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Abstract
Studies of the location of somatosensory and auditory cortical responses have shown anomalous
hemispheric asymmetries in a variety of neurodevelopmental disorders. Although to date, abnormal
asymmetries in the somatosensory region have shown greater specificity being reported only in
psychotic adults. This study examines functional organization of somatosensory cortices using
magnetoencephalography in adolescents with childhood-onset psychotic disorders. Eighteen young
outpatients with history of psychotic illness and 15 healthy adolescents participated. Both groups
underwent stimulation of the index finger as magnetoencephalography was acquired from the
contralateral hemisphere. Neural generators of the M50 somatosensory response were modeled using
an equivalent current dipole for each hemisphere, and later investigated for systematic variation with
diagnosis. Consistent with adult psychosis data, adolescent patients showed hemispheric symmetry
in the anterior-posterior dimension. In controls, a reversed pattern of hemispheric asymmetry was
observed relative to previous findings in normal adults (Reite et al., 2003), but trend-level correlations
suggested source location became more adult-like during transition from adolescence to adulthood.
Source parameters also exhibited robust inter-hemispheric correlations only in adolescent controls.
In sum, source locations, patterns of cerebral lateralization, and inter-hemispheric correlations all
distinguish patients from their normally developing cohort. These findings suggest aberrant
maturation underlies the reduction in cerebral laterality associated with psychosis.
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1. Introduction
Magnetoencephalography (MEG) studies have repeatedly shown the location of auditory
cortical responses to be abnormal in both children and adults diagnosed with distinct
neurodevelopmental disorders (Reite et al., 1989,1997;Rojas et al., 1997,2001;Teale et al.,
2000;Rockstroh et al., 2001;Heim et al., 2003a,2003b,2004;Paul et al., 2006). In normal
participants, auditory responses most often exhibit inter-hemispheric asymmetry, being further
anterior in the right relative to left hemisphere. However, in adults with fragile X syndrome
(Rojas et al., 2001), schizophreniform disorders (Reite et al., 1989,1997;Hajek et al.,
1997a;Rojas et al., 1997;Tiihonen et al., 1998;Teale et al., 2000;Rockstroh et al., 2001), or
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developmental dyslexia (Heim et al., 2003a,2004) such activated cortical areas fail to exhibit
this asymmetry, being either asymmetrically reversed (left anterior to right) or statistically
symmetrical. Beyond the auditory cortex, several studies have reported similar findings for the
somatosensory region in patients with schizophreniform or mood-related psychosis. The
somatosensory strip also follows a right anterior to left functional asymmetry in normal adults
(Wikstrom et al., 1997), yet MEG studies have shown adults with psychosis exhibit reversed
asymmetry reminiscent of the disorganization observed in auditory cortices of comparable
patients (Reite et al., 1999a,1999b,2003).

Interestingly, previous investigations have shown aberrant somatosensory organization in
adults with schizoaffective disorder (Reite et al., 1999b), schizophrenia (Reite et al., 2003),
and psychotic but not non-psychotic mood disorders (Reite et al., 1999a). In fact, to date,
positive findings in other psychiatric conditions not accompanied by psychosis have not been
reported, which could indicate a greater degree of diagnostic specificity than that observed in
the auditory system or merely a paucity of applicable studies. In addition, there are currently
no published reports investigating such variables in healthy adolescents, nor those with earlier-
onset psychoses (i.e., < 13 years of age at onset). Thus, whether normal patterns of asymmetry
(right anterior to left) will be observed in younger participants remains to be demonstrated, as
does the potential connection between psychoses with early-onset and anomalous functional
asymmetry in somatosensory cortices.

A variety of neuronal metrics have indicated normal patterns of adult asymmetry may not be
fully developed until late adolescence or even early adulthood. For example, it is well
appreciated that the latency of both auditory and visual cortical responses change as a function
of development (Auditory: Tonnquist-Uhlen et al., 1995;Rojas et al., 1998; Visual: Crognale
et al., 2001), and recently hemispheric asymmetries have been discerned with this index. Gage
and colleagues (2003) reported the maturation–mediated decrease in M100 peak latency, for
auditory responses, decreases on a sharper slope in the dominant hemisphere relative to the
non-dominant hemisphere from 8- to 16-years of age. Additionally, there is an EEG study using
the indexes of intra-hemispheric phase and coherence in a large sample containing infants
through young adults, which clearly demonstrated the two cerebral hemispheres normally
develop along similar overall trajectories, but with different postnatal onset times and at distinct
maturational rates (Thatcher et al., 1987). Recent investigations of structural maturation have
been largely consistent with these physiological observations. Several studies have indicated
most brain regions exhibit a progressive age-related reduction in gray matter density or
thickness throughout adolescence (Sowell et al., 2003,2004;Giedd et al., 2004;Gogtay et al.,
2004), which apparently follows an asymmetrical course with neural areas of the dominant
hemisphere developing before their non-dominant homologues (Gogtay et al., 2004). In light
of these findings, an examination of functional asymmetries in the healthy and diseased
adolescent brain may enhance the field’s understanding of anomalous asymmetry patterns
observed in psychotic adults.

In the current study, an innocuous tactile stimulus was used to elicit M50 neuromagnetic
responses from the somatosensory cortices in a group of normal adolescents and a group with
early-onset psychoses, comprised of both schizophreniform and psychotic mood disorders. The
tactile response evoked through this procedure appears to be generated in the hand region of
the primary-somatosensory cortex (i.e., area 3b of the postcentral gyrus; Kakigi et al.,
2000;Hoechstetter et al., 2001), and prior MEG studies utilizing the single equivalent-current-
dipole (ECD) model have uniformly estimated the M50 source as somatotopically-organized
S1 cortices (Yang et al., 1993;Iguchi et al., 2001). Primary comparisons were between the
larger psychotic group, including both schizophreniform and mood related psychoses, and a
matched-sample of never mentally ill adolescents. Comparing across specific diagnoses is
justified in the sense that there are likely biological markers shared in common among specific
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manifestations of psychosis which relate more directly to psychosis (e.g., positive symptoms)
than to other phenotypes (e.g., negative symptoms, mood instability), and prior studies in adults
have suggested somatosensory cortical asymmetries may more closely approximate this type
of marker. Indeed, as noted above, these studies have shown normal patterns of somatosensory
asymmetry in non-psychotic mood disorder patients, along with similarly anomalous patterns
in those with schizophreniform or mood-related psychosis (Reite et al., 1999a,1999b,2003).
Other evidence has indicated particular delays in motor, linguistic, and social development
may hold some predictive capacity for the incidence of (non-specific) psychoses later in life
(Sigurdsson et al., 1999;Isohanni et al., 2001). Nevertheless, in addition to main comparisons,
preliminary contrasts were performed between mood related and schizophreniform psychoses.

In healthy adolescents we hypothesized MEG source parameters of peak latency and strength
to correlate strongly between the two hemispheres, and for parameter means to more closely
approximate adult patterns in the left hemisphere. On the contrary, the coordination between
right- and left-hemispheric developmental processes may be reduced or even disengaged in
early-onset psychosis, as such an anomalous pattern of maturation could underlie the
association between delayed cerebral dominance and later incidence of psychosis (Crow et al.,
1996). Accordingly, in psychotic adolescents these source parameters were expected to be less
correlated between the hemispheres, thereby suggesting a lack of coordinated developmental
processes. In regard to hemispheric asymmetries in source location, M50 generators were
hypothesized to be more symmetrical in adolescents with psychosis relative to matched
controls (i.e., asymmetry patterns reminiscent of those observed in adult studies).

2. Methods and materials
2.1. Subjects

Eighteen adolescents with psychosis (10 male) and 15 age- and education-matched comparison
subjects (10 male) were studied. All subjects were right-handed as determined by the Annett
Handedness Scale (Annett, 1985). Additional demographic information is provided in Table
1. Of the 18 patients, eight were diagnosed with a psychotic mood disorder (Bipolar I Disorder
with psychotic features (n = 7); Major Depressive Disorder with psychotic features (n = 1)),
and the remaining 10 had a schizophreniform disorder (Schizophrenia (n = 7);
Schizophreniform (n = 1); Schizoaffective (n = 1); Psychosis NOS (n = 1)). All patients were
in outpatient treatment, medicated, and referred by their doctor. Seventeen of the 18 patients
were taking medications for which chlorpromazine equivalency has been reported (Centorrino
et al., 2002a;Woods, 2003), and all were taking multiple medications at the time of study (see
Supplementary Materials). Upon entrance into this study, all participants in the psychotic group
were re-diagnosed using the Schedule for Affective Disorders and Schizophrenia for School-
Age Children – Present and Lifetime Version (K-SADS-PL; Kaufman et al., 1997), and a
review of medical records. Exclusionary criteria included any medical illness affecting CNS
function, confounding/dual diagnoses, neurological disorder, history of head trauma, and
current substance abuse. Comparison subjects met the same exclusionary criteria, but had no
personal or first-degree family history of an Axis I diagnosis. All control participants were
recruited from the community and evaluated upon enrollment using the K-SADS-PL. Informed
consent was obtained in accord with the guidelines of the Colorado Multiple Institutional
Review Board.

2.2. Stimuli
A single pneumatic pressure pulse was presented to the volar distal phalanx of the first digit
by means of a 1-cm-diameter rubber bladder encased in plastic housing lightly taped to the
finger (4-D Neuroimaging, San Diego, CA, USA). The duration of a single stimulation was
200 ms with a constant inter-stimulus-interval of 1 s. For each hemisphere, at least 1000 trials
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were collected. The time of bladder inflation onset was adjusted to correspond to time zero in
the recording window, and all recordings were made from the hemisphere contralateral to the
hand stimulated.

2.3. MEG recordings
Magnetic field data were obtained with a 37-channel Magnes I biomagnetometer (4-D
Neuroimaging), which was equipped with concentric rings of first-order axial gradiometers
(coil diameter = 2 cm, baseline = 5 cm). Contralateral recordings were made with subjects
lying on a nonmagnetic bed within the magnetically-shielded room. To maintain alertness
during recordings, all subjects watched a self-selected movie on a monitor about 4 m distant.
Data were collected over a 250 ms window, including a 50 ms pre-stimulus period, using a 16-
bit analog-to-digital converter with a sampling rate of 1041.7 Hz. Analog filters were set at
200 Hz low-pass and 1 Hz high-pass during all data acquisitions. The Magnes SCP software
(Version 1.6) was used for all recordings, and the three fiducial points were determined using
a Polhemus 3SPACE digitizer (Colchester, VT, USA).

Coil locations and orientations were then expressed in the coordinate system defined as follows:
Y-axis along the line between the preauricular points with positive to the left, X-axis
perpendicular to the Y-axis at the midpoint with positive values toward the nasion, and Z-axis
perpendicular to the same plane with positive values starting at the midpoint and proceeding
in the upward direction. To precisely position the instrument for recording, the field topography
was inspected using the building average and the 50 ms post-stimulus component was required
to have a balanced distribution with equal numbers of ingoing and outgoing field measurements
across the array. If this condition was not initially met, the magnetometer was repositioned and
the recording repeated.

2.4. MEG analysis
Following MEG acquisition, all data files were visually edited trial-by-trial for eye-blink, head
movement, and other artifacts before averaging using the Scan 4.0 software (NeuroSoft, Inc.,
El Paso, TX, USA). The artifact-free epochs were averaged separately for each hemisphere to
enhance the signal-to-noise ratio. After averaging, all data files were baseline-corrected to the
mean of the pre-stimulus window, and digitally low-pass filtered at 50 Hz using a zero-phase
shift Butterworth filter (roll-off: 24 dB/octave). For signal analyses involving localization of
current sources, the conductive geometry of the head must be approximated with some form
of model. Prior studies have indicated using generic spherically symmetric conductor models
does not significantly affect localization results or 95% confidence volumes (Teale et al.,
2002). Therefore, these methods were used to calculate the overall dimensions of best-fit
generic spherical models for each hemisphere, which were used for the localization of neuronal
generators. Each spherical model was coregistered with a reconstructed skin-scalp model based
on the Montreal-standard MRI volume. For some subjects, anatomical MRIs were available
allowing localization results to also be visualized using the actual reconstructed skin-scalp
volume.

The procedure for source localization utilized a temporal window between 30-80 ms post-
stimulus onset, which was defined uniquely for each hemisphere and subject. Each temporal
window included only contiguous data points in which the global field power (GFP)
measurement remained at or above 50% of its maximum. The raw GFP is the sum of squares
of the magnetic measurements over all sensors for each data point in the averaged epoch, and
is calculated independently for each hemisphere and subject. Once this window was identified,
the entire sensor array and the Downhill-Simplex optimization algorithm (with five simplex
turns) were used to perform a spatiotemporal single-dipole fit on the averaged data for each
hemisphere. To be accepted as reliable, the resulting ECD solution had to meet the 0.90
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goodness-of-fit (GOF) criterion for all data points within the fit-interval. The fitting interval
duration did not differ between hemispheres across the sample, t(32) = 1.04 (P = 0.31), and
hemispheric effects as a function of group were also insignificant (see Table 1). The Brain
Electrical Source Analysis software (BESA 5.0.6; MEGIS Software GmbH, Germany) was
used for all MEG source modeling procedures and GFP calculations.

2.5. Statistical analysis
All statistical analyses used SPSS for Windows (Release 11.0.1). Significance tests were two-
tailed and evaluated at 0.05 alpha. Type III sums of squares were used for ANOVA models.
Group differences on demographic variables were examined through independent Student’s t-
tests. For each MEG source, the coordinates (X, Y, and Z), strength, GOF, and peak-latency
were all subjected to independent 2 × 2 mixed-model ANOVA designs, with group as a
between-subjects variable and hemisphere as a within-subjects variable. Asymmetry indices
were also calculated for direct evaluation of differential source lateralization between groups.
For the anterior-posterior (X-coordinate) and superior-inferior (Z-coordinate) planes, the left
hemispheric coordinate (i.e., X or Z) was subtracted from that of the right to derive an
asymmetry index for each plane per subject. For the medial-lateral plane, the right hemispheric
Y-coordinate was added to that of the left (within-subject). Lastly, Pearson-correlation
coefficients were used to assess age and inter-hemispheric relationships on source parameters
of location, latency, and amplitude.

3. Results
To ensure comparing across different psychoses was justified, preliminary comparisons were
performed using all variables and independent t-tests. Results indicated the two psychoses
subgroups did not significantly (P > 0.05, uncorrected) differ on any demographic or neural
variables, thus collapsing specific diagnoses is reasonable in this group. See Table 1 for
descriptive statistics of the psychoses subgroups and controls.

3.1. Source parameters
The main effect of hemisphere for the X-coordinate location (anterior-posterior plane) was
significant F(1,31) = 14.79 (P < 0.01), and descriptive statistics indicated left hemispheric
sources were more anterior than right hemispheric sources in both groups. However, the group-
by-hemisphere interaction term was also significant F(1,31) = 4.25 (P < 0.05), and follow-up
t-tests illuminated X-coordinate locations for the right hemisphere were significantly anterior
in patients relative to controls, t(31) = 2.11 (P < 0.05), along with no reliable group difference
for left hemispheric locations (P > 0.25). To specifically address hemispheric asymmetry, an
independent samples t-test was performed using the X-coordinate asymmetry index of each
participant, and this measure significantly differed suggesting differential lateralization of
sources between groups, t(31) = 2.06 (P < 0.05). In short, a hemispheric asymmetry in the
anterior-posterior plane was present only in controls, t(14) = 4.46 (P < 0.001), with the patient
data indicating sources were more-or-less symmetrical in this dimension, t(17) = 1.23 (P =
0.24). Figure 1 depicts examples of these asymmetry patterns with localization results from a
representative control (A) and patient (C), as well as profile plots (B) of mean X-coordinate
locations for each hemisphere per group. As for the Y- and Z-coordinate locations, main effects,
interaction effects, and asymmetry indexes were all insignificant. There were also no
significant effects for the measures of latency, GOF, or amplitude.

To assess age-related developmental trends, Pearson-correlation coefficients were computed
for each group using subject age and X-coordinate source location per hemisphere. Results
indicated a trend-level effect for the left hemisphere in controls, with locations tending to be
more posterior in older adolescents, r(15) = -0.36 (P < 0.10). In contrast, there was no
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distinguishable relationship between age and right hemisphere X-coordinate in controls (r(15)
= -0.11 (P > 0.25)), or any association between age and either hemisphere in patients (left: r
(18) = 0.11 (P > 0.25); right: r(18) = 0.14 (P > 0.25)). In sum, the only developmental marker
for lateralization was a posterior shift for sources in the left hemisphere, and this trend was
only detected in normal adolescents.

Lastly, the coordination of right- and left-hemispheric developmental processes was assessed
by computing Pearson-correlation coefficients for the two hemispheres using peak latency and
source amplitude. In controls, results indicated strong positive correlations for peak latency, r
(15) = 0.588 (P < 0.01), and source amplitude, r(15) = 0.41 (P < 0.05). Conversely, neither
peak latency, r(18) = 0.04 (P > 0.25), or source amplitude, r(18) = 0.13 (P > 0.25)), showed
an inter-hemispheric association in patients, which suggests the cerebral hemispheres develop
more-or-less along parallel paths only in adolescent controls.

4. Discussion
This study investigated the spatiotemporal dynamics of somatosensory cortical responses in a
group of healthy adolescents, and a matched-sample with psychosis. Results showed the
latency of these cortical responses were similar to adult findings (Reite et al., 2003), and that
latency does not distinguish adolescent patients from controls. Conversely, the localization
results suggested significant departure from observations in healthy adults (Reite et al.,
1999a,1999b,2003), as adolescent controls displayed a reversed pattern of left anterior to right
hemispheric asymmetry. Meanwhile, in adolescent patients, the localization finding of
statistical symmetry in the axial plane agreed with previous reports indicating adults with
neurodevelopmental disorders exhibit either revered hemispheric asymmetry, or an overall
lack of hemispheric asymmetry in modality-specific cortices (Reite et al., 1989,1997,1999a,
1999b,2003;Tiihonen et al., 1998;Teale et al., 2000,2003;Rockstroh et al., 2001;Rojas et al.,
2001,2002;Heim et al., 2003a,2004). Below, the implications of these findings for the potential
specificity of abnormal somatosensory asymmetries are discussed, with especial regard to
maturational processes of the region in both health and disease.

This is the first report to our knowledge on somatosensory organization during adolescence,
and the results suggest that the functional organization of this region, like the auditory cortex,
differs with mental health status and possibly with age. Considering previous adult findings
(Reite et al., 2003), the reversed pattern of functional asymmetry in healthy adolescents was
contrary to expectations. Reite et al. (2003) utilized the same MEG instrument, recording
parameters, experimental stimuli, and presentation procedures as the present study. Therefore,
data between these studies should have been closely comparable, and a replication of the adult
findings was predicted. For the left hemisphere, this prediction was mostly accurate as the
mean anterior-posterior coordinate in these adolescents was only 3 mm anterior from that
observed in healthy adults (Reite et al., 2003). This difference is within the error range of MEG
source localization and is easily attributable to the random noise inherent in all functional brain
measurements. Furthermore, a trend suggesting left-hemispheric generators moving more
posterior with age was detected in healthy adolescents, which would be expected given the
adult data and could indicate these adolescents will ultimately exhibit sources more posterior
then those observed in comparable adults (Reite et al., 2003). Mean M50 generators of the right
hemisphere were much less congruent, however, being almost a full centimeter posterior in
healthy adolescents compared to their adult counterparts (Reite et al., 2003). These results
could reflect a temporal lag in maturation of the non-dominant hemisphere (see Gage et al.,
2003;Gogtay et al., 2004), and older adolescents may have shown more adult-like locations or
the emergence of a source location and age correlation.
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By comparison, the early-onset psychosis group exhibited a pattern of functional hemispheric
asymmetry largely matching that predicted, being statistically symmetrical in the anterior-
posterior plane. This finding corroborates many previous studies demonstrating altered patterns
of hemispheric symmetry or asymmetry in auditory (Reite et al., 1989,1997;Hajek et al.,
1997a;Tiihonen et al., 1998;Teale et al., 2000,2003;Rockstroh et al., 2001;Rojas et al., 2001,
2002;Heim et al., 2003a,2004) and somatosensory regions (Reite et al., 1999a,1999b,2003) of
patients diagnosed with various neurodevelopmental disorders. Interestingly, such aberrations
in somatosensory cortices may show greater diagnostic specificity than those observed in
auditory areas. As mentioned in the introduction, current data suggests abnormalities in
auditory organization are found across a host of different disorders (e.g., developmental
dyslexia, fragile X syndrome, and others), whereas those associated with somatosensory
regions are only observed in patients with psychotic disorders. In fact, even in patients with
the same basic diagnosis (i.e., bipolar I disorder), Reite et al. (1999a) demonstrated only those
with psychosis exhibited anomalous asymmetry in this neural region, as patients without
psychotic features showed normal right anterior to left asymmetry in somatosensory cortices.
Thus, the current results extend these data by establishing abnormal somatosensory asymmetry
is present in adolescents with psychosis, and also support the notion that this measure may be
useful as a biological marker for psychosis. However, before this asymmetry index can be
considered a sensible marker, negative findings in patients with other psychiatric illnesses will
need to be reported, as it is currently unclear whether somatosensory asymmetries have been
as widely examined as those of the auditory region. Longitudinal studies will also be necessary
to map the developmental course of this potential marker. Such studies are especially important
given the current findings in young controls, as well as the recent structural data indicating
extensive cortical and ventricular changes during adolescence (Frazier et al., 1996;Rapoport
et al., 1997;James et al., 1999;Thompson et al., 2001;Gogtay et al., 2004;Sowell et al., 2004).
Potentially, such structural changes could differentially modulate asymmetry indexes in cases
of normal versus aberrant neurodevelopment.

A variety of behavioral measures have shown a reduction in cerebral laterality is strongly
associated with psychotic and non-psychotic neurodevelopmental disorders (e.g., Gur,
1977;Richardson, 1994;Crow et al., 1996;Mitchell and Crow, 2005). However, to date, the
genes involved, their active time courses and detrimental effects on observable neurobiology
(if any) remain grossly underspecified. Several normative studies have suggested cortical
development follows a progressive cycle that largely unfolds during late childhood and
throughout adolescence (Sowell et al., 2003,2004;Giedd et al., 2004;Gogtay et al., 2004). This
cycle entails a prominent focus on maturation in the dominant hemisphere, which later expands
to homologue areas of the non-dominant hemisphere. The only comparable data involving
abnormal neurodevelopment showed accelerated right-hemispheric maturation during late
childhood, with cortical development becoming more bilaterally equivalent as the group with
psychosis approached young adulthood (Thompson et al., 2001). Thus, in these patients, the
normal sequential progression of hemispheric maturation was seemingly disturbed. Results
indicating aberrant functional hemispheric asymmetries in adolescent and adult psychosis
could therefore be a corollary of subtle structural differences in cortical circuitry. If so, this
would at least partially explain why only adolescent controls exhibited strong inter-hemispheric
correlations on the source parameters of amplitude and latency. These correlations likely
indicate that in normal development, systematic relations exist in the volume (i.e. source
amplitude) and latency of somatosensory responses amongst the cerebral hemispheres.
Potentially, these inter-hemispheric correlations reflect bilateral coordination of cortical
maturation in sensorimotor cortices. Conversely, a lack of such correlations, as exhibited in
the early-onset psychosis group, may indicate the cerebral hemispheres are developing along
more independent trajectories. It is possible that such coordination problems are associated
with the prominent sensorimotor deficits observed during soft neurological examinations in
adults and adolescents with psychotic illnesses (Heinrichs and Buchanan, 1988;Karp et al.,
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2001;Negash et al., 2004), but this speculation will need to be directly examined by comparing
neurobehavioral data to the functional imaging results of future studies.

Prior studies have shown later latencies for auditory cortical responses in healthy adolescence
relative to adulthood (Rojas et al., 1998;Gage et al., 2003), and similar although truncated
results were expected for somatosensory cortices due to earlier structural maturation in this
region (Sowell et al., 2003;Giedd, 2004). Thus, the age-mediated latency effects of auditory
cortex were expected to be reduced or absent in somatosensory cortices, and this was supported
by the current observations. Lastly, in agreement with adult studies (Reite et al., 1999a,
1999b,2003), the latency of adolescent somatosensory responses did not exhibit a significant
relationship to psychosis.

Finally, it is important to recognize some of the limitations of the present work. First, the early-
onset psychosis patients were all medicated and the possible influence of medication effects
cannot be definitely determined from available data. It is well-appreciated that antipsychotic
and other psychoactive agents can influence the frequency and amplitude composition of both
spontaneous and evoked EEG and MEG activity (Roemer and Shagass, 1990;Czobor and
Volavka, 1993;Canive et al., 1998;Sperling et al., 1999;Rosburg et al., 2000;Centorrino et al.,
2002b). Although these signal parameters can be affected, especially for long-latency
components, there is currently no evidence that early somatosensory responses can be
influenced by medication in a way that could account for the present results. In addition,
estimated source strength differences were not detected between groups, which should be the
variable most sensitive to medication effects.

In conclusion, this study demonstrated reduced inter-hemispheric developmental coordination,
as well as outright alteration in the functional organization of primary-somatosensory cortex
in adolescents diagnosed with early-onset psychosis. These observations suggest aberrant
cortical maturation processes contribute to the reduction in cerebral laterality commonly
associated with psychosis, and provide new evidence for inter-hemispheric interaction
accounts of the disorder (Crow et al., 1996).
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A-C. The anterior-posterior hemispheric asymmetry observed in control subjects (A), the
statistically symmetrical pattern detected in patients (C), and a profile plot of X-coordinate
locations for each group (B). In (A) and (C), source localization results for both hemispheres
are depicted on the respective participant’s MRI volume, with 2D-images and 3D-renditions
displayed in radiological convention (note labels in each thumbnail). In (B), the cerebral
hemispheres are along the abscissa with the ordinate showing mean X-coordinate values (in
mm) for each group. Gray lines represent the early-onset psychosis group and black lines depict
control group data. Error bars indicate one standard error of the mean. As shown, left-
hemispheric sources were reliably anterior to those of the right only in adolescent controls.

Wilson et al. Page 12

Psychiatry Res. Author manuscript; available in PMC 2008 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wilson et al. Page 13
Ta

bl
e 

1
D

em
og

ra
ph

ic
s a

nd
 M

EG
 S

ou
rc

e 
Pa

ra
m

et
er

s

V
ar

ia
bl

e
N

C
*

PM
D

*
SD

*
t-S

ta
tis

tic
 (d

f)
P-

va
lu

e

A
ge

13
.2

6 
(2

.0
)

13
.2

1 
(2

.6
)

15
.0

3 
(2

.8
)

1.
30

 (3
1)

P=
0.

21
H

an
de

dn
es

s
0.

79
 (0

.1
7)

0.
89

 (0
.1

9)
0.

78
 (0

.2
1)

0.
52

 (3
1)

P=
0.

61
Ed

uc
at

io
n 

(y
ea

rs
)

7.
33

 (1
.4

5)
7.

30
 (1

.2
7)

8.
10

 (1
.5

6)
0.

91
 (3

1)
P=

0.
37

A
ge

 a
t o

ns
et
✞

N
A

11
.0

0 
(2

.5
2)

9.
64

 (4
.2

8)
0.

85
 (1

6)
P=

0.
41

L 
fit

-in
te

rv
al

 (m
s)

17
.3

7 
(6

.6
)

19
.8

3 
(5

.3
)

22
.5

0 
(8

.8
)

1.
60

 (3
1)

P=
0.

12
R

 fi
t-i

nt
er

va
l (

m
s)

19
.8

1 
(6

.0
)

20
.0

7 
(7

.5
)

21
.6

3 
(9

.7
)

0.
43

 (3
1)

P=
0.

67
L 

la
te

nc
y 

(m
s)

47
.5

6 
(8

.6
)

50
.8

4 
(5

.6
)

50
.2

9 
(6

.1
)

1.
80

 (3
1)

P=
0.

25
R

 la
te

nc
y 

(m
s)

46
.8

0 
(7

.0
)

47
.8

4 
(6

.3
)

57
.0

2 
(1

2.
5)

1.
86

 (3
1)

P=
0.

07
L 

am
pl

itu
de

 (n
A

m
)

4.
39

 (1
.5

)
4.

64
 (1

.5
)

5.
96

 (6
.1

)
0.

79
 (3

1)
P=

0.
44

R
 a

m
pl

itu
de

 (n
A

m
)

4.
79

 (1
.3

)
5.

53
 (2

.6
)

4.
87

 (2
.7

)
0.

51
 (3

1)
P=

0.
62

L 
G

O
F

97
.7

0 
(2

.0
)

98
.8

5 
(0

.4
)

97
.5

9 
(1

.8
)

0.
74

 (3
1)

P=
0.

47
R

 G
O

F
98

.2
6 

(1
.3

)
97

.7
1 

(1
.4

)
96

.8
5 

(2
.1

)
1.

84
 (3

1)
P=

0.
08

X
-a

sy
m

 in
de

x
-7

.5
0 

(6
.5

)
-2

.5
1 

(4
.5

)
-2

.0
7 

(1
0.

0)
2.

06
 (3

1)
P=

0.
05

Y
-a

sy
m

 in
de

x
-3

.3
9 

(8
.6

)
-0

.0
5 

(5
.1

)
-2

.2
4 

(1
4.

2)
0.

62
 (3

1)
P=

0.
54

Z-
as

ym
 in

de
x

-2
.6

5 
(5

.4
)

-0
.3

8 
(4

.1
)

-0
.6

6 
(1

1.
7)

0.
80

 (3
1)

P=
0.

43

N
A

: N
ot

 a
pp

lic
ab

le

N
C

: N
or

m
al

 c
on

tro
ls

PM
D

: P
sy

ch
ot

ic
 m

oo
d 

di
so

rd
er

SD
: S

ch
iz

op
hr

en
ifo

rm
 d

is
or

de
r

t a
nd

 P
 v

al
ue

s r
ef

le
ct

 c
on

tro
ls

 v
s. 

pa
tie

nt
s (

PM
D

+S
D

) u
nl

es
s o

th
er

w
is

e 
sp

ec
ifi

ed

* V
al

ue
s a

re
 m

ea
n 

(S
D

)

✞ t a
nd

 P
 v

al
ue

s r
ef

le
ct

 P
M

D
 v

s. 
SD

 g
ro

up
s

Psychiatry Res. Author manuscript; available in PMC 2008 October 15.


