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Abstract—The resting brain shows high neural activity in vari-
ous regions, the default-mode network, chief among them the
cortical midline structures (CMS). The psychological correlate
of high resting state neural activity in CMS remains however
unclear though speculatively it has been associated with pro-
cessing of internally-oriented self-relatedness. We used func-
tional MRI to examine internally-oriented self-relatedness dur-
ing the resting state period. This was indirectly done by letting
subjects perceive emotional pictures followed by a fixation
cross; the very same pictures were then rated subjectively ac-
cording to their degree of self-relatedness in a postscanning
session. This allowed us to correlate the picture ratings of
self-relatedness with signal changes in the subsequent resting
state period, i.e. fixation period. The emotional pictures’ degree
of self-relatedness parametrically modulated subsequent rest-
ing state signal changes in various CMS, including ventro- and
dorsomedial prefrontal cortex and posterior cingulate cortex.
This modulation could be distinguished from effects of emotion
dimensions (e.g. valence, intensity) and evoked effects of self-
relatedness during the stimulus period itself the latter being
observed rather in subcortical regions, e.g. amygdala, ventral
striatum, and tectum. In sum, our findings suggest that resting
state neural activity in CMS is parametrically and specifically
modulated by the preceding stimulus’s degree of self-related-
ness. This lends further support to the presumed involvement
of these regions in processing internally-oriented self-related-
ness as distinguished from externally-oriented self-relatedness.
© 2008 IBRO. Published by Elsevier Ltd. All rights reserved.
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Recent observations indicate high neural activity during
the resting state in our brain which is interpreted as some
kind of intrinsic neural activity; this concerns a specific set
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of brain regions, the default-mode network, chief among
them the cortical midline structures (CMS) including the
medial orbitofrontal cortex (MOFC), ventro- and dorsome-
dial prefrontal cortex (VMPFC, DMPFC) and the posterior
cingulate cortex (PCC) (Raichle et al., 2001; Raichle and
Gusnard, 2005; Gusnard and Raichle, 2001; Vincent et al.,
2007; Raichle and Snyder, 2007; Fox and Raichle, 2007).
The CMS shows high resting state neural activity while
demonstrating predominant task-related reductions in sig-
nal changes, e.g. negative BOLD responses (NBR),
across a broad range of cognitive tasks (Shulman et al.,
1997; Raichle et al., 2001; Raichle and Gusnard, 2005;
Gusnard and Raichle, 2001; Damoiseaux, 2006). This
raises the question for the psychological correlate of high
resting state neural activity in CMS. Recent studies dem-
onstrated involvement of the CMS during tasks requiring
distinction between self- and non-self-related stimuli (Phan
et al., 2002, 2004a; Fossati et al., 2003; Ochsner et al.,
2002, 2004; Ochsner and Gross, 2005; Gusnard et al.,
2001; Lieberman et al., 2004; Satpute and Lieberman,
2006; D’Argembeau et al., 2005; Gillihan and Farah, 2005;
Keenan et al., 2001; Mitchell et al., 2005; Kelley et al.,
2002; Schmitz et al., 2004, Schmitz and Johnson, 2006;
Vogeley et al., 2004, Christoff et al., 2003; McKiernan et
al., 2006; D’Argembeau et al., 2005; Johnson et al., 2002;
Moran et al., 2006; Macrae et al., 2004, see Northoff and
Bermpohl, 2004; Northoff et al., 2006 for reviews). The
origin of neural activity in CMS during self-related process-
ing remains however unclear. Either CMS neural activity is
directly evoked by the degree of self-relatedness of exter-
nal stimuli and is thus visible during the presentation of
external stimuli, in which case one may speak of externally-
oriented self-relatedness, or CMS neural activity repre-
sents an intrinsic resting state activity related to rather
internally oriented self-related processes, reflecting a sur-
veillance of internal states such as emotional responses.
More specifically, internal stimuli like those from one’s
body and cognitions may also be present during the resting
state period and may possibly account for high resting
state activity (see Northoff et al., 2006; Wicker et al., 2003).
This however raises the question of how these internally-
oriented stimuli with a high degree of self-relatedness are
linked to external stimuli with different degrees of self-
relatedness. One possible way would be that resting state
neural activity during internal stimuli is modulated by the
neural activity induced by external stimuli and their respec-
tive degree of self-relatedness. In this case CMS neural
activity could be indirectly modulated but would not be
directly induced by the degree of self-relatedness of exter-
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nal stimuli; one would then expect that the stimulus’s de-
gree of self-relatedness modulates CMS signal changes in
the subsequent resting state more than in the period of
stimulus presentation itself.

A recent PET study by D’Argembeau et al. (2005)
demonstrated overlapping activation in the VMPFC during
the stimulus period, e.g. while subjects were thinking self-
referential thoughts, and resting state. This and other
(McKiernan et al., 2006) studies indicate that high resting
state neural activity in CMS may correspond to continuous
self-related processing. If this holds true, the CMS may be
crucially involved in what may be called internally-oriented
self-related processing as distinguished from externally-
oriented self-relatedness. Implicit self-related processing
comprises surveillance of predominantly internal states
including both emotional (e.g. bodily) and cognitive (e.g.
ruminations) processes without becoming of aware of
them as such as resulting also in what is called mind
wandering (Mason et al., 2007). While explicit self-related
processing refers predominantly to external stimuli, e.g. to
the extent to which | relate a certain stimuli to myself
resulting in awareness of myself as self, e.g. self-con-
sciousness (Northoff et al., 2006).

Direct empirical support for the association of high
CMS resting state neural activity with internally-oriented
self-relatedness is however lacking. This may in part be
due to the methodological difficulty to register internally
oriented self-relatedness during rest without violating and
confounding the resting state by task-related activity
changes in response to external stimuli. One possible
though indirect strategy to escape this dilemma is to in-
vestigate the effects of stimulus-related different degrees
of self-relatedness on CMS neural activity in the subse-
quent resting state period. A more or less analogous meth-
odological strategy has recently been successfully em-
ployed in investigating the effects of prior cognitive tasks
on the resting state networks’ functional connectivity (see
Waites et al., 2005; Fair et al., 2007; Scheibe et al., 2006).
However, the effects of the stimulus’s degree of self-relat-
edness on subsequent resting neural activity remain to be
investigated.

The aim of our study was to examine neural activity
during internally-oriented self-relatedness. This could be
done only indirectly by investigating the effects of exter-
nally-oriented and thus stimulus-associated self-related-
ness on neural activity in the subsequent resting period.
Using functional magnetic resonance imaging (fMRI), sub-
jects perceived emotional pictures whose degree of self-
relatedness was evaluated in a postscanning session in
order to avoid cognitive confounds during scanning which
by themselves may induce changes in resting state neural
activity (see Taylor et al., 2003; Grimm et al., 2006; Walter
et al., in press). In orientation on subjective ratings, the
perceived stimuli were divided into high and low self-re-
lated stimuli whose differential effects on signal changes
during the subsequent resting state period were investi-
gated. In addition to such categorical analysis, we also
investigated parametric modulation of resting state neural
activity by the stimulus’s degree of self-relatedness. To

exclude confounding effects of emotion dimensions in both
analyses, we controlled for emotional intensity and emo-
tional valence. To exclude simple carryover-effects from
the stimulus period, e.g. externally-oriented self-related
processing, to the resting state, e.g. internally-oriented
self-related processing, within the same region, we con-
trolled for effects occurring during the period of stimulus
presentation by performing exclusive masking analysis. To
control for confounding effects of emotion dimensions like
valence and intensity, we performed regression analyses
with the subjects’ ratings of these emotion dimensions and
compared them directly with the effects of the very same
pictures’ degree of self-relatedness on CMS resting state
signal changes.

Our results show that the prior stimulus’s degree of
self-relatedness modulates subsequent resting state neu-
ral activity in CMS regions including VMPFC, DMPFC and
PCC. These modulatory effects on internally-oriented self-
relatedness could clearly be distinguished from those as-
sociated with emotion dimensions and the stimulus period,
e.g. externally-oriented self-relatedness. Hence, our re-
sults lend support though indirectly to the assumed in-
volvement of CMS resting state neural activity in process-
ing internally-oriented self-relatedness as distinguished
from externally-oriented self-relatedness. However, since
the relationship between resting state period and self-
relatedness could here be investigated only indirectly via
modulatory effects from the preceding picture period, we
cannot exclude that both internally- and externally-oriented
self-relatedness may be processed in CMS. Instead of
exclusive relation between internally- and externally-ori-
ented self-relatedness one may assume dynamic balance
between both with internally-oriented processing predom-
inating in the resting state and externally-oriented process-
ing during stimulation.

EXPERIMENTAL PROCEDURES
Subjects

We investigated 15 female and male subjects (seven females,
eight males; age: 24.4+2.72, mean=S.D., min: 21, max: 31). All
were right-handed as assessed by the Edinburgh Inventory for
Handedness (Oldfield, 1971). After detailed explanation of the
study design and potential risks all subjects gave written informed
consent. The study was approved by the institutional review board
of the Otto-von-Guericke University of Magdeburg.

Experimental stimuli and design

Photographs from the International Affective Picture System (Uni-
versity of Florida, Miami Beach, FL) (Lang et al., 1999) were
shown to the subjects for a duration of 5 s. Picture sets were
counterbalanced across subjects as well as within each subject
according to the two categories emotional and neutral. For exact
matching procedures see previous work of our group (Northoff et
al., 2004; Grimm et al., 2006). The paradigm consisted of eight
runs with emotional and neutral pictures. In the respective runs
pictures were presented in a randomized order and subjects were
instructed to view the pictures passively. An arbitrary button press
was requested to assure a constant level of attention during
picture viewing. Reaction times from picture onset to button press
were measured. At the time of scanning, subjects were not aware
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of any post-scanning ratings. Half of the pictures were preceded
by an expectancy period with a duration of 4 s, in which the type
(emotional or neutral) of the following picture was indicated by a
white arrow on a dark background pointing to different directions.
An upward pointing arrow was followed by an emotional picture
and a downward pointing a neutral picture. The other half of the
pictures were presented directly after a fixation cross, which was
presented after every picture for 8.5 s and served as a baseline
condition and allowed the subjects to recover from the emotional
stimulation. The non-pictorial stimuli (arrows, fixation cross) were
of equal size, color, and luminance and were centered on a black
background. A total of 256 trials were presented in the eight runs.
The different types of IAPS pictures and expectancy tasks were
pseudorandomized within and across the eight runs. Prior to the
experimental session, subjects were familiarized with the para-
digm by completing a test run. During fMRI, pictures were pro-
jected automatically via a computer and a forward projection
system on a screen placed at the end of the subject’'s gurney.
Subjects lay supine in the scanner and viewed the screen through
a mirror positioned on the head coil. Subjects were asked to keep
their eyes open and fixate the middle of the screen in front of them.
They were asked not to move finger, head or body during picture
presentation and viewing with the exception of the button press for
the response. For this button press the reaction times were mea-
sured.

Behavioral ratings

Subjective ratings of self-relatedness and emotional dimensions
(valence, intensity) were made on a visual analog scale ranging
from 0 to 9. These ratings were made immediately afterward in a
postscanning session in order to avoid cognitive influences during
scanning which can confound neural activity during emotional
perception (Taylor et al., 2003; Grimm et al., 2006). Self-related-
ness was assessed using the question ‘How much do | personally
associate with or relate to this picture?’ (translated from German)
and ranged from ‘low personal association’ (1) to ‘high personal
association’ (9). Subjects were instructed to re-experience the
picture with regard to themselves. Rather than evaluating the
picture with regard to the distinction between self and non-self,
they were instructed to rate the personal association based on the
strength of their subjective or personal experience of themselves
while viewing the pictures. Prior to beginning the task, the partic-
ipants were also explicitly asked what they understood by ‘per-
sonal association’ which was then explained in the way the con-
cept was to be used here, i.e. as subjective and experiential
(Northoff et al., 2006). This was done to exclude other potential
meanings of ‘personal association’ like for example imagination of
oneself in the picture, recollection of associated autobiographical
memories, introspection or observation of themselves while view-
ing the picture, or evaluation of self-relevance. What was most
important here was to establish experimental conditions that min-
imized predominantly cognitive-evaluative tendencies as, for ex-
ample, might be required by recollection of autobiographical mem-
ories, imagination, etc. Since even our post-scanning evaluation
with the question ‘How much do | personally associate with or
relate to this picture?’ requires some at least implicit cognitive—
evaluative elements, we did not attempt to monitor that psycho-
logical dimension during the scanning session itself.

In order to validate ratings of self-relatedness and their rela-
tion to emotion dimensions, we tested the very same pictures and
ratings in another group of subjects (n=13) which will we will here
refer to as ‘the behavioral control group.’ In addition to self-
relatedness, we also evaluated experienced emotional valence
and intensity states in our subjects. Valence was assessed using
the question ‘How unpleasant/pleasant is that picture?’ and
ranged on a continuum from ‘negative’ to ‘positive’ on a 1-9 point
Likert scale. Emotional intensity was assessed using the question
‘How intense is this picture?’ and ranged on a continuum from

‘low’ (1) to ‘high’ (9) (see Supplementary Fig. 1). Since we did not
include a measure of ‘dominance’ (or ‘surgency’) in our postscan-
ning ratings, we relied on the given standard IAPS ratings for this
dimension. We considered this as justified since our subjects’
ratings for emotional valence and intensity did not differ signifi-
cantly from standard IAPS norms, and the concept of ‘dominance’
is the most difficult for subjects to understand.

Based on individual subjects’ rating, we distinguished between
high (7-9 on the visual analog scale), medium (4—6 on the visual
analog scale), and low (1-3 on the visual analog scale) categories in
our analysis of self-relatedness. We then analyzed ratings of emo-
tional valence and intensity to these same three categories of self-
relatedness so that these measures could be inter-related. In sum,
we performed ANOVA and post hoc ttests to directly compare
ratings of emotion dimensions between the three different categories
of self-relatedness. Finally, we performed Pearson product moment
correlation analysis of self-relatedness with emotion dimensions.

FMRI acquisition

Data acquisition was conducted on a 1.5 T General Electric Signa
scanner using a standard head coil. Imaging procedures included
collection of (a) structural high resolution images (rf-spoiled
GRASS sequence 60 slices sagittal, 2.8 mm thickness), (b) T1-
weighted anatomic images coplanar with the functional images
(23 slices, aligned to the plane connecting the anterior and pos-
terior commissure axis covering the whole head in oblique axial
orientation), (c) inversion recovery T1-weighted echo planar im-
ages coplanar with the functional images and (d) echo planar
functional images sensitive to BOLD contrast (402 sequential
acquisitions, 23 slices with 3.125 mm in-plane resolution, 5 mm
thickness, 1 mm gap; T2*-weighted gradient echo sequence: TR
2s, TE 40 ms). The first seven images were discarded due to T1
saturation effects. Subjects were positioned in the scanner and the
head was immobilized with foam peaces and a Velcro strip around
the forehead. By a mounted mirror on the head coil a screen was
visible, on which stimuli were projected using a LCD projector.

Image analysis

Image processing and statistical analyses were carried out using
MATLAB 6.5.1 (The Mathworks Inc., Natick, MA, USA) and SPM2
(statistical parametric mapping software, SPM; Wellcome Depart-
ment of Imaging Neuroscience, London, UK; http://www.fil.ion.
ucl.ac.uk) (Friston et al., 1995) and included realignment, normal-
ization and smoothing. Statistical parametric maps were first gen-
erated for baseline after high self-related pictures versus baseline
after low self-related pictures for each subject by using a general
linear model. Random effects analysis was used to determine
each subject’'s voxel-wise activation in baseline after high self-
related (when compared with low self-related) pictures. For the
entire group of 15 subjects, significant clusters of activation were
determined by using the threshold P<<0.001 (uncorrected), k>10.
Partial correlation analysis was conducted along the recommen-
dations by SPM (http://www.mrc-cbu.cam.ac.uk/Imaging/spm.
html). Individual subject’s rating values of self-relatedness, va-
lence and intensity for each picture presented in fMRI were en-
tered as regressors in the design matrix. First, the correlation for
each dimension (self-relatedness, valence, intensity) associated
with the preceding picture with neural activity of the subsequent
baseline period was calculated. This was followed in a second
step by direct comparison of self-relatedness with valence and
intensity respectively. The level of statistical significance was
again set to P<0.001 (uncorrected), k>10. Correlation curves
were extracted from original SPM data. Time courses and bar
diagrams using Marsbar program were calculated for high,
medium, and low levels of self-.relatedness. We then compared
signal changes of high—low differences for self-relatedness with
those of high—low differences of emotional intensity and the
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positive—negative differences of emotional valence. Third, in or-
der to distinguish between effects of self-relatedness on neural
activity during the baseline period and those during the picture
presentation, we performed exclusive masking analyses as estab-
lished in SPM2. Specific effects of self-relatedness during the
baseline period were calculated by exclusively masking the con-
trast ‘Baseline after High Self pictures>Baseline after Low Self
pictures’ with the contrast ‘Pictures High Self>Pictures Low Self.’
While specific effects of self-relatedness during picture presenta-
tion were calculated by exclusively masking the contrast ‘Picture
after High Self pictures>Picture after Low Self pictures’ with the
contrast ‘Baseline High Self>Baseline Low Self.’ The level of
statistical significance was set in both analyses to P<<0.001 (un-
corrected), k>10 using a threshold of P<<0.05, uncorrected for the
mask image. Please note that masking procedure does not impact
on the statistical analysis for the respective contrasts. The mask-
ing procedure rather concerns the visualization of the SPM map.
Voxels that survived the threshold P<0.05 uncorrected for the
mask contrast were not displayed in the figure. Most importantly,
no region was excluded a priori by the masking procedure.

RESULTS
Behavioral data

We divided postscanning ratings of self-relatedness and
emotional intensity into three different categories, high
(7-9), medium (4-6), and low (1-3) and, analogously,
emotional valence ratings into negative (1-3), neutral
(4—6) and positive (7—9) categories. The following values
were obtained for self-relatedness: High (7.47+0.63), me-
dium (5.08+0.80), and low 1.89+0.82) (see also Supple-
mentary Fig. 1a). Values were also obtained for emotional
intensity (high (7.74+0.74), medium (5.32+0.67), and low
(1.78+0.83)), and emotional valence (positive (7.51=*
0.63), neutral (5.130.82), and negative (2.01+0.82)). t-
Tests revealed significantly higher emotional intensity in
high than in medium (df=27, t=4.62, P<0.05) and low
(df=27, t=9.58, P<0.05) self-related pictures (see Sup-
plementary Fig. 1 for validation of self-relatedness ratings
in a control group). Furthermore, high self-related pictures
were significantly (df=28, t=3.09, P<0.05) more associ-
ated with positive emotional valence ratings (5.57+1.23)
than with negative emotional valence (1-3) (3.94£1.64). In
order to further investigate the relationship of self-related-
ness with emotion dimensions, we correlated self-related-
ness ratings with those of emotion dimensions using Pear-
son product moment correlation. We obtained significant
correlation of self-relatedness with emotional intensity
(r=0.76, t=16.19, P<<0.001) but no significant correlation
with emotional valence (r=0.22, t=3.61, P>0.05). In order
to further support these behavioral data on self-related-
ness and emotion dimensions, we conducted the same
evaluations with the same pictures in another group of
subjects, 13 healthy subjects, and observed similar pat-
terns of self-relatedness ratings and their association with
emotion dimensions (see Supplementary Fig. 1).
Reaction times (means=S.D.) in the scanner, as cal-
culated from an arbitrary button click to ensure vigilance,
for all pictures was 845+278 ms. ANOVA (F=0.009,
P>0.05) revealed no significant difference in reaction
times between high (785+262 ms), medium (845+272
ms) and low (857x332) self-related pictures. Reaction

times (means=S.D.) were also calculated for high (831
295 ms), medium (829+281 ms) and low (817321 ms)
emotional intensity as well as for high, i.e. more positive
(819+281), medium, i.e. less positive (831298 ms) and
low, i.e. not at all positive (8782311 ms) valenced pictures
which both revealed no significant effects ANOVA (emo-
tional intensity: F=0.219, P>0.05; emotional valence:
F=0.131, P>0.05). This suggests that no robust differ-
ences in vigilance were evident as a function of degree to
which pictures were deemed self-related during the course
of the study.

FMRI data

Effects of stimulus’s high and low self-relatedness on
resting state signal changes. We distinguished the base-
line periods after high self-related pictures (‘Baseline High
Self’) from the baseline periods following low self-related
pictures (‘Baseline Low Self’). This allowed us to categor-
ically compare the effects of high- and low-self-related
pictures on the subsequent baseline period. Baseline High
Self induced significantly stronger signal intensities in the
MOFC, the VMPFC, DMPFC and the PCC (adjacent to the
precuneus) (and the right lateral posterior parietal cortex
and the left anterior insula) compared with Baseline Low
Self (see SPM maps and BOLD time courses in Fig. 1 and
Table 1). The DMPFC finding is reported with caution, as it
is located at the periphery of the prefrontal cortex and we
cannot exclude an artifact. However, it should be noted
that clusters of activation were projected on the MNI stan-
dard brain and extended into the cortex on a lower level of
significance. SPM-based parametric regression analysis
including postscanning ratings of self-relatedness as re-
gressor yielded the following parametric relationship: The
higher signal intensities in MOFC, VMPFC, DMPFC and
PCC during the baseline period, the higher subjects rated
the preceding pictures’ degree of self-relatedness (see
correlation curves in Fig. 1). These results indicate that
high and low self-related stimuli differentially modulate
CMS signal changes in the subsequent baseline period.

Comparison between effects of stimulus’s self-related-
ness and emotion dimensions on resting state signal
changes. In order to exclude the effects of emotion di-
mensions as possible confounds, we directly compared
effects of self-relatedness with those of emotion dimen-
sions (valence, intensity) on signal changes in the subse-
quent baseline period. Self-relatedness correlated signifi-
cantly stronger with baseline period signal intensities in
VMPFC (including pregenual anterior cingulate), DMPFC,
PCC and dorsomedial thalamus when compared with
emotional intensity (see SPM map in Fig. 2 and Table 1).
The very same regions also showed significantly stronger
correlation with self-relatedness than with emotional va-
lence. We then calculated the differences in signal percent
changes between high and low self, positive and negative
valence and high and low intensity and statistically com-
pared these differences with each other. This yielded sig-
nificantly higher high—low differences for self-relatedness
when compared with high—low differences of emotional



124 F. Schneider et al. / Neuroscience 157 (2008) 120-131

wlr=0.201
p < 0.025*

Base High Self
Base Low Self

% Signal Change
% Signal Change

% Signal Change

% Signal Change

Time in seconds

Tr=0162
vl p<0.071(*)

r=0.245
p < 0.006%*

o

% Signal Change
3

< % signal Change

ol T=0.205
p <0.022*

% Signal Change
% Signal Change

0 5 6 7 ] o 2 B 6 5 0 1z 14 1
Self Rating Time in seconds

Fig. 1. Effects of self-relatedness ratings on neural activity during the subsequent baseline period. The SPM maps show the categorical comparison
between the baseline periods following high self-related pictures and the baseline periods following low self-related pictures (Base High Self>Base
Low Self). The saggital view depicts the right hemisphere; the threshold of significance is set to £<0.001 (uncorr), k>10. See below and Table 1 for
exact coordinates. BOLD curves (x axis: time locked to baseline onset (t0), y axis: % signal change) are plotted separately for baseline following high
(red curve) and low (green curve) self-related pictures. The DMPFC finding is reported with caution, as it is located at the periphery of the prefrontal
cortex and we cannot exclude an artifact. However, it should be noted that clusters of activation were projected on the MNI standard brain and
extended into the cortex on a lower level of significance. We also plotted the correlation curves between % signal change (y axis) and the degree of
self-relatedness (based on visual analog scale ranging from 0 to 9 with the extreme values, 0 and 9, cutoff; x axis); the original data points as obtained
by partial correlation analysis and the regression curve are shown. Correlation values are based upon Spearman correlation analysis (* £<0.05,
** P<0.005, (*) P<0.05-0.1). Abbreviations and MNI coordinates (x,y,z,Z): DMPFC (close to premotor cortex and BA 8) (—3,24,66,3.09), MOFC
(bordering to the VMPFC) (0,57,—6,2.94), VMPFC (bordering to the DMPFC) (—3,57,24,3.74), PCC/PRE=Precuneus (—3,—54,39,3.84). For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.

intensity and positive—negative difference of emotional va-
lence in the abovementioned regions; i.e. VMPFC, DMPFC,
PCC and dorsomedial thalamus (see bar diagrams in Fig. 2).
These results indicate that CMS modulation during the base-
line period is specifically associated with self-relatedness
rather than with emotion dimensions.

Distinction between stimulus’s effects of self-related-
ness during the resting state period and those during the
stimulus period. In order to exclude simple carryover-ef-
fects from the preceding period of stimulus presentation to
the subsequent resting state within the same region, we

exclusively masked the contrast ‘Baseline High Self>
Baseline Low Self with the contrast ‘Picture High Self>
Picture Low Self.’ This procedure revealed regional signal
changes in VMPFC, DMPFC, PCC (bordering to the precu-
neus), and left DLPFC (see SPM map and BOLD time
courses in Fig. 3a and Table 2). Signal changes in these
regions are specifically modulated by self-relatedness in the
baseline period as distinguished from effects of self-related-
ness during the picture period. These regions showed signif-
icantly stronger high—low self differences during the baseline
period than during the picture period (see bar diagrams in Fig.
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Table 1. Modulation of signal changes in the subsequent baseline period by preceding stimulus-related effects of self-relatedness

Baseline correlated with self-
relatedness from preceding
picture (P<0.001, k=10)

Baseline after High Self Baseline correlated with self-relatedness from
Picture>Baseline after Low  preceding picture>Baseline correlated with
Self Picture (P<0.001, Emotional Intensity from preceding picture
k=10) (P<0.001, k=10)

Right lateral parietal cortex 4.42 (45-8112)
Left lateral parietal cortex 3.50 (—42-810)
Left anterior insula 3.91(—5118-6)
MOFC 3.75 (0 54—15)
PCC/precuneus

VMPFC

Left dorsolateral prefrontal cortex

DMPFC

Dorsomedial thalamus
Left temporal superior gyrus
Right temporalis superior gyrus

4.07 (45-819)
3.29 (51-72 36)
3.25 (—5121-9)

2.94 (0 57—6)
3.84 (—3—54 39) 3.46 (—3-36 42)
3.74 (—3 57 24) 3.13(3513)
3.51 (—39 18 54)
3.09 (—3 24 66) 3.89 (6 54 42)
3.62(000)
3.41 (—54—30 6)
3.28 (60 3—6)

Shown are the regional coordinates that were obtained in categorical comparison between the baseline periods following high self-related pictures
and the baseline periods following low self-related pictures (Base High Self>Base Low Self) by themselves and in comparison to emotional intensity
as well as the results for parametric analysis of self-relatedness. Foci were identified with a global height threshold of P<<0.001 uncorrected for multiple
comparisons and an extent threshold of k=10 voxels. Numbers represent the x, y, z coordinates and the Z-values.

3a). Though this analysis yielded the same regions as dem-
onstrated in Fig. 1, the data described here in Fig. 3a were
now able to control for possible carryover effects from the
stimulus period to the subsequent resting state period within
the same regions, e.g. the CMS.

In order to reveal the regions directly associated with
stimulus-period-related effects of self-relatedness, we
masked the contrast ‘Picture High Self>Picture Low Self
with the contrast ‘Baseline High Self>Baseline Low Self.’
Regions specifically associated with modulation of self-
relatedness during the picture period were MOFC, VS/
NACC, right amygdala and tectum (see SPM map and
BOLD time courses in Fig. 3b and Table 2). These regions
showed significantly stronger high—low self differences
during the picture period than during the baseline period
(see bar diagrams in Fig. 3b). It should be noted that the
masking procedure was undertaken for the whole brain
and also included the MOFC. We observed MOFC activa-
tion when the contrast ‘Pictures High Self>Pictures Low
Self’ was exclusively masked with the contrast ‘Baseline
after High Self pictures>Baseline after Low Self pictures.’
This finding indicates that MOFC activation was present
during the picture but not the rest period. Taken together,
these results indicate differential involvement of subcorti-
cal and cortical regions in self-related processing (except
the MOFC) between the actual stimulus period and the
subsequent resting state period.

DISCUSSION

We here demonstrate modulatory effects of stimulus-as-
sociated degree of self-relatedness on neural activity in the
subsequent resting state in various CMS including the
VMPFC, the DMPFC and the PCC. Since the resting state
effects of self-relatedness could clearly be distinguished
from effects of self-relatedness during the stimulus period
and effects of emotion dimensions in both stimulus-period
and resting state, our results lend supportive evidence
though preliminary to our assumption that high CMS resting

state neural activity modulates predominantly internally-
oriented self-relatedness as distinguished from externally-
oriented self-relatedness.

Various studies demonstrated that stimuli with high
self-relatedness modulate neural activity in CMS during
the stimulus period (Phan et al., 2002, 2004a,b; Fossati et
al., 2003; Ochsner et al., 2002, 2004; Ochsner and Gross,
2005; Gusnard et al., 2001; Lieberman et al., 2004; Sat-
pute and Lieberman, 2006; Northoff et al., 2006;
D’Argembeau et al., 2005; Gillihan and Farah, 2005;
Keenan et al., 2001; Mitchell et al., 2005; Kelley et al.,
2002; Schmitz et al., 2004, Schmitz and Johnson 2006;
Vogeley et al., 2004; Christoff and Gabrieli, 2000; Christoff
et al., 2003; McKiernan et al., 2006; Moran et al., 2006;
Macrae et al., 2004; Johnson et al., 2002; Ochsner et al.,
2004; see Northoff and Bermpohl, 2004 and Northoff et al.,
2006 for review). Using PET, D’Argembeau et al. (2005)
observed that neural activity in the VMPFC showed com-
mon overlapping activation during the stimulus period, e.g.
when subjects were instructed to think self-referential
thoughts, and the resting state (see also McKiernan et al.,
2006). This suggests that the CMS may primarily mediate
internally-oriented self-relatedness rather than externally-
oriented self-relatedness since otherwise they would not
be active in the resting state. Taken together, it therefore
remains unclear which aspect of self-relatedness is medi-
ated by the CMS, internally- or externally-oriented self-
relatedness. Our results indicate for the first time that the
CMS mediate internally-oriented self-relatedness rather
than externally-oriented self-relatedness which seems to
be mediated rather by subcortical midline regions. One
should however keep in mind that these results provide
only indirect evidence because of a basic methodological
problem, the difficulty of how to register self-relatedness
without violating the resting state. One possible strategy to
escape this methodological dilemma is to investigate the
modulatory effects of prior stimulus-associated self-relat-
edness on subsequent resting state neural activity and, at
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Fig. 2. Differential effects between self-relatedness ratings and emotion dimension ratings (valence, intensity) on neural activity during the subsequent
baseline period. Based on regression analysis, the SPM map shows the contrast Baseline self-relatedness>Baseline emotional intensity. The saggital
view depicts the right hemisphere; the threshold of significance is set to P<0.001 (uncorr), k>10. See below and Table 1 for exact coordinates. The
bar diagrams show the differences in signal percent changes (during baseline period) between high (e.g. positive for emotional valence) and low (e.g.
negative for emotional valence) ratings for all three self-relatedness and emotional intensity and valence. Asterisks represent statistically significant
differences in signal intensities (P<<0.05) between self-relatedness, valence and intensity ratings, e.g. between their respective high—low (e.g.
positive—negative for emotional valence) differences. Abbreviations and MNI coordinates (x,y,z,Z): DMPFC (6,54,42,3.89), VMPFC (bordering to the
pregenual anterior cingulate cortex) (3,51,3,3.13), PCC/PRE=Precuneus (—3,—36,42,3.46), DMT=Dorsomedial thalamus (0,0,0,3.62), L=Left.

the same time, to avoid both cognitive confounds like
judgments (see Taylor et al., 2003; Grimm et al., 2006).
Moreover, the task during the stimulus period should avoid
any cognitive confounds since these may lead to possible
carryover-effects from the actual stimulus period to the
subsequent resting state period within the same region.
Though a more or less analogous strategy has recently
been successfully employed in investigating the effects of
prior cognitive tasks on resting state network functional
connectivity (Waites et al., 2005), effects of the stimulus’s
degree of self-relatedness on the subsequent resting state
neural activity remain to be demonstrated. Pursuing such
strategy, we could demonstrate differential signal changes
in CMS during the subsequent resting state period follow-
ing high and low self-related stimuli. Most importantly,
these modulatory effects of the preceding stimulus’s de-
gree of self-relatedness on subsequent resting state neural

activity could clearly be distinguished from effects of self-
relatedness during the stimulus period and effects of emo-
tion dimensions (valence, intensity) in both stimulus-period
and resting state. Modulation of resting state neural activity
may consequently be considered specific for the preceding
stimulus’s degree of self-relatedness rather than its emotional
valence and intensity. This in turn lends support to the pre-
sumed involvement of the CMS in specifically modulating
internally-oriented self-relatedness rather than externally-ori-
ented self-relatedness. One should however be careful in
assuming exclusive internally-oriented self-related process-
ing since due to the indirect nature of our investigation, we
cannot exclude that resting state modulation may also reflect
dynamic balance between internally-externally-oriented self-
related processing. Hence, further investigation of the rela-
tionship between internal and external self-relatedness is
necessary.
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Fig. 3. Regionally specific effects of self-relatedness on neural activity in the baseline period (a) and picture period (b). (3a) Specific effects of
self-relatedness on neural activity during the baseline period controlled for effects of the preceding picture period. The images show regional signal
changes that were elucidated by exclusively masking the contrast ‘Baseline High Self>Baseline Low Self’ with the contrast ‘Picture High Self>Picture
Low Self.” These regions show specific modulation of self-relatedness during the baseline period controlled for possible carryover effects from the
preceding stimulus period within the same regions (which distinguishes this figure from Fig. 1 where we did not yet control for possible carryover
effects). The saggital view depicts the left hemisphere; the threshold of significance is set to P<0.001 (uncorr), k>10. For the mask we set the level
of significance to P<0.05 (uncorr), k>10. See below and Table 2 for exact coordinates. The BOLD curves (x axis: time, y axis: % signal change)
represent the curves for high (blue) and low (red) self-relatedness in those regions that were revealed in the above described exclusive masking
analysis. Note that the BOLD curves are time-locked to the onset of the picture (0—4 s) rather than to the onset of the baseline, e.g. the fixation cross
(from 4 s on). Bar diagrams show the high—low self differences in % signal change for the contrasts ‘Picture High Self>Picture Low Self’ (blue) and
‘Base High Self>Base Low Self (green) for the very same regions. Asterisks represent statistically significant differences (P<<0.05) of the high—low
self differences between the stimulus period and the baseline period. Abbreviations and MNI coordinates (x,y,z,Z): DMPFC (—6,24,69,3.20), VMPFC
(—6,60,18,3.74), PCC/PRE=Precuneus (—3,—54,42,3.76). (3b) Specific effects of self-relatedness on neural activity during the picture period
controlled for effects of the preceding baseline period. The images show regional signal changes that were elucidated by exclusively masking the
contrast ‘Picture High Self>Picture Low Self with the contrast ‘Base High Self>Base Low Self.’ These regions show specific modulation of
self-relatedness during the picture period. The saggital view depicts the right hemisphere; the threshold of significance is set to P<<0.001 (uncorr),
k>10. For the mask we set the level of significance to P<<0.05 (uncorr), k>10. See below and Table 2 for exact coordinates. The BOLD curves (x axis:
time, y axis: % signal change) represent the curves for high (blue) and low (red) self-relatedness in those regions that were revealed in the
above-described exclusive masking analysis. Note that the BOLD curves are time-locked to the onset of the picture (0—4 s) rather than to the onset
of the baseline, e.g. the fixation cross (from 4 s on). Bar diagrams show the high—low self differences in % signal change for the contrasts ‘Picture High
Self>Picture Low Self' (blue) and ‘Base High Self>Base Low Self (green) for the very same regions. Asterisks represent statistically significant
differences (P<0.05) of the high—low self differences between the picture period and the baseline period. Abbreviations and MNI coordinates (x,y,z,Z):
MOFC (3,45,—12,3.66), VS/NACC=ventral striatum/nucleus accumbens (—6,—21,15,2.88), TECT=tectum (9,—30,—18,3.24), RAMY =right amyg-
dala (18,—9,—15,2.86). For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.

Though our results indicate involvement of CMS resting CMS during the resting state. Following our results, one may
state neural activity in internally-oriented self-relatedness, the hypothesize that these CMS resting state signal fluctuations
exact mechanisms of such modulation remain unclear. Re- may be specifically modulated by the interaction of externally-
cent investigations (Fransson, 2005, 2006; Fox et al., 2005; oriented self-relatedness with internally-oriented self-related-

Laufs et al., 2003) observed continuous signal fluctuations in ness. This however remains speculative and raises the ques-
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tion for the neuronal mechanisms by means of which an
external stimulus modulates intrinsic signal fluctuations in
CMS. One possible neuronal mechanism how the stimulus’s
externally-oriented degree of self-relatedness might modu-
late resting state neural activity and thus internally-oriented
self-relatedness could be by delaying stimulus-related neu-
ronal activity. Such delayed neural activity changes would
then, given the sluggishness of the BOLD response, extend
and be measurable in the time period following the stimulus
itself, e.g. the resting state period. In other terms, our obser-
vation of CMS resting state modulation by the stimulus’s
degree of self-relatedness could simply represent delayed or,
more precisely, slowly occurring stimulus-related neural ac-
tivity in these regions. This would be well in accordance with
our observation of the late peak in BOLD curves at around
8-12 s in CMS in the resting state period rather than, as
usual (and as observed in subcortical regions) peaking be-
tween 4 and 6 s. This suggests that the observed resting
state modulation may not be attributed to the resting state
itself, e.g. to internally-oriented self-relatedness, exclusively
but rather to the CMS and their possible delayed neural
reactivity with regard to the modulation of internally-oriented

by externally-oriented self-relatedness. To further investigate
this hypothesis of delayed CMS neuronal reactivity and its
specific association with the interaction between internally-
and externally oriented self-relatedness, different designs us-
ing a more refined temporal differentiation between prior
stimulus and subsequent resting period would be necessary.

In contrast to its effects on CMS neuronal activity during
the resting state period, self-relatedness affected neural ac-
tivity during the stimulus period rather in subcortical regions
like the tectum, VS/NACC, and right amygdala (and the
MOFC; see below for discussion). This is in accordance with
previous studies implicating these regions in parametric mod-
ulation of self-relatedness during the stimulus period (Phan et
al., 2004b; Northoff et al., in press). Our findings extend these
observations by showing that self-relatedness modulates
subcortical activity specifically during the stimulus period itself
rather than during the subsequent resting state period. We
consequently assume that subcortical regions mediate ef-
fects of self-relatedness during the presence of the actual
stimulus itself thus reflecting what is called externally-oriented
self-relatedness. Our observation of the clear temporal dis-
tinction between subcortical and cortical neural activity
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Table 2. Differential effects of stimulus-related effects of self-relatedness on signal changes during the stimulus, e.g., picture period and the

subsequent baseline, e.g., resting state, period

Specific Baseline Self: Baseline High Self>Baseline  Specific Picture Self: Picture High Self>Picture

Low Self (masked [excl.] by Picture High

Low Self (masked [excl.] by Baseline High

Self>Picture Low Self at P=0.05) (P<0.001, k=10)  Self>Baseline Low Self at P=0.05) (P<0.001,

k=10)
PCC/precuneus 3.76 (—3—-54 42)
VMPFC 3.74 (-6 60 18)
DMPFC 3.20 (—6 24 69)
Left dorsolateral prefrontal cortex 3.17 (—33 18 60)
Left lateral prefrontal cortex 2.79 (—-54159)
Left lateral parietal cortex 2.93 (—36—7239)
Right lateral parietal cortex 3.72 (48-69 0)
MOFC 3.66 (345—12)
Right lateral premotor cortex 3.29 (48—-6 60)
Tectum/dorsal midbrain 3.24 (9—-30—-18)

Right amygdala/parahippocampal gyrus
Right superior temporal gyrus
Dorsomedial thalamus

Ventral striatum/nucleus accumbens

3.17 (36 21—-24)
3.19(—3-156)

(
(
(
(
2.86 (18—9 —15)
(
(
2.88 (—6-2115)

Differential effects of self-relatedness ratings on neural activity during the picture and subsequent baseline period. The table shows regional
coordinates that were elucidated by exclusively masking the contrast ‘Baseline High Self>Baseline Low Self with the contrast ‘Picture High
Self>Picture Low Self.” These regions show specific, i.e., picture period independent, modulation of self-relatedness during the baseline period. In
addition, the reverse is also shown, the regional coordinates that were elucidated by exclusively masking the contrast ‘Picture High Self>Picture Low
Self with the contrast ‘Base High Self>Base Low Self.’ These regions show specific modulation of self-relatedness during the picture period. Foci were
identified with a global height threshold of P<<0.001 uncorrected for multiple comparisons and an extent threshold of k=10 voxels. Numbers represent

the x, y, z coordinates and the Z-values.

changes might indicate that both subcortical and cortical mid-
line networks may code distinct aspect of self-relatedness.
Modulation of self-relatedness in subcortical regions during
the stimulus period might signal the processing of the exter-
nal stimulus’s degree of self-relatedness, i.e. externally-ori-
ented self-relatedness. This is supported by the fact that
these subcortical regions have also been observed in previ-
ous studies on the self that directly relied on the stimulus
properties (Phan et al., 2004a,b; de Greck et al., 2008; Northoff
et al., in press) rather than on some cognitive task like judgment
and evaluation, while the delayed neural activity changes in
CMS might mirror the modulation of internally-oriented self-re-
lated processing in the resting state, as possibly represented by
high CMS resting state neural activity, by the externally-
oriented self-relatedness of the preceding stimulus.

How are these two aspects of self-relatedness, internally-
and externally-oriented self-relatedness, linked together?
Based on our data, one might speculate that the MOFC, that
showed self-relatedness dependent neural activity changes
in both stimulus and resting periods, might represent the
neural link between internally- and externally-oriented self-
relatedness. This would not only be in accordance with our
results but also with the connectivity pattern of this region, a
so-called convergence zone (Rolls et al., 1999), that receives
numerous afferences from subcortical regions, where exter-
nal stimuli are processed, and sends efferences to the other
CMS where apparently internally-oriented self-relatedness
may be represented. However, future studies employing de-
signs that allow for temporal and psychological distinction
between these aspects of self-related processing, e.g. inter-
nally- and externally-oriented self-relatedness, would be nec-
essary to lend further support to this rather speculative hy-

pothesis. Another region that seems to show some peculiar-
ities is the PCC where we could not find as clear-cut
differentiation between high and low-self-relatedness during
the resting state period as in the other regions, i.e. the ante-
rior CMS. Due to their tight connections with the hippocam-
pus, the PCC and the RSC have been implicated in episodic
and autobiographical memory particularly in retrieving of
these memories. Autobiographical memory retrieval may
have also been present in the resting state period as induced
and triggered by the preceding stimulus so that the PCC and
the RSC may possibly account for integrating self-related-
ness and autobiographical memory (see also Northoff et al.,
2006). In contrast, the anterior CMS regions might be more
involved in representing and monitoring self-relatedness be it
internally- or externally-oriented. However, the possible dif-
ferent functional roles of the different CMS regions need to be
addressed in future studies that for instance investigate the
functional and temporal relationship between self-related-
ness and autobiographical memory retrieval.

Some methodological issues should be mentioned.
One problem consists in the baseline period. We pre-
sented a fixation cross which eventually may induce some
neural activity by itself due to visual-cognitive processing
so that our baseline period may not have mirrored a true
resting state. Future studies may apply different baseline
conditions with and without fixation cross. Another problem
concerns the possibility of sustained activation. One may,
for example, assume stimulus-dependent transient activa-
tion in subcortical regions while CMS regions may rather
show sustained activation. What appears as baseline mod-
ulation may then be nothing but sustained activation orig-
inating in stimulus presentation and overlapping to the
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baseline period, e.g. carryover effects. Sustained activa-
tion may, for instance, be assumed in the MOFC which
may explain its occurrence in both resting state period and
picture-period effect of self-relatedness. However, sus-
tained activation can be excluded for VMPFC, DMPFC,
PCC, and left DLPFC, since activation in these regions
survived conservative exclusive masking with the contrast
‘Picture High Self>Picture Low Self.” To control for over-
lapping of hemodynamic responses we separately mod-
eled the periods of picture presentation and baseline in the
SPM-analysis. By this means, we aimed to separate the
temporal profiles of both. This has been shown for presen-
tation times shorter than 2 s (Miezin et al., 2000; Friston et
al., 1998). However, it cannot be excluded that the deco-
rrelation only succeeded partially. A third problem is that,
psychologically, high resting state neural activity might
reflect random task-unrelated emotions (and cognitions)
rather than a specific psychological process like self-related
processing. Though we cannot completely exclude such ran-
dom activity, the strong effects of self-relatedness on the
subsequent resting state when compared with those of the
emotion dimensions would argue against the assumption of
at least totally random neural activity. Another option might be
the process of mind-wandering which as recently demon-
strated (Mason et al., 2007) also recruits cortical midline
regions. Based on our results we would argue though rather
speculatively that mind wandering is possible only on the
basis of self-relatedness, e.g. implicit self-related processing.
For that to be demonstrated, future studies might want to
directly compare mind wandering and self-relatedness with
regard to intero- and exteroceptive stimuli. Taken together,
our data lead us to assume that the exteroceptive stimuli
degrees of self-relatedness modulate neural activity in differ-
ent regions of the subcortical—cortical midline network (sub-
cortical, medial orbitofrontal, medial frontal and posterior) in
different ways, e.g. immediate, sustained, and delayed. Fur-
thermore, our data suggest that at least delayed modulation
in CMS by self-relatedness may in part depend on the resting
state or intrinsic neural activity in these regions and thus on
the presumed internally-oriented self-relatedness.

CONCLUSION

In sum, our data suggest that the prior stimulus’s degree of
self-relatedness parametrically modulates CMS neural activ-
ity in the subsequent resting state. Since such modulation
could clearly be distinguished from effects of self-relatedness
during the stimulus period and effects of emotion dimensions
(valence, intensity) during both stimulus and resting state
periods, our results provide indirect and preliminary evidence
for involvement of CMS resting state neural activity in inter-
nally-oriented self-relatedness. Whereas the stimulus’s exter-
nally-oriented self-relatedness may rather be processed in
subcortical midline regions. Taken together, this lends strong
support to the assumption that our brains’ subcortical—
cortical midline network is critically involved in distinct
aspects of self-related processing like externally- and in-
ternally-oriented self-relatedness. Both internally- and ex-
ternally-oriented self-relatedness and their possible inter-

action in MOFC may contribute to constitute, modulate and
maintain our sense of self, e.g. what James (1982) called
the ‘stream of consciousness’ and others’ like Damasio
(2003) and Panksepp (1998) described as ‘core or mental
self and its modulation by the actual environment, e.g. the
external stimuli’s degree of self-relatedness.
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