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There is a large body of studies demonstrating that 
emotion impacts perception and behavior. On the one 
hand, beneficial effects have been reported, including 
findings that threat stimuli enhance contrast sensitivity 
(Phelps, Ling, & Carrasco, 2006), low spatial-frequency 
sensitivity (Bocanegra & Zeelenberg, 2009), and search 
efficiency for task-relevant objects (Becker, 2009). On the 
other hand, the deleterious effects of emotional content 
are also well documented. In particular, unpleasant stimuli 
compete effectively for visual processing resources and 
often impair behavioral performance when their process-
ing is irrelevant for the task at hand. For example, de-
termining the orientation of a target visual stimulus was 
slower following emotional pictures (Hartikainen, Ogawa, 
& Knight, 2000), and the presence of a central unpleas-
ant picture increased response times (RTs) when partici-
pants discriminated peripheral target letters (Tipples & 
Sharma, 2000) or the orientation of bars (Erthal et al., 
2005). These effects of emotional stimuli on performance 
are commonly thought to be mediated by attention (Pes-
soa, Kastner, & Ungerleider, 2002; Vuilleumier, 2005). 
In particular, it is believed that interference is due to the 

initial consumption of resources by emotional items or, 
possibly, to an increased difficulty in disengaging from 
emotional information (Bradley, Cuthbert, & Lang, 1996; 
Koster, Crombez, Verschuere, & De Houwer, 2004). This 
attention-like competitive advantage of emotional stimuli 
appears to be mediated by the amygdala (Anderson & 
Phelps, 2001).

Viewing unpleasant stimuli also generates defensive re-
actions (Azevedo et al., 2005; Bradley, Codispoti, Cuth-
bert, & Lang, 2001) and prepares participants for action 
(Hajcak et al., 2007). Darwin (1872) argued that emotions 
are adaptive insofar as they prompt actions that are ben-
eficial to the organism. Contemporary theories of emotion 
are based on the belief that, in order to survive, animals 
should be capable of identifying threat signals that allow 
them to avoid threats to their body envelope. From this 
perspective, it would be expected that the processing of 
emotional items would modulate signals in motor-related 
areas. Indeed, accumulating evidence (e.g., Graziano 
& Cooke, 2006) has demonstrated the involvement of 
 motor-related cortical areas during threatening contexts in 
the monkey. This notion is also consistent with studies that 
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evoked brain responses during motor action. Finally, we 
anticipated that the slow-down in RTs during unpleasant 
blocks would be tied to responses in brain regions involved 
in the integration of emotion and motor signals, such as 
the cingulate cortex.

METHOD

Participants
Eleven right-handed male participants (18–32 years old, M  

24.8) participated in the study. All had normal or corrected-to-
normal vision, reported no psychiatric or neurologic problems, and 
were not under medication with central nervous system action. The 
experiment was approved by the IRB of the Federal University of 
Rio de Janeiro, and the participants gave written informed consent.

Stimuli
Sixty pictures (30 neutral and 30 unpleasant) were employed. 

Twenty-two pictures (6 neutral and 16 unpleasant) were obtained 
from the International Affective Picture System (IAPS), and the re-
maining pictures were either obtained from the World-Wide Web or 
photographed by the authors (those additional images were obtained 
because those available in the IAPS set were not sufficient). All of 
the pictures were of the same size (640  480 pixels). The neutral 
pictures consisted of photographs of people, and the unpleasant pic-
tures consisted of photographs of mutilated bodies. We attempted to 
match unpleasant and neutral stimuli in terms of both color content 
and complexity (e.g., number of faces, number of body parts, etc.). 
Following the protocol developed by Lang, Bradley, and Cuthbert 
(1997), the pictures were rated on a scale of 1–9 in terms of va-
lence (from negative to positive) and arousal (from low to high) by a 
separate group of participants (N  40) using the paper-and-pencil 
version of the Self-Assessment Manikin (Bradley & Lang, 1994). 
Overall, the pictures in the neutral category had a mean valence rat-
ing of 4.9 (SD  0.3) and a mean arousal rating of 3.3 (SD  0.6). 
The pictures in the unpleasant category had a mean valence rating 
of 2.2 (SD  0.4) and mean arousal rating of 6.3 (SD  0.6). An ad-
ditional set of 6 neutral pictures of household objects from the IAPS 
data set was selected for use during a practice block.

Design and Procedure
Visual stimuli were displayed by means of magnetically shielded 

LCD goggles (Resonance Technologies, Inc., Northridge, CA). The 
experimental session was divided into two runs. Each run consisted 
of two detection-only blocks: one unpleasant block and one neu-
tral block. Unpleasant and neutral blocks lasted 225 sec each, and 
detection-only blocks lasted 60 sec. All blocks were followed by a 
12-sec fixation baseline. During the unpleasant and neutral blocks, 
each picture was presented for 3 sec and was immediately followed 
by a sequence of eight target detection trials (Figure 1). Picture-
containing blocks consisted of a single type of stimulus, unpleasant 
or neutral, and block order was counterbalanced across participants. 
Within unpleasant and neutral blocks, the order of presentation of the 
15 pictures was randomized for each participant. Participants were 
instructed to attend to each picture for as long as it was displayed. 
Each target detection trial consisted of a fixation spot presented at 
the center of the screen 500–700 msec prior to target onset. The tar-
get was a small annulus that appeared around the fixation spot; both 
remained on until the participant responded (or until 1,500 msec 
had elapsed). Both the fixation spot and the target were presented in 
white on a black background. Participants were required to press a 
button with the right index finger as quickly as possible after target 
onset. A new target detection trial began 500 msec after the par-
ticipant’s response. After eight target detection trials, a new picture 
appeared on the screen. Target detection trials with RTs shorter than 
100 msec or longer than 1,000 msec were considered errors and were 
discarded from the RT analysis. Detection-only blocks were identi-
cal to picture-containing blocks, except that a 3-sec black screen 

have reported increased motor cortex excitability during 
emotional processing in humans, as assessed via the com-
bination of electromyography and transcranial magnetic 
stimulation (Baumgartner, Willi, & Jäncke, 2007; Haj-
cak et al., 2007; Oliveri et al., 2003). Other neuroimaging 
studies have reported that activity in primary motor cortex 
and putamen is robustly modulated during experimentally 
induced states of fear (Butler et al., 2007; Phelps et al., 
2001), consistent with the idea that aversive contexts 
engage motor circuits. In a recent neuroimaging study 
(Morrison, Peelen, & Downing, 2007), activity in cingu-
late areas, such as midcingulate cortex, increased during 
unpleasant trials, and the activation depended on whether 
or not the participant made an overt motor response to 
the event. The findings concerning the midcingulate cor-
tex are of particular interest because these medial regions 
have been characterized as medial premotor areas (Koski 
& Paus, 2000) and are known to project topographically 
to primary motor cortex, supplementary motor areas, and 
putamen, in addition to having direct connections to the 
spinal cord (Morecraft, Louie, Schroeder, & Avramov, 
1997). Notably, the midcingulate cortex receives wide-
spread inputs, both directly and indirectly, from emotion-
related brain regions (Paus, 2001) and may be a pivotal 
node of emotion and motor integration (Morecraft & Van 
Hoesen, 1998).

As previously stated, the impact of affective stimuli on 
attention has been explored as an important component 
underlying emotional modulation (Vuilleumier, 2005). 
However, the potential role of interactions between affec-
tive processing and motor processes in behavioral inter-
ference has been less explored. In a recent study (Pereira 
et al., 2006), we reported a long-lasting interference effect 
produced by unpleasant picture viewing. Specifically, par-
ticipants exhibited a marked slowing down of RTs when 
performing a simple target detection task during unpleas-
ant blocks, as compared with neutral blocks. Because 
sustained behavioral interference was observed only dur-
ing the blocked presentation of stimuli, we suggested that 
viewing negative pictures may have caused the induction 
of an emotional state linked to the activation of defen-
sive responses. We further suggested that the triggering 
of these defensive, “freezing”-like motor patterns might 
have contributed to the sustained interference observed in 
our behavioral study.

The goal of the present study was to probe the neural 
underpinnings of sustained behavioral interference. Spe-
cifically, we were interested in probing how behavioral in-
terference during unpleasant picture viewing was related 
to motor-related evoked responses. We hypothesized that 
generating a motor response to a neutral target in an emo-
tional context was associated with modulation of activity 
in a network of brain regions involved in motor execution. 
To address this question, we employed a paradigm anal-
ogous to the one that we used previously (Pereira et al., 
2006; Pereira et al., 2004), in which sustained behavioral 
interference was observed. We further reasoned that, if the 
interaction of affective and motor-related signals under-
lies behavioral interference effects, evoked responses due 
to unpleasant picture viewing would be correlated with 
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valence (unpleasant, neutral) and target detection trial (1–4), and a 
between-participants factor of group (inside, outside). Note that the 
RTs from Trials 1–8 were not averaged into a single value because 
we were interested in evaluating the time course of the interference 
effect—for example, whether it was sustained or not. We employed 
averaged trials to diminish the number of levels in the above ANOVA 
from eight to four (as done in our previous behavioral study; Pereira 
et al., 2006).

fMRI Data Analysis
The statistical parametric mapping software package (SPM2, 

Wellcome Department of Cognitive Neurology, London) was used 
for preprocessing and statistical analyses. The first three functional 
volumes of each run were removed to eliminate nonequilibrium ef-
fects of magnetization. The remaining images were corrected for 
head movement by realigning all the images to the first image via 
rigid body transformations. The images were then corrected for dif-
ferences in slice acquisition time. For each participant, functional 
and structural images were coregistered. Structural data were nor-
malized by matching them to the standardized MNI template, and 
the transformation parameters estimated in this step were applied to 
all functional images. Functional images were spatially smoothed 
with an 8-mm full width at half maximum Gaussian kernel prior to 
statistical analysis.

Data analysis was performed according to the general linear 
model framework, as implemented in SPM2 (Friston et al., 1994). 
Data obtained from the 11 participants were analyzed. The first 
(fixed) level involved determining regression coefficients of 
variables of interest, which modeled the effects of each experimental 
condition: detection only, viewing neutral pictures, viewing 
unpleasant pictures, detection after neutral pictures, and detection 
after unpleasant pictures. Before estimation via multiple regression, 

preceded the sequence of target detection trials. At the beginning 
of the session, during anatomical scanning, participants performed 
a practice block, which was similar in structure to the neutral block, 
except that all images involved photographs of neutral objects, such 
as tools and furniture, instead of people.

Image Acquisition
Functional MRI data were collected using a 1.5T MRI scanner 

(Magnetom Vision Plus, Siemens, Erlangen, Germany). Functional 
images were acquired using a gradient-echo echo-planar imaging 
sequence (TR  3 sec; TE  60 msec; FOV  240; flip angle  90º; 
64  64 matrix). Whole-brain coverage was obtained with 25 axial 
slices (thickness  4 mm; in-plane resolution  3.75  3.75 mm). 
Echo-planar images were coregistered to a high-resolution struc-
tural T1-weighted image obtained during the same session (TR/
TE  9.7/4.0 msec; flip angle  12º; 128 sagittal slices; thickness  
1.25 mm; 256  256 matrix; FOV  256 mm). Head movements 
were restrained by foam padding. We acquired 234 functional vol-
umes during each of two runs, each of which lasted approximately 
12 min. Stimulus presentation was synchronized with MRI data 
acquisition.

RT Data Analysis
Two participants were excluded from RT analysis due to excessive 

errors ( 15%; mean error rate  1.3%). Because the resulting sam-
ple size (N  9) was relatively small, to increase statistical power, we 
ran the exact same experiment with an additional sample (22 males, 
mean age  24.8 years) outside of the scanner. The RTs for succes-
sive Target Detection Trials 1 and 2, 3 and 4, 5 and 6, and 7 and 8 
were averaged, resulting in four mean RTs (henceforth referred to as 
Target Detection Trials 1–4). Data from both groups were included 
in a repeated measures ANOVA with within-participants factors of 
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Figure 1. Experimental design. Each experimental run consisted of two detection-only blocks, one unpleasant block, and one neutral 
block. During the unpleasant and neutral blocks, pictures were presented for 3 sec and were immediately followed by a sequence of 
eight target detection trials. Participants were instructed to attend to each picture for as long as it was displayed and to press a button 
with the right index finger as quickly as possible after target onset. After eight target detection trials, a new picture appeared on the 
screen. In the detection-only blocks, a 3-sec black screen preceded the sequence of target detection trials. Stimuli are not drawn to 
scale.
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sphere around the peak voxel, and voxels within the sphere were fur-
ther considered if they were statistically significant (a threshold of 
p  .005, uncorrected, was employed, except for the all-conditions 
vs. baseline contrast, which employed p  .001, uncorrected, given 
the strength of this contrast). Mean regression coefficients were then 
determined for each region. ROI construction and signal extraction 
were performed using the MarsBar toolbox for SPM2. Note that all 
of our ROI analyses avoided circularity, in that the statistical test at 
the ROI level was independent from the selection criterion used to 
determine the ROI (Kriegeskorte, Simmons, Bellgowan, & Baker, 
2009; Vul, Harris, Winkielman, & Pashler, 2009).

Overall, three main types of inferential ROI analysis were per-
formed. Here, we briefly describe them and the rationale for carry-
ing them out. In the first, a set of ROIs defined via the detection-only 
versus baseline contrast was probed with the unpleasant-detection 
versus neutral-detection contrast (see Table 1 for a list of the ROIs). 
The objective of this analysis was to probe the basic circuit involved 
in target detection for modulations based on stimulus category (un-
pleasant vs. neutral).

In the second ROI analysis (see Figure 2), midcingulate cortex 
was identified via the all-conditions versus baseline contrast (note 
that the detection-only vs. baseline contrast does not engage the 
midcingulate cortex; an emotionally evocative stimulus appears to 
be necessary). The goal of this analysis was to investigate effects of 
both stimulus category and target detection trial, which was accom-

regressors of interest were convolved with a canonical hemodynamic 
response function. Because the target detection phase of picture-
containing blocks followed the pictures immediately, detection-
related regressors modeled only Target Detection Trials 3–8 (thus 
excluding the first two target detection trials). We adopted this fairly 
conservative strategy to minimize any spillover from the picture-
viewing phase into the detection phase, a notion that was supported 
by the absence of emotional modulation during the target detection 
phase in visual cortex (as indicated by the unpleasant-detection vs. 
neutral-detection contrast). Note that specific phases of picture-
containing blocks were contrasted (e.g., unpleasant viewing vs. 
neutral viewing, but not against detection-only blocks). The latter 
were contrasted against the baseline condition in order to delineate 
the basic circuit engaged by the target detection task.

Second-level group analyses were conducted by means of re-
peated measures ANOVAs and t tests. Since random effects analy-
ses may be fairly conservative in the context of fMRI data (Worsley 
et al., 2002), we employed a threshold of p  .001 (uncorrected), as 
is commonly employed in the literature.

Additional region-of-interest (ROI) analyses were also performed. 
In each case, a voxelwise contrast (e.g., detection only vs. baseline) 
was employed first to determine a set of candidate clusters, which 
were further interrogated via additional contrasts (e.g., unpleasant 
detection vs. neutral detection). The local peaks of the activation of 
the voxelwise contrasts were used as the center of a 10-mm-radius 

Figure 2. Midcingulate cortex responses and behavior. (A) Response time (RT) data are shown as a function of pooled target detection 
trial number and viewing condition. (B) Illustration of the midcingulate region of interest (ROI). (C) Midcingulate cortex ROI responses 
(MNI coordinates: 8, 12, 46) are shown as a function of pooled target detection trial number and viewing condition. (D) Scatterplot il-
lustrating the linear relationship between behavioral and fMRI data. Error bars in A and C indicate the standard errors of the means.
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tivity of voxels within an ROI was normalized (z score) with respect 
to the mean activity of each run, and trial averaging was used to 
generate the time courses shown. Our objective here was to illustrate 
how transient or sustained the responses were in these regions (no 
statistical inferences were performed).

plished via a 2 (valence: unpleasant, neutral)  4 (target detection 
trial: 1–4) repeated measures ANOVA; as in the behavioral analysis, 
the latter factor was employed to probe the temporal unfolding of 
the interference effect.

In the third ROI analysis (see Figure 3), we focused on regions 
that exhibited increased responses to unpleasant viewing relative to 
those to neutral viewing and investigated how they were correlated 
with midcingulate signals. Accordingly, we tested the three regions 
differentially recruited by this contrast—namely, middle occipital 
gyrus, middle insula, and the amygdala. Signals from these regions 
were then correlated with responses observed in the midcingulate 
cortex. The latter was defined via the unpleasant-detection versus 
neutral-detection contrast because we were interested in relating 
midcingulate responses during detection to those in the structures 
above during stimulus viewing. In other words, we were interested 
in testing a link between responses during viewing and detection that 
would be consistent with a causal relationship (naturally, “consistent 
with” does not imply causation).

Finally, Figure 4 plots average fMRI responses in the middle oc-
cipital gyrus, middle insula, and midcingulate cortex (all regions 
were defined as described above for the third ROI analysis). The ac-

Figure 3. (A) Scatterplot illustrating the linear relationship 
between responses in the middle insula (unpleasant viewing vs. 
neutral viewing) and midcingulate cortex (detection unpleasant 
vs. neutral detection). (B) Scatterplot illustrating the linear rela-
tionship between responses in the amygdala (unpleasant viewing 
vs. neutral viewing) and midcingulate cortex (detection unpleas-
ant vs. neutral detection).
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Figure 4. Mean normalized signal during unpleasant and neu-
tral blocks. The dark gray shaded area indicates the picture view-
ing phase, and each arrow in the light gray area approximately 
indicates the presentation of a detection target. Responses are 
shown for the (A) left occipital middle gyrus, (B) left middle in-
sula, and (C) left midcingulate cortex. Whereas the responses in 
visual cortex were fairly transient and driven by picture viewing, 
those in the middle insula and midcingulate cortex were more 
directly linked to the target detection phase.
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the left precentral gyrus, left middle frontal gyrus, and bi-
lateral putamen (Figure 5). This analysis thus revealed that 
most of the neural circuit engaged by the target detection 
task exhibited increased responses when target detection 
was performed after the viewing of unpleasant pictures.

Areas recruited during task performance in the 
unpleasant block. Were additional brain regions re-
cruited during target detection in the unpleasant block? 
To answer this question, we conducted a whole-brain 
analysis contrasting the unpleasant-detection and neutral-
detection conditions (Figure 7). Increased activation dur-
ing the unpleasant-detection condition was observed in 
the inferior parietal gyrus, precentral gyrus, postcentral 
gyrus, midcingulate cortex, superior frontal gyrus, and 
putamen, all in the left hemisphere. Note that not all areas 
observed in the ROI analysis above were identified here 
because they did not reach the statistical threshold of the 
voxelwise analysis.

Signal modulation in the midcingulate cortex par-
allels behavioral interference. The recruitment of the 
midcingulate cortex when participants performed the 
target detection task during an aversive context was par-
ticularly interesting, considering that this area has been 
suggested as a critical node in the interaction between 
emotion and motor systems (Morecraft & Van Hoesen, 
1998; Morrison et al., 2007; Paus, 2001). To investigate 
whether signal responses in this region were related to 
the behavioral RT interference, we analyzed midcingulate 
fMRI data in a manner analogous to that done with the be-
havioral data—specifically, by considering responses for 
Average Target Detection Trials 1 through 4 (i.e., Original 
Trials 1 and 2, 3 and 4, 5 and 6, and 7 and 8 were averaged, 
producing Average Trials 1–4). A cluster of activation in 
the midcingulate cortex identified via the all-conditions 
versus baseline contrast was used to create an ROI for this 
region (peak voxel: x  8, y  12, z  46; Figure 2). 
A 2 (valence: unpleasant, neutral)  4 (target detection 
trials: 1–4) repeated measures ANOVA revealed a statis-
tically significant main effect of valence only [F(1,10)  
4.87, p  .05]. The estimated regression coefficients dur-
ing the unpleasant and neutral conditions are illustrated in 
Figure 2, suggesting that midcingulate cortex responses 
paralleled the behavioral interference results. The rela-
tively sustained increase in activity during the unpleasant 
block when participants were performing target detection 
trials is further illustrated in Figure 4C.

To further explore the relationship between midcin-
gulate responses and behavioral interference, we tested 
whether participants with stronger evoked responses in 
the midcingulate ROI also exhibited the largest behav-
ioral interference effects. Indeed, when differences in RT 
(unpleasant minus neutral) were regressed on regression 
coefficients (unpleasant minus neutral), a linear trend ap-
proached significance (r  .62, p  .07) (Figure 2D).

Correlations between midinsula responses during 
picture viewing and midcingulate responses during 
target detection. Finally, we tested whether the emo-
tional modulation observed in the midcingulate cortex 
during target detection performance was linked to re-
sponses evoked during the viewing of unpleasant stimuli. 

RESULTS

Behavioral Performance
RT data were analyzed according to a 2 (valence: 

unpleasant, neutral)  4 (target detection trial: 1–4)  
2 (group: inside, outside) repeated measures ANOVA. 
Note that the factor target detection trial allowed us to 
evaluate the time course of the interference effect (e.g., 
transient vs. sustained). The analysis revealed a significant 
main effect of valence only [F(1,29)  7.17, p  .01]. 
In particular, no interactions involving valence were 
statistically significant [for valence  target detection trial, 
F(3,87)  0.81, p  .5; for valence  group, F(1,29)  
0.12, p  .73; for valence  target detection trial  group, 
F(3,87)  1.1, p  .3]. Post hoc comparisons revealed 
that all target detection trials performed during unpleasant 
blocks were significantly slower than those performed 
during neutral blocks (all ps  .05). This sustained effect 
over target detection trials is depicted in Figure 2A, where 
mean RTs during the unpleasant and neutral blocks are 
shown for the participants of the fMRI sample. This 
plot clearly illustrates the same general pattern of long-
lasting interference that we have reported in previous 
investigations (Pereira et al., 2006; Pereira et al., 2004). 
In fact, post hoc comparisons of the data from the fMRI 
sample (n  9) revealed that the RTs of target detection 
trials performed during unpleasant blocks were slower 
than during neutral ones (all ps  .05, except for Target 
Detection Trial 4, for which p  .29).

Brain Functional Activity
Simple target detection task circuit. To identify the 

set of brain regions that was engaged by the target de-
tection task, the detection-only condition was contrasted 
against the fixation baseline, which revealed increased 
responses in the left precentral gyrus, right middle frontal 
gyrus, left middle frontal gyrus, and, subcortically, bilat-
eral putamen (Figure 5 and Table 1).

Brain areas activated by viewing mutilation pic-
tures. To identify the set of brain regions engaged by mu-
tilation stimuli, we contrasted unpleasant picture viewing 
against neutral picture viewing, which revealed enhanced 
activation in the occipital cortex and middle insula (Fig-
ure 6). Note that, whereas the responses in the former were 
relatively transient, those in the latter were less so (Fig-
ure 4; see the Method section). Given the large literature 
showing the involvement of the amygdala in similar condi-
tions, a more lenient threshold for statistical significance 
was adopted ( p  .05, uncorrected), which revealed differ-
ential responses in the amygdala bilaterally (Figure 6C).

Emotional modulation of the circuit involved in 
target detection. The behavioral results revealed a long-
lasting slowdown of target detection when performed 
during the unpleasant condition. We thus interrogated 
motor-related regions identified via the detection-only 
versus baseline contrast for potential effects of emotional 
picture viewing. Specifically, a set of ROIs defined via 
the detection-only versus baseline contrast (see Table 1) 
was probed with the unpleasant-detection versus neutral-
detection contrast, which revealed increased responses in 
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which was also more strongly engaged during unpleasant 
viewing, and that of the midcingulate cortex (r  .2).

DISCUSSION

The objective of the present study was to investigate 
interactions between affective and motor processes. We 
were interested in the potential emotional modulation of 
output systems, so we chose a simple detection task not 
involving additional processing stages, such as those in-
volving discrimination and/or response choice. The be-
havioral data replicated the findings of our previous study 
(Pereira et al., 2006) and revealed a sustained interference 
effect when a simple target detection task was executed 

We reasoned that an area that responded more strongly 
during unpleasant picture viewing would possibly convey 
the information about the aversiveness of the context to 
the midcingulate cortex. To probe this, we conducted a 
correlation analysis between the clusters activated by the 
unpleasant-viewing versus neutral-viewing contrast (see 
Table 1) and the cluster of evoked activity in the midcin-
gulate cortex, as defined from the unpleasant-detection 
versus neutral-detection contrast. Significant correla-
tions were observed between the middle insula and the 
left midcingulate cortex (r  .83, p  .005) and between 
the left amygdala and the left midcingulate cortex (r  
.67, p  .05) (Figure 3). No significant correlation was 
observed between activation of the early visual cortex, 

Figure 5. Voxelwise group maps on the left illustrate the results of the detection-only versus baseline contrast. These regions were 
further interrogated on the basis of the unpleasant-detection versus neutral-detection contrast, as shown in the bar plots on the right. 
Error bars indicate the standard errors of the means. The gradient scale represents z values.
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Table 1 
Brain Activations

MNI Coordinates Cluster
Brain Region    x  y  z  Size  t Value

Detection Only Versus Baseline
 Lingual gyrus R 24 88 10  58 6.25
 Middle occipital gyrus L 34 84 2  59 6.47
 Middle occipital gyrus R 30 80 10  53 7.53
 Precentral gyrus L 54 2 46  19 5.83
 Middle frontal gyrus L 24 8 40   4 4.22
 Middle frontal gyrus R 30 20 40  10 5.05
 Putamen L 24 2 4 131 6.56
 Putamen R 24 4 4  36 5.22
Unpleasant Viewing Versus Neutral Viewing
 Middle occipital gyrus L 38 84 8 123 5.80
 Middle insula L 32 14 16  19 6.96
 Amygdala L 26 6 14 133 2.33
 Amygdala R 32 2 18  24 2.22
Unpleasant Detection Versus Neutral Detection
 Inferior parietal gyrus L 40 40 52  31 5.53
 Precentral gyrus L 26 20 68  51 6.27
 Postcentral gyrus L 58 4 42   6 5.49
 Superior frontal gyrus L 18 2 56  10 4.99
 Midcingulate cortex L 4 8 46   9 4.44
 Putamen L 18 4 12  11 5.43

Note—All regions at p  .001, uncorrected, except the amygdala, at p  .05. L  left, R  right; x, y, z  
MNI coordinates of the maximally active voxel; t  maximum t value.

Figure 6. Voxelwise group maps illustrating the unpleasant-viewing versus neutral-viewing contrast. (A) Visual 
cortex (MNI coordinates: x  38, y  84, z  8). (B) Middle insula (MNI coordinates: 32, 14, 16). 
(C) Amygdala left (MNI coordinates: 26, 4, 14) and right (MNI coordinates: 32, 4, 18). The gradient 
scale represents z values.
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consistent with a considerable body of data documenting 
how this structure is involved in affective processing (for a 
review, see Phan, Wager, Taylor, & Liberzon, 2002); note, 
however, that amygdala activation was weak and was de-
tected only at less stringent thresholds (see the Limitations 
of the Present Study section below).

Finally, the middle insula has been associated with a 
range of functions, including viscerosensation (Craig, 
2003) and pain perception (Coghill, Sang, Maisog, & 
Iadarola, 1999; Peyron, Laurent, & García-Larrea, 2000). 
Indeed, it has recently been suggested that the middle in-
sula integrates homeostatic representations with activity 
that is linked with emotionally salient information (Craig, 
2009). In general, the insula may serve to monitor the ongo-
ing internal emotional state of the organism and integrate 
sensory information with motivational salience to guide 
behavioral responses (Craig, 2009; Damasio, 1999).

Midcingulate Cortex As a Pivotal Node of 
Emotional and Motor Interaction

The unpleasant-detection versus neutral-detection 
contrast revealed an activation site in the midcingulate 
cortex. In addition, differential midcingulate activity 
appeared to be sustained during the target detection 
phase, a pattern similar to that observed behaviorally. 
These findings suggest that, in the present paradigm, the 
midcingulate may have integrated emotion and motor 
signals, an interpretation consistent with a growing body 

after the viewing of unpleasant pictures. Brain activity 
was modulated by the emotional context across most re-
gions engaged by the target detection task. Interestingly, 
modulation of activity in the midcingulate cortex during 
target detection seemed to mirror the pattern of behav-
ioral interference. Differential (unpleasant vs. neutral) 
evoked activity in this structure was relatively sustained 
during the detection phase and was correlated with the 
magnitude of the behavioral interference. Furthermore, 
emotional modulation in the midcingulate cortex during 
target detection was correlated with emotional modula-
tion of midinsula activity during picture viewing. Taken 
together, our findings suggest that the cingulate cortex is 
an important site for the interaction between negatively 
valenced and motor information.

Brain Areas Modulated by  
Unpleasant Picture Viewing

The unpleasant versus neutral viewing contrast revealed 
increased responses in visual cortex, amygdala, and middle 
insula. The ability of emotional stimuli to modulate ongo-
ing visual processing is well documented, and all of the 
occipito-temporal cortex appears to be robustly modulated 
by stimulus valence (Bradley et al., 2003; Ishai, Pessoa, 
Bikle, & Ungerleider, 2004; Lane, Chua, & Dolan, 1999; 
Lang et al., 1998; Mourão-Miranda et al., 2003; Pessoa 
et al., 2002). Increased responses in the amygdala during 
unpleasant versus neutral picture viewing is, of course, 

Figure 7. Voxelwise group maps illustrating the unpleasant-detection versus neutral-detection contrast. See Table 1 for MNI 
coordinates of each cluster.
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Interference effects induced by emotional stimuli have 
often been interpreted in terms of attention (Vuilleumier, 
2005). Accordingly, an alternative explanation for the 
present behavioral effects of unpleasant pictures is that 
they captured attention, reducing the resources available 
for the subsequent target detection task. Interference ef-
fects observed for the very first target detection trial are 
indeed consistent with the timing associated with atten-
tional processes, but attention likely does not account for 
the longer lasting interference effect described here. In 
general, selective attention effects are relatively fast and 
transient; for example, attentional dwell time is suggested 
to last on the order of 500 msec or slightly longer (600–
800 msec) (Müller, Teder-Sälejärvi, & Hillyard, 1998). 
Thus, we favor the interpretation that the origin of this 
longer lasting interference effect is not attentional (at least 
in terms of a traditional attentional role) but is instead as-
sociated with the induction of an emotional state that is 
possibly linked to the activation of defensive responses, 
as outlined below.

Midcingulate Cortex and the  
Implementation of Defensive Responses

Our findings of the modulation of midcingulate re-
sponses by negatively valenced information during the 
target detection task also deserve to be discussed in the 
context of recent studies that indicate that this region is 
involved in the implementation of defensive responses. 
For instance, Morrison et al. (2007) asked participants to 
execute or suppress a motor response after viewing short 
animations depicting a noxious implement (e.g., a sharp 
knife) or an innocuous implement (e.g., a butter knife) 
striking a person’s hand. The combination of the imple-
ment’s noxiousness and whether it contacted the hand 
strongly affected RTs. Responses in the midcingulate 
cortex mirrored this behavioral interaction pattern, lead-
ing the authors to suggest that distinct areas within the 
cingulate gyrus, which were also engaged, may work to-
gether during unpleasant contexts to recognize the aver-
sive nature of the event, mount an appropriate motor re-
sponse, and modulate this response according to current 
task constraints. In this context, it should be noted that the 
unpleasant stimulus category employed here involved mu-
tilation pictures, which may be among the most emotion-
ally evocative (Bradley et al., 2001; Sarlo, Buodo, Poli, & 
Palomba, 2005).

More direct evidence of the involvement of the cin-
gulate cortex with the expression of defensive responses 
was reported in a study by Kalin, Shelton, Fox, Oakes, 
and Davidson (2005). In that study, freezing behavior was 
investigated in monkeys, and it was found that responses 
in the dorsal ACC were positively correlated with freez-
ing duration in aversive contexts. Another study (Milad 
et al., 2007) addressed the role of the cingulate cortex in 
the expression of fear responses in humans. Increased 
activation, which included the midcingulate cortex by a 
conditioned fear stimulus, was reported, and these signals 
were positively correlated with increased fear responses 
(as indexed via skin conductance responses), suggest-
ing that the cingulate cortex might be involved in the ex-

of work, as discussed below. Here, the focus of activation 
observed during the unpleasant-detection condition (as 
opposed to the neutral condition) was located at the 
aMCC/pMCC border (i.e., extending anteriorly to the 
aMCC), two subdivisions of the midcingulate cortex 
proposed by Vogt (for a review, see Vogt, 2005). Both 
subdivisions are important sites observed in pain studies 
(Strigo, Duncan, Boivin, & Bushnell, 2003; Svensson, 
Minoshima, Beydoun, Morrow, & Casey, 1997; Vogt, 
Berger, & Derbyshire, 2003). Responses in the aMCC 
are enhanced by fear, too (Vogt et al., 2003). Vogt et al. 
(2003, p. 3142) suggested that the “aMCC coordinates 
fear and avoidance with skeletomotor activity through the 
rCMA [rostral cingulate motor areas].” More generally, 
the cingulate motor cortex receives widespread emotion-
related input, including signals from the orbitofrontal 
cortex and insula (Morecraft & Van Hoesen, 1998). 
Indeed, the importance of the cingulate motor area as a 
pivotal point where emotion-related signals influence the 
voluntary motor system was also advanced by Morecraft 
and Van Hoesen (1998) (see also Paus, 2001).

Interestingly, in the present study, midinsula activity 
during the viewing of unpleasant pictures was positively 
correlated with midcingulate responses when the partici-
pants performed the target detection task within the same 
block. If we consider responses in the middle insula as 
an index of the emotional impact of picture viewing, the 
observed correlation suggests that such emotional impact 
might be predictive of the subsequent behavioral interfer-
ence effect. We thus suggest that the middle insula might 
have been involved in mapping homeostatic and nega-
tively valenced representations and that it conveyed such 
information to “motivational drive” representations in the 
midcingulate cortex and other cingulate sites (Craig, 2003, 
2009; Critchley, Wiens, Rotshtein, Öhman, & Dolan, 
2004). Although tentative, this interpretation may be as-
sessed further with network-related analysis techniques, 
such as dynamic causal modeling (Friston, Harrison, & 
Penny, 2003), and may profit from larger sample sizes (see 
also Taylor, Seminowicz, & Davis, 2009), for evidence 
of functional interactions between the middle insula and 
midcingulate cortex). It should be pointed out that the 
middle insula also exhibited activation during the target 
detection phase when a more lenient statistical threshold 
was adopted ( p  .005, uncorrected). Indeed, it appears 
that responses in this structure were also somewhat sus-
tained following the picture-viewing phase and extended 
into the target detection phase (Figure 4). For evidence of 
sustained activation of the insula during blocked presenta-
tion of emotional stimuli, see also Wendt, Lotze, Weike, 
Hosten, and Hamm (2008).

Performing the target detection task during the unpleas-
ant block engaged additional regions of the motor network, 
including the primary motor cortex and bilateral putamen. 
Because the cingulate motor cortex projects to these and 
other motor structures (Morecraft et al., 1997; Morecraft 
& Van Hoesen, 1992), one may hypothesize that, in our 
experiment, the midcingulate conveyed affective informa-
tion to other components of the voluntary motor system 
network during a negative context.
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stimuli. In the present study, as in our previous one (Pereira 
et al., 2006), we chose mutilation pictures because we 
intended to evoke strong aversive reactions. Naturally, a 
disadvantage of our design is that the results cannot be 
generalized to other classes of stimuli. We note, however, 
that in a previous study that used a very similar paradigm 
(Pereira et al., 2006), pleasant pictures of babies and of 
family interactions actually produced an acceleration of 
RT when stimuli were presented in a blocked fashion, as 
was done in the present study. These findings lend cre-
dence to the notion that the present results are valence 
specific, but this suggestion is tentative at present.

A second important limitation of the present study is 
that some of the results concerning the amygdala—a criti-
cal structure in the processing of affective stimuli—were 
observed only at lenient statistical thresholds. Although 
we do not advocate the use of different statistical thresh-
olds in general, in the present study, we considered this 
strategy acceptable, given that a vast literature has iden-
tified amygdala responses in similar conditions to those 
probed here. In other words, given the extant literature, 
it is unlikely that the observed responses in the amygdala 
reflect a gross Type I statistical error.

Implications for Affective Disorders
Understanding how negative emotion impairs behavior 

and the underlying neural circuits has important impli-
cations for affective disorders—especially depression, 
which is characterized by persistent negative mood and 
selective cognitive and behavioral disturbances. For exam-
ple, depressed patients show a failure to inhibit negative 
information (Goeleven, De Raedt, Baert, & Koster, 2006), 
which might be related to decreased behavioral adjust-
ments. Our findings revealed that the midcingulate cortex 
was more strongly engaged during the unpleasant context, 
and activation of this region has been shown to be involved 
in the ability to adaptively regulate freezing as a function 
of a changing context (Kalin et al., 2005). Interestingly, it 
has recently been suggested that the anterior midcingu-
late cortex might play a protective role in the pathogen-
esis of depression; individuals with reduced gray-matter 
volume and functional activation of this region might be 
predisposed to more severe depression symptoms (Chen 
et al., 2007). Given that the midcingulate cortex might be 
involved in adaptively regulating freezing, it would po-
tentially be valuable to test whether these patients exhibit 
abnormalities in the engagement of motor circuits during 
emotion-laden contexts, such as those studied here. It is 
conceivable, for instance, that depressed patients exhibit 
an enhanced freezing-like state, as compared with non-
clinical individuals.

Given the high comorbidity between depression and 
anxiety disorders, our findings may also be of interest in 
the context of the latter condition. Recent studies have 
investigated the role of the ACC in generalized anxiety 
disorder and reported that heightened activity in this re-
gion may be “adaptive” (Nitschke et al., 2009; Whalen 
et al., 2008). For instance, patients with increased ACC 
activity exhibited greater reductions in anxiety and worry 
symptoms after pharmacological treatment. As suggested 

pression of fear responses in general. Indeed, in a recent 
compilation of activation sites observed in conditioning 
studies (Engelmann, Damaraju, Padmala, & Pessoa, 2009; 
Pessoa, 2009), we showed that cingulate sites, including 
the midcingulate cortex, are frequently engaged during 
the processing of aversive stimuli—an observation that, 
together with the findings of the present study and those 
reviewed here (see also Sommer, Hajak, Döhnel, Mein-
hardt, & Müller, 2008), challenges the popular notion that 
more anterior and posterior portions of the anterior cingu-
late cortex are only specialized for affective and cognitive 
information, respectively (Bush, Luu, & Posner, 2000). 
Taken together, these studies suggest that the cingulate 
cortex, including the midcingulate cortex observed in 
the present study, likely also has an important role in the 
implementation of defensive behaviors, which involve the 
integration of negatively valenced information and motor 
information.

In conclusion, we can hypothesize that, during the 
unpleasant block, the midcingulate cortex participated in the 
implementation of a defensive response, possibly a freezing-
like response. Viewing an injured individual, such as was 
present in the mutilation pictures, may signal a potential life 
threat in the environment. Thus, it is possible that emitting a 
motor response that was unrelated to this defensive context, 
such as was done during the target detection task, involved 
increased activation in motor-related areas and produced 
behavioral interference. Evidence for the induction of a 
freezing-like response in humans by mutilation pictures 
has been reported by Azevedo et al. (2005). Posturographic 
and electrocardiographic recordings revealed immobility, 
rigidity, and bradycardia during the viewing of mutilation 
pictures (see also Facchinetti, Imbiriba, Azevedo, Vargas, 
& Volchan, 2006).

In this context, an alternative hypothesis for the find-
ings reported here is worth discussing. Specifically, the 
increased midcingulate activity during the unpleasant 
condition may have reflected response conflict. Accord-
ing to this idea, midcingulate responses may reflect the 
detection of the conflict between the action required by 
the imperative stimulus (i.e., a motor response) and an 
avoidance response, possibly freezing, evoked by the 
aversive context. Hence, increased midcingulate cortex 
signals might reflect the conflict generated by the coacti-
vation of these two responses. It is well known that the 
anterior cingulate cortex (ACC) is engaged during the 
monitoring and/or detection of conflict (Barch, Braver, 
Sabb, & Noll, 2000; Botvinick, Nystrom, Fissell, Carter, 
& Cohen, 1999; Carter et al., 2000; Casey et al., 2000). 
It is noteworthy, however, that, according to Picard and 
Strick (2001), on average, the sites of conflict-related ac-
tivations at the time were located 24 mm (SD  7) anterior 
to the level of the anterior commissure. It thus appears 
that the present activation site of the midcingulate cortex 
is posterior to those observed during conflict tasks (see 
Picard & Strick, 2001).

Limitations of the Present Study
A limitation of the present study is the extent to which 

the present results generalize to other types of emotional 
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by Nitschke et al., increased activity in the ACC may be 
an indication of unimpaired top-down regulation in pa-
tients with more favorable outcomes. It is important to 
bear in mind, however, that the cingulate cortex findings 
observed here were posterior to the ACC, although the 
two regions are strongly interconnected (Morecraft & Van 
Hoesen, 1998).

CONCLUDING REMARKS

As has been shown previously, the sight of mutilation 
pictures leads to strong physiological reactions and evalu-
ative reports of high arousal and unpleasantness (Brad-
ley et al., 2001). We conjecture that, in the present study, 
these alterations of body physiology were represented by 
the middle insula and that these negatively valenced sig-
nals were complemented by a parallel motivational drive 
for action triggered by the midcingulate cortex. An ap-
propriate response in this context is the installation of a 
defense pattern—probably freezing, as discussed above. 
In our task, the immobility aspect of the defense pattern 
probably competed with the requirement to emit a motor 
response, possibly resulting in an increased recruitment 
of the motor circuits necessary to execute the task. Our 
results suggest that, in addition to privileging capture of 
attention and consumption of processing resources (Pes-
soa et al., 2002; Vuilleumier, 2005), viewing unpleasant 
stimuli also modulates output systems. Thus, emotional 
modulation by negative stimuli—and, particularly, be-
havioral interference—might be partially a reflection of 
the prompting of defensive responses and how they are 
related to ongoing behaviors.
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