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Somatic and autonomic measures were used to study defensive strategies in humans.
Gun pictures simulated realistic attack with more or less possibility of escape.
Exposure to gun directed-away from the observer led to increased body sway.
Exposure to facing guns led to reduced back-and-forth sway and heart deceleration.
Under attack, humans present basic defensive reactions—ﬂight or immobility.
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a b s t r a c t
Threatening cues and surrounding contexts trigger speciﬁc defensive response patterns. Potential threat
evokes attentive immobility; attack evokes ﬂight when escape is available and immobility when escape
is blocked. Tonic immobility installs when threat is overwhelming and life-risky. In humans, reduced
body sway characterizes attentive and tonic immobility, the former with bradycardia, and the later with
expressive tachycardia. Here, we investigate human defensive strategies in the presence or absence of
an escape route. We employed pictures depicting a man carrying a gun and worked with participants
exposed to urban violence. In pictures simulating more possibility of escape, the gun was directed away
from the observer; in those simulating higher risk and less chance of escape, the gun was directed toward
the observer. Matched control pictures depicted similar layouts, but a non-lethal object substituted the
gun. Posturographic and electrocardiographic recordings were collected. Amplitude of sway and heart
rate were higher for gun directed-away and lower for gun direct-toward. Compared to their respective
matched controls, there was a general increase in the amplitude of sway for the gun directed-away
pictures; and a reduction in back-and-forth sway and in heart rate for gun directed-toward pictures.
Taken together, those measures suggest that, when exposed to threat invading their margin of safety
in a context indicating possible escape route, humans, as non-human species, engage in active escape,
resembling the ﬂight stage of the defensive cascade. When facing threat indicating less possibility of
escape, humans present an immobile response with bradycardia.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
In animals, threatening confrontations with predators or conspeciﬁcs cause defensive neural circuits to be activated, which
prepare the organism for adaptive behaviors and improve its
chance of survival [1,2].
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Researchers have proposed that particular features of threatening cues and surrounding contexts trigger speciﬁc response
patterns (defense cascade) that change systematically with the
proximity and probability of an encounter. When an animal detects
a potential threat, but has not been seen by the predator, “attentive immobility” is a common adaptive defensive behavior; being
motionless increases the chances to go unnoticed by a predator
[3,4]. If an attack starts and escape is available, “ﬂight” is the dominant defensive reaction [5]. When survival is extremely threatened,
“tonic immobility” is the last antipredator resort; cessation of
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struggling prevents or at least reduces the likelihood of continued
attacks [3,4].
Working with rodents, Blanchard et al. [5] showed that active
avoidance was the usual reaction to attack when the situation
allowed the animal to move out of sight. Interestingly, Blanchard
et al. [6] devised a paradigm in which avoidance or escape was
not possible. In that study, the rat was trapped by a door at the
end of straight alley while the experimenter approached from the
other end. When at a distance of between 1 and 2 meters, immobility was consistently observed, but at closer distances, defensive
attacks became more predominant.
Searching for parallel defensive patterns in humans, Blanchard
et al. [7], Perkins and Corr [8] and Shuhama et al. [9] employed 12
written scenarios consisting of short texts describing daily life situations involving conspeciﬁc threat. The scenarios varied as widely
as possible in conditions such as the magnitude of the threat, the
escapability from the situation, the ambiguity of the threatening
stimulus, the distance between the threat and the participant, and
the presence of a hiding place. The evaluation consisted in selecting
a ﬁrst choice behavior from a list of 10 possible defensive behaviors, including: attack, escape, freeze, risk assessment and hide. The
relationships observed between the chosen behavior and the features of the scenarios, suggested congruence between human and
non-human defensive systems. For example, the answer “escape”
was chosen as the most likely response to scenarios evaluated
as unambiguous and highly threatening, when an escape route
was available. Further, “become immobilized” was chosen in an
inescapable threatening situation [7–9].
It is important to highlight that immobility can occur in
three completely different contexts (i) when a potential threat is
detected, but the predator has not perceived the prey (attentive
immobility); (ii) when an attack has begun, but the escape route is
not available; and (iii) when the prey is subdued and there is a risk
to life (tonic immobility).
Biological evidence has provided signiﬁcant insights into the
immobility responses in humans. Our group ﬁrst investigated
attentive immobility prompted by aversive pictures (mutilated
bodies), which was characterized by a signiﬁcant reduction in
the amplitude of body sway and increased body rigidity, along
with heart rate deceleration [10,11]. Other studies using a similar paradigm corroborate these ﬁndings [12]. More recently, we
conducted a pioneer study of tonic immobility, evaluating posturographic and electrocardiographic measures in trauma-exposed
participants after listening to the script of their autobiographical
trauma. Results showed that tonic immobility was characterized
by reduced amplitude of body sway along with robust heart rate
acceleration [13].
A recent review pointed out the need to explore the role of various context variables on immobility defensive behavior [14]. To the
best of our knowledge, no study has addressed posturographic correlates in humans of defensive immobility in the context of threat
when an escape route is not available. Here, we attempted to ﬁll
this gap in the knowledge about the human defense cascade, by
devising an experimental paradigm which aims to reproduce in
a laboratory setting the presence or absence of an escape route
in face of realistic attack-like conditions, and record somatic and
autonomic responses.
To simulate these realistic attack-like conditions, we chose
visual stimuli depicting scenes associated with violent crime and
studied a sample with a high index of exposure to urban violence
[15]. Interpersonal violence involving guns has increased across
the world [16] affecting populations living in large urban centers
[15,17], turning weapons into a pervasive threatening stimuli. We
exposed participants to pictures in which a male was carrying a
gun. The direction of the gun in relation to the observer modulated
the availability of escape. For the pictures which simulate attack
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with more possibility of escape, the gun was directed away from
the observer; whereas in those simulating less chance of escape,
the gun was directed toward the observer.
Our prediction was that the sample would be very susceptible
to gun exposure which would trigger distinct reactions suitable
for somatic and autonomic measurements. We hypothesize that
exposure to a gun directed away from the observer will prompt
escape-like reaction, and that exposure to a gun directed toward
the observer will prompt immobility-like reaction.
2. Materials and methods
2.1. Participants
One hundred eleven volunteers participated in the study. All
participants were graduate or undergraduate students at the Federal University of Rio de Janeiro who reported no history of
neurological, psychiatric or orthopedic disorders and were not
taking any medications with central nervous system effect. The
Ethics Review Board of the Federal University of Rio de Janeiro
approved the study, and participants provided informed consent
before assessment.
2.1.1. Characteristics of the sample
2.1.1.1. Trauma history. The participants were asked to complete
the Trauma History Questionnaire translated and adapted to
Portuguese [18] from the original [19]. The Trauma History Questionnaire is a self-report questionnaire which examines exposure to
traumatic events. At the end of this questionnaire, participants had
to indicate the event that he/she considered the most traumatic
in his/her life. Given the characteristics of the present paradigm,
we had a special focus on exposure to violent crime. The items
related to “violent crime” were selected according to the trauma
categorization of Luz et al. [20] which included any type of direct
or indirect exposure to crime or act of violence.
2.1.1.2. Posttraumatic stress symptoms. Posttraumatic stress symptoms were assessed using the Posttraumatic Stress Disorder
Checklist—Civilian Version [21], translated and adapted to Portuguese by Berger et al. [22]. The Posttraumatic Stress Disorder
Checklist is a 17-item self-report measure of the severity of symptoms in response to a traumatic experience. A cut-off score of 44
[23] was used to exclude participants with symptoms compatible
with Posttraumatic Stress Disorder. Previous studies showed different reactivity to threatening contexts in clinical and subclinical
Posttraumatic Stress Disorder [13,24,25].
2.1.1.3. Violent video game play. Participants were asked to report
how often they played violent video games with the choices:
“never”, “sometimes”, “often”, “very often”.
2.2. Visual stimuli
Visual stimuli consisted of sixty four color pictures obtained
from three sources, the Gettyimages© web catalog of pictures
(www.gettyimages.com), the International Affective Pictures System [26] and pictures taken by a professional photographer in a
studio. Care was taken to select realistic pictures according to the
participants’ ethnographic context. All the pictures depicted a male
subject carrying an object in his hands which was either a gun
(“threat”) or a non-lethal item (“control”). Threat and control pictures were displayed in two different blocks, “directed-toward”
and “directed-away”. In the “directed-toward” block, the carried
object was directed toward the observer and two sets of pictures
were tested (i) “threat directed-toward” and (ii) “control directedtoward”; while in the “directed-away” block, the carried object was
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Fig. 1. Schematic representation of the experimental design. A—Directed-away block: control (non-lethal object) pictures followed by threat (gun) pictures. B—Directedtoward block: control (non-lethal object) pictures followed by threat (gun) pictures. Each block started with a gray screen which was presented again after the control set
and after the threat set. A representative picture of each experimental set is depicted in this diagram.

directed away from the observer, and two other sets of pictures
were tested (i) “threat directed-away” and (ii) “control directedaway”. Each of the four sets had 16 pictures. Within each block,
threat and control sets were matched in brightness, contrast and
spatial frequency. All pictures had the same height; the width was
adjusted by adding two gray borders at the lateral edges.
The stimuli were presented on a 37in LCD monitor.
2.3. Data collection
Two computers controlled picture presentation and data acquisition of the postural and electrocardiographic parameters, running
Presentation (Neurobehavioral Systems), Balance Clinic (AMTI’s
AccSwayPLUS Balance Platform) and Acknowledge (BIOPAC Systems Inc.) software.
2.3.1. Posturography
Amplitude of body sway was estimated by measuring the
displacement of the center of pressure using a force platform
(AccuswayPLUS, AMTI, USA). The posturographic signals were sampled at 50 Hz and low-pass ﬁltered with a cutoff frequency at 5 Hz.
The area of postural sway was quantiﬁed by ﬁtting the displacement of the center of pressure in the x–y plane into an ellipse that
encloses approximately 85.35% of its trajectory. The standard deviation was also computed from the displacement of the center of
pressure separately for the anterior–posterior and medial–lateral
axes. The standard deviation provides a measure of the width of
amplitude variability in each axis. We also measured the body
weight of each participant using the same platform.
There were two orthogonal lines dividing the squared surface
of the force platform. The platform was positioned so that these
lines were aligned with the vertical and horizontal meridians of
the monitor. The center of the platform distanced 80 cm from a
vertical line passing through the center of the monitor and reaching
the ﬂoor.

2.3.2. Electrocardiography
Participants had electrocardiogram electrodes attached according to the second cardiac derivation (right and left wrists and right
ankle). Electrocardiographic recordings were collected at a sampling frequency of 240 Hz through an electrocardiograph ECG100C
module coupled to the MP150 system (BIOPAC Systems Inc.). An
off-line peak detection algorithm was used to estimate R-wave
ﬁducial points, after which the series was screened by hand and
corrected for artifacts. R-R intervals were averaged and converted
to beats/minute to express heart rate [27].
2.4. Evaluative reports
Participants evaluated the emotional impact of each set of pictures. The evaluation consisted of eight questions, some of which
were adapted from the ones used in the studies of Blanchard
et al. [7] and Shuhama et al. [9]. The evaluative questionnaire
was answered in a paper-and-pencil Likert-like scale of 9 points.
Questions were related to threat (i) magnitude, (ii) proximity, (iii)
inescapability, (iv) impossibility of hiding, (v) ambiguity, (vi) risk
of death, (vii) immobilization and (viii) desire to escape.
2.5. Experimental design
The recording session comprised the “directed-away” and
“directed-toward” blocks. The order of the blocks was counterbalanced across participants. Within a block, there were three gray
screens with a central white ﬁxation cross displayed for 48 s each;
and two sets of pictures (control and threat), also displayed for 48 s
each. Pictures were presented for 3 s each, with no interval between
them. The sequence of the 16 pictures within a set was randomized for each participant. Each block began with the gray screen.
Next, the control set of pictures was presented, followed by the
gray screen. Then, the threat set of pictures was presented. Presentation of another gray screen ended the block. Each block lasted for
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Fig. 2. Schematic representation of procedures for experimental session and for evaluative session. During the experimental session, each participant is exposed to two
recording (posturography and electrocardiography) blocks, with a resting interval between them. Half the participants were presented to order ‘AB’, that is, “directed-away”
block followed by “directed-toward” block, while the other half were presented to order ‘BA’, that is “directed-toward” block followed by “directed-away” block. In summary,
sequences were either control A/threat A/interval/control B/threat B, or control B/threat B/interval/control A/threat A. For the evaluative session, participants stood on the
force platform, viewed a set of pictures and sat to evaluate it. The two threat sets were evaluated ﬁrst and then the two control ones. Sequences were either threat A/threat
B/control A/control B, or threat B/threat A/control B/control A.

240 s. Within each block, the control set of pictures was always presented ﬁrst and the threat set of pictures presented second. Fig. 1
illustrates block design.
The evaluative session consisted of the presentation of the same
four sets of pictures to be evaluated by the participants. Each picture
was again presented for 3 s but in a newly randomized sequence.
Presentation of each set of pictures was followed by the respective ratings on the evaluative questionnaire. Evaluation relates to
the whole set, i.e., pictures were not evaluated individually. Threat
sets were always presented ﬁrst followed by control sets. Orders of
directed-away and directed-toward sets were random.
2.6. Procedure
The experimental sessions occurred in a sound-attenuated room
under dim ambient light. The monitor was positioned on the center
of one of the walls and the force platform was directly in front it.
The white lateral walls were equidistant from the platform. First,
the participant stood on the center of force platform with their feet
together and at either side of the platform’s midline, and at the mid
anterior-posterior distance of its center. A laser level ﬁxed on a tripod was placed next to the participant, and a red light was projected
on the lateral of the participant’s head, at eye level. Once this point
was determined, the light was directed to the monitor. Then, the
height of the monitor was adjusted so that its center (marked with
a cross image) coincided with the projection of the laser, ensuring
that the monitor center was aligned with the participant’s center of
gaze. To further adjust the distance from the participant’s eyes to
the monitor, we employed a digital laser measuring tape and asked
the participant to move forward or backwards until the 80 cm distance was achieved. At this distance, the pictures had a 43.4◦ × 34.4◦
visual angle. The outlines of the feet were drawn with a chalk for
future repositioning.
The electrocardiogram electrodes were attached. To familiarize with the experimental set, the participant was asked to stand

upright on the force platform for 60 s in the same traced feet position, with bare feet together, their arms relaxed along the trunk and
to look at a gray screen with a central white ﬁxation cross. Then,
they sat, listened to the instructions and returned to the platform
to start the recording session. Again, participants were instructed
to stand upright on the force platform with bare feet together in
the same traced position and arms relaxed along the trunk and
to look at the monitor. At the completion of the ﬁrst block, either
the “directed-away” or the “directed-toward”, the experimenters
entered the room and instructed participants to leave the platform, sit and rest alone for two minutes to minimize fatigue effects.
To start the second block, the experimenters entered the room to
reposition the participants on the platform (Fig. 2).
After ﬁnishing the two-block recording session, the electrocardiogram electrodes were removed and the evaluative session
began. Participants were instructed to stand upright on the force
platform and to watch each of the four sets of pictures, ﬁrst the
two threats blocks and then the two controls ones (Fig. 2). In the
intervals between each of them, participants sat and evaluated the
respective set of pictures in a booklet. Re-exposure to the sets with
the participants standing aimed to match as much as possible the
recording context.
After the evaluative session, the participants completed the
Trauma History Questionnaire, Posttraumatic Stress Disorder
Checklist and the report of how often they play violent video games.
The experimenters tracked the whole experiment through a
video camera installed in the experimental room. They assessed
a clone screen from the monitor, an online statokinesigram screen
and an online electrocardiogram recording screen.
2.7. Statistical analysis
2.7.1. Evaluative reports
The ratings for threat and matched control sets of pictures
in the categories magnitude, risk of death, and desire to escape
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Table 1
Traumatic events of violent crimea .

All analyses were performed with Statistica® software (v. 12.0)
and a p-value under 0.05 was considered signiﬁcant.

Exposure to direct or indirect violenceb :
At least one
None

59 (86.8%)
9 (13.2%)

The most traumatic event experienced:
Violent crime
Other events

22 (31.9%)
47 (68.1%)

a
b

3. Results

Two participants did not complete this questionnaire.
One participant could not be classiﬁed.

were compared using Wilcoxon matched pairs test. The ratings for
threat directed-toward and threat directed-away sets of pictures
in the categories magnitude, proximity, inescapability, impossibility of hiding, ambiguity, risk of death, immobilization and desire to
escape were compared using Wilcoxon matched pairs test.
2.7.2. Physiological recordings
A logarithmic transformation was applied to center of pressure
summary measures to meet normal distribution requirements for
statistical analyses.
2.7.2.1. Directed-away versus directed-toward. Student’s t-tests for
dependent samples were employed to compare exposure to
“threat directed-away” versus “threat directed-toward”. Comparisons of exposure to “control directed-away” versus “control
directed-toward” were also performed through Student’s t-tests
for dependent samples. Dependent measures were area of sway,
anterior–posterior standard deviation, medial–lateral standard
deviation and heart rate.
2.7.2.2. Threat versus control. Each block (directed-away and
directed-toward) was analyzed separately. In the analyses, threat
and control (EMOTIONAL CONTENT) sets of pictures, were
within-subject factors. ORDER OF BLOCKS (“directed-away” and
“directed-toward”) was between-group factor. We conducted
mixed analyses of variance (ANOVAs) separately for area of sway,
anterior–posterior standard deviation, medial–lateral standard
deviation and heart rate and signiﬁcant effects were followed-up
with Fisher LSD test.
A control set of pictures was the ﬁrst set seen by participants
(directed-away for half participants and directed-toward for the
other half). First time exposure to a novel context was shown to be
associated with a tighter control of posture (“ﬁrst trial effect”) [28].
To investigate if “ﬁrst seen” set of pictures impacted in postural and
cardiac recordings, we employed Student’s t-tests for dependent
samples. We compared physiological recordings during exposure
to control set of pictures presented in the ﬁrst block versus the control set of pictures presented in the second block, separately for all
parameters.
Using Spearman correlations, we investigated the relation
between evaluative report of threat and physiological reactions to
threat.
Student’s t-test for independent samples was performed to
assess body weight differences between men and women.

Spontaneous random movements during the recording sessions
led to exclusion of sixteen volunteers from further analyses. Six participants met exclusion criteria in relation to posttraumatic stress
symptoms. Seventeen participants reported playing violent video
games “often” or “very often” and one did not answer this question. These were not included in the present analyses and are
described in a forthcoming study. There are reasons to suppose
that expert players in violent video game might react differently
to crime-related stimuli. Violent video games often include the
presence of gun carriers in the scenes as well as ﬁrst-person gun
use. Thorough studies, including meta-analyses, have consistently
found that greater short and long-term exposure to violent games
increases aggressive behavior [29,30]. Also, individuals who evaluate violent videos as positive show distinct emotional modulation
of brain areas when watching them, compared to individuals who
evaluate them as negative [31].
The ﬁnal sample consisted of seventy one participants (35
women). Mean age was 23.0 ± 4.13 years. Anthropometric factors, like weight, are reported to affect stabilometric parameters
[32]. Mean weight of women was 55.7 ± 7.97 kg and men was
69.5 ± 10.77 kg, and this difference was signiﬁcant (t = −6.14,
p < 0.001). The majority of participants had been directly or indirectly exposed once or more to violent crime and one third reported
violent crime as the most traumatic among other trauma events.
Table 1 summarizes the exposure to violent crime, according to the
Trauma History Questionnaire.

3.1. Evaluative reports
3.1.1. Threat versus control
Wilcoxon matched pairs test revealed that threat sets of pictures
surpass their matched control sets in reports of magnitude, risk of
death and desire to escape (Table 2).

3.1.2. Threat directed-toward versus threat directed-away
Compared to the set of pictures in which a person was pointing
a gun away from the observer (threat directed-away), ratings for
the set of pictures in which a person was pointing a gun toward
the observer (threat directed-toward) were higher in magnitude,
proximity, inescapability, impossibility of hiding, risk of death,
immobilization and desire to escape. The threat directed-toward
set was rated as less ambiguous than threat directed-away. These
results are summarized in Table 3.
In summary, the analyses of evaluative reports showed that, as
intended, both threat directed-away and threat directed-toward
sets of pictures were perceived as very threatening and evoked the
desire to escape. Threat directed-toward was even more threatening. Inescapability, as an absence of escape route, was a signiﬁcant
feature of the threat directed-toward set.

Table 2
Evaluative reports of threat versus matched control.
Threat versus Control

Magnitude
Risk of death
Desire to escape

(Directed-away)

Threat versus Control

(Directed-toward)

Z-score

p-value

Z-score

p-value

6.62
4.37
4.18

<0.001
<0.001
<0.001

6.91
5.15
4.44

<0.001
<0.001
<0.001

Note: “Threat” presented higher scores than “control” in all analyses.
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Table 3
Evaluative reports of “threat directed-toward” versus “threat directed-away”.

Magnitude
Proximity
Inescapability
Impossibility of hiding
Ambiguity
Risk of death
Immobilization
Desire to escape

Z-score

p-value

4.65
4.92
4.34
4.69
3.50
3.43
4.96
3.29

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001

Note: “Threat directed-toward” presented higher scores than “threat directed-away”
in all analyses, except ambiguity.

3.2. Physiological recordings
3.2.1. Directed-toward versus directed-away
3.2.1.1. Threat. Analyses were performed comparing physiological
parameters recorded during exposure to the set of pictures depicting guns directed-away from the observer versus the set of pictures
depicting guns directed-toward the observer. The analyses of variance including SEX as between-group factor and DIRECTION as
within-subject factor revealed signiﬁcant main effects of SEX for
all parameters. Women showed lower amplitudes of body sway,
and greater heart rate than men. There was, though, no signiﬁcant
interaction between DIRECTION and SEX in any parameters, and so
men and women were grouped together for further analyses.
Student’s t-tests for dependent samples showed signiﬁcant differences in the postural parameters area (t = 3.38,
p = 0.001), medial–lateral standard deviation (t = 3.68, p < 0.001)
and anterior–posterior standard deviation (t = 2.38, p = 0.020),
with lower amplitude for gun directed-toward compared to gun
directed-away pictures in all parameters. Fig. 3 illustrates a representative data from one participant depicting reduced amplitude
of sway during viewing of threat (guns) directed-toward pictures
compared to threat directed-away. For heart rate, there was also
a signiﬁcant difference (t = 2.34, p = 0.022), with lower heart rate
for gun directed-toward compared to gun directed-away pictures.
Fig. 4 illustrates postural and heart rate results.
3.2.1.2. Control. To investigate if “direction” of any object could per
se inﬂuence the above results, we employed Student’s t-tests for
dependent samples to compare the control set of pictures depicting
non-lethal objects directed-away the observer versus the control
set of pictures depicting non-lethal objects directed-toward the
observer. We found no signiﬁcant differences in any of the analyzed
postural parameters, nor in heart rate.
Means and standard-deviations of physiological parameters for
threat and control sets are depicted in Table 4.
3.2.2. Threat versus control
We investigated the modulation of each threatening context,
directed-away and directed-toward, relative to their matched
respective control ones.
Initially, we investigated for the occurrence of “ﬁrst trial effect”.
A control set was always the ﬁrst presented in an experimental
session (see Fig. 2), so we compared the exposure to the control
set presented in the ﬁrst block with the control set presented in
the second block. Student’s t-test for dependent samples revealed
signiﬁcant lower amplitude in postural parameters and lower heart
rate for the control set presented in the ﬁrst block compared to the
one presented in the second block (Table 5).
Further analyses included ORDER OF BLOCKS as between-group
factor.
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Table 4
Mean and standard-deviations of physiological parameters for threat and control
sets.
Threat
Directed-away
m ± SD

Directed-toward
m ± SD

t

p-value

Area (log mm )
M-L SD (log mm)
A-P SD (log mm)
HR (bpm)

2.30 ± 0.28
0.64 ± 0.14
0.60 ± 0.19
87.98 ± 12.84

2.23 ± 0.27
0.60 ± 0.14
0.56 ± 0.17
87.0 ± 12.48

3.38
3.68
2.38
2.34

0.001
<0.001
0.020
0.022

Control
Area (log mm2 )
M-L SD (log mm)
A-P SD (log mm)
HR (bpm)

2.24 ± 0.25
0.61 ± 0.13
0.56 ± 0.16
87.57 ± 12.44

2.23 ± 0.30
0.59 ± 0.14
0.57 ± 0.19
87.40 ± 13.11

0.28
1.58
−0.47
0.27

0.780
0.119
0.643
0.791

2

t-values indicate the results of Student’s t-tests for dependent samples.
M-L
SD = medial–lateral
standard
deviation;
Abbreviations:
SD = anterior–posterior standard deviation; HR = heart rate.

A-P

3.2.2.1. Directed-away. In this block, participants viewed pictures of a man carrying an object that was pointed away from
the observer. The ﬁrst set presented non-lethal objects (control) and the second set presented guns (threat) (Fig. 1A).
The analyses of variance showed main effects for EMOTIONAL
CONTENT (threat versus control) in the postural parameters
area (F(1,69) = 8.70, p = 0.004), medial–lateral standard deviation
(F(1,69) = 5.75, p = 0.019) and anterior–posterior standard deviation
(F(1,69) = 4.37, p = 0.040), with increases in amplitude for threat
compared to the control set in all parameters (Fig. 5).
Larger sway for threat directed-away pictures relative to control pictures, i.e. threat minus control >0, was present in 65% of the
sample, which suggests that these pictures were strong enough
to trigger a transition into an active motoric state, possibly an
escape-like defensive response in a large part of the sample. To
examine whether the perceived threat relates to this active state,
we conducted an analysis comparing the enhancement in amplitude of body sway (area) and evaluative report (magnitude of
threat) within those participants and found a signiﬁcant correlation (rho = 0.311, p = 0.035). In other words, participants who
reported the set of gun pictures as more threatening also had higher
increases of body sway.
For heart rate, there was no main effect for EMOTIONAL CONTENT. However, for the group of participants who had experienced
violent crime as their most traumatic event (see Table 1), there
was a positive correlation between reports of threat magnitude and
heart rate modulation (threat minus control) (rho = 0.45, p = 0.04).
In other words, heart rate was drifted toward acceleration for participants who perceived gun pictures as more threatening. For the
group of participants who had experienced other events as their
most traumatic, no signiﬁcant correlation was observed.

Table 5
Means and standard-deviations of physiological parameters for control sets presented in the ﬁrst and in the second blocks.
Control

Area (log mm2 )
M-L SD (log mm)
A-P SD (log mm)
HR (bpm)

First
m ± SD

Second
m ± SD

t

p-value

2.18 ± 0.27
0.59 ± 0.14
0.52 ± 0.16
86.13 ± 12.48

2.30 ± 0.26
0.61 ± 0.13
0.61 ± 0.18
88.84 ± 12.93

−5.39
−2.23
−5.34
−4.95

<0.001
0.029
<0.001
<0.001

t-values indicate the results of Student’s t-tests for dependent samples.
M-L
SD = medial–lateral
standard
deviation;
Abbreviations:
SD = anterior–posterior standard deviation; HR = heart rate

A-P
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Fig. 3. Representative data from one participant depicting reduced amplitude of sway during viewing of threat (guns) directed-toward pictures compared to threat (guns)
directed-away pictures.

Finally, the ORDER OF BLOCKS, that is, order ‘AB’ and order ‘BA’
(as in Fig. 2) did not interact signiﬁcantly with EMOTIONAL CONTENT in any of the parameters.
3.2.2.2. Directed-toward. In this block, participants viewed pictures of a man carrying an object that was pointed toward
the observer. The ﬁrst set presented non-lethal objects

(control) and the second set presented guns (threat) (Fig. 1B).
The analyses of variance revealed no main effects for EMOTIONAL
CONTENT in any parameter. There was, though, a signiﬁcant interaction between EMOTIONAL CONTENT and ORDER OF BLOCKS in
anterior–posterior standard deviation (F(1,69) = 7.28, p = 0.009)
and in heart rate (F(1,69) = 11.63, p = 0.001). Post-hoc analyses
showed that, for participants (N = 35) who viewed the directed-

Fig. 4. Threat (gun) directed-toward versus directed-away. Amplitude of body sway: area, medial–lateral standard deviation, anterior–posterior standard deviation; heart
rate. N = 71, data are expressed as mean ± SEM, *p < 0.05.
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Fig. 5. Threat (gun) directed-away versus control (non-lethal object) directed-away. Amplitude of body sway (area, medial–lateral standard deviation and anterior–posterior
standard deviation) is augmented for exposure to threat directed-away compared to matched control set. N = 71, data are expressed as mean ± SEM, *p < 0.05.

toward block after they had seen the directed-away block (block
‘A’ followed by ‘B’ as in Fig. 2), there was a diminished amplitude of
sway in the anterior-posterior axis (mean ± SD (log mm); control:
0.650 ± 0.192 and threat: 0.591 ± 0.169; p = 0.016) and a decreased
heart rate (mean ± SD (bpm); control: 88.645 ± 12.446 and threat:
86.931 ± 11.653; p = 0.002) for threat compared to control sets
of pictures, i.e. immobility and bradycardia when facing a pointing gun (Fig. 6). There was no signiﬁcant modulation in those
parameters for the participants (N = 36) exposed to the other order
(block ‘B’ followed by ‘A’); anterior–posterior standard deviation (mean ± SD (log mm) —control: 0.497 ± 0.160 and threat:
0.528 ± 0.168; p = 0.187); heart rate (mean ± SD (bpm)—control:
86.197 ± 13.803 and threat: 87.075 ± 13.395; p = 0.104). For this
order, the threat directed-toward control pictures were subjected
to ﬁrst-trial effect, as described above, and participants’ reduced
sway and heart rate during exposure to the control “ﬁrst seen” set
might have masked the comparisons with the effects of the threat
set. For the order block ‘A’ followed by ‘B, on the other hand, the
“directed-toward” block was the second to be presented and, by
deﬁnition, its control set could not be subjected to ﬁrst-trial effect
(see Figs. 1 and 2).
4. Discussion
The aim of this study was to investigate biological correlates of
defensive reactions to human-relevant threat, an attack with a gun.

The attack-like condition was created by the presentation of pictures depicting scenes related to urban violence, in which a man
was carrying a gun. The pictures in which the gun was directed
away from the observer were designed to simulate conspeciﬁc
threatening situations with possibility of escape, and the pictures in
which the gun was directed toward the observer simulated higher
risk and less chance of escape. As controls, similar pictures were
presented, but non-lethal objects were carried.
4.1. Simulation of realistic threat with and without escape route
We observed that the pictures depicting a man carrying a gun
were perceived as more intense and with more risk of death, and
triggered more desire to escape; compared to matched control
pictures (non-lethal objects). Considering that 87% of the sample
has been directly or indirectly exposed to violent crime, the use
of crime-like pictures seems to have contributed to make them
realistic enough to simulate attack-like conditions.
In addition, the results of the comparison between the
threatening stimuli (“threat directed-toward” versus “threat
directed-away”) showed that the pictures in which the gun was
pointed toward the observer were evaluated as (i) more threatening, (ii) closer, (iii) with less chance of escaping and (iv) with less
chance of hiding. These pictures were also perceived as less ambiguous and presenting increased risk of death. Participants reported
feeling immobilized, and with more desire to escape.
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the reactivity was characterized by an increase in the amplitude
of postural sway. In addition, magnitude of threat correlated positively with amplitude of sway. Moreover, within those participants
who had experienced violent crime as their most traumatic event,
heart rate drifted toward acceleration for participants who perceived gun pictures as more threatening. Previously, using a similar
posturographic paradigm, we found a reduction of the amplitude of
body sway and bradycardia to pictures of mutilated bodies [10,11].
Here, employing pictures depicting guns and presenting them to a
sample with a high index of exposure to urban violence, we found
a different pattern of reactions: augmented sway and absence of
bradycardia or even a tendency to tachycardia. We conclude that
exposure to threat directed-away pictures might have led to a predisposition to active escape, that is, resembling the “ﬂight” stage of
defense cascade.

Fig. 6. Threat (gun) directed-toward versus control (non-lethal object) directedtoward. Anterior–posterior standard deviation and heart rate comparing exposure
to threat directed-toward and matched control set. Back-and-forth sway is reduced
and heart rate is lower for threat compared to matched control. Order ‘AB’ (N = 35
participants) means that the “directed-toward” block was the second to be presented and its control set was not subjected to ﬁrst-trial effect. Data are expressed
as mean ± SEM, *p < 0.05.

These ﬁndings support our premise that both stimuli could
simulate attack-like conditions, differing from each other in the
likelihood of escaping. This was achieved through relatively “simple” threat scenes, a man carrying a gun, thoroughly matched
with their respective controls. More importantly, the two relevant
experimental manipulations, presence or absence of escape route,
were simulated by changing a single feature, that is, the direction of
the gun. As a key consequence, critical results from the experimental manipulation could be extracted from physiological recordings
without the interference of other possible confounding elements.

4.2.2. Absence of escape route
For the pictures which simulate inescapable threat, that is,
when the gun was directed toward the observer, the reactivity was
characterized by a decrease in the amplitude of postural sway, in
anterior–posterior axis, and a decrease in heart rate.
Threat directed-toward pictures were rated as more threatening
than threat directed-away ones. From what was found for exposure to threat directed-away set, increase in threat magnitude per
se should lead to even higher increases in postural amplitude and
heart rate. Nonetheless, as predicted, the present results revealed
that higher threat in an inescapable context triggers immobility
and bradycardia. As discussed below, this represents an adaptive
defensive behavior.
Among the three kinds of immobile defensive reactions1 , that
is: (i) “attentive immobility” when a potential threat is detected,
but the predator has not perceived the prey, (ii) “immobility under
attack” when attack has begun, but an escape route is not available, and (iii) “tonic immobility” when the prey is subdued and
there is a risk to life; only the ﬁrst and the latter were previously
subjected to biological measures in humans. “Attentive immobility” in response to potential threat was characterized by reduced
amplitude of postural sway, primarily in the medial–lateral axis,
along with bradycardia [10–12]. “Tonic immobility” in response to
overwhelming threat was characterized by reduced amplitude of
postural sway, accompanied by robust tachycardia [13]. We believe
that our present results ﬁll the gap by describing the “immobility
under attack” characterized by reduced amplitude of postural sway
in the anterior–posterior axis, along with bradycardia.
Blanchard et al. [6] advanced the idea that immobility under
attack embeds a concomitant action preparation to be released
when escape opportunity is evoked. They observed that, as contact
between predator and prey is about to take place, the probability of
prey jump-attack is maximal, which, according to the authors, are
facilitated by increased muscular tension. They hypothesized that
this strategy may be successful in causing the predator to withdraw, giving the prey an opportunity to ﬂee. There are reasons
to suppose that immobility and bradycardia present in attentive
immobility and in immobility under attack are both evolutionary adaptive strategies underneath preparatory states for action.
In humans, studies of moment-to-moment action regulation (see
review in Jennings and Molen [33]) emphasize cardiac slowing as
being an important component of action inhibition, especially during the period preceding the occurrence of appropriate context
conditions that trigger action shift. Indeed, psychophysiological
studies of emotion indicate that heart rate deceleration is part of

4.2. Somatic and autonomic reactions
4.2.1. Presence of escape route
For the pictures that simulate threat with more possibility of
escape, that is, when the gun was directed away from the observer,

1
It should be noted that the word “freezing” has been used in the literature interchangeably referring to any of those three kinds of immobility, rendering those very
particular defensive reactions indistinct.
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defensive reactions to threat and relates to implicit preparation for
possible action [34] and/or precedes mobilization for goal directed
defensive action [35,36].
Although not measuring whole-body reactions, another study
[35] employed a paradigm in which the picture of a gun directed to
the observer loomed progressively closer. Participants could only
avoid a loss (of money) by pressing a key in a ﬁnal stage when the
gun seemed very close. When pictures depicted closer distances
and during the steps when the participant was not allowed to perform the task (i.e., was unable to escape), there was a marked heart
rate deceleration and inhibition of startle reﬂex. Consonant with
our ﬁndings, bradycardia and startle inhibition could resemble an
“immobility under attack” reaction. Approaching the ﬁnal stage,
when the overt response was allowed, the authors [35] found signs
of mobilization reﬂected as an abrupt sympathetic acceleration. In
a more recent study, these authors employed a threat of shock
paradigm in which they also described measures of sympathetic
activation in a stage when the threat (shock) was most imminent
and the participant could avoid the painful stimulus [37].
In a previous study from our group [38], the authors evaluated the inﬂuence of pictures depicting guns directed toward the
observer, while participants had to perform a bar orientation discrimination task. In this paradigm, participants were instructed to
ignore the pictures and to respond as quickly and as accurately as
possible to the bars, indicating whether their orientation was the
same or different, using the right or left index ﬁnger. Participants
were quicker to respond in the presence of pointing gun pictures
than control ones. One could speculate that the pictures induced a
preparatory motoric state of the upper extremities, as in the abovementioned study by Low et al. [35]. This parallels the description
by Blanchard and Blanchard [39] of rodents under close conspeciﬁc
attack, which adopt an upright immobile posture and defensive
boxing.

4.3. Threat modulation was not inﬂuenced by sex
The present study found no signiﬁcant modulation by sex in
defense response to threat, neither directed-toward nor directedaway, in any postural parameter or in heart rate. Bradley et al. [40].
investigating the inﬂuence of sex in psychophysiological defensive reactions to aversive pictures, also found no sex-differences
in heart rate—their study did not employ postural measurements.
However, the authors found increased electromyographic activity
of the corrugator muscle and skin conductance to unpleasant pictures in women. Hillman et al. [41], measuring mean body sway
position in response to pictures, reported a signiﬁcant backward
movement from unpleasant pictures only for women.
Consonant with the literature, and irrespective of the experimental conditions, women showed lower amplitude of postural
sway [42–44] and higher heart rate [45]. These differences could
be partially explained by anthropometric differences, typiﬁed here
by the lower body weight found for women.

5. Conclusions
A basic function of the motor system of all animals is to protect
the body from attack. Escape is the most urgent survival strategy.
However, the sight of a predator is not enough to cause an animal
to ﬂee; the behavior of the predator and its proximity also play a
part.
Hediger [46] proposed the concept of the margin of safety
around the body or “ﬂight zone” which, when intruded on, triggers
escape. Cortical areas involved in the sensorimotor representations
of this defensive peripersonal space, as well as in the selection and
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coordination of defensive behavior, have been described in nonhuman primates [47] and in humans [48].
Urban violence is a major trigger for motor defensive reactions
in humans. Assaultive trauma is characterized by forceful invasion
of the peripersonal space and increases the risk for Posttraumatic
Stress Disorder. Indeed, Rocha-Rego et al. [49] showed that victims of urban violence with Posttraumatic Stress Disorder present
structural alteration in cortical premotor areas.
In the present work, given the previous exposure to violent
crime, gun pictures simulated an invasion of the participants’
margin of safety. Guns pointing away were perceived as an
escapable threat while guns pointing toward were perceived as an
inescapable threat. Based on the present results, when exposed to
threat invading their margin of safety in a context indicating possible escape route, humans, as non-human species, engage in active
escape, resembling the ﬂight stage of the defensive cascade. Further, when exposed to threat indicating less possibility of escape,
humans present an immobile response and bradycardia.
Conﬂicts of interest
The authors have no conﬂicts of interest to declare.
Acknowledgements
This research was supported by the National Council for Scientiﬁc and Technological Development (CNPq), the Carlos Chagas
Filho Foundation of Research Support in Rio de Janeiro (FAPERJ) and
the Coordination for the Improvement of Higher Education Personnel (CAPES). The funding sources had no involvement in the study
design, in the writing, or in the decision to submit the publication.
We extend special thanks to Sonia Gleiser for general assistance.
We would also like to thank Cassia Alves and Orlando Fernandes for
their collaborative work in the elaboration of the pictures sets.
References
[1] D.C. Blanchard, G. Griebel, R. Pobbe, R.J. Blanchard, Risk assessment as an
evolved threat detection and analysis process, Neurosci. Biobehav. Rev. 35
(2011) 991–998, http://dx.doi.org/10.1016/j.neubiorev.2010.10.016.
[2] D.C. Blanchard, R.J. Blanchard, Defensive behaviors, fear, and anxiety, in: R.J.
Blanchard, D.C. Blanchard, G. Griebel, D. Nutt (Eds.), Handb. Anxiety Fear, vol.
17, Elsevier B.V., 2008, pp. 63–79, http://dx.doi.org/10.1016/S15697339(07)00005-7.
[3] I.M. Marks, Fear Behaviors: The Four Strategies. Fears, Phobias Ritual, Oxford
University Press, New York, 1987, pp. 53–82.
[4] S.C. Ratner, Comparative aspects of hypnosis, in: J.E. Gordon (Ed.), Handb.
Clin. Exp. Hypn., Macmillan, New York, 1967, pp. 550–587.
[5] R.J. Blanchard, D.C. Blanchard, Defensive reactions in the albino rat, Learn.
Motiv. 2 (1971) 351–362, http://dx.doi.org/10.1016/0023-9690(71)90016-6.
[6] R.J. Blanchard, K.J. Flannelly, D.C. Blanchard, Defensive behaviors of laboratory
and wild Rattus norvegicus, J. Comp. Psychol. 100 (1986) 101–107, http://dx.
doi.org/10.1037/0735-7036.100.2.101.
[7] D.C. Blanchard, A.L. Hynd, K.A. Minke, T. Minemoto, R.J. Blanchard, Human
defensive behaviors to threat scenarios show parallels to fear- and
anxiety-related defense patterns of non-human mammals, Neurosci.
Biobehav. Rev. 25 (2001) 761–770, http://dx.doi.org/10.1016/S01497634(01)00056-2.
[8] A.M. Perkins, P.J. Corr, Reactions to threat and personality: psychometric
differentiation of intensity and direction dimensions of human defensive
behaviour, Behav. Brain Res. 169 (2006) 21–28, http://dx.doi.org/10.1016/j.
bbr.2005.11.027.
[9] R. Shuhama, C.M. Del-Ben, S.R. Loureiro, F.G. Graeff, Defensive responses to
threat scenarios in Brazilians reproduce the pattern of Hawaiian Americans
and non-human mammals, Braz. J. Med. Biol. Res. 41 (2008) 324–332, http://
dx.doi.org/10.1590/S0100-879x2008000400011.
[10] L.D. Facchinetti, L.A. Imbiriba, T.M. Azevedo, C.D. Vargas, E. Volchan, Postural
modulation induced by pictures depicting prosocial or dangerous contexts,
Neurosci. Lett. 410 (2006) 52–56, http://dx.doi.org/10.1016/j.neulet.2006.09.
063.
[11] T.M. Azevedo, E. Volchan, L.A. Imbiriba, E.C. Rodrigues, J.M. Oliveira, L.F.
Oliveira, et al., A freezing-like posture to pictures of mutilation,
Psychophysiology 42 (2005) 255–260, http://dx.doi.org/10.1111/j.1469-8986.
2005.00287.x.

262

A.F. Bastos et al. / Behavioural Brain Research 302 (2016) 252–262

[12] M.A. Hagenaars, J.F. Stins, K. Roelofs, Aversive life events enhance human
freezing responses, J. Exp. Psychol. Gen. 141 (2012) 98–105, http://dx.doi.org/
10.1037/a0024211.
[13] E. Volchan, G.G. Souza, C.M. Franklin, C.E. Norte, V. Rocha-Rego, J.M. Oliveira,
et al., Is there tonic immobility in humans? Biological evidence from victims
of traumatic stress, Biol. Psychol. 88 (2011) 13–19, http://dx.doi.org/10.1016/
j.biopsycho.2011.06.002.
[14] M.A. Hagenaars, M. Oitzl, K. Roelofs, Updating freeze: aligning animal and
human research, Neurosci. Biobehav. Rev. 47 (2014) 165–176, http://dx.doi.
org/10.1016/j.neubiorev.2014.07.021.
[15] W.S. Ribeiro, J.D.J. Mari, M.I. Quintana, M.E. Dewey, S. Evans-Lacko, L.M.P.
Vilete, et al., The impact of epidemic violence on the prevalence of psychiatric
disorders in Sao Paulo and Rio de Janeiro, Brazil, PLoS One (2013) 8, http://dx.
doi.org/10.1371/journal.pone.0063545.
[16] World Health Organization. Global Status Report on Violence Prevention
2014. Geneva : 2014.
[17] K.A. Fowler, L.L. Dahlberg, T. Haileyesus, J.L. Annest, Firearm injuries in the
United States, Prev. Med. (Baltim) (2015), http://dx.doi.org/10.1016/j.ypmed.
2015.06.002.
[18] A. Fiszman, M. Cabizuca, C. Lanfredi, I. Figueira, The cross-cultural adaptation
to Portuguese of the trauma history questionnaire to identify traumatic
experiences, Rev. Bras. Psiquiatr. 27 (2005) 63–66, http://dx.doi.org/10.1590/
S1516-44462005000100014.
[19] B.L. Green, Psychometric review of trauma history questionnaire (self-report),
in: B.H. Stamm (Ed.), Trauma Assessments a Clin. Guid., Sidran Press,
Lutherville, 1996, pp. 366–388.
[20] M.P. Luz, M. Mendlowicz, C. Marques-Portella, S. Gleiser, W. Berger, T.C.
Neylan, et al., PTSD criterion A1 events: a literature-based categorization, J.
Trauma. Stress 24 (2011) 243–251, http://dx.doi.org/10.1002/jts.20633.
[21] F.W. Weathers, B.T. Litz, D.S. Herman, J.A. Huska, T. Keane, The PTSD checklist:
reliability, validity, and diagnostic utility, in: Paper present at the Annual
Meeting of International Society for Traumatic Stress Studies, San Antonio,
TX, October 1993, 1993.
[22] W. Berger, M.V. Mendlowicz, W.F. Souza, I. Figueira, Equivalência semântica
da versão em português da post-traumatic stress disorder checklist—civilian
version (PCL-C) para rastreamento do transtorno de estresse pós-traumático,
Rev. Psiquiatr. Do Rio Gd Do Sul 26 (2004) 167–175, http://dx.doi.org/10.
1590/S0101-81082004000200006.
[23] E.B. Blanchard, J. Jones-Alexander, T.C. Buckley, C.A. Forneris, Psychometric
properties of the PTSD checklist (PCL), Behav. Res. Ther. 34 (1996) 669–673,
http://dx.doi.org/10.1016/0005-7967(96) 00033-2.
[24] C.E. Norte, G.G.L. Souza, L. Vilete, C. Marques-Portella, E.S.F. Coutinho, I.
Figueira, et al., They know their trauma by heart: an assessment of
psychophysiological failure to recover in PTSD, J. Affect Disord. 150 (2013)
136–141, http://dx.doi.org/10.1016/j.jad.2012.11.039.
[25] I. Lobo, I.A. David, I. Figueira, R.R. Campagnoli, E. Volchan, M.G. Pereira, et al.,
Brain reactivity to unpleasant stimuli is associated with severity of
posttraumatic stress symptoms, Biol. Psychol. 103 (2014) 233–241, http://dx.
doi.org/10.1016/j.biopsycho.2014.09.002.
[26] P.J. Lang, M.M. Bradley, B.N. Cuthbert, International Affective Picture System
(IAPS): Affective Ratings of Pictures and Instruction Manual, Technical Report
A-6., Gainesville, FL, 2005.
[27] Task Force of The European Society of Cardiology and The North American
Society of Pacing and Electrophysiology. Heart rate variability ? Standards of
measurement, physiological interpretation, and clinical use. Eur. Heart J.
1996;17:354–81.
[28] A.L. Adkin, J.S. Frank, M.G. Carpenter, G.W. Peysar, Postural control is scaled to
level of postural threat, Gait Posture 12 (2000) 87–93, http://dx.doi.org/10.
1016/S0966-6362(00) 00057-6.
[29] C. Anderson, A. Shibuya, N. Ihori, E.L. Swing, B.J. Bushman, A. Sakamoto, et al.,
Violent video game effects on aggression, empathy, and prosocial behavior in
eastern and western countries: a meta-analytic review, Psychol. Bull. 136
(2010) 151–173, http://dx.doi.org/10.1037/a0018251.

[30] T. Greitemeyer, D.O. Mügge, Video games do affect social outcomes: a
meta-analytic review of the effects of violent and prosocial video game play,
Pers. Soc. Psychol. Bull. 40 (2014) 578–589, http://dx.doi.org/10.1177/
0146167213520459.
[31] E.C. Porges, J. Decety, Violence as a source of pleasure or displeasure is
associated with speciﬁc functional connectivity with the nucleus accumbens,
Front. Hum. Neurosci. 7 (2013) 447, http://dx.doi.org/10.3389/fnhum.2013.
00447.
[32] L. Chiari, L. Rocchi, A. Cappello, Stabilometric parameters are affected by
anthropometry and foot placement, Clin. Biomech. 17 (2002) 666–677, http://
dx.doi.org/10.1016/S0268-0033(02) 00107-9.
[33] J.R. Jennings, M.W. van der Molen, Cardiac timing and the central regulation
of action, Psychol. Res. 66 (2002) 337–349, http://dx.doi.org/10.1007/s00426002-0106-5.
[34] M.M. Bradley, M. Codispoti, D. Sabatinelli, P.J. Lang, Emotion and motivation I:
defensive and appetitive reactions in picture processing, Emotion 1 (2001)
276–298, http://dx.doi.org/10.1037/1528-3542.1.3.300.
[35] A. Löw, P.J. Lang, J.C. Smith, M.M. Bradley, Both predator and prey: emotional
arousal in threat and reward, Psychol. Sci. 19 (2008) 865–873, http://dx.doi.
org/10.1111/j.1467-9280.2008.02170.x.
[36] P.J. Lang, M.M. Bradley, Emotion and the motivational brain, Biol.Psychol. 84
(2010) 437–450, http://dx.doi.org/10.1016/j.biopsycho.2009.10.007.
[37] A. Low, M. Weymar, A.O. Hamm, When threat is near, get out of here:
dynamics of defensive behavior during freezing and active avoidance,
Psychol. Sci. (2015), http://dx.doi.org/10.1177/0956797615597332.
[38] O. Fernandes Jr, L.C.L. Portugal, R.C.S. Alves, R.R. Campagnoli, I. Mocaiber, I.P.A.
David, et al., How you perceive threat determines your behavior, Front. Hum.
Neurosci. 7 (2013) 632, http://dx.doi.org/10.3389/fnhum.2013.00632.
[39] R.J. Blanchard, D.C. Blanchard, Attack and defense in rodents as
ethoexperimental models for the study of emotion, Prog. Neuro.
Psychopharmacol. Biol. Psychiatry 13 (1989) S3–S14, http://dx.doi.org/10.
1016/0278-5846(89) 90105-X.
[40] M.M. Bradley, M. Codispoti, D. Sabatinelli, P.J. Lang, Emotion and motivation
II: sex differences in picture processing, Emotion 1 (2001) 300–319, http://dx.
doi.org/10.1037//1528-3542.1.3.300.
[41] C.H. Hillman, K.S. Rosengren, D.P. Smith, Emotion and motivated behavior:
postural adjustments to affective picture viewing, Biol. Psychol. 66 (2004)
51–62, http://dx.doi.org/10.1016/j.biopsycho.2003.07.005.
[42] N.S. Cruz-Gómez, G. Plascencia, L a. Villanueva-Padrón, K. Jáuregui-Renaud,
Inﬂuence of obesity and gender on the postural stability during upright
stance, Obes. Facts 4 (2011) 212–217, http://dx.doi.org/10.1159/000329408.
[43] P. Era, P. Sainio, S. Koskinen, P. Haavisto, M. Vaara, A. Aromaa, Postural
balance in a random sample of 7,979 subjects aged 30 years and over,
Gerontology 52 (2006) 204–213, http://dx.doi.org/10.1159/000093652.
[44] H. Kollegger, C. Baumgartner, C. Wöber, W. Oder, L. Deecke, Spontaneous body
sway as a function of sex, age, and vision: posturographic study in 30 healthy
adults, Eur. Neurol. 32 (1992) 253–259, http://dx.doi.org/10.1159/000116836.
[45] R.F. Gillum, The epidemiology of resting heart rate in a national sample of
men and women: associations with hypertension, coronary heart disease,
blood pressure, and other cardiovascular risk factors, Am. Heart J. 116 (1988)
163–174, http://dx.doi.org/10.1016/0002-8703(88)90262-1.
[46] H. Hediger, Studies of the Psychology and Behavior of Captive Animals in Zoos
and Circuses, Criterion Books, New York, 1955.
[47] M.S.A. Graziano, D.F. Cooke, Parieto-frontal interactions, personal space, and
defensive behavior, Neuropsychologia 44 (2006) 845–859, http://dx.doi.org/
10.1016/j.neuropsychologia.2005.09.011.
[48] D.J. Holt, B.S. Cassidy, X. Yue, S.L. Rauch, E.A. Boeke, S. Nasr, et al., Neural
correlates of personal space intrusion, J. Neurosci. 34 (2014) 4123–4134,
http://dx.doi.org/10.1523/JNEUROSCI.0686-13.2014.
[49] V. Rocha-Rego, M.G. Pereira, L. Oliveira, M.V. Mendlowicz, A. Fiszman, C.
Marques-Portella, et al., Decreased premotor cortex volume in victims of
urban violence with posttraumatic stress disorder, PLoS One 7 (2012) 1–6,
http://dx.doi.org/10.1371/journal.pone.0042560.

