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AMYGDALA INVOLVEMENT IN FACIAL NEGATIVE EMOTION

processing seems to be lateralized. The aim of the present
study was to verify the existence of this phenomenon in
the music domain and to study asymmetrical processing
of emotions by the anteromedial temporal structures.
Thirteen epileptic patients with left unilateral resection
in the temporal lobe including the amygdala, hippocam-
pus, parahippocampal gyrus, and anterior temporal pole,
and fourteen patients with the same right-sided temporal
resection, were asked to identify the emotion conveyed by
music selections (happiness, sadness, or anger), and to
assess their arousal (relaxing/stimulating aspects) and
valence (pleasantness/unpleasantness aspects). The results
demonstrated asymmetrical processing of positive emo-
tions towards the left whereas negative (sad and angry)
excerpts were either less recognized or confounded in
both right and left operations. It seems that this impair-
ment of music emotion recognition is not linked to an
impairment of arousal and valence judgments.
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D
UE TO THE POWERFUL ABILITY OF MUSIC TO

evoke emotions, experiments have increasingly
used music excerpts to explore the cerebral basis

of emotion processing.
Recently, several studies in brain lesioned patients have

focused on the role of unilateral anteromedial temporal

structures (including the amygdala, the anterior tempo-
ral pole, and a part of the adjacent structures, i.e.,
hippocampus, parahippocampus gyrus, entorhinal, and
perirhinal cortex) in assessment of music emotion recog-
nition, valence (pleasantness/unpleasantness aspects),
and arousal (relaxing/stimulating aspects). A first study
showed impaired recognition of scary music following
either right or left unilateral temporal lobe excision
including the amygdala (Gosselin et al., 2005). Arousal
ratings were also impaired by right temporal resection
for scary and sad music that was judged less extreme in
arousal, and by left temporal resection for peaceful music
(less relaxing). Pleasantness judgments were spared in
the operated patients. However, the larger the removal of
parahippocampal cortex, the more impaired (i.e., the
more pleasant) the valence ratings for scary music, i.e.,
music inducing fear (Gosselin et al., 2006). The amygdala
appears thus to be involved in scary music recognition,
while the parahippocampal gyrus seems to contribute to
the unpleasantness judgements.

Other studies have also shown the involvement of the
amygdala in positive emotion processing (Garavan, Pen-
dergrass, Ross, Stein, & Risinger, 2001; Hamann & Mao
2002; Schneider et al., 1997). However, the amygdala
essentiallyseems to be devoted to negative emotion pro-
cessing such as fear (Adolphs, Tranel, Damasio, &
Damasio, 1995; Davidson, 2002; LeDoux, 1992; ), and less
frequently anxiety (Halgren, Walter, Cherlow, & Crandall,
1978), sadness (Schneider et al., 1997; Wang, McCarthy,
Song, & Labar, 2005), and anger (Adolphs, Russell, &
Tranel, 1999; Dougherty et al., 1999; Sato, Kubota, Okada,
Murai, Yoshikawa, & Sengoku, 2002).

Amongst the many studies dealing with the role of
the amygdala in emotion processing, unilateral amyg-
dala involvement has frequently been explored and the
most recent review of functional neuroimaging studies
on this issue (Baas, Aleman, & Kahn, 2004) indicates
that the left amygdala is more often activated than the
right in response to emotional stimuli. The metaanaly-
sis of findings from neuroimaging (Wager, Luan Phan,
Liberzon, & Taylor, 2003) also did not support the classi-
cal hypothesis of overall right lateralization of emotional
function (Erhan, Borod, Tenke, & Bruder, 1998; Levine &
Levy, 1986; Spence, Shapiro, & Zaidel, 1996), but rather
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found that amygdala activations were lateralized to the
left, particularly for negative emotions, although the left
amygdala may also respond to happy faces (Killgore &
Yurgelun-Todd, 2001). Finally, the review from Zald
(2003) included both neuroimaging and lesion studies,
and confirmed that the amygdala responds to positively
valenced stimuli, although these responses are less con-
sistent than those induced by aversive stimuli. Regard-
ing the laterality issue, a greater left amygdala involvement
in association with negatively valenced stimuli was
observed, whereas no clear pattern of lateralization
emerged for positive stimuli.

On the contrary, a recent experiment has shown that
direct intracerebral stimulation of the right human
amygdala induces only negative emotions (especially
fear and sadness) while the same electric stimulation of
the left amygdala induces both positive (happiness) and
negative (fear, anxiety, sadness) emotions (Lanteaume,
Khalfa, Marquis, Chauvel, & Bartolomei, 2007). Happi-
ness processing may thus involve the left amygdala,
whereas negative emotions could involve both right and
left amygdala.

The aim of the present study was thus to further
explore this laterality issue in the music domain, and
clarify whether the left temporal structures are involved
in positive emotion processing, as well as whether both
right and left anteromedial temporal structures respond
to negatively valenced stimuli. In addition, we also
aimed to study whether deficits in emotion recognition
following unilateral temporal resections can be related
to deficits in valence and arousal processing, knowing
that this two-dimensional affective space defined by
affective valence and arousal dimensions (Lang, Bradley,
& Cuthbert, 1998) has already been found to be asym-
metrically processed by the mesio-temporal structures
(Gläscher & Adolphs, 2003).

According to the results obtained by Gläscher and
Adolphs (2003), the arousal judgment might rely upon
left anterior mesio-temporal lobe (including the amyg-
dala) activity. They used subliminal and supraliminal
emotional stimuli, and recorded skin conductance

responses in parallel to arousal ratings in responses to
affective pictures. From their results, they hypothesized
that the left amygdala may decode the stimulus arousal,
while the right amygdala may provide a global level of
autonomic activation by any arousing stimulus. We thus
expected left temporal resection to decrease the ability to
discriminate between relaxing and stimulating music.

In the present experiment, epileptic patients who
underwent right or left anteromedial temporal lobe exci-
sion were presented with orchestral music intended to be
strongly emotional (Bigand, Vieillard, Marozeau, & Dac-
quet, 2005) that conveyed the positive emotion of happi-
ness and the negative emotions of sadness and anger.

Method

Participants

Twenty-seven seizure-free epileptic patients with uni-
lateral resection either in the left temporal lobe (n = 13)
or in the right temporal lobe (n = 14) participated in the
experiment, which was carried out 6 to 18 months post-
operatively. All patients coming for their postoperative
medical check-up were included in the study if they had
no additional neurological or psychiatric disease. They
were matched as closely as possible on age, gender,
handedness, education, and music training (only one or
two participants per group had more than four years of
music training) to 26 normal participants, recruited by
advertisement, who had no history of neurological or
psychiatric disease (see Table 1).

All patients were operated on for the treatment of tem-
poral lobe epilepsy in La Timone Hospital (Marseille,
France). An illustration of a representative excision is dis-
played in Figure 1. The right and the left antero-medial
temporal lobe resections (RTR and LTR respectively)
included the temporal pole, the whole amygdala, the
whole entorhinal and perirhinal cortex, and a part of the
hippocampus, the parahippocampal gyrus, and the supe-
rior temporal gyrus (T1). However, in five patients the
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TABLE 1. Demographics for Right Temporal Resection (RTR), Left Temporal Resection (LTR),
and Control Participants. 

Education
Age (years) Males/ Left-/right- (years) IQ

Groups N (mean ± SE) Females handers (mean ± SE) (mean ± SD)

RTR 14 34.3 ± 10.4 4/10 4/10 12.3 ± 2.7 89.3 ± 12.0
LTR 13 28.7 ± 8.4 5/8 3/10 10.6 ± 2.07 80.6 ± 14.9
Controls 26 31.7 ± 11.3 11/15 4/22 12.7 ± 2.6 —



central amygdala nucleus was partially preserved as
described in Table 2. Table 2 also indicates length of
resected structures as compared to contralateral intact
structures. Structure length  was measured by two con-
firmed neuroradiologists on postsurgical MRI (3D T1
weighted images, 1 mm thickness) performed after 6 to
12 months (not available in 6 patients). Complete resec-
tion of the amygdala was assessed on coronal, axial, and
sagittal images; T1, hippocampus, and parahippocam-
pal gyrus were measured on sagittal images. We found
no significant difference between RTR and LTR patients
for T1, hippocampus, and parahippocampal gyrus
ratios.

All participants gave written informed consent before
testing, in accordance with the Declaration of Helsinki.

Stimuli

Thirty music excerpts of 20-s duration were selected by
music theorists and psychologists in order to elicit
intense and homogeneous emotional experience. Most
of these excerpts have already been precisely described
in Bigand et al. (2005), and all of them are available
online (http://leadserv.u-bourgogne.fr/wave). The chosed

music selections were intended to strongly and clearly
evoke happiness (10 excerpts), sadness (10 excerpts),
and anger (10 excerpts). The excerpts were chosen from
the key musical periods of Western classical music
(baroque, classic, romantic, and modern), and from the
most important instrumental groups (solo, chamber
music, orchestra).

Procedure

During their clinical evaluation, participants were
asked to relax in a comfortable armchair, listen atten-
tively to the thirty musical excerpts, and concentrate as
much as possible on the emotion conveyed by the
music. The stimuli were presented in pseudorandom-
ized order using the E-studio software (e-prime v 1.1),
through two free field Yamaha NS10M loudspeakers.
After each unique stimulus presentation, participants
had to choose in a forced choice paradigm which emo-
tion (happiness, sadness, or anger) best represented the
excerpt they just heard. They then had to verbally rate
the pleasantness (valence) and arousal they perceived in
the music on two 10-point scales ranging from 1
(unpleasant) to 10 (pleasant), and from 1 (relaxing) to
10 (stimulating). Participants were told to base their
emotional judgments on their own feelings. The emo-
tional session lasted on average 25 to 40 min since some
participants commented lengthily on each of their
emotional ratings.

Data Quantification and Analyses 

Emotional ability was assessed by calculating the per-
centage of emotion recognition for sadness, happiness,
and anger per participant. Arousal and valence rating
means were also calculated for happy, sad, and angry
music. In order to test for the Population (3 groups),
Emotion (3 types), and Population × Emotion interac-
tion effects on the emotion recognition percentage,
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TABLE 2. Postsurgical MRI Analysis Assessing the Extent of Resected Structures.

Hippocampus Parahippocampus
Central Nucleus T1 Ratio Ratio Gyrus Ratio

Populations of the Amygdala (mean ± SD) (mean ± SD) (mean ± SD)

RTR group 3/14 0.55 ± 0.10 0.49 ± 0.26 0.50 ± 0.20
LTR group 2/13 0.63 ± 0.11 0.39 ± 0.25 0.46 ± 0.20

Note: The length of resected superior temporal gyrus (T1), hippocampus, and parahippocampal gyrus is compared in each

participant with the length of intact contralateral T1, hippocampus, and parahippocampal gyrus respectively.

FIGURE 1. Sagittal (A) and frontal (B) MRI of a left operated epileptic
patient with typical anterior mesio-temporal resection including the
amygdala, the hippocampus, the parahippocampal gyrus, and the ante-
rior temporal pole.



arousal ratings, and valence ratings, two-way repeated
measures ANOVAs were performed. When the ANOVAs
reached significance, student t-tests or paired t-tests
with Bonferroni corrections were performed as post
hoc comparison tests.

Results

Asymmetrical Impairment of Emotion Recognition

Control participants’ mean percentage of emotion recog-
nition appears, on average, superior to 90% (see Figure 2).
The selected music proved to evoke the intended emo-
tions. Contrary to the controls, however, emotion recog-
nition was diminished in patients. There was a significant
Population × Emotion interaction, F(4, 10) = 2.71, p < .05.
The RTR specifically diminished sad excerpt recognition,
t(38) = 2.72, p < .01, whereas the LTR compromised both
happiness, t(37) = 3.35, p < .01, and anger recognition,
t(37) = 2.94, p < .01, as compared to controls.

In patients with RTR, the sad excerpts (18.57%) that
were not labelled as expected were instead incorrectly
identified as angry. Therefore, the diminished recognition
of sadness after RTR also revealed a deficit in anger
judgments. However, for patients with RTR, positive
emotion recognition was completely spared. In con-
trast, for patients with LTR, the happy excerpts (22.80%)
not recognized as expected were instead identified as
sad (13.10%) and angry (9.70%) excerpts. In addition,
angry excerpts (23.00%) not recognized by these patients

were equally considered to be either happy (11.30%) or
sad (11.70%). After LTR, the decreased recognition of
happiness and anger was due to false emotion attribu-
tion distributed among sadness, happiness, or anger.
Both positive and negative musical emotion recogni-
tion as compared to controls were therefore affected
by LTR.

Non-Modified Arousal and Valence Judgments

The ANOVA performed on the arousal ratings only dis-
played a significant Emotion effect, F(2, 98)=138.49,
p < .01; the happy and angry excerpts were more stimu-
lating than the sad excerpts, t(51) = 12.99, p < .0001, and
t(51) = 15.30, p < .0001, respectively, as illustrated by
Figure 3. The right and left operations did not modify
the arousal evaluation. In addition, the valence rating
only varied according to the Emotion, F(2, 100) = 4.13,
p < .01. As expected, Figure 4 shows that happy music
was found to be more pleasant than sad and angry music,
t(52) = 6.87, p < .0001, and t(52) = 9.57, p < .0001, respec-
tively irrespective of the participants’ group.

Discussion

Our first aim was to verify the existence of lateralized
emotion recognition at the level of antero-mesial tem-
poral structures. As hypothesized, our results seem to
demonstrate left mesio-temporal structure involvement
in positive emotion recognition (i.e., happiness). This
result is consistent with previous experiments in other

298 S. Khalfa, C. Delbe, E. Bigand, E. Reynaud, P. Chauvel, & C. Liégeois-Chauvel

FIGURE 2. Means and standard error bars of percentage of emotion
recognition for the happy, sad, and angry excerpts in controls, patients
with left temporal resection (LTR), and patients with right temporal
resection (RTR). A * indicates a significant difference between controls
and patients.

FIGURE 3. Means and standard error bars of arousal ratings for the
musical selections conveying sadness, happiness, and anger in controls,
patients with left temporal resection (LTR), and patients with right
temporal resection (RTR).



sensory domains demonstrating specific left amygdala acti-
vation when viewing happy faces (Schneider et al., 1997)
or positive photographs (Hamann & Mao, 2002). Elec-
trical stimulations of the left amygdala but not of the
right amygdala also evoked happy feelings (Lanteaume
et al., 2007). Thus, despite the inability of Zald’s review
(2003) to show clearly lateralized processing of positive
stimuli by the amygdala, the more recent results cited
above, as well as our results, argue in favour of lateral-
ized amygdala (and/or adjacent structure) involvement
towards the left in happiness processing, and particu-
larly in happiness recognition in music. Since our
patients’ surgical resection included the amygdala but
also the anterior temporal pole, the parahippocampal
gyrus, and the hippocampus, and since these structures
are interconnected (Charbardes, Minotti, Hoffman, &
Benabid, 2002; Lavenex & Amaral, 2000; Pitkanen,
Kelly, & Amaral, 2002; Wilson, Isokawa, Babb, & Cran-
dall, 1990; Wilson, Isokawa, Babb, Crandall, Levesque, &
Engel, 1991), it remains difficult to define which structure
is responsible for the decrease in emotion recognition.
The anterior temporal pole has rarely been demon-
strated to participate in emotion processing (Royet et al.,
2000). By contrast, several previous neuropsychological,
electrophysiological, and neuroimaging studies have
shown the role of the amygdala in emotion processing
(Lanteaume et al., 2007; Scott, Young, Calder, Hellawell,
Aggleton, & Johnson, 1997; Wager et al., 2003). Further
investigations may yield more evidence of the role of
each anteromedial temporal structure in emotion
recognition.

Concerning the recognition of negative musical emo-
tions, right temporal structures appeared to intervene

in sadness recognition while the left ones were related to
anger recognition. However, given that in RTR patients
the unrecognized sad excerpts were all misidentified as
angry excerpts, the anger label was also not attributed as
expected. It would thus be more accurate to conclude
that RTR reduced both sadness and anger processing,
which is in accordance with some previous experiments
showing right or bilateral amygdala involvement in
anger processing. In one study using direct intracerebral
electrical stimulations of the amygdala, a feeling of anger
was never evoked (Meletti, Tassi, Mai, Fini, Tassinari, &
Lo Russo, 2006), while in two other studies, anger was
rarely elicited following right amygdala stimulation
(Halgren et al., 1978; Lanteaume et al., 2007). An event-
related fMRI experiment also revealed a right amygdala
response to anger prosody (Sander et al., 2005). On the
contrary, anger in facial expressions (Adolphs, Tranel,
Damasio, & Damasio, 1994; Graham, Devinsky, &
LaBar, 2007; Sato et al., 2002), as well as anger in vocal
affect (Scott et al., 1997) have been shown to be affected
by bilateral amygdala lesions. A PET study did not pro-
vide evidence that angry expressions generate a signal
in the amygdala (Blair, Morris, Frith, Perrett, & Dolan,
1999), nor an fMRI study (Sprengelmeyer, Rausch,
Eysel, & Przuntek, 1998), while in another experiment,
anger evoked by scripts of participants’ past personal
events activated the bilateral anterior temporal poles
(Dougherty et al., 1999).

In patients with LTR, even if sadness was as well rec-
ognized as in controls, half of the non identified angry
and happy stimuli were confounded with sad excerpts.
This confusion also suggests a disruption of sad excerpt
processing in these patients. These results parallel those
of intracerebral amygdala stimulation in humans show-
ing sadness elicitation by both right and left stimula-
tions (Lanteaume et al., 2007).

However, it should be underlined that although the
patients’ ability in recognizing musical emotions
decreased, the mean percentage of emotion recognition
remained superior to 75%. The unilateral resection was
not sufficient to completely disrupt emotion recogni-
tion in music as compare to controls.

The present study also intended to confirm the role of
left mesio-temporal structures in arousal assessment,
and to study the role of the mesio-temporal structures
in valence evaluation. Contrary to a previous study with
emotional pictures (Gläscher & Adolphs, 2003), arousal
judgments of musical excerpts were not modified by the
unilateral resections. The same result was observed with
valence judgments. It is unexpected to note that the
deficits observed in emotion recognition do not appear
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FIGURE 4. Means and standard error bars of percentage of valence ratings
for the happy, sad, and angry music in controls, patients with left temporal
resection (LTR), and patients with right temporal resection (RTR).



to rely upon deficits in evaluating the valence and
arousal emotional dimensions. The emotion catego-
rization may then be at least partially independent from
the two emotional determinants.

Finally, this study extends to the music domain the
notion of mesio-temporal lobe involvement in anger
processing, since LTR impaired anger recognition as
compared to controls, and since RTR led to problems in
identifying sad and angry music. Bilateral damage to
amygdala has been shown to impair the recognition of
emotional arousal for facial expressions, words, and
sentences depicting anger (Adolphs et al., 1999). In
addition, arousal was modified for scary and sad
excerpts following unilateral anteromedial resection
(Gosselin et al., 2005). On the contrary, in the present
experiment, unilateral mesio-temporal damage includ-
ing the amygdala solely reduced the recognition of
anger but not of its arousal. Arousal deficits may there-
fore be more evident following bilateral amygdala dam-
age, and when shorter and less emotional excerpts are
employed. The strength of a stimulus’ emotional con-
tent may improve the ability of operated patients to
perceive arousal levels. However, it remains that despite
the current use of such longer, complex (including
orchestral music) stimuli, and despite the fact that many
studies have not found mesio-temporal structure involve-
ment in anger processing (Aftanas, Reva, Savotina, &
Makhnev, 2006; Blair et al., 1999; Grandjean et al.,
2005), anger recognition in music was decreased by the
temporal lesions. This result reinforces previous studies
showing the participation of medial temporal structures
in anger processing in faces and voices (Dougherty et al.,
1999; Sander et al., 2005; Sato et al., 2002; Scott et al.,
1997; Graham et al., 2007).

In summary, positive happy music appears to be pref-
erentially processed at the level of the left anteromedial
temporal structures whereas negative (sad and angry)
excerpts appear to be bilaterally processed. It seems that
this decrease of music emotion recognition is not
linked to a decrease of the two emotional determinants
assessments, i.e., arousal and valence. Although emo-
tion recognition tends to be very stable (Bigand et al.,
2005), these results must be interpreted with the caveat
that many factors such as the participant’s mood may
influence the reaction to music and then the subsequent
emotional judgments. Further studies are also required
to precisely determine which anteromedial structures
are involved in music emotion processing, and why
anger processing is not always related to mesio-tempo-
ral structure activity. It also would prove useful to study
the extent to which asymmetrical emotional processing
in limbic structures is linked to lateralized activity in
the orbitofrontal cortex.
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