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Objective: Schizophrenia has been re-
ported to be associated with altered local-
ization of regions responding to sound in
the auditory cortex, suggesting possible
cortical reorganization accompanying the
disorder, but it is not clear whether such
disturbances are present in any primary
sensory cortex other than the auditory.
This study examines magnetoencephalo-
graphic localization of field sources evoked
by tactile stimulation generated in area 3b
of the primary somatosensory cortex in
patients with schizophrenia compared
with normal subjects.

Method: A total of 29 subjects partici-
pated; 14 were patients with schizophre-
nia, and 15 were normal comparison sub-
jects. Equivalent current dipole generators
in both hemispheres were used to model

the sources of the 50-msec latency soma-
tosensory evoked field (M50) components
produced by contralateral tactile mechano-
receptor stimulation of the tip of the index
finger.

Results: Compared with normal subjects,
patients with schizophrenia demonstrated
reversed asymmetry (left anterior to right)
and relatively anterior and inferior dis-
placement of the M50 equivalent current
dipole location in the left hemisphere.

Conclusions: Cerebral lateralization and
localization of the M50 distinguished
patients with schizophrenia from normal
subjects. These findings suggest the possi-
bility of anatomical displacement and/or
disturbed organization of the primary
sensory cortex in schizophrenia.

(Am J Psychiatry 2003; 160:2148–2153)

When individuals listen to auditory stimuli such as
short tones, active regions of auditory cortex in the supe-
rior temporal gyri can be localized by magnetoencepha-
lography (MEG). Such regions most often demonstrate in-
terhemispheric asymmetry, being slightly farther anterior
in the right than in the left hemisphere. Many patients
with schizophrenia, however, fail to demonstrate such
asymmetry, showing activated sources that are either sym-
metrical or exhibit reversed asymmetry (1–5). This anom-
alous asymmetry does not appear to reflect abnormal
placement of Heschl’s gyri, which are normally lateralized
(right anterior to left) in subjects with and without schizo-
phrenia (6). Anomalous asymmetry has been reported for
evoked responses thought to be generated by both the sec-
ondary (4) and the primary (7) auditory cortex. It has been
suggested that such anomalous asymmetry may reflect
auditory cortical disorganization or reorganization that
may accompany schizophrenic disorders (6). In fact, inde-
pendent evidence exists for this in terms of apparently al-
tered tonotopic organization in the auditory cortex of pa-
tients with schizophrenia (8).

To our knowledge, however, possible disturbed asym-
metry in other primary sensory cortical regions in schizo-
phrenia has not been reported to date. In this study, we ex-
amine the relative locations associated with activation of
the somatosensory cortex in the left and right hemi-
spheres of normal subjects and patients with schizophre-

nia. For this purpose, we activated cutaneous mechano-
receptors in the pad of the index finger using a touch
stimulus and recorded magnetic evoked fields generated
in the contralateral primary somatosensory cortex in a
group of patients with schizophrenia and in a similar
group of normal subjects.

Method

Subject Selection

We studied 14 patients with schizophrenia (10 men) and 15
adult comparison subjects (seven men). In the schizophrenia
group, 11 patients were Caucasian, two were Hispanic, and one
had a mixed racial/ethnic heritage. In the comparison group, 14
subjects were Caucasian and one reported mixed racial/ethnic
heritage. All of the patients with schizophrenia were in outpatient
treatment, and all were medicated. Diagnosis was determined by
using the Structured Clinical Interview for DSM-IV (SCID) (9) and
a review of medical records. SCIDs were performed by two of us
(M.R. and J.C.). Exclusionary criteria included any medical illness
affecting CNS function, neurological disorder, history of head
trauma, and current substance abuse. Comparison subjects were
community volunteers recruited to participate in our neuroimag-
ing studies of psychosis. Comparison subjects met the same ex-
clusionary criteria, had no axis I disorder, and had no first-degree
relative with an axis I diagnosis.

All but one of the subjects were right-handed as determined by
the Annett Handedness Scale (10). After the procedures were fully
explained, written informed consent was obtained from all
subjects in accordance with the guidelines of the Colorado Multi-
ple Institutional Review Board. Thirteen of the 14 patients with
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schizophrenia were taking medications for which chlorpromazine
equivalency has been reported (11); their mean dose at the time of
study was 517.31 mg/day (SD=437.33). Seven patients with schizo-
phrenia were taking risperidone, three olanzapine, one haloperi-
dol, two clozapine, one fluphenazine, two perphenazine, four
benztropine, three lithium, one carbamazepine, and one clon-
azepam (some patients were taking more than one medication).
Demographic information for the subjects is given in Table 1.

Stimuli

A pressure pulse was presented to the volar distal phalanx of
the first digit by means of a 1-cm-diameter rubber bladder en-
cased in a plastic housing lightly taped to the finger (somatosen-
sory stimulator, 4-D Neuroimaging, San Diego, Calif.). The blad-
der was activated pneumatically through a 2-m length of 3-mm
polyurethane tubing. The valves and their custom-designed con-
trol electronics, interfaced to a personal computer parallel port,
were located outside the magnetically shielded room. Diaphragm
extension, duration, and initial displacement time were mea-
sured by attaching a small steel fragment to the center of a test
stimulator (13) and then measuring the magnetic signature of the
device with the neuromagnetometer. The time of onset of bladder
inflation was adjusted to correspond to time zero in the recording
window. Duration of stimulation was set to 200 msec. Stimuli
were repeated every 4 seconds, with a total of 200 trials recorded
and averaged from each hemisphere. Recordings were made from
the hemisphere contralateral to the hand stimulated.

MEG Recording

Magnetic field data were obtained with a 37-channel Magnes I
biomagnetometer (4-D Neuroimaging); concentric rings of first-
order axial gradiometers (coil diameter=2 cm, baseline=5 cm)
were used. Contralateral recordings were made with subjects
lying on a nonmagnetic bed. To maintain alertness during record-
ings, subjects were watching and listening to a self-selected
videotaped movie on a monitor about 4 m distant. Data were col-
lected by using a 16-bit analog-to-digital converter with a sam-
pling rate of 1041.7 Hz over a 250-msec window with a 50-msec
prestimulus period. Analog filters were set at 200 Hz low-pass and
1 Hz high-pass. The 4-D Neuroimaging Magnes SCP version 1.6
software package was used for all recordings. Fiducial points (left
and right preauricular points and the nasion) were digitized by
using the Polhemus 3SPACE (Colchester, Vt.) tracker.

Coil locations and orientations were then expressed in the co-
ordinate system defined as follows: Y axis along the line between
the preauricular points, positive to the left; X axis perpendicular

TABLE 1. Demographic Characteristics of 14 Patients With
Schizophrenia and 15 Normal Comparison Subjects

Characteristic

Patients With
Schizophrenia

Comparison 
Subjects Student’s 

t (df=27)Mean SD Mean SD
Age (years) 41.52 8.35 38.30 10.06 0.93
Education (years) 12.29 1.73 16.00 1.07 7.01*
Parental education 

(years) 14.29 2.14 14.29 2.62 1.11
Parental socioeconomic 

statusa 47.06 9.94 49.77 13.25 0.49
Handednessb 0.80 0.44 0.75 0.18 0.43
Age at onset (years) 21.50 5.08
Global Assessment of 

Functioning Scale 
score 48.21 16.48

a Hollingshead four-factor index score (12).
b Annett Handedness Scale score (10). All but one of the subjects

were right-handed.
*p<0.001.

FIGURE 1. Representative Left Hemisphere Field Wave-
forms Evoked by Tactile Stimulation, Field Topography,
and Current Estimated Location of the Equivalent Dipolea

a Top: time zero is the onset of diaphragm displacement. Center:
field topography is shown at a latency of 47 msec (red line in top
graph). Bottom: the equivalent current dipole estimated location
(white marker) is superimposed on a sagittal magnetic resonance
imaging slice for the same subject with a 95% confidence volume
(white circle).
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to the Y axis at the midpoint and contained in the plane formed
by the nasion and preauricular points; and Z axis perpendicular
to the same plane, starting at the midpoint and positive in the up-
ward direction. The instrument was typically positioned with the
center channel near an X coordinate of 1 cm and a Z coordinate of
8 to 9 cm. During recording, field topography was inspected on
the building average, and the component at about 50 msec after
stimulus delivery was required to have a balanced distribution
with roughly equal numbers of ingoing and outgoing field mea-
surements. If this condition was not met initially, the magnetom-
eter was repositioned and the recording repeated.

MEG Analysis

Following recording, the data files were converted to Scan
(NeuroSoft, Inc., El Paso, Tex.) 4.0 data format. Before averaging,
we visually edited epoch files trial by trial for eye-blink, head
movement, and other artifacts. There was no between-group dif-
ference in the number of trials rejected (for comparison subjects,
mean=24, and for patients with schizophrenia, mean=17) (F=
0.76, df=1, 27, p>0.35). Averaged data were digitally (forward-
backward Butterworth) low-pass filtered (24 dB/octave) at 50 Hz
and baseline-corrected to the mean of the prestimulus window.
Source localization analysis was performed across the poststimu-
lus window from 30 to 80 msec by using a single moving equiva-
lent current dipole in a conductive sphere model (14) and a slid-
ing 5-msec-wide time window at 1-msec increments for each
hemisphere. The mean B-field amplitude for each channel in the
5-msec window (starting 2.5 msec before and ending 2.5 msec af-
ter each time point) was computed by averaging the samples in
this interval.

Custom software (Megeeg) was used to solve the inverse prob-
lem at each time point. Megeeg provides 95% confidence inter-
vals and accounts for the fields associated with volume currents
(15). The source location estimates chosen for farther statistical
analysis were determined by using both dipole orientation and
goodness of fit calculated by dividing the root mean square of the
residual error by the root mean square of the data. Orientation
was computed as the inverse tangent of the ratio of the source
strength Z and X vectors, with the additional constraint that an-
gles are positive as the dipole rotates rearward, regardless of
hemisphere. Within the time window, the lowest fit (best good-
ness of fit) consistent with an orientation between 50° and 150°
(posteriorly directed) was selected. Examples of the M50 evoked
field component, associated field topography, and equivalent
current dipole location on a sagittal magnetic resonance imaging
slice are given in Figure 1.

Statistical Analysis

All statistical analyses were performed in Statistica 5.3 (Tulsa,
Okla.). Significance tests were two-tailed and evaluated for signif-
icance at 0.05 alpha. For analysis of variance (ANOVA) designs,
type III sums of squares were used. Differences between groups
on demographic variables (age, education, and handedness) were
examined with independent Student’s t tests.

The MEG source parameters (X, Y, Z, orientation, and source
strength), goodness of fit of the single equivalent current dipole
model, and source latency were then subjected to independent
two-by-two, mixed-model ANOVA evaluations, with group as a
between-subjects variable and hemisphere as a within-subjects
variable.

Results

Source Parameters

For the X coordinate location, the group main effect was
not significant (F=2.98, df=1, 27, p=0.10). The group-by-

hemisphere interaction term was significant, however, in-
dicating a difference between the groups that was more
prominent in the left hemisphere than the right (F=4.60,
df=1, 27, p<0.05). For the specific test of the source lateral-
ization hypothesis in the anterior-posterior X coordinate,
an asymmetry measure (right minus left X coordinate) was
employed as the dependent variable in an independent
Student’s t test. The asymmetry measure was significantly
different between the normal and schizophrenia groups
(t=2.14, df=27, p<0.05), suggesting differential lateraliza-
tion of the sources between the groups. Schematic side
and top-down views of the M50 source location estimate
are given in Figure 2.

For the Y coordinate location, there was a potential but
nonsignificant hemisphere main effect (F=2.99, df=1, 27,
p=0.10), suggesting that the left hemisphere sources for
both groups were more lateral in relation to the midline
than the right hemisphere sources. The group-by-hemi-
sphere interaction term was significant, however, indicat-
ing that the potential hemisphere difference in lateral
source location was true only for the schizophrenia group
(F=4.44, df=1, 27, p<0.05) (Figure 2).

For the Z coordinate location, only the group main ef-
fect term was significant (F=8.45, df=1, 27, p<0.008), sug-
gesting that the source locations for the comparison sub-
jects were located superior to those of the patients with
schizophrenia. There were no significant effects found for
the three remaining source measures (latency, orienta-
tion, and strength).

Discussion

These findings suggest not only anomalous (reversed)
asymmetry of touch-activated sources in the primary so-
matosensory cortex in patients with schizophrenia but
also a left-hemisphere relatively anterior and inferior dis-
placement of such activity in these patients. Thus, expla-
nations must be sought for both findings, and both ana-
tomical and functional domains should be considered.
The only previous MEG studies to our knowledge that de-
scribed evidence of altered somatosensory cortical asym-
metry in subjects with major mental illness used electrical
stimulation of the median nerve at the wrist (16, 17). These
reports described expected asymmetry (right anterior to
left) of M20 sources in control subjects (16) but reversed
asymmetry in subjects with schizoaffective disorder (17). A
similar study (18) reported evidence of normal asymmetry
in subjects with bipolar disorder who had not experienced
psychosis in the context of their illness but also reported
reversed asymmetry in subjects with bipolar disorder who
had experienced psychosis in the past but were not psy-
chotic at the time of recording. Electrical stimulation,
which although extremely short in duration (<1 msec) and
quite effective in eliciting a prominent contralateral M20
evoked response generated in area 3b of the postcentral
gyrus (19, 20), is nonetheless an unnatural stimulus in
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which the specific nerve fibers being stimulated cannot be
controlled and a large number of fibers from both superfi-
cial and deep receptors may be activated (21).

In this study, we chose instead to use a tactile stimulus
that is more specific in both the nature of the peripheral
receptors and in the somatosensory cortical region being
activated. This tactile response appears to be generated in
area 3b of the hand region on the postcentral gyrus in the
somatotopically organized primary somatosensory cortex
(22, 23) and most likely represents the activity of cutane-
ous mechanoreceptors of the single slowly adapting and
rapidly adapting Meissner corpuscle mechanoreceptive
afferent fibers (24). Several studies using a single equiva-
lent current dipole have uniformly estimated that source
activity of the M50 arises in S1 (25, 26). The intrinsic na-
ture of the stimulus results in a less precise repeatability of
stimulus onset (∼2 msec), and the 20-msec latency re-
sponse is often not observed. Rather, the predominant
evoked field response has a latency in the range of 46–101
msec (based on maximum amplitude) (27), with a source
orientation opposite that of the N20 (28).

Our findings would be compatible with anatomical dis-
placement of the S1 somatosensory cortex, which might
be anticipated to be associated with anatomical displace-
ment of the central sulcus as well as postcentral and pre-
central gyri. However, no evidence of that has yet been re-
ported in schizophrenia. One might ask, for example,
whether the relatively anterior displacement of soma-
tosensory sources could be related to a relative decrease in
frontal lobe volume, also reported in schizophrenia (29,
30). Again, we would expect evidence of gross neuroana-

tomically evident S1 displacement, which remains lack-
ing. We note, however, that the normal human brain ex-
hibits a counterclockwise “torque” in which right frontal
regions tend to extend farther anterior and to the left
(counterclockwise) and left posterior regions farther pos-
terior and to the right.

A recent meta-analysis (31) reported that torque ap-
pears to be one of the measures of brain asymmetry signif-
icantly diminished in patients with schizophrenia, which
Crow (32) suggested may be related to the gene protocad-
herin XY in the Xq21.3/Y region of homology in the X and
Y chromosomes in humans. Whether brain torque may re-
late in some way to asymmetry in somatosensory (or, for
that matter, auditory) laterality measures of sources of
cortical evoked fields remains to be determined, but it
would appear to be a testable hypothesis.

Sensory cortical reorganization accompanying schizo-
phrenia cannot be excluded as a contributory explana-
tion for our findings. Evidence of auditory cortical reorga-
nization in schizophrenia has been obtained on the basis
of MEG-based metrics (6). Somatosensory as well as pri-
mary motor cortical reorganization is known to occur in
the face of altered sensory input or experience (33–35),
and recent MEG findings (26) suggest that merely shifting
attention to cutaneous tactile receptors may result in
functional somatosensory cortical reorganization within
a matter of minutes.

A final alternative explanation might examine the fact
that cutaneous input is also directly addressed to the cau-
dal portion of the primary motor cortex (M1) in the precen-
tral gyrus (36). This raises the possibility that, for reasons

FIGURE 2. Estimated Locations of Equivalent Current Dipoles in the X-Z Plane and the X-Y Planea

a Shown in the X-Z plane (side view) and the X-Y plane (top-down view, on the right).
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yet unknown, such influences might be operative in an
altered manner in schizophrenia, resulting in an apparent
anterior displacement of M50 source estimates to motor
regions. Patients with schizophrenia have recently been
shown to demonstrate impaired control of smooth execu-
tion of certain motor functions involving the hand (37).
This finding is compatible with impairments in cortico-
cerebellar-thalamic circuits as discussed in theories
related to cognitive dysmetria in schizophrenia (38).
Whether altered (increased or dysregulated) somatosen-
sory input to motor cortex might be involved in such con-
ceptualizations remains to be determined.

All of our patients with schizophrenia were medicated,
and the possible influences from medication effects can-
not be determined definitely on the basis of our data. It is
well-known that antipsychotic agents and other psycho-
active agents can influence frequency and amplitude
measures of background, evoked EEG (39–41), and evoked
MEG (42–44) activity. Although amplitude and latency
measures can be affected, especially for later components,
there is at present no evidence that early primary cortical-
generated somatosensory responses can be affected by
medication in such a manner as we report. We found no
difference in estimated source strength between groups,
which might be expected to be the variable most sensitive
to medication effects.

In summary, these findings demonstrate apparent alter-
ations in estimates of tactile source location from the pri-
mary somatosensory cortex in patients with schizophre-
nia, raising the possibility of anatomical displacement
and/or disturbed organization of the primary sensory cor-
tex in this disorder.
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