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Abstract
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We investigated 0.01–0.08HZ low-frequency fluctuations of BOLD-fMRI signals in the face and
object responsive regions during the resting state and during face or object viewing tasks. By
comparing the effects of the face-responsive regions of interest with those of the object-responsive
regions of interest, we observed a distributed cortical network of face perception during the resting
state among posterior fusiform gyrus, inferior occipital gyrus, and superior temporal sulcus. This
network was also significantly activated during the face perception task. The face perception task
also activated additional areas in the frontal and parietal regions. Our results suggest that the “core”
but not the “extended” network for face processing is already in some form of activation during the
resting state. A possible function of the resting state face perception network is perhaps to prepare
the brain to process faces that individuals are highly likely to encounter in their environment.
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Faces play a paramount role in our everyday social interactions with others. Extensive research
has shown that some regions of the brain are preferentially responsive to human faces, such as
fusiform gyrus, inferior occipital gyrus, superior temporal sulcus, amygdala, and some part of
the frontal and parietal lobe [1–3]. Haxby et al. has proposed that these regions are part of a
distributed neural system for face perception in which different brain regions play different
roles. He further divided these regions into a “core” system for face processing that include
fusiform gyrus, inferior occipital gyrus, superior temporal sulcus and an extended system that
goes beyond the occipital-temporal cortex [4].
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The theory of distributed cortical network for face perception has been supported by some
recent studies [5–9], especially the functional [5,6] and effective connectivity [7–9] analysis
with blood oxygenation level-dependent (BOLD) functional magnetic resonance imaging
(fMRI). However, these studies all required participants to perform visual tasks of face
processing [10]. It is unclear as to whether the face perception network is only activated during
face processing tasks or is intrinsically organized and already in some form of activation
without explicit processing tasks or external stimulations.
In recent years, a set of widely distributed resting-state networks have been identified by using
spontaneous low-frequency fluctuations in BOLD-fMRI [11–19], with its frequency limited
between 0.01 and 0.08HZ. In the absence of external stimuli or goal-directed mental tasks,
these spontaneous fluctuations in BOLD signals are a reflection of intrinsic resting-state
activities, corresponding to functional connectivities among anatomically related discrete
regions. Among these resting-state networks, some regions in the visual cortex show strong
intra-regional activation and inter-regional connectivity [17–19].
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The aim of our study was to compare the low-frequency fluctuations of the distributed faceperception network during the resting state and during a face or object perception task. By
using 0.01–0.08HZ low-frequency spontaneous fluctuations of BOLD-fMRI signals, we aimed
to test the hypothesis that due to faces’ important role in our daily interactions with others,
there might exist an intrinsically organized low-frequency network for face perception during
the resting state. This network might involve the known face responsive brain regions, and this
network might overlap with the network during the face perception task.

Methods
Subjects and procedures
Sixteen healthy participants (8 females, age: 20–27 years) with normal vision participated in
this study after giving their informed consent. The study was approved by the research ethics
committee at the Tiantan Hospital.
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The experiment consisted of 3 phases. In the first phase, a resting scan was obtained.
Participants who were unaware of the exact experimental design were instructed to lie with
their eyes closed, thinking of nothing in particular. In the second phase, participants participated
in a passive viewing task where they were instructed to pay close attention to a sequence of
images of faces or common objects appearing on a screen. This task was used to obtain data
about the networks involved in face or object perception. The third phase involved a localizer
task. The localizer task was modeled after the common method used in the face processing
studies [2][20] to obtain face- or object-responsive regions of interests (ROIs) for analyzing
the data from the first two tasks. The localizer task was identical to the passive viewing task
except that there were occasional one-back matching trials (two trials per block) in which the
preceding stimulus was the same as the subsequent stimulus. In this task, participants were
instructed to press a button when they saw two identical pictures appearing in a row to ascertain
the participant to be attentive.
In the passive viewing and localizer tasks, visual stimuli consisted of alternating epochs of
face/non-face object blocks and fixation “+”. Face stimuli were male and female Chinese faces
and non-face objects were common objects such as bag, chair, and car. The resting-state scan
lasted 6 minutes, the passive viewing task scan and the localizer each lasted 5 minutes and 32
seconds.
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Data acquisition
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MR imaging was carried out using 3.0 T MR Scanner (Siemens Trio Tim). Functional images
were collected axially using a T2*-weighted gradient-echo echo planar imaging (EPI) sequence
(TR/TE=2000/30 ms; 32 slices, 4mm sickness; matrix=64×64) covering the whole brain with
a resolution of 3.75×3.75mm. Structural images were acquired with a three-dimensional
enhanced fast gradient-echo sequence with a thickness of 1mm and a resolution of 1×1mm.

Data analysis
Preprocessing
Preprocessing was performed on each participant’s scan data using SPM5 software
(www.fil.ion.ucl.ac.uk/spm/). The first three volumes of each fMRI scan were discarded. Scans
were slice timing corrected, spatially realigned, normalized into the standard MNI atlas space
according to the segmented grey images; re-sampled to 2mm cube voxels, smoothed with a
full width of 6mm at half maximum.
Identification of ROIs based on the Localizer Task
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For each participant’s localizer scan, a standard general linear model analysis was conducted
with SPM5’s restricted maximum likelihood (ReML) estimation. Each participant’s face
responsive regions were identified by contrasting the face block with the common object block
(threshold p=.0001, the same level of alpha as many previous studies [2][20]). We also defined
each participant’s object responsive regions by contrasting the object block with the face block
(p=0.0001). Each individual’s strongest active regions in occipital-temporal cortex were
selected as regions of interest (ROI) for further analysis.
Resting state and passive viewing task scan data analysis
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Two steps were taken. First, we conducted low-frequency fluctuation tests to detect the
existence of the significant effects of 0.01–0.08HZ low-frequency fluctuations during the
resting state. The same tests were performed for the face and object viewing tasks. The 0.01–
0.08HZ low-frequency fluctuations of BOLD signals in the resting state scan and in the face
and object viewing task scans were modeled within the framework of general linear model
analysis. In SPM5, the 0.01–0.08 HZ band pass filter can be implemented by using a set of
discrete cosine transform (DCT) basis functions. For the fMRI scan containing 177 volumes
with the time interval of TR=2, a set of discrete cosine bases containing 121 regressors were
acquired across the span of the frequency between 0.01~0.08HZ. We performed F-test to
compare the effect of this band frequency with that of 0~0.25HZ which contained 177 cosine
basis set (threshold p=.001). The selection of this comparison frequency band was based on
the Nyquist’s Sampling Theorem whereby the upper band frequency equal to 1/(TR*2) and
thus .25HZ. Significant results would suggest that there existed 0.01–0.08HZ low-frequency
fluctuations in the face- and object-responsive regions during the two types of scans.
Second, each participant’s resting scan and passive viewing scan were preprocessed in the
following manner: (1) global proportional scaling was performed to yield whole brain intensity
value of 1000; (2) drifts were de-trended by second-order polynomial detrending; (3) six
parameters of head motion, signals in ventricular regions and signals extracted from white
matter were removed by linear regression; (4) discrete cosine transform domain(DCT) bandpass filter (0.01–0.08Hz) was performed to retain the low frequency signals only. After data
preprocessing, for each participant, the signal intensity in the face ROI was extracted by
averaging the time courses of all voxels in the face ROI. The same procedure was performed
to obtain the signal intensity in the object ROI. These time dependent signal intensity data were
then used as predictors (regressors) to perform whole brain functional connectivity magnetic
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resonance imaging (fcMRI) analysis within the framework of general linear model analysis.
Using the GLM model, we examined the effect of the signal intensity in the face ROI, and the
effect of the signal intensity in the object ROI. Further, we examined the effect of the signal
intensity contrast between the face ROI and the object ROI (Face minus Object and Object
minus Face). As a result, four statistical parametric t-test maps were obtained for each
participant. Finally, multi-participant maps were generated by performing a random effect
group analysis with the corrected (FDR) threshold of p=.01.

Results
Localizer results
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Localizer results showed that regions with greater face than object responsiveness were
localized in the right lateral posterior fusiform gyrus, the right inferior occipital gyrus, the
bilateral superior temporal sulcus, the inferior parietal lobe, the middle frontal gyrus, the
inferior frontal gyrus, the right anterior cingulate gyrus, and the amygdale (p<0.0001,
uncorrected; contingent voxels>20; see Fig. 2). Object responsive regions were localized in
the medial posterior fusiform gyrus, and the lateral occipital gyrus (p<0.0001, uncorrected;
contingent voxels>20; Fig. 2). Among these face- and object- responsive regions, regions in
the right lateral posterior fusiform gyrus in 15 of 19 participants were significantly more active
for faces than for objects; regions in the left medial posterior fusiform gyrus in 14 of 19
participants showed significantly more activation for objects than for faces. The MNI
coordinates of these two regions (face: [40,−50,−20] object: [−30,−40,−18]) were in line with
previous studies about the locale of the fusiform face area (FFA) and that of the object
responsive region, respectively (Fig. 2). Thus, these two regions for each individual were
selected as regions of interest for whole brain functional connectivity magnetic resonance
imaging (fcMRI) analysis.
Resting state results
First, low-frequency fluctuation tests revealed that, for each participant’s resting scan, there
existed significant 0.01–0.08HZ low-frequency fluctuations in widespread areas throughout
the brain including occipital-temporal visual regions, inferior parietal lobe and frontal areas
(p<0.001, uncorrected).
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Second, the low-frequency fcMRI analysis revealed that in the resting state the activities in the
face ROI showed widespread low-frequency correlations with most of the occipital-temporal
cortex, especially significant in parts of the primary visual cortex and the bilateral fusiform
gyrus (p<0.001, FDR corrected). Activities in the object ROI showed widespread lowfrequency correlations with the activities in the occipital-temporal cortex and parts of the
frontal cortex (p<0.001, FDR corrected).
In addition, the contrast between the effect of the face ROI and that of the object ROI showed
significantly greater face ROI related activations in several regions of the brain. These areas
included the right lateral posterior fusiform gyrus, the right inferior occipital gyrus, the bilateral
superior temporal sulcus, the medial/superior frontal gyrus, and the posterior cerebellum
(p<0.01, contingent voxels>20, FDR corrected; Figure 3a). In contrast, only the medial
posterior fusiform gyrus showed greater object ROI related activities than face ROI related
activities.
Passive viewing task results
First, similar to the resting state results, in the face passive viewing task, low-frequency
fluctuation tests revealed that there also existed significant 0.01–0.08HZ low-frequency
fluctuations throughout the brain (p<0.001, uncorrected). These finding suggest that in both
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the resting state and the face viewing task, regions involved in the face perception network
contain significantly strong low-frequency fluctuations.
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Second, the low-frequency fcMRI analysis revealed that during the passive viewing task the
activities in the face ROI and the object ROI showed widespread low-frequency correlations
with most of the occipital-temporal cortex, the inferior parietal gyrus, and the lateral frontal
regions (p<0.001, FDR corrected).
Further, the contrasts between the face ROI related activities and the object related activities
revealed significantly greater face ROI related activities in the lateral posterior fusiform gyrus,
the inferior occipital gyrus, the bilateral superior temporal sulcus, the inferior/medial frontal
gyrus, the intra-parietal gyrus, and the medial cerebellum (p<0.01, contingent voxels>20, FDR
corrected; Figure 3b, Table 1(2)). In contrast, only the bilateral medial posterior fusiform gyrus
and the middle occipital gyrus showed greater object ROI related activities than face ROI
related activities.
When the results from the resting state scan and the face passive viewing task scan were
compared (Figures 3a&b), the coordinates of the peak activation for the face ROI related
activities in the occipital-temporal cortex for the two scans differed less than 6mm at the
individual level (Mean=4.2mm, SD=3.1mm) and less than 10mm at the group level (Mean=6.4,
SD=6.8).

NIH-PA Author Manuscript

Discussion
Our results suggest the existence of an intrinsically organized low-frequency network for face
perception in human occipito-temporal cortex, which consists of three regions: the lateral
posterior fusiform gyrus, the inferior occipital gyrus, and the superior temporal sulcus. These
three regions are part of the “core” face processing system in Haxby’s model [4]. The location
and inter-regional connectivity within the three regions changed little during the resting state
and the face perception task. In contrast, several parietal and frontal regions showed altered
connectivity from the resting state to the face perception task, suggesting the modulation of
the “extended” face processing network by external face stimuli.
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Many previous studies have found that, in the absence of external visual stimuli, the sensory
cortex shows consistent spontaneous fluctuations [17–19]. Our low-frequency fluctuation
testing results are consistent with these findings: by removing the high-frequency physiological
noise and low-frequency drifts, we also observed that BOLD signals in the frequency range of
0.01–0.08HZ fluctuated significantly in the occipito-temporal cortex. Further, fcMRI analysis
demonstrated that in the resting state the right posterior fusiform gyrus (often referred to as
“fusiform face area” or FFA) had significant correlations with the occipito-temporal regions
including the primary visual cortex, the fusiform gyrus, and the temporal lobe. These significant
correlations also existed in symmetrical “mirror” locations across hemispheres such as the
bilateral fusiform gyri and the bilateral inferior occipital gyri.
More importantly, we found that by subtracting the effect of the object responsive regions of
interest from the effect of the face responsive regions of interest during the resting state, a
distributed resting network was observed in the whole brain for face perception but not for
common object perception. This resting state network for face perception included the posterior
fusiform gyurs, the inferior occipital gyrus, the superior temporal sulci as well as the medial
frontal gyrus and the intraparietal gyrus, and the posterior cerebellum. The locations of the first
three active regions overlapped with the face responsive regions in the extrastriate visual cortex
activated in the face perception task, which are part of Haxby’s core face processing system.
According to Haxby’s theory [4] and Ishai’s subsequent studies [7–9,21–23], face perception
is mediated by a distributed cortical network. The core system of the network consists of three
Neurosci Lett. Author manuscript; available in PMC 2010 April 17.
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regions in extrastriate visual cortex: inferior occipital gyrus, fusiform face area, and superior
temporal sulcus. Previous support to the model of the distributed face-perception network was
mainly derived from studies that used external face stimuli and required participants to perform
face perception tasks. Our results suggest that without external stimuli, the three occipitaltemporal regions contain similar low-frequency neural activities, suggesting that the three
regions may have an intrinsically organized network during the resting state for face processing.
The existence of such network may reflect the fact that faces are not only the visual stimuli
that we tend to have the highest processing expertise [24] but also the most common visual
stimuli we tend to encounter in our everyday social life. Thus, this intrinsically organized face
resting state network may prepare the visual system to anticipate to process faces, the most
socially significant category of visual stimuli.
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To further investigate the modulation of the low-frequency network, similar methods were
used to obtain active regions in the face-object passive viewing task scans. In the object task,
only the bilateral medial posterior fusiform gyrus and bilateral middle occipital gyrus were
activated greater for objects than for faces. In contrast, in the face perception task, significant
activation for faces than objects appeared in the posterior fusiform gyrus, the inferior occipital
gyrus, the superior temporal sulcus, the middle frontal gyrus, the inferior frontal gyrus, and the
medial cerebellum. The active regions in the occipital-temporal cortex suggest that the
intrinsically organized network for face perception does exist in low-frequency BOLD signals
and is not dependent on external face stimuli. The fact that the middle frontal gyrus and the
inferior frontal gyrus activated in the face perception task but not in the resting state suggest
that these regions might have been temporarily recruited to participate in active face perception.
The medial and superior frontal gyrus activated in the resting states but not in the face
perception task may suggest the brain’s expectation of face input during the resting state.
Indeed, there is a large body of evidence that medial frontal gyrus (MFG) play a significant
role in face processing. For example, MFG has been often implicated in processing of familiar
faces, for which a face ‘template’ is presumably more readily available[25], top-down
generation of face-related contextual information[26], and processing of affective face[27] and
ambiguous face[24] whereby high level cognitive interpretations are needed.
It is unclear as to why cerebellum was part of the resting state network for face perception as
well as why the locations of cerebellum activation during the resting state were different from
those during the face perception task. Future studies will need to explore the specific role of
these active regions within the face perception network under different states.

Conclusions
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In the present study, we investigated the 0.01–0.08HZ low-frequency fluctuations of BOLD
fMRI signals in face responsive and object responsive regions during the resting state and the
perception of faces and objects. We found an intrinsically organized low-frequency network
for face perception in the occipital-temoporal cortex which involves areas consistent with
Haxby’s core network for face processing, which is altered to include the extended face
processing network when individuals are performing a face perception task. Our results suggest
that the “core” but not the “extended” network for face processing is already in some form of
activation during the resting state. A possible function of this network is perhaps to prepare
the brain to process faces that individuals are highly likely to encounter in their environment.
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Figure 1.

Visual stimuli used in the passive viewing task and the localizer task.
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Figure 2.

Localization of the face and object responsive regions with the face responsive regions of
interest in cyan circle and the object related regions of interests in purple circle.
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Figure 3.
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Contrasts between the face ROI related activities and the object ROI related activities in the
resting state and the passive viewing tasks (warm colors: face>object; cold colors: object>face).
The left panel shows the common network between the resting state and the passive viewing
task; the right panel shows that differences between the resting state and the passive viewing
tasks (the labels for the significantly activated regions greater than 20 voxels are also shown).
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