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Introduction

Postural control has long been considered as an automatic system, but recent studies have identified a process of postural regulation in cases of both simple and more complicated tasks, especially when the latter involve attentional processes [START_REF] Blanchard | The influence of concurrent cognitive tasks on postural sway in children[END_REF][START_REF] Palluel | Postural control and attentional demand during adolescence[END_REF]. The mobilization of such attentional resources depends on many factors, such as availability of sensory information [START_REF] Shumway-Cook | Attentional demands and postural control: the effect of sensory context[END_REF], task complexity and age [START_REF] Woollacott | Attention and the control of posture and gait: a review of an emerging area of research[END_REF], or postural skills of the participants [START_REF] Lajoie | Attentional demands for static and dynamic equilibrium[END_REF].

In 1985, Kerr et al. were the first to show, using the dualtask paradigm, that the postural control of young adults is attention dependent and that postural stability is not affected by all the cognitive tasks in the same way. In 1993, [START_REF] Lajoie | Attentional demands for static and dynamic equilibrium[END_REF] and more recently [START_REF] Barra | Increasing cognitive load with increasing balance challenge: recipe for catastrophe[END_REF] described the correlation between the complexity of postural conditions and the associated attentional costs.

In other words, visual inputs which have a central role in the control of posture are known to require attention, and attention is also involved in the execution of saccadic eye movements [START_REF] Deubel | Saccade target selection and object recognition: evidence for a common attentional mechanism[END_REF][START_REF] Belopolsky | When are attention and saccade preparation dissociated?[END_REF]. Thus, saccades have an impact on balance but also on the adjustment of the vestibuloocular function [START_REF] Leigh | The neurology of eye movement, 4th edn[END_REF]. Several structures of the central nervous system in the cerebral cortex (frontal, parietal, occipital) and in the brainstem (paramediane pontine reticular formation and superior colliculus) play an important role in postural control as well as in the programming and execution of saccadic eye movements [START_REF] Leigh | The neurology of eye movement, 4th edn[END_REF]; consequently, one could expect interferences between oculomotor and postural control.

Indeed, the effect of saccadic eye movements on postural control has long been investigated. For instance, some authors [START_REF] Uchida | Effects of periodic saccades on the body sway in human subjects[END_REF][START_REF] Stoffregen | Postural sway and the frequency of horizontal eye movements[END_REF][START_REF] Rougier | Performing saccadic eye movements or blinking improves postural control[END_REF] showed an improvement in postural stability while saccadic eye movements are performed. In contrast, other researchers [START_REF] White | Saccadic eye movements and body sway[END_REF][START_REF] Straube | Visual ataxia induced by eye movements: posturographic measurements in normal and patients with ocular motor disorders[END_REF][START_REF] Glasauer | How the eyes move the body[END_REF] found that eye movements did not modify or decrease postural stability. Note, however, that the controversial results could be due to the varying experimental conditions used in the different studies, such as the type of postural test (bipodal or unipodal position) or characteristics of saccades (saccade amplitudes varying from 4° to 40°, horizontally or vertically directed saccades).

In normal young participants, the surface of center of pressure (CoP), length of CoP, and mean speed of CoP are good spatio-temporal variables currently used to study the variation of postural control [START_REF] Stoffregen | Postural sway and the frequency of horizontal eye movements[END_REF][START_REF] Rougier | Performing saccadic eye movements or blinking improves postural control[END_REF]. Other postural parameters can be used when a visual isolated event is manipulated. For example, the time to onset of a modification of amplitude of CoP after neck muscle or galvanic stimulation in the opposite direction of gaze is observed [START_REF] Bove | Interaction between vision and neck proprioception in the control of stance[END_REF][START_REF] Grasso | Time course of gaze influences on postural responses to neck proprioceptive and galvanic vestibular stimulation in humans[END_REF]. Nevertheless, the examination of those parameters is not possible when a series of saccades is manipulated.

The goal of the present study was to examine the effect of saccadic eye movements on postural control in young adults. In order to gain a better insight into how saccades influence postural control, we examined posture while different types of saccades were performed: prosaccades (saccades made toward the target, in a reactive and voluntary mode) as well as antisaccades (saccades made in the opposite direction of the target) and two types of fixation: without and with distractors. Furthermore, two postural conditions were used to change postural stability, the Standard Romberg (ST), and the Tandem Romberg (TR) positions, and the latter being more challenging still than the former. Our driving hypothesis was that a high-level cognitive task such as that involved in antisaccades could decrease postural stability, in particular in the more complex posture (TR).

Material

Platform posturography

A platform (principle of strain gauge) consisting of two dynamometric clogs (Standards by Association Française de Posturologie, produced by TechnoConcept©, Céreste, France) was used to measure postural stability. Excursions of CoP were recorded for 25.6 s. The platform posturography is equipped with an analog-digital converter (16 bit), and the acquisition frequency is 40 Hz.

Participants

Ten young adults (25 ± 3 years) participated in the study. All participants had good corrected visual acuity (≥20/25), tested with the Monoyer scales, at a distance of 5 m; they had normal binocular vision (<60 s of arc) as established by the TNO random dot test (Netherlands Organisation of Applied Scientific Research Test of Stereoacuity).

The investigation adhered to the principles of the Declaration of Helsinki and was approved by our Institutional Human Experimentation Committee. We obtained the participants consent after we explained the experimental procedure.

Methods

Visual tasks

Five visual tasks were designed and tested in separate sessions: two fixation tasks (without and with distractors) and three saccadic tasks (prosaccades: reactive and voluntary saccades and antisaccades). Stimuli were presented on the PC screen (19 inches, resolution: 800 × 600 pixels, luminance of background: 7 cd/m 2 ) adjusted at the eye level in front of the participant. It should be noted that eye movements are not recorded in this study. Most participants were accustomed to oculomotor experiments, and each participant was trained to the oculomotor tasks used here before postural recording.

Stimuli were white on gray background (4.8 cd/m 2 ). The fixation cross (0.36°) was displayed at the center of the screen. For all the visual tasks (except Fixation without distractor), a peripheral stimulus (saccade target or distractor) was a white disk (1.5° diameter, 38 cd/m 2 ) with a small gray disk in the center (0.2°), randomly presented at 4° leftward or rightward from the central fixation cross along the horizontal axis. The experimental paradigms are illustrated in the Fig. 1.

Fixation tasks

Fixation without distractor

Participants had to fixate the white cross that appeared at the center of the screen for 25.6 s (Fig. 1a).

Fixation with distractors

Participants had to fixate the cross for 25.6 s while a peripheral distractor randomly appeared leftward or rightward from the central cross (Fig. 1b).

Saccadic tasks

Prosaccade tasks

Horizontal, visually guided saccades were elicited by using two different temporal paradigms, namely simultaneous (gap = 0 ms) and overlap paradigms. In the simultaneous paradigm, the target appears simultaneously with the offset of the central fixation point, while in the overlap paradigm, the central fixation point stays on and, at the same time, a target appeared to the right or to the left side. The simultaneous paradigm (gap = 0 ms) is well known to induce reactive saccades, whereas the overlap paradigm stimulates voluntary saccades needing disengagement of attention in order to perform the saccade [START_REF] Fischer | The preparation of visually guided saccades[END_REF].

For more details, before each saccade target, a central fixation cross was switched on for a random period of 400, 600, or 800 ms.

For reactive saccade, after a variable delay (400, 600 or 800 ms), the central fixation cross was switched off, and simultaneously, a peripheral target stayed on for 300 ms. The screen was blank for the following 500 ms (Fig. 1c).

For voluntary saccades, the central fixation cross was illuminated for 400, 600, or 800 ms. The saccade target appeared while the fixation cross stayed on, both were visible for 600 ms, that is, the overlap period. Then, the central fixation cross was switched off, and the peripheral target remained for 300 ms, followed by the blank screen of 500 ms (Fig. 1d).

In both prosaccade tasks (simultaneous and overlap paradigms), participants were instructed to make a saccade to the peripheral target (around 18 reactive and 12 voluntary saccades for the postural recording duration).

Antisaccade task

Antisaccades have also been stimulated (Fig. 1e). This task was originally introduced by [START_REF] Hallet | Primary and secondary saccades to goals defined by instructions[END_REF]: It consisted in presenting a visual stimulus on one side and asking participants to make a saccade to the opposite side. The central cross was illuminated for a random period of 400, 600, or 800 ms. Simultaneously to the cross extinction, a peripheral stimulus appeared and stayed on for 300 ms. The screen was blank for the following 500 ms. The sequence of visual events was similar to those used in the simultaneous (gap = 0 ms) paradigm, but in this case, participants were invited to make an antisaccade to the opposite side of the stimulus as soon as possible.

Postural recording procedure

Participants stood on the platform, in front of the screen located 114 cm away from them. Postural measurements were performed in two different postural conditions: Standard Romberg and Tandem Romberg. In the Standard Romberg condition, the heels were placed 4 cm apart and feet positioned symmetrically with respect to the participant's sagittal axis at a 30° angle. In the Tandem Romberg position, the feet were placed slightly apart (4 cm) in a semi-tandem position with the dominant foot in front of the non-dominant one.

The duration time of each postural recording was 25.6 s. For each condition (5 visual tasks × 2 postural positions), four trials were run. Thus, a total of 40 postural measures were recorded for each participant. The order of the visual tasks and of the postural conditions varied randomly across participants. Participants were asked to stay as stable as possible, with the arms along the body.

Data processing

To quantitate the effect of visual tasks and the postural performance from data obtained from the platform, we analyzed the surface area, the length, and the mean speed of the CoP. The surface area and the length allow to efficiently measure CoP spatial variability [START_REF] Chiari | Stabilometric parameters are affected by anthropometry and foot placement[END_REF]). The surface of CoP corresponds to an ellipse with 90 % of CoP excursions. The length of CoP is the path of the center of pressure. These two postural parameters are uncorrelated; indeed, the inner surface of the same length may be different [START_REF] Gagey | Posturology; Regulation and disruption of standing[END_REF][START_REF] Vuillerme | Can a plantar pressure-based tongue-placed electrotactile biofeedback improve postural control under altered vestibular and neck proprioceptive conditions?[END_REF]. The mean of speed represents a good index of the amount of neuromuscular activity required to regulate postural control [START_REF] Maki | Aging and postural control: a comparison of spontaneous-and induced-way balance tests[END_REF][START_REF] Geurts | Intrasubject variability of selected force platform parameters in the quantification of postural control[END_REF]. Figure 2 shows stabilogramms of a representative participant in two different postural conditions recorded during the five visual tasks. 

Statistical analysis

Analyses of variance (using the ANOVA test) were performed to compare data in the different visual tasks with the different type of postural conditions: two-way ANOVA: 5 Visual tasks (fixation without and with distractors, reactive and voluntary prosaccades, and antisaccades) × 2 postural conditions (Standard and Tandem Romberg). Post hoc comparisons were made with the Fischer's least significant differences (LSD) test used to explore further and compare the mean of one oculomotor task or postural positions with the mean of another. The effect of a factor was considered as significant when the p value was below 0.05.

Results

Analysis of the surface of CoP (Fig. 3) showed a significant effect of the postural condition (F (1,9) = 40.10, p < 0.001) that was greater in Tandem than in Standard Romberg condition. There was also a significant effect of the visual task (F (4,36) = 11.71, p < 0.001). Interestingly, there was a significant interaction between the visual task and the postural condition (F (4,36) = 2.66, p < 0.05). The effect of the visual task did not reach significance in standard Romberg condition (F (4,36) = 2.0, p = 0.1), in contrast to the tandem Romberg condition (F (4,36) = 7.70, p < 0.01). While the antisaccade task did not differ from the prosaccade task (compared to reactive saccades, p = 0.5 and to voluntary ones p = 0.2), the surface of CoP was greater in both fixation tasks compared to that of saccadic tasks (F (1,9) = 19.09, p < 0.01).

Analysis of the length of CoP (Fig. 4) showed a significant effect of postural condition, with smaller values in the Standard than in the Tandem Romberg condition (F (1,9) = 162.27, p < 0.001). There was also a significant global effect of the visual task (F (4,36) = 6.60, p < 0.001), but this effect did not interact with the postural position (F < 1). Nevertheless, although the length of CoP was significantly greater in both fixation tasks (without and with distractors) than those measured in prosaccadic tasks (reactive as well as voluntary saccades) for both postural position, the length of CoP was significantly greater in the antisaccade task than in both prosaccade tasks (F (1,9) = 7.26, p < 0.05 and F (1,9) = 7.25, p < 0.02, respectively, for reactive and voluntary prosaccades), only in the Standard Romberg position.

Analysis of the mean speed of CoP (Fig. 5) showed a significant effect of postural condition, with smaller values in the Standard than in the Tandem Romberg condition (F (1,9) = 164.79, p < 0.001). There was also a significant global effect of the visual task on the mean speed of CoP (F (4,36) = 6.43, p < 0.001), but this effect did not interact with the postural position (F < 1). Nevertheless, similar to the length of CoP, values of the mean speed of CoP in both fixation tasks (without and with distractors) were significantly greater than those measured in prosaccadic tasks (reactive as well as voluntary prosaccades) for both postural conditions. While in the antisaccade task, the mean speed of CoP was significantly greater than the value reported in both prosaccade tasks (F (1,9) = 7.26, p < 0.05 and F (1,9) = 7.25, p < 0.02 for the reactive and voluntary saccades, respectively) only in the Standard Romberg position.

Discussion

The goal of the study was to compare the effect of different visual tasks (fixation without and with distractors, prosaccades-reactive and voluntary-, antisaccades) on the surface, length, and mean speed of CoP when using two types of postural conditions (Standard Romberg and Tandem Romberg). Main findings are the important effect of postural positions, with more body sways in Tandem Romberg compare to Standard Romberg. A global effect of visual tasks showed less body sways when participant made saccades compared to fixation conditions. A difference between saccades was found in Standard Romberg position, in which antisaccades increased body sways compared to reactive saccades (for length and mean speed of CoP).

Different effects of saccades and fixations on postural control

As suggested in the Introduction, the effect of visual tasks in postural control is still controversial. Our results showed that postural stability seems to be improved when the participant is making eye movements rather than staring at the fixation point. In saccadic tasks, the surface of CoP decreased with respect to the fixation tasks (fixation with or without distractors). These results are in line with those obtained by [START_REF] Uchida | Effects of periodic saccades on the body sway in human subjects[END_REF] and [START_REF] Rougier | Performing saccadic eye movements or blinking improves postural control[END_REF] who reported an improvement of postural stability during the execution of saccades, and they contrast with the results showed by [START_REF] Glasauer | How the eyes move the body[END_REF] who found a decrease of postural stability during the execution of eye movements.

Further explanations on the decrease of body sways while performing eye movements are exposed below. [START_REF] Uchida | Effects of periodic saccades on the body sway in human subjects[END_REF] attributed this effect to signals related to the initiation or execution of saccades, which are integrated by the postural system via vestibulo-spinal and reticulo-spinal signals in the muscle tone of the lower limb. Furthermore, [START_REF] Rougier | Performing saccadic eye movements modifies postural control organization[END_REF] underlined the importance of attentional demands in postural control. Executing a secondary task (motor or cognitive) during a postural task allows attention not to be focused on postural control [START_REF] Vuillerme | How attentional focus on body sway affects postural control during quiet standing?[END_REF], which leads to a better postural stability (automatic attentional system). Such improvement might be due to the fact that postural control becomes more automatic [START_REF] Geurts | Dual-task assessment of reorganization of postural control in persons with lower limb amputation[END_REF][START_REF] Melzer | Age-related changes of postural control: effect of cognitive tasks[END_REF][START_REF] Hunter | Postural control: visual and cognitive manipulations[END_REF]. [START_REF] Beilock | When paying attention becomes counter productive: impact of divided versus skill-focused attention on novice and experienced performance of sensorimotor skills[END_REF] compared performance of novice and experienced golf putting groups during skill-focused and dual-tasks, and they showed that two groups increased performance in dual-task when the attention was not focused on sensorimotor skills. More generally, the focus of attention on body movements can be detrimental to the performance of well-learned skills [START_REF] Mcnevin | Carlson C effects of attentional focus, self-control, and dyad training on motor learning: implications for physical rehabilitation[END_REF][START_REF] Wulf | Directing attention to movement effects enhances learning: a review[END_REF].

Different effects of prosaccades and antisaccades on postural control

Our study shows that antisaccades, in contrast to prosaccades, lead to more body sway. Indeed, the length and mean speed of CoP increased during antisaccades in comparison with the prosaccade conditions, but just only in the Standard Romberg position. In the Tandem Romberg position, these differences between saccadic tasks are not present, perhaps in line with a ceiling effect in this more complex postural condition [START_REF] Olivier | Dual-task study of cognitive and postural interference in 7-yearolds and adults[END_REF]). Surprisingly, this result had not been found either for the surface of CoP, perhaps because this parameter is not sensitive enough to be modified by the effect of different types of saccades. This result suggests the importance of measuring different spatial and temporal postural parameters for an accurate study of postural control [START_REF] Winter | Human balance and posture control during standing and walking[END_REF][START_REF] Gagey | Posturology; Regulation and disruption of standing[END_REF][START_REF] Vuillerme | Can a plantar pressure-based tongue-placed electrotactile biofeedback improve postural control under altered vestibular and neck proprioceptive conditions?[END_REF]. Recall that, the mean speed of COP has been shown to reflect neuromuscular energy used by the body for self stabilization [START_REF] Maki | Aging and postural control: a comparison of spontaneous-and induced-way balance tests[END_REF][START_REF] Geurts | Intrasubject variability of selected force platform parameters in the quantification of postural control[END_REF]. Consequently, our results regarding the increase of the mean speed during the antisaccade task could reflect a difficulty to perform this task together with a postural test.

For a neuropsychological approach, cortical circuits implied in the triggering and executing of saccades in the antisaccade task are broader than those of prosaccades, because more cognitive processes are necessary to realize antisaccade task [START_REF] Leigh | The neurology of eye movement, 4th edn[END_REF]. Indeed, in order to correctly perform an antisaccade, the reactive saccade toward the peripheral stimulus has to be inhibited and a voluntary saccade in the opposite direction (antisaccade) has to be programmed. Neuropsychological studies have shown an important role of the frontal cortices when antisaccades are performed. For instance, [START_REF] Everling | Neuronal correlates for preparatory set associated with pro-saccades and anti-saccades in the primate frontal eye field[END_REF] revealed that several frontal structures (frontal eye field, dorsolateral prefrontal cortex, and supplementary eye field) are more activated during antisaccades than during prosaccades. Furthermore, [START_REF] Matsuda | Functional MRI mapping of brain activation during visually guided saccades and anti-saccades: cortical and subcortical networks[END_REF] reported increased activity in the inferior parietal cortex during antisaccades compared to prosaccades. Interestingly, [START_REF] Ettinger | Decomposing the neural correlates of anti-saccade eye movements using event-related FMRI[END_REF] showed that the antisaccade tasks activated an extensive fronto-parieto-subcortical network, and other studies found out that the parietal cortex (some regions in the intraparietal sulcus) is responsible for the vector inversion required to generate an antisaccade to the correct location [START_REF] Clementz | When does the brain inform the eyes whether and where to move? An EEG study in humans[END_REF].

Different structures of central neural control are involved in the control of posture, namely the spinal cord and brainstem, basal ganglia, cerebellum, cerebral cortex: somatosensory, premotor, and motor cortices [START_REF] Horak | Balance orientation and equilibrium[END_REF]. Some of these structures are implicated in postural regulation and in inhibition process, which may interfere with one another, leading to a decrease in postural performance during dual-task.

Finally, an interesting point of our study is the absence of significant differences between fixation and antisaccade tasks for the length and mean speed of CoP. This could suggest that the fixation task, frequently used in postural studies as baseline or control task, requires an increase in attentional resources allocated to control posture, which diminishes the stability of participants [START_REF] Olivier | Effects of attentional focus on postural sway in children and adults[END_REF]. Moreover, the inhibition of saccades in the fixation with distractor condition is necessary to complete this fixation task successfully. This could explain similar results on postural parameters during fixation and antisaccade tasks.

Effect of dual-tasks on postural control

The dual-task paradigm is frequently used to assess attentional resources required to control our movements [START_REF] Schaefer | Cognitive performance is improved while walking: differences in cognitive-sensorimotor couplings between children and young adults[END_REF]. Their resources vary with the complexity of the cognitive and/or sensorimotor tasks added to the motor task. It is now well established that even highly practiced activities, such as walking and postural control, are attention demanding [START_REF] Huang | Dual-task methodology: applications in studies of cognitive and motor performance in adults and children[END_REF]. The first study of [START_REF] Kerr | Cognitive spatial processing and the regulation of posture[END_REF] described the attentional demand of postural control in young adults and suggested that cognitive tasks do not influence postural stability in the same way. So, the secondary task could either increase or decrease postural stability depending on the type of secondary task and on the attentional cost of such a task. Because the interference effects of our visual concurrent tasks on the posture performing are different, we can conclude that our results are in line with this proposition. An interesting model, called the U-shaped nonlinear interaction model, described by [START_REF] Lacour | Posture control, aging, and attention resources: models and posture-analysis methods[END_REF] explained why the effect of a secondary task during postural task varies. The U-shaped nonlinear interaction model suggests that the performance of an easy cognitive task can shift the focus of attention away from postural control and can lead to a better postural control relative to a single-task baseline. However, increasing the difficulty of the cognitive task can result in a degradation of postural sway. In accordance with this U-shaped model, [START_REF] Huxhold | Dualtasking postural control: aging and the effects of cognitive demand in conjunction with focus of attention[END_REF] showed an improvement of the postural sway under conditions in which participants were focusing their attention on an easy cognitive task (automatization of the postural control), as compared to focusing their attention exclusively on the execution of the sensorimotor task of balancing. When the attentional demand for the cognitive task increased (i.e., complex cognitive task), a degradation of the postural sway was observed. Our results are also in line with this U-shaped model. Indeed, an easy cognitive task (prosaccades) shifting the attentional focus away from postural control leads to a better automatic postural performance, while the increase in cognitive task complexity decreases postural performance (antisaccades). In a visual-postural dual-task when the visual condition is easy, the attentional resources are sufficient and the focusing on the realization of a reactive saccade, for example, automates the postural control, improving body stabilization. Moreover, when the complexity of the visual condition increases and more again when the complexity of the postural task increases also, the attentional resources are insufficient and the addition of an antisaccade task, for example, exceeds the attentional resources implying a decrease of postural stability because of too many attentional resources mobilized to control visual task. So, the visual and postural tasks study in our dual-task study seems to use the same attentional resources (i.e., unique attentional resources model [START_REF] Wickens | Temporal limits of human information processing: a developmental study[END_REF]. To summarize, the present study shows that an easily secondary task, as prosaccades, shifts the attentional focus away from postural control leading to a better automatic postural performance; in contrast, an increased complexity of the secondary task, as antisaccades, leads progressively to an overtaking of attentional capacities and a decrease in postural performance.

Conclusion

In conclusion, this study provides evidence about an effect on postural stability when performing saccadic eye movements. However, we showed the existence of interference between visual inhibition processes and postural executive ones at the level of the attentional resources which are pooled and shared between these two functional processes (oculomotor and postural control). Our results highlight that the complexity of the oculomotor task leads to a U-shaped postural performance. The secondary task depending on its attentional cost affects in a different way postural stability. Prosaccades direct participants' attention to postural control thereby improving postural stability; in contrast, a more complex task (i.e., antisaccades) could be responsible for shifting the attention away from postural control, decreasing postural performance.

Further studies, in which different types of eye movements and postural performance are simultaneously recorded, are needed to explore such an issue.

Fig. 1

 1 Fig. 1 Examples of visual events displayed in the five visual tasks: fixation without distractor (a), fixation with distractors (b), reactive saccades elicited with the simultaneous paradigm (c), voluntary saccades elicited with the overlap paradigm (d), and antisaccades (e). The arrows represent the saccadic eye movements. See text for details

Fig. 2

 2 Fig. 2 Stabilogramms representing CoP displacements for one participant as a function of five visual tasks (fixation without and with distractors, reactive and voluntary prosaccades, and antisaccades) and difficulty of postural task (SR Standard Romberg and TR Tandem Romberg). The vertical and horizontal axes represent antero-posterior (AP) and medio-lateral (ML) CoP displacements, respectively
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 34 Fig. 3 Mean and standard deviation of surface of CoP in SR and TR conditions in the five visual tasks (fixation without and with distractors, reactive, and voluntary prosaccades and antisaccades)

Fig. 5

 5 Fig. 5 Mean and standard deviation of mean speed of CoP in SR and TR conditions in the five visual tasks (fixation without and with distractors, reactive and voluntary prosaccades, and antisaccades)
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