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Using fMRI techniques sensitive to blood oxygen-level dependent
(BOLD) contrast, we measured brain activity in participants
(n¼ 8) as they viewedimages of facespresentedperiodicallywithin
a continuously changing montage of common objects. Consistent
with prior studies, we identi¢ed regions of ventral extrastriate
cortex, primarily in the fusiform and inferior temporal gyri and
nearby cortex, that were activated by faces as measured by an in-
crease in BOLD signal. In addition, wemade the novel observation

that faces deactivated other areas of ventral extrastriate cortex,
primarily in the lingual and parahippocampal gyri andmedial to ac-
tivations. These deactivated regions, identi¢ed by a decrease in
BOLD signal, may re£ect populations of neurons that decrease
their activity when faces appear, possibly as a consequence of cate-
gory-speci¢c inhibition. NeuroReport14:000^000 �c 2003 Lippin-
cottWilliams &Wilkins.
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INTRODUCTION
Field potential recordings from subdural electrodes in
humans have revealed that focal regions of ventral extra-
striate cortex, principally within the lateral fusiform gyrus,
respond selectively to faces but not to scrambled faces or
exemplars from other categories such as butterflies or cars
[1–5]. The initial face-specific response is evident as a
cortical surface-negative potential with a peak latency of
B180–200ms (N200). At some other ventral sites that do not
respond to faces, similar N200 s are evoked selectively by
strings of letters [5]. Results fMRI studies have also
demonstrated selective activation evoked by faces and
letterstrings in human occipitotemporal cortex [6–9]. For
example, McCarthy et al. [6] measured changes in blood
oxygen-level dependent (BOLD) contrast evoked by faces or
flowers presented periodically in a continuously changing
montage of everyday objects. Faces evoked activation within
the fusiform gyrus, primarily within the right hemisphere,
while flowers evoked no such activation, indicating that
faces activated regions of the fusiform beyond those
activated by common objects. However, when presented in
a similar montage of non-object patterns with the same
spatial frequencies of the common objects, both faces and
flowers activated extensive bilateral regions of the fusiform
gyri, indicating that some regions of ventral extrastriate
cortex respond non-selectively objects and faces.

Part of the selectivity exhibited in extrastriate cortex may
result from inhibitory interactions; for example, single unit
studies in monkeys have shown that some neurons
activated by one category of stimuli are inhibited by non-
preferred stimuli [10–12]. Allison et al. [13] recently
presented evidence for such category-selective inhibitory
interactions in humans. They identified word- and face-
specific sites via subdural recordings made from the
fusiform gyri and adjacent cortex. Faces evoked a surface-
positive potential (P200) at approximately one-half of word-
specific N200 sites. Conversely, words evoked P200
responses at about one-half of face-specific N200 sites.
Allison et al. [13] argued that the P200 represents inhibition
of category-specific neurons, and provided a model of
synaptic connectivity between neurons selectively activated
by faces and letterstrings to account for their result. While
plausible, this model is unproven and converging evidence
from other sources will be necessary to establish whether
the phenomenon they describe relates to category-specific
inhibition.
Task-related decreases in BOLD contrast (deactivations)

have been reported in fMRI studies [14–17] and have been
correlated with decreased blood oxygenation and neural
suppression [17]. Functional neuroimaging studies could
therefore provide the desired converging evidence by
determining whether a stimulus category, such as faces,
evokes spatially discrete BOLD contrast activations and
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deactivations. Unfortunately, blocked designs do not readily
allow one to disambiguate BOLD contrast activation and
deactivation. For example, in a blocked design in which
faces alternate with letterstrings, it is ambiguous whether a
voxel is deactivated by the presentation of faces, or whether
that voxel was activated by letterstrings in the preceding
block and is now returning to baseline during the face block
(see Fig. 5 of 8).
To further investigate category-specific inhibitory me-

chanisms in human ventral extrastriate cortex, we measured
changes in BOLD contrast as participants viewed faces
presented periodically within a continuously changing
montage of common objects. Because objects appear
throughout the periods in which faces appear, any voxels
activated by objects should remain active when faces
appear. Thus, face-evoked BOLD contrast deactivations
could be differentiated from activations evoked by common
objects. We used frequency domain analysis to identify
areas that were activated and deactivated by the appearance
of faces among continuously present and changing common
objects. Regions of inferior extrastriate cortex activated by
faces occurred primarily within the fusiform and inferior
temporal gyri. Importantly, we also identified regions of
ventral occipitotemporal cortex that were deactivated by
faces. Deactivations were most often located in the lingual
and parahippocampal gyri, medial to face activations.

MATERIALS AND METHODS
Participants: Eight right-handed healthy volunteers (19–
33 years old; six female, two male) provided written consent
to participate in this study. The Duke University Institu-
tional Review Board approved this project.

Stimuli and experimental design: Two categories of gray-
scale images were shown to participants at XGA resolution
using LCD display goggles. The categories were male and
female faces (Fig. 1a) and images of individual common
objects, fruits, and vegetables (Fig. 1b). Images from the
categories were equated for intensity and contrast. Each
200 s run consisted of B1100 stimuli, each presented for
500–1000ms at randomly selected locations, resulting in a
continuously changing montage in which an average of 3.85
stimuli were visible at any moment.
Two conditions were presented in a modified blocked

design. The first condition (objects only) contained only
objects (Fig. 1a). In the second condition (objects and faces),
faces appeared among the objects (Fig. 1b). The average
number of images displayed was equated for the two
experimental conditions, which were interleaved in 17.46 s
cycles, consisting of one objects only block (8.73 s) and one
objects and faces block (8.73 s) per cycle (Fig. 1c). Eleven
cycles occurred in each run, and all participants completed
12 imaging runs. Six seconds of the objects only block
appeared at the beginning of each run. Odd runs began with
objects and faces and even runs began with the objects only
condition. Two participants viewed alternative stimuli.
Objects only blocks remained identical while objects and
faces blocks were modified so that equal numbers of objects
were presented in both objects only and objects and faces
blocks, resulting in more images shown during objects and
faces blocks.

Imaging parameters: Scanning was performed on a Gen-
eral Electric 4 T LX NVi MRI scanner system equipped with
41mT/m gradients, and using a quadrature birdcage radio
frequency (RF) head coil for transmit and receive (General
Electric, Milwaukee, Wisconsin, USA). Sagittal localizer
images were acquired and used to define a series of 60
axial images acquired using 3D SPGR pulse sequence (TR,
450ms; TE, 20ms; FOV, 24 cm; image matrix, 2562; voxel
size, 0.9375 � 0.9375 � 3.8mm). We selected 20 contiguous
3.8mm axial slices for prescription of BOLD contrast
images. A semi-automated high-order shimming program
preceded the acquisition of functional images to ensure
global field homogeneity. Functional images were acquired
inferior to superior, with the first slice anchored 3.8mm
inferior to the ventral-most portion of the occipital lobe.
Functional images were collected using a gradient-recalled
inverse spiral imaging pulse sequence [18] sensitive to
BOLD contrast (TR, 1000ms; TE, 30ms; FOV, 24 cm; image
matrix, 642; a¼ 621; voxel size 3.8 � 3.8 � 3.75mm). Each
imaging run consisted of 200 time points per image slice and
began with four discarded RF excitations.
We initially identified the activation/deactivation phe-

nomenon in a pilot study conducted at 1.5 T. Here, the use of
the inverse spiral imaging technique facilitated recovery of
signal from ventral areas at 4 T, as the high spatial frequency
regions in k-space were sampled at shorter effective echo
times that led to smaller intra-voxel dephasing effect. The
shortened effective echo times, however, may result in
moderate reduction of the BOLD sensitivity at the ventral
brain regions, since a reasonably long TE is required to gain
optimal BOLD contrast. Nevertheless, the benefit on the
significant signal recovery overweighs the small loss of the
BOLD sensitivity.

Data analysis: Each participant’s data were analyzed
using frequency domain analysis [12–14]. Runs were
averaged by first block type, creating two average runs
each consisting of 200 images. One was the average of all

Fig. 1. (a) The objects only condition. (b) The objects and faces condi-
tion.C: Objects only periods lasted 8.73 s and alternated with 8.73 s ob-
jects and faces periods.
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runs beginning with an objects only block. The other was
the average of all runs beginning with an objects and faces
block. Using Fourier transformation, frequency and phase
spectral estimates for each voxel were computed for both
time series. From the frequency spectrum for a given voxel,
the percent variance at B0.057Hz (1/17.46 s) was calcu-
lated, and was averaged across the odd and even numbered
runs. Voxels having at least 15% of their variance attribu-
table to signal at 0.057Hz were deemed face-related.
The phase angle at 0.057Hz for all voxels in the even

numbered runs was shifted 1801 to compensate for the shift
in stimulus presentation, then the phase angles for the even
and odd numbered runs were averaged. Accounting for the
6 s of objects at the beginning of each run and a 5 s
hemodynamic response lag, a signal peaking at the middle
of objects and faces blocks has a phase angle of 136.61. All
voxels with sufficient power at 0.057Hz were deemed face-
related and those with a phase angle of 136.67 151 were
considered face-activated. Conversely, those voxels that
were face-related but had a phase angle that differed by
1801, which is 316.67 151, were considered face-deacti-
vated. Face-activated voxels varied with the blocks having a
peak B5 s after the middle of an objects and faces block
while face-deactivated voxels varied with blocks having a
trough B5 s after the middle of an objects and faces block.

RESULTSANDDISCUSSION
Figure 2a shows face-activated (red to yellow color map)
and face-deactivated (dark to light blue color map) voxels
from a single participant, overlaid on corresponding

anatomical images. We focused on the distribution of face-
activated and face-deactivated regions in extrastriate cortex.
We localized clusters of face-activated voxels to the fusiform
and inferior temporal gyri and nearby cortex. Clusters of
face-deactivated voxels were localized medial to the face-
activated voxels, primarily in the lingual and parahippo-
campal gyri. The pattern of responsivity displayed in Fig. 2a
is representative of that observed in the other seven
participants (Fig. 3). The coupling of activation and
deactivation is illustrated in Fig. 2b. Peaks of the time
course from face-activated voxels coincided with the mid-
way points of the objects and faces stimulus blocks (after
accounting for hemodynamic lag). Troughs of the time
course from face-deactivated voxels coincided with the
same midway points. Counts of face-activated and face-
deactivated voxels are displayed by phase angle in Fig. 2c.
As expected, most of the face-related voxels fell within the
two 301 ranges demarcating face-activated (136.67 151) and
face-deactivated (316.67 151).
Examples of activation and deactivation from the eight

individual participants are displayed in Fig. 3. Each
numbered image pair (1–8) corresponds to a single
individual. The extent and localization of face-activated
and face-deactivated clusters varied. However, the pattern
of interest, a region of face-activated voxels and a region of
face-deactivated voxels, was commonly observed. Counts of
face-related voxels in ventral extrastriate cortex were
averaged across participants. Most of the face-related voxels
had phase angles within the face-activated and face-
deactivated ranges. On average, there were more face-

Fig. 2. (a) Power spectra data overlaid on anatomic images from a single participant. Shown are face-activated (red to yellow color map) and face-
deactivated (dark to light blue color map) regions. Lighter color shading represents higher power. (b) Time courses of MR signal intensity for the face-
activated (red line) and face-deactivated (blue line) voxels in ventral extrastriate cortex.Vertical dashed lines depict the onset of each 8.73 s period
containing faces. (c) Counts of face-related voxels by phase angle. Most face-related voxels were within ranges demarcating face-activated (1367 151:
shaded in red) and face-deactivated (316.67 151: shaded in blue) voxels.
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activated (79.637 27.22, s.e.) than face-deactivated
(33.637 8.26) voxels in ventral extrastriate cortex, with a
ratio of B2.3:1.
Our results replicate previous findings [12–14]. Faces

activated a region of ventral extrastriate cortex localized
primarily to the fusiform and inferior temporal gyri. We also
extended prior reports, revealing areas of ventral extra-
striate cortex that deactivated to faces, localized to the
lingual and parahippocampal gyri, medial to activations.
These deactivations could reflect populations of neurons
that decrease activity when faces are present, possibly
because they are selectively involved in processing other
non-face object categories. The decreases in BOLD signal
observed in face-deactivated areas are consistent with the
presence of a remote inhibitory signal originating from the
activity of neurons within the face-activated region.
An alternative is that the deactivated regions simply

reflect the reduction in the number of objects present during
objects and faces blocks compared to objects only blocks.
Comparison of the findings from participants receiving the
original and alternative stimulus protocols allowed us to
test this alternative. Six of the eight participants (1–6 of Fig.
3) viewed the original protocol in which the average
number of images remained constant across object only
and object and face blocks (i.e. fewer objects appeared
during object and faces blocks because faces replaced
objects). The remaining two participants (7–8 of Fig. 3)
viewed alternative stimuli in which objects only blocks
remained identical while objects and faces blocks were
modified so that the same numbers of objects were
presented as in the objects only blocks. We reasoned that

one offering the alternative explanation would predict the
absence of deactivation in participants viewing the alter-
native stimuli. Comparison of the images from participants
that viewed the original stimulus protocol (1–6 of Fig. 3) to
those that viewed the alternative stimuli (7–8 of Fig. 3)
reveals that the activation/deactivation pattern of respon-
sivity was observed equally in the two groups. The
alternative explanation cannot readily accommodate this
observation.
Our results could reflect preferential distribution of

attention to the faces as they appeared in the changing
montage of common objects. That is, faces might draw
attention away from the common objects, thus causing areas
in processing non-face objects to deactivate. It is possible
that face-specific cells (for example) inhibit object-specific
cells primarily when attention is directed to faces, or it may
be an automatic process regardless of the focus of attention.
Prior studies have demonstrated effects of this kind. Using
positron emission tomography (PET) to measure changes in
regional cerebral blood flow (rCBF) during somatosensory
and visual tasks, Kwashima et al. [15] observed task-related
deactivations in sensory areas involved in processing
information directed to the irrelevant or unattended sensory
modality. Similarly, in an fMRI study by Laurienti et al. [16],
auditory stimuli elicited activation in auditory cortex and
deactivation in extrastriate visual cortex and vice versa.
These two studies demonstrated cross-modal inhibition of
activity in sensory cortices. The present study demonstrates
possible cross-category inhibition within extrastriate visual
cortex.

Fig. 3. Power spectra data overlaid on anatomical images fromeach of the eightparticipants (one axial and one coronal imageper individual). Shown are
face-activated (red to yellow color map) and face-deactivated (dark to light blue color map) regions. Lighter shading represents higher power. Images
follow radiographic convention. Face-activated and face-deactivated regions were localized to ventral extrastriate cortex, with face-deactivated areas
oftenmedial to face-activated areas. Participants1^6 received the original stimulus protocol and participants 7^8 viewed alternative stimuli.
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Our results could arise from the so-called vascular-steal
phenomenon. That is, when there is an increase in local
blood flow within the brain, adjacent areas will show a
decrease in flow simply to meet the needs of the activated
tissue. Gusnard and Marcus [19] suggested that this
phenomenon has little relevance for fMRI studies of
cognitive processes because the changes in local blood flow
associated with increased cognitive/perceptual activity are
quite small (a few percent locally in the cortex) relative to
the overall blood flow to the brain. Moreover, they argued,
the hemodynamic reserve of the brain is very large, making
vascular-steal unlikely in the case of small changes in blood
flow related to changes in processing. Finally, as observed in
the present study, decreases sometimes occur remote from
activations, or in the absence of increases, making steal
within a given vascular territory an unlikely explanation for
the current findings.
Cross-category inhibition may be a general feature of the

human ventral object-recognition system. It may serve to
suppress activity of non-preferred cells, and thus would act
as a higher level sharpening mechanism. Because common
objects were always present in the semi-blocked design of
the current study, we were not able to assay the response of
ventral extrastriate regions to common objects. We expect
that the regions of deactivation observed in the current
study would respond with an increase in activity to
exemplars of other non-face object categories.
Finally, whereas we favor an interpretation of our results

that emphasizes possible category specificity for faces in
ventral extrastriate cortex, it is possible that the present
findings reflect the operation of a particular type of visual
processing that is engaged more by faces than common
objects. Consistent with this interpretation, Farah [20]
proposed that object recognition relies upon two processing
systems, one a configural or holistic processing system
required for normal face recognition, and the other a
feature-based system required to recognize words. Both
systems are useful for recognizing exemplars from other
object categories. Our results, while certainly not conclusive
on this point, might reflect the operation of the configural
processing system, rather than a face subsystem per se.

CONCLUSION
Consistent with prior reports [6–8], we identified regions of
inferior extrastriate cortex that activated to faces presented
in a complex scene containing objects. Face-activated areas
were localized to the fusiform and inferior temporal gyri

and adjacent cortex. In addition, our results revealed face-
deactivated regions of occipitotemporal cortex, localized to
the lingual and parahippocampal gyri, generally medial to
activations. Our findings offer important implications for
the ways in which we conceptualize face and object
processing in ventral extrastriate cortex. The newly identi-
fied face-deactivated areas could contain populations of
neurons that decrease activity when faces are present,
possibly because they are selectively involved in processing
other non-face object categories. Prior studies have demon-
strated cross-modal inhibition of activity in sensory cortices
[15,16]. The present fMRI study is the first to demonstrate
possible cross-category inhibition within extrastriate visual
cortex. The observed BOLD contrast deactivations suggest
the presence of an inhibitory signal originating from the
activity of neurons within the face-activated region.
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