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Abstract 
Fearful body language is a salient signal alerting the observer to the presence of a potential threat in the 
surrounding environment. Although detecting potential threats may trigger an immediate reduction of 
motor output in animals (i.e., freezing behavior), it is unclear at what point in time similar reductions occur 
in the human motor cortex and whether they originate from excitatory or inhibitory processes. Using 
single-pulse and paired-pulse transcranial magnetic stimulation (TMS), here we tested the hypothesis that 
the observer's motor cortex implements extremely fast suppression of motor readiness when seeing 
emotional bodies – and fearful body expressions in particular. Participants observed pictures of body 
postures and categorized them as happy, fearful or neutral while receiving TMS over the right or left motor 
cortex at 100–125 msec after picture onset. In three different sessions, we assessed corticospinal 
excitability, short intracortical inhibition (SICI) and intracortical facilitation (ICF). Independently of the 
stimulated hemisphere and the time of the stimulation, watching fearful bodies suppressed ICF relative to 
happy and neutral body expressions. Moreover, happy expressions reduced ICF relative to neutral actions. 
No changes in corticospinal excitability or SICI were found during the task. These findings show extremely 
rapid bilateral modulation of the motor cortices when seeing emotional bodies, with stronger suppression 
of motor readiness when seeing fearful bodies. Our results provide neurophysiological support for the 
evolutionary notions that emotion perception is inherently linked to action systems and that fear-related 
cues induce an urgent mobilization of motor reactions. 

 
 

1. Introduction 
Different lines of evidence suggest that threat-related signals are rapidly and efficiently processed in the 
central nervous system (Adolphs and Tranel, 2003, LeDoux, 1996, Öhman and Mineka, 2001) and that 
attention tends to be prioritized towards threatening stimuli (Fox et al., 2000, Vuilleumier, 2002). 
Fearful body language is a salient emotional signal, easily observable from a distance that alerts the 
observer to the presence of a potential threat (de Gelder et al., 2004, Tamietto et al., 2007). Perceiving 
fearful expressions in others requires specific processing in an attempt to garner more information about 
the source of the threat in the surrounding environment (Whalen et al., 1998). Indeed, behavioral studies 
have shown enhanced sensory acquisition (Lee, Susskind, & Anderson, 2013), perceptual processing 
(Phelps, Ling, & Carrasco, 2006) and attention (Davis and Whalen, 2001, Kret et al., 2013) when exposed to 
fearful expressions. Notably, electrophysiological studies have also reported a rapid bias in visual attention 
allocation with greater resources devoted to fearful expressions; they reported increased amplitudes or 
shorter latencies of early (100–200 msec) occipito-temporal event-related potential (ERP) components 
when viewing fearful body expressions (Jessen and Kotz, 2011, Van Heijnsbergen et al., 2007) and facial 
expressions (Pourtois et al., 2005, Righart and de Gelder, 2006, Williams et al., 2006) relative to emotionally 
positive and neutral expressions. 
Besides increasing sensory vigilance for monitoring potential threats, the sight of fearful expressions may 
affect the motor system. Animal research has shown that initial reactions to sudden stimuli - and potential 
threats, in particular - involve reducing motor output, i.e., implementing freezing behavior or orienting 
immobility while monitoring the source of danger (Fanselow, 1994; Hagenaars, Oitzl, & Roelofs, 2014). 
Similar phenomena have been suggested in humans (Fanselow, 1994, Frijda, 2010, Hagenaars et al., 2014, 
Lang and Bradley, 2010). In keeping with this notion, transcranial magnetic stimulation (TMS) studies have 
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documented fast reductions in motor excitability following salient and potentially noxious stimuli like 
strong, unexpected or rapidly approaching auditory or visual stimuli (Avenanti et al., 2012, Cantello et al., 
2000, Furubayashi et al., 2000, Makin et al., 2009, Serino et al., 2009), and painful stimuli self-experienced 
(Farina et al., 2003, Farina et al., 2001, Urban et al., 2004) or observed in others (Avenanti et al., 2006, 
Avenanti, Minio-Paluello, Bufalari, et al., 2009a, Avenanti, Minio-Paluello, Sforza, et al., 2009b). Moreover, 
a reduction of activity in primary motor cortex (M1) has been reported during periods in which participants 
expect to receive painful stimuli relative to conditions without pain expectation (Butler et al., 2007). 
Remarkably, imaging studies have shown that observing fearful expressions in others activates subcortical 
(e.g., amygdala, superior colliculus) and cortical regions (e.g., cingulate cortex and supplementary motor 
area, SMA) known to be involved in emotional processing and motor control (de Gelder et al., 2004, de 
Gelder et al., 2010, Grèzes et al., 2007, Hadjikhani and de Gelder, 2003, Kret et al., 2011, Thielscher and 
Pessoa, 2007, Vuilleumier et al., 2001, Vuilleumier and Pourtois, 2007). However, the nature of such 
activations is ambiguous because imaging can hardly distinguish between motor inhibition (which would 
support freezing-like body immobilizations) and excitation (which would reflect increased action readiness) 
and cannot precisely determine when these modulations occur. On the other hand, the high temporal 
resolution of TMS and its ability to distinguish between excitatory and inhibitory activity in motor areas 
allow effective exploration of motor dynamics during emotion perception. 
The goal of this study was to test whether exposure to fearful body postures rapidly reduces excitability in 
the observer's M1. To this aim, we used TMS over M1 to non-invasively assess motor excitability during 
perception of emotional body expressions. In previous studies, we started to investigate the dynamics of 
the human motor system by assessing corticospinal excitability in the observers' left and right M1 during an 
emotion recognition task (Borgomaneri et al., 2012, Borgomaneri et al., 2014b). We recorded motor-
evoked potentials (MEPs) at 150 and 300 msec after the presentation of fearful, happy and neutral 
expressions in which the body posture was presented in isolation, with no contextual or facial cues. In the 
earlier time window (150 msec) we found a weak increase in corticospinal excitability in the left 
hemisphere in response to fearful body postures, suggesting action preparation activity in the motor 
representation of the dominant hand (see also Borgomaneri et al., 2013, Schutter et al., 2008 for similar 
findings using fearful facial expressions and negative natural complex scenes). Remarkably, in the same 
time window, we found a consistent reduction of corticospinal excitability in the right hemisphere for both 
fearful and happy body postures (Borgomaneri et al., 2014b). This reduction in motor excitability also 
appeared to be causally related to visual recognition of body postures. TMS over right M1 (but not left M1) 
at 150 msec after visual stimulus onset also decreased the ability to recognize the observed body postures. 
The decrease in performance additionally correlated with the reduction in corticospinal excitability, 
suggesting a close link between motor suppression in the right M1 and perceptual processing of body 
postures. 
At the later stage (300 msec), greater MEP amplitudes were measured when viewing fearful, happy and 
emotionally neutral dynamic body postures relative to emotionally neutral static body postures. This later 
increase in motor excitability was similar in the two hemispheres. Moreover, it was comparable for the 
three dynamic postures (see also Borgomaneri et al., 2012) and likely reflected motor resonance, i.e., the 
embodiment of the actor's movements into one's own motor system (Bastiaansen et al., 2009, Gallese et 
al., 2004, Gallese and Sinigaglia, 2011, Keysers and Gazzola, 2009, Niedenthal et al., 2010, Oberman et al., 
2007, Rizzolatti and Sinigaglia, 2010) that is typically detected in similar time windows (200–400 msec) 
according to TMS and MEG evidence (Barchiesi and Cattaneo, 2013, Cavallo et al., 2014, Naish et al., 2014, 
Nishitani et al., 2004). Consistent with this interpretation, the magnitude of the later motor facilitation also 
correlated with dispositional cognitive empathy scores (Borgomaneri et al., 2014b), as previously shown in 
a number of studies investigating motor resonance (e.g., Avenanti, Minio-Paluello, Sforza, et al., 2009b, 
Avenanti et al., 2010, Gazzola et al., 2006, Lepage et al., 2010, Minio-Paluello et al., 2009). In contrast to the 
effect reported at 150 msec, neither stimulation of the right nor the left M1 at 300 msec affected visual 
recognition of body postures. These findings indicated that, at this stage of processing (300 msec), neural 
activity reflecting motor resonance was stronger in highly empathetic participants who tend to take the 
psychological perspectives of others in daily life, but was not critical for visual recognition of emotional 
body postures. These results revealed two distinct functional stages of motor cortex involvement during 
perception of emotional body language: an initial stage (∼150 msec) reflecting increased motor readiness 



in the left hemisphere and perceptual mechanisms in the right hemisphere, and a later stage (∼300 msec) 
in which the motor cortices bilaterally implement motor resonance, which may reflect a more sophisticated 
and empathy-related reading of the observed body expression “from the inside” (Avenanti, Candidi, et al., 
2013b, Avenanti and Urgesi, 2011, Gazzola et al., 2006, Rizzolatti and Sinigaglia, 2010). 
In the present study, we sought to further investigate motor responses to emotional bodies in the right and 
left hemispheres and to test the possible existence of an earlier additional stage of M1 involvement during 
perception of emotional bodies. Our previous studies suggested comparable motor reactivity in response 
to happy and fearful body expressions when motor excitability was tested in the 150–300 msec temporal 
window after visual stimulus onset (Borgomaneri et al., 2012, Borgomaneri et al., 2014b). Here, based on 
the evolutionary contentions that i) emotional and, in particular, threat-related stimuli should evoke 
extremely rapid motor reactions (Carretié et al., 2001, Costa et al., 2013, Frijda, 2009, Lang et al., 2000, 
Öhman and Mineka, 2001); and ii) fear-related signals might reduce motor readiness (as in orienting 
immobility and freezing responses) to allow environmental monitoring for the source of danger (Fanselow, 
1994, Frijda, 2010, Hagenaars et al., 2014, Lang and Bradley, 2010, Whalen et al., 1998), we tested the 
hypothesis that a transient suppression of motor reactivity would be detected at a very early time window 
when viewing fearful bodies. To this aim, we investigated motor excitability in the right and left M1 within 
the same temporal window in which fearful faces and bodies are known to induce the earliest modulation 
of occipito-temporal cortices (i.e., at 100–125 msec, corresponding to the timing of the P1 component; 
Pourtois et al., 2005, Righart and de Gelder, 2006, Van Heijnsbergen et al., 2007, Vuilleumier and Pourtois, 
2007, Williams et al., 2006). 
Similarly to previous research on emotion perception, we used single-pulse TMS over M1 in order to record 
MEPs from the hand muscles and thus assess how visual perception affects the functional state of the 
observer's corticospinal system. However, it should be noted that the MEP amplitude obtained with single-
pulse TMS reflects the net effect of excitatory and inhibitory inputs to the corticospinal pathway, providing 
a measure of both cortical and spinal excitability (Di Lazzaro et al., 2001). To directly assess modulations of 
intracortical excitability within the right and left M1, in the present study, we used for the first time in 
emotion perception research the paired-pulse protocol, in which pairs of TMS stimuli are administered 
through a single coil placed over the target M1. In paired-pulse TMS, a conditioning stimulus (CS) below the 
threshold intensity needed to elicit a MEP is followed at short interstimulus intervals (ISIs) by a 
suprathreshold test stimulus (TS). At ISIs of 1–5 msec, the CS results in MEP inhibition (i.e., “short 
intracortical inhibition”, SICI), while longer ISIs of 7–20 msec produce MEP facilitation (“intracortical 
facilitation”, ICF). This modulation of MEP size takes place at the cortical level and is thought to reflect the 
activation of separate populations of inhibitory and excitatory cortical interneurons without affecting spinal 
circuits (Kujirai et al., 1993). In particular it is held that SICI and ICF mainly reflect the activation of low 
threshold inhibitory interneurons mediated by gamma-aminobutyric acid (GABA) (Di Lazzaro et al., 2000, 
Ilić et al., 2002, Ziemann et al., 1996aa) and glutamatergic interneurons (Nakamura et al., 1997, Ziemann, 
2003), respectively. Therefore, paired-pulse TMS provides reliable indices of motor cortical activations. 
Here, taking advantage of these paired-pulse paradigms, we aimed to further investigate whether the 
excitatory or inhibitory intracortical neural circuits within the right and left M1 are modulated during 
observation of emotional body expressions. By comparing neurophysiological indices of intracortical and 
corticospinal excitability, we tested whether the sight of emotional bodies at an early time window (100–
125 msec) affected the observers' M1, descending corticospinal pathways or both. This allowed us to 
demonstrate that, before perceptual- and action-related processing at 150 and 300 msec (see Borgomaneri 
et al., 2012, Borgomaneri et al., 2014b), the motor system in both hemispheres implements fast 
suppression of motor reactions to emotional bodies with stronger suppression for fearful body expressions. 

 

2. Methods 
2.1. Participants 
Twenty-eight healthy subjects took part in the study. Fourteen participants (6 men, mean age ± S.D.: 22.8 y 
± 2.6) were tested in a first experiment in which the right M1 was stimulated (Exp1M1right), whereas the 
remaining 14 participants (7 men, mean age ± S.D.: 23.3 y ± 2.6) were tested in a second experiment in 
which the left M1 was stimulated (Exp2M1left). All participants were right-handed according to a standard 



handedness inventory (Oldfield, 1971) and free from any contraindication to TMS (Rossi et al., 2009). They 
gave their written informed consent to take part in the study which was approved by the Department of 
Psychology ethics committee at the University of Bologna and was carried out in accordance with the 
ethical standards of the 1964 Declaration of Helsinki. No discomfort or adverse effects were reported or 
noticed during TMS. 

 
2.2. Visual stimuli 
Different types of pictures were presented on a 19-inch screen located 80 cm away from the participants. 
Forty-five pictures were selected from a validated database (Borgomaneri et al., 2012, Borgomaneri et al., 
2014b). Pictures depicted four different actors in emotional and neutral postures (Fig. 1a). To focus 
specifically on body-related information, the face was blanked out in all pictures. Stimuli included pictures 
of emotionally positive (happy) and negative (fearful) movements and neutral movements (i.e., actions 
with implied movement comparable to emotional body expressions but with no emotional meaning). 

 
 

   
 
Fig. 1. (a) Examples of visual body stimuli. (b) Trial sequence. 

 
 
During the recording of neutral movements, instructions to the actors specified the action to be performed 
(e.g., jump rope). For emotional expressions, instructions specified a familiar scenario (e.g., you have just 
won the lottery) or involved a potential threat (e.g., a tennis ball was thrown at the actor). Stimuli were 
selected from an initial sample of about 1000 images based on two pilot studies in which emotional ratings 
and emotion recognition data were collected, resulting in a final selection of 15 fearful body expressions, 
15 happy body expressions and 15 neutral movements that were well recognized as prototypical 
representations of the different expressions (see Borgomaneri et al., 2012 for details). All the emotional 
and neutral movement stimuli represented a whole-body movement with a clear involvement of upper-
limbs (implied motion stimuli). In none of the stimuli did the model interact with objects or other 
individuals. To rule out the possibility that changes in right M1 excitability might be due to differences in 
the amount of implied motion of the models' left or right hands, mirror-reflected copies of the selected 
stimuli were also created. Within each experiment, half the participants were tested with the original 
version of the stimuli, and the remaining half were tested with mirror-reflected copies. 

 
2.3. TMS and electromyography recordings 
Both Exp1M1right and Exp2M1left started with the electrode montage setup, detection of optimal scalp 
position and measurement of resting motor threshold (rMT). To explore motor excitability, MEPs induced 
by TMS of the right and left M1 were recorded from the left and right first dorsal interosseus (FDI) muscle, 
respectively (contralateral to the stimulated hemisphere), using a Biopac MP-35 (Biopac, U.S.A.) 



electromyograph. EMG signals were band-pass filtered (30–500 Hz), sampled at 5 kHz, digitized and stored 
on a computer for off-line analysis. Pairs of silver-chloride surface electrodes were placed in a belly-tendon 
montage with ground electrodes on the wrist. A figure-of-eight coil connected to a Magstim Bistim2 
stimulator (Magstim, Whitland, Dyfed, U.K.) was placed over the target M1. The intersection of the coil was 
placed tangentially to the scalp with the handle pointing backward and laterally at a 45° angle away from 
the midline. In this way, the current induced in the neural tissue was directed approximately perpendicular 
to the line of the central sulcus, optimal for trans-synaptic activation of the corticospinal pathways (Brasil-
Neto et al., 1992, Mills et al., 1992). Using a slightly suprathreshold stimulus intensity, the coil was moved 
over the target hemisphere to determine the optimal position from which maximal MEP amplitudes were 
elicited in the controlateral FDI muscle. The optimal position of the coil was then marked on the scalp with 
a pen to ensure correct coil placement throughout the experiment. The rMT was defined as the minimal 
intensity of stimulator output that produced MEPs with an amplitude of at least 50 μV with 50% probability 
(using about 20 pulses) (Rossini et al., 1994). The absence of voluntary contraction was visually verified 
throughout the experiment. When muscle tension was detected, the experiment was briefly interrupted 
and the subject was invited to relax. 
In both experiments, MEPs were recorded in three sessions: Single pulse (SP), Short-interval intracortical 
inhibition (SICI) and Intracortical facilitation (ICF). During the SP session, intensity was set to evoke MEPs 
with a peak-to-peak amplitude of ∼1.0 mV. During the paired-pulse TMS paradigm, SICI and ICF were 
measured using an established protocol (Kujirai et al., 1993, Ziemann et al., 1996bb). The conditioning (CS) 
and test (TS) stimuli were given through the same coil. The intensity of the CS was 80% of the rMT, a level 
at which we confirmed that MEPs were never induced. TS intensity was the same as that used in the SP 
session. We selected two ISIs, 3 msec and 12 msec, which are typically used to investigate SICI and ICF 
circuits, respectively (Kujirai et al., 1993, Ziemann et al., 1996b). 

 
2.4. Procedure and experimental design 
The experiments were programmed using Matlab software to control picture presentation and to trigger 
TMS pulses. In each experiment, MEPs were collected in three experimental sessions (SP, SICI and ICF). 
Before and after these sessions, additional SP blocks were recorded and served as baselines: subjects held 
their eyes closed with the instruction to imagine watching a sunset at the beach (Borgomaneri et al., 2012, 
Fourkas et al., 2008) while receiving TMS over the right motor cortex (inter-pulse interval ∼10 sec). Ten 
trials were recorded for each of the baseline blocks. In the other three experimental sessions, subjects 
performed an emotion recognition task, in which they were presented with body postures, and asked to 
categorize them as happy, fearful or neutral. Each emotion evaluation block included 90 trials (270 trials in 
total), and each trial consisted of a gray screen (1 sec duration) indicating the beginning of the trial, 
followed by the test picture presented at the center of the screen (Fig. 1b). In half the trials, stimuli were 
presented for 110 msec and the SP (or TS in the paired-pulse sessions) was delivered at 100 msec from 
stimulus onset. In the remaining trails, stimuli were presented for 135 msec and the SP/TS was delivered at 
125 msec from stimulus onset. Stimulus duration was randomly distributed in the two blocks and the 
session order was counterbalanced across participants. The picture was followed by a random-dot mask 
(obtained by scrambling the corresponding sample stimulus using a custom-made image segmentation 
software) lasting 1 sec. Then the question “What did you see?” appeared on the screen, and the subject 
provided a verbal response (forced choice). Possible choices were happy, fear, or neutral. An experimenter 
collected the answer by pressing a computer key. To avoid changes in excitability due to the verbal 
response (Meister et al., 2003, Tokimura et al., 1996), participants were invited to answer only during the 
question screen, a few seconds after the TMS pulse (Tidoni, Borgomaneri, di Pellegrino, & Avenanti, 2013). 
After the response, the screen appeared black for 4–6 sec, ensuring an inter-pulse interval greater than 10 
sec and thereby avoiding changes in motor excitability due to TMS per se (Chen et al., 1997). To reduce the 
initial transient-state increase in motor excitability, before each block two single-pulses (or two paired-
pulses) were delivered over M1 (inter-pulse interval >10 sec). Each baseline and experimental block lasted 
about 2 and 10 min respectively. After TMS, subjects were presented with all the stimuli (shown in a 
randomized order) and asked to judge arousal, valence and perceived movement using a 5-point Likert 
scale. To avoid building up artificial correlations between the different judgments, each rating was collected 
separately during successive presentation of the whole set of stimuli. 



2.5. Data analysis 
Neurophysiological and behavioral data were processed off-line. Mean MEP amplitudes in each condition 
were measured peak-to-peak (in mV). MEPs associated with incorrect answers (less than 10% in both 
experiments) were discarded from the analysis. Since background EMG is known to affect motor excitability 
(Devanne, Lavoie, & Capaday, 1997), MEPs preceded by background EMG deviating from the mean by more 
than 2 SD were removed from further analysis (less than 6% in both experiments). 
In a first analysis, MEPs recorded in the SP, ICF and SICI sessions were expressed relative to the baseline (% 
of the average of the two baseline blocks) and analyzed by means of a mixed-model four-way ANOVA with 
Experiment (2 levels: Exp1M1right and Exp2M1left) as a between-subjects factor and Session (3 levels: SP, 
ICF and SICI), Time (2 levels: 100 and 125 msec) and Movement type (3 levels: happy, fearful and neutral) as 
within-subjects factors. 
Moreover, to quantify ICF and SICI effects, we expressed MEPs in the paired-pulse sessions relative to the 
SP session (to estimate the effects of the subthreshold CS on the MEP elicited by the suprathreshold TS). 
For each experimental condition we calculated the ratio of the mean conditioned MEP over the mean 
unconditioned test MEP (Kujirai et al., 1993, Ziemann et al., 1996b). These data were analyzed by means of 
an Experiment × Session × Time × Movement type mixed-model ANOVA as in the previous analysis, but the 
factor Session had only 2 levels (ICF and SICI). Mean ratings of arousal, valence and implied movement 
were analyzed by means a two-way mixed-model ANOVA with Experiment (2 levels: Exp1M1right and 
Exp2M1left) as a between-subjects factor and Movement type as a within-subjects factor (3 levels: happy, 
fearful and neutral). Accuracy in the emotion recognition task was analyzed by means of a two-way mixed-
model ANOVA with Experiment (2 levels: Exp1M1right and Exp2M1left) as a between-subjects factor and 
Session as a within-subjects factor (3 levels: SP, ICF and SICI). In all the ANOVAs, post-hoc comparisons were 
carried out by means of the Newman–Keuls test. Moreover, effect size indices for main effects and 
interactions were computed using partial eta2, whereas repeated measures Cohen's d values were 
computed for post-hoc comparisons (Cohen, 1977, Wolf, 1986). 

 
 

3. Results 
3.1. Subjective measures 
Mean task accuracy in the three sessions was high in both experiments (Exp1M1right: SP mean 
accuracy ± S.D.: 90.7% ± 5.3; SICI: 89.5% ± 6.7 and ICF: 90.5% ± 5.3; Exp2M1left: SP mean accuracy ± S.D.: 
92.7% ± 5.5; SICI: 91.7% ± 5.2 and ICF: 90.6% ± 4.9). The Experiment × Session ANOVA carried out on 
accuracy data showed no main effects or interactions (all F < .95; p > .39), suggesting similar accuracy 
across the two experiments and three TMS sessions. 
The Experiment × Movement type ANOVAs carried out on valence ratings (Table 1) showed a main effect of 
Movement type (F2,52 = 296.91; p < .001; eta2 = .92), but no main effect of Experiment or interaction (all 
F < 2.82, p > .11). Post-hoc analyses showed that valence ratings were lower for fearful movements relative 
to happy and neutral movements (all p < .001; d > 3.05); moreover, valence ratings were higher for happy 
relative to neutral movements (all p < .001; d = 2.35). 
The Experiment × Movement type ANOVAs carried out on arousal ratings (Table 1) showed a main effect of 
Movement type (F2,52 = 57.34; p < .001, eta2 = .69), but no main effect of Experiment or interaction (all 
F < 1.63, p > .21). Post-hoc analyses showed that arousal scores were greater for happy and fearful 
movements relative to neutral movements (all p < .001; d > 1.67). Moreover, arousal ratings were not 
significantly different between fearful and happy movements (p = .33). 
The Experiment × Movement type ANOVAs carried out on implied motion ratings (Table 1) did not show 
any significant main effects or interactions (all F < 2.87; p > .07), suggesting that the three movement types 
contain similar amounts of implied motion. 
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Arousal Valence Perceived motion 

Happy Neutral Fearful Happy Neutral Fearful Happy Neutral Fearful 

Exp1M1right 3.41 ± .78 2.21 ± .56 3.36 ± .93 4.18 ± .68 2.87 ± .58 1.39 ± .39 3.32 ± .66 3.41 ± .59 3.07 ± .67 

Exp2M1left 3.57 ± .55 2.27 ± .55 3.90 ± .60 4.37 ± .33 3.15 ± .19 1.39 ± .19 3.44 ± .47 3.36 ± .55 3.17 ± .66 

 

Table 1. Mean subjective evaluations ± standard deviation (arousal, valence and perceived implied motion) of stimuli 
used in the first (Exp1M1right) and the second experiment (Exp2M1left). 
 

 
3.2. Neurophysiological data 
MEPs recorded in the first block (mean raw MEP amplitude ± SD in Exp1M1right: 1.11 mV ± .26; in 
Exp2M1left: 1.02 mV ± .22) and last block of the baseline (Exp1M1right: 1.15 mV ± .43; Exp2M1left: 
1.09 mV ± .38) were entered into an Experiment × Time ANOVA that showed no main effects or 
interactions (all F < 1, p > .45), confirming that the experiments did not alter participants' corticospinal 
excitability (Chen et al., 1997). 
In a first analysis, MEPs collected in the various sessions and experimental conditions were expressed 
relative to the average of the two baseline blocks. The Experiment × Session × Time × Movement type 
ANOVA on MEP amplitudes (% of baseline) showed a main effect of Session (F2,52 = 51.59; p < .0001; 
eta2 = .66) accounted for by the lower MEP amplitudes recorded in the SICI (41% ± 23) relative to the SP 
(118% ± 37; p < .001; d = 1.99) and ICF sessions (195% ± 102; p < .001; d = 1.71) and the greater amplitudes 
recorded in the ICF relative to the SP session (p = .001; d = .75). Critically, a significant Session × Movement 
type interaction was found (F4,104 = 3.51; p = .01; eta2 = .12; Fig. 2). Post-hoc analyses showed that in the ICF 
session, MEPs were lower for fearful bodies (188% ± 90) than for happy (198% ± 116; p = .003; d = .30) and 
neutral bodies (200% ± 100, p = .002; d = .64) which in turn did not significantly differ from one another 
(p = .63). No significant modulations were found in either the SP or SICI sessions (all p > .44). The 
Session × Movement type interaction was not qualified by a triple or quadruple interaction involving the 
factor Time (all F < 1.01; p > .41), suggesting that, in the ICF session, MEPs recorded at 100 and 125 msec 
were similarly reduced in the fearful body condition. Similarly, no interaction with the factor Experiment 
was found to be significant (all F < 2.48; p > .094), suggesting that the reduction in ICF was similar in both 
motor cortices (see Table 2). No other significant effects were found in the ANOVA (all F < 3.03, p > .09). 
 

 
Fig. 2. Neurophysiological modulations during the emotion recognition task. MEP amplitude ratio (condition/baseline) 
during perception of happy, neutral and fearful body postures during single-pulse (SP), intracortical facilitation (ICF) 
and short intracortical inhibition (SICI) sessions. Data show the Session × Movement type interaction (average of the 
two experiments, Exp1M1right and Exp2M1left, and the two time points, 100 msec and 125 msec). Error bars indicate 
SEM. Asterisks (*) denote significant comparisons (p < .05). 
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SP ICF SICI 

Happy Neutral Fearful Happy Neutral Fearful Happy Neutral Fearful 

Exp1M1right 133% ± 11 132% ± 11 133% ± 11 181% ± 17 185% ± 17 173% ± 17 42% ± 7 41% ± 7 41% ± 7 

Exp2M1left 104% ± 7 100% ± 7 106% ± 7 215% ± 41 214% ± 34 204% ± 30 40% ± 7 42% ± 5 39% ± 5 

 

Table 2. Mean MEP amplitude ratio (condition/baseline) ± SEM. in the first (Exp1M1right) and the second experiment 
(Exp2M1left). 
 

 
Results from the first analysis on MEP amplitudes (% of baseline) confirm the robustness of the paired-
pulse protocol observed in both experiments, with lower MEPs when the CS preceded the TS by 3 msec and 
larger MEPs when the CS preceded the TS by 12 msec (Kujirai et al., 1993, Ziemann et al., 1996b). 
Moreover, they show that emotional bodies significantly modulated MEP size in the ICF session but not in 
the SP or SICI sessions. 
It should be noted that the index used in the first analysis (MEP amplitude relative to baseline) does not 
allow us to rule out a possible contribution of spinal excitability in the observed motor modulations. 
Therefore, to quantify SICI and ICF effects, a second Experiment × Session × Time × Movement type ANOVA 
was conducted on MEP ratios computed for each condition separately (mean conditioned MEP relative to 
mean unconditioned test MEP) (Kujirai et al., 1993, Ziemann et al., 1996b). 
This second analysis revealed a main effect of Session (F1,26 = 68.13; p < .0001; eta2 = .72), with larger MEPs 
in the ICF relative to the SICI session: 182% ± 112 vs 38% ± 27), a non-significant main effect of Movement 
type (F2,52 = 2.48, p = .09) and, importantly, a significant Session × Movement type interaction 
(F2,52 = 4.70; p = .01; eta2 = .15, Fig. 3). The interaction was due to lower ICF in the fearful body condition 
(173% ± 101) relative to the happy (182% ± 111; p = .03; d = .32) and neutral body conditions 
(191% ± 128; p < .001; d = .48); moreover, ICF was lower in the happy than in the neutral body condition 
(p = .03; d = .24). No significant modulation of the SICI index was found (p > .79). The ANOVA also showed 
non-significant trends for the main effect of Experiment and the Experiment × Session interaction (all 
F < 3.85, p > .06), suggesting that the gain in motor excitability in the ICF session tended to be larger in 
Exp2M1left than Exp1M1right. However, the factor Experiment did not interact with other factors (all 
F < .91, p > .41), suggesting that the reduction of ICF for fearful body expressions was similar in 
Exp1M1right and Exp2M1left (see Table 3). No other main effects or interactions were significant in the 
ANOVA (F < 1.28, p > .29). 
 

 
Fig. 3. Cortical motor modulations during the emotion recognition task. MEP amplitude ratio (paired-pulse/single-
pulse) during perception of happy, neutral and fearful body postures during intracortical facilitation (ICF) and short 
intracortical inhibition (SICI) sessions. Data show the Session × Movement type interaction (average of the two 
experiments, Exp1M1right and Exp2M1left, and the two time points, 100 msec and 125 msec). Error bars indicate 
SEM. Asterisks (*) denote significant comparisons (p < .05). 
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ICF SICI 

Happy Neutral Fearful Happy Neutral Fearful 

Exp1M1right 142% ± 12 147% ± 13 137% ± 11 32% ± 4 32% ± 4 31% ± 4 

Exp2M1left 221% ± 38 235% ± 44 209% ± 35 46% ± 12 44% ± 8 44% ± 8 

 

Table 3. Mean MEP amplitude ratio (paired-pulse/single-pulse) ± SEM. in the first (Exp1M1right) and the second 
experiment (Exp2M1left). 
 

 
 

4. Discussion 
Emotional body language represents a powerful vehicle for interpersonal communication (Darwin, 1872), 
and it is widely assumed that processing emotional language can prime the body for action (Ekman and 
Davidson, 1994, Frijda, 2009, Izard, 1994). However, little is known about how the sight of emotional 
bodies affects the observer's M1. Using the high temporal resolution of TMS, here, we tested the 
hypothesis that seeing emotional body expressions – and fearful expressions in particular – triggers a very 
early reduction of excitability in the observer's motor system. We used single-pulse TMS to characterize the 
functional state of the corticospinal system, and, for the first time in emotion perception research, the 
paired-pulse protocol to investigate the excitability of intracortical facilitatory (ICF) and inhibitory (SICI) 
circuits in the right and left M1. We tested M1 excitability in a time window (100–125 msec) corresponding 
to the latency of the P1, i.e., the earliest cortical ERP component that is modulated by emotional 
expressions (Pourtois et al., 2005, Righart and de Gelder, 2006, Van Heijnsbergen et al., 2007, Vuilleumier 
and Pourtois, 2007, Williams et al., 2006). 
The results supported our initial prediction and allowed us to characterize a local neurophysiological 
mechanism in bilateral M1 involved in processing emotional bodies. In particular, we found that seeing 
fearful bodies reduced the magnitude of the ICF effect relative to seeing happy or neutral bodies. 
Moreover, happy bodies reduced ICF relative to neutral bodies. No similar modulations were found for SICI 
or corticospinal excitability in the 100–125 msec range. These findings show a surprisingly early cortical 
motor mechanism during processing of emotional body postures. We propose this decrease in ICF reflects 
the cortical motor counterpart of a fast orienting response toward emotionally salient body postures that 
would manifest as a quick and transient reduction in motor readiness, ultimately favoring perception of and 
subsequent motor reactions to the emotional cues. 
The stronger motor suppression when viewing fearful relative to happy body postures may be accounted 
for by the greater biological salience of the former expression relative to the latter. Indeed, fearful 
expressions signal the presence of potential threats in the environment, which may require a strong and 
immediate mobilization of neural resources. More specifically, it is thought that because the source of 
danger is not clearly signaled, detecting fearful expressions increases sensory vigilance and prompts 
monitoring for threats in the surrounding environment (Davis and Whalen, 2001, Kret et al., 2013, Lee 
et al., 2013, Phelps et al., 2006, Whalen et al., 1998). Thus, the suppression of excitatory activity in M1 may 
reflect a quick reduction in motor readiness that may favor such monitoring processes. 
Our findings are in keeping with animal research showing a reduction in motor output when animals face 
novel or emotionally salient stimuli (and threatening stimuli in particular) (Fanselow, 1994, Frijda, 
2010, Hagenaars et al., 2014, Lang and Bradley, 2010, Whalen et al., 1998). Moreover, they concur with 
studies in humans reporting that the observer's body freezes during passive observation of aversive and 
arousing stimuli (Azevedo et al., 2005, Eerland et al., 2012, Facchinetti et al., 2006, Hillman et al., 
2004, Horslen and Carpenter, 2011, Lelard et al., 2013, Roelofs et al., 2010, Stins et al., 2011). Remarkably, 
our study significantly expands these observations by revealing a possible early cortical mechanism for 
implementing these motor reactions to emotional and, in particular, fear-related cues in humans. However, 
as we clarify below, our findings are suggestive of a transient reduction in motor readiness more than a 
complete and sustained body immobilization (Fanselow, 1994, Frijda, 2010, Hagenaars et al., 2014, Lang 
and Bradley, 2010, Whalen et al., 1998). 
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4.1. Local neurophysiological mechanisms supporting early motor suppression in response to 
emotional bodies 
Our findings demonstrated a modulation of ICF but not of corticospinal excitability or SICI. Single-pulse 
MEPs, SICI and ICF reflect at least partially distinct neurophysiological mechanisms (Liepert et al., 
1998, Ziemann et al., 1998). Modulations of corticospinal excitability as measured by single-pulse MEPs 
reflect the net effect of excitatory and inhibitory inputs to the descending corticospinal pathway, whereas 
SICI is thought to measure intracortical GABA-ergic inhibition in M1 through GABAA receptors. ICF is a more 
complex measure of intracortical excitation, as it is thought to be influenced by glutamatergic facilitation 
through N-methyl-D-aspartate (NMDA) receptors (Ziemann et al., 1998) but also GABA-ergic inhibition 
through GABAA receptors (Tandonnet, Garry, & Summers, 2010). Moreover, ICF results from the 
recruitment of local M1 circuits related to the activation of long-range connections originating from remote 
areas (Ziemann et al., 1998, Ziemann, 2004). 
Hence, our data indicate that emotional bodies induce a fast modulation of cortical motor excitability in the 
two hemispheres, with a comparatively stronger reduction of intracortical excitatory activity when 
perceiving fearful bodies and a weaker reduction for happy bodies. The fact that fearful and happy postures 
modulated ICF but not SICI suggests that processing of emotional bodies is mainly associated with a 
reduction in the input to excitatory glutamatergic interneuronal networks in M1 originating from 
interconnected regions, while it does not conspicuously modulate GABAergic cortical circuits. Similar 
changes in ICF in the absence of SICI modulations have been reported immediately after the administration 
of painful stimuli and have been interpreted as reflecting a role of intracortical glutamatergic networks in 
limiting the execution of body movements in the acute phase of pain (Schabrun & Hodges, 2012). However, 
in contrast to what we have found here, painful stimulation induced sustained suppression of ICF that was 
accompanied by a reduction in corticospinal excitability and also affected SICI at a later time (Schabrun & 
Hodges, 2012), thus indicating a massive and prolonged reduction of motor output when processing pain. 
In contrast, the motor modulation we report here: i) is not associated with changes in SICI and corticospinal 
excitability; and ii) is likely transient. The fact that emotional bodies modulated ICF, but not corticospinal 
excitability, suggests that the suppressive motor response we detected in our study occurs at the cortical 
level and does not immediately influence descending pathways. These features support the idea that ICF 
modulation reflects a reduction in the propensity to move the body, i.e., a reduction in motor readiness 
while processing visual stimuli, more than a complete motor inhibition, which might be supported by 
additional modulation of GABAergic cortical circuits and corticospinal excitability (Reis et al., 2008, Stinear 
et al., 2009). Secondly, it should be considered that while the present study shows similar ICF suppression 
at both the time points tested (100 and 125 msec) and in both hemispheres, previous research suggests 
that these fast motor responses might be transient, as very different modulations are observed when 
motor excitability is tested at 150 msec and 300 msec after the presentation of emotional bodies 
(Borgomaneri et al., 2012, Borgomaneri et al., 2014bb; see below). The transient nature of the reduction in 
motor activity we detected in our present study suggests it may favor early perceptual processing (e.g., 
threat monitoring) without counteracting subsequent implementation of adaptive motor responses (e.g., 
fight/flight reactions). 

 
4.2. Possible networks supporting early motor suppression in response to emotional bodies 
While our study indicates that visual processing of emotional bodies transiently reduces the input to 
excitatory glutamatergic interneuronal networks in M1 originating from interconnected regions, we can 
only speculate about the specific pathway supporting this early motor suppression. 
Studies have suggested that visual processing of affective stimuli could influence motor output via 
subcortical routes bypassing the cortex (de Gelder et al., 2011, Filmer and Monsell, 2013, Liddell et al., 
2005, Morris et al., 1999, Tamietto and de Gelder, 2010, Tamietto et al., 2009). Imaging evidence indicates 
that the perception of emotional bodies activates subcortical structures (i.e., pulvinar, caudate nucleus and 
amygdala; de Gelder et al., 2010, Van de Riet et al., 2009) even in cortically blind patients with damage to 
the striate cortex (Van den Stock et al., 2011), suggesting that subcortical structures receive inputs from the 
retina that bypass the damaged visual cortex. Notably, these structures also possess upstream projections 
influencing not only the visual system (Pourtois, Schettino, & Vuilleumier, 2013) but also M1 (Grèzes et al., 
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2014, Tamietto et al., 2012) and may thus have a role in influencing ICF when processing emotional body 
postures. 
On the other hand, ICF modulation may occur through fast activation of a cortical route including regions 
involved in visual processing (e.g., occipito-temporal areas), lateral parieto-premotor circuits involved in 
action execution (de Gelder, 2006, de Gelder et al., 2004, de Gelder et al., 2010) and mesial regions of the 
frontal cortex that are involved in emotional processing and are densely connected to M1 via the 
SMA (Cavada et al., 2000, Morecraft et al., 1993, Oliveri et al., 2003). In particular, a possible key role in the 
suppressive response to fearful (and happy) bodies could be played by the inferior frontal cortex (IFC, 
which includes the inferior frontal gyrus and the ventral premotor cortex; Avenanti, Annella, et al., 
2013a, Avenanti, Candidi, et al., 2013b, Urgesi et al., 2014). Monkey studies suggest this region implements 
fast flicking reactions to unpleasant stimuli (Cooke and Graziano, 2004, Gharbawie et al., 2011, Graziano 
et al., 2002). Moreover, the IFC is critically involved in inhibiting motor behavior (Aron et al., 
2014, Chambers et al., 2007) and provides inhibitory input to M1 either directly or via SMA (Cattaneo and 
Barchiesi, 2011, Davare et al., 2009, Zandbelt et al., 2013). Moreover, IFC suppression appears to disrupt 
inhibitory responses to salient auditory stimuli presented close to the body (Avenanti et al., 2012), 
suggesting a possible role for the IFC not only in voluntary outright action stopping and inhibitory 
control (Aron et al., 2014), but also in driving automatic inhibitory reactions. Future studies are needed to 
directly test the role of the IFC in reacting to emotional body cues. 

 
4.3. Motor dynamics during perception of emotional bodies 
The early timing of the physiological modulation identified in our study is in keeping with the evidence that 
not only fearful facial expressions (Pourtois et al., 2005, Righart and de Gelder, 2006, Vuilleumier and 
Pourtois, 2007, Williams et al., 2006) but also fearful body expressions affect the ERP response in the 
earliest stages of visual perception, i.e., the P1 and N1 components (Jessen and Kotz, 2011, Van 
Heijnsbergen et al., 2007). However, these ERP studies did not include positive emotional expressions, and 
thus it was unclear whether the early ERP modulations produced by fearful bodies merely reflected an 
arousal response. Our data significantly expand on the ERP evidence by showing, in the very same time 
window as the P1 component, clear evidence of a ‘negative bias’ for fearful bodies in cortical motor areas, 
with a stronger reduction in ICF when viewing fearful bodies than when viewing happy bodies, relative to 
neutral body expressions. Notably, in our study, fearful and happy expressions were matched for arousal. 
Moreover, fearful, happy and neutral expressions did not differ in implied motion (i.e., the quantity of 
movement perceived in the body posture), suggesting that these factors did not influence our results. 
However, some limitations of our design should be considered. Our stimuli depicted only male actors and 
the relatively small sample size prevented reliable analysis of sex-dependent effects. Moreover, we used a 
limited number of emotional expressions and, therefore, it is unclear whether a reduction in ICF could be 
found with other expressions. Therefore, further studies are needed to test motor excitability using larger 
numbers of stimuli and participants. 
Nevertheless, our study indicates a clear reduction in bilateral cortical motor activity when seeing particular 
emotional body postures. Together with our previous studies on emotional body perception (Borgomaneri 
et al., 2012, Borgomaneri et al., 2014bb), the present experiments suggest specific dynamics of neural 
activity in the motor system during perception of emotional bodies. A negative bias in the form of a cortical 
suppressive response is initially detected in bilateral M1 (but not in the corticospinal system) at about 100–
125 msec post-stimulus onset, and may reflect a fast and transient reduction in motor readiness, with a 
stronger reduction for fearful than for happy body expressions relative to neutral body expressions. In a 
second stage (150 msec post-stimulus onset), the sight of emotional bodies starts to influence the 
corticospinal system, and it does so in different ways for the two hemispheres, with the left hemisphere 
being more involved in preparing a potential motor response when exposed to fearful expressions and the 
right hemisphere being critically involved in the perceptual recognition of all body postures (Borgomaneri 
et al., 2014b). Finally, at around 300 msec, the corticospinal motor system implements motor resonance 
processes which appear to reflect a mapping of the observed body movements that follows recognition of 
the body posture (Borgomaneri et al., 2012, Borgomaneri et al., 2014bb). Thus, our studies support a three-
stage model of motor cortex engagement during processing of emotional body language. Overall, the 
specific dynamics we observed across these studies support the notions that emotional cues trigger motor-
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related activity in the brain and that potential threats require particularly quick motor reactions to secure 
the survival of the organism (Carretié et al., 2009, Frijda, 2009, Lang et al., 2000, Öhman and Mineka, 2001). 

 
Financial disclosures 
Authors have no conflicts of interest to declare. 

 
Acknowledgments 
This work was supported by grants from the Cogito Foundation (Research project 2013, R-117/13), Ministero 
Istruzione, Università e Ricerca (Futuro in Ricerca 2012, RBFR12F0BD) and Ministero della Salute (Bando Ricerca 
Finalizzata Giovani Ricercatori 2010, GR-2010-2319335) awarded to A.A. and a VENI grant (451-09-006) from 
the Netherlands Organization for Scientific Research (N.W.O.) to V.G. 

 

References 
Adolphs, R., & Tranel, D. (2003). Amygdala damage impairs emotion recognition from scenes only when they contain 
facial expressions. Neuropsychologia, 41(10), 1281-1289.  
Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the right inferior frontal cortex: one decade on. 
Trends in Cognitive Sciences, 18(4), 177-185.  
Avenanti, A., Annela, L., & Serino, A. (2012). Suppression of premotor cortex disrupts motor coding of peripersonal 
space. NeuroImage, 63(1), 281-288.  
Avenanti, A., Annella, L., Candidi, M., Urgesi, C., & Aglioti, S. M. (2013a). Compensatory plasticity in the action 
observation network:  virtual lesions of STS enhance anticipatory simulation of seen actions. Cerebral Cortex, 23(3), 
570-580. 
Avenanti, A., Candidi, M., & Urgesi, C. (2013b). Vicarious motor activation during action perception: beyond 
correlational evidence. Frontiers in Human Neuroscience, 7, 185.  
Avenanti, A., Minio-Paluello, I., Bufalari, I., & Aglioti, S. M. (2006). Stimulus-driven modulation of motor-evoked 
potentials during observation of others' pain. NeuroImage, 32(1), 316-324.  
Avenanti, A., Minio-Paluello, I., Bufalari, I., & Aglioti, S. M. (2009a). The pain of a model in the personality of an 
onlooker: influence of state-reactivity and personality traits on embodied empathy for pain. NeuroImage, 44(1), 275-
283. 
Avenanti, A., Minio-Paluello, I., Sforza, A., & Aglioti, S. M. (2009b). Freezing or escaping? Opposite modulations of 
empathic reactivity to the pain of others. Cortex, 45(9), 1072-1077.  
Avenanti, A., Sirigu, A., & Aglioti, S. M. (2010). Racial bias reduces empathic sensorimotor resonance with other-race 
pain. Current Biology: CB, 20(11), 1018-1022.  
Avenanti, A., & Urgesi, C. (2011). Understanding “what” others do: mirror mechanisms play a crucial role in action 
perception. Social Cognitive and Affective Neuroscience, 6(3), 257-259.  
Azevedo, T. M., Volchan, E., Imbiriba, L. A., Rodrigues, E. C., Oliveira, J. M., Oliveira, L. F., et al. (2005). A freezing-like 
posture to pictures of mutilation. Psychophysiology, 42(3), 255-260. 
Barchiesi, G., & Cattaneo, L. (2013). Early and late motor responses to action observation. Social Cognitive and 
Affective Neuroscience, 8(6), 711-719. 
Bastiaansen, J. A. C. J., Thioux, M., & Keysers, C. (2009). Evidence for mirror systems in emotions. Philosophical 
Transactions of the Royal Society of London. Series B, Biological Sciences, 364(1528), 2391-2404.  
Borgomaneri, S., Gazzola, V., & Avenanti, A. (2012). Motor mapping of implied actions during perception of emotional 
body language. Brain Stimulation, 5(2), 70-76.  
Borgomaneri, S., Gazzola, V., & Avenanti, A. (2014a). Temporal dynamics of motor cortex excitability during 
perception of natural emotional scenes. Social Cognitive and Affective Neuroscience, 9(10), 1451-1457. 
Borgomaneri, S., Gazzola, V., & Avenanti, A. (2014b). Transcranial magnetic stimulation reveals two functionally 
distinct stages of motor cortex involvement during perception of emotional body language. Brain Structure & 
Function. http://dx.doi.org/ 10.1007/s00429-014-0825-6 (Epub ahead of print). 
Brasil-Neto, J. P., Cohen, L. G., Panizza, M., Nilsson, J., Roth, B. J., & Hallett, M. (1992). Optimal focal transcranial 
magnetic activation of the human motor cortex:  effects of coil orientation, shape of the induced current pulse, and 
stimulus intensity. Journal of Clinical Neurophysiology, 9(1), 132-136.  
Butler, T., Pan, H., Tuescher, O., Engelien, A., Goldstein, M., Epstein, J., et al. (2007). Human fear-related motor 
neurocircuitry. Neuroscience, 150(1), 1-7. 
Cantello, R., Civardi, C., Cavalli, A., Varrasi, C., & Vicentini, R. (2000). Effects of a photic input on the human cortico- 
motoneuron connection. Clinical Neurophysiology, 111(11), 1981-1989.  

https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#bib20
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#bib49
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#bib71
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#bib89
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#gs1
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#gs2
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#gs3
https://www-sciencedirect-com.ezproxy.unibo.it/science/article/pii/S0010945215000441#gs4


Carretié, L., Albert, J., López-Martín, S., & Tapia, M. (2009). Negative brain: an integrative review on the neural 
processes activated by unpleasant stimuli. International Journal of Psychophysiology, 71(1), 57-63. 
Carretié, L., Mercado, F., Tapia, M., & Hinojosa, J. A. (2001). Emotion, attention, and the “negativity bias”, studied 
through event-related potentials. International Journal of Psychophysiology, 41(1), 75-85.  
Cattaneo, L., & Barchiesi, G. (2011). Transcranial magnetic mapping of the short-latency modulations of corticospinal 
activity from the ipsilateral hemisphere during rest. Frontiers in Neural Circuits, 5, 14. 
Cavada, C., Compañy, T., Tejedor, J., Cruz-Rizzolo, R. J., & Reinoso-Suárez, F. (2000). The anatomical connections of the 
macaque monkey orbitofrontal cortex. A review. Cerebral Cortex, 10(3), 220-242. 
Cavallo, A., Catmur, C., Sowden, S., Ianì, F., & Becchio, C. (2014). Stopping movements: when others slow us down. 
The European Journal of Neuroscience, 40(5), 2842-2849. 
Chambers, C. D., Bellgrove, M. A., Gould, I. C., English, T., Garavan, H., Mcnaught, E., et al. (2007). Dissociable 
mechanisms of cognitive control in prefrontal and premotor cortex. Journal of Neurophysiology, 98(6), 3638-3647. 
Chen, R., Classen, J., Gerloff, C., Celnik, P., Wassermann, E. M., Hallett, M., et al. (1997). Depression of motor cortex 
excitability by low-frequency transcranial magnetic stimulation. Neurology, 48(5), 1398-1403. 
Cohen, J. (1977). Statistical power analysis for the behavioral sciences. New York: Academic Press. 
Cooke, D. F., & Graziano, M. S. A. (2004). Sensorimotor integration in the precentral gyrus: polysensory neurons and 
defensive movements. Journal of Neurophysiology, 91(4), 1648-1660. 
Costa, T., Cauda, F., Crini, M., Tatu, M.-K., Celeghin, A., de Gelder, B., et al. (2014). Temporal and spatial neural 
dynamics in the perception of basic emotions from complex scenes. Social Cognitive and Affective Neuroscience, 
9(11), 1690-1703.  
Darwin, C. (1872). The expression of the emotions in man and animals. London, UK: Jhon Murray. 
http://dx.doi.org/10.1037/10001-000. Reprint. Chicago: University of Chicago Press. 
Davare, M., Montague, K., Olivier, E., Rothwell, J. C., & Lemon, R. N. (2009). Ventral premotor to primary motor 
cortical interactions during object-driven grasp in humans. Cortex, 45(9), 1050-1057. 
Davis, M., & Whalen, P. J. (2001). The amygdala: vigilance and emotion. Molecular Psychiatry, 6(1), 13-34. 
de Gelder, B. (2006). Towards the neurobiology of emotional body language. Nature Reviews Neuroscience, 7(3), 242-
249.  
de Gelder, B., Snyder, J., Greve, D., Gerard, G., & Hadjikhani, N. (2004). Fear fosters flight: a mechanism for fear 
contagion when perceiving emotion expressed by a whole body. Proceedings of the National Academy of Sciences of 
the United States of America, 101(47), 16701-16706.  
de Gelder, B., van Honk, J., & Tamietto, M. (2011). Emotion in the brain: of low roads, high roads and roads less 
travelled. Nature Reviews Neuroscience, 12(7), 425. 
de Gelder, B., Van den Stock, J., Meeren, H. K. M., Sinke, C. B. A., Kret, M. E., & Tamietto, M. (2010). Standing up for 
the body. Recent progress in uncovering the networks involved in the perception of bodies and bodily expressions. 
Neuroscience and Biobehavioral Reviews, 34(4), 513-527. 
Devanne, H., Lavoie, B. A., & Capaday, C. (1997). Input-output properties and gain changes in the human corticospinal 
pathway. Experimental Brain Research, 114(2), 329-338. 
Di Lazzaro, V., Oliviero, A., Meglio, M., Cioni, B., Tamburrini, G., Tonali, P., et al. (2000). Direct demonstration of the 
effect of lorazepam on the excitability of the human motor cortex. Clinical Neurophysiology, 111(5), 794-799. 
Di Lazzaro, V., Oliviero, A., Profice, P., Meglio, M., Cioni, B., Tonali, P., et al. (2001). Descending spinal cord volleys 
evoked by transcranial magnetic and electrical stimulation of the motor cortex leg area in conscious humans. Journal 
of Physiology, 537(3), 1047-1058. 
Eerland, A., Guadalupe, T. M., Franken, I. H. A., & Zwaan, R. A. (2012). Posture as index for approach-avoidance 
behavior. PloS One, 7(2), e31291. 
Ekman, P., & Davidson, R. J. (1994). The nature of emotion: Fundamental questions. New York: Oxford University 
Press. 
Facchinetti, L. D., Imbiriba, L. A., Azevedo, T. M., Vargas, C. D., & Volchan, E. (2006). Postural modulation induced by 
pictures depicting prosocial or dangerous contexts. Neuroscience Letters, 410(1), 52-56. 
Fanselow, M. S. (1994). Neural organization of the defensive behavior system responsible for fear. Psychonomic 
Bulletin & Review, 1(4), 429-438.  
Farina, S., Tinazzi, M., Le Pera, D., & Valeriani, M. (2003). Pain-related modulation of the human motor cortex. 
Neurological Research, 25(2), 130-142. 
Farina, S., Valeriani, M., Rosso, T., Aglioti, S., Tamburin, S., Fiaschi, A., et al. (2001). Transient inhibition of the human 
motor cortex by capsaicin-induced pain. A study with transcranial magnetic stimulation. Neuroscience Letters, 314(1-
2), 97-101.  
Filmer, H. L., & Monsell, S. (2013). TMS to V1 spares discrimination of emotive relative to neutral body postures. 
Neuropsychologia, 51(13), 2485-2491. 



Fourkas, A. D., Bonavolonta`, V., Avenanti, A., & Aglioti, S. M. (2008). Kinesthetic imagery and tool-specific modulation 
of corticospinal representations in expert tennis players. Cerebral Cortex, 18(10), 2382-2390. 
Fox, E., Lester, V., Russo, R., Bowles, R. J., Pichler, A., & Dutton, K. (2000). Facial Expressions of Emotion: are angry 
faces detected more efficiently? Cognition & Emotion, 14(1), 61-92. 
Frijda, N. H. (2009). Emotion experience and its varieties. Emotion Review, 1(3), 264-271. 
Frijda, N. H. (2010). Impulsive action and motivation. Biological Psychology, 84(3), 570-579. 
Furubayashi, T., Ugawa, Y., Terao, Y., Hanajima, R., Sakai, K., Machii, K., et al. (2000). The human hand motor area is 
transiently suppressed by an unexpected auditory stimulus. Clinical Neurophysiology, 111(1), 178-183. 
Gallese, V., Keysers, C., & Rizzolatti, G. (2004). A unifying view of the basis of social cognition. Trends in Cognitive 
Sciences, 8(9), 396-403. 
Gallese, V., & Sinigaglia, C. (2011). What is so special about embodied simulation? Trends in Cognitive Sciences, 
15(11), 512-519.  
Gazzola, V., Aziz-Zadeh, L., & Keysers, C. (2006). Empathy and the somatotopic auditory mirror system in humans. 
Current Biology, 16(18), 1824-1829. 
Gharbawie, O. A., Stepniewska, I., Qi, H., & Kaas, J. H. (2011). Multiple parietal-frontal pathways mediate grasping in 
macaque monkeys. The Journal of Neuroscience, 31(32), 11660-11677.  
Graziano, M. S. A., Taylor, C. S. R., & Moore, T. (2002). Complex movements evoked by microstimulation of precentral 
cortex. Neuron, 34(5), 841-851. 
Grèzes, J., Pichon, S., & de Gelder, B. (2007). Perceiving fear in dynamic body expressions. NeuroImage, 35(2), 959-
967. 
Grèzes, J., Valabrègue, R., Gholipour, B., & Chevallier, C. (2014). A direct amygdala-motor pathway for emotional 
displays to influence action: a diffusion tensor imaging study. Human Brain Mapping, 35(12), 5974-5983. 
Hadjikhani, N., & de Gelder, B. (2003). Seeing fearful body expressions activates the fusiform cortex and amygdala. 
Current Biology, 13(24), 2201-2205. 
Hagenaars, M. A., Oitzl, M., & Roelofs, K. (2014). Updating freeze: Aligning animal and human research. Neuroscience 
and Biobehavioral Reviews, 47, 165-176. 
Hillman, C. H., Rosengren, K. S., & Smith, D. P. (2004). Emotion and motivated behavior: postural adjustments to 
affective picture viewing. Biological Psychology, 66(1), 51-62. 
Horslen, B. C., & Carpenter, M. G. (2011). Arousal, valence and their relative effects on postural control. Experimental 
Brain Research, 215(1), 27-34. 
Ilić, T. V., Meintzschel, F., Cleff, U., Ruge, D., Kessler, K. R., & Ziemann, U. (2002). Short-interval paired-pulse inhibition 
and facilitation of human motor cortex: the dimension of stimulus intensity. The Journal of Physiology, 545(1), 153-
167. 
Izard, C. E. (1994). Innate and universal facial expressions: evidence from developmental and cross-cultural research. 
Psychological Bulletin, 115(2), 288-299. 
Jessen, S., & Kotz, S. A. (2011). The temporal dynamics of processing emotions from vocal, facial, and bodily 
expressions. NeuroImage, 58(2), 665-674. 
Keysers, C., & Gazzola, V. (2009). Expanding the mirror: vicarious activity for actions, emotions, and sensations. 
Current Opinion in Neurobiology, 19(6), 666-671. 
Kret, M. E., Pichon, S., Grèzes, J., & de Gelder, B. (2011). Similarities and differences in perceiving threat from dynamic 
faces and bodies. An fMRI study. NeuroImage, 54(2), 1755-1762. 
Kret, M. E., Stekelenburg, J. J., Roelofs, K., & de Gelder, B. (2013). Perception of face and body expressions using 
electromyography, pupillometry and gaze measures. Frontiers in Psychology, 4, 28. 
Kujirai, T., Caramia, M. D., Rothwell, J. C., Day, B. L., Thompson, P. D., Ferbert, A., et al. (1993). Coticocortical inhibition 
in human motor cortex. The Journal of Physiology, 471(1), 501-519. 
Lang, P. J., & Bradley, M. M. (2010). Emotion and the motivational brain. Biological Psychology, 84(3), 437-450. 
Lang, P. J., Davis, M., & Ohman, A. (2000). Fear and anxiety: animal models and human cognitive psychophysiology. 
Journal of Affective Disorders, 61(3), 137-159. 
LeDoux, J. (1996). Emotional networks and motor control: a fearful view. Progress in Brain Research, 107, 437-446. 
Lee, D. H., Susskind, J. M., & Anderson, A. K. (2013). Social transmission of the sensory benefits of eye widening in fear 
expressions. Psychological Science, 24(6), 957-965. 
Lelard, T., Montalan, B., Morel, M. F., Krystkowiak, P., Ahmaidi, S., Godefroy, O., et al. (2013). Postural correlates with 
painful situations. Frontiers in Human Neuroscience, 7, 4. 
Lepage, J.-F., Tremblay, S., & Théoret, H. (2010). Early non-specific modulation of corticospinal excitability during 
action observation. The European Journal of Neuroscience, 31(5), 931-937. 
Liddell, B. J., Brown, K. J., Kemp, A. H., Barton, M. J., Das, P., Peduto, A., et al. (2005). A direct brainstem-amygdala-
cortical “alarm” system for subliminal signals of fear. NeuroImage, 24(1), 235-243.  



Liepert, J., Classen, J., Cohen, L. G., & Hallett, M. (1998). Task- dependent changes of intracortical inhibition. 
Experimental Brain Research, 118(3), 421-426.  
Makin, T. R., Holmes, N. P., Brozzoli, C., Rossetti, Y., & Farné, A. (2009). Coding of visual space during motor 
preparation: approaching objects rapidly modulate corticospinal excitability in hand-centered coordinates. The Journal 
of Neuroscience, 29(38), 11841-11851.  
Meister, I. G., Boroojerdi, B., Foltys, H., Sparing, R., Huber, W., & Töpper, R. (2003). Motor cortex hand area and 
speech: implications for the development of language. Neuropsychologia, 41(4), 401-406. 
Mills, K. R., Boniface, S. J., & Schubert, M. (1992). Magnetic brain stimulation with a double coil: the importance of coil 
orientation. Electroencephalography and Clinical Neurophysiology, 85(1), 17-21. 
Minio-Paluello, I., Baron-Cohen, S., Avenanti, A., Walsh, V., & Aglioti, S. M. (2009). Absence of embodied empathy 
during pain observation in Asperger syndrome. Biological Psychiatry, 65(1), 55-62.  
Morecraft, R., Geula, C., & Mesulam, M.-M. (1993). Architecture of connectivity within a cingulo-fronto-parietal 
neurocognitive network for directed attention. Archives of Neurology, 50(3), 279-284. 
Morris, J. S., Ohman, A., & Dolan, R. J. (1999). A subcortical pathway to the right amygdala mediating “unseen” fear. 
Proceedings of the National Academy of Sciences of the United States of America, 96(4), 1680-1685. 
Naish, K. R., Houston-Price, C., Bremner, A. J., & Holmes, N. P. (2014). Effects of action observation on corticospinal 
excitability: muscle specificity, direction, and timing of the mirror response. Neuropsychologia, 64, 331-348. 
Nakamura, H., Kitagawa, H., Kawaguchi, Y., & Tsuji, H. (1997). Intracortical facilitation and inhibition after transcranial 
magnetic stimulation in conscious humans. The Journal of Physiology, 498, 817-823. 
Niedenthal, P. M., Mermillod, M., Maringer, M., & Hess, U. (2010). The Simulation of Smiles (SIMS) model: embodied 
simulation and the meaning of facial expression. The Behavioral and Brain Sciences, 33(6), 417-433. 
Nishitani, N., Avikainen, S., & Hari, R. (2004). Abnormal imitation- related cortical activation sequences in Asperger's 
syndrome. Annals of Neurology, 55(4), 558-562. 
Oberman, L. M., Winkielman, P., & Ramachandran, V. S. (2007). Face to face: blocking facial mimicry can selectively 
impair recognition of emotional expressions. Social Neuroscience, 2(3-4), 167-178. 
Ohman, A., & Mineka, S. (2001). Fears, phobias, and preparedness: toward an evolved module of fear and fear 
learning. Psychological Review, 108(3), 483-522. 
Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia, 9(1), 
97-113. 
Oliveri, M., Babiloni, C., Filippi, M. M., Caltagirone, C., Babiloni, F., Cicinelli, P., et al. (2003). Influence of the 
supplementary motor area on primary motor cortex excitability during movements triggered by neutral or emotionally 
unpleasant visual cues. Experimental Brain Research, 149(2), 214-221. 
Phelps, E. A., Ling, S., & Carrasco, M. (2006). Emotion facilitates perception and potentiates the perceptual benefits of 
attention. Psychological Science, 17(4), 292-299. 
Pourtois, G., Schettino, A., & Vuilleumier, P. (2013). Brain mechanisms for emotional influences on perception and 
attention: what is magic and what is not. Biological Psychology, 92(3), 492-512. 
Pourtois, G., Thut, G., Grave de Peralta, R., Michel, C., & Vuilleumier, P. (2005). Two electrophysiological stages of 
spatial orienting towards fearful faces: early temporo-parietal activation preceding gain control in extrastriate visual 
cortex. NeuroImage, 26(1), 149-163.  
Reis, J., Swayne, O. B., Vandermeeren, Y., Camus, M., Dimyan, M. A., Harris-Love, M., et al. (2008). Contribution of 
transcranial magnetic stimulation to the understanding of cortical mechanisms involved in motor control. The Journal 
of Physiology, 586(2), 325-351. 
Righart, R., & de Gelder, B. (2006). Context influences early perceptual analysis of faces-an electrophysiological study. 
Cerebral Cortex, 16(9), 1249-1257. 
Rizzolatti, G., & Sinigaglia, C. (2010). The functional role of the parieto-frontal mirror circuit: interpretations and 
misinterpretations. Nature Reviews Neuroscience, 11(4), 264-274. 
Roelofs, K., Hagenaars, M. A., & Stins, J. (2010). Facing freeze: social threat induces bodily freeze in humans. 
Psychological Science, 21(11), 1575-1581. 
Rossi, S., Hallett, M., Rossini, P. M., Pascual-Leone, A., Nasreldin, M., Nakatsuka, M., et al. (2009). Safety, ethical 
considerations, and application guidelines for the use of transcranial magnetic stimulation in clinical practice and 
research. Clinical Neurophysiology, 120(12), 2008-2039. 
Rossini, P. M., Barker, A. T., Berardelli, A., Caramia, M. D., Caruso, G., Cracco, R. Q., et al. (1994). Non-invasive 
electrical and magnetic stimulation of the brain, spinal cord and roots: basic principles and procedures for routine 
clinical application. Report of an IFCN committee. Electroencephalography and Clinical Neurophysiology, 91(2), 79-92.  
Schabrun, S. M., & Hodges, P. W. (2012). Muscle pain differentially modulates short interval intracortical inhibition 
and intracortical facilitation in primary motor cortex. The Journal of Pain, 13(2), 187-194. 
Schutter, D. J. L. G., Hofman, D., & Van Honk, J. (2008). Fearful faces selectively increase corticospinal motor tract 
excitability: a transcranial magnetic stimulation study. Psychophysiology, 45(3), 345-348. 



Serino, A., Annella, L., & Avenanti, A. (2009). Motor properties of peripersonal space in humans. PloS One, 4(8), e6582.  
Stinear, C. M., Coxon, J. P., & Byblow, W. D. (2009). Primary motor cortex and movement prevention: where Stop 
meets Go. Neuroscience and Biobehavioral Reviews, 33(5), 662-673. 
Stins, J. F., Roelofs, K., Villan, J., Kooijman, K., Hagenaars, M. A., & Beek, P. J. (2011). Walk to me when I smile, step 
back when I'm angry:  emotional faces modulate whole-body approach- avoidance behaviors. Experimental Brain 
Research, 212(4), 603-611.  
Tamietto, M., Castelli, L., Vighetti, S., Perozzo, P., Geminiani, G., Weiskrantz, L., et al. (2009). Unseen facial and bodily 
expressions trigger fast emotional reactions. Proceedings of the National Academy of Sciences of the United States of 
America, 106(42), 17661-17666. 
Tamietto, M., & de Gelder, B. (2010). Neural bases of the non- conscious perception of emotional signals. Nature 
Reviews Neuroscience, 11(10), 697-709.  
Tamietto, M., Geminiani, G., Genero, R., & de Gelder, B. (2007). Seeing fearful body language overcomes attentional 
deficits in patients with neglect. Journal of Cognitive Neuroscience, 19(3), 445-454. 
Tamietto, M., Pullens, P., de Gelder, B., Weiskrantz, L., & Goebel, R. (2012). Subcortical connections to human 
amygdala and changes following destruction of the visual cortex. Current Biology, 22(15), 1449-1455. 
Tandonnet, C., Garry, M. I., & Summers, J. J. (2010). Cortical activation   during   temporal   preparation   assessed   by 
transcranial magnetic stimulation. Biological Psychology, 85(3), 481-486. 
Thielscher, A., & Pessoa, L. (2007). Neural correlates of perceptual choice and decision making during fear-disgust 
discrimination. The Journal of Neuroscience, 27(11), 2908-2917. 
Tidoni, E., Borgomaneri, S., di Pellegrino, G., & Avenanti, A. (2013). Action simulation plays a critical role in deceptive 
action recognition. The Journal of Neuroscience, 33(2), 611-623. 
Tokimura, H., Tokimura, Y., Oliviero,  A., Asakura,  T.,  & Rothwell, J. C. (1996). Speech-induced changes in corticospinal 
excitability. Annals of Neurology, 40(4), 628-634. 
Urban, P. P., Solinski, M., Best, C., Rolke, R., Hopf, H. C., & Dieterich, M. (2004). Different short-term modulation of 
cortical motor output to distal and proximal upper-limb muscles during painful sensory nerve stimulation. Muscle & 
Nerve, 29(5), 663-669.  
Urgesi, C., Candidi, M., & Avenanti, A. (2014). Neuroanatomical substrates of action perception and understanding:  an 
anatomic likelihood estimation meta-analysis of lesion- symptom mapping studies in brain injured patients. Frontiers 
in Human Neuroscience, 8, 344. 
Van Heijnsbergen, C. C. R. J., Meeren, H. K. M., Grézes, J., & de Gelder, B. (2007). Rapid detection of fear in body 
expressions, an ERP study. Brain Research, 1186, 233-241. 
Van de Riet, W. A. C., Grézes, J., & de Gelder, B. (2009). Specific and common brain regions involved in the perception 
of faces and bodies and the representation of their emotional expressions. Social Neuroscience, 4(2), 101-120. 
Van den Stock, J., Tamietto, M., Sorger, B., Pichon, S., Grézes, J., & de Gelder, B. (2011). Cortico-subcortical visual, 
somatosensory, and motor activations for perceiving dynamic whole-body emotional expressions with and without 
striate cortex (V1). Proceedings of the National Academy of Sciences of the United States of America, 108(39), 16188-
16193. 
Vuilleumier, P. (2002). Facial expression and selective attention. Current Opinion in Psychiatry, 15(3), 291-300.  
Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects of attention and emotion on face processing in 
the human brain: an event-related fMRI study. Neuron, 30(3), 829-841. 
Vuilleumier, P., & Pourtois, G. (2007). Distributed and interactive brain mechanisms during emotion face perception: 
evidence from functional neuroimaging. Neuropsychologia, 45(1), 174-194.  
Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., & Jenike, M. A. (1998). Masked presentations of 
emotional facial expressions modulate amygdala activity without explicit knowledge. The Journal of Neuroscience, 
18(1), 411-418.  
Williams, L. M., Palmer, D., Liddell, B. J., Song, L., & Gordon, E. (2006). The “when” and “where” of perceiving signals 
of threat versus non-threat. NeuroImage, 31(1), 458-467.  
Wolf, F. M. (1986). Meta-analysis: Quantitative methods for research synthesis. Beverly Hills, CA: Sage. 
Zandbelt, B. B., Bloemendaal, M., Hoogendam, J. M., Kahn, R. S., & Vink, M. (2013). Transcranial magnetic stimulation 
and functional MRI reveal cortical and subcortical interactions during stop-signal response inhibition. Journal of 
Cognitive Neuroscience, 25(2), 157-174.  
Ziemann, U. (2003). Pharmacology of TMS. Supplements to Clinical Neurophysiology, 56, 226-231.  
Ziemann, U. (2004). TMS and drugs. Clinical Neurophysiology, 115(8), 1717-1729.  
Ziemann, U., Lönnecker, S., Steinhoff, B. J., & Paulus, W. (1996a). The effect of lorazepam on the motor cortical 
excitability in man. Experimental Brain Research, 109(1), 127-135.  
Ziemann, U., Rothwell, J. C., & Ridding, M. C. (1996b). Interaction between intracortical inhibition   and facilitation in 
human motor cortex. The Journal of Physiology, 496, 873-881.  



Ziemann, U., Tergau, F., Wassermann, E. M., Wischer, S., Hildebrandt, J., & Paulus, W. (1998). Demonstration of 
facilitatory I wave interaction in the human motor cortex by paired transcranial magnetic stimulation. The Journal of 
Physiology, 511, 181-190. 
 


