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Abstract. Whole-head magnetoencephalography
(MEG) was employed to study the sources of activa-
tion evoked by both active tongue movement and
swallowing in five healthy subjects. Evoked magnetic
fields were adequately explained in both paradigms by
a time-varying single-dipole model which localized in
the tongue in all subjects. No additional brain sources
were detectable. Therefore, MEG detects fields asso-
ciated with tongue movement that best fit a single-
dipole source in the tongue. Future electrophys-
iological brain activation studies where tongue
movement is likely should be aware of this observa-
tion since the tongue behaves like a strong current
dipole.
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It has been shown that electrical stimulation of the
tongue evokes cortical potentials detected by both
electroencephalography [1] and magnetoencephalo-
graphy [2]. By comparison, it has been shown that
tactile stimulation of the tongue results in large arti-
facts in the recorded, cortically evoked potentials [3],
presumably because the associated tongue motion
generates shifts in the electrophysiological recording.
Furthermore, tongue movements during speech can
induce significant alterations in the measured pattern
of electroencephalography (EEG) that are unrelated
to cortical neural activity and may even mimic sources
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with asymmetric interhemisphere fields [4,5]. These
findings suggest that measurements of cortical po-
tentials associated with orofacial motor activities may
be subject to considerable signal artifact problems.
Despite these potential limitations, other studies have
reported that brain activity associated with active
tongue movement can be localized to the cortical
motor tongue area when implanted subdural elec-
trodes are used as the method of recording [6]. Thus,
in order to account for these conflicting observations,
we employed whole-head magnetoencephalography
(MEG) to study the sources of activation evoked by
active tongue movement with the aim of identifying
the locality of the major contributors.

Methods

Five healthy right-handed male subjects (3049 years old) partici-
pated in the study. Written informed consent was obtained from all
subjects in accordance with local ethical committee guidelines.
Magnetic brain responses were recorded (sample rate: 397 Hz,
bandpass filter: 0.03-130 Hz) using a Neuromag-122™ whole-head
neuromagnetometer (Neuromag, Helsinki, Finland) [7]. Neuromag-
122 contains 122 superconducting planar gradiometers that detect
the largest magnetic signal immediately over an active cortical area.
During each study, subjects had to press their tongue against the
hard palate every 10 s. As an additional condition, subjects swal-
lowed a 5-mL water bolus once every 10 s. Subjects were instructed
to inhibit jaw movements. For each condition, 100 epochs of 2-s
duration were averaged time-locked to the electromyography sig-
nal, recorded at the mylohyoid muscle (from —500 to 1500 ms). A
time-varying dipole model was fitted to explain the measured field
pattern [8]. Only dipoles accounting for more than 85% of the field
variance (goodness of fit) were accepted. Sources were then intro-
duced into a time-varying current dipole model where locations
and orientations of the dipoles were kept fixed but their amplitudes
were allowed to vary over time, thus yielding source strength
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Fig. 1. Magnetic field signal distribution due to tongue movement for
one subject over time (—500 to 1500 ms).

waveforms as a function of time. Before the recording, a head
position indicator with three coils was attached to the scalp to give
exact information of the location and orientation of the sensor
array with respect to the head. The sites of the coils with respect to
external anatomical landmarks (left and right preauricular points
and nasion) were determined with a 3-D digitizer (Isotrak 351002,
Polhemus Navigator Sciences, Colchester, UK), allowing realign-
ment of MEG data and structural magnetic resonance images in
the same coordinate system. For source localization, a spherical
head model was individually fitted to the previously acquired
magnetic resonance imaging whole-brain image (Siemens—Magne-
tom™-3D-Flash, Siemens, Erlangen, Germany) in each subject.

Results

Tongue movement evoked bilateral magnetic fields in
the first 500 ms starting with the muscle activity with
amplitudes about 250 fT/cm (Fig. 1). These evoked
fields were adequately explained by a time-varying
single-dipole model that was consistently localized to
the muscle of the tongue in all subjects (Fig. 2).
Analysis of the MEG data failed to identify any clear
or reliable cortical source occurring during the motor
task. This was mainly because the strong dipole
generator of the tongue was masking any cortically
generated fields.

As with the tongue condition, swallowing re-
sulted in bilateral evoked magnetic fields in the first
500 ms starting with the muscle activity, with amp-
litudes similar those associated with tongue move-
ments. Dipole modeling yielded an almost identical
fit, with the generator being the posterior tongue.
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Fig. 2. Time-varying single-dipole model and source localization after
active tongue movement for all five subjects. Top The dipole signal
strength (£250 nA) over time (—500 to 1500 ms) is shown (first curve)
next to the goodness of fit (0%—100%, second curve). Bottom
Localization of the source is shown rendered onto each MRI image, in
the sagittal plane. The evoked magnetic fields were adequately
explained by a time-varying single-dipole model consistently localized
to the muscle of the tongue in all subjects.

Discussion

Our study has shown that active tongue movement
will induce clear magnetic fields when measured using
whole-head MEG. The main source of the evoked
fields was, however, the tongue, there being no ad-
ditional brain sources overtly detectable. Our findings
indicate the significant difficulties may be encoun-
tered when MEG (and EEG-related) techniques are
used to explore relevant brain neural activity result-
ing from orofacial and swallow-related motor tasks.
In particular, caution must be applied when inter-
preting the patterns of fields generated, as in elec-
trophysiological studies of active tongue movement
[9] and oral reading [4,10-14]. The application of
skillful condition to control for such investigations,
e.g., additional silent reading when assessing verbal
reading [10,12], should be emphasized.

Ikeda et al. [6] recorded movement-related
potentials from subdural electrodes chronically im-
planted in the interhemispheric fissure of two
patients. He distinguished between ‘Bereitschafts-
potential” that preceded electromyogram onset and the
motor potential that started just at electromyogram
onset and peaked after onset of glossokinetic poten-
tials. Both potentials were localized in supplementary
motor areas. It is difficult to investigate motor po-
tentials using EEG or MEG techniques because of
myogenic artifacts produced by tongue movement [1].
Glossokinetic activity correlated significantly with
EEG signals at inferior frontal and precentral sites
[5]. In addition, a sharp distinction between pre-
movement and postmovement potentials is difficult
because, prior to a sharply defined electromyogram
burst, a lower-level slowly rising increment in electro-
myogram activity could be observed [15].



R. Loose et al.: MEG Associated with Tongue Movement

Our inability to detect any associated cerebral
activity during the tasks of active tongue movement or
swallowing can be attributed solely to the masking
effect of orofacial muscular EMG signals when re-
cording small fields using a very sensitive detection
system, such as MEG. Indeed, other studies using
complementary functional imaging modalities, such
as positron emission tomography and functional mag-
netic resonance imaging, have clearly demonstrated
that cortical and subcortical activation to both tongue
and swallow-related movements can be identified
[16,17]. Thus, at present, we would not recommend
the use of MEG to study similar motor tasks, as the
data is likely to be contaminated by noncortical sig-
nals. Future MEG studies using more sophisticated
analysis systems may concentrate on successful re-
moval of artifacts regarding tongue movements. As
cardiac artifact removal has been previously been
performed [18], tongue movement artifacts may also
be amenable to controlling paradigms.

In conclusion, MEG can detect fields associ-
ated with tongue movement that best fit a single-di-
pole source in the tongue. Future electrophysiological
brain activation studies in which tongue movement is
likely should be aware of problems with artifacts, as
the tongue will behave like a strong dipole.
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