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Abstract 

Postural control is a motor skill that allows individuals to interact with their environment. 

Indeed, in all species, development of postural control is a prerequisite for acquiring further 

motor abilities. In humans, the maintenance of a bipedal posture plays an important role in 

interaction with the environment, as it provides a stable postural basis allowing upper limbs 

and hands to be used to manipulate objects. On the other hand, this bipedal posture induces 

a constraint in terms of balance, as individuals have to deal with a relatively small base of 

support enclosed by the surface of the two feet. Biomechanical principles underlying postural 

control have been studied in great depth, but the effect of emotion on postural control seems 

to be an emergent topic. Over the last two decades, an exponential number of studies have 

been published at the interface of affective and social neurosciences. Moreover, the 

interactions between motor and affective processes are increasingly documented in the 

scientific literature. In this article, we try to synthetize main recent empirical results that have 

allowed exploration of the link between body posture and emotional processing. 
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Introduction  

Charles Darwin previously described the relationship between emotional and motor systems. 

Indeed, Darwin argued that emotional stimuli induce adaptation of behavioral responses 

according to the environmental context triggering the emotion [19]. However, these 

relationships between emotional and motor systems were not extensively characterized until 

quite recently, whereas the relationships between cognitive and motor functions had been 

studied in greater depth [18]. Over the last twenty years, breakthroughs particularly in the 

field of functional neuroimaging have made it possible to approach the functioning of the 

brain and associated psychological processes from a new angle. In neuroimaging for example, 

it is possible to observe specific brain activity across different perceptual, cognitive or motor 

paradigms. In addition to considerable progress in the knowledge of brain circuits involved in 

general cognitive processes, two particularly active research areas have emerged: so-called 

affective neuroscience [58], which focuses on the cerebral foundations of emotional and 

motivational processes, and so-called social neuroscience [41], crystallized around the neural 

correlates of the processing of information of social nature. Neuroanatomical data have 

helped to highlight the interface between limbic and motor circuits. For example, the basal 

ganglia are involved in voluntary movements (such as gait and posture), but also in the 

physiological expression of emotions [44]. Henceforth, it is now thought that interaction 

between the motor systems and the limbic system could explain why emotion influences 

motor behavior, including postural adjustments. 

In evolutionary theories, it is assumed that the automatic responses triggered by 

emotional stimuli played a central role for survival of the species. These automatic responses 

can be viewed as instinctual responses [59] allowing rapid response to a threat (e.g., [4]). It is 

generally assumed that emotional processes affect behavioral responses at central, cognitive 

and motor preparation stages [11, 33, 45, 70, 71]. Recent research in experimental psychology 

has shown that emotions influence motor processes, such as the control and initiation of 

manual and postural behaviors [7, 17, 25, 53, 56, 65]. For example, force production seems to 

be dependent of the emotional context [17, 65] or speed execution [33].  

Several authors have adopted the so-called biphasic model in which emotional stimuli 

are considered to activate appetitive or defensive brain circuits [46], which in turn might 

trigger approach-withdrawal behavioral responses. This model argues that behavior is 

governed by motivational circuits as a function of the stimuli’s valence and intensity, with 
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pleasant events (appetitive stimuli) triggering an approach response, and unpleasant events 

(defensive stimuli) triggering withdrawal [10, 12, 38, 46, 47].  

In this review, we will focus only on the effects of the emotional context on the 

maintenance of a static posture. We believe that this apparently simple motor task can be 

highly informative for our understanding of emotional processing, for the following reasons: 

First, as argued above, the postural task of quiet upright standing can be considered a physical 

basis for further emotion-guided behaviors, such as increasing / decreasing the distance 

between the self and items in the environment, or supplying the stable support for social 

behaviors, such as attacking an enemy, or comforting someone in pain. Second, the time 

course of quiet standing can be recorded with high spatial and temporal accuracy, thus 

potentially providing a window into subtle postural adjustments that are indicative of changes 

in emotional states. 

 

The postural control system 

The postural control system is involved in the maintenance of a stable posture by regulation 

of the relationship between the center of mass and the base of support. Moreover, it serves 

as a reference frame for perception and action with respect to the external world. Postural 

control is thus a motor skill that allows animals or humans to interact with their environment. 

Indeed, in all species, development of postural control is a prerequisite to the acquisition of 

more specialized motor abilities [49] (Lelard, Jamon, Gasc, & Vidal, 2006) such as walking and 

grasping. 

Postural control is supported by 3 components: the neural, sensory, and 

musculoskeletal systems. Sensory cues are involved in the representation of the body in its 

environment (postural alignment in regard to the gravity vector), and permit detection of 

postural deflections from postural verticality, which could trigger loss of stability. Cortical and 

sub-cortical structures are involved in the selection of adaptive responses to changes 

(predictable or unpredictable) in the environment, while muscle activity produces motor 

responses that act on the environment.  

 

Posturography: a tool to evaluate static balance 

In order to evaluate the integrity of the postural control system, clinical or instrumental 

recording tools can be used. Posturography quantifies the postural responses (body sway) in 
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terms of area and velocity of the center of pressure (COP) displacement. In healthy young 

adults, information from the soles of the feet and from the muscle spindles in leg muscles 

make a major contribution to maintenance of stance [26]. Posturography evaluates 

displacements of the center of pressure (COP) and is appropriate to demonstrate postural 

changes and to quantify body movements [8, 29, 40]. This technique determines the COP 

position from the body mass distribution on at least 3 pressure sensors. Many contemporary 

force plates have 4 sensors, measuring vertical force distribution. To ensure good 

reproducibility of the measurement, the recording conditions are typically standardized: 

participants stand barefoot in the middle of the posturographic platform and are asked to 

maintain a comfortable bipedal stance with their arms hanging relaxed at their sides, with 

their feet pointing slightly outwards. As all sensory cues are involved in the maintenance of a 

static bipedal stance, great attention is paid to the presence of the information provided by 

the environment. The measurements are made in a quiet place, without auditory stimulation 

or unwanted disturbance in the visual field of the individual. 

Postural changes and body movements can be described posturographically by 

analyzing the trajectory of the COP over a certain time frame. When recorded for several 

seconds, the displacement of the center of pressure in the anteroposterior and medio-lateral 

plane can be described by several parameters: average position of the center of pressure, the 

standard deviation of this position (in either direction), the area on which this center of 

pressure has moved, etc. The mean COP position in the anteroposterior axis is, at first sight, a 

suitable index for objectively studying approach-withdrawal behaviors [21, 64], because 

spontaneous forward displacements of the mean COP may signal an approach tendency, 

whereas spontaneous backward displacements of the mean COP may signal an avoidance 

tendency. However, it is equally interesting to study the dynamics of the postural response in 

response to an emotional stimulus [54, 60]. 

 

Postural responses to emotional stimulation 

While postural control is evaluated under standardized conditions limiting external 

stimulation, posturography has also been used to evaluate the effects of various stimuli on 

postural control. Indeed, behavioral responses appear to be context-dependent, as illustrated 

by the example of the defensive response to an aversive stimulus (e.g. fear behavior in 

animals). Animal and human research have demonstrated that the defensive behavior system 
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can produce different responses (e.g. freezing or aggression) [9, 24, 31, 66]. The type of 

defensive response depends on the level of experienced fear, which in turn may depend on 

the proximity and intensity of the triggering stimulus, and on the subject’s own unique history 

and action capabilities. 

Thus, several studies have reported postural changes in response to emotional 

stimulation. The relationship between postural control and emotional contents could be 

characterized by the displacements of the COP when presenting different stimuli. Most 

studies have focused on the effects of pleasant versus unpleasant emotion stimuli, thus 

demonstrating approach- withdrawal behaviors according to the valence of the stimulus 

(pleasant or unpleasant). However, many studies also reported freezing behavior in response 

to high arousal stimulation. Freezing can be characterized by posturographic data as a 

decrease of the amplitude, area and standard deviation of COP displacements. Freezing 

behavior corresponds to a defensive response expressed as a brief immobility phase [31].  

 

Impact of emotional state on postural control 

Several studies have shown the impact of the participant's emotional state on postural 

performance. Anxiety [6, 22] and especially fear of falling [52] were among the first emotional 

states studied that linked postural parameters with emotion. Experimental studies were then 

developed to modify the emotional state of the participant. 

 

Modulation of postural threat 

An innovative experimental procedure allowed modulation of the state of the participant by 

changing the environment in which the postural task was performed [1]. The participants 

performed a posturographic test standing on an elevated surface (80cm, or higher in more 

recent studies) above the ground [2, 3, 13–15, 39]. This experimental procedure reliably 

modifies the state anxiety of an individual. In this setup, the participant is aware that a fall 

from that height would likely cause some degree of injury. The researchers listed above 

hypothesized that standing at the edge of an elevated surface would modify the participant’s 

emotional state. Increasing postural threat was referred to as “fall anxiety” or “postural 

anxiety”. Physiological responses to postural threat attested to the increased postural anxiety. 

When the participant was standing on the elevated surface, increased skin conductance 

evidenced a change in psychophysiological state [50, 57]. Some authors hypothesized that the 



 5 

 

participant might experience reduced balance confidence, being less stable and more anxious 

about falling when standing on an elevated surface [1]. Indeed, even though the 

biomechanical constraints for maintaining postural balance on the stable, elevated surface 

are the same as those involved in maintaining postural balance on the ground, the results 

evidenced a change in the balance control strategy. Regardless of the age of the participants, 

standing on the edge of an elevated surface modified postural control behavior. Specifically, 

the subjects were generally found to sway less in the postural threat condition than when 

standing on the ground. Although bipedal stance on the elevated surface was stable and safe, 

the subjects nevertheless sought to minimize the amount of sway in this condition. This was 

interpreted as the adoption of a “freezing” behavior in response to postural anxiety. 

Considering the ‘inverted pendulum model’ of quiet standing, an ankle strategy applies in the 

antero-posterior direction [72]. Activation of lower leg muscles (especially tibialis anterior (TA) 

and soleus (SOL)) reflect forward or backward leaning of the whole body. Synchronous 

activation of these muscles, reflecting co-contraction, does not yield postural displacement 

but leads to a stiffer stance, including higher frequencies in the signal. Carpenter et al. (2001) 

also reported changes in TA or SOL activation during a postural threat condition that was 

attributed to a freezing response [15, 68]. Likewise, EMG data reflect the adoption of a 

strategy of rigidification in response to increased postural threat as expressed by significant 

increases in mean TA activity and muscle co-activation (described as increased muscle 

stiffness).  

 

Postural reaction to emotional visual stimuli 

Several researchers have studied psychophysiological, behavioral and neuro- physiological 

reactions in response to visual affective stimuli [12]. Lang et al. developed an emotional 

picture database called the “International Affective Picture System” (IAPS), encompassing 

semantic categories such as mutilation, threat, erotica [46] commonly used to explore 

emotional responses. In terms of subjective judgment, the highest agreement among 

observers is obtained for pictures depicting mutilation, which are consistently rated as 

evoking disgust, by both men and women [12]. In terms of physiological changes, 

electrodermal activity (EDA, reflecting sympathetic nervous system activity) was greater when 

viewing pleasant or unpleasant pictures than when viewing neutral pictures. These findings 

suggest that a measurable change in EDA merely corresponds to high motivational activation 
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and may not be sufficient to differentiate between responses to appetitive and defensive 

stimuli. In contrast, heart rate (HR) responds specifically to pleasant and unpleasant visual 

stimuli [28]. Greater initial heart rate deceleration was associated with viewing unpleasant 

contents [10]; this suggests that regardless of arousal, unpleasant contents prompt greater 

initial attention (relative to appetitive stimuli).  

Recent studies have focused on the effects of emotional visual stimulation on postural 

control [5, 23, 37, 38, 50, 51, 55, 67]. Motor responses and related postural responses to an 

emotional stimulus have been mainly observed during the presentation of aversive visual 

stimuli (i.e. stimuli corresponding to unpleasant content) [38]. Although human postural 

responses to visual emotional stimuli have been described in several recent studies, the 

findings showed two types of defensive responses [5, 23, 37, 67]. All the studies clearly 

showed that the presentation of unpleasant pictures had an effect on postural control. 

However, the posturographic responses to unpleasant pictures differed from one study to 

another and thus were interpreted differently. Some researchers reported withdrawal 

behavior in response to unpleasant visual stimuli [37] while others reported freezing 

responses [5, 23, 67] and the absence of a withdrawal response, to similar stimuli. In most of 

these studies, the motor responses reported were the adoption of a freezing strategy in 

response to an aversive stimulus. However, this response does not seem to be specific to 

stimuli with negative valence. Indeed, similar responses were also reported in response to 

positive items [55]. This confirms Horslen's conclusions that postural responses seem to 

depend more on arousal than on valence [38].  

From the findings presented above, the tentative conclusion could be reached that the 

presentation of emotional stimuli induces automatic postural and physiological responses 

that may be dependent on the emotional state of the participants. Interestingly, participants 

who had experienced aversive life events demonstrated amplified freezing responses [32], 

and even if postural responses to aversive stimuli are still observed in participants facing a 

postural threat, motor response seems to be tempered by the threat [50]. Indeed, when 

individuals were standing on an elevated surface, the withdrawal behavior in response to 

aversive visual stimulation was attenuated but nevertheless active as compared with the 

responses observed on the ground position.  

Psychological state or trait may contribute to inter-individual variability of the results 

obtained in the general population. This could demonstrate the need to further characterize 
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the population in terms of anxiety, trauma, etc., in order to improve our knowledge of the link 

between movement control and emotional information processing. 

 

Modulation of postural responses  

Postural responses to observation and mental simulation of visual scenes  

The postural responses described above were observed in response to highly arousing stimuli 

such as aversive pictures depicting mutilation. However, Hagenaars et al (2015) demonstrated 

that these highly automatic defense behaviors can be influenced by mental imagery 

manipulations [30]. These authors reported that bradycardia, as generally encountered in 

automatic responses, is modulated if individuals are asked to perform a passive viewing task 

or mental imagery of a situation [16]. 

Imagination of a visual situation experienced by ourselves or simulation of another 

subject’s behavior is based on the ability of an individual to simulate actions, to simulate 

perception [35, 36], and involves simulation processes and activation of internal models [73]. 

The ability to simulate a situation seems to be an important mechanism by which we can 

understand another person’s intentions and actions and the induction of the bodily expression 

of emotion [43]. During simulation processes, individuals may re-activate their own past 

experiences in order to gain access to pleasurable, motivational, or strictly informational 

properties [20]. Simulation of a situation seems to be realized by mirror neurons that increase 

their discharge frequency both during action production and during observation of the same 

action performed by another person [27, 63]. For example, a similar fronto-parietal network 

was activated in pianist participants when they played music and when they imagined playing 

the same music. Hardwick et al. (2018) showed that motor imagery and action observation 

recruit similar premotor-parietal cortical networks. However, motor imagery recruits a similar 

subcortical network to movement execution while action observation does not activate any 

subcortical areas [34]. Jeannerod stated that “the motor system is part of a simulation 

network that is activated under a variety of conditions in relation to action, either self-

intended or observed from other individuals” [42].  

 

Embodiment of the situation? 

Several studies have been conducted to better understand the mechanisms of embodiment. 

Simply put, the embodied cognition model states that cognitive and affective information 
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processing is deeply grounded in the sensory and motor experiences of the physical body. 

Embodiment is an automatic process, subject to individual differences (such as bodily 

characteristics like size and motor skill), is flexible, and can be activated following simple 

manipulations of motor activation or attention to body parts. Embodiment is made possible 

by the ability to imagine oneself in a particular situation, and can be considered as 

sensorimotor simulation. For example, Stins et al (2015) reported that during kinesthetic 

motor imagery, individuals produced unintentional postural adjustments [69] that were 

specific to the mental contents.  

It seems likely that the development of empathic skills depends on this ability to 

simulate another person’s emotional response. In this regard, the model of empathy for pain 

may be promising to investigate in greater depth, because pain involves a clear affective 

component (a mental subjective experience) and a clear motor component (avoidance of the 

exposure to the noxious stimulation) [62]. According to the "motor" theory of empathy, the 

perception-action linkages of empathy activates somatic and autonomic responses [61]. 

Simulation of a painful situation may therefore be an efficient functional context because our 

study showed that postural responses could be modulated by mental imagery of painful 

situation. Differential motor responses were observed when participants were asked to 

imagine themselves in painful situations as compared to non-painful situations [51]. 

Interestingly, an effect of mental simulation was also reported, as differential postural 

responses were reported when subjects were instructed to imagine themselves in a painful as 

compared to a simple passive observation of the same images [48].  

To conclude with this part, it appears that postural and physiological automatic 

responses to visual stimulation may reflect an instance of embodiment. That is, both 

perceiving and imagining emotional scenes, especially of a social nature, could re-activate the 

associated motor responses, including responses involving postural adjustments. This 

mechanism can be used to understand another person’s intentions. However, it appears that 

these responses can be modulated according to the degree of commitment in the situation 

established by mental simulation. 

 

Conclusion 

Current knowledge of the influence of emotional context on motor output shows that the 

presentation of emotional stimuli induces consistent automatic responses. Most recent 
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studies have found that emotion can alter static postural control dynamics, likely reflecting 

“defensive responses”. Future studies can help us better understand the inter-individual 

variability (e.g. experienced aversive life events, threat, anxiety) and identify the parameters 

influencing the task (set point, image size, sounds in the environment , etc.) and involvement 

in the situation represented (mental imagery or embodiment). The interpretation of phasic 

postural responses to emotional stimuli as approach-avoidance behavior needs to be further 

explored in order to better understand the variability between individuals (according to 

emotional state, personality characteristics and so on). 

More attention should thus be paid to the psychological profile of the populations 

studied. This could demonstrate the need to characterize the populations in order to improve 

our knowledge of the link between movement control and emotional information processing 

such as that described in patients presenting post-traumatic stress disorder (PTSD).  

It seems that emotional stimuli induce a robust dynamical pattern in the time course 

analysis [54, 60]. In addition, this characteristic response seems to indicate that attentional 

processes may play a role in human postural responses to emotional stimuli [60]. The quiet 

standing paradigm could be advanced in the future by looking more at attentional effects of 

emotion, and also by introducing fine-grained temporal analyses of physiological data. Thus, 

a simultaneous collection of EEG, ECG (bradycardia), and eye movement data would provide 

a better understanding of the coordination of such responses, which jointly make up the full 

emotional experience. 

 

Conflict of interest statement 

The authors declare that there is no conflict of interest regarding the publication of this article 

 



 10 

 

References 

1.  Adkin AL, Carpenter MG. New Insights on Emotional Contributions to Human Postural 

Control. Front Neurol 2018;9:789. 

2.  Adkin AL, Frank JS, Carpenter MG, Peysar GW. Postural control is scaled to level of postural 

threat. Gait Posture 2000;12:87–93. 

3.  Adkin AL, Frank JS, Carpenter MG, Peysar GW. Fear of falling modifies anticipatory postural 

control. Exp Brain Res 2002;143:160–70. 

4.  Al-Shawaf L, Conroy-Beam D, Asao K, Buss DM. Human Emotions: An Evolutionary 

Psychological Perspective. Emot Rev 2015;8:173-86. 

5.  Azevedo TM, Volchan E, Imbiriba LA, Rodrigues EC, Oliveira JM, Oliveira LF, et al. A 

freezing-like posture to pictures of mutilation. Psychophysiology 2015;42:255–60. 

6.  Balaban CD, Thayer JF. Neurological bases for balance-anxiety links. J Anxiety Disord 

2001;15:53–79. 

7.  Barliya A, Omlor L, Giese MA, Berthoz A, Flash T. Expression of emotion in the kinematics 

of locomotion. Exp Brain Res 2013;225:159–76. 

8.  Bizzo G, Guillet N, Patat A, Gagey PM. Specifications for building a vertical force platform 

designed for clinical stabilometry. Med Biol Eng Comput 1985;23:474–6. 

9.  Blanchard RJ, Flannelly KJ, Blanchard DC Defensive behavior of laboratory and wild Rattus 

norvegicus. J Comp Psychol Wash DC 1986;100:101–7. 

10.  Bradley MM, Codispoti M, Cuthbert BN, Lang PJ. Emotion and motivation I: defensive and 

appetitive reactions in picture processing. Emotion 2001;1:276–98. 

11.  Bradley MM, Greenwald MK, Petry MC, Lang PJ. Remembering pictures: pleasure and 

arousal in memory. J Exp Psychol Learn Mem Cogn 1992;18:379–90. 

12.  Bradley MM, Lang PJ. The International Affective Picture System (IAPS) in the study of 

emotion and attention. In: Coan JA, Allen JJB, editors. Series in affective science. 

Handbook of emotion elicitation and assessment. New York: Oxford University Press; 

2007. p. 29-46. 

13.  Carpenter MG, Adkin AL, Brawley LR, Frank JS. Postural, physiological and psychological 

reactions to challenging balance: does age make a difference? Age Ageing 2016;35:298–

303. 

14.  Carpenter MG, Frank JS, Silcher CP. Surface height effects on postural control: a 

hypothesis for a stiffness strategy for stance. J Vestib Res Equilib Orientat 1999;9:277–

86. 

15.  Carpenter MG, Frank JS, Silcher CP, Peysar GW. The influence of postural threat on the 

control of upright stance. Exp Brain Res 2001;138:210–8. 



 11 

 

16.  Cengiz B, Vurallı D, Zinnuroğlu M, Bayer G, Golmohammadzadeh H, Günendi Z, Turgut AE, 

et al. Analysis of mirror neuron system activation during action observation alone and 

action observation with motor imagery tasks. Exp Brain Res 2018;236:497–503. 

17.  Coombes SA, Corcos DM, Pavuluri MN, Vaillancourt DE. Maintaining force control despite 

changes in emotional context engages dorsomedial prefrontal and premotor cortex. 

Cereb Cortex 2012;22:616–27. 

18.  Damasio AR. Descartes’ error: emotion, reason, and the human brain. New York: Putnam’s 

Sons; 1994. 

19.  Darwin C. The expression of the emotions in man and animals. London: John Murray; 

1872. 

20.  Dokic J, Proust J. Simulation and Knowledge of Action. Amsterdam: John Benjamins 

Publishing; 2002. 

21.  Eerland A, Guadalupe TM, Franken IHA, Zwaan RA. Posture as index for approach-

avoidance behavior. PloS One 2012;7:e31291. 

22.  Ekdahl C.Postural control, muscle function and psychological factors in rheumatoid 

arthritis. Are there any relations? Scand J Rheumatol 1992;21:297–301. 

23.  Facchinetti LD, Imbiriba LA, Azevedo TM, Vargas CD, Volchan E. Postural modulation 

induced by pictures depicting prosocial or dangerous contexts. Neurosci Lett 

2006;410:52–6. 

24.  Fanselow MS. Neural organization of the defensive behavior system responsible for fear. 

Psychon Bull Rev 1994;1:429–38. 

25.  Fawver B, Beatty GF, Naugle KM, Hass CJ, Janelle CM. Emotional state impacts center of 

pressure displacement before forward gait initiation. J Appl Biomech 2015;31:35–40. 

26.  Fitzpatrick R, McCloskey DI. Proprioceptive, visual and vestibular thresholds for the 

perception of sway during standing in humans. J Physiol 1994;478:173–86. 

27.  Gallese V, Fadiga L, Fogassi L, Rizzolatti G. Action recognition in the premotor cortex. Brain 

1996;119:593–609. 

28.  Greenwald MK, Cook EW, Lang PJ. Affective judgment and psychophysiological response: 

Dimensional covariation in the evaluation of pictorial stimuli. J Psychophysiol 1989;3:51–

64. 

29.  Gurfinkel EV. Physical foundations of stabilography. Agressologie 1973;14:9–13. 

30.  Hagenaars MA, Mesbah R, Cremers H. Mental Imagery Affects Subsequent Automatic 

Defense Responses. Front Psychiatry 2015;6:73. 

31.  Hagenaars MA, Oitzl M, Roelofs K. Updating freeze: aligning animal and human research. 

Neurosci Biobehav Rev 2014;47:165–76. 



 12 

 

32.  Hagenaars MA, Stins JF, Roelofs K. Aversive life events enhance human freezing responses. 

J Exp Psychol Gen 2012;141:98–105. 

33.  Hälbig TD, Borod JC, Frisina PG, Tse W, Voustianiouk A, Olanow CW, Gracies J-M. 

Emotional processing affects movement speed. J Neural Transm 2011;118:1319–22. 

34.  Hardwick RM, Caspers S, Eickhoff SB, Swinnen SP. Neural correlates of action: Comparing 

meta-analyses of imagery, observation, and execution. Neurosci Biobehav Rev 

2018;94:31–44. 

35.  Hesslow G. Conscious thought as simulation of behaviour and perception. Trends Cogn Sci 

2002;66:242–7. 

36.  Hesslow G. The current status of the simulation theory of cognition. Brain Res 

2012;1428:71–9. 

37.  Hillman CH, Rosengren KS, Smith DP. Emotion and motivated behavior: postural 

adjustments to affective picture viewing. Biol Psychol 2004;66:51–62. 

38.  Horslen BC, Carpenter MG. Arousal, valence and their relative effects on postural control. 

Exp Brain Res 2011;215:27–34. 

39.  Huffman JL, Horslen BC, Carpenter MG, Adkin AL. Does increased postural threat lead to 

more conscious control of posture? Gait Posture 2009;30:528–32. 

40.  Hufschmidt A, Dichgans J, Mauritz KH, Hufschmidt M. Some methods and parameters of 

body sway quantification and their neurological applications. Arch Psychiatr 

1980;228:135–50. 

41.  Insel TR, Fernald RD. How the brain processes social information: searching for the social 

brain. Annu Rev Neurosci 2004;27:697–722. 

42.  Jeannerod M. Neural simulation of action: a unifying mechanism for motor cognition. 

NeuroImage 2001;14:S103-9. 

43.  Jospe K, Flöel A, Lavidor M. The Role of Embodiment and Individual Empathy Levels in 

Gesture Comprehension. Exp Psychol 2017;64:56–64. 

44.  Kandel ER, Schwartz JH, Jessel TM. Principles of Neuroscience. NewYork: McGraw-Hill; 

2000. 

45.  Lang PJ, Bradley MM, Cuthbert BN. Emotion, attention, and the startle reflex. Psychol Rev 

1990;97:377–95. 

46.  Lang PJ, Bradley MM, Cuthbert BN. International affective picture system (IAPS): affective 

ratings of pictures and instruction manual. Technical Report A-8. Gainesville: University 

of Florida; 2008. 

47.  Lang PJ, Davis M, Ohman A. Fear and anxiety: animal models and human cognitive 

psychophysiology. J Affect Disord 2000;61:137–59. 



 13 

 

48.  Lelard T, Godefroy O, Ahmaidi S, Krystkowiak P, Mouras H. Mental Simulation of Painful 

Situations Has an Impact on Posture and Psychophysiological Parameters. Front Psychol 

2017;8:2012. 

49.  Lelard T, Jamon M, Gasc J-P, Vidal P-P. Postural development in rats. Exp Neurol 

2006;202:112–24. 

50.  Lelard T, Krystkowiak P, Montalan B, Longin E, Bucchioni G, Ahmaidi S, Godefroy O, et al. 

Influence of postural threat on postural responses to aversive visual stimuli. Behav Brain 

Res 2014;266:137–45. 

51.  Lelard T, Montalan B, Morel MF, Krystkowiak P, Ahmaidi S, Godefroy O, Mouras H. 

Postural correlates with painful situations. Front Hum Neurosci 2013;7:4. 

52.  Maki BE, Holliday PJ, Topper AK. Fear of falling and postural performance in the elderly. J 

Gerontol 1991;46:123-31. 

53.  Michalak J, Troje NF, Fischer J, Vollmar P, Heidenreich T, Schulte D. Embodiment of 

sadness and depression--gait patterns associated with dysphoric mood. Psychosom Med 

2009;71:580–87. 

54.  Mouras H, Lelard T. Importance of Temporal Analyzes for the Exploration of the 

Posturographic Correlates of Emotional Processing. Front Behav Neurosci 2018;12:277. 

55.  Mouras H, Lelard T, Ahmaidi S, Godefroy O, Krystkowiak P. Freezing behavior as a response 

to sexual visual stimuli as demonstrated by posturography. PloS One 2015;10:e0127097. 

56.  Naugle KM, Hass CJ, Joyner J, Coombes SA, Janelle CM. Emotional state affects the 

initiation of forward gait. Emotion 2011;11:267–77. 

57.  Osler CJ, Tersteeg MCA, Reynolds RF, Loram ID. Postural threat differentially affects the 

feedforward and feedback components of the vestibular-evoked balance response. Eur 

J Neurosci 2013;38:3239–47. 

58.  Panksepp J. At the interface of the affective, behavioral, and cognitive neurosciences: 

decoding the emotional feelings of the brain. Brain Cogn 2003;52:4–14. 

59.  Panksepp J, Biven L. The archaeology of mind: Neuroevolutionary origins of human 

emotion. New York: Norton & Co; 2012. 

60.  Perakakis PE, Idrissi S, Vila J, Ivanov PC. Dynamical patterns of human postural responses 

to emotional stimuli. Psychophysiology 2012;49:1225–9. 

61.  Preston SD, de Waal FBM. Empathy: Its ultimate and proximate bases. Behav Brain Sci 

2002;25:1–20; discussion 20-71. 

62.  Price DD. Psychological and neural mechanisms of the affective dimension of pain. Science 

2000;288:1769–72. 



 14 

 

63.  Rizzolatti G, Fadiga L, Gallese V, Fogassi L. Premotor cortex and the recognition of motor 

actions. Brain Res Cogn Brain Res 1996;3:131–41. 

64.  Rougier M, Muller D, Ric F, Alexopoulos T, Batailler C, Smeding A, Aubé B. A new look at 

sensorimotor aspects in approach/avoidance tendencies: The role of visual whole-body 

movement information. J Exp Soc Psychol 2018;76:42–53. 

65.  Schmidt L, Cléry-Melin M-L, Lafargue G, Valabrègue R, Fossati P, Dubois B, Pessiglione M. 

Get aroused and be stronger: emotional facilitation of physical effort in the human brain. 

J Neurosci Off J Soc Neurosci 2009;29:9450–7. 

66.  Schupp HT, Cuthbert BN, Bradley MM, Cacioppo JT, Ito T, Lang PJ. Affective picture 

processing: the late positive potential is modulated by motivational relevance. 

Psychophysiology 2000;37:257–61. 

67.  Stins JF, Beek PJ. Effects of affective picture viewing on postural control. BMC Neurosci 

2007;8:83. 

68.  Stins JF, Roerdink M, Beek PJ. To freeze or not to freeze? Affective and cognitive 

perturbations have markedly different effects on postural control. Hum Mov Sci 

2011;30:190–202. 

69.  Stins JF, Schneider IK, Koole SL, Beek PJ. The Influence of Motor Imagery on Postural Sway: 

Differential Effects of Type of Body Movement and Person Perspective. Adv Cogn Psychol 

2015;11:77–83. 

70.  Tokuno CD, Keller M, Carpenter MG, Márquez G, Taube W. Alterations in the cortical 

control of standing posture during varying levels of postural threat and task difficulty. J 

Neurophysiol 2018;120:1010–6. 

71.  Williams JM, Mathews A, MacLeod C. The emotional Stroop task and psychopathology. 

Psychol Bull 1996;120:3–24. 

72.  Winter DA, Patla AE, Frank JS. Assessment of balance control in humans. Med Prog 

Technol 1990;16:31–51. 

73.  Zahavi D. Simulation, projection and empathy. Conscious Cogn 2008;17:514–22. 

 




