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Background: Most of our social interactions involve perception of emotional information from the faces of other people. Furthermore,
such emotional processes are thought to be aberrant in a range of clinical disorders, including psychosis and depression. However, the
exact neurofunctional maps underlying emotional facial processing are not well defined. Methods: Two independent researchers con-
ducted separate comprehensive PubMed (1990 to May 2008) searches to find all functional magnetic resonance imaging (fMRI) stud-
ies using a variant of the emotional faces paradigm in healthy participants. The search terms were: “MRI AND happy faces,” “fMRI
AND sad faces,” “fMRI AND fearful faces,” “fMRI AND angry faces,” “fMRI AND disgusted faces” and “fMRI AND neutral faces.” We ex-
tracted spatial coordinates and inserted them in an electronic database. We performed activation likelihood estimation analysis for
voxel-based meta-analyses. Results: Of the originally identified studies, 105 met our inclusion criteria. The overall database consisted
of 1785 brain coordinates that yielded an overall sample of 1600 healthy participants. Quantitative voxel-based meta-analysis of brain
activation provided neurofunctional maps for 1) main effect of human faces; 2) main effect of emotional valence; and 3) modulatory ef-
fect of age, sex, explicit versus implicit processing and magnetic field strength. Processing of emotional faces was associated with in-
creased activation in a number of visual, limbic, temporoparietal and prefrontal areas; the putamen; and the cerebellum. Happy, fearful
and sad faces specifically activated the amygdala, whereas angry or disgusted faces had no effect on this brain region. Furthermore,
amygdala sensitivity was greater for fearful than for happy or sad faces. Insular activation was selectively reported during processing of
disgusted and angry faces. However, insular sensitivity was greater for disgusted than for angry faces. Conversely, neural response in
the visual cortex and cerebellum was observable across all emotional conditions. Limitations: Although the activation likelihood esti-
mation approach is currently one of the most powerful and reliable meta-analytical methods in neuroimaging research, it is insensitive
to effect sizes. Conclusion: Our study has detailed neurofunctional maps to use as normative references in future fMRI studies of
emotional facial processing in psychiatric populations. We found selective differences between neural networks underlying the basic
emotions in limbic and insular brain regions.

Introduction and their lives are intertwined with those of other people.
Most of our social interactions involve recognizing other peo-
Humans, like other primates,' are intensely social creatures ple’s identities, actions, emotions and intentions. Much of this
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Emotional faces processing

information is available from their facial expressions. Facial
expressions are powerful nonverbal displays of emotion that
signal valence information to others and contain information
that is vital in the complex social world.” Recognizing facial
expressions permits us to detect another person’s emotional
state and provides cues on how to respond in these social in-
teractions.** Some basic emotions can be most reliably recog-
nized from facial expressions (i.e., fear, disgust, anger, happi-
ness, sadness) and have been shown to be universal in their
performance and perception.’ Facial perception is defined as
“any higher-level visual processing of faces,” which involves
both perceptual processing — identifying the geometric con-
figuration of facial features to discriminate among different
stimuli on the basis of their appearance — and recognition of
the emotional meaning of a stimulus.” Thus, facial emotion
perception combines current visual sensory input with re-
trievable memory and is an important inherited ability evi-
dent since the neonatal stages.*

Given the crucial role played by human emotional faces
processing in social function, over the past 2 decades affec-
tive neurosciences have shown an intense interest in under-
standing the neural mechanisms that support face percep-
tion.” In particular, functional brain imaging techniques such
as functional magnetic resonance imaging (fMRI), which al-
lows the in vivo investigation of the human brain, have been
employed to address the neurophysiological substrates of
emotional processing. Despite the growing number of fMRI
studies in the field, when taken separately these individual
imaging studies indicate contrasting findings® and are unable
to definitively characterize what brain regions are associated
with each specific emotional condition. Although method-
ological factors such as different task designs, imaging meth-
ods and analysis may be a source of heterogeneity across
studies, the major limitations of current literature are the
small sample sizes and the associated low statistical power of
most fMRI studies. Furthermore, the modulatory effect of
other confounding factors such as age,”™ sex'" and type of
emotional processing (i.e., explicit or implicit)*** is not com-
pletely clear.

The above variations have made it particularly difficult to
interpret the differences in activation patterns found in clin-
ical populations such as people with depression or psy-
chosis. Thus, the analysis of the consistency and conver-
gence of results across experiments is a crucial prerequisite
for correct generalizations about human brain functions.®
Without normative maps, it is difficult to definitively ascer-
tain which of the fMRI alterations observed in depressed or
psychotic patients are due to neurobiological disruptions
and which are due to other external methodological incon-
sistencies. Although previous reviews*™ of facial emotional
processing and some meta-analyses®* of functional neuro-
anatomy of emotions have been published, to our know-
ledge no activation likelihood estimation meta-analysis of
fMRI studies during facial emotional processing is currently
available. In coordinate-based meta-analyses such as the ac-
tivation likelihood estimation, activation coordinates re-
ported from independently performed imaging experiments
are analyzed in search of functional cortical areas that are

relevant for the investigated function.® Therefore, activation
foci do not represent single points but rather localization
probability distributions centered on the particular coordin-
ates. In activation likelihood estimation, the foci reported by
each study are modelled as a probability distribution. For
these reasons, the activation likelihood estimation approach
is currently one of the most powerful and reliable meta-
analytical methods in imaging research and offers consistent
advantages over other approaches.

The aim of our study was to clarify the participation of the
different neural regions and networks in the processing of
human emotional faces. In line with this premise, the first
purpose of this meta-analysis was to provide a normative
fMRI atlas of human faces processing in a standard stereotac-
tic space.” The second was to clarify what brain structures
participate in the processing of different types of basic emo-
tional faces (i.e., sadness, fear, happiness, disgust). Specific-
ally, we wanted to clarify whether basic emotional faces were
1) encoded in specific brain regions or 2) were a property of
the whole brain neural network or 3) whether there were
overlapping neural networks processing different facial emo-
tions. Finally, we aimed at addressing the modulatory effect
of age, sex and implicit or explicit processing on the neuro-
physiological response to emotional faces.

Methods
Emotional faces paradigms

Emotion research uses different types of stimuli (e.g., Ekman
faces and Gur faces) to probe affective processing. Facial ex-
pressions portraying specific emotions (e.g., happiness, sad-
ness, anger, fear) are universally recognized. Even though
facial expressions are used frequently as probes of emotion
recognition, some studies have shown that faces can be in-
ducers of emotion.* The Ekman 60 Faces Test uses a range of
photographs from the Ekman and Friesen series of Pictures
of Facial Affect.* The Ekman faces have been the most
widely used series of photographs. However, facial stimuli
usually encountered are typically of a restricted race and age
range and they are mostly 2-dimensional (2-D) photographs.
Since 2-D stimuli are not amenable to manipulations of angle
and orientation and raise methodological concerns when ap-
plied to examination of facial asymmetries that could be related
to hemispheric specialization, Gur and colleagues® developed a
set of 3-dimensional (3-D) images to overcome these limitations.

Selection of studies and contrasts for analyses

Two independent researchers (P.F.-P., P.L.) conducted a
2-step literature search. First, they conducted 2 separate com-
prehensive MEDLINE (January 1990 to May 2008) searches in
the English-language literature to identify putative functional
neuroimaging (fMRI) studies employing a variant of the
emotional faces paradigm that had reported data on healthy
participants. The search terms entered in MEDLINE were
“fMRI AND happy faces,” “fMRI AND sad faces,” “fMRI
AND fearful faces,” “fMRI AND angry faces,” “fMRI AND
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disgusted faces” and “fMRI AND neutral faces.” To qualify
for inclusion in the review, studies must have 1) been an orig-
inal paper published in a peer-reviewed journal, 2) used a
variant of the emotional faces paradigm in healthy par-
ticipants, 3) studied participants using fMRI, 4) used the
image subtraction methodology to determine activation/
deactivation foci (e.g., happy v. fixation or happy v. neutral)
and 5) reported data in standard stereotactic coordinates
(either Talairach or Montreal Neurological Institute [MNI]
space).”” The 2 researchers assessed the inclusion criteria by
consensus. In a second step, we checked the reference lists of
the articles included in the review for relevant studies not
identified by computerized literature searching. Finally, we
contacted authors of studies where Talairach or MNI coord-
inates were not reported to reduce the possibility of a biased
sample set.

We included studies reporting single group data (i.e.,
healthy volunteers only). Thus, we did not consider spatial
coordinates reporting a main effect of emotional faces pro-
cessing across the control and a clinical group, nor did we
consider coordinates relative to functional, psychophysio-
logical or psychopathological correlations. We did not in-
clude fMRI studies investigating processes other than emo-
tional processing (i.e., working memory,” attention) by using
similar emotional faces stimuli. To avoid an unwanted sys-
tematic confounding effect, we excluded other types of emo-
tional faces such as schematic faces. Finally, we excluded
positron emission tomography studies to prevent the
methodological heterogeneity underlying these different
functional imaging techniques.

To assist the reader in forming an independent view of
the results, we collected meta-analytical data such as mean
age, sex, intensity of magnet, type of analysis (whole brain
or region of interest [ROI]) and type of emotional facial
paradigms employed across all studies (Table 1). Specific-
ally, when a study included young/old subgroups, differ-
ent ages were listed for each specific contrast. The emo-
tional faces category included specific paradigms other
than the Ekman/Gur faces or a mixture of the original
Ekman/Gur stimuli and unstandardized sets of emotional
human faces. We coded the procedure as ROI only when
specific ROI procedures (i.e., MarsBar) were applied to ex-
tract the blood oxygenation-level dependent response in
selected brain areas.

Quantitative meta-analytical voxel-based procedure

Because the Talairach system is defined such that left is neg-
ative, we transformed coordinates based on the radiological
convention. In addition, we determined the spatial normal-
ization template for each study and converted all foci re-
ported in MNI space to Talairach space with the foci con-
version option available in the software used for the
meta-analytical procedure. In the past, the Brett transform
was used to convert MNI coordinates to Talairach space;"*
however, recent findings show that MNI/Talairach coordi-
nate bias associated with reference frame (position and ori-
entation) and scale (brain size) can be substantially reduced

using the best-fit MNI-to-Talairach transform."” This trans-
form has been validated and shown to provide improved fit
over the Brett transform.” We used the Talairach atlas to
identify the anatomic landmarks of the activation results.

The main meta-analysis (all faces v. baseline) comprised all
coordinates of emotional faces task-related activation re-
ported in the primary literature, regardless of task variation
or stimuli type. To distinguish the neural networks underly-
ing specific emotional condition, we subdivided coordinates
for the meta-analysis into different sub-groups: 1) neutral >
baseline, 2) happy > baseline, 3) sad > baseline, 4) angry >
baseline, 5) fearful > baseline and 6) disgusted > baseline. We
defined baseline condition as fixation of a crosshair on the
screen. Furthermore, to clarify what areas were active in re-
sponse to each emotion in particular, we computed the fol-
lowing contrasts: 1) happy versus neutral, 2) sad versus neu-
tral, 3) angry versus neutral, 4) disgusted versus neutral and
5) fearful versus neutral.

We used the equally weighted coordinates to form esti-
mates of the activation likelihood for each voxel in the
brain, as described by Turkeltaub and colleagues.” In brief,
to allow for error in spatial localization related to intersub-
ject variation in functional anatomy and interstudy differ-
ences in data smoothing and registration, we modelled the
reported loci of maximal activation as the peaks of 3-D
Gaussian probability density functions with a full-width at
half-maximum of 10 mm. Then we combined the probabil-
ities of each voxel in standard space representing each pri-
mary locus of activation to form a map of the activation
likelihood estimation score at each voxel. We assessed sta-
tistical significance using a permutation test with 5000 per-
mutations, corrected for multiple comparisons (the false
discovery rate [FDR] was set at p = 0.01). We defined clus-
ters of suprathreshold voxels exceeding 200 mm? in volume
as loci of brain activation in common across all studies in-
cluded in the meta-analysis;” the resultant activation likeli-
hood estimation maps were thresholded at p = 0.05, in line
with previous studies.” To investigate the effect of explicit/
implicit emotional processing, sex and magnet field, we
carried out meta-analytic comparisons between subgroups
of studies (explicit v. implicit, male v. female participantss,
magnet > 3 T v. magnet < 1.5 T) using the permutation test
described in more detail by Laird and colleagues” after
ensuring that there were no significant differences in the
number of coordinates found in each group. Similarly, we
selected coordinates relative to studies investigating young
participants (< 20 yr) and contrasted them with that of
studies involving older participants (> 40 yr) to address
the influence of age on emotional processing. Finally, to
better clarify the main effect of valence, we contrasted spe-
cific emotions: 1) happy versus sad, 2) angry versus dis-
gusted, 3) sad versus fearful and 4) happy versus fearful.
The overall fMRI meta-analytical approach® has been
widely used in a number of studies.” ' We imported
whole-brain maps of the activation likelihood estimation
values into the MRIcron software program (www.sph.sc
.edu/comd/rorden/mricron) and overlaid them onto the
brain template for presentation purposes.
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Table 1: Studies included in the meta-analysis

Magnetic Sample Magnetic Sample
Year; study field, T No. Female Age,yr* Faces paradigm | Year; study field, T No. Female Age,yr Faces paradigm
2008 Lennox et al.” 3 12 6 33 Ekman
Wolfensberger et al.” 1.5 32 18 30 Ekman Singer et al.” 1.5 11 5 26 Emotional
Deeley et al.” 1.5 40 0 24 Ekman Williams et al.” 1.5 22 8 27 Ekman
Payer et al.” 3 12 3 32 Ekman Phillips et al.* 1.5 8 0 32 Ekman
De Martino et al.” 1.5 15  NR NR Emotional Vuilleumier et al.” 2 13 6 36 Emotional
Surguladze et al.”® 15 29 12 38 Ekman Straube et al.” 15 10 6 23 Emotional
Bryant et al.* 15 15 8 36 Gur Glascher et al.” 15 13 8 26 Ekman
Seitz et al.”® 1.5 14 7 29 Ekman Nomura et al.*® 3 9 5 24 Ekman
Loughead et al.” 4 17 6 27 Gur Schroeder et al.” 1.5 20 10 33 Ekman
Miskowiak et al.” 1.5 24 8 27 Ekman Somerville et al." 3 16 8 25 Ekman
Hermans et al.* 1.5 12 12 23 Emotional Etkin et al.™ 1.5 26 13 26 Ekman
Andersson et al.* 1.5 16 9 15 Emotional McClure et al.” 3 34 16 26 Ekman
2007 Bishop et al.'® 3 27 20 28 Ekman
Pavuluri et al.” 3 10 5 14 Gur 2003
Coccaro et al.” 3 10 5 31 Ekman Surguladze et al.'™ 1.5 9 4 40 Ekman
Hessl et al.” 1.5 13 40 Emotional Killgore et al.™ 1.5 12 12 24 Emotional
Dannlowski et al.” 3 23 11 39 Ekman Bradley et al."® 3 18 0 19 Emotional
Habel et al.” 3 14 14 24 Emotional Yang etal.'™ 3 12 6 16 Emotional
Deeley et al.” 1.5 9 0 27 Ekman Wright et al.'” 1.5 10 6 29 Ekman
Salloum et al.” 1.5 11 0 36 Ekman Wicker et al.'® 3 14 0 24 Videoclip
Anderson et al.* 1.5 12 0 25 Ekman Nelson et al.'” 3 34 16 22 Ekman
Rauch et al.”’ 3 20 10 28 Ekman Schwartz et al." 1.5 8 4 22 Gur
Ashwin et al.* 3 13 0 26 Emotional Wright et al." 1.5 10 5 27 Gur
Guretal.” 4 17 5 25 Gur Lange etal."™® 1.5 9 0 29 Ekman
Miskowiak et al.* 1.5 24 10 24 Ekman Phillips et al." 1.5 8 1 32 Ekman
Kleinhans et al.” 1.5 22 1 25 Emotional Wild et al."™ 1.5 10 5 29 Ekman
Fusar-Poli et al.” 1.5 10 2 26 Ekman 2002
Pelphrey et al.* 1.5 8 2 24 Ekman Canlietal."® 3 15 11 NR Emotional
Benuzzi et al.” 3 24 12 26 Ekman Yang et al."™ 3 17 11 23 Emotional
2006 lidaka et al." 3 24 12 25 Emotional
Lee et al.” 1.5 18 9 26 Emotional Guretal."” 4 14 4 28 Gur
Williams et al.” 1.5 15 8 36 Gur Gur et al." 4 14 7 27 Emotional
Bird et al.” 1.5 16 2 35 Ekman Kosaka et al."™ 1.5 12 6 25 Emotional
Fitzgerald et al.*® 4 20 10 26 Gur Hariri et al.”™ 3 12 6 28 Ekman
Grosbras and Paus® 1.5 20 10 29 Videoclip 2001
Somerville et al.” 1.5 16 9 19 Emotional Thomas et al.™ 1.5 18 6 18 Ekman
Britton et al.”" 3 12 6 22 Gur Thomas et al.”” 1.5 12 5 12 Ekman
Holt et al.” 1.5 16 0 48 Ekman Williams et al.” 1.5 11 0 30 Ekman
Taylor et al.” 3 30 18  (18-36)  Emotional Narumoto et al.”™ 3 12 3 27 Ekman
Batut et al.” 2 15 9 34 Emotional Pine et al.” 1.5 16 NR 22 Ekman
Wright et al.” 1.5 18 12 24 Emotional Vuilleumier et al.' 2 12 6 28 Ekman
Sambataro et al.” 3 24 13 27 Ekman Gorno-Tempini et al.” 1.5 10 5 27 Ekman
Pessoa et al.” 1.5 37 18 28 Ekman lidaka et al.™ 3 12 6 25 Emotional
Williams et al.” 1.5 13 6 35 Gur Kesler-West et al.™ 1.5 21 10 22 Emotional
Dapretto et al.” 3 9 0 12 Emotional Whalen et al.™ 3 8 4 25 Ekman
Wright and Liu® 3 12 6 29 Ekman 2000
2005 Critchley et al.” 1.5 9 0 27 Ekman
Fischer et al.’ 1.5 24 12 25 Ekman Rauch et al.” 1.5 8 0 54 Ekman
Shin et al.” 1.5 13 0 50 Ekman 1999
Noesselt et al.” 3 12 5 23 Emotional Phillips et al.™ 1.5 5 ? 30 Ekman
Straube et al.* 1.5 9 5 23 Emotional 1998
Williams et al.* 3 13 9 28 Ekman Phillips et al.” 1.5 8 1 32 Ekman
Strauss et al.” 1.5 8 0 27 Ekman Whalen et al.* 15 10 0 24 Ekman
Cools et al.* 3 12 0 24 Ekman Phillips et al." 1.5 6 0 37 Ekman
Habel et al.*” 1.5 26 0 33 Emotional Sprengelmeyeretal.'® 2 6 4 24 Ekman
Reinders et al.* 1.5 15 8 26 Ekman 1997
Moriguchi et al.* 1.5 16 10 29 Emotional Phillips et al.™ 1.5 7 5 27 Ekman
2004 1996
Cannistraro et al.* 1.5 10 6 25 Ekman Breiter et al." 1.5 10 0 27 Ekman

NR = not reported.

*Age is reported as the mean or (range).
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Results
Study selection

Our combined 1990-May 2008 literature search uncovered
551 potential articles. The number of published articles relating
to each emotional condition of interest were as follows: “fMRI
sad faces” returned 42 published papers, “fMRI angry faces”
returned 65, “fMRI disgust faces” returned 22, “fMRI fearful
faces” returned 142, “fMRI happy faces” returned 106 and
“fMRI neutral faces” found 174. Most of the excluded studies
(94%) did not meet inclusion criteria 2 and 3, whereas 2% did
not meet inclusion criterion 4 and 4% did not meet criterion 5.

Overall, 105 articles satisfied the inclusion criteria and we
considered them for the meta-analysis. The final database of
105 studies corresponded to a whole sample of 1600 healthy
participants (of whom 639 were female, 40%). The mean age
of the sample was of 27 (standard deviation [SD] 6.8) years.
Forty-seven of 105 studies (45%) reported coordinates in MNI
space. Fifty-five of 105 studies (52%) adopted an ROI ap-
proach in the analysis of functional activation. Sixty percent
of studies employed a classical Ekman faces paradigm, 10%
of them used a Gur faces paradigm and the final 30% em-
ployed other emotional faces paradigms. We used a total of
1785 brain voxels for the meta-analytical procedure. Table 1
lists all of the studies included in the meta-analysis by first
author and year of publication.

Main effect for faces processing independent
of emotional valence

The processing of faces (emotional and neutral) compared
with baseline (1785 coordinates) was associated with in-
creased activation in a number of visual areas (fusiform
gyrus, inferior and middle occipital gyri, lingual gyrus), lim-
bic areas (amygdala and parahippocampal gyrus, posterior
cingulate cortex), temporoparietal areas (parietal lobule, mid-
dle temporal gyrus, insula), prefrontal areas (medial frontal
gyrus), subcortical areas (putamen) and the cerebellum
(declive; Fig. 1, Table 2).

Emotional processing as compared with baseline

Processing neutral faces

The processing of neutral faces compared with baseline
(165 foci), was associated with an increased activation of vis-
ual areas (bilateral fusiform gyrus, left lingual gyrus, inferior
occipital gyrus), the cerebellum (bilateral declive), limbic
areas (left amygdala and left cingulate gyrus), subcortical
areas (right lentiform nucleus), prefrontal regions (left medial
frontal gyrus, right middle frontal gyrus, precentral gyrus)
and the left insula (cluster p < 0.001, false discovery rate
[FDR] = 0.01; Table 2).

Processing happy faces
The processing of happy faces compared with baseline
(112 foci) was associated with an increased activation in the

right middle occipital gyrus, left precuneus, left amygdala,
left insula, left medial frontal gyrus, left putamen, left cere-
bellum, bilateral supramarginal gyrus and left middle tempo-
ral gyrus (cluster p < 0.001, FDR = 0.01; Table 2).

Processing sad faces
The processing of sad faces compared with baseline (37 foci)
showed an increased activation in the right superior occipital
gyrus, left insula and left thalamus (cluster p < 0.001,
FDR = 0.01; Table 2).

Processing angry faces

The processing of angry faces compared with baseline
(77 foci) activated the right cingulate and anterior cingulate
gyri, the right parahippocampal gyrus, left cerebellum, sub-
cortical regions such as the left globus pallidus and the right
claustrum and prefrontal regions such as the bilateral inferior
frontal gyrus and the right middle frontal gyrus (cluster
p <0.001, FDR = 0.01; Table 2).

Processing fearful faces

During the processing of fearful faces compared with base-
line (338 foci), there was a significant increase of neural acti-
vation in the bilateral amygdala and fusiform gyrus, right
cerebellum, left inferior parietal lobule, left inferior frontal
and right medial frontal gyrus (cluster p < 0.001, FDR = 0.01;
Table 2).

Processing disgusted faces

When processing disgusted faces compared with baseline
(48 foci), there was an increased neural response in the left
amygdala, fusiform gyrus, bilateral middle temporal gyrus,
left middle frontal and right inferior frontal gyri, right insula,

' Y
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Fig. 1: Neurofunctional network subservmg processing of human
faces. The areas in yellow represent activation likelihood estimation
neurofunctional maps of brain areas activated during processing of
human faces (human faces > fixation, false discovery rate = 0.01,
cluster p < 0.001).
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left precentral gyrus, left inferior parietal lobule and left thal-
amus (cluster p < 0.001, FDR = 0.01; Table 2).

Differential emotional processing compared with
neutral faces

Processing happy faces (65 foci) was associated with neural
activation in the bilateral amygdala, left fusiform gyrus and
right anterior cingulate cortex. Sad faces (39 foci) activated
the right amygdala and the left lingual gyrus. Fear (257 foci)
was associated with activation in the bilateral amygdala and

the fusiform and medial frontal gyri. Processing angry faces
(66 foci) was associated with increased neural response in the
left insula and right inferior occipital gyrus. Disgust (150 foci)
was associated with neural activation in the insula bilaterally,
right thalamus and left fusiform gyrus (Table 3 and Fig. 2).

Specific contrasts
Effect for implicit or explicit emotional processing

When healthy participants were explicitly processing the emo-
tional faces, there was an increased activation in the temporal

Table 2: Brain activation during emotional faces processing as compared to fixation*

Site of

maximum ALE

Emotional face; Volume, Maximum

Site of

maximum ALE

Emotional face; Volume, Maximum

brain region Side BA X y z mm®  ALE value | brain region Side BA X y z mm®  ALE value
All faces Neutral

Fusiform gyrus R 37 40 -50 -18 17632 0.09972 Parahippocampal gyrus L Amy -18 -6 -12 2656 0.03128
Parahippocampal gyrus L Amy -20 -6 -12 14072 0.23064 Cingulate L 32 -2 10 42 1392 0.01820
Cerebellum L Dcl -40 -74 -14 12848 0.08300 Cerebellum L Dc -40 -72 -14 1264 0.01761
Parahippocampal gyrus R Amy 18 -6 -14 12320 0.15909 Cerebellum R  Dcl 34 -72 -20 1184 0.01903
Insula R 30 20 2 11944 0.06221 Fusiform gyrus L 37 -40 -48 -16 1112 0.01617
Medial frontal gyrus L 32 0 10 42 8696 0.05548 Cerebellum L  Dc -20 -78 -20 984 0.01673
Inferior occipital gyrus L 17 20 -92 -8 6224 0.07987 Lingual gyrus L 17 -16 -94 -8 976 0.01757
Middle temporal gyrus R 22 56 —44 4 1880 0.03966 Medial frontal gyrus L 6 0 0 56 928 0.01695
Parietal lobule L 40 -36 -38 40 1160 0.03714 Middle frontal gyrus R 46 46 30 18 784 0.01677
Middle temporal gyrus L 21 -56 -58 4 688 0.04138 Precentral gyrus R 6 42 -4 34 544 0.01555
Middle occipital gyrus R 19 32 -80 14 616 0.03631 Fusiform gyrus R 37 40 -46 -16 512 0.01234
Posterior cingulate R 23 2 -54 20 352 0.03480 Inferior occipital gyrus R 18 24 -90 -12 384 0.01374
Lingual gyrus R 18 10 -84 -8 336 0.03235 Precentral gyrus R 9 38 12 34 384 0.01344
Middle occipital gyrus R 18 32 -92 2 240 0.03141 Insula L 13 830 22 2 288 0.01258
Fearful Lentiform nucleus R Gp 18 -8 -8 272 0.01314
Parahippocampal gyrus L Amy -22 -6 -14 7088 0.05640 Angry

Parahippocampal gyrus R Amy 18 -6 -14 6648 0.05611 Cingulate gyrus R 32 6 12 40 5432 0.04209
Fusiform gyrus R 37 42 -50 -8 4520 0.02025 Claustrum R 28 20 1 3048 0.02863
Cerebellum R  Dcl 30 -80 -16 2016 0.02853 Inferior frontal gyrus L 47 44 26 2 2528 0.01677
Inferior parietal lobule L 40 -36 -38 40 768 0.01981 Middle frontal gyrus R 9 50 16 30 832 0.01220
Inferior frontal gyrus L 47 46 33 4 664 0.01960 Parahippocampal gyrus R 34 16 -8 -16 712 0.01344
Medial frontal gyrus R 6 0 16 42 552 0.01954 Lentiform nucleus L Gp 20 -8 -6 432 0.01046
Medial frontal gyrus R 10 6 52 0 440 0.01807 Cerebellum L Cu -40 -52 -22 392 0.01040
Fusiform gyrus L 19 -40 -74 -12 344 0.01481 Inferior frontal gyrus R 47 46 18 0 376 0.01115
Insula L 13 -38 6 -2 312 0.01635 Anterior cingulate R 24 2 24 18 352 0.01171
Subgyral R 21 44 -12 -8 240 0.01476 Middle temporal gyrus R 22 50 -38 0 304 0.01061
Happy Fusiform gyrus L 19 -46 -76 -12 288 0.01061
Middle occipital gyrus R 18 42 -76 -8 3168 0.02072 Disgusted

Parahippocampal gyrus L Amy -22 -8 -12 2344 0.02612 Parahippocampal gyrus L Amy -22 -6 -16 1824 0.01643
Insula L 13 -38 16 12 1312 0.01715 Middle frontal gyrus L 9 -3 20 26 1808 0.01230
Medial frontal gyrus L 6 -6 -4 56 848 0.01662 Middle temporal gyrus L 21 -58 -58 6 864 0.01265
Lentiform nucleus L Ptm =22 2 8 568 0.01330 Middle temporal gyrus R 22 56 -46 2 712 0.01217
Precuneus L 31 -18 -76 28 520 0.01311 Middle temporal gyrus L 21 -56 -30 -10 640 0.01322
Cerebellum L Dcl -38 -64 -20 336 0.01010 Fusiform gyrus R 19 40 -76 -10 576 0.01286
Supramarginal gyrus R 40 38 —-44 34 328 0.01127 Precentral gyrus L 4 36 -20 40 480 0.01031
Supramarginal gyrus L 40 -56 -52 32 272 0.01058 Insula R 44 42 15 16 456 0.01083
Middle temporal gyrus L 21 -58 -60 2 240 0.01217 Inferior frontal gyrus R 46 42 32 6 392 0.01004
Sad Thalamus L -4 14 0 304 0.00907
Superior occipital gyrus R 19 32 -70 24 496 0.01023 Inferior parietal lobule L 40 -50 -56 38 280 0.00842
Insula L 13 -46 -30 22 480 0.00989

Thalamus L -4 21 1 264 0.00743

ALE = activation likelihood estimation; Amy = amygdale; BA = Brodmann area; Cu = culmen; Dcl = declive; FDR = false discovery rate; Gp = globus pallidus; L = left; Ptm = Putamen; R = right.

*FDR = 0.01, cluster p < 0.001.
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part of the right fusiform gyrus, bilateral amygdala, left cere-
bellum (declive), right claustrum and caudate, and the right in-
ferior occipital, left inferior frontal and left medial frontal gyri,
as compared with the implicit emotional processing (734 foci).
Conversely, during the implicit processing of the emotional
faces, healthy participants showed more activation in the oc-
cipital parts of the left lingual and right fusiform gyri, left post-
central gyrus and right insula, as compared with the explicit
emotional processing of faces (cluster p < 0.001, FDR = 0.01;
Table 4, Fig. 3).

Effect of age on human facial emotional processing

When processing human emotional faces, older participants
showed greater neural response in the temporal part (Brod-
mann area [BA] 37) of the bilateral fusiform gyrus, left cere-
bellum and left hippocampus as compared with young
healthy participants (196 foci). Conversely, younger partici-
pants showed greater activation in a more occipital part
(BA19) of the bilateral fusiform gyrus than older participants
(cluster p < 0.0001, FDR = 0.01; Table 5, Fig. 4).

Effect of sex on human facial emotional processing

When processing human emotional faces (613 foci), male par-
ticipants showed greater neural response than female partici-
pants in a cluster spanning the right amygdala and parahip-
pocampal gyrus (x = 25, y = -12, z = -10, activation likelihood
estimation = 0.01681, voxels = 1024), in the right medial

Table 3: Differential activation during emotional faces processing
compared with neutral faces*

Site of

Emotional face; maximum ALE  y/61ume, Maximum
brain region Side BA x y 2 mm’®  ALE value
Disgusted
Insula R 13 42 -8 4 4232 0.0153

L 13 -38 3 6 1512 0.0131
Thalamus R 2 -18 4 3944 0.0139
Fusiform gyrus L 37 -38 -46 -12 2760 0.0161
Happy
Parahippocampal gyrus R Amy 24 0 —-14 1248 0.0161

L Amy -20 -6 -12 1664 0.0171
Anterior cingulate

cortex R 32 0 40 8 1568 0.0132

Fusiform gyrus L 19 40 -65 -11 1088  0.0097

Sad

Lingual gyrus L 18 -18 -78 -6 952  0.0078

Parahippocampal gyrus R Amy 22 0 -18 784  0.0093

Angry

Insula L 13 -38 14 -4 1432 0.0095

Inferior occipital gyrus R 19 40 -74 -8 792  0.0084

Fearful

Parahippocampal gyrus R Amy 20 -4 -14 7304 0.0350
L Amy -22 -4 -10 8288 0.0541

Fusiform gyrus R 37 30 -46 -12 6192 0.0235
L 19 -20 -61 -6 2920 0.0196

Medial frontal gyrus R 10 6 52 0 1824 0.0184

ALE = activation likelihood estimation; Amy = amygdala; BA = Brodmann area;
FDR = false discovery rate; L = left; R =right.
*FDR = 0.001, cluster p < 0.001.

frontal gyrus (BA6, x =1, y = 2, z = 52, activation likelihood
estimation = 0.02018, voxels = 760) and in the left fusiform
gyrus (BA19, x = =38, y = -76, z = -13, activation likelihood
estimation = 0.01836, voxels = 360). Conversely, female par-
ticipants showed greater activation than male participants in
the right subcallosal gyrus (BA34, x =19, y = 3, z = -13, acti-
vation likelihood estimation = —0.02225, voxels = 696; cluster
p <0.001, FDR = 0.01).

Effect of magnetic field strength

We detected a significant effect for the magnetic field
strength on the detection of neural correlates of emotional
processing. When using a magnet > than 3 T, as compared
with magnets of 1.5T or less (1675 foci), increased activation
was observable in the bilateral fusiform gyri (BA37, right:
x =36, y = -54, z = —13, activation likelihood estimation =
0.06837, voxels = 6656; left: x = =38, y = -55, z = -13, activation
likelihood estimation = 0.06011), bilateral amygdala (left:
x=-27,y =-9, z = -11, activation likelihood estimation =
0.06529, voxels = 2024; right: x = 22, y = -13, z = -10, activa-
tion likelihood estimation = 0.03178, voxels1408) and left me-
dial frontal gyrus (BA6, x = -2, y = -2, z = 54, activation likeli-
hood estimation = 0.04081, voxels = 1104; cluster p < 0.001,
FDR = 0.01). We detected no clusters for the opposite contrast.

Happy versus sad

When processing happy faces compared with sad faces
(149 foci), participants showed greater activation in the left
amygdala (x = 22, y = -8, z = —11, activation likelihood esti-
mation = 0.02463, voxels = 1472) and right middle occipital
gyrus (BA18, x = 40, y = =72, z = -9, activation likelihood
estimation = 0.01953, voxels = 1336; cluster p < 0.001,
FDR = 0.01). We detected no clusters during the processing
of sad compared with happy faces (Fig. 5).

Angry versus disgusted

When processing angry faces compared with disgusted faces
(38 foci) there was increased activation in the right amygdala
(x =17,y = -5, z = -18) and right fusiform gyrus and deacti-
vation in the right insula (x = 40, y = -5, z = 2; Fig. 5).

Happy versus fearful

When processing fearful faces compared with happy faces
(59 foci) there was increased activation in the bilateral amyg-
dala (left x =19, y = -2, z = -13; right x = 16, y = 4, z = -18)
and decreased activation in the anterior cingulate gyrus
(x=2,y=239,z=11;Fig. 5).

Sad versus fearful

When processing fearful faces compared with sad faces
(68 foci) there was increased activation in the bilateral amyg-
dala (x = 20, y = -6, z = —14) and in the right fusiform gyrus
(x = 45, y = 46, z = -18). No brain regions were more acti-
vated by the sad faces compared with the fearful faces.

Discussion

The aim of the present meta-analysis was to provide a
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neurofunctional map of human emotional face processing in
healthy individuals.

Methodological issues

We adopted a multiple-steps approach with the encompass-
ing objective of reducing heterogeneity across fMRI findings.
In a first step (study selection), we chose to include fMRI stud-
ies only and avoid positron emission tomography studies
given the profound methodological differences of these meth-
ods. In addition, to control for considerable variation ob-
served in the results of imaging experiments addressing even
closely related experimental paradigms,” our meta-analysis
focused on a single paradigm (i.e., the presentation of human
faces and emotional picture) during emotional processing (at-
tentive or mnestic studies were not considered). To overcome
the lack of statistical power associated with single fMRI stud-
ies, we selected a large sample of 105 studies relating to
1600 healthy volunteers and 1785 foci. Although there are no
community-accepted criteria for interpreting the activation

likelihood estimation results, for a study of this size if 6 or
more foci contribute to a cluster it is considered very robust,
and if 3-5 foci contribute to a cluster, it is acceptable." It is not
convincing if only 1 or 2 foci contribute to a cluster. As recent
activation likelihood estimation meta-analyses have been
published with samples of 12 studies and fewer than 10 foci,"*
our results are particularly robust. We have chosen a
function-location statistical approach (voxel-based, activation
likelihood estimation) in place of the standard effect-size meta
analysis, because it is the location, rather than the magnitude,
of the effect that is of interest in the present study.” Specific-
ally, activation likelihood estimation assumes that although
each study reports the specific coordinates of activations, is-
sues such as intersubject variability in brain anatomy and dif-
ferences in investigators’ labels for anatomic regions may lead
to some uncertainty as to the actual locations of these peaks.
In fact, one of the difficulties when comparing imaging stud-
ies is that there is considerable variability when labelling neu-
roanatomical regions, and differences in nomenclature could
obscure findings. An advantage of the activation likelihood
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Fig. 2: Brain maps of neural activation in response to happy, sad, angry, fearful and disgusted
human faces compared with neutral faces (false discovery rate = 0.001, cluster p < 0.001).
Amy = amygdala; FG = fusiform gyrus; MFG = medial frontal gyrus.
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estimation technique is that because it uses the coordinates of
reported foci (rather than anatomic labels) for meta-analysis, it
avoids the problem of any mislabelling of regions in the pri-
mary literature.® A further benefit is that the exclusion of
negative data has very little effect on the results.”

Neurofunctional map of human emotional face processing

The present study has produced a reliable normative map of
brain response to human emotional faces processing. We
found that processing of emotional faces was associated with
increased activation in a number of visual areas (fusiform
gyrus, inferior and middle occipital gyri, lingual gyrus), lim-
bic areas (amygdala and parahippocampal gyrus, posterior
cingulate), temporal areas (middle/superior temporal gyrus),
temporoparietal areas (parietal lobule, middle temporal
gyrus, insula), prefrontal areas (medial frontal gyrus), sub-
cortical areas (putamen) and the cerebellum (declive). This
neural network is the most likely to be activated during the
processing of a human emotional face. These findings con-
firm that processing emotion from facial expressions draws
on diverse psychological processes implemented in a large
array of neural structures.” Although the exact functional in-
terplay between these areas is not clear, some authors sug-
gest that early perceptual processing of faces draws on cor-
tices in occipital and temporal lobes that construct detailed
representations from the configuration of facial features.’
Subsequent recognition requires a set of structures, including
the amygdala and orbitofrontal cortex, that links perceptual
representations of the face to the generation of knowledge
about the emotion signaled.

Table 4: Effect of implicit or explicit facial emotional processing*

Site of
Emotional processing; maximum ALE  y/51ume, Maximum
brain region Side BA X y > mm°®  ALE value

Explicit > implicit

Fusiform gyrus R 37 40 46 -18 6880 0.07251
Parahippocampal gyrus L  Amy -20 -6 -10 5248 0.10330
Cerebellum L Dcl 42 -56 -20 4448 0.05498
Parahippocampal gyrus R 34 16 -8 -16 3776 0.06769
Medial frontal gyrus L 6 -2 12 44 2584 0.05677
Inferior occipital gyrus R 19 42 -74 -8 1032 0.03858
Inferior frontal gyrus L 47 44 24 2 896 0.03167
Claustrum R 30 20 4 520 0.03487
Inferior frontal gyrus R 47 48 20 -2 472 0.03139
Inferior frontal gyrus L 9 -42 10 24 432 0.02986
Cerebellum L Dcl 22 -78 -20 232  0.02890
Caudate R 12 6 16 232  0.02620
Implicit > explicit

Postcentral gyrus L 3 -34 26 44 416 -0.02583
Lingual gyrus L 17 -10 92 -18 328 -0.03550
Fusiform gyrus R 18 28 -80 -22 288 -0.02496
Insula R 13 47 8 7 216 -0.02462

ALE = activation likelihood estimation; Amy = amygdale; BA = Brodmann area;
Dcl = declive; FDR = false discovery rate; L = left; R = right.
*FDR = 0.001, cluster p < 0.001.

Differential neural response to emotions

Our second aim was to identify discrete neural subsystems
underlying processing of “basic” emotional expressions (fear,
disgust, anger, happiness and sadness).” As human signals of
basic emotion are universal, fMRI studies that explore the
neural substrates of emotion recognition are free of the re-
liance on vague subjective measures that plagued earlier
emotion research."* When we compared processing of emo-
tional faces with baseline, we uncovered wide and overlap-
ping neural networks. Thus, to better disentangle the specific
neural substrates of emotions, we contrasted emotional faces
against neutral faces.

With respect to the limbic system, we found a differential
sensitivity to emotional conditions. Whereas happy and fear-
ful faces activated the amygdala bilaterally, sad faces showed
a laterality effect, and angry or disgusted faces had no effect
on this region. In a second step, we tested the differential

Fig. 3: Neural correlates of explicit versus implicit facial emotional
processing (yellow clusters: explicit > implicit; blue clusters: implicit >
explicit; false discovery rate = 0.01 cluster p < 0.001).

Table 5: Effect of age on human facial emotional processing

Site of

maximum ALE

Activation by age; Volume, Maximum

brain region Side BA X y > mm°®  ALE value

Old > young

Fusiform gyrus R 37 40 -46 -18 3000 0.02905
L 37 -40 -46 -16 2208 0.02174

Cerebellum L Tuber —42 -68 -24 1224 0.01629

Parahippocampal gyrus L Hippo -28 -10 -16 1008 0.01371

Young > old

s}

19 32 -72 -18 2624 -0.01836
L 19 -18 -78 -18 1112 -0.01608

Fusiform gyrus

ALE = activation likelihood estimation; BA = Brodmann area; Hippo = hippocampus;
L = left; R = right; Tuber = tuber vermis.
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amygdala sensitivity to happy, fearful and sad faces by com-
puting direct contrasts between these emotional conditions.
The intensity of the activation likelihood estimation scores
confirmed that amygdala sensitivity was greater during the
fearful stimulus than in the other 2 conditions. In other
words, it is possible to conclude that amygdala engagement
during processing of fearful faces is a strong and consistent
finding in the available fMRI literature. Such a result is in line
with evidence suggesting that the amygdala is specifically
sensitive to fearful emotional processing.'” However, we
found the amygdala was also activated while processing neu-
tral faces; as there are face-responsive neurons in the amyg-
dala,® this brain region may have an additional role for vigi-
lance or for processing salience.'**

The second interesting finding of the present study is insu-
lar activation during processing of disgusted and angry faces.
Although the insula was activated not only by disgusted but
also by angry faces, the intensity of activation likelihood esti-
mation scores and the direct contrast between angry and dis-
gusted faces clearly indicated that its sensitivity is greater to
disgusted than to angry faces. A number of behavioural and
neurobiological accounts have suggested that this brain re-
gion is relevant to the neurobiological models of disgust,' as
the insula in primates contains neurons that respond to pleas-
ant and unpleasant tastes."** Some authors have speculated
that whereas limbic (amygdala—hippocampus) regions are
particularly involved in the emotional response to exterocep-
tive sensory stimuli, the insular cortex is preferentially in-
volved in the emotional response to potentially distressing
stimuli, interoceptive sensory stimuli and body sensations."*
In fact, the insula is part of the gustatory cortex and is con-
nected to the ventro—posterior-medial thalamic nucleus.” In-
terestingly, we have uncovered additional thalamic activa-
tion in response to disgusted faces, indicating that the
insular-thalamic pathway may represent a core relay of this
neural network.

We also uncovered neural activation in different areas of
the visual cortex (fusiform gyrus, lingual gyrus, inferior oc-
cipital gyrus). This response was observable across all emo-
tional conditions. As discussed in the previous paragraph, it

is possible to speculate that these areas are engaged in early
perceptual processing of facial stimuli,” which may be inde-
pendent from emotional valence. The medial frontal cortex,
on the other hand, participates in the conscious experience of
emotion, inhibition of excessive emotion, or monitoring one’s
own emotional state to make relevant decisions. This region
was activated by fearful faces, whereas happy faces activated
the anterior cingulate cortex, a region that is specifically in-
volved in the arousal to an emotive visual stimulus.*

Finally, we found no differential brain activation across
emotions in the cerebellum. This area is of particular interest
in the field of affective neuroscience as it is strongly connected
with the reticular system (arousal), cortical association areas
(cognitive processing of emotions) and limbic structures
(emotional experience and expression) such as the amygdala,
the hippocampus and the septal nuclei.”” Previous studies
have indicated that cerebellar lesions result in flattening or
blunting of emotions” and cerebellar activation has been ob-
served in response to different emotions.”** The lack of dif-
ferential activation in this area is in line with evidence that the
cerebellum plays a general role in emotional processing.”™

These findings taken together suggest that emotional con-
ditions are implemented by neural systems that are at least
partially separable, although they are not represented by en-
tirely distinct neural circuits. Certainly, at least at level of res-
olution of fMRI there appear to be interesting limbic and in-
sular differences between the basic emotions.

Modulatory effect of age, sex and explicit/implicit
emotional facial processing

The present meta-analysis has also identified the neurofunc-
tional maps of implicit and explicit emotional faces process-
ing. Of particular interest, we found that the explicit process-
ing of stimuli was associated with activation of the prefrontal
cortex and amygdala. In particular, the medial prefrontal cor-
tex is thought to be involved not only in general emotional
processing™ but also in emotional self-awareness.”* Specific-
ally, this region plays a key role in complex aspects of emo-
tional processing such as social interaction by virtue of its

Fig. 4: Age modulation of human
emotional processing (yellow clus-
ters: old > young; blue clusters:
young > old; false discovery rate =
0.01, cluster p < 0.001).

Fig. 5: Differential neurofunctional response to emotions. (A) Increased activation during process-
ing of happy faces compared with sad faces. (B) Differential activation between processing fearful
and happy faces (yellow: happy > fearful; blue: fearful > happy). (C) Differential activation be-
tween processing angry and disgusted faces (yellow: angry > disgust; blue: disgust > angry).
False discovery rate = 0.001, cluster p < 0.001.
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connections with the discrete parts of the temporal lobe and
subcortical structures that control autonomic responses.'*
Given the anatomic connections between the medial pre-
frontal cortex and the amygdala,”” the coactivation of these
2 structures may reflect possible influence of cortical control
on explicit processing. The amygdala—medial prefrontal cir-
cuitry has been termed as the emotion generation-regulation
circuit"® and is implicated in attention to threat and inter-
pretation of emotional stimuli.” Previous lesion studies have
confirmed that insults to these areas result in emotion
dysregulation.”®

Conversely, the implicit processing was associated with ac-
tivation in more ventral regions spanning the inferior pre-
frontal cortex and insula. The insular cortex plays a key role
in emotional processing owing to its abundant connections
with other association and primary sensory areas and its in-
volvement in language, vestibular and pain perception (for a
review see Nagai et al."'). In particular, insular projections to
the inferior prefrontal cortex and amygdala may convey so-
cial information from emotional expressions.” The anterior
part of the insular cortex is considered to be a limbic-related
cortex and part of the interoceptive system, which associates
(with a mirror neuron link) external and internal experience.”
This insular subregion provides information about aversive
body states associated with conditional stimuli, signalling
this information to prefrontal brain areas that are critical for
the allocation of attention and the execution of actions.””> The
cognitive control of appraisal and emotional relevance is not
mediated by the orbitofrontal cortex alone, but arises from
large-scale systems that include the amygdala and the insular
cortices."® In line with such evidence our findings suggest
that the explicit or implicit emotional processing is regulated
by the functional interaction of a network comprising these
brain regions.

With respect to age, we demonstrated that the neural re-
sponse to emotional faces in the fusiform gyrus, the cerebel-
lum and the hippocampus is modulated by this factor. The
hippocampus shows extensive connections with extrastriate
visual areas, including the fusiform gyrus. Previous fMRI
paradigms have confirmed that brain activity in this area is
affected by age." The observed age-related differences could
reflect functional compensation within the neural system in-
volved in perception of facial affect or the fact that older
adults process emotional information in a different manner
than young adults. Finally, we found that male participants
activated the limbic (amygdala/parahippocampal gyrus) and
the prefrontal cortices more than female participants during
emotional processing; conversely, female participants
showed greater activation in the right subcallosal gyrus. Pre-
vious studies found that male and female participants engage
the amygdala and the prefrontal cortex in different ways
while passively viewing emotional faces.”

Implications for studies of emotional processing
in psychiatric populations

Over the past decade, a number of behavioural findings have
shown that alterations of emotional faces processing play a

role in a range of psychiatric disorders spanning affective dis-
eases (e.g., major depression, bipolar disorders, anxiety-
related disorders)* and the psychotic spectrum (e.g., schizo-
phrenia,®¥ autism'®). For instance, depressed participants
show a state-related positive bias toward negative emotional
cues (e.g., sad faces) and a bias away from positive emotional
cues (e.g., happy faces).” These findings are in line with cog-
nitive theories of depression, which emphasizes the role of
negative biases in information processing in the etiology and
maintenance of depression.'” Consistent with these observa-
tions, there are data to suggest there may be an analogous,
state-related negative recognition bias for negative emotions
in mania.” On the other hand, patients with schizophrenia
have difficulty recognizing the emotion that corresponds
with a given facial expression.>”*** Early deficit in visual pro-
cessing underlying emotion recognition'"” is a hallmark of
schizophrenia, with consequences for cognitive function,”
social function* and subjective well-being."”" Specific alter-
ations of emotional faces processing of schizophrenic patients
include bias for threat-related emotional material, which may
be regarded with increased significance by delusion-prone
individuals, and it is possible that this bias is involved in the
formation of delusional beliefs.>'>"

Facial emotional stimuli may serve as valid tools tapping
on neural networks implicated in emotional processing.
Thus,” fMRI has been exponentially employed to address the
neurophysiological substrates of impairments in emotional
faces processing under different psychiatric conditions.”” Al-
though many of the brain regions activated during facial
emotional processing in healthy participants are also impli-
cated in the pathophysiology of psychiatric disorders,* cur-
rent imaging literature indicates contrasting findings and a
variable picture® and is unable to definitively characterize
what brain region is etiologically associated with each psy-
chiatric disease. For this reason, the use of the physiologic
maps provided herein will help to strengthen future study
hypotheses and designs by robustly identifying regions of
normal activation.

Limitations

There are several limitations to our study. The first is the het-
erogeneity of the studies included. Factors such as behav-
ioural performance, demographic information, substance
abuse, cognitive function and personality traits, which could
potentially influence the results, vary across the different
samples. Although we have attempted to address the effect
of age, sex, implicit/explicit emotional processing and inten-
sity of magnet, at the present time it is not possible to directly
evaluate the influence of all these factors on the results.
Second, our methods did not allow for weighting of the re-
sults based on the level of statistical significance reported in
each study. This means that we cannot exactly determine the
relative strengths of activation differences. Third, although
the quantitative meta-analytic method used herein represents
a substantial advance for integrating functional neuroimag-
ing data, the method remains subject to the basic limitation of
literature reviews, in particular the “file drawer” problem.
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However, a benefit of activation likelihood estimation meta-
analyses is that the exclusion of negative data has very little
effect on the results.” Conversely, it is possible that studies
employing ROI analysis of brain activation may have influ-
enced the resulting activation patterns and potentially biased
the results. Previous activation likelihood estimation stud-
ies' did not acknowledge such a methodological limitation,
including in the same database whole brain and ROI studies.
To our knowledge, the present study is the first activation
likelihood estimation meta-analysis to address this point by
providing details of the methodological approach adopted in
each study.

Issues for future research

Functional neuroimaging is currently advancing from the
simple detection and localization of cortical activation to the
investigation of complex cortical processes and associated
functional relations between cortical areas. Such research
questions can no longer be addressed by the isolated analysis
of single experiments alone, but necessitate the consolidation
of results across different cognitive tasks and experimental
paradigms. This again makes meta-analyses an increasingly
important part in the evaluation of functional imaging re-
sults.® A combination of functional imaging and electrophysi-
ological techniques (i.e., fMRI and electroencephalography)
may also represent the future research instrument to combine
the high spatial resolution of the first technique with the high
temporal resolution of the second. Finally, although the evi-
dence suggests that defined areas of the brain are responsive
to specific facial expressions, recent evidence indicates neur-
onal subspecialization in face-specific brain regions for differ-
ent components of facial perception such as facial expression,
viewing of familiar and unfamiliar faces, and discrimination
of spatial relations of facial features (i.e., eyes, lips or nose).”
Investigations into the neural systems underlying processing
of these cues for each of the basic emotions may be helpful to
further elucidate their neural representation.

Conclusion

The wide neurofunctional network underlying human faces
processing includes a number of visual, limbic, temporo-
parietal, prefrontal and subcortical areas as well as the cere-
bellum. Whereas occipital areas and the cerebellum were
commonly activated across different emotions, a discrete re-
sponse to valence has been reported for the limbic system
and insular cortex. Although the basic emotions are not rep-
resented by entirely distinct neural circuits, they are at least
partially separable. Sex, age and consciousness modulate the
neurophysiological response to human emotional faces.
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