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Abstract: The application of global signal regression (GSR) to resting-state functional magnetic reso-
nance imaging data and its usefulness is a widely discussed topic. In this article, we report an observa-
tion of segregated distribution of amygdala resting-state functional connectivity (rs-FC) within the
fusiform gyrus (FFG) as an effect of GSR in a multi-center-sample of 276 healthy subjects. Specifically,
we observed that amygdala rs-FC was distributed within the FFG as distinct anterior versus posterior
clusters delineated by positive versus negative rs-FC polarity when GSR was performed. To character-
ize this effect in more detail, post hoc analyses revealed the following: first, direct overlays of task-
functional magnetic resonance imaging derived face sensitive areas and clusters of positive versus neg-
ative amygdala rs-FC showed that the positive amygdala rs-FC cluster corresponded best with the fusi-
form face area, whereas the occipital face area corresponded to the negative amygdala rs-FC cluster.
Second, as expected from a hierarchical face perception model, these amygdala rs-FC defined clusters
showed differential rs-FC with other regions of the visual stream. Third, dynamic connectivity analyses
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revealed that these amygdala rs-FC defined clusters also differed in their rs-FC variance across time to
the amygdala. Furthermore, subsample analyses of three independent research sites confirmed reliabil-
ity of the effect of GSR, as revealed by similar patterns of distinct amygdala rs-FC polarity within the
FFG. In this article, we discuss the potential of GSR to segregate face sensitive areas within the FFG
and furthermore discuss how our results may relate to the functional organization of the face-
perception circuit. Hum Brain Mapp 36:4089–4103, 2015. VC 2015 Wiley Periodicals, Inc.

Key words: amygdala; fusiform gyrus; functional magnetic resonance imaging; resting-state; global
signal regression; face perception

r r

INTRODUCTION

The application of global signal regression (GSR) to
resting-state functional magnetic resonance imaging (rs-
fMRI) data with the purpose of removal of non-neuronal
noise and its usefulness is an ongoing discussed topic.
As regression against the global mean signal has been
shown to shift correlation distributions toward a mean
correlation value close to zero, a fundamental argument
against application of GSR is the artificial introduction of
negative correlations [Murphy et al., 2009, Weissenbacher
et al., 2009]. Conversely, and in favor of GSR, it has been
argued that GSR may also remove a true shared covaria-
tion in firing rate (i.e., a true global neuronal signal),
thereby revealing relationships of neuronal populations
otherwise masked by the dominant global signal [Fox
et al., 2009; Keller et al., 2013; Scholvinck et al., 2010]. In
this study, we offer support for another potential benefit
of GSR, based on an unpublished observation that was
done within the context of data analyses in a recent
study targeting the impact of genetic risk variants on
resting-state functional connectivity (rs-FC) between the
amygdala and fusiform gyrus (FFG) [Kruschwitz et al.,
2015]. During data analyses we observed that, when GSR
was performed, amygdala rs-FC delineated subregions of
the FFG that spatially correspond to the commonly
reported face sensitive areas, namely the occipital face
area (OFA) and fusiform face area (FFA). Specifically, we
observed that after applying GSR a cluster of positive
amygdala rs-FC approximately corresponded to the FFA
while a cluster of negative rs-FC corresponded best to
the OFA.

In the current article, we describe this observation in
detail, test for reliability of effects over different samples,
and examine whether these amygdala rs-FC defined clus-
ters may indeed correspond to the face sensitive areas in
the FFG. While doing so, we tested the following hypoth-
eses, and applied the respective post hoc analyses to our
data (which are described in detail in the methods section
of this manuscript): first, if amygdala rs-FC defined clus-
ters do correspond to the commonly reported face sensi-
tive areas in the FFG (i.e., FFA and OFA), then face
sensitive areas as engaged by a face matching task should
spatially map onto these rs-FC clusters. To test this

hypothesis, we used an emotional face matching task
conducted in the same sample, and subsequently mapped
task-fMRI localized face sensitive areas onto the distinct
amygdala rs-FC clusters. Second, if the effect of distinct
amygdala rs-FC clusters is of neuronal origin, it should
be possible to replicate this effect in independent subsam-
ples of our data. Therefore, replication of distinct amyg-
dala rs-FC in the FFG was carried out in three
independent subsamples (i.e., research sites) to confirm
generalization. Third, if the amygdala rs-FC defined clus-
ters do correspond to distinct face sensitive areas, then
they should, respectively, show differential rs-FC connec-
tivity patterns to other regions of the visual stream (cf.,
hierarchical face processing system as proposed by
Haxby et al., [2000]) (see short summary at the end of the
introduction1). Thus, additional rs-FC analyses were con-
ducted with the distinct FFG regions as seeds, probing
whether the observed segregation of positive versus neg-
ative FFG clusters would also be reflected in differential
rs-FC of these clusters to other regions of the visual
stream. Fourth, if amygdala defined rs-FC clusters corre-
spond to face sensitive areas, then, given a hierarchical
coupling between regions of the visual stream [Haxby
et al., 2000], we would expect the FFA cluster, as com-
pared to the OFA cluster, to show decreases in rs-FC var-
iance with the amygdala (as a potential indicator of rs-FC
stability over time and thus closer coupling1) [Liao et al.,
2014]. To test this hypothesis, we conducted dynamic rs-
FC analyses between these areas using a sliding-window
approach to access differences in rs-FC variance of these
regions over time. Taken together, in this article we pro-
vide results that may indicate the usefulness of GSR for

1In contrast to the FFA, the OFA is suggested to be an earlier stage in
a hierarchical face perception network (Pitcher et al., 2011), where
basic facial components are decoded. The OFA provides input to
higher face selective cortical regions, such as the FFA (Haxby et al.,
2000), in which more complex features are processed (Haxby et al.,
2000; Pitcher et al., 2011). In turn, the FFA is thought to be involved
in a later stage of more complex information processing and is
assumed to exert the dominant influence (as compared to the OFA)
to the extended face processing system, which, among others,
includes the amygdala (Fairhall and Ishai, 2007; Herrington et al.,
2011; Vuilleumier et al., 2003, 2004; Vuilleumier and Pourtois, 2007).
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unmasking “true” inter-regional relationships [e.g., Fox
et al., 2009].

METHODS

Participants

A group of 276 healthy volunteers (mean age: 33.8 years;
range: 18 to 51 years; 143 female; 242 right-handed; 6 both-
handed) from three different collaborating research centers
(Bonn: n 5 123, Berlin n 5 77, Mannheim n 5 76) partici-
pated in this study (Table I). None of the participants
reported a lifetime history of psychiatric disorder. Subjects
with a history of major neurological disease or first degree
relatives with schizophrenia or mood disorder were
excluded from the study. Additional exclusion criteria
included the presence of pregnancy, and general MRI con-
traindications. All subjects were of Central European
descent. Participants were recruited as part of an ongoing
study on neurogenetic risk mechanisms for major mood
disorders and schizophrenia [Erk et al., 2010; Esslinger
et al., 2009]. The study was approved by the local ethics
committees and all subjects gave informed consent.

Tasks

Participants completed a 5 min resting-state scan in
which they were instructed to relax, keep their eyes
closed, not to focus on any specific thoughts and not to
fall asleep. Additionally to the resting-state scan, subjects
completed a well-established emotional face matching
task. In short, the task had two conditions: in the face con-
dition, subjects had to decide which of two simultaneously
presented faces depicted the same emotion as a third face
presented at the same time below the two faces. In the
control condition, the task was to match geometrical fig-
ures. [For a detailed description compare: Esslinger et al.,
2009; Hariri et al., 2002; Meyer-Lindenberg et al., 2009;
Tost et al., 2010]. For analysis of amygdala rs-FC within
the FFG, the main effect (face> control condition) was
used to construct a sample specific spatially defined mask
covering the FFG (one subject included in the resting-state
analysis did not complete the face matching task). Post
hoc, this task also served as a localizer to spatially localize
the commonly reported face sensitive areas within the FFG
(i.e., FFA and OFA).

fMRI Data Acquisition

Resting-state and task-fMRI measurements were per-
formed using a standardized protocol at all three sites. For
each subject, gradient echoplanar imaging (EPI) volumes
(resting-state: 150 volumes; task-fMRI: 130 volumes)
depicting BOLD contrast were acquired at three identical 3
T Siemens Trio scanners in Berlin, Bonn, and Mannheim.
For the resting-state and task-fMRI scans, the following

scanning parameters were used: number of axial
slices 5 28, slice thickness 5 3 mm, interslice gap 5 1 mm,
voxel size 5 3 3 3 3 3, flip angle 5 808, TR 5 2 s, TE 5 30
ms. Quality control measurements were conducted at all
sites on every day of data collection according to a multi-
center quality assurance protocol [Friedman and Glover,
2006], revealing stable signals over time and comparable
quality between sites.

fMRI Data Analysis Software

For resting-state fMRI, single subject data preprocessing
was carried out using the Data Processing Assistant for
Resting-State fMRI [Yan, 2010]. Single subject data process-
ing for task-fMRI was carried out in SPM8 [please refer to
Esslinger et al., 2009; Meyer-Lindenberg et al., 2009 for
more detail]. Second-level group analyses for both, resting-
state as well as task-fMRI data, were performed using the
statistical parametric-mapping software package SPM8
(http://www.fil.ion.ucl.ac.uk/spm). Sliding-window anal-
ysis of the resting-state data was carried out using the
DynamicBC toolbox [Liao et al., 2014]. All three software
packages were implemented under Matlab R2011b (The
Math Works Inc., http://www.mathworks.com).

fMRI Data Preprocessing

Resting-state fMRI data preprocessing

In favor of signal equilibrium and to minimize artifacts
triggered by adaption to scanner noise, the first 10 volumes
of data for each participant were removed from the analysis.
The remaining volumes underwent slice timing correction,
realignment, normalizing (standard EPI template, 3 3 3 3

3 mm voxels), and smoothing procedures (8 mm full width
at half maximum [FWHM] Gaussian kernel: main analysis;
3 mm FWHM kernel: reanalysis of the data to rule out spu-
rious results due to blurred time signals from neighboring
voxels). Subsequently, the data were detrended to remove
systematic signal changes induced by long-term physiologi-
cal shifts, movement related noise or instrumental instabil-
ity. Moreover, a temporal filter (0.01–0.08 Hz) was applied
to minimize effects of high-frequency noise and low-
frequency drift. Finally, multiple-regression was performed
on the data to remove possible sources of artifacts (six esti-
mated movement parameters, global mean signal, cerebro-
spinal fluid signals, white matter signals) interfering with
the low frequency signal fluctuations of interest. Addition-
ally, to test whether observed effects would be replicated
when no global mean signal would be removed, we also
performed the described multiple-regression method with-
out removal of the global mean signal.

Task fMRI data preprocessing

The acquired volumes underwent slice timing correction
(to correct for time differences in slice acquisition),
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realignment (to spatially correct the confounding effects of
subject movement), normalizing (spatial normalization to
the standard EPI template and resampled at 3 3 3 3

3 mm voxels) procedures and were smoothed with a
8 mm FWHM kernel to account for individual variations
of the anatomical landmarks.

FFG Mask

First, to obtain a sample specific region of interest (ROI)
mask for analysis of amygdala rs-FC within the FFG, a func-
tional mask was created based on the subject’s task responsive
activity (one subject included in the resting-state analysis did
not complete the face matching task). For this purpose, a one-
sample t-test was computed to derive whole-brain activation
for the faces task (contrast: faces> shapes), which was subse-
quently masked with a template of the FFG using the WFU_-
pickatlas (atlas 5 “human-atlas AAL; Version 2.5, Wake
Forest University, School of Medicine, Winston-Salem, North
Carolina; www.ansir.wfubmc. edu”). The left and right FFG
were combined in one mask. To increase spatial specificity of
the mask, the activation corresponding T-values were set to
T� 15, such that only the most significant voxels contributed
to the final functional FFG mask (volume of the mask: 1062
voxels). The mask for the FFG is shown in Supporting Infor-
mation Fig. 1.

fMRI Data Analysis Pathway

The a priori defined analyses (Resting-state amygdala
seed definition section – Analysis of amygdala rs-FC with
the FFG section) were conducted within the context of a
recent study about the impact of genetic risk variants and
personality on rs-FC between the amygdala and FFG
[Kruschwitz et al., 2015]. Based on the observations in the
a priori analyses, effects were target to post hoc follow-up
analyses (Localization and definition of face sensitive areas
using task-fMRI section to Analysis of rs-FC of amygdala
rs-FC defined FFA and OFA clusters back to the amygdala
and among themselves section) to determine their reliabil-
ity and nature in more detail.

A priori defined analyses

Resting-state amygdala seed definition. To determine
amygdala rs-FC, the right and left amygdala were sepa-
rately defined as AAL Atlas volume-based seed regions
(left amygdala seed: 62 voxel; right amygdala seed: 70
voxel; Supporting Information Fig 1).

Analysis of amygdala rs-FC with the FFG. After comput-
ing separate voxel-wise correlations with the signal
extracted from the left and right amygdala (i.e., seed based
functional connectivity analysis), the obtained correlation
coefficients (Pearson correlation) for each participant
underwent Fishe�rs r-to-z conversion to obtain z-values that
fulfilled the requirements of a normal distribution.

To determine significant amygdala rs-FC within the FFG,
the individual z-scaled amygdala rs-FC maps (respectively,
left and right amygdala seed) were entered into one-sample t-
tests (to determine both positive and negative rs-FC). For each
seed-based t-test, small-volume corrections (FFG mask;
P� 0.05, FWE corrected) were applied. This analysis was car-
ried out using the entire sample. Moreover, we also reana-
lyzed the data with a voxel-size smoothing kernel of 3-mm
FWHM to rule out spurious results due to blurring of time
signals of neighboring voxels (especially signals of amygdala
and anterior temporal cortex) in the initial coincidental find-
ing (i.e., segregation of amygdala defined rs-FC clusters). The
initial analysis was also carried out for the resting-state data
without global mean signal regression. Results obtained from
this latter analysis underwent a stepwise increased threshold-
ing, to test if an anterior–posterior distribution (similar to the
finding with GSR) of clusters in the FFG could be observed.

Post hoc follow-up analyses

Localization and definition of face sensitive areas using

task-fMRI. To delineate the commonly reported [e.g.,
Gschwind et al., 2012; Rossion et al., 2003] distinct face
sensitive areas (i.e., FFA and OFA) within the FFG, the
face matching task-activation corresponding T-values were
increased in a step-wise manner (starting from T� 15)
within the previously defined FFG mask until separate
contiguous clusters of activation emerged within the FFG
mask (i.e., respectively, in the anterior FFG (FFA) and in
the posterior FFG (OFA) in each hemisphere). At a T-value
threshold of T� 34 cluster-wise separation into the two
face sensitive areas was accomplished.

Replication of observed amygdala rs-FC distribution in

subsamples. To test for the reliability of observed effects of
distinct spatially distributed amygdala rs-FC within the FFG,
the analysis described under Analysis of amygdala rs-FC
with the FFG section (amygdala rs-FC with the FFG) was car-
ried out for the three independent scanner sites separately.

Resting-state FFA and OFA seed definition. To probe
whether the observed segregation of positive versus nega-
tive FFG clusters would also be reflected in differential rs-
FC of these clusters to other regions of the visual stream,
four separate seed regions were defined for the distinct
FFG regions (i.e., the positive FFA and negative OFA clus-
ters in each hemisphere, which were identified in the com-
bined left and right amygdala connectivity results based
on 8 mm FWHM smoothing).

Analysis of functional segregation of amygdala rs-FC

defined FFA and OFA clusters. After computing voxel-
wise correlations for the FFA and OFA clusters (as
defined under Resting-state FFA and OFA seed defini-
tion section), for each cluster and hemisphere sepa-
rately, the obtained correlation coefficients (Pearson
correlation) for each participant underwent Fishe�rs r-to-
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z conversion to obtain z-values that fulfilled the require-
ments of a normal distribution.

To determine whether the FFA and OFA clusters would
show differential rs-FC patterns, the individual z-scaled FFA
and OFA rs-FC maps were entered into paired-sample t-tests
(for each hemisphere separately). First, to examine whether
the FFA and OFA clusters would show differential connectiv-
ity patterns with regions of the face processing system (with
special focus on the posterior superior temporal sulcus [pSTS]
as the third region of the core face processing system) [Haxby
et al., 2000], a mask (volume: 1669 voxels) was created based
on regions involved in face processing (as defined by an
image of the Neurosynth.org reverse inference tool with
keyword “face”), which provided the search space for the
analyses (small-volume FWE correction, P� 0.05. Due to
the high power in this study, we restricted us to only
report peak voxel activity in clusters with k� 10 contigu-
ous voxels). To test for differences in rs-FC between the
FFA and OFA seeds, the following contrasts were esti-
mated: FFA>OFA and OFA> FFA. Subsequently, rs-FC
between FFA/OFA and the paired-sample t-test resulting
peak voxel (3-mm sphere) within the pSTS (i.e., one
paired-sample t-test with FFA and OFA for each hemi-
sphere) were extracted to explore how the FFA and OFA
would distinctly contribute to the observed difference in
rs-FC with the pSTS. As the paired-sample t-tests also
showed a significant difference in FFA versus OFA rs-FC
pattern in the left parahippocampal gyrus and the left
middle occipital gyrus (please refer to the results section),
we also extracted the respective rs-FC values for these
regions (peak voxel with 3-mm sphere). To probe, whether
FFA and OFA clusters would also show differential con-
nectivity patterns with other regions of the face processing
system when not removing the global signal, the same
analysis was carried out with individual z-scaled FFA and

OFA rs-FC maps, for which no prior GSR was performed.
As these analyses target the relative difference in rs-FC
between FFA and OFA to other regions, reliability of
results would be indicated by similar outcomes when
removing versus not removing the global signal (in con-
trast to the analysis of amygdala rs-FC with the FFG (Anal-
ysis of amygdala rs-FC with the FFG section), where GSR
may help by pulling apart neighboring, but functionally
distinct, brain regions based on the FC distribution). The
variables age, gender, handedness, and (if applicable) site
were included in the models as covariates of no interest in
all analyses [He et al., 2006; Kilpatrick et al., 2006; Li et al.,
2012; Song et al., 2012].

Analysis of rs-FC of amygdala rs-FC defined FFA and

OFA clusters back to the amygdala and among them-

selves. To probe whether amygdala rs-FC defined FFA and
OFA clusters would show connectivity to different parts of
the amygdala, but with reversed polarity, z-scaled FFA and
OFA rs-FC maps were entered into one-sample t-tests (for
each hemisphere separately), whereby the AAL atlas derived
amygdala seed from analysis Analysis of amygdala rs-FC
with the FFG section was used as a volume of interest. Lastly,
to further illustrate the direction of rs-FC between the amyg-
dala rs-FC defined FFA and OFA clusters, functional connec-
tivity analyses were calculated between the left FFA and
OFA, and between the right FFA and OFA (i.e., FFA cluster,
respectively, defined as seed, whereas significant individual
rs-FC values for the OFA cluster (average rs-FC with
P< 0.001 FWE correction) were extracted.

Analysis of variance of amygdala rs-FC defined FFA and

OFA clusters to the amygdala across time. To determine
whether the amygdala rs-FC defined FFA and OFA clusters
would not only show spatial segregation but would also

TABLE I. Distribution of age, years of education, membership of research site, gender, and handedness in the entire

sample and among subsamples (age, gender, handedness, and research site were accounted as covariates of no

interest in the analyses)

Measures

Entire sample
(n 5 276)

Collaborating research sites
ANOVAa, or
Chi-squarebSite 1: Bonn Site 2: Berlin Site 3: Mannheim

n Mean S.D. n Mean S.D. n Mean S.D. n Mean S.D. P

Age (years) 276 33.77 9.96 123 33.07 10.3 77 35.47 9.24 76 33.2 10.12 0.212a

Years of education 276 15.55 2.54 123 15.7 2.73 77 15.31 2.55 76 15.55 2.23 0.573a

Participants (n) 276 123 77 76 <0.001*b

Gender (n)
Male 133 59 39 35 0.848b

Female 143 64 38 41
Handedness (n)

Right-handed 242 115 57 70 0.01*b

Left-handed 21 8 8 5
Both-handed 6 0 5 1

aANOVA: between subjects factor: research site.
bChi-squared test with all research sites.
*P< 0.05.
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differ with respect to the temporal domain (i.e., variance of
rs-FC to the amygdala across time as a potential indicator
of differences in rs-FC stability in a hierarchical face proc-
essing system), we performed a sliding-window approach
for each subject (with window-size of 20 time points and a
window overlap of 90% as well as 75%) using the extracted
time series signal of the ROIs. To rule out spurious results
due to blurring of time signals of neighboring voxels the
sliding-window analysis was also performed with
extracted time series of data with a voxel-size smoothing
kernel of 3-mm FWHM (additionally to regular 8 mm
FWHM smoothing kernel). A window overlap of 75%
resulted in 26 windows and a 90% overlap results in 65 win-
dows per subject. Subsequently, rs-FC between amygdala
rs-FC defined FFA and OFA (bilateral) and amygdala (bilat-
eral) was computed for each subject for each window.
Finally, the variance of rs-FC between FFA and amygdala
(bilateral), as well as OFA and amygdala (bilateral) was
computed for each participant and was subject to group
analyses (i.e., paired t-tests between variance of amygdala-
FFA and amygdala-OFA rs-FC). We chose a window size of
20 time points as Allen et al. [2014] found that a sliding win-
dow size of about 22 TRs (44 s) provided a good trade-off
between the ability to resolve dynamics and the quality of
connectivity estimation. The two TR difference can be
neglected as Li et al. [2014] showed that changes of brain
connectivity are not sensitive to the specific time-window
length (in the range of 10–20 TRs, 20–40 s).

RESULTS

A Priori Defined Analyses

Analysis of amygdala rs-FC with the FFG

First, as listed in Table II, the one-sample t-tests of left and
right amygdala rs-FC within the FFG mask revealed that
amygdala rs-FC was significantly distributed as distinct
anterior versus posterior FFG clusters according to rs-FC
polarity. Specifically, we observed positive amygdala rs-FC
in the anterior/medial FFG, whereas the posterior FFG was

characterized by negative rs-FC with the amygdala seeds.
Bilateral FFG connectivity was found for both the left and
right amygdala (Fig. 1a). (It is important to note that both
amygdala seeds obtained high correlations to the time
course of the respective contralateral amygdala seed. Thus,
as we did not partial out the respective contralateral amyg-
dala time course when performing the amygdala rs-FC anal-
yses, bilateral amygdala-FFG projections may be explained
by the seed to seed correlation.) The same analyses on the
preprocessed data with a voxel-size smoothing kernel of 3-
mm FWHM resulted in comparable results (Supporting
Information Fig. 2). When we performed the same analysis
on the resting-state data without GSR, we did not observe
the distinct patterns of different rs-FC polarity, only positive
amygdala rs-FC within the entire FFG (Fig. 1b,c).

Post Hoc Follow-Up Analyses

Localization and definition of face sensitive areas

using task-fMRI

After thresholding of task-based activity within the func-
tionally defined FFG mask, an overlay of the task-derived
face sensitive areas (Table III and Fig. 2) and the resting-
state connectivity results (entire sample) revealed that posi-
tive rs-FC in the anterior/medial FFG corresponded to the
FFA, while the negative rs-FC in the posterior FFG corre-
sponded to the OFA (Fig. 3). Table IV displays the percent-
age of overlapping voxels of amygdala rs-FC defined FFA
and OFA (Table II) clusters with the task-based activity
thresholded defined activations in FFA and OFA (Table III).

Replication of observed amygdala rs-FC distribution

in subsamples

Analyses of the three independent scanner sites (Table V
and Fig. 4) revealed similar patterns of positive and nega-
tive amygdala rs-FC within the FFG in all three sites,
although in site three the right amygdala negative connec-
tivity with the right sided posterior FFG cluster did not sur-
vive cluster correction with P< 0.05 (FWE, small-volume).

TABLE II. Results of the one-sample t-tests with left and right amygdala rs-FC within the FFG mask (entire sample:

n 5 276; all P: FWE, small-volume corrected; covariates of no interest: age, gender, handedness, scanner site)

Amygdala seed rs-FC polarity Cluster size

Cluster center of mass
P – cluster

level L/R Areax y z

Left amygdala POS 166 233 249 216 <0.001 L Anterior FFG (FFA)
POS 161 27 243 216 <0.001 R Anterior FFG (FFA)
NEG 85 231 276 216 0.001 L Posterior FFG (OFA)
NEG 84 33 274 214 0.001 R Posterior FFG (OFA)

Right amygdala POS 157 233 249 216 <0.001 L Anterior FFG (FFA)
POS 218 32 246 216 <0.001 R Anterior FFG (FFA)
NEG 60 232 276 216 0.004 L Posterior FFG (OFA)
NEG 76 34 274 215 0.002 R Posterior FFG (OFA)

L: left, R: right, POS: positive, NEG: negative, FFG: fusiform gyrus, FFA: fusiform face area, OFA: occipital face area.
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Analysis of functional segregation of amygdala rs-FC

defined FFA and OFA clusters

As listed in Table VI, the paired-sample t-tests (analyses
of differential FFA and OFA connectivity) for the contrast
FFA>OFA (for the left and right hemisphere separately)
revealed a significant difference in rs-FC patterns within a
cluster stretching from right FFA to the right pSTS (no dif-
ference was observed in the left pSTS for both the left and
right hemispheric paired t-tests). Extracted FFA and OFA

connectivity values to the peak voxel in the pSTS revealed
that the difference in rs-FC between FFA and OFA to the
pSTS was driven by relatively more rs-FC of the bilateral
FFA to the pSTS (Fig. 5a). In addition, we observed greater
FFA than OFA rs-FC to large bilateral clusters in the limbic
lobe surrounding the bilateral amygdala (including hippo-
campal and parahippocampal gyri), to the bilateral FFG
itself, and to a separate left parahippocampal gyrus cluster
(Fig. 5b). The reverse contrast (OFA> FFA) did not reveal
rs-FC differences to the pSTS, but showed differences in rs-

Figure 1.

(a) Polarity dependent distinct amydala rs-FC distribution within

the fusiform gyrus (i.e., anterior vs. posterior clusters according

to rs-FC polarity with global signal regression). All P-cluster lev-

el� 0.01 FWE small-volume corrected with bilateral fusiform

gyrus mask; Table II. Red: positive rs-FC; Blue: negative rs-FC.

(b) Results of the amygdala rs-FC analysis without removal of

the global mean signal in the entire sample (rs-FC overlays of

left and right amydala). (c) Thresholding of the results of the

amygdala rs-FC analysis without removal of the global mean sig-

nal in the entire sample (rs-FC overlays of left and right amy-

dala) does not emerge in anterior–posterior distributed clusters.

[Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]

r Segregation of Face Sensitive Areas Using Global Signal Regression? r

r 4095 r

http://wileyonlinelibrary.com


FC to the bilateral OFA itself, and to the left middle occipi-
tal gyrus (Table VI and Fig. 5c). As listed in Supporting
Information Table 2, the same analysis without prior
removal of the global signal resulted in comparable results.

Analysis of rs-FC of amygdala rs-FC defined FFA and

OFA clusters back to the amygdala and among

themselves

One-sample t-tests with the amygdala rs-FC defined
FFA and OFA clusters revealed the same pattern as
observed in the reversed FC-analysis (i.e., rs-FC with

amygdala seeds): FFA clusters showed positive rs-FC to
the entire amygdala, whereas OFA clusters showed nega-
tive rs-FC to the amygdala (P< 0.001, FWE corrected). Rs-
FC analyses between FFA and OFA revealed positive rs-
FC between the two clusters (left FFA-OFA mean rs-FC:
r 5 0.2967; right FFA-OFA mean rs-FC: r 5 0.4966).

TABLE III. Results of task-based activity thresholding (T� 34) to delineate the face sensitive areas within the FFG

(entire sample: n 5 276; all P: FWE, small-volume corrected; covariates of no interest: age, gender, handedness,

scanner site)

Hemisphere Cluster size

Peak-voxel activity
P – cluster

level Areax y z

Right FFG 65 27 288 26 <0.001 Posterior FFG (OFA)
16 39 252 221 <0.001 Anterior FFG (FFA)

Left FFG 19 221 285 212 <0.001 Posterior FFG (OFA)
8 239 276 215 <0.001 Posterior FFG (OFA)
2 218 285 218 <0.001 Posterior FFG (OFA)
6 236 252 221 <0.001 Anterior FFG (FFA)

FFG: fusiform gyrus, FFA: fusiform face area, OFA: occipital face area.

Figure 2.

Face sensitive areas within the fusiform gyrus that were identi-

fied by thresholding (T� 34) of task-evoked activity. All P-cluster

level� 0.01 FWE small-volume corrected with bilateral fusiform

gyrus mask; Table III). FFA: fusiform face area; OFA: occipital

face area. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

Figure 3.

Overlays of the task-based functionally defined face sensitive

areas (green; according to Fig. 2) with the resting-state derived

polarity distributions (according to Fig. 1a) of bilateral amygdala

rs-FC (entire sample) revealed that positive rs-FC (red) in the

anterior/medial FFG, respectively, corresponded to the fusiform

face area and that negative rs-FC (blue) in the posterior FFG,

respectively, corresponded to the occipital face area (Table IV).

[Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]
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Analysis of variance of amygdala rs-FC defined FFA

and OFA clusters to the amygdala across time

As listed in Table VII, sliding-window analyses with a
window overlap of 75% and 90% on 8 mm FWHM
smoothed data (as well as on 3 mm FWHM smoothed

data; Supporting Information Table 1) revealed the follow-
ing results: right amygdala rs-FC defined FFA and OFA
differed significantly with respect of their rs-FC variance
to the amygdala across time. Specifically, the FFA as com-
pared to OFA showed significantly reduced rs-FC variance
with the right amygdala. Besides a trend in the same

TABLE IV. Percentage of overlapping voxels of amygdala rs-FC defined FFA and OFA (Table II) clusters with the

task-based activity thresholded defined activations in FFA and OFA (Table III)

Amygdala
seed L/R

rs-FC
polarity/area

Cluster
size rs-FC

cluster

Face sensitive areas (task-based activity thresholding)

Left FFA
(6 voxel)

Right FFA
(16 voxel)

Left OFA
(19 voxel)

Right OFA
(65 voxel)

Left amygdala L POS (FFA) 166 6 (100%)
R POS (FFA) 161 6 (37%)
L NEG (OFA) 85 11 (57%)
R NEG (OFA) 84 37 (56%)

Right amygdala L POS (FFA) 157 5 (83%)
R POS (FFA) 218 8 (50%)
L NEG (OFA) 60 11 (57%)
R NEG (OFA) 76 25 (38%)

TABLE V. Results of the subsample specific one-sample t-tests with left and right amygdala rs-FC within the FFG

mask (all P: FWE, small-volume corrected; covariates of no interest: age, gender, handedness)

Collaborating
research site

Amygdala
seed

rs-FC
polarity

Cluster
size

Cluster center of
mass

P – cluster
level L/R Areax y z

Site 1 (Bonn; n 5 123) Left amygdala POS 152 233 249 216 <0.001* L Anterior FFG (FFA)
POS 179 33 244 216 <0.001* R Anterior FFG (FFA)
NEG 73 232 276 216 0.002* L Posterior FFG (OFA)
NEG 58 35 273 216 0.003* R Posterior FFG (OFA)

Right amygdala POS 119 232 247 216 <0.001* L Anterior FFG (FFA)
POS 201 32 245 216 <0.001* R Anterior FFG (FFA)
NEG 76 232 276 216 0.002* L Posterior FFG (OFA)
NEG 45 34 275 216 0.007* R Posterior FFG (OFA)

Site 2 (Berlin; n 5 77) Left amygdala POS 84 231 246 216 0.001* L Anterior FFG (FFA)
POS 71 29 240 217 0.001* R Anterior FFG (FFA)
NEG 44 233 278 217 0.005* L Posterior FFG (OFA)
NEG 13 42 278 218 0.039* R Posterior FFG (OFA)

Right amygdala POS 81 230 246 215 0.001* L Anterior FFG (FFA)
POS 109 30 243 215 <0.001* R Anterior FFG (FFA)
NEG 41 234 277 217 0.007* L Posterior FFG (OFA)
NEG 22 36 275 217 0.021* R Posterior FFG (OFA)

Site 3 (Mannheim; n 5 76) Left amygdala POS 38 233 243 221 0.008* L Anterior FFG (FFA)
POS 34 34 237 221 0.01* R Anterior FFG (FFA)
NEG 48 230 279 216 0.005* L Posterior FFG (OFA)
NEG 50 28 274 213 0.004* R Posterior FFG (OFA)

Right amygdala POS 84 234 246 219 0.001* L Anterior FFG (FFA)
POS 97 35 241 219 0.001* R Anterior FFG (FFA)
NEG 12 231 282 217 0.043* L Posterior FFG (OFA)
NEG 8 35 276 217 0.061 R Posterior FFG (OFA)

For facility of inspection detached clusters with a voxel size k< 10 voxels are not included in the table (no clusters with POS rs-FC
polarity were located within the posterior FFG and no NEG rs-FC clusters were observed in the anterior FFG). See Supporting Informa-
tion Table 2 for the same analysis without global signal regression, where results are similar. L: left, R: right, POS: positive, NEG: nega-
tive, FFG: fusiform gyrus, FFA: fusiform face area, OFA: occipital face area; *P< 0.05.
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direction, for the left amygdala no significant differences
in rs-FC variance for FFA and OFA were observed.

DISCUSSION

Here, we report the observation that, when applying
GSR, distinct amygdala rs-FC clusters in the FFG spatially
correspond to the commonly reported face sensitive areas:
the OFA and FFA. Specifically, when regressing out the
global signal, we observed that amygdala rs-FC was dis-
tributed within the FFG as distinct anterior versus poste-
rior clusters, delineated by positive versus negative rs-FC
polarity. Direct overlays of post hoc task-fMRI derived
face sensitive areas and clusters of positive versus negative
amygdala rs-FC revealed that the positive amygdala rs-FC
clusters showed good spatial overlap with the FFA,
whereas the OFA spatially corresponded to negative
amygdala rs-FC clusters. Both the left and right amygdala
demonstrated similar rs-FC with the bilateral FFG. Impor-
tantly, subsample specific analyses in three independent
research sites confirmed reliability of this coincidental
finding, as revealed by similar patterns of distinct amyg-
dala rs-FC based on polarity within the FFG in each of the
three sites. Additional to this spatial segregation, both FFG
clusters showed differential connectivity with other
regions of the visual stream: the FFA showed greater rs-

FC to the pSTS (the third region in the “core face process-
ing system”) [Haxby et al., 2000] than the OFA, as well as
to the limbic lobe, including the hippocampal and para-
hippocampal gyri. In contrast, the OFA showed greater rs-
FC to regions associated with early visual processing (mid-
dle occipital gyrus) than the FFA. Moreover, when apply-
ing a sliding-window analysis with focus on the rs-FC
variance of FFA versus OFA to the amygdala, we observed
that bilateral FFA clusters showed significantly reduced rs-
FC variance with the right amygdala as compared to the
OFA clusters. Taken together, we interpret the findings of
this study as providing evidence for the potential of amyg-
dala rs-FC to segregate face sensitive areas within the FFG,
when applying GSR. More generally, this opens up the
possibility that rs-fMRI data with applied GSR may serve
also in other domains as a method to segregate function-
ally distinct areas.

Effects observed in this current study corroborate the
findings of Roy et al. [2009], who examined whole-brain
rs-FC of the amygdala while using GSR and reported posi-
tive rs-FC in the FFG, as well as negative rs-FC in the occi-
pital cortex. Most importantly, our study extends these
general findings by Roy et al. [2009] by providing several
arguments (i.e., overlap with task-fMRI derived face sensi-
tive areas, differential rs-FC to areas of the visual stream,
temporal distinction with respect to the rs-FC variance
over time) that the borders of these correlation-defined

Figure 4.

Analyses in the independent scanner sites confirmed reliability

as revealed by similar patterns of amygdala rs-FC polarity distri-

bution within the FFG in all three sites, whereas in site three

the right sided cluster based on negative right amygdala rs-FC in

the posterior FFG did not survive (P 5 0.061) the cluster cor-

rection with P< 0.05 (FWE, small-volume). [Color figure can be

viewed in the online issue, which is available at wileyonlineli-

brary.com.]

r Kruschwitz et al. r

r 4098 r

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


clusters may map on FFA and OFA. Thus, our findings
contribute to the current literature as we show that the
spatial distribution of amygdala rs-FC polarity closely cor-
responds to the commonly reported distinct face sensitive
areas within the FFG. Although it remains debatable if
anti-correlations seen in human data following GSR are
artificial or not [e.g. Chai et al., 2012 and Wong et al., 2012
provided evidence for the existence of anti-correlations
without GSR], previous methodological studies [Fox et al.,
2009; Murphy et al., 2009; Weissenbacher et al., 2009] dis-
cussed the question how to interpret negative rs-FC as a
byproduct of GSR (i.e., negative rs-FC as a marker of anti-
correlated behavior between two regions vs. an artificially
introduced result of GSR). Specifically, regression against
the global mean signal has been shown to obtain the
potential to shift correlation distributions toward a mean
correlation value close to zero, thereby artificially introduc-
ing negative correlations [Murphy et al., 2009, Weissen-
bacher et al., 2009]. Conversely, this artificial “zero-
centering” method may also help by pulling apart neigh-
boring, but functionally distinct, brain regions based on
the FC distribution. In line with this, these anti-
correlations appear to be spatially specific, and, most
importantly, are reproducible while potentially resembling
neurophysiologically relevant relationships between
regions and networks—for example, the default-mode net-
work [Fox et al., 2009; Shehzad et al., 2009]. Furthermore,

it has been argued that GSR may also remove a true
shared covariation in firing rate (i.e., a true global neuro-
nal signal), thereby revealing relationships of neuronal
populations otherwise masked by the dominant global sig-
nal [Fox et al., 2009; Keller et al., 2013; Scholvinck et al.,
2010]. Consistent with this idea, Keller et al. [2013] demon-
strated that both positive and negative BOLD correlations
have neurophysiological correlates reflected in fluctuations
of spontaneous neuronal activity, which led the authors to
conclude that GSR likely reveals more than it obscures.
Although these arguments make it difficult to attach a
functional significance to these anticorrelations, our results
do suggest that GSR may delineate regions in a function-
ally meaningful way, indicating that splitting the correla-
tion distribution (of, in this case, the amygdala) into
positive (FFA) and negative (OFA) correlation values may
correspond to an underlying difference in function. This
conclusion is further substantiated by the distinct connec-
tivity patterns of the two FFG clusters with other regions
of the visual stream, as well as by the observed differences
in rs-FC variance over time.

With respect to the biological meaning of the observed
results (taking the above stated caveats about the nature of
negative connectivities into account) the anterior–posterior
distinction of connectivity within the FFG could corre-
spond to subregions differing in functional association
with the amygdala. This difference may be state-related, as

TABLE VI. Results of the paired sample t-tests with amygdala rs-FC defined FFA and OFA clusters as seeds (entire

sample: n 5 276; all P: FWE, small-volume corrected; covariates of no interest: age, gender, handedness)

Hemisphere
for t-test

Contrast paired
sample t-test

Cluster
size

Peak-voxel coordinates
P – peak

voxel L/R Areax y z

Right FFA>OFA 301 30 245 215 <0.001 R Anterior FFG (FFA)
48 251 212 <0.001 R Posterior STS

259 24 212 227 <0.001 R Limbic lobe (hippocampus/para-
hippocampus) and amygdala

257 224 29 224 <0.001 L Limbic lobe (hippocampus/para-
hippocampus) and amygdala

150 227 245 212 <0.001 L Anterior FFG (FFA)
14 221 233 212 <0.001 L Parahippocampal gyrus

OFA>FFA 244 36 272 218 <0.001 R Posterior FFG (OFA)
189 224 278 218 <0.001 L Posterior FFG (OFA)

20 215 2102 29 <0.001 L Middle occipital gyrus
Left FFA>OFA 287 30 239 215 <0.001 R Anterior FFG (FFA)

48 254 9 <0.001 R Posterior STS
267 224 29 227 <0.001 L Limbic lobe (hippocampus/para-

hippocampus) and amygdala
259 24 212 227 <0.001 R Limbic lobe (hippocampus/para-

hippocampus) and amygdala
204 230 248 215 <0.001 L Anterior FFG (FFA)

14 221 233 212 <0.001 L Parahippocampal gyrus
OFA>FFA 199 30 281 218 <0.001 R Posterior FFG (OFA)

161 230 278 215 <0.001 L Posterior FFG (OFA)
20 221 299 3 <0.001 L Middle occipital gyrus

For facility of inspection clusters with a voxel size k< 10 voxels are not included in the table. L: left, R: right, FFG: fusiform gyrus, FFA:
fusiform face area, OFA: occipital face area, STS: superior temporal sulcus.
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recent findings of temporal dynamics of resting-state con-
nectivities [Chang et al., 2013] imply that during a single
resting-state scan a region normally changes its connected
counterpart(s) as a function of ongoing brain states [Chang

et al., 2013]. Therefore, different levels of functional associ-
ations between the OFA and FFA and amygdala could be
interpreted as a consequence of differences in occurrences
of states, where OFA and FFA are differentially recruited

Figure 5.

(a–c) Differential resting-state connectivity pattern of amygdala

seed rs-FC defined FFG clusters (i.e., FFA and OFA) to (a) the

right superior temporal sulcus, (b) the left parahippocampal

gyrus, (c) the left middle occipital gyrus as revealed by paired

sample-t-tests per hemisphere (left/right: extractions of rs-FC

for peak voxel according to Table VI with 3-mm sphere). All P-

peak voxel� 0.05 FWE small-volume corrected with a mask

(1669 voxels) defined by the Neurosynth.org reverse inference

tool with keyword “face”). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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in the same network as the amygdala. This idea is sup-
ported by our data, as we observed a significant reduction
in rs-FC variance of FFA to the (right) amygdala as com-
pared to the OFA over time. As the variance of rs-FC time
series may be interpreted as a proxy of how “stable” a
connection between two areas is [Liao et al., 2014], it could
be speculated that increases in rs-FC variance in the OFA
(accompanied by decreases in rs-FC), as compared to the
FFA, suggest a more independent functioning of this sub-
region to amygdala activations. Decreases in rs-FC var-
iance in the FFA (accompanied by increases in rs-FC)
could, conversely, indicate a closer coupling of FFA and
amygdala during rest. This assumption is consistent with
the idea that the neural system of face perception is hier-
archically organized, comprising, among other regions, the
amygdala, FFA, and the OFA as core components within
this hierarchical system [e.g., Fairhall and Ishai 2007;
Haxby et al., 2000; Liu et al., 2010]. In contrast to the FFA,
the OFA is suggested to be the first stage in this hierarchi-
cal face perception network [Pitcher et al., 2011], providing
inputs to the FFA [Fairhall and Ishai 2007; Haxby et al.,
2000, 2002] and decoding basic facial components prior to
subsequent processing of more complex features in higher
face-selective cortical regions, such as the FFA [e.g.,
Pitcher et al., 2011]. This proposed coupling of OFA and
FFA is consistent with our resting-state results as we
observed significant (positive) correlations between these
regions, independent of amygdala rs-FC. In turn, as is
assumed in recent models of face perception, the FFA is
thought to be involved in a later stage of more complex
information processing, directly sending and receiving sig-
nals to and from the extended face processing system,
including the amygdala [Fairhall and Ishai 2007; Herring-
ton et al., 2011; Vuilleumier et al., 2001, 2003, 2004]. Taking
this idea into account it may be speculated that rs-FC
increases in the FFA, as compared to rs-FC decreases in
the OFA, and decreases in rs-FC variance in FFA with the
amygdala (as compared to the OFA), could indeed repre-
sent a closer coupling of the FFA to amygdala activations
at rest, whereas activity of the OFA may be more inde-
pendent of amygdala activity at rest.

Consistent with the finding of a spatial segregation
within the FFG (i.e., FFA and OFA) based on amygdala rs-
FC, we also observed differential resting-state connectivity
patterns of both FFG regions with other regions of the vis-
ual stream. The OFA showed greater rs-FC to the early
visual cortex (middle occipital gyrus; V1/V2) than the
FFA. This observation is consistent with the hypothesis
that the OFA receives input from early visual cortex and is
positioned between early visual areas and the FFA in the
visual cortical hierarchy [Hemond et al., 2007; Pitcher
et al., 2011]. In contrast, the FFA showed rs-FC to the
pSTS, whereas rs-FC between the OFA and pSTS was close
to zero. The pSTS is considered the third region of the
“core face processing system” and is originally thought to
receive input from both the OFA and FFA [Haxby et al.,
2000]. However, whereas in line with recent findings dem-
onstrating rs-FC between FFA and the pSTS [Turk-Browne
et al., 2010], the current findings do not support evidence
for direct communication (at least during rest) between the
OFA and pSTS, as is proposed in the model of Haxby
et al. [2000]. Interestingly, a similar observation was
reported by Garrido et al. [2013], who found a preferential
coupling (rs-FC) of the STS with the FFA relative to the
OFA as well. We also observed increased FFA rs-FC with
the bilateral amygdala (as expected from the rs-FC analy-
ses with bilateral amygdala seeds), compared with the
OFA, which extended into the limbic lobe, including the
hippocampal and parahippocampal gyri. As parts of the
parahippocampal formation have been shown to corre-
spond specifically to encoding of scenes (rather than faces
or objects) [e.g., Epstein et al., 1999], these functional con-
nectivity patterns may suggest that higher face-selective
cortical areas, such as the FFA, are coupled to other
higher-order regions involved in visual processing that are
not restricted to face perception. Thus, based on the pres-
ent findings and future research designed to address this
question specifically, models proposing subcortical input
from the amygdala to the FFA [e.g., Fairhall and Ishai,
2007; Vuilleumier et al., 2001, 2003, 2004] could be
extended by assuming information transfer between the

TABLE VII. Sliding-window analyses with the amygdala rs-FC defined FFA and OFA clusters with respect to their

variance of rs-FC to the amygdala, respectively, in the entire sample (extracted time courses from 8 mm FWHM

smoothed data; comparable results were obtained with 3 mm FWHM smoothed data: see Supporting

Information Table 1)

Window overlap
seed hemisphere

Window overlap: 75% (26 windows) Window overlap: 90% (65 windows)

Seed: Left amygdala Right amygdala Left amygdala Right amygdala

Hemisphere: Left Right Left Right Left Right Left Right

FFA rs-FC variance 0.1524 0.1523 0.1443 0.1464 0.1501 0.1503 0.1414 0.1438
OFA rs-FC variance 0.1613 0.1550 0.1571 0.1564 0.1589 0.1525 0.1544 0.1532
Paired t-test P 0.120 0.591 0.014** 0.031* 0.109 0.648 0.009** 0.036*
Bootstrapping P 0.137 0.591 0.018** 0.034* 0.108 0.683 0.014** 0.033*

*P� 0.05; **P� 0.01; bootstrapping with 1000 iterations.
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FFA and other subcortical structures, such as the hippo-
campus and parahippocampal gyrus.

At this moment, we cannot make detailed inferences
about the possible meaning of the difference in amygdala
rs-FC polarity between the two face sensitive areas, as
well as its underlying mechanism and role in the percep-
tion of faces, since current approaches to investigate effec-
tive connectivities during rest, such as granger causality,
have been highly criticized for their vulnerability to hemo-
dynamic differences [Deshpande and Hu, 2012]. Also, the
observed connectivity profiles could correspond to
regional specificity not just in cortex but also in amygdala
subregions, which our study could not resolve due to the
spatial resolution of the scans (i.e., the reverse rs-FC analy-
ses with FFA and OFA clusters as seed regions that
showed the initially observed connectivity profile with the
entire amygdala may suffer from the spatial resolution).
However, based on these resting-state findings several
testable hypotheses (with an appropriate task) may be gen-
erated: that is, does the ratio of FFA to OFA activation
across subjects predict the degree of amygdala activation,
and is this, in turn, related to the amount of differences in
FFA-amygdala versus OFA-amygdala rs-FC? Does the FFA
activate more than the OFA in response to fearful faces,
thus activating the amygdala, while the OFA activates
more (or equally) than FFA in response to neutral faces,
thus suppressing or perhaps disengaging the amygdala?
As the face matching task used in this study to delineate
the face sensitive areas, is not elaborate enough for draw-
ing conclusions about specific differences in amygdala-
OFA versus amygdala-FFA functional connectivity during
face processing, these speculations remain to be clarified
in future connectivity studies that combine both task and
rs-fMRI.

Findings presented in this article have to be interpreted
within the methodological limitations of this investigation.
First, main effects observed in the current study (i.e., seg-
regation of amygdala rs-FC defined anterior vs. posterior
cluster in the FFG) were not the original focus of this
experiment (which concerned genetic effects), and we had
thus no a priori hypothesis about a differential association
of amygdala rs-FC to the FFA and OFA. Therefore, future
hypothesis driven studies are necessary to confirm and
extend described effects. Second, although we accounted
for potential differences in image acquisition among the
three research sites (all sites had equal scanning protocols,
while quality control measurements revealed comparable
hardware performance between sites) by including addi-
tional site-specific regressors in the second level analysis,
we cannot exclude influences of research site on the results
(e.g., biased due to differences in sample sizes). However,
reliability of described effects is supported by similar rs-
FC polarity patterns within the FFG in all three independ-
ent subsamples, as well as very low and acceptable frac-
tional displacement (FD) values for the entire sample and
for each side separately (entire sample mean FD: 0.23; Site

1: mean FD: 0.24; Site 2: mean FD: 0.19; Site 3: mean FD:
0.27; with standard deviations of around 0.1).

In conclusion, findings of this study provide initial evi-
dence for the potential of amygdala rs-FC to segregate
face-selective areas within the FFG when regressing out
the global signal. Specifically, the two commonly reported
face sensitive areas within the FFG appear to map on dis-
tinct patterns of amygdala rs-FC polarity when GSR is per-
formed. These resting-state findings are in line with recent
task-fMRI derived theories suggesting that face perception
is under direct influence of the amygdala. Lastly, the
results may be interpreted as further evidence for the effi-
cacy of GSR in unmasking “true” inter-regional relation-
ships [e.g., Fox et al., 2009].
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