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Abstract
The brain mechanisms by which sensory cues become transformed into expectations of impending
events are a critical component of cognitive tuning of sensory processing. However, distinctions
between the afferent processing of cue-related activity itself versus those mechanisms supporting
the contextual meaning imparted to the cue remain limited. Do sensory cues with equal meaning
engage similar patterns of brain activations even if they are delivered in separate modalities? To
address this question, we used functional magnetic resonance imaging of an expectation paradigm
in which cues were delivered with visual or innocuous thermal stimuli. Cues were designed to be
highly meaningful since they predicted the delivery of high and low painful stimuli. As expected,
the cues themselves activated unimodal sensory cortices. This cue modality-specific activation
was transformed into a pattern of activity reflecting cue meaning. Cues signaling high pain
produced greater activity in the left dorsolateral prefrontal cortex and anterior cingulate cortex.
Such activity is consistent with the graded encoding of the magnitude of expected pain. In
contrast, cues signaling low pain produced greater activity in the right intraparietal sulcus. This
activation may reflect processes directing spatial attention to the stimulated body region in order
to more accurately evaluate the relatively weak, low pain stimulus. Taken together, these findings
indicate that cues arising from different sensory modalities ultimately engage common brain
mechanisms that reflect the meaning of the cue. This meaning-related activity is presumably
critical for preparing sensory systems to optimally process afferent information.

Introduction
Expectations of impending sensory events can be conceptualized as a sequence of multiple
neural processes. First, expectations associated with an imminent sensory event are initiated
by cues arising from one or more sensory modalities. Studies on expectations and placebo
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frequently utilize visual, auditory, or even somatosensory cues to inform the subject of
impending painful stimuli [33, 24, 3]. Accordingly, modality-specific sensory areas are
necessarily engaged in order to extract relevant sensory features during the initial processing
of incoming cue information. Next, this cue-related sensory information needs to be invested
with meaning based, in part, on prior knowledge and experience [17]. This process
presumably involves episodic memory retrieval [6, 16, 36]. The investment of meaning
subsequently leads to the formation of a mental representation of the impending event [17].
This mental representation is maintained in working memory and can be used to prepare the
nervous system to optimally process expected sensory information [4, 7, 5, 17].

To date, the neural mechanisms supporting the sequence of events by which sensory input is
transformed into an expectation of pain remain poorly characterized. In particular,
distinctions between the afferent processing of cue-related activity itself versus those
mechanisms reflecting the contextual meaning imparted to the cue remain limited. However,
brain mechanisms reflecting the imparted meaning of the cue would be predicted to be
identical regardless of the modality of the sensory input activated during cue presentation.

To better understand which expectation-related processes are cue modality-specific and
which are cue meaning-related, we performed an fMRI study in which subjects were
informed regarding the intensity of an impending noxious stimulus by prior presentation of
either visual or innocuous thermal cues. In each modality, cues for low and high intensity
stimuli were used to impart specific meaning to the cue. Functional MRI then was used to
characterize brain activity both during (cue-presentation period) and after (cue-maintenance
period) cue presentation. We hypothesized that activity related to cue meaning would be
modality-independent and would engage common higher association areas.

Methods
Subjects

Both the psychophysical and MRI components of the study were completed by 19 right-
handed, healthy volunteers (8 males and 11 females, age 23–35 years mean: 27.5 years).
Twelve subjects were white, four Asian, two multi-racial, and one African-American. Two
additional subjects completed the psychophysical training session, but their MRI data was
not available for analysis due to equipment malfunctions. All subjects gave written,
informed consent acknowledging that they would experience painful stimuli, that all
procedures and manipulations had been clearly explained, and that they were free to
withdraw at any time without prejudice. All procedures were approved by the Institutional
Review Board of Wake Forest School of Medicine.

Stimulation procedures for noxious heat stimuli
A TSA II thermal stimulator (Medoc Ltd., Ramat Yishai, Israel) with a 16 × 16 mm contact
surface was used for noxious heat stimulation. The baseline temperature was 35°C. The
stimulus temperature was changed with rise and fall rates of 4.5°C/s for 47°C stimuli and
5°C/s for 50°C stimuli in order to ensure the optimal stimulus synchronization.

Probes were placed on a specifically designed holder, after which the stimulated body region
was positioned on the surface of the thermode. Noxious stimuli were delivered to the
posterior aspect of the lower left leg. To minimize sensitization or adaptation, each
experimental series was delivered to previously unstimulated skin regions.
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Psychophysical training
Initially, all subjects were trained with thirty two, 5-s-duration stimuli (35–49°C) applied to
the arm to give them experience in rating painful stimuli. Then subjects practiced the task by
using two out of eight series of stimulations that were subsequently used in the scanner to
ensure that they could feel the cues, adequately rate pain as well as to familiarize them with
the task so as to minimize anxiety and expectation.

Experimental task
Each subject underwent 8 experimental series while in the MRI. Different types of trials
within each series were pseudo-randomized, and task order was counterbalanced across
subjects. Each 264-second experimental series consisted of four noxious stimuli of two
intensities, low (47°C) and high (50°C). Both stimuli were 6 seconds in duration at the
destination temperature (Fig. 1). Each noxious stimulus was preceded by a cue in either
visual or thermal modality, informing subjects as to whether the upcoming stimulus would
be of low or high intensity. Accordingly, we utilized a 2 × 2 factorial design to examine
brain activation and psychophysical responses associated with the factors CUE MODALITY
(visual versus somatosensory) and CUED PAIN INTENSITY (high versus low). For both
modalities, cue delivery was completed 6 seconds before noxious stimuli onset.

Visual cues consisted of one (signaling low pain) or two (sequentially presented, signaling
high pain) centrally-positioned white squares against the black background delivered via
MRI-compatible goggles (Resonance Technology Inc, CA). Each square was presented for
one second, and there was one-second interval between presentations when high intensity
stimulus was cued.

Innocuous thermal cues completely paralleled visual cues in that each thermal “pulse” was
one second in duration. These pulses were delivered to the posterior aspect of the left
forearm via a second thermal stimulator with a 27 mm diameter contact surface (Medoc
Pathway Model CHEPS). The baseline temperature was 35°C. The stimulus temperature
was changed with rise and fall rates of 40°C/s to a target temperature of 43°C. One thermal
pulse signaled low intensity stimuli and two thermal pulses signaled high intensity noxious
stimuli. There was a one second interval between the sequential pulses.

Six seconds after the end of each noxious heat stimulus, subjects were asked to rate
experienced pain intensity using a visual analogue scale (VAS) presented via MRI-
compatible goggles. This scale was anchored with the descriptors `no pain intensity' and
`most intense pain imaginable', and had a range from 0 to 10 [34]. This scale was visually
identical to that described by Price et al [34]. Subjects were allowed 14 seconds to make the
rating via MRI-compatible trackball (Resonance Technology Inc, CA). After the rating was
performed, subjects had a 15-second rest period in addition to the remaining time from the
allowed rating duration (14 seconds) before presentation of the next cue.

At the beginning of the imaging session but before the actual experimental series was
initiated, all four cue types were delivered once each without subsequent noxious stimuli.
Subjects were asked to rate the intensity of the noxious stimulus that would be expected to
follow that particular cue. This was done in order to determine the magnitude of pain
expected following each cue and to ensure that subjects retained information learned about
the cues during the psychophysical session. However, there was no performance criterion
participants had to meet in order to continue the experiment.
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Psychophysical assessment and analysis
For both the training and fMRI acquisition series, subjects' responses were recorded using
custom-written programs within the IDL software package (Research Systems, CO). They
later were examined using a repeated-measures ANOVA to identify effects of cue type and
stimulus intensity on rating magnitude. The timing of events recorded by the program
additionally was used to construct regressors for the fMRI analysis. In addition, the timing
of events was recorded using a digital chart recorder (Power-Lab: ADInstruments, Colorado
Springs, CO).

Image acquisition and processing
Functional data were acquired on a 1.5 T General Electric echo-speed Horizon LX scanner
with 1.5T 8-channel neurovascular coil. For functional imaging, blood oxygenation level-
dependent images were acquired continuously in each contiguous plane by using echo-
planar imaging [echo time (TE), 40ms; repetition time (TR), 2s; 28 × 5-mm-thick slices;
3.75 × 3.75 mm in-plane resolution; flip angle, 80°; no slice gap].

High-resolution structural scans were acquired using a BRAVO sequence (inversion time,
600 ms; TR, 11.49ms; flip angle, 12°; TE, 4.74ms; section thickness, 1 mm with no gap
between sections; number of sections, 156; in-plane resolution, 0.9375 × 0.9375 mm).

The functional image analysis package FSL [Center for Functional Magnetic Resonance
Imaging of the Brain (FMRIB), University of Oxford, Oxford, UK] was used for image
processing and statistical analysis. The functional data were movement corrected, spatially
smoothed by 5 mm with a 3-D isotropic Gaussian kernel, and temporally filtered by a
nonlinear high-pass filter with a cutoff period of 100 s. Each subject's functional images
were registered to their structural data using a six-parameter linear 3-D transformation and
then were initially transformed into standard stereotaxic space [as defined by Montreal
Neurologic Institute [39]] using a 12-parameter affine transformation. To further minimize
spatial variation between subjects, these linearly transformed data were then nonlinearly
transformed into standard space [1, 2].

Statistical analysis of regional signal changes within the brain
Statistical analysis of regional signal changes was performed on each acquisition series (first
level analyses) using a general linear modeling approach with nonparametric local
autocorrelation correction [11, 42]. In all analyses, the relationship of the predictive model
function to MRI signal intensity was evaluated by calculating a t-statistic on a voxel-by-
voxel basis. These t-values were then converted to Z-scores to allow p values to be
calculated on the basis of Gaussian random field theory [43, 12, 10]. The predictive model
functions for the general linear modeling analysis were derived as follows:

We created 14 regressors for analysis of cue presentation, cue maintenance, pain, post-
stimulus rest, and rating periods. The cue presentation, cue maintenance, and pain periods
each were described with four regressors based on the cue they were signaled with (thermal
low, thermal high, visual low, visual high). All regressors were orthogonalized to each other
to separate a true baseline. Each of the 14 regressors had a period of interest scaled as +1.

All regressors were convolved with a gamma-variate model of the hemodynamic response
(delay 6s, SD 3 s) and its temporal derivative [8, 15, 42]. They then were filtered temporally
using the same parameters that were applied to the functional images.

We performed inter-series fixed effects (second level) analyses within each subject
separately for every regressor and proceeded to inter-subject group analysis (third level)
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using a random effects model in order to identify clusters significantly activated or
deactivated compared to rest condition. Clusters of voxels exceeding a Z-score>2.3 and
p<0.05 (mixed effect, corrected for multiple comparisons) were considered statistically
significant [43].

Finally, we performed a two-way ANOVA to identify the main effect of cue modality and
cue meaning, as well as possible interactions between the two. This analysis was performed
separately for both cue-presentation and cue-maintenance periods. Conjunction analysis was
performed in order to identify regions commonly activated between visual and thermal cues
[27]. These analyses were performed separately for both low and high cues for each period,
as well as for all four conditions within the cue maintenance period (low thermal cue, low
visual cue, high thermal cue, high visual cue).

Results
Psychophysics

Task validity was confirmed using psychophysical assessment. Analysis of expected pain
intensity during 4 types of cues revealed that painful stimuli expected after high cues were
believed to be significantly more painful than the ones expected after low cues (F=98.98, p
< 0.0001; Fig. 2A). In addition, there was a significant effect of cue modality in that visual
cues were expected to signal more intense pain than thermal cues (F=16.54, p=0.0007).
Finally, there was a significant cue-modality vs cue-meaning interaction (F=22.13,
p=0.0002) in which high cues behaved differently than low cues across cue modality. Post-
hoc t-tests revealed that high cues delivered with visual stimuli had higher expected pain
intensity than cues delivered with thermal stimuli (t=4.556; p<0.0002). In contrast, no
significant differences in expected pain intensity were observed for the low cues (t=−1.329;
p<0.2003).

The results from intensity ratings of delivered stimuli were similar to those of expected pain.
50°C stimuli were rated significantly higher compared to 47°C stimuli (F=99.99, p <
0.0001; Fig. 2B). In addition, noxious stimuli signaled with visual cues were rated
significantly higher compared to those signaled with thermal cues (F=4.69, p=0.04). It is
important to note that cue-related differences in pain intensity ratings were minute. High
stimuli signaled with visual cues were only 0.15 VAS units greater than those signaled with
thermal cues. Similarly, low stimuli signaled with visual cues were 0.11 VAS units greater
than those signaled with thermal cues. In addition, there was no significant cue-modality vs
cue-meaning interaction in actual pain ratings (F=0.13, p=0.72).

Cue presentation period activity
In a 2-way ANOVA (Fig. 3), thermal cues produced greater activity in SII consistent with
early somatosensory processing, while visual cues produced greater activity of occipital
cortex (V2) consistent with early visual processing. High cues produced greater activation in
intraparietal sulcus (IPS), and low cues produced greater activation in left primary
somatosensory area (SI). There was no cue-modality/cue meaning interaction.

Cue maintenance period activity
A two-way ANOVA of the cue-maintenance period revealed a significant main effect of
cue-modality in regions of occipital cortex (visual greater than thermal) (Fig. 4). This
difference likely represents greater deactivation in low thermal compared to visual cue
maintenance periods. In addition, a two-way ANOVA detected greater activations in the
DLPFC and ACC in high compared to low trials, and greater activations of IPS in low
compared to high trials. There was no cue-modality vs cue-meaning interaction.
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Conjunction analysis of low thermal and visual cue maintenance periods (Fig. 5) revealed
significant activation overlap in parts of the cerebellum, precuneus, and the lower bank of
the IPS, as well as significant deactivation overlap in the paracentral lobule. DLPFC activity
(centered around Brodmann's area 10) was present in both low thermal and visual
conditions; however, overlapping cluster sizes were not large enough to be determined
significant by the conjunction analysis. Finally, low cue maintenance thermal period
exhibited activation of the anterior insula.

Conjunction analysis of high thermal and visual cue maintenance periods revealed a
significant overlap of activations in the cerebellum and precuneus and deactivations in the
paracentral lobule and SII (Fig. 6). Both conditions exhibited activation of the DLPFC
predominately in Brodmann's area 10. However, the overlap was not large enough to be
considered significant by conjunction analysis. Finally, thermal high cue maintenance period
showed activation in the ACC and caudate.

In order to obtain further insight into mechanisms reflecting cue meaning we performed an
additional conjunction analysis incorporating all four conditions within the cue maintenance
period (low thermal cue, low visual cue, high thermal cue, high visual cue). This analysis
indicated that common portions of the right cerebellar hemisphere were activated during all
four conditions (results not shown).

Pain period activity
A two-way ANOVA (results not shown) performed over the whole brain revealed a
significant main effect of noxious stimulus intensity. Specifically, areas that have been
shown previously to exhibit graded activations at different intensities of noxious stimuli
(i.e., SI, SII, ACC, insula, putamen and thalamus) had greater activity during 50°C (high)
compared to 47°C (low) stimulus conditions. However, there was no main effect of cue-
modality in areas known to be involved in nociceptive processing. This absence of a
detectable effect of cue-modality on pain-related brain activation is consistent with the
minute effect of cue-modality on pain intensity ratings. However, we did detect greater
activity in the occipital cortex during thermal versus visual cue conditions. There was no
noxious stimulus-intensity vs cue-modality interaction.

Discussion
Expectation of an impending sensory event is a complex process that encompasses multiple
components ranging from cue processing to the formation of a mental representation of the
impending experience. The current study was designed to determine if sensory cues with
equal meaning engage similar patterns of brain activations even if they are delivered in
separate modalities. As hypothesized, early sensory processing of the cues occurred in
modality-specific cortices, whereas later processing related to expectations about the
intensity of the impending stimulus was localized to common brain areas that are positioned
to alter the processing of noxious information.

Brain areas engaged during cue presentation period
As expected, visual cues produced reliable activation in the occipital cortex (V2). In
contrast, thermal cues produced activation of SII. Activation in these areas is consistent with
early processing of visual and somatosensory information. Activation of these unimodal
sensory cortices validates the experimental design by confirming that cue modality-related
activation can be distinguished from cue meaning-related activity.

Lobanov et al. Page 6

Pain. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Common processes engaged during the cue-maintenance period
During the cue-maintenance period, separate conjunction analyses for high and low cues
detected common activations between thermal and visual conditions in the precuneus and
cerebellum. Many cognitive processes during the cue maintenance period could engage
brain mechanisms that would be largely common across both cue modality and cue
meaning. For example, after the initial sensory processing of the cue, it must be invested
with meaning based, in part, on recollection of previous experiences following the same cue
type. The precuneus, as well as other parts of the PPC, has been implicated in memory recall
[16, 36]. However, overlap in activation of the precuneus between high and low meaning
conditions was not sufficiently large to be significant in conjunction of all four conditions.

In contrast, the cerebellum was the only brain region to exhibit significant overlapping
activity during conjunction of all four conditions. Given the role of the cerebellum in motor
control of withdrawal in nociception, it is possible that cerebellar activation represents
preparation for such behaviors [30]. However, such motor control-related activity would be
predicted to be dependent on the expected magnitude of the impending stimulus [17]. There
are also a number of non-motor functions that the cerebellum might perform during the cue-
maintenance period. First, the cerebellum has been implicated in generalized aversive
processing with overlapping clusters of activity in response to noxious heat stimuli and
passive viewing of unpleasant images [25]. Second, the cerebellum is important for the
timing of events [38]. In the present experiment, painful stimuli always started at a
predictable time after the delivery of the cue. Thus, cerebellar activity may have contributed
to the processing of temporal predictions of the onset of the noxious stimulus. Third, the
cerebellum has been hypothesized to be involved in encoding of internal models of mental
representations in the cortex [14]. Taken together, the cerebellum is positioned to perform a
number of non-motor, cognitive functions that are present in our experimental design.

Meaning-dependent processes during the cue-maintenance period
Analysis of variance revealed that three brain regions exhibited responses consistent with
cue meaning and independent of cue modality. These regions include the DLPFC, ACC, and
IPS.

The prefrontal cortex is implicated in active maintenance of goals, rules, and expectations in
both animal and human studies [22]. The magnitude of activation of the prefrontal cortex
has been shown to be related to the magnitude of expected pain [17]. In the present study,
DLPFC had greater activation in high compared to low cue-maintenance conditions,
consistent with its role in encoding the magnitude of expected pain. In addition, prefrontal
cortex is positioned to provide signals that might influence activity throughout much of the
brain, including areas responsible for perception. Activity in DLPFC has been linked to
placebo analgesia and decreased activity in pain-sensitive brain regions [41]. It also has been
linked to decreases in perceived pain intensity and affect, possibly through modulation of
cortico-subcortical and cortico-cortical pathways [20]. TMS disruption of DLPFC has been
shown to block the effects of placebo analgesia, also consistent with its role in the
generation and/or maintenance of sensory set [18].

The ACC was another brain region that exhibited greater activation during the high
compared to low cue maintenance period. Several studies have demonstrated that the ACC
plays a role in anticipation of painful sensory stimuli [32, 17]. Moreover, Koyama et al. have
proposed that the ACC and DLPFC have unique role in maintaining mental representations
of impending events since these regions exhibit activation which is significantly related to
the magnitude of expected pain intensity [17]. Similar to the DLPFC, the ACC is activated
during placebo and other cognitive manipulations that may modulate pain [29, 41, 44]. This
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region has anatomic connections with the anterior insula which may be engaged to modulate
nociceptive processing [21, 26, 40, 37].

IPS was commonly activated by both visual and thermal cues during low but not high cue-
maintenance periods. IPS has been implicated in top-down attentional control, especially
before stimulus presentation [9, 13, 23]. Because low pain was expected to be significantly
less intense than high pain, IPS activation may be correlated with the direction of attention
to the stimulated body region to improve accuracy of ratings of low pain stimuli [28, 19]. As
such, this pattern of activation is consistent with the cue preparing the system to optimally
process information from the impending stimulus.

Limitations
In the present study, we sought to deliver highly parallel cues in two modalities: thermal and
visual. Because the thermal cue stimuli had to be innocuous, brief, and readily detectable,
we were limited in the range of temperatures that could be employed. Moreover, because the
thermal cues were delivered via a single contact stimulator, we were similarly limited in the
spatial configuration of the stimuli. Accordingly, we used sequential delivery of heat pulses
and, consequently, sequential delivery of visual stimuli to signal the intensity of impending
stimuli. Therefore, the low and high cue presentation periods were unequal in duration,
which may have affected the magnitude of activity detected.

Second, the present study was not directed at the evaluation of the effect of cue meaning on
the magnitude of the perceived pain. This would have necessitated the use of non-cued or
miscued conditions. The use of non-cued unpredictable noxious stimuli would likely elevate
general anxiety during the “rest” period and thereby possibly engage additional attentional
mechanisms during processing of the noxious stimulus itself. Finally, we did not want to
introduce uncertainty about cue meaning by using occasional miscued trials because this
also can differentially engage endogenous pain inhibitory mechanisms [31]. The effect of
incorrect cues on processing of non-painful and painful stimuli has been examined in detail
elsewhere [35, 41, 17].

Summary and significance
In conclusion, cues of different sensory modalities produce common patterns of activation
during the expectation of painful stimuli. Modality-independent areas that exhibit this
pattern likely are involved in the extraction of cue meaning, retrieval of past memories and
experiences, and the formation of a mental set for an impending sensory event.
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Figure 1.
The temporal sequence of the task. Each noxious stimulus was preceded by a sensory cue
(cue-presentation period, *) in either the visual (one or two white squares) or thermal (one or
two 43°C pulses on the forearm) modality that informed subjects whether the upcoming
stimulus would be of low or high intensity. The delivery of these cues was completed 6 s
before noxious stimulation (cue-maintenance period, CM). Noxious stimuli were of two
intensities – low (47°C) and high (50°C) and were 6 s in duration at the destination
temperature (PAIN). There was a 6 s post-stimulus rest (PSR), and then subjects were
allowed up to 14 s for stimulus intensity rating (RATING). Finally, there was a 15 s rest
period (REST) before presentation of the next cue. Each functional imaging series involved
the presentation of four such cue-stimulus-rating blocks.
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Figure 2.
Expected and actual pain intensity ratings (mean±SEM) following different cue types. After
training, ratings of expected pain (A) confirmed that subjects had learned that the high cues
signaled intensely painful stimuli whereas low cues signaled mildly painful stimuli. Ratings
of actual pain (B) evoked by 50°C and 47°C stimuli were largely consistent with the
magnitude of expected pain and were strongly dependent upon stimulus temperature. The
visual analogue scales used to provide pain intensity ratings ranged from 0 to 10.
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Figure 3.
Early sensory areas exhibited cue modality-specific activation during the cue presentation
period. The main effect of cue modality revealed that thermal cues produced greater
activation of SII, whereas visual cues produced greater activation of V2. The main effect of
cue meaning was limited to greater activation of IPS in high compared to low cue condition.
Statistical maps were overlaid onto the mean high-resolution structural image derived from
all subjects. Slice locations are relative to standard Montreal Neurologic Institute (MNI)
stereotaxic space.
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Figure 4.
Main effect of sensory modality of the cue (thermal vs. visual) and main effect of cue
meaning (high vs. low) during the cue maintenance period. The main effect of cue modality
revealed greater activity in the dorsal occipital cortex/IPL following visual versus thermal
cues. The main effect of cue meaning revealed that high cues produced greater activity in
the DLPFC and ACC, whereas low cues produced greater activity in the IPS during
maintenance periods. Statistical maps were overlaid onto the mean high-resolution structural
image derived from all subjects. Slice locations are relative to standard MNI stereotaxic
space.
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Figure 5.
Brain activations (orange-yellow) and deactivations (blue) during the low cue maintenance
period. Conjunction analysis revealed that cues of both modalities produced activations in
the cerebellum, IPS, and regions of SPL/precuneus during the cue-maintenance period.
Slightly different yet partially overlapping portions of the right DLPFC were activated
during both thermal and visual cue maintenance periods although the area of overlapping
activity was not sufficiently large to be a statistically reliable conjunction. Activation of
common/similar areas is consistent with the processing of cue meaning. Statistical maps
were overlaid onto the mean high-resolution structural image derived from all subjects. Slice
locations are relative to standard MNI stereotaxic space.
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Figure 6.
Brain activations (orange-yellow) and deactivations (blue) during the high cue-maintenance
period. Similar to the low cue-maintenance period, conjunction analysis revealed that cues
of both modalities produced activations in the cerebellum and regions of SPL/precuneus
during the high cue-maintenance period. In contrast to the low cue maintenance period,
partially overlapping portions of the left DLPFC were activated during both thermal and
visual cue-maintenance periods although the area of overlapping activity was not
sufficiently large to be a statistically reliable conjunction. Activation of common/similar
areas is consistent with processing of cue meaning. Statistical maps were overlaid onto the
mean high-resolution structural image derived from all subjects. Slice locations are relative
to standard MNI stereotaxic space.
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