples of objects belonging to that category. There was no discussion
on SMA activation in these reports.
Our purpose is to report SMA activation on fMRI during visually stimulated word
and sentence generation utilizing a method similar to that of Stippich.8 We also compare
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such localization to that which occurs during a motor task, as this may give a clue to the
functionality of SMA activation in language generation.
2. Materials and Methods
This is a retrospective study on 7 patients who were referred for fMRI for preoperative
language mapping. Subjects ranged in age from 20 - 40 years (28.8 ± 7.3), mean ± SD.
Four patients underwent fMRI scans with the use of oral communication to deliver the
task commands. Additionally, three patients underwent fMRI scans with the use of visual
display.
FMRI and morphologic whole head MRI was performed on a clinical 1.5 T system,
Symphony (Siemens Medical Systems, Erlangen, Germany) and a volume head coil.
Patient Setup: forehead was secured using medical tape and a face towel. Ear phones
were used a) for reducing the noise and b) for oral communication between the patient
and the operator. In addition, when visual display was used, a mirror was inserted on the
head coil for viewing the displayed task commands on screen.
The fMRI protocol used in our institution includes motor and language mapping.
Motor: tapping fingers against thumb, using both hands.
Language one: Word generation (WG) when given categories of objects or letters.
Language two: Sentence generation (SG) when given pictures.
Blood oxygen level dependent (BOLD) contrast images were acquired by using a T2*weighted single shot gradient-echo echo planar imaging (EPI) sequence (repetition time
ms/echo time ms, 3750/50; field of view, 210x210 matrix, 64x64 voxels; pulse angle 90O;
30 transverse sections; slice thickness, 3 mm; intersection gap 0.75 mm). AC-PC line
was used for slice orientation. Additional high resolution SE 2D T1-weighted data were
acquired for all patients with the same FOV (with in plan resolution 0.82x0.82 mm),
thickness and intersection gap (with their heads in an unchanged position) for better
visualization of anatomy.
The functional MR imaging protocol was based on orally triggered silent word
generation (O-WG). A visually triggered silent sentence generation (V-SG) as well as
silent word generation (V-WG) was used on three patients. Prior to the fMRI scan,
patients were instructed and fully understood how to perform the tasks.
An fMRI block design was used. The task episode is 10 on, 10 off, 10 on, and 10 off
measurements. A total of 8 images were disregarded at the beginning and end of each
series for correcting physiological transition. As a result, N is 32 for statistical
consideration in post processing.
Data processing: data were processed using manufacturer’s software Syngo 2004A
(Siemens Germany). EPI data underwent motion correction, which proceeded with final
statistical analysis. The activated areas were identified using t-test method with threshold
set to 3.5, corresponding to P < 0.002. Single activated voxel is considered noise.
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3. Results
In addition to the commonly observed cortical activation in Broca’s and Wernicke’s
areas, we consistently noted activation in the supplementary motor area (SMA) for all 7
patients.
Compared with SMA associated with motor (hand) function, coined M-SMA, the LSMA is located anterior to M-SMA. It is estimated from the transverse images that the
whole strip extends approx.18.75 mm in the sagittal plane, which is similar to that of MSMA.

Figure 1. Language mapping (top panel) and motor mapping (bottom panel) fMRI of the same
subject (These are radiologic images, with left hemisphere represented on the right).
Top: L-SMA clusters shown on upper Left 2 - Left 6 images. Bottom: M-SMA shown on upper
Left 4-Left 6 and lower Left1 and Left 2 images. Note: The L-SMA clusters are located anterior to
those of M-SMA.
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Table 1
Distance between the L-SMA and the M-SMA measured along the midline of the
transverse images.
Subjects
distance (mm)
________________________________________________________________________
#1
19.0
#2
12.8
#3
12.2
#4
9.8
#5
10.7
#6
13.3
#7
N/A*
________________________________________________________________________
* Good language results with the L-SMA located in an analogous location to that of other
subjects, but without motor data for distance measurement.
4. Discussion
BOLD technique is a noninvasive technique that uses no exogenous contrast agents. As
it generates only very small signal changes between resting and activation states of the
brain, it is rather challenging in clinical practice. Nevertheless, we have shown that our
language mapping protocol is capable of obtaining activation maps adequate for language
lateralization and localization in the clinical setting. In addition we reported for the first
time that L-SMA activation is associated with language processing using our language
mapping protocol. Because the language function has a motor component, i.e.
tongue/face, it is reasonable to understand why the L-SMA was activated.
Although the subjects undergoing fMRI scans were non-vocal when performing WG
and SG tasks, the motor component (tongue/face) was evidently provoked. This
phenomenon is similar to the activation of motor cortex when subjects merely imagine
tapping the fingers against thumb.
The additional activation areas are a valuable bonus and add more weight to the
confidence level of the fMRI outcome. They can be viewed as internal reference signals
suggesting that the language tests were successful.
Because this report was a retrospective study on 7 clinical patients it cannot be used
to compare the tasks regarding number of activation pixels in L-SMA. A prospective
study is needed for further investigation.
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