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A B S T R A C T

Previous neurophysiological studies have revealed the neural correlates of human body form perception, as well
as those related to the perception of attractive body sizes. In the current study we aimed to extend the neuro-
physiological studies regarding body perception by investigating the perception of human body posture to
provide insights into the cognitive mechanisms responsive to bodily form, and the processing of its attractive-
ness. To achieve these aims, we used the contrapposto posture which creates an exaggeration of low waist to hip
ratio (WHR), an indicator of women's attractiveness. Electroencephalogram (EEG) signals were recorded while
participants completed both (i) an oddball task presenting female body forms differing in pose (contrapposto vs.
standing) and viewing angle (anterior vs. posterior), and (ii) a subsequent active attractiveness judgement task.
Behavioral results showed that a contrapposto pose is considered more attractive than a neutral standing pose.
Results at the neural level showed that body posture modulates the visual information processing in early ERP
components, indicating attentional variations depending on human body posture; as well as in late components,
indicating further differences in attention and attractiveness judgement of stimuli varying in body pose.
Furthermore, the LORETA results identified the middle temporal gyrus as well as angular gyrus as the key brain
regions activated in association with the perception and attractiveness judgment of females’ bodies with dif-
ferent body poses. Overall, the current paper suggests the evolutionary adaptive preference for lower WHRs as in
the contrapposto pose activating brain regions associated with visual perception and attractiveness judgement.

1. Introduction

The human body and its various postures can both represent in-
dividuals’ affective state (Grammer et al., 2004) and facilitate or in-
fluence the perception of emotional expressions (Kret, Stekelenburg,
Roelofs, & De Gelder, 2013). Therefore, subtle body postures and
nonverbal changes can act as gateways in interpersonal communica-
tions and influence the observers’ perception (Dael, Mortillaro, &
Scherer, 2012; Grammer et al., 2004; Mehrabian, 1969). While there
has been research to identify the perception of such changes at the
behavioral level, the neural correlates of human body posture percep-
tion remains largely unknown.

The extrastriate body area (Downing, Jiang, Shuman, & Kanwisher,
2001; Peelen & Downing, 2007) and fusiform body area (Peelen &
Downing, 2005; Schwarzlose, Baker, & Kanwisher, 2005) are located in
the extrastriate visual cortex, and they are identified as regions re-
sponsive to visual depictions of human body forms. Neurons in the

fusiform body area (FBA) respond selectively to visual depictions of the
human whole body, while neurons in the extrastriate body area (EBA)
respond to body parts (Taylor, Wiggett, & Downing, 2007). Electro-
physiological studies using event-related potentials (ERP) on bodily
perception have shown that pictures of the human body (without a
head) elicit a negative component peaking at 190 ms (hence N190)
after stimulus presentation (Thierry et al., 2006).

Recent studies have shown modulations of neural responses to
variations in body size as well as neural responses related to the eva-
luation of body attractiveness. For example, Platek and Singh (2010)
used fMRI and showed that female body configurations activate areas of
men's brains that are associated with reward processing and appetitive
behaviors. They showed that surgically optimized female waist to hip
ratios (WHR) around 0.7 activate orbital frontal cortex, lateral occipital
cortex, and the anterior cingulate gyrus (Platek & Singh, 2010; Spicer &
Platek, 2010). Holliday and colleagues using computer-generated sti-
muli reported that body mass index (BMI), but not WHR, modulated
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activity in the higher visual areas and caudate nucleus, which are as-
sociated with the brain reward system (Holliday, Longe, Thai, Hancock,
& Tovée, 2011). Furthermore, in an event-related potentials (ERP)
study investigating the association of different WHRs and the dynamics
of brain activation, it has been shown that attractive ratios such as 0.6
and 0.7 had higher amplitudes for the N190 and the late positive
component (LPC) of the ERPs than other higher WHR ratios (Del Zotto
& Pegna, 2017). Pazhoohi, Arantes, Kingstone and Pinal (2020) in-
vestigated the effect of breast size on brain electrical activity as well as
the effect of WHR. They highlighted the role of primary and secondary
visual cortices as well as fusiform, angular and lingual gyri in attrac-
tiveness processing of WHR and breast size with differences observed in
early temporal components (e.g., N190), as well as later components
(P300 and LPC), indicating differences in attentional and stimulus’
categorization processes.

This previous research has mainly considered behavioral and neural
correlates of human body attractiveness and human mate preference
using photographs of models adopting neutral standing body postures.
Nevertheless, in normal social circumstances humans display different
postures and use them for non-verbal communication (Dael et al., 2012;
Grammer et al., 2004). One such human posture is contrapposto, which
is a position of the human body that involves twisting along the vertical
axis so that the hips, shoulders, and the head are turned in slightly
different directions as the weight is borne by a single leg. The contra-
pposto pose has captured humans’ attention from antiquity to today, as
demonstrated by the ubiquitous examples of contrapposto pose in an-
cient artists’ paintings (e.g., The Birth of Venus by Sandro Botticelli and
Leda and the Swan by Cesare da Sesto) and sculptures (e.g., Venus de
Milo and Temperance by Giovanni Caccini) and present day’s photos of
models and actresses. Indeed, it is noteworthy that goddesses of beauty
are often depicted in contrapposto pose in their artistic representations
(e.g., Venus de Milo and Aphrodite of Knidos).

The attractiveness of the contrapposto pose to humans can be ex-
plained in the light of a supernormality effect on WHR in such a posture
(Derenne, Breitstein, & Cicha, 2008; Doyle, 2009; Pazhoohi, Macedo,
Doyle, & Arantes, 2019). The concept of supernormal stimuli refers to
those non-natural or artificially exaggerated stimuli that produce
greater responsiveness in animals and humans than their natural re-
leasing stimuli, and was introduced to the study of psychology and
behavior from ethology more than seven decades ago (Ghirlanda &
Enquist, 2003; Staddon, 1975; Tinbergen, 1948). Since then, re-
searchers have investigated this effect for various human physical fea-
tures. The concept of supernormal stimuli have been considered in the
augmentation of facial features such as eyes, lips, and lower face
roundness in self-portraiture (Costa & Corazza, 2006), the physical di-
mensions of breasts (Doyle & Pazhoohi, 2012), WHR silhouettes
(Derenne et al., 2008) and photos (Doyle, 2009), as well as from
movement patterns such as walking gaits (Doyle, 2009; Morris, White,
Morrison, & Fisher, 2013) and proceptive movements (Pazhoohi, Doyle,
Macedo, & Arantes, 2018).

In this frame, contrapposto could be considered a posture derived
exaggeration of WHR. That is, one side of the contrapposto pose shows
higher view-dependent WHR and the other side presents an ex-
aggeratedly low view-dependent WHR. Therefore, as the curvier edge
gathers more attention, contrapposto pose artificially creates a greater
contrast between high and low view-dependent WHRs, contributing to
increase its attractiveness ratings when compared to a standing posture
(Pazhoohi et al., 2019). Furthermore, beyond being rated as more at-
tractive than standing stimuli, participants had longer dwell times on
lower rather than higher view-dependent WHRs of contrapposto images
in an eye-tracking experiment (Pazhoohi et al., 2019).

In the current study, we aim to extend the neurophysiology in-
vestigation of human body perception and the supernormality effect of
certain postures by examining the behavioral and neurophysiological
correlates of the contrapposto pose, providing insights into the cogni-
tive mechanisms responsive to perception of body posture and the

supernormality effects of contrapposto. To this aim, we examine neu-
rophysiological responses to different contrapposto and standing poses
through the ERP components elicited by female body forms in healthy
heterosexual men and women. Note that women, as well as men, are
good evaluators of other women’s attractiveness (Fink, Klappauf,
Brewer, & Shackelford, 2014). However, previous research has pro-
vided neural evidence for a sex difference regarding perception of at-
tractiveness (Cloutier, Heatherton, Whalen, & Kelley, 2008; Hamann,
Herman, Nolan, & Wallen, 2004; Rupp & Wallen, 2008; Vartanian,
Goel, Lam, Fisher, & Granic, 2013). Therefore, an additional goal of the
present work was to investigate potential sex differences in the brain
activity associated with processing female body postures. We used an
oddball task (Squires, Squires, & Hillyard, 1975) to acquire electro-
encephalographic (EEG) signals during the perception of female body
forms differing in posture (contrapposto or standing) while participants
were engaged in a task where body posture was irrelevant. In a sub-
sequent session, participants were asked to rate the attractiveness of the
stimuli while EEG signals were recorded. Furthermore, Principal
Component Analysis (PCA) was used to objectively and statistically
unmask the components of the EEG activity related to viewing and
judging the attractiveness of female body forms in the two different
postures.

In line with the behavioral study of contrapposto pose effect on
perceived attractiveness (Pazhoohi et al., 2019), we hypothesize that
contrapposto is considered more attractive than a neutral standing
pose. Accordingly, we hypothesize that the contrapposto pose and
standing pose would be differently processed as evidenced by ampli-
tudes of both early components associated with visual perception as
well as late components signifying cognitive processing.

2. Material and methods

2.1. Participants

Participants were recruited from University of Minho students and
its surrounding community. Those participants that reported history of
major psychiatric or neurological disorders, as well as consumption of
medication or psychoactive drugs during the month prior to their
participation were excluded. Based on a-priori G*power (Faul,
Erdfelder, Lang, & Buchner, 2007) sample size estimations for a mixed
ANOVA including within and between subjects factors allowing to de-
tect medium sized effects (Cohen`s f = 0.25) with a statistical power of
0.8 (note also that sphericity was assumed, very low correlation be-
tween measurements −0.05 - was considered, and the alpha level was
set to 0.05). Fifty-two heterosexual individuals (28 females) within the
age range of 18–37 years old (M = 23; SD = 4.36) were recruited and
completed the experimental session. All participants had normal or
corrected to normal vision and received course credit or 10 Euros gift
cards in exchange for participation. The experiment was approved by
the Ethical Committee of the University of Minho and was conducted in
accordance with the Declaration of Helsinki as it pertains to research
with human participants.

After participants consented to taking part in the study, they were
asked to fill a brief battery of questionnaires; namely, socio-demo-
graphic questions; NEO-FFI-20 personality inventory validated in
European Portuguese language (Bertoquini & Pais-Ribeiro, 2006),
which is a short version of the NEO-PI-R (Costa & McCrae, 1995); Brief
Symptoms Inventory (BSI; Derogatis, 1993) validated also in Portu-
guese (Canavarro, 1999); Edinburgh Handedness Inventory (Oldfield,
1971); and, Graffar Social Classification Scale (GSC; Graffar, 1956). All
participants, but one, were right-handed. There were no differences
between male and female participants in any of the aforementioned
tests (see Table 1).
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2.2. Stimuli

The stimuli were generated using DAZ 3D studio version 4.6 (Daz
Productions, Inc., Salt Lake City, UT, USA). Four stimuli were generated
using a female model with two body poses of contrapposto and
standing, and two viewing angles (anterior and posterior). To avoid any
possible perceptual one-side bias for the contrapposto pose (i.e. dif-
ferences between the left and right contrapposto pose), the mirror
images of the stimuli were used, so the contrapposto side was coun-
terbalanced with half of the trials showing a right contrapposto pose
and half displaying a left contrapposto pose. The mirror images were
created by flipping the original stimuli along the vertical midline (see
Fig. 1a–d for the example of the stimuli). For the oddball task, another
set of stimuli were created with a shawl around the waist of the stimuli
(see Fig. 1e for an example). The stimuli were in black and white and
their luminance were homogenized to avoid exposure and luminance
effects on perception (Pinel, Piazza, Le Bihan, & Dehaene, 2004).

2.3. Task design and paradigm

The experiment consisted of two blocks. In the first block, partici-
pants completed an oddball task while EEG was recorded. Participants
looked at the stimuli varying in body pose and viewing angle, and they
were instructed to press the “M” key on the computer’s keyboard
whenever they saw a shawl around the waist of the stimuli (oddball
event). Standard stimuli were repeated 30 times for a total of 120
standard stimuli trials, while oddball stimuli were repeated 10 times for
a total of 40 oddball stimuli trials. Standard and oddball stimuli trials
were presented in random order. Each of the task’s trials started with
the presentation of a fixation cross in the center of a black background
for a jittered interval between 300 and 500 ms, followed by the sti-
mulus presentation in the center of the black screen for 750 ms.
Consecutive trials were separated by an inter-trial interval ranging
between 900 and 1200 ms during which the fixation cross remains

visible on screen (Fig. 2A).
In the second block, participants completed an active attractiveness

judgement task while EEG was recorded. Stimuli varying in body pose
and viewing angle were presented in a random order at the center of the
monitor (104 trials). Each trial consisted of 600−900 ms pre-stimulus
interval, followed by stimulus presentation for 750 ms before a 7-point
Likert scale replace it. The Likert scale was present on the screen until a
participant’s response indicating how attractive s/he found the sti-
mulus. Responses were made by clicking the corresponding keyboard
button among the digits; 1 to indicate the stimulus was not attractive at
all, up through to 7 indicating the stimulus was the most attractive. A
100 ms black screen intertrial interval separated two consecutive trials
(Fig. 2B). The attractiveness judgement task was always completed
after the oddball task. Stimuli were presented and responses were re-
corded using Presentation® software (Neurobehavioral Systems, Inc.,
Albany, CA, USA).

2.4. EEG recording and processing

EEG was recorded with 64 active electrodes inserted in an electrode
cap (BioSemi ActiveTwo mk2, BioSemi B.V., The Netherlands), and
placed at standard positions of the international 10–10 system using a
Common Mode Sense (CMS) recording montage. In order to later cor-
rect EEG signals for ocular movements artifacts the electrooculogram
(EOG) signals were monitored via two electrodes in the outer canthi of
the eyes and a third one below left eye. EEG signals were amplified and
digitized at 512 Hz rate and the signal was bandpass filtered online
between 0.001 Hz and 100 Hz. All electrodes were adjusted to maintain
their offset lower than 30 mV.

EEG data were processed and visualized using BrainVision Analyzer
2.1 (Brain Products GmbH, München, Germany). The signal was digi-
tally filtered offline between 0.1 to 30 Hz via phase shift free
Butterworth filter (24 dB/octave roll-off) with an additional notch filter
at 50 Hz and re-referenced to average reference. The signals were
corrected for ocular artifacts using Gratton and collaborators procedure
(Gratton, Coles, & Donchin, 1983). Semi-automatic artifact rejection
was also applied (e.g. rejection of epochs with voltage steps higher than
50 μV or with voltages exceeding±100 μV at any datapoint). EEG was
segmented into epochs from 200 ms prior to stimulus onset, to 750 ms
after the onset of the stimulus, and baseline corrected with the mean
activity in the pre-stimulus period. Artifact free epochs were averaged
across participants for the combination of the two body poses (standing
and contrapposto) and the two viewing angles (anterior and posterior).
Data from 4 participants were discarded due to poor quality and ex-
cessive number of artifacts. Consequently, the analyzed data corre-
sponds to 48 heterosexual individuals (28 females) within the age range
of 18–37 years old (M = 23; SD = 4.36). Artifact free trials per con-
dition in the oddball task ranged between 24 and 30 (M = 29.27, SD =
0.55), while the range oscillates between 23 and 26 trials (M = 25.55,
SD = 0.36) for the attractiveness judgment task. For details in each
condition, please, see Tables S1 and S2).

Table 1
Independent group t-test results comparing male and female participants for
socio-demographic, personality and neuropsychological variables.

Male (n = 20) Female (n = 28)

Mean SD Mean SD t p

Age (in years) 24.15 5.16 22.18 3.56 1.57 .124
GSC Score 12.95 2.14 13.25 2.08 −.49 .629
Neo-FFI-20
Neuroticism 7.05 2.19 6.86 2.53 .27 .785
Extraversion 10.70 2.30 9.86 2.03 1.34 .186
Openness 10.70 4.17 11.04 2.43 −.35 .727
Kindness 10.80 2.46 9.93 2.79 1.12 .269
Self-Consciousness 12.80 1.91 12.25 1.62 1.08 .288
BSI
Global Symptom Index .43 .25 .52 .38 −.94 .351

Fig. 1. Examples of the stimuli used in this study: a) standing pose in anterior view, b) standing pose in posterior view, c) contrapposto pose in anterior view, d)
contrapposto pose in posterior view, and e) oddball stimulus for stranding anterior condition.
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Temporal Principal Component Analysis (tPCA) was applied to the
ERP data. Using this method, one can avoid the potential errors arising
from visual inspection of the ERP waveforms during the decomposition
of the ERPs into their constituent components (Dien, Beal, & Berg,
2005). tPCA results produce one matrix for factor loadings and another
one for factor scores. Factor scores are the transformation of the am-
plitude values representing magnitudes of the latent variables (trans-
formations of the original microvolt values for each participant, con-
dition and electrode); and factor loadings are the data points based on
the number of channels, epoch length, and frequency showing the
distribution of each factor over time (Dien, 1998). We used the covar-
iance matrix for the tPCAs and, aided by the scree test (Cattell, 1966),
retained those factors from the unrotated solution explaining at least 1
% of total variance. In order to improve tPCA accuracy further and
avoid misallocation of variance (Dien, 1998) Promax rotation was ap-
plied to the retained factors. The factor scores were used as alternative
measures representing ERP components amplitude for statistical ana-
lysis as they are transformations of the original voltage values (Dien,
1998).

For the oddball task, six temporal factors (TFs), altogether ac-
counting for 92.07 % of data variance were identified by the tPCA
(Fig. 3A). In temporal order, TF3 appeared earliest and the largest
factor loadings for this temporal factor were observed between 110 and
150 ms post-stimulus and the largest positive factor scores at parietal
and occipital electrodes (Oz, O1, O2, PO7, PO8, P9 and P10), probably

corresponding with the traditional P100 component. From 150 to 190
ms post-stimulus, maximum factor loadings for TF4 were observed. It
had the largest negative factor scores at parietal and parieto-temporal
electrodes (TP7, TP8, P7, P8, P9 and P10), corresponding to the des-
cending slope to N190 peak. TF5 has the highest factor loadings from
190 to 250 ms post-stimulus and the highest positive factor scores lo-
cated at occipital and parieto-occipital electrodes (POz, PO3, PO4, PO7,
PO8, Oz, O1 and O2), being associated with the ascending slope be-
tween N190 and P250. From 250 to 430 ms post-stimulus, TF1 had the
largest factor loadings with the highest negative factor scores at frontal
electrodes (Fpz, Fp1, Fp2, AFz, AF3, AF4, AF7 and AF8), identified as
N300. TF6 presented the largest factor loadings between 420 and 530
ms post-stimulus and the largest negative factor scores at frontal elec-
trodes (Fpz, Fp1, Fp2, AFz, AF3 and AF4). Finally, TF2 may correspond
with a negative slow wave (NSW) as the factor loadings were maximal
from 550 ms post-stimulus to the end of the recording epoch (750 ms)
and the negative factor scores were maximal at frontal electrodes (Fpz,
Fp1, Fp2, Fz, F1, F2 AFz, AF7 and AF8; see Supplementary Material for
the graphs of all temporal factors from oddball task).

Applying the tPCA to the ERP data for the attractiveness judgement
task produced six temporal factors explaining 92.93 % of the variance
(Fig. 3B). In temporal order, TF3 factor loadings appeared earliest and
were maximal from 120 to 145 ms post-stimulus and its positive factor
scores were highest at occipital, parietal and parieto-occipital elec-
trodes (Oz, O1, O2, PO7, PO8, P9 and P10), probably corresponding to

Fig. 2. Experimental procedures for A) oddball paradigm and B) attractiveness judgement task.
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P1. TF6 was likely associated to the descending slope to N190 peak as
the factor loadings peaked between 145 and 160 ms post-stimulus and
the largest negative factor scores were observed at occipital and par-
ieto-occipital regions (Oz, O1, O2, PO7 and PO8). TF4 factor loadings
peaked between 160 and 185 ms post-stimulus with its highest negative
factor scores at parietal electrodes (P7, P8, P9 and P10). TF2 may be
associated with P250 component as the largest positive factor loadings
were observed between 190 and 340 ms post-stimulus with highest
factor scores at parieto-occipital and occipital regions (Oz, O1, O2, POz,
PO3, PO4, PO7 and PO8). TF5 showed maximal factor loadings from
380 to 500 ms after the onset of stimulus with the highest negative
factor scores obtained at frontal electrodes (Fpz, Fp1, Fp2, AF7 and
AF8). Finally, TF1 maximal factor loadings were observed between 500
ms and the end of the analyzed epoch (750 ms), while the maximal
negative factor scores were recorded at frontal electrodes (Fpz, Fp1,
Fp2, AFz, AF7 and AF8; see Supplementary Material for the graphs of
all temporal factors from attractiveness judgement task).

Additionally, low-resolution brain electromagnetic tomography
(LORETA) algorithms module implemented in BrainVision Analyzer 2.1
was used to identify the cortical sources displaying the highest activa-
tion for each TF time window (Pascual-Marqui, Michel, & Lehmann,
1994). LORETA algorithms (Pascual-Marqui, 1999; Pascual-Marqui
et al., 1994) use the voltage values of all 64 active electrodes in a given

time window for the average across conditions, and participants, to
yield images of current density with precise localization, albeit with
low spatial resolution (i.e., neighboring neuronal sources will be highly
correlated). In other words, it identifies the smoothest 3D current
density distribution at the cortical surface that could generate the scalp
recorded voltage distribution for that time window. The LORETA
computations were made using a realistic 3-shell spherical head model
(Fuchs, Kastner, Wagner, Hawes, & Ebersole, 2002) based on the
Montreal Neurological Institute (MNI152) template (Mazziotta et al.,
2001) with the three-dimensional solution space restricted to cortical
gray matter and hippocampal volume partitioned in 2394 voxels (i.e. 7
mm spatial resolution). Current source distribution maps for each TF
were generated as functional images representing the brain regions
showing maximal activation for each TF (Fig. 4) while the coordinates
of the voxel with higher estimated activity for each TF are presented in
Table 2.

2.5. Analyses

For the behavioral data, a mixed-design repeated-measures analysis
of variance (ANOVA) tested the effects of Participant Sex (male and
female), Angle (anterior and posterior), and Body Pose (standing and
contrapposto) on perceived attractiveness ratings and reaction time

Fig. 3. A) extracted temporal principal components analysis factors for the oddball task. B) extracted temporal principal components analysis factors for attrac-
tiveness judgement task. C) voltage maps of PCA factors for oddball paradigm. D) voltage maps of PCA factors for attractiveness judgement paradigm.
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from the attractiveness judgement task.
To analyze the ERP data for both the oddball and attractiveness

judgement tasks, factor scores for the electrodes showing absolute
maximal factor scores for each TF were averaged across three laterality
levels (midline, left and right hemispheres) before being entered in the
analysis. For TF4 in the oddball and attractiveness judgment tasks only
two laterality levels were identified (left and right hemispheres). A
mixed-design repeated-measures ANOVA tested the effects of
Participant Sex (male and female), Body Pose (contrapposto and
standing), Angle (anterior and posterior), and Laterality (midline, left

and right hemispheres) on factor scores (i.e. amplitude value).
For all the ANOVAs carried out, Greenhouse-Geisser correction was

applied whenever there was violation of the sphericity assumption, and
the Bonferroni test was applied whenever necessary, with significance
cut-off at p ≤ 0.05. Moreover, only the results for the significant
temporal factors main effects and interactions were reported in the
Results section.

Fig. 4. Source activity estimation maps for each task and temporal factor showing the brain regions with maximal activation for each temporal factor.

Table 2
Areas of activation in the oddball and attractiveness judgement tasks.

Task Temporal Factor (time range in ms) Anatomical region Brodmann area MNI Coordinates

x y z

Oddball 3 (110–150) Right Middle Occipital Gyrus 19 46 −74 1
4 (150–190) Cuneus 17 4 −81 8
5 (190–250) Right Middle Temporal Gyrus 39 46 −74 15
1 (250–430) Right Middle Temporal Gyrus 39 46 −74 15
6 (420–530) Left Inferior Occipital Gyrus 17 −10 −95 −13
2 (550–750) Left Inferior Frontal Gyrus 10 −38 52 1
3 (120–145) Right Middle Temporal Gyrus 39 46 −74 8

Attractiveness judgement 6 (145–160) Left Inferior Occipital Gyrus 17 −10 −95 −13
4 (160–185) Right Middle Temporal Gyrus 37 46 −67 8
2 (190–340) Right Middle Temporal Gyrus 39 46 −74 15
5 (380–500) Right Middle Temporal Gyrus 39 46 −74 15
1 (500–750) Lingual Gyrus 18 4 −81 1
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3. Results

3.1. Behavioral results

A 2 (Participant Sex) x 2 (Angle: anterior and posterior) x 2 (Body
Pose: standing and contrapposto) repeated measures ANOVA was per-
formed, with Participant Sex as a between-subjects factor and Angle
and Body Pose as within-subjects factors for ratings of attractiveness.
The main effect for Body Pose was significant, F(1,46) = 41.74,
p<0.001, η2 = 0.47. Contrapposto pose (M = 4.65, SEM = 0.15) was
rated more attractive than standing pose (M = 3.49, SEM = 0.16,
p<0.001.

To investigate reaction time, a 2 (Participant Sex) x 2 (Angle:
anterior and posterior) x 2 (Body Pose: standing and contrapposto)
repeated measures ANOVA was performed, with Participant Sex as a
between-subjects factor, and Angle and Body Pose as within-subjects
factors. No significant difference was found either for main effects or
the interactions for the reaction time (all ps> 0.325).

3.2. EEG results

3.2.1. Oddball task
A 2 (Participant Sex) x 2 (Angle: anterior and posterior) x 2 (Body

Pose: standing and contrapposto) x 3 (Laterality: midline, left and right
hemispheres) repeated measures ANOVA was performed, with
Participant Sex as a between-subjects factor, and Angle, Body Pose, and
Laterality as within-subjects factors.

Results showed a significant Body Pose effect, F(1,46) = 24.87,
p<0.001, η2 = 0.35, as well as a significant Body Pose x Participant
Sex interaction for TF3, F(1,46) = 4.35, p= 0.043, η2 = 0.08, meaning
that women had higher factor scores for contrapposto pose (M = 1.52,
SEM = 0.19) than standing pose (M = 1.00, SEM = 0.18, p<0.001;
see Fig. 5 for TF3 ERPs and voltage maps).

For TF4, the effect of Body Pose, F(1,46) = 15.36, p<0.001, η2 =
0.25, as well as Body Pose x Angle interaction were significant, F(1,46)
= 5.75, p = 0.021, η2 = 0.11. In the anterior view, contrapposto pose
(M = −1.08, SEM = 0.13), had higher negativity than standing pose
(M = −0.77, SEM = 0.13, p<0.001). Also, for the standing pose,
anterior view (M = −0.89, SEM = 0.13) had higher negativity than
posterior view (M = −0.77, SEM = 0.13, p = 0.038; see Fig. 6 for TF4
ERPs and voltage maps).

TF5 showed a significant Body Pose x Participant Sex interaction, F
(1,46) = 4.91, p = 0.032, η2 = 0.04; male participants had higher
factor scores for standing pose (M = 1.53, SEM = 0.16) than the
contrapposto pose (M = 1.37, SEM = 0.15, p = 0.020; see Fig. 7 for
TF5 ERPs and voltage maps).

For TF6, the main effects for Angle, F(1,46) = 13.34, p = 0.001, η2

= 0.22, and Body Pose were significant, F(1,46) = 8.03, p = 0.007, η2

= 0.14. In addition, the Angle x Body Pose interaction was significant,
F(1,46) = 8.07, p= 0.007, η2 = 0.14); the standing pose, anterior view
(M = −1.19, SEM = 0.10) had higher negativity than the posterior
view (M = −0.73, SEM = 0.11, p<0.001). Also, for the posterior
view, contrapposto pose (M = −1.11, SEM = 0.11) had higher ne-
gativity than standing pose (M = −0.73, SEM = 0.11, p = 0.001; see
Fig. 8 for TF6 ERPs and voltage maps).

For TF2, the main effects for Angle, F(1,46) = 22.69, p<0.001, η2

= 0.33) and Body Pose were significant, F(1,46) = 6.02, p = 0.018, η2

= 0.11). The Angle x Body Pose, F(1,46) = 12.03, p = 0.001, η2 =
0.20), as well as the Angle x Body Pose x Laterality interactions were
significant, F(2,92) = 3.34, p = 0.040, η2 = 0.06. For the posterior
view, contrapposto pose (midline: M = −0.88, SEM = 0.13; right
hemisphere: M = −0.68, SEM = 0.14; left hemisphere: M = −1.02,
SEM = 0.12) had higher negativity than standing pose on the midline,
right and left laterality levels (midline: M = −0.41, SEM = 0.09, p =
0.002; right hemisphere: M = −0.32, SEM = 0.11, p = 0.039; left
hemisphere: M = −0.41, SEM = 0.10, p<0.001). Furthermore, for

the standing pose, anterior view (midline: M = −0.83, SEM = 0.10;
right hemisphere: M = −0.76, SEM = 0.12; left hemisphere: M =
−0.99, SEM = 0.12) had higher negativity than posterior view on the
midline, right and left laterality levels (midline: M = −0.41, SEM =
0.09, p<0.001; right hemisphere: M = −0.32, SEM = 0.11,
p<0.001; left hemisphere: M = −0.41, SEM = 0.10, p<0.001; see
Fig. 9 for TF2 ERPs and voltage maps).

3.2.2. Attractiveness judgment task
A 2 (Participant Sex) x 2 (Angle: anterior and posterior) x 2 (Body

Pose: standing and contrapposto) x 3 (Laterality: midline, left and right
hemispheres) repeated measures ANOVA was performed, with
Participant Sex as a between-subjects factor, and Angle, Body Pose, and
Laterality as within-subjects factors.

Results showed a significant main effect for Body Pose at TF3, F
(1,46) = 58.21, p<0.001, η2 = 0.55; contrapposto pose (M = 1.45,
SEM = 0.13) had higher factor score than standing pose (M = 1.04,
SEM = 0.12; see Fig. 10 for TF3 ERPs and voltage maps).

For TF6, results showed a significant Participant Sex x Angle x Body
Pose interaction, F(1,46) = 5.83, p = 0.020, η2 = 0.11; for female
participants posterior view (M = −1.03, SEM = 0.26) had higher
negativity than anterior view (M=−0.72, SEM= 0.22, p= 0.030) for
the standing pose, while for male participants posterior view (M =
−0.89, SEM = 0.28) had higher negativity than anterior view (M =
−0.53, SEM = 0.32, p = 0.042) for the contrapposto pose (see Fig. 11
for TF6 ERPs and voltage maps).

Results showed a significant main effect for Body Pose at TF4, F
(1,46) = 21.61, p<0.001, η2 = 0.32; contrapposto pose (M = −0.99,
SEM = 0.14) had higher negativity than standing pose (M = −0.71,
SEM = 0.14; see Fig. 12 for TF4 ERPs and voltage maps).

For TF2, the main effect for Body Pose was significant, F(1,46) =
4.31, p= 0.043, η2 = 0.08. The Angle x Body Pose interaction was also
significant, F(1,46) = 7.24, p = 0.010, η2 = 0.13; for the standing
pose, anterior view (M = 1.32, SEM = 0.10) had higher factor score
than posterior view (M = 1.16, SEM = 0.10, p = 0.003). In addition,
for the posterior view, contrapposto pose (M = 1.35, SEM = 0.12) had
higher factor score than standing pose (M = 1.16, SEM = 0.10, p =
0.004). A significant Participant Sex x Angle x Laterality interaction
was also returned, F(2,92) = 3.13, p = 0.048, η2 = 0.06; for female
participants, anterior view (midline: M = 1.43, SEM = 0.14; left
hemisphere: M = 1.42, SEM = 0.14) had higher factor score than
posterior view on the midline and left hemisphere (midline: M = 1.26,
SEM = 0.15, p = 0.005; left hemisphere: M = 1.28, SEM = 0.15, p =
0.039; see Fig. 13 for TF5 ERPs and voltage maps).

For TF5, the main effect for Body Pose was significant, F(1,46) =
4.64, p = 0.036, η2 = 0.09; contrapposto pose (M = −1.23, SEM =
0.15) had higher negativity than standing pose (M = −1.00, SEM =
0.14; see Fig. 14 for TF5 ERPs and voltage maps).

For TF1, results showed a significant main effect for Angle, F(1,46)
= 10.84, p = 0.002, η2 = 0.19. The Angle x Laterality interaction was
also significant for TF1, F(2,92) = 4.09, p = 0.020, η2 = 0.08; anterior
view (right hemisphere: M = −1.23, SEM = 0.17; left hemisphere: M
= −1.20, SEM = 0.18) had higher negativity than posterior view on
the right and left hemispheres (right hemisphere: M = −0.89, SEM =
0.14, p<0.001; left hemisphere: M = −0.99, SEM = 0.14, p = 0.016;
see Fig. 15 for TF1 ERPs and voltage maps).

4. Discussion

While previous research has considered the neural correlates of
human body form perception (Downing et al., 2001; Peelen & Downing,
2005, 2007; Schwarzlose et al., 2005; Taylor et al., 2007; Thierry et al.,
2006) and perception of attractive body sizes (Holliday et al., 2011;
Pazhoohi et al., 2020; Platek & Singh, 2010; Spicer & Platek, 2010), to
the best of our knowledge there are no previous studies of body pos-
ture's impact on brain electrical activity of an observer which is either
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judging the attractiveness of an image or simply encountering an image
while doing some other task.

Behavioral results of the current study showed that both men and
women rated contrapposto stimuli more attractive than standing ones,
regardless of the angle of view of the stimuli (anterior or posterior).
This is in accordance with the behavioral results of a recent eye-
tracking study in which contrapposto was considered more attractive
than standing by both men and women (Pazhoohi et al., 2019).

4.1. Oddball task

The electrophysiological results for oddball task showed an effect
for P1 (TF3) component. For women, contrapposto had higher factor
scores (amplitude) than standing pose. Del Zotto and Pegna (2017)
reported a higher P1 amplitude for male participants for the WHR 0.7
compared with the other ratios (0.6, 0.8, and 0.9). Based on the results
of Del Zotto and Pegna (2017) and current study, an early temporal
component sensitive to variation in women body form or body posture
creating supernormal body forms could be suggested. In the current

Fig. 5. Event-related potentials and voltage maps for temporal factor 3 of oddball task showing left, midline and right pools for body poses (contrapposto and
standing) and side (anterior and posterior).

F. Pazhoohi, et al. %LRORJLFDO�3V\FKRORJ\������������������

�



study, the P100 (TF3) parieto-occipital component peaked within the
range from 110 to 150 ms post-stimulus and using LORETA maximal
cortical activation was identified at the right middle occipital gyrus in
Brodmann area 19 (secondary visual cortex). Brodmann area 19 is a
part of the extrastriate visual cortex in which the EBA is situated
(Brodmann, 2006). This shows the role of regions associated with the
perception of the human body, such as the EBA (Downing et al., 2001)
in distinguishing human body posture in an early temporal component.
Similarly, it is shown that right and left EBA in right and left middle
temporal gyri are activated more robustly to contorted body postures
compared with ordinary postures (Cross, Mackie, Wolford, & Hamilton,

2010).
Component N190 (TF4) showed an effect for body pose for the

anterior view, with a contrapposto pose having higher amplitude than a
standing pose. The N190 (TF4) component in the current study had the
maximal amplitude at parieto-temporal electrodes and peaked between
150 and 190 ms after the onset of the stimulus. This is in accordance
with the reported N190 body-selective response in previous studies (Del
Zotto & Pegna, 2017; Pourtois, Peelen, Spinelli, Seeck, & Vuilleumier,
2007; Pazhoohi et al., 2020; Thierry et al., 2006). Interestingly, Del
Zotto and Pegna (2017) showed a higher N190 amplitude in response to
the perception of the lowest WHR ratio (0.6), which is a supernormally

Fig. 6. Event-related potentials and voltage maps for temporal factor 4 of oddball task showing left, midline and right pools for body poses (contrapposto and
standing) and side (anterior and posterior).
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low ratio, compared to other ratios (0.7, 0.8 and 0.9). This indicates
that N190 is modulated by female attractive body posture and/or form.
Furthermore, LORETA estimations suggest that N190 (TF4) in the
current study may originate in the Cuneus (BA 17) which is situated
within the primary visual cortex (V1). It is reported that the Cuneus
exhibits higher neural activation to body stimuli than face stimuli (Kret,
Pichon, Grèzes, & de Gelder, 2011), and the current results highlight
that its activity may be modulated by the perception of different human
body postures.

Additionally, results for TF5 showed higher factor scores for a

standing pose than a contrapposto pose, but only for male participants.
This component peaked between 190 and 250 ms after the onset of the
stimulus, being maximal at occipital and parieto-occipital electrodes.
Maximal activation was also identified at Brodmann area 39 (right
middle temporal gyrus) by LORETA source estimations. Middle tem-
poral gyrus is shown to be involved in perception of facial attractive-
ness while this region is not necessarily within face processing areas
(Vartanian et al., 2013). Brodmann area 39 includes the angular gyrus
(Triarhou, 2007), which is known to be a connecting hub associated
with numerous tasks and processes (Seghier, 2013). Therefore, the

Fig. 7. Event-related potentials and voltage maps for temporal factor 5 of oddball task showing left, midline and right pools for body poses (contrapposto and
standing) and side (anterior and posterior).
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activation of middle temporal and angular gyri in the processing of
human body posture extends the involvement of these brain regions to
the perception and evaluation of facial attractiveness to that of body
postures.

Component TF6 peaked between 420 and 530 ms with the largest
amplitude at frontal electrodes, and showed higher negative factor
scores (amplitude) for contrapposto pose than standing pose in the
posterior view. In addition, the anterior view had higher negativity
than the posterior view. LORETA showed that component TF6 maximal
activation was corresponding to Brodmann area 17 (left inferior

occipital gyrus) or primary visual cortex (V1) in the occipital lobe. The
inferior occipital gyrus comprises the occipital face area, which is
considered a region for face recognition and early face processing
(Pitcher, Walsh, Yovel, & Duchaine, 2007). While right inferior occi-
pital gyrus is reported as the location for early face perception (Jacques
et al., 2019; Pitcher et al., 2007; Pitcher, Charles, Devlin, Walsh, &
Duchaine, 2009; Uono et al., 2017), left as well as right inferior occi-
pital gyri are also known to play role in body form discrimination
(Moro et al., 2008). Our result suggests a late peak in neural activity
from left inferior occipital gyrus regarding body posture and body side

Fig. 8. Event-related potentials and voltage maps for temporal factor 6 of oddball task showing left, midline and right pools for body poses (contrapposto and
standing) and side (anterior and posterior).
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in the oddball task as well as an early neural activity peak in the at-
tractiveness judgement task (see below), supporting previous evidence
in body form perception (de Gelder et al., 2010; Moro et al., 2008).

Finally, for the oddball task, results showed an effect for NSW (TF2),
peaking from 550 ms post-stimulus to the end of the recording epoch
(750 ms). This component had the highest neural activity at frontal
electrodes and maximally activated source at left inferior frontal gyrus
(BA10). Contrapposto pose had higher negative amplitude than
standing pose in the posterior view. Also, anterior view had higher
negative amplitude than posterior view for the standing pose. Inferior

frontal gyrus is known to play role in facial attractiveness judgement
(Bzdok et al., 2011; Kranz & Ishai, 2006; Winston, O’Doherty, Kilner,
Perrett, & Dolan, 2007). However, Cross et al. (2010) reported activa-
tion in right inferior frontal gyrus in body posture processing. The re-
sults of the current study therefore extend the role of left inferior frontal
gyrus to the perception of attractive body postures.

4.2. Attractiveness judgement task

The electrophysiological results for active judgement of

Fig. 9. Event-related potentials and voltage maps for temporal factor 2 of oddball task showing left, midline and right pools for body poses (contrapposto and
standing) and side (anterior and posterior).
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attractiveness of contrapposto and standing postures showed an effect
for the TF3 (P1) component, with maximal factor scores from 120 to
145 ms post-stimulus peaking at occipital, parietal, and parieto-occi-
pital electrodes. This supports the results from the oddball task that
showed an early temporal component sensitive to body posture. Results
for TF3 showed that the contrapposto pose had higher factor scores
(amplitude) than the standing pose, and further suggest that the
maximally activated cortical sources were in the right middle temporal
gyrus (BA39), a region previously shown to be activated during per-
ception of contorted body postures (Cross et al., 2010). This area

encompasses the angular gyrus, which is shown to be active in facial
attractiveness judgment tasks (Shen et al., 2016; Zhang, Tang, & Zhou,
2014). Thus, our results extend the activation of this brain region re-
garding the physical attractiveness judgments to body posture.

The present study’s results also showed an effect for N190 (TF6)
component, peaking between 145 and 160 ms post-stimulus with the
largest current source activation estimated at the left inferior occipital
gyrus (BA17). For female participants, a posterior view had higher
negativity than an anterior view in the standing pose, while for male
participants a posterior view had higher negativity than an anterior

Fig. 10. Event-related potentials and voltage maps for temporal factor 3 of attractiveness judgement task showing left, midline and right pools for body poses
(contrapposto and standing) and side (anterior and posterior).

F. Pazhoohi, et al. %LRORJLFDO�3V\FKRORJ\������������������

��



view for the contrapposto pose. Similarly, Del Zotto and Pegna (2017)
reported higher N190 in response to a posterior view compared to
anterior view of female stimuli in the standing pose. As previously
mentioned regarding our results in the oddball task, the left inferior
occipital gyrus is a region that plays a role in body form discrimination
(de Gelder et al., 2010; Moro et al., 2008). Our results show that this
region also responds differently to anterior and posterior views of body
morphs at the early stages of stimulus presentation in the attractiveness
judgement task. Furthermore, our result is in accordance with the
previous research indicating that the N190 component is sensitive to

images of the human body (Thierry et al., 2006).
For the TF4 component which peaked between 160 and 185 ms

post-stimulus at frontal and parietal electrodes, the current results show
higher negative amplitude for the contrapposto pose than the standing
pose. The highest neural activity was identified in the right middle
temporal gyrus (BA37) which encompasses the fusiform gyrus. These
different neural activation results for body posture at TF4 are in ac-
cordance with previous research indicating neural responses to visual
depiction of human body in the EBA and FBA (extrastriate visual
cortex) in the visual cortex (Downing et al., 2001; Peelen & Downing,

Fig. 11. Event-related potentials and voltage maps for temporal factor 6 of attractiveness judgement task showing left, midline and right pools for body poses
(contrapposto and standing) and side (anterior and posterior).
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2005, 2007; Schwarzlose et al., 2005; Taylor et al., 2007). Recently,
Bernard et al. (2019) have reported similar results, as they found higher
negativity in a similar time-window for human stimuli displaying
contrapposto pose compared to standing one. Although they aimed to
investigate the neural correlates of body objectification and grouped
their stimuli in two categories of ‘suggestive’ and ‘nonsuggestive’ body
postures, their stimuli can be recast as contrapposto and standing poses.
Unlike the Bernard et al. (2019) study that used stimuli with a hand
placed on the hip as an indicator of sexual suggestiveness, we used
stimuli without hands and the head to exclude the potential perceptual
effect of face and limbs on brain activity. As has been previously shown,

face and body might have overlapping effects during EEG recordings
(Thierry et al., 2006) and under evaluative conditions, faces and bodies
activate the brain differently (Muñoz & Martín-Loeches, 2015). There-
fore, we conclude that human brain responds to contrapposto pose
differently than standing pose irrespective of hands and face presence.

Results for the attractiveness judgement task also showed an effect
for TF2, with the peaking amplitude between 190 and 340 ms post-
stimulus at parieto-occipital and occipital regions. Maximal cortical
activation for this temporal factor was also identified in middle tem-
poral gyrus and Brodmann area 39 which encompasses angular gyrus.
For the standing pose, an anterior view had higher amplitude than a

Fig. 12. Event-related potentials and voltage maps for temporal factor 4 of attractiveness judgement task showing left, midline and right pools for body poses
(contrapposto and standing) and side (anterior and posterior).

F. Pazhoohi, et al. %LRORJLFDO�3V\FKRORJ\������������������

��



posterior view. Also, for the posterior view, the contrapposto pose had a
higher amplitude than the standing pose. The TF5 had maximal factor
loadings from 380 to 500, and maximal factor scores at frontal elec-
trodes; with a higher negative amplitude for the contrapposto pose than
the standing pose, and its source of neural activation identified in
middle temporal gyrus (angular gyrus/BA39). Therefore, the current
paper indicates the role of middle temporal gyrus and angular gyrus in
the perception of body posture and the judgement of its attractiveness,
both in early and late components as well as for passive perception of
posture (oddball) and active attractiveness judgement. And as

previously noted, the activation of middle temporal gyrus and angular
area in the processing of human body posture can suggest specific
processes related to the perception of attractiveness in faces and body
figures (Shen et al., 2016; Vartanian et al., 2013; Zhang et al., 2014).

Finally, in the attractiveness judgement task, TF1 revealed an effect
for angle with the anterior angle showing higher negative amplitude
than the posterior angle. This component peaked from 500 ms post-
stimulus to the end of the analyzed epoch (750 ms), with the maximal
negative factor scores being recorded at frontal electrodes. LORETA
analysis showed that the cortical sources of maximal activation were

Fig. 13. Event-related potentials and voltage maps for temporal factor 2 of attractiveness judgement task showing left, midline and right pools for body poses
(contrapposto and standing) and side (anterior and posterior).
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identified at the lingual gyrus in Brodmann area 18 (secondary visual
cortex). Lingual gyrus has been shown to be responsive to pictures of
faces (McCarthy, Puce, Belger, & Allison, 1999), as well as bodies
(Vocks et al., 2010). Previous research has highlighted the role of
Lingual gyrus in bodily attractiveness perception (Martín-Loeches,
Hernández-Tamames, Martín, & Urrutia, 2014; Pazhoohi et al., 2020;
Platek & Singh, 2010).

It is noteworthy that there are several items that arise from this
exploratory analysis that may warrant future research. First, the sample
was slightly unbalanced in favor of the female group. Therefore, future

studies with equally large groups would help to enhance the explora-
tion of potential gender differences in the processing of female body
postures. Additionally, in order to extend results from the current study,
future research should consider using more ecological stimuli (e.g.
photos of real models).

5. Concluding remarks

Overall, the current study extends our understanding of the beha-
vioral and neural correlates of human body posture perception. At the

Fig. 14. Event-related potentials and voltage maps for temporal factor 1 of attractiveness judgement task showing left, midline and right pools for body poses
(contrapposto and standing) and side (anterior and posterior).
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behavioral level, our results show that contrapposto pose is considered
more attractive by both men and women. We argue that female body
depictions containing exaggerated WHRs that are lower than optimal,
as is the case for the contrapposto posture, are supernormal stimuli and
are therefore considered more attractive. Moreover, our results at the
neural level show that the visual information relevant to body posture
are processed differently by early components in the visual stream,
indicating brain responsivity to variation in human body posture,
namely contrapposto versus standing. This is in line with the results of
previous studies regarding the perception of female body forms varying

in WHR (Del Zotto & Pegna, 2017; Pazhoohi et al., 2020). Furthermore,
the EEG results show differences in the late components, indicating
differences in attention and judgement of the characteristics defining
the attractiveness of the stimuli varying in body pose. In addition to the
visual cortex, the LORETA estimations of the current study identified
the middle temporal gyrus along with angular area as regions maxi-
mally activated in association with the perception and judgment of the
attractiveness of females’ bodies with different body poses. Overall, we
argue that the preference for lower WHRs is evolutionary hardwired
into human brains and the appearance of an exaggerated low view-

Fig. 15. Event-related potentials and voltage maps for temporal factor 5 of attractiveness judgement task showing left, midline and right pools for body poses
(contrapposto and standing) and side (anterior and posterior).
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dependent WHR in a static depiction of the human body, as is present in
the contrapposto pose, activates brain regions associated with percep-
tion and judgments of attractiveness, thereby contributing to increased
attention and attractiveness ratings when compared to a standing
posture.
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