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Abstract Changes in the structure of motor variability during practicing a bimanual pointing task were investigated using the framework of the uncontrolled manifold (UCM) hypothesis. The subjects performed fast and accurate planar movements with both arms, one moving the pointer and the other moving the target. The UCM hypothesis predicts that joint kinematic variability will be structured to selectively stabilize important task variables. This prediction was tested with respect to selective stabilization of the trajectory of the endpoint of each arm (unimanual control hypotheses) and with respect to selective stabilization of the timecourse of the vectorial distance between the target and the pointer tip (bimanual control hypothesis). Components of joint position variance not affecting and affecting a mean value of a selected variable were computed at each 10% of normalized movement time. The ratio of these two components (RV) served as a quantitative index of selective stabilization. Both unimanual control hypotheses and the bimanual control hypothesis were supported both prior to and after practice. However, the RV values for the bimanual control hypothesis were significantly higher than for either of the unimanual control hypothesis, suggesting that the bimanual synergy was not simply a simultaneous execution of two unimanual synergies. After practice, an improvement in both movement speed and accuracy was D. Domkin · S. Jaric (✉) · H. Johansson Centre for Musculo-Skeletal Research, National Institute for Working Life, Box 7654, 907 13 Umea, Sweden e-mail: [email protected] Tel.: +46-90-176121, Fax: +46-90-176116 D. Domkin Department of Surgical and Perioperative Sciences, Sports Medicine Unit, Umea University, Sweden J. Laczko Department of Biomechanics, Semmelweis University, Budapest, Hungary M.L. Latash Department of Kinesiology, The Pennsylvania State University, University Park, USA



accompanied by counterintuitive changes in the structure of kinematic variability. Components of joint position variance affecting and not affecting a mean value of a selected variable decreased, but there was a significantly larger drop in the latter when applied on each of the three selected task variables corresponding to the three control hypotheses. We conclude that the UCM hypothesis allows quantitative assessment of the degree of stabilization of selected performance variables and provides information on changes in the structure of a multijoint synergy that may not be reflected in its overall performance. Keywords Coordination · Variability · Voluntary movement · Bimanual · Human



Introduction Human voluntary movements are characterized by the production of functionally appropriate motor outputs by apparently redundant systems. There have been two major approaches to the problem of motor redundancy. The first approach originated from the original formulation by Bernstein that the main issue of motor control was the elimination of the redundant degrees of freedom (Bernstein 1967). A number of researchers have been trying to discover rules used by the central nervous system (CNS) when it generates a unique solution for an apparently ill-posed problem (for reviews, see Seif-Naraghi and Winters 1990; Latash 1996; Prilutsky 1999). An alternative approach follows the traditions of Gelfand and Tsetlin (1962, 1966), who have gone beyond the original Bernstein’s formulation and suggest that all elements within a redundant motor system are always involved in solving all motor tasks so that no degrees of freedom are eliminated (later reformulated as the principle of abundance; Gelfand and Latash 1998). The concept of motor equivalence (Hughes and Abbs 1976; Cole and Abbs 1986) suggests a low variability in task variable while variability of individual elements
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(such as joint angles) remain high. A recent development of this line of thinking has led to the formulation of an uncontrolled manifold hypothesis (UCM hypothesis; Schoner 1995; Scholz and Schoner 1999; Scholz et al. 2000). This hypothesis suggests that the CNS generates families of solutions such that functionally important, task-related variables are selectively stabilized. According to the UCM hypothesis, each motor task is associated with stabilizing a time series of a particular variable(s). For each moment of time, the CNS selects, within the state space of elements participating in the task, a manifold (uncontrolled manifold, UCM) corresponding to a fixed instantaneous value of the selected variable. Links are established among individual elements such that they can show relatively large variability within the UCM as compared to variability outside the UCM. Earlier studies of the sit-to-stand action (Scholz and Schoner 1999), quick-draw shooting (Scholz et al. 2000), and multifinger force production (Latash et al. 2000) have tested the UCM hypothesis by performing kinematic analyses of individual joint rotations and individual finger forces. Further, the structure of motor variability was tested by quantifying components of joint variance (or finger force variance) within and orthogonal to particular UCMs. The data provided support for the UCM hypothesis and also allowed to compare different “control hypotheses”, i.e., hypotheses related to different performance variables that the CNS may be stabilizing selectively in such tasks. The latter possibility allows testing of some of the earlier formulated hypotheses related to the coordination of multielement motor systems. Until now, all studies of motor coordination within the UCM hypothesis framework have been performed using, as objects, tasks that were well practiced by the subjects. Within this study, we decided to look at changes in the structure of motor variability within a redundant multijoint system in the process of practicing a motor task. We selected, as an object of study, a pointing task performed “as fast and accurately as possible,” when one hand moved the target and the other hand moved the pointer (cf. Mottet et al., in press). Such a task may be considered as requiring coordination at two levels. First, joints within each arm need to be coordinated to produce a certain trajectory of the endpoint (the target or the pointer tip). Second, the trajectories of the endpoints need to be coordinated to result in a fast and accurate pointing movement. We hypothesize that the UCM analysis will show higher stability of the time series of the vectorial difference between the pointer tip and the target as compared to the trajectories of the pointer tip and of the target analyzed separately. This hypothesis is in line with a number of recent publications (Turvey 1990; Scholz and Latash 1998; Mottet et al., in press). The UCM hypothesis makes predictions with respect to relative magnitudes-of-variance components computed within a UCM and orthogonal to it. We are going to address these two components as compensated variance (VCOMP) and uncompensated variance (VUN), respective-



Fig. 1A–E Possible changes in the components of variance (VCOMP and VUN) between the pre-test (A, B) and post-test (C–E). Notice that VCOMP is oriented along the line E1+E2=constant that reflects the motor task. The pre-test panels demonstrate equal sums of VCOMP and VUN, while all the post-test panels depict the same value of VUN. (UCM Uncontrolled manifold)



ly. These terms reflect the fact that, by definition, errors in the outputs of individual elements that lie within a UCM do not affect a selected variable, with respect to which the UCM was computed, i.e., they compensate for each other. The other component of variance contains combinations of errors of elements that affect the selected variable, i.e., their effects are uncompensated. We used the ratio of these two variance components (RV=VCOMP/VUN) as an index of selective stabilization of a variable. Let us explain the main predictions of the study with an illustration of a very simple task when two elements, E1 and E2, are acting together to produce a required output equal to the sum of their individual outputs (Fig. 1; for example, when a person pushes with two hands to produce a constant total force). Let us also imagine that a subject performed this task many times and the values of the outputs of the two elements measured in individual trials were plotted as clouds of data points on a twodimensional state space. For simplicity, we are going to illustrate these hypothetical data point distributions with ellipses whose axes correspond to components of variance. If both elements are controlled independently with a certain variability, one may expect a circular cloud of data points, since errors in the output of one element are not expected to correlate with possible errors in the output of the other element (Fig. 1A). However, the UCM hypothesis predicts the cloud of points to be ellipsoidal, elongated along the UCM line, providing that RV=VCOMP/VUN is significantly more than unity (Fig. 1B). Note that, from this prospective, RV depicted in Fig. 1A is expected to be unity. Therefore, although the total variance (VCOMP+VUN) is the same in Fig. 1A and B, the VUN component of the total variance is less in Fig. 1B, corresponding to a lower variance in the production of the task variable. The “concealed” variance
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component VCOMP is significantly higher in Fig. 1B, but it does not affect the task variable. Let us consider possible scenarios of changes in components of variance with practice, naturally assuming that the variability in the production of the task variable (E1+E2) will drop. A drop in the overall variability may be associated with different changes in the structure of variance in the element state space. The original ellipse illustrated in Fig. 1B may simply scale down without a change in its shape, i.e., preserving the ratio RV (Fig. 1C). Alternatively, only one component of variance may scale down, namely VUN, since VCOMP is irrelevant to task success (Fig. 1D), leading to an increase in RV. It is also possible that the “irrelevant” VCOMP will decrease more than VUN, leading to a more circular distribution of data points (Fig. 1E), corresponding to a drop in RV. Figure 1C–E shows that accuracy of performance of a task variable and RV may be independent of each other. Accuracy of performance depends on only one component used in calculating RV, namely VUN. Changes in VCOMP do not affect the variability of reproducing the task variable but are reflected in RV. We expect that the ratio RV, computed prior to practice for variables related to success at the practiced task (such as endpoint trajectories or changes in the distance between the pointer tip and the target), will be significantly more than unity, supporting the UCM-type of control. We expect the performance of the pointing task to improve with practice (Jaric and Latash 1998, 1999).We also expect that the CNS will improve the overall degree of error compensation among individual joint rotations such that the VUN component of variance will drop more than the VCOMP component for hypotheses related to selective stabilization of endpoint trajectories and of the distance between the endpoints. This is expected to lead to an increase in the RV ratios as illustrated in Fig. 1D.



Methods Subjects Subjects were nine neurologically healthy, right-handed men, aged between 26 and 43 years (mean 32 years), recruited among the personnel of the Centre for Musculo-Skeletal Research. Their height and body mass were 181±5 cm (mean ± SD) and 74±13 kg, respectively. All subjects signed the informed consent form in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki approved by the Ethical Committee of the Umea University. Apparatus and task The subject was seated in a rigid chair with the shoulders tightly strapped to the chair back with wide belts. A horizontal table was positioned in front of the subject’s chest about 15 cm below the shoulders level. The subject grasped a pointer with the right hand. The pointer was a light-weight (mass 0.1 kg) plastic, “gun-like” object 23 cm long from the center of the handle to the pointer tip (see Fig. 2A). The subject’s right index finger was tightly strapped to the pointer, preventing sliding of the pointer’s handle within the



Fig. 2A, B Experimental conditions and measured kinematic variables. A Starting position depicted in the horizontal plane. Filled circles illustrate positions of the reflexive markers. B An intermediate position of body segments (thick full line) during the movement represents the recorded joint angles (from α1 to α6), while r represents the vectorial distance from the pointer tip (P) to the target (T). The final position of body segments (dotted line) depicts the meeting point position (coordinates xMP and yMP) of the pointer tip and target with respect to the coordinate system of the movement plane anchored between the shoulders



hand grasp. The subject also grasped a semicircular target (diameter 11 cm, mass 0.04 kg) with the left hand, having his thumb and index finger extended along the semicircle and strapped to it. In order to stress the difference between the mechanical object and its center, in further text we will refer either to the “target-object” (i.e., the mechanical object held in the left hand) or to the “target” (the center of the semicircular part of the object). The subjects were instructed to keep the centers of their wrists at proper initial positions that required full arm extension, and to keep the wrists fully extended. Thereafter, on a verbal command, the subjects performed a fast and accurate movement with both arms in order to accurately place the pointer tip into the center of the target object. The subjects were instructed to execute the movement just above the table surface without touching it. Hence, the orientation of all the upper limb segments as well as of the pointer and the target object remained approximately horizontal during the movement execution. The subjects were also instructed not to correct the final position. There were no instructions regarding the point in space where the pointer tip and the target should meet. Experimental design The subjects practiced the pointing task over four sessions, performed within a week. The first three sessions consisted of 100 trials each, while only the first 15 movements of the first session were recorded (i.e., movements 1–15; the pre-test). The fourth ses-



14 sion consisted of one recorded movement block of 15 trials (i.e., movements 301–315; the post-test). No additional practice trials were allowed prior to the pre- and post-test.



pointer tip and target displacements. Therefore, only the three major joints of each arm were considered involved in the movements. Their angles were calculated using approximations of segment longitudinal axes as straight lines connecting pairs of markers (see Fig. 2B):



Data collection



1. α1: Horizontal abduction-adduction in the left shoulder (the angle between the left upper arm longitudinal axis and the right-directed line connecting the two shoulder markers) 2. α2: Flexion-extension in the left elbow (the angle between the left lower arm and the upper arm longitudinal axes) 3. α3: Flexion-extension in the left wrist (the angle between the line connecting the marker placed on the left wrist with the target and the left lower arm longitudinal axis) 4. α4: Horizontal abduction-adduction in the right shoulder (the angle between the right upper arm longitudinal axis and the line connecting the two shoulder markers) 5. α5: Flexion-extension in the right elbow (the angle between the right lower arm and the upper arm longitudinal axes) 6. α6: Flexion-extension in the right wrist (the angle between the line connecting the marker placed on the right wrist with the pointer tip and the right lower arm longitudinal axis)



Passive spherical markers of an optoelectronic system, APAS (Ariel Performance Analysis System; Ariel Dynamics), were applied to the standard surface bony landmarks that corresponded to the vertical projections of the shoulders, elbows, and wrists. In particular, those were acromion processes, the lateral epicondyle of elbows, and wrist folds on the lateral surface of hands (Zhang and Chaffin 2000). Additional markers were placed on the pointer tip, as well as on the lateral tip of the target object (see Fig. 2A). The latter marker position was chosen in order to avoid the interference with the pointer tip marker at the end of the movement. Calibration of the two-camera system and calculation of the coordinates was performed in such a way that the origin of the coordinate system was positioned between the subject’s shoulders. x- and y-axes were oriented horizontally along the subject’s frontal and sagittal plane, respectively, while the z-axis was oriented vertically (see Fig. 2B). Since the tested movement was predominantly performed within the x-y plane, in the further text we refer to the horizontal plane at the level of shoulders as “movement plane.” The data were recorded at the rate of 60 frames/s. The standard APAS software was used to calculate the positions and velocities of the markers, as well as the intersegmental joint angles in the movement plane (see Fig. 2B). Kinematic variables Movement planarity was tested by comparing motion intervals of the markers in the orthogonal direction as a percentage of their motion intervals in the movement plane. Movement initiation and movement termination were assessed for each arm separately from the velocity profiles of the markers placed on the tip of the pointer and on the target object (for right and left arm, respectively). This initiation and termination corresponded to the instant of time when the velocity of the respecive marker exceeded 10% of its maximal value and the instant when the velocity of the marker dropped below the same value, respectively. Since the differences in either the initiation or termination time between two arms proved to be insignificant (see Results), movement time of each particular trial was calculated from the earlier initiation time to the later termination time. A pilot analysis of the obtained data revealed that the first zero of both the target and the pointer tip velocity in either x- or y-axis direction appeared approximately 100 ms after the end of movement time (averaged across the subjects and trials). Hence, it was assumed that the final movement position was attained at that instant of time in all trials. Constant and variable errors were calculated from the relative positions of the pointer tip and target in the final movement position in the movement plane. Constant errors were separately measured along the x- and y-axis directions as mean distances between the target and the pointer tip in the final position. Variable error was calculated as the standard deviation of the distance between the final positions in individual trials and mean position of the pointer tip. The position where the pointer tip and target met in the final movement position (i.e., the meeting point position) was measured within the movement plane. Thereafter, the variability of the meeting point position was calculated in the movement plane as standard deviation of the planar distance of the individual meeting point position from the averaged one (see Fig. 2B for illustration of a meeting point position). The length of the trajectories of the shoulder markers was on average about 1 cm. This finding suggests that strapping the shoulders to the back of the chair successfully reduced possible contributions of the trunk and sternoclavicular joint motion to



The contribution of these joints to the movements was assessed using their ranges of motion (i.e., the difference between the maximal and the minimal joint angle during the movement time). Calculation of total joint variance of joint configuration Variance was calculated from blocks of 15 consecutive trials. Angular trajectories were time-normalized to allow trial alignment within a block. A cubic spline interpolation was applied while normalizing angular trajectories in order to allow trial alignment within a block. Movement time (MT) was divided into ten evenly spread time bins. The mean joint configuration across trials [M(t)] was computed for each of the studied 10% bins of MT. Thereafter, the joint configuration in each particular trial [Ak(t)] was compared with M(t) for each time bin: (1) where ∆k represents the deviation of the joint configuration of the kth trial from the mean joint configuration at the end of a time bin (t). Total variance of joint configuration per degree of freedom [VTOT(t)] of the joint configuration vectors for a particular time bin was calculated using the following equation: (2) where N is the number of trials, while DF is the number of degrees of freedom (i.e., the number of available joint rotations), being 6 for both arms analyzed together, and 3 for the analysis of each arm separately. Control hypotheses and task variables The goal of our variance analysis was to partition the total joint variance observed across the blocks of movements into components that affect and do not affect a value of a task variable. Hence, the first step was formulating a control hypothesis, i.e., selecting a task variable, that was assumed to be selectively stabilized. Three control hypotheses were compared: H1, the vectorial distance between the target and the pointer tip is selectively stabilized by joint interaction of both arms; H2, the trajectory of the target is selectively stabilized by joint interaction within the left arm; and H3, the trajectory of the tip of the pointer is selectively stabilized by joint interaction within the right arm. We will refer to H1 as “bimanual control hypothesis”, and to H2 and H3 as “unimanual control hypotheses.”



15 Partitioning of joint variance The next step of the analysis was partitioning the total joint variance of joint configuration per degree of freedom (VTOT) into two components that do and do not affect a hypothesized task variable. The first component is compensated variance (VCOMP) and it corresponds to the variance observed within the UCM subspace. The second one is uncompensated variance (VUN) and it corresponds to the variance observed within a subspace orthogonal to the UCM. This decomposition was linearly approximated for each bin of MT and for each control hypothesis separately. Then, the ratio of the two components of variance was computed: RV=VCOMP/VUN. The computational methods are described in detail in the Appendix. Statistics In addition to descriptive statistics, we used two-way ANOVAs. In particular, we tested the range of motion of each joint separately (“test” and “side” being the main factors), as well as movement planarity (“test” and “marker position”), VTOT (“test” and “side”), and RV (“test” and “control hypothesis”). Paired t-tests were applied in order to examine differences in constant errors, variable errors, variability of the meeting point position and movement time between the pre- and post-test. One group t-test was applied in order to reveal differences in movement initiation and termination time between two arms.



Results Movement kinematics The limb movements proved to be predominantly planar, since the deviations of the markers (averaged across the markers, subjects, and trials) from the movement plane were about an order of magnitude smaller that the displacements of the same markers within the movement plane. There were no significant differences in these deviations among markers positioned on the elbows, wrists, and the pointer tip and target. When averaged across the trials and markers, the post-test (8.5±3.1% SD) demonstrated smaller deviations than the pre-test (11.1± 2.1% SD; F1, 134=12.0; P 























des documents recommandant













Differential joint coordination in the tasks of 

space of the joints to motion of individual performance variables, such as the center of ... the effect of joint combination variability on the control of vertical CM motion, we ... the coordination of each task changes with age and dis- ... center o










 








Age Differences in Bimanual Coordination - Research 

110, p < .001, between the slower and the faster of the two hands (left or .... Thus, the locus of change in parameter pro- .... as both educational tools and research instruments. Est. ... This state-of-the-art book explains how to design andcon-.










 








Speed-accuracy trade-off in the performance of pointing ... - Research 

Nine healthy subjects, seven male and two female [mean age. 33.2 years, standard deviation (SD) 7.8 years], participated in this study. They were recruited from ...










 








Fractal properties of relative phase in bimanual tapping and bimanual 

DeligniÃ¨res et al. (this congress) set out two models accounting for the distinguishing statistical features of time interval series in unimanual tapping vs ...










 








Fractal properties of relative phase in bimanual tapping and bimanual 

DeligniÃ¨res et al. (this congress) set out two models accounting for the distinguishing statistical features of time interval series in unimanual tapping vs ...










 








Gait variability in Parkinson's disease - Research 

Oct 30, 2010 - teristics of gait variability in PD on and off medication under single and dual task conditions. Fifty people with PD were assessed twice at home ...










 








The role of impulse variability in manual-aiming asymmetries - Research 

The subjects were 12 experimentally naive male and female volunteers, each of whom was paid $10.00 for their participation. In- dividuals were all classified as ...










 








Bimanual response grouping in dual-task paradigms - Research 

Table 1. Summary of results as a function of task and stimulus condition in Experiment 1. Task and ..... which seemsâ€”on the basis of the results presented.










 








Anti-pointing is mediated by a perceptual bias of ... - Research 

In line with the anti-saccade literature, anti-pointing ... G. Binsted. Faculty of Health and Social Development,. University of .... Further, Connolly et al's (2000) imaging study does not ..... CEP yielded main effects for visual space, F(1,10) = 5










 








Stimulus-response compatibility effects in go-no-go tasks - Research 

These effects are shown to depend on the simi- larity of the go and .... Table 1. Mean Reaction Times (in Milliseconds) on Go Trials as a Function of. Go Stimuli, No-Go ... cision was made on the basis ofa detection (i.e., with blank screens as ...










 








Directory Structure and CLI (Tasks) - WordPress.com 

symfony doctrine:generate-admin [--module=module_name] [--theme=theme_name] [--singular=singular_name] [--plural=plural_name]. [--env=env_name] ...










 








Product Structure Preface User's Tasks Workbench Description 

CATIA - Product Structure Version 5 workbench allows the representation of a ... This tutorial will show you how to create an assembly. .... Guide V5 for more information. ..... Check Manual input if you wish to assign the name you wish to the ...










 








Visual Cognition Response force in RT tasks: Isolating ... - Research 

Oct 1, 2010 - This article may be used for research, teaching and private study .... portion of activation just sufficient to produce the manual ... of response probability and force might reflect an economical principle .... withhold the response wh










 








Comparison of variability of initial kinematics and ... - Research 

orized visual target locations is presumed to be deter- mined largely by central planning processes before movement onset. If so, then the initial kinematics of a.










 








Arm Position Constraints During Pointing and ... - Research 

movements these results were obtained for pointing move- the arm. The results of our .... On the basis of this observation, Soechting et al. (1995). The graphic ..... arm and the forearm in the data presented in Table 1. [F(1,40) Ðµ 13.56, P Ð£ ...










 








Hypometric primary saccades and increased variability in ... - Research 

posterior parietal cortex and the parietal eye fields, which have direct connections .... 62 (mean = 37.5, S.D. = 13.6), with higher scores indica- tive of increased ...










 








Diel variability of school structure with special reference to transition 

Weill, A. C., Scalabrin, C., and Diner, N. 1993. MOVIES-B: an acoustic detection description software. Application to shoal species classification. Aquatic Living ...










 








Smeets (2002) Nature of variability in saccades 

Feb 12, 2003 - various sources of variability have different effects on the relatively fixed ... tion is large enough to be distinguished from the other two sources of ..... more than thousand saccades for each experiment, we display the ... bins [a 










 








Nature of variability in saccades - CiteSeerX 

Feb 12, 2003 - To answer this question, we distinguish various sources of variability in peak velocity and ... The variability we want to study is that in the execution of saccades. .... This method was first described by Robinson (1963) and refined 










 








The Sources of Variability in Saccadic Eye 

Aug 15, 2007 - sensory information defining the target of a movement, (2) the central planning of a .... ments had a blocked design. In each block .... ment duration M. Peak velocity vp was defined as the peak value of the norm of the ...... Overall 










 








tendon action of two-joint muscles: transfer of mechanical ... - Research 

40. 50. 60. 70. 10. 00. 100. 250. 0. 1. W. -, ..-.pc ox)20. 90. 40. 50. 80. 70. 80 no Go cycie time, % ..... two-joint muscles from the distal joints to the prox- imal ones ...










 








The Sources of Variability in Saccadic Eye 

Aug 15, 2007 - actly the same movement several times in succession. From a ... rected based on sensory feedback received during the movement. (Becker, 1989). ..... (1894) further suggest that CVacuity,0 depends on direction. It is smallest.










 








Modification of Trajectory of a Pointing Movement in Response 

CONCLUSIONS. 1. Arm movements toward a target in- volving motion at the shoulder and elbow joints and restricted to the sagittal plane were investigated.










 








Perceptual basis of bimanual coordination 

Nov 1, 2001 - index (I) and middle (M) fingers of both hands and taps on the table with the .... confirm the reported results the data were entered into a 2 Â´ 2 Â´ 4.










 














×
Report Structure of joint variability in bimanual pointing tasks - Research





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



