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Abstract
Many studies have shown altered hemispheric asymmetry—particularly in perisylvian regions—in schizophrenia patients as well as in
individuals with dyslexia. Here we explore the similarity of these findings comparing the localization of the magnetic auditory N100m
to the German syllable [ba:] in schizophrenia patients, dyslexic adults, and healthy control subjects. Control subjects showed the typical
finding of more anterior sources in the right than in the left perisylvian region. In contrast, both schizophrenia patients and dyslexic
subjects displayed a symmetrical N100m source configuration. While in people with dyslexia the alteration appears to originate in the
right hemisphere, left-hemispheric deviations might contribute to reduced asymmetry in schizophrenia patients. Our results indicate that an
absence of lateralized auditory responses in the temporal lobes may reflect a common deviance present in dyslexia and schizophrenia. The
nonspecific finding of reduced cerebral laterality may be accounted for by population-specific differences in the functional organization of
perisylvian sites.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction
Neuroanatomical research indicates altered lateralization of the temporal plane in people with schizophrenia
(Sommer, Ramsey, Kahn, Aleman, & Bouma, 2001) and
dyslexia (Shapleske, Rossell, Woodruff, & David, 1999). In
both cases pre- or perinatal neurodevelopmental abnormalities are thought to lie at the core of the problem (Akbarian
et al., 1996; Galaburda, 1993).
Despite the obvious differences between the two disorders
some intriguing similarities have recently been reported. For
instance, an impaired perception of stop consonant-vowel
syllables as usually described for children with dyslexia
(Tallal, Merzenich, Miller, & Jenkins, 1998) has also been
observed in schizophrenia patients (Cienfuegos, March,
Shelley, & Javitt, 1999). In dyslexia, reduced amplitudes
of the electrophysiological mismatch negativity have often
been demonstrated and discussed as an index of impaired
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auditory processing (Kujala & Näätänen, 2001). Similarly,
smaller mismatch responses were recorded in schizophrenia patients in electroencephalographic (Javitt, Grochowski,
Shelley, & Ritter, 1998) as well as magnetoencephalographic
(MEG) studies (Kreitschmann-Andermahr et al., 1999).
A more basic index of adequate sensory registration
that is elicited by repetitive stimulation with simple tones
or syllables is the auditory N100 or its magnetic counterpart, the N100m. The N100m source is located more
anteriorly in the right than in the left hemisphere in most
normal right-handed individuals (Eulitz, Diesch, Pantev,
Hampson, & Elbert 1995; Ohtomo et al., 1998; Rockstroh
et al., 2001). Several studies showed a reduction or even reversal of this asymmetry in a high proportion of schizophrenia patients (Reite, Teale, Goldstein, Whalen, & Linnville,
1989; Rockstroh et al., 2001). In adults with dyslexia, Heim,
Eulitz, and Elbert (2003a) observed lessened interhemispheric asymmetry of N100m in response to the syllable
[ba:] due to an atypical source configuration in the right
perisylvian region.
The analogous findings in the two different disorders
give rise to questions about the underlying brain mechanisms. Recently, Crow (2000) has offered an account of
schizophrenia as linked to the language development in
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humans, which may provide a unified theoretical explanation for the similarity observed. According to Crow, reduced
cerebral lateralization of language fosters psychotic tendencies and thus developmental dyslexia with its altered hemispheric asymmetry might be a precursor for schizophrenia.
However, to date, there is a lack of direct comparisons concerning cerebral lateralization in both disorders. If there is,
in fact, a relationship between psychosis and impaired language development then similarities should be manifested
in basic parameters of functional neuroanatomy known to
be abnormal in these clinical populations. Here we compare
the source locations of auditory N100m elicited by the syllable [ba:] in two studies: one with schizophrenia patients
and the other with dyslexic adults.

2. Methods
In the first study (Rockstroh et al., 2001; hereafter termed
“schizophrenia study”), 16 inpatients (five females; mean
age 31.8 ± 6.2 years) with a diagnosis of either paranoid
or disorganized schizophrenia and 13 healthy control subjects (four females; mean age 30.8 ± 5.2 years) were tested.
Ten adult developmental dyslexics (four females; mean age
38.2 ± 12.5 years) and 10 normal controls (five females;
mean age 32.8±13.2 years) participated in the second study
(Heim et al., 2003a; hereafter termed “dyslexia study”). All
subjects were native speakers of German and had finished
the minimum of formal education (9 years in Germany). The
groups did not differ significantly in terms of age and handedness. All schizophrenia patients were under neuroleptic
medication. Dyslexic and control subjects were free of psychiatric disorders requiring consultation (present or past) and
any psychotropic medication. Participants had no history of
neurological disease and evidenced normal hearing thresholds. Informed consent was obtained from each subject (cf.
Declaration of Helsinki); all were paid for their participation.
In both experiments, magnetic brain activity in response
to the syllable [ba:] was recorded by means of a 148-channel
whole-head neuromagnetometer (BTi, MAGNES 2500TM ,
4D Neuroimaging, San Diego, CA, USA). The total stimulus
duration was 250 ms, stimulus intensity was at 60 dB sensation level. The schizophrenia study consisted of a passive
listening task. Series of syllables were presented through ear
tubes either to the subject’s left or right ear while resting in a
supine position. The intertrial interval (stimulus onset to onset) varied pseudorandomly from 2.7 to 3.3 s. In the dyslexia
study, passive listening to the standard syllable [ba:] (P =
0.8) was also required during an oddball paradigm. Syllables were delivered binaurally to seated participants with a
constant intertrial interval of 1 s.
While the schizophrenia study was designed to examine
solely the N100m component, the dyslexia study is part of
our ongoing work in which we are also interested in evaluating the mismatch field. To account for possible differences
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in task design, we compared N100m sources between the
controls of both studies (see also Sections 3 and 4).
For subjects of both studies, sources of the auditory neuronal activity were estimated by determining the equivalent
current dipole around the N100m root mean square maximum using 34–37 channels separately over the left and
right supratemporal cortices. The following constraints were
placed on the dipole fits a priori: (a) response peak within
the first 150 ms post-stimulus onset; (b) averages based at
least on 80 artifact-free trials (artifact rejection threshold:
signal variations >5 pT in the MEG or >120 V in the
electro-oculogram); (c) goodness of fit >90%; (d) distance
of equivalent current dipole to midsagittal plane >2.5 cm;
(e) inferior–superior value >3 and <8 cm; (f) equivalent
current dipole oriented downwards indexing the negativity
of the component. The confidence volume did not differ
between subject groups; the average value was 213.5 mm3 .

3. Results
In all participants the N100m component was evident
in the latency range between 80 and 145 ms after syllable
onset.2 Fig. 1 exemplifies magnetic waveforms and field distributions of N100m in individual subjects. At first glance
the field contours of the control and schizophrenia subject
look more alike than the contours of the particular control
and dyslexia subject. This may reflect differences in head
size or position, which can affect the amplitudes as depicted
in Fig. 1, but have no influence on source locations.
Source locations of N100m were compared in mixedmodel analyses of variance with group (schizophrenia,
dyslexic, control/schizophrenia study, control/dyslexia
study) as between-subjects factor and hemisphere (left,
right) as within-subjects factor.
Results revealed a significant group × hemisphere interaction for source localizations along the anterior–posterior
axis (F(3, 45) = 5.7, P < 0.01; see Fig. 2A and B). While
healthy subjects of both studies displayed the typical asymmetrical localization with more anterior N100m sources in
the right than in the left hemisphere, the clinical groups had
altered, more symmetrical source positions. In dyslexic subjects, deviances in laterality were associated with an atypical
source configuration in the right hemisphere (t18 = −2.2,
P < 0.05), whereas schizophrenia patients tended to show
left-hemisphere differences (t27 = −1.7, P < 0.1).
No differences in source positions along the medial–lateral
axis were observed (Fig. 2C). Analysis of the inferior–
superior coordinates yielded a significant group×hemisphere
interaction (F(3, 45) = 3.1, P < 0.05; see Fig. 2D).
However, clinical versus control group contrasts of
2 Since contralateral responses in participants of the schizophrenia study
were significantly faster than binaural responses in subjects of the dyslexia
study (F(3, 45) = 11.8, P < 0.001), ipsilateral data from the schizophrenia study were chosen for analysis (F(3, 45) = 0.4, P < 0.72).
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Fig. 1. Averaged neuromagnetic responses (overlay of all 148 channels) to the syllable [ba:] in an individual control subject, an individual schizophrenia
patient, and an individual dyslexic subject. Vertical lines indicate latencies following stimulus onset (bar) for the best dipole fit of N100m in each subject
(left). Corresponding isofield contour maps at the respective latencies of the component N100m. Solid contour lines depict the outgoing, the dashed lines
the ingoing magnetic field, and the thick solid line zero flux. The spacing of the contours is 10 ft. A1–A148 represent the channel numbers (right).
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Fig. 2. (A) Mean source locations of the N100m for participants of the schizophrenia study (red and orange) and dyslexia study (dark and light
blue) superimposed on an axial slice of the Montreal Brain. Source localizations along the posterior–anterior (B, see also A); medial–lateral (C); and
inferior–superior (D) axes. Note the atypical hemispheric asymmetry in both schizophrenia patients and dyslexic individuals on the posterior–anterior
plane (A and B). H. denotes hemisphere.

inferior–superior values within the studies did not reach
statistical significance.

4. Discussion
The current report targeted similarities and differences of
cerebral lateralization in schizophrenia and dyslexia. Using
magnetic source imaging, we evaluated the localizations of
the auditory N100m in response to the speech stimulus [ba:].
The two clinical groups failed to demonstrate the hemispheric asymmetry observed in healthy controls. While in
unimpaired individuals the N100m source was located more
anterior in the right perisylvian region than in the left, both
schizophrenia patients and dyslexic subjects showed symmetrical source positions between the hemispheres. However, the N100m tended to be localized more anteriorly in
schizophrenia patients than in dyslexic participants. Closer
inspection of the data revealed that in dyslexia, the deviation in cerebral lateralization was associated with an atypical source location in the right hemisphere, whereas in
schizophrenia patients a shift in left-hemisphere source configurations appears to contribute to the altered hemispheric
asymmetry.

The sources of the N100m, which is thought to index basic
sensory registration, have been localized to Heschl’s gyrus
and the planum temporale (Godey, Schwartz, de Graaf,
Chauvel, & Liegeois-Chauvel, 2001). The planum temporale is a triangular landmark situated on the supratemporal surface just posterior to the first Heschl’s gyrus,
inside the Sylvian fissure. The left planum coincides with
part of Wernicke’s speech comprehension area (Shapleske
et al., 1999). Large post-mortem studies (Geschwind &
Levitsky, 1968; Wada, Clarke, & Hamm, 1975) each including 100 normal adult brains found that it was symmetrically
sized between the hemispheres in 16%, whereas 10.5%
showed a rightward asymmetry and 73.5% a leftward. The
planum temporale is thought to be an important substrate
of left-hemispheric language lateralization (Geschwind &
Levitsky, 1968; Wada et al., 1975).
Our unimpaired subjects displayed the typical, across
experiments virtually identical right–left asymmetry of
N100m. This functional asymmetry has been discussed
against the background of two neuroanatomical hypotheses.
(i) Crow (1997) assumes that ‘cerebral torque’ results from
an anatomical asymmetry in the size of occipital structures,
causing a forward shift of the right-hemisphere temporal
lobe. (ii) According to Binder, Frost, Hammeke, Rao, and
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Cox (1996), larger frontal and peri-rolandic mass on the left
side pushes the point of upward deflection of the Sylvian
fissure posteriorly and tilts the planum temporale back.
Conversely, larger parietal cortex on the right side might
push the point of sylvian deflection anteriorly and tilt the
planum forward.
To what extent the more symmetrical organization in the
clinical populations is caused by such anatomical alterations
or rather functional deviances remains unclear at present.
Less N100m lateralization might reflect altered neuronal
morphology in temporal-plane sites of dyslexic individuals
(Galaburda, 1993). It is conceivable that based on these alterations other (right posterior) perisylvian regions become
involved in auditory processing. These substituted regions
may not perform the task as efficiently as a normally developed planum temporale would. A similar mechanism albeit
in the left hemisphere might be at work in schizophrenia.
Deviations in hemispheric asymmetry have often been
viewed as a consequence of genetic mechanisms in both
schizophrenia and dyslexia (Annett, 1998). Traditionally,
this account implies life-long stability of the trait in question. Several studies in animals and humans, however, have
demonstrated that central nervous system mechanisms can
be modified by experience (Elbert, Heim, & Rockstroh,
2001). Experience-related changes in auditory cortex appear in response to a heavy training schedule realized in
a behaviorally relevant context (Elbert & Heim, 2001).
Recently, Heim, Eulitz, and Elbert (2001) showed that
improvements in language-related tests following training
are mirrored in altered magnetic brain activity in children
with literacy problems. Although before intervention children revealed a predominantly right-hemisphere activation
pattern, post-training evaluations indicated left-lateralized
responses similar to those found in normally developing
age-mates. Similar results have been reported by Simos
et al. (2002). Such findings are promising as they indicate
that hemispheric balance in general can be affected by experiential factors. The importance of state variables paralleling
cerebral lateralization is also supported in schizophrenia
patients (Rockstroh et al., 2001). Rockstroh and colleagues
have previously shown that patients who had higher negative symptoms scores displayed decreased laterality indices
with respect to the magnitude of dipole activation around
100 ms after stimulus onset.
One limitation of the present report is that data from two
different studies were used. Therefore we compared source
localizations of N100m between the control groups of the
two studies. Results revealed that the striking similarities in
N100m sources across healthy subjects from both studies
justify the comparison: Localizations on the medial–lateral
plane did not differ at all either between unimpaired individuals or clinical groups. Importantly, no differences between healthy subjects from either study were observed on
the anterior–posterior plane, where differences between clinical and normal samples have previously been reported. Although source localizations in the inferior–superior direc-

tion varied across studies implying a certain influence of
task, there were no clinical-normative differences within the
studies regarding the parameter under consideration.
In future, studies involving larger sample sizes and allowing for the differential assessment of different subtypes
of both dyslexia and schizophrenia would be desirable. The
influence of handedness which was controlled for in the
current studies but which is generally an important factor
affecting brain lateralization (Annett, 1998) should also be
systematically assessed in both of the present disorders.
Finally, the possibility that several brain processes
contribute to the N100m peak (Reite, Teale, Rojas, &
McCormick, 2002) should be considered in future experiments. Conceivably, different subprocesses are disturbed in
various disorders.

5. Clinical implications
With its high temporal and spatial resolution, whole-head
MEG technique provides a sensitive tool for examining cerebral laterality in clinical as well as normal populations.
Moreover, MEG is non-invasive and unobtrusive, thus it is
well suited for studying people, who often have a prolonged
history of medical and psychological testing.
Environmental factors can influence functional brain architecture: training programs implemented in children with
literacy problems may be capable of altering cortical organization (Heim et al., 2001; Simos et al., 2002). The capacities and limits of intervention methods should be evaluated
in disorders encompassing the language domain regarding
both their behavioral and neural effects. In schizophrenia, the
possibility that symptomatic change is correlated with subtle alterations in cerebral laterality is worth exploring. Albeit
patterns of hemispheric asymmetry are assumed to be under
genetic control, there is growing evidence of state-dependent
variations in neuronal functioning (Elbert & Heim, 2001;
Elbert et al., 2001).
Although there are similar abnormalities in cerebral
lateralization, this does not necessarily imply a common
underlying mechanism of the two symptomatically so different disorders. While schizophrenia may well be related
to the human capacity for language as suggested by Crow
(2000) and evidenced by delayed language development in
a fair proportion of patients (DeLisi, 2001), identification
of the affected language domain is indispensable. Both
language problems and alterations in cerebral asymmetry could result from various, possibly unspecific reasons.
One promising approach to reveal differences in interhemispheric asymmetry is to directly compare brain responses
between schizophrenia patients and dyslexic individuals. Indeed, closer scrutiny of the present data suggests
population-specific patterns of alteration—predominantly
right-hemispheric in dyslexia, possibly left-hemispheric in
schizophrenia consistent with other reports (e.g., Heim,
Eulitz, & Elbert, 2003b; Reite et al., 1989). In order to
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enhance the clinical significance of findings as the present
one, it is crucial to uncover population-specific patterns of
cortical organization.
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