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Abstract
A large and growing literature has demonstrated a deficit in auditory gating in patients with
schizophrenia. Although that deficit has been interpreted as a general gating problem, no deficit has
been shown in other sensory modalities. Recent research in our laboratory has examined sensory
gating effects in the somatosensory system showing no difference in gating of the primary
somatosensory response between patients with schizophrenia and control subjects. This is consistent
with recent structural studies showing no cortical structural abnormality in primary somatosensory
area in schizophrenia. However, a significant decrease in cortical thickness and gray matter volume
loss in secondary somatosensory cortex has recently been reported, suggesting this as a focus for
impaired somatosensory gating. Thus, the current study was designed (1) to replicate previous work
showing a lack of schizophrenia deficit in primary somatosensory cortex (SI) gating, and (2) to
investigate a possible deficit in secondary somatosensory cortex (SII) gating. In a paired-pulse
paradigm, dipolar sources were assessed in SI and SII contralateral to unilateral median nerve
stimulation. Patients demonstrated no impairment in SI gating, but a robust gating deficit in SII,
supporting the presence of cross modal gating deficits in schizophrenia.
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1. Introduction
Sensory gating is traditionally measured in the auditory system using electroencephalography
(EEG) and is assessed at a central recording site, electrode Cz. When two binaural click stimuli,
separated by less than 1000 ms, are presented to normal control subjects, the positive-going
component 50 ms after stimulus presentation (P50) of the event-related brain potential (ERP)
in response to the second click is substantially reduced compared to that of the first (Adler et
al., 1982). This effect is thought to reflect the filtering out of redundant and/or distracting
sensory information in order to protect processing of the first stimulus. In a standard P50 gating
protocol, a gating ratio is calculated by dividing the amplitude of the ERP at Cz to the second
click (Stimulus 2) by the amplitude of the response to the first (Stimulus 1). This computation
typically results in a mean gating ratio that is approximately .33 for control subjects (although
there is some variability across studies for example, published ratios vary from .15 to .45 in
control subjects; see Hetrick et al., 1996). In contrast, gating ratios in patients with
schizophrenia typically range from .7 to .9 (Adler et al., 1982; 1998; Arnfred et al., 2001a),
suggesting a failure of sensory inhibition that has been consistently associated with the disorder
clinically (Adler et al., 1982; Freedman et al., 1983, Freedman et al., 1987; Nagamoto et al.,
1989; Boutros et al., 1991; Judd et al., 1992; Clementz et al., 1997a; Thoma et al., 2003). The
P50 gating deficit has been described as the most robust physiological finding in schizophrenia
research (Bramon et al., 2004; Heinrichs, 2004). While gating of various kinds has been
demonstrated using many protocols in different sensory modalities, there has been relatively
little research investigating using a paired-stimulus paradigm to investigate a possible
somatosensory parallel to P50 auditory gating.

Research using magnetoencephalography (MEG) has attempted to tie the auditory sensory
gating deficit to abnormal processing in areas of cortex. Clementz, Blumenfeld, and colleagues
(1997b, Clementz and Blumenfeld, 2001) measured the regional field activity of left and right
temporal MEG channels and averaged them to estimate bilateral gating of the 50 (M50) and
100 (M100) ms responses during a paired-click paradigm. Source strength for Stimulus 1 and
Stimulus 2 were determined for each component, M50 and M100, finding the characteristic
reduction in Stimulus 2 compared to Stimulus 1 in control populations and a gating “deficit”
in patients with schizophrenia for M100 but not for M50. More recently, in collaboration with
Adler (Huang et al., 2003; Edgar et al., 2003; Thoma et al., 2003; Hanlon et al., 2005), an
auditory paired-click protocol was employed in conjunction with MEG recording in an attempt
to further clarify the neural mechanisms associated with the auditory gating deficit in patients
with schizophrenia. Equivalent current dipoles (ECDs) were modeled for M50 and M100
separately for each hemisphere, and each localized to superior temporal gyrus (STG). Gating
ratios based on the source strength of each component ECD, showed a sensory gating deficit
in a group of patients with schizophrenia that was confined to the left hemisphere for M50 and
bilateral for M100 (Thoma et al., 2003; Hanlon et al., 2005). These data concerning M50 were
interpreted to suggest that circuitry involved in the EEG P50 auditory gating deficit is located
in the left hemisphere, consistent with reports of reduced left STG volume in schizophrenia
(McCarley et al., 1993, 2002; Pearlson et al., 1997; Kasai et al., 2003).

Three recent studies have examined somatosensory gating, using EEG (Arnfred et al., 2001a,
b) or MEG (Edgar et al., 2005), and each reported a significant gating effect using a paired-
pulse paradigm similar to that used for auditory gating experiments. Arnfred et al. (2001a, b)
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demonstrated a significant gating effect in healthy subjects. Edgar et al. (2005), using MEG-
computed dipoles modeling the 20 ms response (M20) that localized to primary somatosensory
cortex, also showed a gating effect, but gating ratios did not differ between control subjects
and patients with schizophrenia. It is possible that gating and/or gating deficits are better
assessed via other, later components of the somatosensory response. For example, Arnfred and
colleages (2004) documented abnormality in the amplitude of the 50 ms component of the
somatosensory evoked potential in schizophrenia-spectrum patients, but no impairment of
gating of this component.

Thoma et al. (2004) demonstrated that the extent of thinning in auditory cortex (STG auditory
dipole location) was correlated with the extent of impairment in auditory gating ratio,
suggesting that cortical structural abnormality was related in a consistent manner with regional
cortical function. Cannon et al. (2002) measured cortical thickness of different brain areas in
individuals with schizophrenia relative to their monozygotic co-twins. Tissue was relatively
spared in occipital and almost all of parietal cortex, including area 3, the site of localization of
primary somatosensory cortex activity. This finding is consistent with the lack of gating
impairment in M20 localizing to primary somatosensory cortex (Edgar et al., 2005). Cannon
et al. (2002) reported that, although superior and posterior parietal cortex appeared to be largely
spared, the superior lip of the sylvian fissure, an area comprising inferior frontal and parietal
cortical tissue and including secondary somatosensory cortex (Barba et al., 2002), was reduced
to roughly the same extent as was STG. These anatomical findings would be consistent with
(1) intact primary somatosensory gating but (2) impaired secondary somatosensory gating in
schizophrenia.

To test this hypothesis, the present study investigated sensory gating of an MEG component
localizable to secondary somatosensory cortex. In order to better understand how
neurophysiological variables like gating may relate to sensation, a two-point discrimination
task was selected as a behavioral measure designed to be complimentary to MEG measurement
of somatosensory cortex function. In both neurophysiological (Wikstrom et al., 2001) and
blood flow (Hansson and Brismar, 2003) studies, this task has been shown to relate to the
abnormality of neural tissue following injury. Furthermore, investigations of both schizotypy
(Lenzenweger, 2000; Chang and Lenzenweger, 2001) and schizophrenia (Malamud and
Nygard, 1931; Broekema and Rosenbaum, 1975; Chang and Lenzenweger, 2001) have shown
abnormality of two-point discrimination to be related to clinical symptoms.

2. Methods
2.1. Subjects

Twelve patients with chronic schizophrenia (mean age = 40.6 years, SD = 9.5; 10 males, 2
females) were recruited from the Albuquerque VA Medical Center and the University of New
Mexico Health Sciences Center. Selection criteria for patients were: 1) diagnosis of
schizophrenia as determined by the Structured Clinical Interview for DSM-IV-Clinician
Version (SCID-IV-CV, First et al., 1996); 2) continuous treatment with one antipsychotic
medication for at least 3 months; 3) no history of alcohol or other substance dependence as
determined by the SCID-IV-CV; 4) no history of alcohol or other substance abuse in the 3
months prior to entry into the study (determined with the SCID-IV-CV and a urine screen if
substance use was suspected); 5) no history of head injury with loss of consciousness for more
than 5 minutes or other neurological disease; and 6) no psychiatric hospitalization in the last
3 months. All patients were receiving clinical doses of antipsychotic medications (10 on novel
antipsychotic medications, 2 on conventional). All patients had inpatient treatment at least
once, with 8-25 years since psychotic symptom onset (mean = 18.74, SD = 10.69). Mean scores
on the Positive and Negative Symptom Scale (PANSS; Kay et al., 1987) were 13.54 (SD =
2.97) for PANSS Positive and 17.00 (SD = 6.05) for PANSS Negative. On the Schedule for
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the Assessment of Negative Symptoms, mean total score was 35.45 (SD = 16.24). Both scales
were administered by trained, reliable raters.

Eighteen normal control subjects (mean age = 43.2 years, SD = 9.6; 14 males, 4 females) were
recruited from the local community through advertisements placed in local newspapers.
Selection criteria for control subjects were: 1) no history of psychiatric dysfunction as
determined by SCID-IV-CV; 2) no history of alcohol or other substance dependence as
determined by the SCID-IV-CV; 3) no history of alcohol or other substance abuse in the 3
months prior to entry into the study (determined with the SCID-IV-CV and a urine screen if
substance use was suspected); 4) no family history of psychotic disorder in first degree
relatives; and 5) no history of head injury with loss of consciousness for more than 5 minutes
(American Psychiatric Association, 1994) or other neurological disease. Subjects gave written
informed consent for a protocol approved by the Human Research Review Committee at the
University of New Mexico and the Albuquerque VA Medical Center.

2.2. Somatosensory Stimuli and Data Collection Procedures
Subjects were comfortably seated in a semi-reclining position throughout the experiment.
Electrical stimuli (0.20 ms duration) were presented unilaterally in blocked trials to the left or
the right median nerves via electrode pairs attached to each wrist. Stimuli were delivered using
a Grass constant-current generator. In order to objectively determine the presence and extent
of median nerve stimulation, stimulus intensity was adjusted for each subject until a thumb
twitch was evoked. Stimuli were presented in pairs with an Interstimulus Interval (ISI) of 500
ms, with an onset-to-onset inter-trial interval of 8 s. Over approximately 45 minutes stimuli
were collected until 150 trials of each stimulus type were collected without eye-blink or other
artifacts. MEG data were collected and analyzed using Neuromag (2002) software. Subjects
were closely watched on a video monitor for any movement or muscle contractions, and trials
in which movement occurred are immediately evident in the MEG data (trials with such artifact
were rejected). During data collection, a trial was rejected automatically if there was magnetic
activity greater than 1500 fT peak-to-peak in any channel.

Leahy et al. (1998) established that the spherical model is as accurate as alternative models
(e.g., a boundary element model) for parietal, superior-temporal, and occipital regions (see also
Ermer et al., 2001), and a spherical model was used for analysis of S1 and S2.

2.3. Analysis of Magnetic M20 Sources Localizing to Primary Somatosensory Cortex
Magnetic data time-locked to unilateral stimulus presentation was averaged for Stimulus 1,
and separately for Stimulus 2. For modeling the contralateral Stimulus 1 M20, a subset of 48
MEG channels over relevant parietal cortical areas was selected from the full 122-channel
sensor array (Hamaleinen et al., 1993). Because MEG generally has better near-source (but
poorer distant-source) resolving capability than EEG, it is common in dense-array MEG source
analysis to in effect “turn off” sensors over cortex that one is not interested in investigating.
Accordingly, the selection of sensors for our somatosensory dipoles was appropriate for and
driven by the broad cortical regions of interest chosen a priori. More generally, it only takes 5
channels to localize one dipole using spherical MEG model, since there are only 5 unknown
parameters (3 for location and two for dipole moments: Hamalainen et al., 1993). Thus, 48
channels are sufficient to reliably localize the SI and /or SII dipole even when noise exists.

Since the present study was designed to compare auditory gating with somatosensory gating,
the analysis was kept as close as possible to that for auditory gating. In the auditory gating
paradigm, the spatio-temporal fit is computed using 5 ms of data on either side of the peak.
This interval was not optimal for the primary somatosensory data because the waveform is
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much sharper and the response much faster, and so SI was modeled using 3 ms of data on either
side of the peak.

Pre-stimulus baseline (-100 to -10 ms) for each event-related field (ERF) was removed.
Symmetrical digital filters were applied offline, a low-pass filter of 150 Hz with a filter width
of 15 Hz (where width is defined as the frequency difference between the 0 dB point and the
-3 dB point), and a highpass filter of 15 Hz with a width of 3 Hz. To remove ambient noise, a
60 Hz notch filter with a 5 Hz width (where width is defined as the frequency difference to the
center of the notch) was also applied. Three milliseconds of data before and after the M20 peak
were then selected for spatio-temporal modeling. All ECDs had goodness-of-fit values (a
measure of the correlation between calculated and measured signals) exceeding 80% for
Stimulus 1.

For the Stimulus 2 M20, the location and orientation of the dipole were assumed to be the same
as that of the Stimulus 1 dipole. This assumption was made for three reasons. First, this
assumption is part of the auditory gating analysis, the procedures for which we intended to
match as closely as possible. Second, because the signal associated with S2 is considerably
weaker, the assumptions on which the source modeling algorithm depends are not met as well,
and the localizations for S2 would not typically be considered as reliable. Third, the assumption
of consistent generators is parsimonious, with no known contraindications. Thus, as standard
procedure we use the localizations from S1 (which is based on good signal to noise).

Peak source strengths were determined for both Stimulus 1 and Stimulus 2, and M20 gating
for each hemisphere was expressed as the ratio: Stimulus 2 dipole strength divided by Stimulus
1 dipole strength.

2.4. Analysis of Magnetic Sources Localizing to Secondary Somatosensory Cortex
Some researchers have reported that magnetic activation of secondary somatosensory cortex
following median nerve stimulation is a bilateral phenomenon, but in present data there was
great variability in the degree to which secondary somatosensory cortex was seen in the
ipsilateral hemisphere. Although no systematic difference between groups was evident, some
subjects had very strong ipsilateral secondary somatosensory cortex activation and some had
none. For the sake of parsimony, only secondary somatosensory cortex signal in the
contralateral hemisphere was considered for present analyses.

For identification and analysis of secondary somatosensory sources, the same subset of 48
MEG channels used for the primary somatosensory analysis, over relevant parietal cortical
areas, was used. Pre-stimulus baseline was removed (-100 to -10 ms), and digital bandpass
filtering of 1.5 Hz [width = 0.3] to 150 Hz [width = 15], with a 60 Hz notch (5 Hz width) was
then applied to each computed average. In addition to sources localizing to primary and
secondary somatosensory cortex, a number of brain regions comprising a network become
electromagnetically active following median nerve stimulation. These areas include areas of
motor cortex (primarily M1), superior parietal cortex, and area 9 of prefrontal cortex. For the
present study only the source localizing to secondary somatosensory cortex was of interest.
Thus, signal space projection (Neuromag, 2002) was used to remove magnetic activity
associated with the primary somatosensory dipole. Other sources, such as those described
above, were similarly removed when apparent. Localization for the contralateral secondary
somatosensory source was then determined using an inverse solution based on averaged data
in the selected sensors. For each subject, a secondary somatosensory source was localized to
the superior lip of the sylvian fissure. Once source localization at the secondary somatosensory
area was determined in this manner, spatiotemporal modeling of the secondary somatosensory
response to Stimulus 1 was computed using 5 ms of data before and 5 ms after the peak
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amplitude, adopting the methods of the present auditory gating analysis (see Thoma et al.,
2003).

ECDs having goodness-of-fit values exceeding 60% for Stimulus 1 were accepted for further
analysis (mean =74.99%, SD = 14.04). This goodness-of-fit cutoff value was based, first, on
our experience with the described hardware and software, and second, on our previous studies
of median nerve stimulation (including extensive pilot work for the present study; see also the
analyses published in Edgar et al., 2005). Third, this goodness of fit cut-off for SII was also
based on the signal-to-noise ratio (SNR). For low SNR data, 60% may be a conservative cut,
and it may be too liberal for data with high SNR, making a signal-to-noise cut-off entirely
dependent on the analysis parameters, among them number of channels selected for forward
modeling. For the present analysis, a 60% cutoff was determined to be appropriate for reliable
analysis of these data.

Once the best-fitting dipole was identified, the average strength of the source over this 10 ms
period was determined. Similar to the primary somatosensory analysis, for the Stimulus 2
source, the location and orientation of the Stimulus 2 dipole were assumed to be the same as
that for Stimulus 1 dipole. Also, the same dipoles from other sources that were projected out
for Stimulus 1 were projected out for Stimulus 2. As in the primary somatosensory analysis,
once relevant source strengths were obtained, secondary somatosensory gating for each
hemisphere was expressed as the ratio: Stimulus 2 dipole strength divided by Stimulus 1 dipole
strength.

2.5. Behavioral Testing
In order to relate the MEG sensory gating measures to face-valid sensory phenomena, an
unselected subgroup consisting of seven patients and nine control subjects was tested with a
standard 2-point discrimination task (Lafayette Instrument, Model 16012, Three-Point
Aesthesiometer). The 2-point aesthesiometer was used to determine the sensitivity of the right
hand of right-handed subjects using the thumb pad on the palm, an area innervated by the
median nerve. Each subject was instructed to close his/her eyes while the administrator applied
the two contact points. The subject was asked to report whether he/she felt one or two points.
To reduce bias, two values were recorded for each of two trials. The first trial was performed
by increasing the aesthesiometer distance from 0 cm in 1 mm steps until the subject was able
to successfully resolve two points. The second trial was accomplished by decreasing the
distance in 1 mm steps, beginning 1 cm larger than the final discrimination trial from step 1,
until the subject was not able to successfully resolve two points. The average of these two
discrimination trials was analyzed.

3. Results
3.1. Gating Ratios

A Group x Hemisphere x Region (primary vs. secondary somatosensory) repeated-measures
MANOVA examining gating ratios identified main effects for Group (patients > controls, F
(1,22) = 17.83, P < 0.001), Hemisphere (left < right, F(1,22) = 3.80, P = 0.06), and Region
(primary > secondary, F(1,22) = 68.32, P < 0.001). Investigation of a Group x Region
interaction (F(1,22) = 6.48, P = 0.02) using t-tests indicated no group difference for primary
somatosensory gating ratios (t = -1.19, P = 0.25; Figure 1a), but a group difference for
secondary somatosensory gating ratios (t = -2.85, P = 0.02; Figure 1b). The Group x
Hemisphere x Region, Group x Hemisphere, and Hemisphere x Region interactions did not
approach significance. No zero-order correlations between primary and secondary
somatosensory gating ratios approached significance.
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3.2. Primary Somatosensory Region Source Strength
In order to determine whether group differences in gating ratios are actually attributable to
group differences in either Stimulus 1 or Stimulus 2 source strength, a Group x Hemisphere x
Stimulus (Stimulus 1, Stimulus 2) repeated-measures MANOVA was used. Differences in
source strength between primary and secondary somatosensory regions were not of interest,
so separate analyses were done for each region. For M20 source strengths localizing to the
primary somatosensory region, the only significant effect was the expected reduction of
Stimulus 2 relative to Stimulus 1 (F(1, 22) = 23.73, P < 0.001; Table 1). The main effects of
Group and Hemisphere, and the interactions did not approach significance (all P’s > .15).

3.3. Secondary Somatosensory Source Strength
In a Group x Hemisphere x Stimulus MANOVA of secondary somatosensory source strength,
the interactions did not approach significance. The only effect was for Stimulus (F(1, 22) =
33.73, P < 0.001), with the source strength smaller for Stimulus 2 than Stimulus 1. This
indicates that although controls gate more than patients (Figure 1b), both groups were gating.

3.4. Dipole Latency
Averaging across Group and Hemisphere, peak source strength in the primary somatosensory
region occurred at 24 ms (Figure 2) and in secondary somatosensory region at 83 ms (Figure
3). Since these latency differences were expected, to investigate possible dipole latency
differences, two separate omnibus mixed-model MANOVAs were used. In the first, group
latency differences for M20 dipoles localizing to the primary somatosensory region were
examined using Hemisphere and Stimulus as within subjects factors. No main effects or
interactions approached significance. A second MANOVA for secondary somatosensory
latency also found no main effects or interactions approaching significance.

3.5. Dipole Location
Dipole localizations were characterized on a three-dimensional grid, where the x-axis refers
to the left-right dimension, the y-axis to the anterior-posterior dimension, and the z-axis to the
superior-inferior dimension. Group differences in Hemisphere, Region, and Dimension were
investigated using MANOVA. There was no group difference for the x and y dimension values,
but a significant difference was found in the z dimension for both the left (F(1,26) = 4.73, P =
0.04) and right (F(1,26) = 4.91, P = 0.04) hemispheres in primary somatosensory region,
controls having a more superior localization. There was a trend toward a similar effect for
secondary somatosensory localization in the left hemisphere (F(1,26) = 3.49, P = 0.07).

3.6. Medication Effects
Medication effects were not one of the primary hypotheses of this study but sometimes affect
auditory sensory gating. In Medication x Hemisphere x Region MANOVAs for gating or source
strength, no effects involving medication were obtained.

3.7. Two-point Discrimination
There was no group difference in two-point discrimination task performance (t(15) = 0.71, P
= 0.49). In a regression, the dependent variable, performance on the two-point discrimination
task measured on the right hand, was regressed on left-hemisphere primary and secondary
somatosensory gating ratios. The overall regression was significant (F(3,11) = 3.35, P = .02)
primary somatosensory gating (β = -.69, P = 0.007; see Figure 4), but not secondary
somatosensory (β = .19, P = 0.37) varied with two-point discrimination performance. Thus,
the worse subjects were gating at primary somatosensory cortex, the better they were at
discriminating the two points.
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4. Discussion
Abnormality of cortical tissue is a common finding in patients with schizophrenia (for reviews,
see Lawrie and Abukmeil, 1998; Lawrie et al., 2001; Shenton et al., 2001). Although sensory
gating is typically described in terms of information processing and subjective sensory
overload, it may also be useful as a metric of the health and successful function of relevant
neural tissue in schizophrenia (Huang et al., 2003; Thoma et al., 2003, 2004). Consistent with
recent studies showing primary somatosensory cortex to be normal both structurally (Cannon
et al., 2002) and functionally (Arnfred et al., 2001a, b; Edgar et al., 2005), the present study
found no evidence of a schizophrenia gating deficit in primary somatosensory cortex.

In contrast, patients with schizophrenia showed a gating deficit in secondary somatosensory
cortex, also consistent with the structural data of Cannon et al. (2002). Secondary
somatosensory cortex has been shown to play a role in bilateral coordination of the hands and
intramanual dexterity (Krubitzer et al., 1995), processing of temporal features of somatic
sensation (Burton and Sinclair, 1991; Karhu and Tesche, 1999), and tactile recognition and
retention of shapes (Mishkin, 1979; Murray and Mishkin, 1984). Conceivably, abnormality of
secondary somatosensory inhibition early in processing may underlie impairment of
downstream sensory integration and motor coordination noted in schizophrenia (Manschreck
et al., 1982; Lawrie et al., 2001).

There was no group discrimination difference in a tactile discrimination measure included as
a possible correlate of the secondary somatosensory deficit. Task performance correlated
negatively only with primary somatosensory gating. The better a subject was able to
discriminate the two points, the worse they were at gating the primary somatosensory response.
This finding provides some behavioral validation of the present somatosensory protocol and
is consistent with research demonstrating very different afferent input to primary and secondary
somatosensory regions (Friedman and Murray, 1986; Burton et al., 1990).

Patients with schizophrenia show a sensory gating deficit in primary auditory cortex (Adler et
al., 1982; Clementz and Blumenfeld, 1997; Huang et al., 2003; Thoma et al., 2003), but present
data indicate that in the somatosensory modality the gating deficit is in secondary
somatosensory cortex, a site commonly thought of as association cortex (Kakigi et al., 2000;
Karhu and Tesche, 1999). One possibility is that these auditory and somatosensory deficits
reflect abnormality of local tissue. Whereas observable local activation may end after 200 ms
in somatosensory regions, the time course of excitability and refractory phenomena may be
much longer, a well known finding in the nervous system. Directly relevant here, for example,
somatosensory processing regions and particularly secondary somatosensory cortex remain
active for as much as 8 seconds following electrical stimulation of the periphery (Hari et al.,
1993), rendering it possible that local changes associated with S1 directly influence the
processing of S2 at an ISI of just 500 ms. Although it is possible that there is a direct influence
of S1 upon S2, it is not necessary or even likely that this is the case.

Similarities between gating in each sensory modality suggest that the gating phenomenon
reflects the action of a shared circuit or mechanism comprised of brain regions relatively remote
from somatosensory cortex. First, group mean gating ratios in secondary somatosensory cortex
were consistent with those reported for auditory sensory gating (~0.30 for controls and >0.60
for schizophrenia patients), consistent with a similar inhibitory mechanism across modalities.
All subjects with schizophrenia were taking antipsychotic medication, and another similarity
between sensory modalities is that of medication effects. Recent research has shown that left-
hemisphere auditory gating is relatively normalized by novel antipsychotic medications
(Cañive et al., 2004). Despite the small sample size, there was a trend in present data toward
those on novel antipsychotic medications having better left-hemisphere secondary
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somatosensory gating. Although present hypotheses were based on gating impairment being
related to local areas of cortex, median nerve stimulation excites multiple areas of cortex,
including primary and secondary somatosensory areas, primary motor cortex, superior parietal
cortex, and other areas constituting a circuit critical for somatosensation and motor control
(Karhu and Tesche, 1999). This raises the possibility that impaired gating in secondary
somatosensory cortex reflects impairment in other aspects of the circuit. Studies of prepulse
inhibition (another variant of gating) have implicated such regions as prefrontal cortex,
amygdala/hippocampus, and thalamic nuclei as critical to successful gating. Sensory gating
has long been thought to be hippocampal-dependent, and recent studies in humans demonstrate
the importance of hippocampus for the gating effect (Fiedler et al., 2006; Sanchez et al.,
2004). Knight and colleagues (Knight et al., 1999; Chao & Knight, 1998) demonstrated similar
impairment of sensory modulation in auditory and somatosensory cortical responses in patients
with prefrontal cortex damage, which may also contribute to impaired gating across modalities.
Data from our lab are consistent with this research and have demonstrated correlations between
gating and neuropsychological measures of attention and working memory that are dependent
on prefrontal processing (Thoma et al., 1993). Thus, there is no reason to presume that
activation associated with S1 in somatosensory cortex must directly influence that associated
with temporally downstream S2, whereas there is strong evidence to suggest that successful
gating is dependent on the action of a distributed circuit.

Thoma et al. (2004) demonstrated that increased cortical thickness at dipole locations
associated with gating in auditory regions predicted less impaired gating in schizophrenia. To
the extent that gating is dependent on the action of a distributed circuit, a relationship between
reduced gating and smaller cortical thickness may reflect developmental or atrophic
characteristics of brain abnormality in schizophrenia. Future studies of the relationship of
liability and genetic markers for schizophrenia to cross–modal gating may help to resolve this
issue. Further investigation of functional abnormality in other areas of the circuit, particularly
in the working of later, presumably downstream information processing, may help to place
secondary somatosensory gating in a temporal context within this circuit. It is conceivable that
patients’ medication affected S1 response and S2 response, or SI cortex and SII cortex,
differentially and future research with a drug-free sample might help to explore this issue.
Future studies may also directly compare somatosensory gating with auditory sensory gating
to address the cross-modal nature of a gating deficit in schizophrenia or with the structural
abnormality in STG and secondary somatosensory cortex, in order to further investigate
cortical abnormality related to information processing deficits in schizophrenia.
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Figure 1.
a) Means and standard deviations of primary somatosensory gating ratios by group. b) Means
and standard deviations of secondary somatosensory gating ratios by group.
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Figure 2.
a) MEG M20 source dipole and localization in primary somatosensory cortex on the posterior
bank of the central sulcus. b) MEG M80 source dipole and localization in secondary
somatosensory cortex on the superior lip of the sylvian fissure.
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Figure 3.
Scatterplot of scores on the two-point discrimination task measured on the right hand and
primary somatosensory gating ratios.
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Table 1

Means (Standard Deviations) for Source Strengths (in nAm)

Control Group Schizophrenia Group

Stimulus 1 Stimulus 2 Stimulus 1 Stimulus 2

Left Hemisphere

Primary Somatosensory 22.54
(9.6)

17.61
(7.8)

30.09
(12.9)

21.61
(9.88)

Secondary Somatosensory 26.57
(19.74)

9.00
(8.38)

46.36
(40.96)

30.15
(23.38)

Right Hemisphere

Primary Somatosensory 21.32
(9.9)

16.8
(8.5)

27.21
(15.41)

23.88
(10.87)

Secondary Somatosensory 42.76
(32.1)

17.05
(14.56)

62.82
(54.44)

28.61
(29.0)
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