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There is increasing evidence for a role of the amygdala in processing gaze direction and emotional relevance of faces. In this event-related functional
magnetic resonance study we investigated amygdala responses while we orthogonally manipulated head direction, gaze direction and facial expression
(angry, happy and neutral). This allowed us to investigate effects of stimulus ambiguity, low-level factors and non-emotional factors on amygdala
activation. Averted vs direct gaze induced increased activation in the right dorsal amygdala regardless of facial expression and head orientation.
Furthermore, valence effects were found in the ventral amygdala and strongly dependent on head orientation. We observed enhanced activation to angry
and neutral vs happy faces for observer-directed faces in the left ventral amygdala while the averted head condition reversed this pattern resulting in
increased activation to happy as compared to angry and neutral faces. These results suggest that gaze direction drives specifically dorsal amygdala
activation regardless of facial expression, low-level perceptual factors or stimulus ambiguity. The role of the amygdala is thus not restricted to the
detection of potential threat, but has a more general role in attention processes. Furthermore, valence effects are associated with activation of the
ventral amygdala and strongly influenced by non-emotional factors.
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INTRODUCTION

Processing of gaze direction is of fundamental importance in social

cognition. Gaze direction provides information about the attentional

focus of another person. Recently it has been suggested that the amyg-

dala is involved in processing gaze direction of faces (Kawashima et al.,

1999; Hoffman et al., 2007; Gamer and Büchel, 2009; Straube et al.,

2010b; Boll et al., 2011), even though the functional role of the amyg-

dala is not clear yet. While some studies observed increased amygdala

activation to direct gaze (Kawashima et al., 1999), others reported

enhanced amygdala activation to averted gaze (Hadjikhani et al.,

2008; Straube et al., 2010b). Several factors have been proposed to

modulate amygdala activation to gaze information, such as ambiguity

(Adams et al., 2003), duration of picture presentation (Adams et al.,

2012) or size of the eyewhite area (EWA; Hardee et al., 2008).

Furthermore, it has been suggested that the amygdala becomes pre-

dominantly activated when gaze indicates potential threat, as expressed

in angry and fearful faces (Adams et al., 2003; Hadjikhani et al., 2008;

N’Diaye et al., 2009).

Interestingly, recent findings showed increased activation of the

amygdala to averted gaze also for happy expressions that are known

to provide safety signals in both monkeys and humans (Hoffman et al.,

2007; Straube et al., 2010b). This suggests that the role of the amygdala

is not restricted to the detection of and the response to threat but that

the amygdala is more generally involved in gaze processing and atten-

tion. Direct support for this assumption also comes from lesion studies

that demonstrated that patients with amygdala lesions do not show an

attentional shift to the direction of averted gaze, and are not able to

glean information about social signals expressed by faces and the eyes

in particular (Adolphs et al., 2005; Spezio et al., 2007; Okada et al.,

2008).

The relevant factors leading to the increased amygdala activation to

averted gaze are still unknown. Straube et al. (2010b) used faces pre-

sented in frontal-view which showed either direct or averted gaze.

While they could rule out that threat or threat-related ambiguity is

the relevant factor to explain the amygdala activation to averted gaze,

further confounding factors could not be excluded. The effects

observed in this study might be related to a general ambiguity in

averted gaze stimuli, as the pictures displayed faces directed to the

observer, but with averted gaze. An observer-directed face with an

averted gaze might confuse the observer as the target of the facial

expression is less clear. Furthermore, there is a perceptual difference

between conditions such that the EWA is increased in an observer-

directed face that displays an averted gaze (Hardee et al., 2008).

General stimulus ambiguity and low-level perceptual factors such as

size of the EWA have been proposed to activate the amygdala (Whalen,

1998; Whalen et al., 2004; Straube et al., 2010a). Thus, studies are

needed which include a combination of emotional expression, head

orientation and gaze direction to assess the relevance of stimulus am-

biguity and low-level perceptual factors for the role of the amygdala in

processing gaze direction. Furthermore, head direction might be asso-

ciated with additional effects concerning amygdala activation, for

example increased activation to averted head direction. Perrett et al.

(1992) suggested that processing of gaze and head direction is hier-

archical, with gaze direction being processed prior to head direction

when it is accessible. This would lead to the hypothesis that gaze dir-

ection affects activation in the amygdala independently of head

direction.

In addition, recent studies (Gamer et al., 2010; Straube et al., 2010b)

showed differential amygdala activation patterns depending on the

valence of the facial expression and the direction of gaze.

Remarkably, a recent study in monkeys found a spatial dissociation

of the activation in the amygdala for emotion and gaze processing

(Hoffman et al., 2007). Averted gaze led to activation in the dorsal

and extended amygdala, whereas the effect of emotion was evident in

the basolateral amygdala. Thus, gaze effects seem to be associated with

attentional functions of the central nucleus within the dorsal amygdala,
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whereas responses to stimulus valence seem to mainly activate the

ventral amygdala that covers the basolateral parts of the amygdala,

which have demonstrated stronger involvement in stimulus processing

than in the organization of behavioral responses (Kim et al., 2004;

Hoffman et al., 2007; Boll et al., 2011). However, it is unknown

whether effects of valence of facial expression on amygdalar responses

are completely independent of attentional cues such as gaze or head

direction.

Taken together, several research questions remain to be explored. It

remains unclear whether previously reported effects of gaze direction

on amygdala activation depended on ambiguity of attentional condi-

tions or on low-level factors in stimulus display. This can only be

tested by including different head directions in the paradigm to control

for these confounding factors. Furthermore, there might also be an

additional effect of head direction, with increased activation to the

averted head direction, as the averted head direction also serves as

an attentional cue. In addition, effects of facial expression and gaze

should be spatially dissociated within different parts of the amygdala;

however, it is not known whether amygdalar responses to facial ex-

pressions of different valence are influenced by gaze or head direction.

This study aimed at investigating the effects of head orientation,

gaze direction and valence of facial expression on amygdala activation.

To test whether averted gaze per se drives amygdala activation, we

presented pictures of faces in frontal- and profile-view, displaying

happy, neutral and angry facial expressions with either direct or

averted gaze. By modulating the head direction, we controlled for

increased EWA and general stimulus ambiguity. The following hypoth-

eses were investigated: (i) if the amygdala responds to averted gaze as

an indicator of a person’s attentional direction, this should be evident

in a main effect of averted gaze direction on amygdala activation re-

gardless of facial expression and head direction; (ii) effects of attention

(to gaze) and emotion (to angry/neutral vs happy faces) should be

dissociable within the amygdala with attention effects taking place in

the dorsal and emotion effects taking place in the ventral amygdala;

and (iii) if effects of facial expressions are independent of contextual

factors, there should be no effect of head direction or gaze direction on

differential activations that are induced by facial expression.

MATERIALS AND METHODS

Participants

Sixteen right-handed healthy subjects with normal or corrected-to-

normal vision participated in the study. Participants gave written in-

formed consent for the study. The study was approved by the ethics

committee of the University of Jena. Three subjects had to be excluded

from data analyses due to abnormal brain activation or to equipment

malfunction, leaving a final sample of 13 subjects (mean

age¼ 23.2� 2.9 years; 11 females).

Stimuli

Images were taken from the Karolinska Directed Emotional Faces set

(Lundqvist et al., 1998). Images were selected according to two criteria:

clear visibility of the eyes and vividness of facial expression. The final

picture set contained 168 different pictures of 14 amateur actors (seven

females, seven males) displaying happy, neutral and angry facial ex-

pressions with either direct or averted gaze in frontal-view as well as

profile-view (Figure 1). Gaze direction was manipulated using Adobe

Photoshop CS 4 software. The position of the iris of both eyes was

shifted to the left in frontal-view pictures (averted gaze) and to the

right in profile-view pictures (direct gaze).

Experimental design

Pictures were presented via a back-projection screen onto an overhead

mirror that was placed in the MR scanner bore, positioned above and

slightly in front of the subject’s head. Each picture appeared only once

in a run and was presented for 1000 ms. The inter-stimulus interval

between two subsequent pictures was 3500 ms. Additionally, 28 null-

events depicting a fixation cross were randomly intermixed into the

sequence of face stimuli (Josephs and Henson, 1999). During presen-

tation of face pictures, participants performed a gender decision task to

ensure that participants paid attention to the stimuli. Responses were

measured via one of two buttons of an optic fiber response box with

either the first or the middle finger of the right hand. The randomiza-

tion-order of the pictures and the assignment of buttons to the answer

alternatives were counterbalanced across subjects. Presentation of sti-

muli as well as recording of responses was accomplished with

Presentation software (version 14.2; Neurobehavioral Systems, Inc.,

Albany, CA). After scanning, participants were asked to evaluate the

valence and arousal of each picture that they had seen in the scanner by

using a nine-point Likert scale (valence: 1¼ very unpleasant, 5¼ neu-

tral, 9¼ very pleasant; arousal: 1¼ not arousing, 9¼ very arousing).

Data acquisition and analysis

Scanning was performed in a 1.5 T magnetic resonance scanner

(‘Magnetom Vision Plus’; Siemens Medical Systems, Erlangen,

Germany). After acquisition of a T1-weighted anatomical scan (192

slices, TE¼ 6 ms, matrix¼ 256� 256 mm, resolution¼ 1� 1� 1 mm),

two runs of T2*-weighted echo planar images consisting of 300 vol-

umes each were acquired (TE¼ 50 ms, flip angle¼ 908, ma-

trix¼ 64� 64, field of view¼ 192 mm, TR¼ 2980 ms). Each volume

comprised 30 axial slices (thickness¼ 3 mm, gap¼ 1 mm, in-plane

resolution¼ 3� 3 mm). The slices were acquired parallel to the line

between anterior and posterior commissure and then rotated through

308 (Deichmann et al., 2003). Before imaging, a shimming procedure

was performed to improve field homogeneity. The first four volumes

of each run were discarded from the analysis to ensure that steady-state

tissue magnetization was reached.

Preprocessing and analysis of the functional data were performed

with Brain Voyager QX software (version 2.2; Brain Innovation,

Maastricht, The Netherlands). First, all functional volumes of one

run were realigned to the first volume in order to minimize artifacts

due to head movements, and a slice time correction was conducted.

Further data preprocessing comprised spatial (5 mm full-width half-

maximum isotropic Gaussian kernel) as well as temporal smoothing

(high pass filter: five cycles per run, low pass filter: 2.8 s, linear trend

removal). The anatomical and functional images were co-registered

and normalized to the Talairach space (Talairach and Tournoux,

1988).

Statistical analysis was performed by multiple linear regression of the

signal time course at each voxel. The expected blood oxygen level

dependent signal change for each event type (¼predictor) was modeled

by a hemodynamic response function. Within-group statistical com-

parisons were conducted using a mixed-effect analysis that considers

inter-subject variance and permits population-level inferences. In the

first step, predictor estimates were computed for each individual. In

the second step, predictor estimates were analyzed across subjects with

a repeated measures analysis of variance (ANOVA) followed by

planned t-tests. Analysis was performed in the amygdala as region of

interest (ROI), which was defined with help of Talairach daemon soft-

ware (Lancaster et al., 1997, 2000) and the atlas of the human brain

(Mai et al., 2004). Peak activations were labeled to specific subregions

of the amygdala using the Mai et al. (2004) atlas. According to previous

studies that reported functional dissociations within the amygdala in
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primates (Hoffman et al., 2007; Gamer et al., 2010; Boll et al., 2011),

we refer to dorsal and ventral parts of the amygdala. The assignment of

subregions of the amygdala to dorsal and ventral parts was done by

using high-resolution anatomical maps from a brain atlas (Mai et al.,

2004). The dorsal part of the amygdala comprises the corticomedial

group with the central nucleus (see also Boll et al., 2011). The baso-

lateral nucleus and lateral nucleus of the amygdala were assigned to the

ventral part of the amygdala. Statistical parametric maps resulting from

the voxelwise analysis were considered significant for statistical values

that survived a cluster-based correction for multiple comparisons as

implemented in Brain Voyager (Goebel et al., 2006) which is based on

a 3D extension of the randomization procedure described by Forman

et al. (1995). Initially, voxel-level threshold was set to P < 0.005 (un-

corrected). Thresholded maps were then submitted to an ROI specific

correction criterion, which was based on the estimate of the map’s

spatial smoothness and on an iterative procedure (Monte Carlo simu-

lation) for estimating cluster-level false-positive rates. After 1000

iterations, the minimum cluster size threshold that yielded a cluster-

level false-positive rate of 5% was applied to the statistical maps.

Behavioral data were analyzed by means of repeated measures

ANOVA using SPSS (version 19; SPSS Inc., Chicago, IL, USA). A

probability level of P < 0.05 was considered as statistically significant.

Greenhouse–Geisser corrections were used when appropriate to

correct violations of sphericity. All data are expressed by mean� s.e.m.

(standard error of mean).

RESULTS

Rating data

Analysis of post-scanning ratings of valence and arousal showed a

significant main effect of emotion (valence: F[1.34,16.07]¼ 84.35,

P < 0.001; arousal: F[2,24]¼ 19.41, P < 0.001). Post hoc t-tests revealed

that angry faces were evaluated significantly more unpleasant

(t[12]¼�8.02, P < 0.001) and significantly more arousing

(t[12]¼ 5.16, P < 0.001) than neutral faces and also as significantly

more unpleasant (t[12]¼�10.04, P < 0.001) and significantly more

arousing (t[12]¼ 3.92, P < 0.01) than happy faces. Furthermore,

happy faces were rated as significantly more pleasant (t[12]¼ 7.92,

P < 0.001) and significantly more arousing (t[12]¼ 3.03, P < 0.01)

than neutral faces.

For valence, there was also a significant main effect of gaze direction

(F[1,12]¼ 6.67, P < 0.05). Subsequent t-tests revealed that faces with

direct gaze were evaluated significantly more unpleasant than faces

with averted gaze (t[12]¼�2.58, P < 0.05). Furthermore, there was a

significant interaction of facial expression and head orientation

(F[2,24]¼ 16.57, P < 0.001), with more positive ratings for happy

Fig. 1 Example of stimuli. Pictures comprised faces of seven females and seven males. The combination of expression, head direction and gaze direction is shown for one female face.
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faces when the head was observer-directed (F[1,12]¼ 19.77, P < 0.001).

There was also a significant interaction of valence and gaze direction

(F[1.37,16.39]¼ 4.33, P < 0.05), due to significantly higher positive

ratings for happy faces with direct gaze (F[1,12]¼ 7.31, P < 0.05),

and a significant interaction of head orientation and gaze direction

(F[1,12]¼ 14.93, P < 0.01) due to significantly more positive ratings

for the congruent conditions. We also observed a significant three-way

interaction of facial expression, head direction and gaze direction

(F[2,24]¼ 3.55, P < 0.05). Direct gaze of angry faces was rated as sig-

nificantly more unpleasant than the averted gaze when the observer-

directed head direction was compared to the averted head direction

(F[1,12]¼ 6.21, P < 0.05).

For arousal, there were significant main effects of gaze direction

(F[1,12]¼ 12.86, P < 0.005) and head direction (F[1,12]¼ 6.22,

P < 0.05). Subsequent t-tests indicated that faces with an observer-

directed gaze or head were rated as significantly more arousing than

faces displaying an averted gaze (t[12]¼ 3.59, P < 0.005) or averted

faces (t[12]¼ 2.50, P < 0.05). For arousal, we also found a significant

interaction between facial expression and head orientation

(F[2,24]¼ 8.24, P < 0.005) with significantly higher ratings for the ob-

server-directed head direction for angry and happy faces compared to

neutral faces (angry: F[1,12]¼ 12.17, P < 0.005; happy: F[1,12]¼ 8.87,

P < 0.05). Furthermore there was a significant interaction of head

orientation and gaze direction (F[1,12]¼ 10.61, P < 0.01) due to sig-

nificantly higher ratings for the congruent direct conditions. Finally, a

significant interaction between facial expression, head orientation and

gaze direction (F[2,24]¼ 4.45, P < 0.05) expressed significantly

increased arousal ratings for observer-directed happy faces with

direct gaze compared to neutral faces (F[1,12]¼ 6.58, P < 0.05)

(Table 1).

Functional magnetic resonance imaging data

Main effects

There was a significant effect of gaze in the right dorsal amygdala

(coordinates of peak voxel [x,y,z]¼ 21,�13,�9; size¼ 108 mm3;

F[1,12]¼ 17.28, P < 0.05, corr.; Figure 2). As indicated in Figure 2,

the significant main effect of gaze in the amygdala was based on

increased activation to averted vs direct gaze across facial expression

and head directions. According to the Mai et al. (2004) atlas, the peak

activation was observed in the central nucleus of the amygdala. There

were no significant main effects of head direction or emotional

expression.

Interactions

In the right and left ventral parts of the amygdala, we found a signifi-

cant interaction between facial expression and head direction (right:

coordinates of peak voxel [x,y,z]¼ 17,�3,�20; size¼ 162 mm3;

F[2,24]¼ 19.28, P < 0.05, corr.; left: coordinates of peak voxel

[x,y,z]¼�21,�5,�13; size¼ 540 mm3; F[2,24]¼ 11.97, P < 0.05,

corr.; Figure 3). According to the atlas of Mai et al. (2004) both co-

ordinates refer to the lateral amygdala.

Fig. 2 Main effect of gaze direction. (A) Increased activation to averted gaze compared to direct gaze in the right amygdala. Statistical parametric maps of the ROI analysis are overlaid on a T1 scan (P < 0.005,
corrected; radiological convention: left¼ right; y¼�11). (B) The plot shows the difference of mean parameter estimates (averted gaze – direct gaze) for the maximally activated voxel for each of the three
facial expressions.

Table 1 Rating data

Angry Neutral Happy

Head averted Head straight Head averted Head straight Head averted Head straight

Gaze averted Gaze straight Gaze averted Gaze straight Gaze averted Gaze straight Gaze averted Gaze straight Gaze averted Gaze straight Gaze averted Gaze straight

Valence 3.15 2.72 2.87 2.72 5.17 4.57 4.68 5.00 6.16 5.92 6.28 6.66
(0.72) (0.77) (0.69) (0.84) (0.39) (0.48) (0.51) (0.46) (0.61) (0.82) (0.77) (0.63)

Arousal 4.43 5.13 4.90 5.35 2.46 3.29 2.76 2.68 3.42 3.68 3.64 3.89
(1.97) (2.04) (2.07) (2.10) (1.44) (1.76) (1.59) (1.64) (1.45) (1.54) (1.53) (1.57)

Values are represented as mean (s.d.).
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For observer-directed faces, t-tests revealed significantly increased

activation in the left amygdala to angry and neutral faces compared

to happy faces (t[12]¼ 5.30, P < 0.005, and t[12]¼ 3.23, P < 0.005).

However, for the profile-view faces, the pattern was reversed. Here,

the left amygdala activation was significantly increased for happy as

compared to angry (t[12]¼ 3.63, P < 0.005) and to neutral

(t[12]¼ 3.69, P < 0.005) faces.

In the right amygdala, happy faces elicited also significantly more

activation than angry (t[12]¼ 3.88, P < 0.005) and neutral faces

(t[12]¼ 4.27, P < 0.005) for the averted head direction. However, for

the observer-directed head direction, neutral faces showed significantly

increased activation as compared to happy faces (t[12]¼ 4.57,

P < 0.005) and to angry faces (t[12]¼ 3.30, P < 0.005).

There was no significant interaction between facial expression and

gaze or head direction and gaze in the amygdala. There was also no

significant three-way interaction between these factors.

DISCUSSION

In this event-related functional magnetic resonance imaging study, we

found increased amygdala activation for faces with averted gaze com-

pared to faces with direct gaze, regardless of facial expression (angry,

happy and neutral) or head orientation. This finding indicates that the

amygdala is involved in attention processes and that averted gaze func-

tions as an indicator of socially relevant information that drives amyg-

dala activation. Furthermore, there were different activation patterns

in the amygdala to facial expressions depending on head orientation,

suggesting strong effects of non-emotional factors on amygdala

activation.

Amygdala activation to gaze direction

The majority of previous findings on the role of gaze direction on

amygdala activation has been interpreted in terms of threat relevance

of faces or ambiguity of the source of threat (Adams et al., 2003;

Hadjikhani et al., 2008; N’Diaye et al., 2009). In contrast to the con-

clusions drawn by these studies, recent findings suggest that the amyg-

dala has a more general role in attention processes and is not restricted

to the detection of threat (Hoffman et al., 2007; Straube et al., 2010b).

For instance, Straube et al. (2010b) found enhanced amygdala activa-

tion to averted gaze also for happy faces, indicating that threat or

threat-related ambiguity is not the relevant factor for this effect.

However, it was still unclear whether averted gaze per se drives amyg-

dala activation or whether other factors such as general stimulus am-

biguity or low-level perceptual factors play a role (Whalen et al., 2004;

Hardee et al., 2008; Straube et al., 2010a).

The present finding of enhanced amygdala responses to averted gaze

regardless of facial expression and head direction supports the hypoth-

esis that the amygdala is strongly involved in attentional functions

associated with gaze processing. Because we also varied head direction

we can rule out that general stimulus ambiguity or low-level perceptual

factors such as increased EWA led to the activation of the amygdala.

The finding of the present study is in line with several studies suggest-

ing a critical role for the amygdala in attention processes (Adolphs

et al., 2005; Gamer and Büchel, 2009; Adolphs, 2010). In particular,

Gamer and Büchel (2009) showed that amygdala activation correlates

with eye movements to the eye region in fearful faces and emphasized

the role of the amygdala in reflexive gaze initiations to salient stimuli.

Further evidence comes from lesion studies. Attention to eye informa-

tion and attentional cuing effects by averted gaze are disturbed in

Fig. 3 Interaction between head direction and emotion. (A) Increased activation in the right and left amygdala to the interaction of head direction and valence of facial expression. Statistical parametric maps
of the ROI analysis are overlaid on a T1 scan for the right and left amygdala (P < 0.001, corrected; radiological convention: left¼ right). (B) The plots show the mean parameter estimates for the maximally
activated voxel for each of the three facial expressions in the respective amygdala.

1250 SCAN (2014) A. Sauer et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/scan/article/9/8/1246/2375387 by guest on 23 April 2024

fMRI
,
ve
are 
s


patients with amygdala lesions (Adolphs et al., 2005; Adolphs and

Spezio, 2006; Akiyama et al., 2007; Spezio et al., 2007). The finding

of a main effect of gaze direction but not head direction in the amyg-

dala is also consistent with previous studies which proposed a hier-

archical model for the processing of these cues (Perrett et al., 1992).

However, there might be cell populations within the amygdala that are

responding specifically to full profile faces and averted profile faces

(Tazumi et al., 2010), which might be detected with increased spatial

resolution of responses in the amygdala in future studies.

Furthermore, the arousal ratings of the present study also indicate

that arousal alone cannot explain amygdala activation to averted gaze.

In humans, direct gaze is typically more arousing than averted gaze.

Several studies proposed that this strong arousal might lead to stronger

amygdala activation to direct gaze [for a review, see Senju and Johnson

(2009)]. However, although the rating data of the present study also

showed that direct gaze was regarded as more arousing, this was not

associated with increased amygdala activation.

In the present study we localized the largest effect of gaze in the

dorsal amygdala, which is in accordance with previous studies in

humans (Gamer et al., 2010; Straube et al., 2010b) and monkeys

(Hoffman et al., 2007). The dorsal amygdala comprises the central

amygdaloid nucleus as part of the corticomedial nuclei group. These

structures have been proposed to be mainly involved in attentional and

executive functions (Davis and Whalen, 2001). A role in vigilance and

attention to behaviorally relevant faces has for example been shown in

a recent study by Boll et al. (2011).

Effects of valence of facial expression on amygdala activation

This study tested the hypothesis that effects of facial expression

(valence effects) would be found in the ventral amygdala. And

indeed, in contrast to gaze direction which significantly modulated

the activity of the dorsal amygdala, effects of facial expression mainly

influenced activation in ventral parts of the amygdala. The ventral

amygdala comprises the basolateral nuclei, which form the main

visual input region of the amygdala (Amaral et al., 1992; Sah et al.,

2003) and which have been proposed to be involved in basic facial

feature encoding (Boll et al., 2011) and processing of emotional facial

expressions (Hoffman et al., 2007; Gamer et al., 2010). This dissoci-

ation of dorsal and ventral parts within the amygdala is also in line

with a recent meta-analysis study by Mende-Siedlecki et al. (2013),

in which the authors found differences in the response of neuronal

populations in ventral and dorsal parts of the amygdala for valence

(ventral amygdala) and salience (dorsal amygdala) of a facial

expression.

Effects in the ventral amygdala in the present study might not ne-

cessarily reflect effects of valence of these facial expressions. For ex-

ample, it was shown that the response to facial expressions is

influenced by the ambiguity and intensity of the expressions and the

attractiveness of faces (Rotshtein et al., 2001; Adams et al., 2003;

Winston et al., 2003, 2007; Straube et al., 2010b), including differential

activation to different negative expressions. The amygdala response

also seems to be determined by the general arousal that is induced

by emotional stimuli (i.e. Anderson et al., 2003; Costa et al., 2010;

Hamann and Mao, 2002; Sabatinelli et al., 2005; Small et al., 2003;

Straube et al., 2005, 2007, 2011). Thus, even when comparing happy

and angry facial expressions it is difficult to distinguish between va-

lence and arousal, since threat-related faces are more arousing than

happy faces (see also Straube et al., 2005). Furthermore, it has been

proposed that distinct subpopulations of neurons respond to positive

and negative stimuli (Paton et al., 2006).

In contrast, we suggest that arousal cannot explain the pattern of

results since both high (angry faces) and low arousing faces (neutral

faces) show a differential activation as compared to happy faces. In this

study, we observed enhanced amygdala activation to angry and neutral

faces as compared to happy faces in the left amygdala for the direct

head orientation. This replicates previous findings (Hoffman et al.,

2007; Straube et al., 2010b). Remarkably, the presentation of faces in

profile-view completely reversed the pattern. Now happy faces induced

increased activation as compared to angry and neutral faces, in both

the left and the right amygdala. This strongly suggests that head orien-

tation affects amygdala responses to facial expressions. It also shows

that amygdala activation is not simply dependent on facial expression

or valence of facial expression, but that contextual factors such as head

orientation affect these responses; depending on head orientation op-

posite outcomes can be observed. One explanation for this unexpected

finding might be that the social relevance of an averted happy face is

less clear and therefore more processing resources are engaged when

observing happy faces in a profile-view. This would lead to a gain of

affective information processing, associated with increased basolateral

amygdala activation.

CONCLUSION

Taken together, our findings reveal that the dorsal amygdala is sensi-

tive to averted gaze regardless of facial expression and head direction

and thus regardless of stimulus ambiguity, low-level perceptual factors

or threat relevance. This indicates that the amygdala has a more general

role in gaze processing and attentional functions. Furthermore, there

was a spatial dissociation of main effects of gaze in the dorsal amygdala

and effects of facial expression in the ventral amygdala. Finally, valence

effects were strongly dependent on head orientation, suggesting strong

influences of non-emotional factors on amygdala responses to facial

expressions.
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