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Hearing Structural and functional asymmetries of the temporal lobe

Magnetoencephalogram  affect language development and may also play a role in a vari-

Auditory evoked magnetic ety of disorders, ranging from specific language impairment to
field schizophrenia. Whole-head neuromagnetometers allow the

Human auditory cortex noninvasive measurement of functional asymmetries since

activity from both hemispheres is recorded simultaneously. In
the present study, the location of the auditory cortices and
their responsiveness to pure tones was compared between
hemispheres in healthy human subjects. Data suggest a greater
contralateral than ipsilateral activation. In line with previous
findings, sources of responses for the right hemisphere seem to
be more anterior than for the left one.

introduction Heschl’s gyrus is considered the primary audi-
tory area. It extends in medial-posterior direc-

The region of the human auditory cortex tion on the surface of the supratemporal
has been defined by means of electrophysio- plane. Based on the study of a large number of
logical [Celesia, 1976] and cytoarchitectonic human brains, Campain and Minckler [1976]
[Galaburda and Sanides, 1980] studies of the reported that the configuration of Heschl's
human brain. Viewing the lateral surface of gyrus differed between hemispheres. Some ce-
the cortex, the auditory areas surround the rebral cortices contained double gyri on each
more posterior part of the Sylvian fissure. side, some two on the left and one on the right

Konstanze©Online-Publikations-Syste(KOPS)
URL: http://www.ub.uni-konstanz.de/kops/volltexte/2007/4382/
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-43821


http://content.karger.com/ProdukteDB/produkte.asp?Aktion=JournalHome&ProduktNr=224213
http://www.ub.uni-konstanz.de/kops/volltexte/2007/4382/
http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-43821

side, and some showed a reversed asymmetry.
The planum temporale is the area of the corti-
cal surface extending from the most posterior
aspect of Heschl’s gyrus along the lateral fis-
sure to the end point of the Sylvian fissure.
Geschwind and Levitsky [1968] demon-
strated that in humans the planum temporale
was significantly larger in the left hemisphere
than in the right. Furthermore, in right-
handed subjects the right temporal plane ex-
tends significantly more anterior than the left
temporal plane [Geschwind and Levitsky,
1968, Galaburda and LeMay, 1978; Hori,
1980].

Knowledge of the neuroanatomical asym-
metries is important whenever lateral asym-
metriesin the functional cortical organization
of the human auditory cortex are investigated.
One of the key principles in the assessment of
central nervous auditory function using be-
havioral tests is related to the lateralization of
the deficit, i.e. that damage to the auditory
cortex yields a deficit in the contralateral ear.
This view is supported by electrophysiological
evidence obtained from animal experiments
[Rosenzweig, 1951], by intracortical record-
ings from the auditory cortex in humans dur-
ing neurosurgical operations [Celesia, 1976],
by EEG [Butler et al., 1969] and by magne-
toencephalographic (MEG) measurements
[Pantev et al., 1986; Hoke, 1988; Maikeld,
1988; Mikeld and Hari, 1990]. In the nonin-
vasive EEG and MEG studies, determination
of the lateralization of auditory responses was
based upon the most prominent deflection of
the slow auditory evoked potential or field,
the NIm (M100), that evolves with a peak
latency of about 100 ms after stimulus onset
[for review see Hari, 1990]. The hemispheric
dominance in healthy normal human subjects
has not yet been studied in great detail, al-
though this information would be relevant
for an assessment of possible changes in this
measure under pathological conditions. There
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are, however, a few EEG and MEG studies of
auditory hemispheric dominance in normal
controls [Kaukoranta et al., 1987; Berg et al.,
1992, Levanen et al., 1996] and in patients
with temporal lobe lesions [Woods et al., 1987,
Scherg and von Cramon, 1990] and stroke
[Miikeld and Hari, 1992]. The electric dipole
modelling [Berg et al., 1992] confirmed the lat-
eral asymmetry in 23 out of 28 healthy con-
trols and in 17 out of 24 schizophrenic patients
such that N1m is centered more anteriorly on
the right than on the left side. It is currently a
matter of controversy whether or not schizo-
phrenic patients exhibit deviances in this lat-
erality measure [Rockstroh et al., 1997]. Reite
et al. [1989] reported that schizophrenic pa-
tients are less likely than normal controls to
show such hemispheric asymmetries.

The MEG studies cited above [Kaukoranta
et al., 1987; Levanen et al., 1996; Mikeld and
Hari, 1992; Reite et al., 1989] were performed
with one- or multichannel neuromagnetome-
ters that could measure responses from only
one hemisphere at a time. This is a serious
drawback, as the evoked brain activity then
depends on the repetition of measurements
and on variables such as vigilance and arousal,
while whole-head MEG systems allow the com-
parison of simultaneously measured responses
from both hemispheres and the evaluation of
laterality as a consequence of side of stimula-
tion. To our knowledge only two studies of
functional differences between the two audito-
ry cortices in normal human subjects are based
on whole-head neuromagnetic recordings: the
first [Mikeld et al., 1993] was carried out with
122 planar gradiometer channels, the second
[Nakasato et al., 1995] with 66 axial gradiome-
ter channels. The goal of the present study, per-
formed with 148 magnetometer channels cov-
ering the whole head, was to obtain data from
healthy human subjects about interhemispher-
ic differences and lateralization with respect to
the side of stimulation.



Methods

Auditory evoked magnetic responses to pure tones
were measured using a whole head neuromagnetomet-
er (Magnes 2500, BTi). Two female and 4 male sub-
Jects aged between 30 and 50 years (mean age 37 years)
with no history of otological or neurological disorders
participated in the study. A normal audiological status
was assured in that air conduction and bone conduc-
tion thresholds of no more than 10 dB hearing level in
the range from 250 to 8,000 Hz were allowed. All sub-
jects were right-handed according to the Edinburgh
handedness questionnaire [Oldfield, 1971]. Informed
consent was obtained from each subject after explain-
ing to her/him the nature of the study. Subjects were
paid for their participation. The data of 2 additional
subjects served as pilot investigations to test the new
measurement system and were not included in the sub-
sequent analyses.

Auditory stimuli comprised five different tone
bursts (duration 500 ms, 10-ms rise and fall time;
cosine slope) with frequencies of 250, 500, 1,000, 2,000
and 4,000 Hz. The slope was sufficiently steep to elicit a
prominent N1m component in the auditory evoked
field (AEF), but gradual enough to retain a narrow fre-
quency spectrum. Stimulus intensity was set to 60 dB
relative to the individual hearing threshold. The inter-
stimulus interval varied randomly between 2.7 and
3.3 5. For each of the five frequencies, 128 stimuli con-
stituted one train of stimuli. The series of five stimulus
blocks was delivered to the left and to the right ear, the
sequence of ears and frequencies varying pseudoran-
domly across subjects. The magnetically silent delivery
of the stimuli was realized by means of a special deliv-
ery system with speakers (compressor driver type) out-
side the magnetically shielded room and an echo-free
tone transmission through a plastic tube 6.3 m in length
and 16 mm in inner diameter into a silicon ear piece.
This system provided almost linear frequency charac-
teristics in the range between 200 and 4,000 Hz (devia-
tions less than 4 dB) [Pantev et al., 19911.

Auditory magnetic fields evoked by the different
stimuli were recorded simultaneously from the left and
the right hemispheres. The measuring surface of the
whole head sensor is helmet-shaped and covers the
entire cranium. An indent at the ears ensures patient
comfort, closer coil-to-head spacing and room for audi-
tory stimulus delivery. Within the whole head sensor
148 signal detectors (magnetometer-type) are arranged
in a uniformly distributed array spaced out 28 mm
apart. A supine measurement position was chosen as
being more comfortable and ensuring that the subject
did not move during the measurement. Special care

was taken to ensure that the subject’s head was posi-
tioned in the middle of the helmet. The stability of the
head-sensor position was controlled by repeated mea-
surement of the known positions of five indicator coils
fixed on the scalp. The subjects were instructed not to
move and to stay in a relaxed waking state during the
measurement. Compliance was verified by video-mon-
itoring throughout the measurement.

Stimulus-related epochs of 1,000 ms (including
prestimulus time of 200 ms) were recorded with a band-
width of 1-100 Hz and a sampling frequency of 387.5
Hz. The auditory event-related field (AEF) that was
submitted to source analysis resulted from an average of
approximately 128 stimulus epochs. Epochs contami-
nated by muscle or eye blink artifacts with amplitude
variations of more than 3 pT in any channel were auto-
matically rejected from the averaging procedure.

In order to compare these first measurements with
the BTi Magnes whole-head system with results ob-
tained from recordings with a limited number of chan-
nels over one hemisphere, a single equivalent current
dipole (ECD) in a best fitting local sphere was esti-
mated separately for the left and the right hemisphere
for each stimulus condition, although there is some
experimental evidence for two or more N1m equivalent
sources with different locations [Williamson et al.,
1991; Moran et al., 1993; Cansino et al., 1994]. Since
the AEF generated in the left and the right hemisphere
showed little overlap (fig. 1), it was feasible to select
subsets of about 40 channels that include the signal
from either the left or the right auditory areas for source
analysis. An ECD defined by dipole moment, orienta-
tion and space coordinates was calculated for each sam-
ple point. The location of the ECD was estimated in a
head-based coordinate system. The origin of this coor-
dinate system was set at the midpoint of the medial-
lateral axis (y axis) which joined the center points of the
entrance to the acoustic meatus of the left and the right
ears (positive towards the left ear). The posterior-ante-
rior axis (x axis) was oriented from the origin to the
nasion (positive towards the nasion) and the inferior-
superior axis (z axis) was perpendicular to the x-y plane
(positive towards the vertex). Further analyses of the
experimental data were concentrated on the major
component of the AEF, the N1m. Each N1m dipole
parameter was represented by the average of twelve
data points (30-ms interval) around the maximum of
the root mean square of the magnetic field calculated
across the respective subsets of channels. The calcu-
lated values were accepted for further analysis when
they satisfied the following source analysis and anatom-
ical requirements: (1) goodness of fit of the ECD model
to the measured field greater than 90%; (2) confidence
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Fig. 1. AEF of 1 subject across the sensor array elicited by right-ear tone burst stimulation
with a carrier frequency of 1,000 Hz and intensity of 60 dB SL.

volume less than 300 mm?; (3) range of the source coor-
dinates within the 300-ms interval of less than 2 cm; (4)
anterior-posterior value within +3 cm; medial-lateral
value (distance to the midsagittal plane) greater than
2.5 ¢cm, and inferior-superior value greater than 3 cm
and less than 8 cm. The individual median was calcu-
lated across those stimulation frequencies that met the
above-listed requirements. Thus, for each measure and
subject a score was obtained for the side of stimulation
(ipsi- and contralateral) and the two hemispheres (right
and left). The statistical analysis compared the effects
of side of stimulation and of hemisphere for the median
across frequencies. For this purpose, the calculated
three-dimensional dipole source focations, the dipole
moment q and the root mean square across channels
(rms) were submitted to analyses of variance (repeated
measurement) with the factors Side of Stimulation
(ipsi- vs. contralateral) and Hemisphere (left vs. right).
In addition, nonparametric one-sample sign tests were
performed comparing hemispheres (LH-RH) and ipsi-
and contralateral side of stimulation (I-C).
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Results

Figure 1 illustrates the AEF for 1 subject
across the sensor array elicited by right-ear
stimulation with the 1,000-Hz tone burst.
Over each of the hemispheres, a dipolar struc-
ture can be observed for the major AEF com-
ponent N1m. Closer inspection of the figure
reveals larger amplitudes over the left hemi-
sphere: The N1m amplitude (referred to pre-
stimulus baseline) is about 10% larger and the
N1m latency is about 6% shorter in the con-
tralateral left hemisphere than in the ipsilater-
al right hemisphere. The reversed asymmetry
was observed for left-ear stimulation.

An example of the source analysis based on
the data of the subject presented in figure 1 is
displayed in figure 2. In this case, the good-



Fig. 2. Example of the source analysis based on the data presented in figure 1. The sche-
matic representation in the center of the figure suggests the location of the equivalent source as
projected onto the lateral surface of the brain.

ness of fit for the analysis of the data from the
left hemisphere (right-ear stimulation) was
better than 95% for each of the five stimula-
tion frequencies. With increasing stimulus
frequency the determined source locations
shift primarily in medial but also somewhat in
anterior and inferior direction.

Statistical results of this study are summa-

rized in figure 3. Figure 3c is helpful to under-
stand the comparisons made with respect to
the side of stimulation and hemisphere. Both
the root mean square value of the measured
field strength (rms) and the absolute value of
the estimated dipole moment (q) are larger for
the contralateral hemisphere (main effect of
Side of Stimulation for rms: F(1,5)=16.8,p<

0.01; for gq: F(1,5) = 7.4, p < 0.05). The rms is
80 fT and gis 13 nA larger for contralateral as
compared to ipsilateral stimulation (fig. 3a,
b). There is virtually no rms difference be-
tween the left and the right hemispheres
(fig. 3a). In contrast, the dipole moment is
7 nA larger in the right hemisphere as com-
pared to the left hemisphere (fig. 3b; main
effect of Hemisphere, F(1,5) = 3.2, n.s.).

No significant differences were observed
for the spatial coordinates of the equivalent
source in the medial-lateral or in the inferior-
superior direction (fig. 3e, f), except the pro-
nounced tendency of the N1m sources to be
more medial in the left as compared to the
right hemisphere. In 5 of the 6 subjects, the
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Fig. 3. a, b Ipsilateral-contralateral (I-C) and left-right hemisphere (LH-RH) compari-
sons for the field strength and dipole moment. ¢ Schematic illustration of these comparisons.
d, e, fI-C and LH-RH differences for the spatial source coordinates.

N1m sources were 2-8 mm (median 4 mm)
more anterior on the right than on the left
side. One subject, however, showed a reversed
asymmetry of 2 mm (the main effect of Hemi-
sphere, with F(1,5) = 5.8, p = 0.06 is signifi-
cant only when a one-tailed test is assumed;
such an assumption is justified, as it was pre-
dicted on the basis of previous anatomical
and functional asymmetries). In all 6 subjects,
sources were somewhat more anterior for the
ipsi- than for the contralateral stimulation
(p < 0.05 for the sign test; fig. 3d). For the
cases where a complete data set was available,
this difference in right/left ear representation
could be observed for each of the single fre-
quencies.
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Discussion

The shorter latency (mean difference of
7 ms) of the contralateral N1m peak that we
have observed in this study is in line with pre-
vious results in single-hemisphere MEG stud-
ies [Elberling et al., 1980; Pantev et al., 1986;
Maikeld, 1988; Rogers et al., 1990] as well as
whole-head MEG [Mikeld et al., 1993; Na-
kasato et al., 1995]. This result corresponds to
the anatomical differences of the auditory as-
cending pathways, being shorter after the col-
liculi inferior on the contralateral than on the
ipsilateral side [Evans, 1982]. Also the signifi-
cantly larger rms field value to contralateral
stimulation confirms the findings of the stud-
ies cited above. A reasonable explanation of
this effect is that most of the fibers of the audi-



tory pathway are crossing to the contralater-
al side where a larger cortical response is
evoked. These findings are also consistent
with previous investigations based on source
modelling of EEG data: Scherg and von Cra-
mon [1986] report that the electrical dipole
source in the contralateral temporal lobe is
about 10% larger and develops earlier as com-
pared to the ipsilateral side.

The observed hemispheric asymmetry of
the N1m source location has also been re-
ported in EEG [Berget al., 1992] and in MEG
studies [Hoke, 1988; Mikeli et al., 1993; Na-
kasato et al., 1995]. In the majority of our sub-
jects, with one exception, the sources were
more anterior in the right hemisphere than in
the left hemisphere. The functional asymme-
try estimated in the MEG-source analysis cor-
relates with the anatomical asymmetry of the
human temporal lobe. The lateral part of
Heschl’s gyrus and the temporal plane, i.e. the
probable generator sites of the N1m [Liégeois-
Chauvel et al., 1994; Pantev et al., 1995], are
located more anteriorly on the right-hemi-
sphere for right-handed subjects [Geschwind

and Levitsky, 1968; Galaburda and LeMay,
1978].

The finding that the N1m sources were
located more anterior for the ipsi- than for
contralateral stimulation was unexpected.
The effect, although quite small, was observed
consistently in all of the subjects. It suggests
that the representations of the two different
basilar membranes occupy different portions
of auditory cortex, and may point towards an
alternating dominance of right and left ear
representation in the auditory cortical tono-
topic map, possibly comparable to the right
and left dominance columns in the visual sys-
tem. Although such a pattern was also found
for the different stimulation frequencies with-
in most of the subjects, the present data base
is too small to provide strong evidence for
such a speculation.
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