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Overpressure on fingertips prevents state estimation of the pen grip force and movement accuracy
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We tested the hypothesis that the inability to move a pen accurately in a graphic task is partly due to a decrease of afferent somatosensory information resulting from overpressure on the tactile receptors of the fingers holding the pen. To disentangle the depressed somatosensory origin from an altered motor command, we compared a condition in which the participant actively produces pressure on the pen (active grip) with a condition in which pressure is passively applied (passive grip, no grip-related motor command). We expected that the response of the somatosensory cortex to electric stimulation of the wrist's tactile nerve (i.e., SEP) would be greater in the natural pen grip (baseline condition) than in the two overpressure conditions (actively or passively induced). Fifteen adults were required to trace a geometrical shape in the three grip conditions. The SEP amplitude was not significantly different between the baseline and both overpressure conditions. However, behavioral results showed that drawing accuracy is impaired when the pressure on the pen is increased (passively or actively).

Cortical source analyses revealed that the activity of the superior parietal areas (SPL) increased in both overpressure conditions. Our findings suggest that the SPL is critical for sensorimotor integration, by maintaining an internal representation of pen holding. These cortical changes might witness the impaired updating of the finger-pen interaction force for such drawing actions under visual guidance.

Introduction

In graphic tasks, such as drawing or handwriting, biomechanical factors such as grip posture or abnormal pen grasp force are considered as a cause to explain impaired drawing accuracy or handwriting legibility. For example, [START_REF] Schneck | Comparison of pencil-grip patterns in first graders with good and poor writing skills[END_REF] investigated several grip postures (e.g., palmar supinate grip, cross thumb grip or tripod grip) in children with or without handwriting difficulties and observed that children with handwriting difficulties used the traditional tripod grip to a lesser extent as compared to children without handwriting problems. However their observations were not confirmed by more recent studies that failed to find a correlation between pen grip posture and handwriting legibility and/or speed [START_REF] Koziatek | Pencil grips, legibility, and speed of fourth-graders' writing in cursive[END_REF][START_REF] Shah | The relationship of pencil grasp on college students' handwriting speed and legibility[END_REF][START_REF] Schwellnus | Effect of pencil grasp on the speed and legibility of handwriting in children[END_REF]. One can reasonably expect that the handwriting performance is conditioned, to some extent, by the level of force exerted by the fingers on the pen. Thanks to the development of pen prototypes, Chau and colleagues (2006) have shown that children with cerebral palsy writing with their unaffected hand exerted a lower grip force, likely due to a weaker grasp, than healthy children with no handwriting difficulties. Note that the results of this cases study do not clarify whether the weaker grasp or the capability to vary force is at the origin of handwriting difficulties. Indeed, an increase in motor command induces an increase in limb stiffness and may deteriorate writing performance. This can either be caused through co-contraction of the agonist and antagonist muscles engaged in the writing action, as observed in the case of writer's cramp [START_REF] Hermsdörfer | Significance of finger forces and kinematics during handwriting in writer's cramp[END_REF], or can be due to the enslaving effect (i.e., involuntary force production by fingers muscles anatomically linked or separated, [START_REF] Zatsiorsky | Enslaving effects in multi-finger force production[END_REF]. This altered motor command resulted from stressful environments [START_REF] Van Gemmert | Stress, neuromotor noise, and human performance: A theoretical perspective[END_REF] or was observed in children with neurodevelopmental disabilities [START_REF] Smits-Engelsman | Fine motor deficiencies in children with developmental coordination disorder and learning disabilities: An underlying open-loop control deficit[END_REF]. Although the grip is important because it allows the fine movements necessary for writing, several studies failed to find a consistent relationship between pen grip biomechanical factors and handwriting legibility (e.g., [START_REF] Lin | Comprehension of handwriting development: Pen-grip kinetics in handwriting tasks and its relation to fine motor skills among school-age children[END_REF][START_REF] Parush | Ergonomic factors influencing handwriting performance[END_REF][START_REF] Rosenblum | Relationships among biomechanical ergonomic factors, handwriting product quality, handwriting efficiency, and computerized handwriting process measures in children with and without handwriting difficulties[END_REF].

One of the reasons for this lack of findings might be a confounding aspect between sensory and motor origin of the impaired writing performance. Indeed, increasing the grip stiffness and the forces on the pen could lead to a decrease of the afferent feedback from the fingertips as a consequence of the overpressure exerted on the tactile receptors. Indeed, tactile fibers stop firing when subjected to sustained pressure exerted on the skin where the mechanoreceptors are embedded [START_REF] Johansson | Tactile sensory coding in the glabrous skin of the human hand[END_REF][START_REF] Knellwolf | Microneurography from the posterior tibial nerve: a novel method of recording activity from the foot in freely standing humans[END_REF], see Macefield, 2005 for a review). For instance, slow adapting afferent fibers (Merkel and Ruffini) are known to decrease their instantaneous firing frequency throughout a sustained stimulus (e.g., normal force exerted on the skin surface) while the rapidly adapting type I and II (Meissner and Pacinian corpuscle) afferents only respond to brisk mechanical transients [START_REF] Knibestöl | Stimulus-response functions of slowly adapting mechanoreceptors in the human glabrous skin area[END_REF][START_REF] Vedel | Response to pressure and vibration of slowly adapting cutaneous mechanoreceptors in the human foot[END_REF][START_REF] Vallbo | Receptive field characteristics of tactile units with myelinated afferents in hairy skin of human subjects[END_REF]Trulsson, 2001;[START_REF] Kennedy | Distribution and behaviour of glabrous cutaneous receptors in the human foot sole[END_REF]. Combining brain imaging and behavioral data, a decreased somatosensory transmission was observed, from the periphery to the cortical areas, this was provoked by skin compression on the foot sole when standing, supporting a heavy weight [START_REF] Handrigan | The effects of muscle strength on center of pressure-based measures of postural sway in obese and heavy athletic individuals[END_REF][START_REF] Lhomond | Neural consequences of increasing body weight: Evidence from somatosensory evoked potentials and the frequencyspecificity of brain oscillations[END_REF] or when pressure is increased within a small surface area [START_REF] Fabre | Large postural sways prevent foot tactile information from fading: neurophysiological evidence[END_REF].

There is also some evidence of somatosensory online control while writing. For instance, suppressing somatosensory feedback after either transient [START_REF] Ebied | The role of cutaneous sensation in the motor function of the hand[END_REF] or permanent [START_REF] Hepp-Reymond | Role of proprioception and vision in handwriting[END_REF][START_REF] Danna | On the Auditory-Proprioception Substitution Hypothesis: Movement Sonification in Two Deafferented Subjects Learning to Write New Graphic Patterns[END_REF] somatosensory deafferentation alters writing kinematics. However, the written trace seems to remain roughly legible as it is known to be principally under visual guidance [START_REF] Danna | Basic and supplementary sensory feedback in handwriting[END_REF][START_REF] Teasdale | The role of proprioceptive information for the production of isometric forces and for handwriting tasks[END_REF]. These altered kinematics are not surprising since tactile receptors provide information related to the time course, magnitude, direction and spatial distribution of contact forces between the pen and the fingers. The writer encodes information on the physical properties of the pen (shape, texture, weight) to adequately set the grip force in order to prevent the pen slipping out of their fingers. More generally, it is well established that when tactile information is lacking, both grasping and manipulation of objects are altered (for a review, [START_REF] Johansson | Coding and use of tactile signals from the fingertips in object manipulation tasks[END_REF]. More precisely, an increase in grip force is observed when tactile sensitivity was reduced (e.g., [START_REF] Johansson | Roles of glabrous skin receptors and sensorimotor memory in automatic control of precision grip when lifting rougher or more slippery objects[END_REF][START_REF] Naceri | Role of Tactile Noise in the Control of Digit Normal Force[END_REF].

On the basis of the putative function of the somatosensory information and/or of the pen grip biomechanical factors during writing performance, we hypothesize that the cause of movement inaccuracy is not due to a stronger pen grip motor command per se but rather to the associated decrease in afferent tactile information. We will use a protocol that will enable us to decrease sensory information while the pen grip motor command is either present or removed. We will compare the drawing accuracy and the cortical response to electrical tactile afferents stimulations occurring with augmented pressure on the pen grip, passively applied to the finger (i.e., no pen grip motor command) or actively generated by the participant.

Assuming that this manipulation is effective, we expected drawing accuracy to be altered similarly in both overpressures conditions as compared to the baseline condition (i.e., natural pen grip). The decrease in the somatosensory evoked potentials (P50N80 SEPs) in response to electric stimulation of the tactile afferents is considered as the neural signature of an attenuated sensory processing [START_REF] Lhomond | Neural consequences of increasing body weight: Evidence from somatosensory evoked potentials and the frequencyspecificity of brain oscillations[END_REF][START_REF] Fabre | Large postural sways prevent foot tactile information from fading: neurophysiological evidence[END_REF]. According to the seminal study of [START_REF] Desmedt | Differential enhancement of early and late components of the cerebral somatosensory evoked potentials during forced-paced cognitive tasks in man[END_REF], the SEP in response to finger stimulation originates, for the early component (<60 ms), from the primary somatosensory cortex (SI) and is highly representative of the stimulus characteristics (e.g., intensity, frequency). The later cortical responses (>80ms) following tactile stimulation emanate from the secondary somatosensory cortex (SII). We predicted that, during the drawing task, the amplitude of the SEP would be smaller when the stimulation occurred with increased grip force on the pen as compared to a natural grip force condition (i.e. baseline condition).

Material and methods

Participants

Fifteen self-declared right-handed participants (mean of 24 ± 2 years old, 12 women) participated in the experiment. In this particular task of drawing, the extensive training of the right hand for writing is the relevant factor to determine handedness. None of them reported that they were ambidextrous. For the experiment, they were required to use their hand they learned to write with. None of the participants reported any relevant medical history. They had normal or corrected-to-normal vision. All participants signed a written informed consent before starting the experiment, in accordance with the ethical standards set out in the Declaration of Helsinki and approved by the local Ethics Committee.

Tasks and Materials

Participants were seated in front of a digitizing tablet fixed onto a table, with the forearm resting on the tablet (Fig. 1A). At a Go tone signal, they had to trace precisely and continuously a figure having the shape of an "8" in superposition with a model, at constant speed chosen by the participants, for 15 seconds (referred to as Drawing task). The model appeared on a sheet of paper fixed to the graphic tablet (Wacom, Intuos Pro, sampling frequency 200 Hz, spatial resolution 0.05 mm). The pen was equipped of three Force Sensitive Resistor (FSR) sensors (FSS low profile force sensors FSS1500NSB from Honeywell™, see Fig. 1A) in order to record the forces exerted by the thumb, the index, and the major in the tripod pencil grip.

These sensors provide precise and reliable force sensing performance, with a repeatability at ±10 grams at 300 grams (variations less than 4%) and a sensitivity at 0.24 mV/gram. We amplified the signal with a gain of 10 and we calculated the sum of the three sensors in Newton (N). Data from the FSR sensors were collected with a fast acquisition system (ADwin Pro®, sampling frequency 1000 Hz). The force sensors were placed at 45 mm relative to the pen tip to ensure that they did not interfere with the magnetic field of the tablet, even when tilting the pen. Data from the graphic tablet were collected with a home-made Matlab® program and Psychophysics Toolbox Version 3 (Psychtoolbox-3). Together with the drawing task a control static task was performed (referred to as Static task). The participant held the pen fixed on the figure for 15 seconds. The contact area was identified with the use of black paint on the fingers and a white sheet wrapped around the pen. Then, the sheet was scanned in black and white with the same resolution to count the black pixels of the figures (same size: 142x290 pixels for the three conditions) with matlab. The black square corresponds to the total area averaged between the two trials in each condition. Note that the contact area under the Active condition is twice the size of that under the Baseline condition. The deformation of the extremity of the fingers is strikingly reminiscent of what was found when normal weight individuals were loaded with external weights. Greater total plantar surface and higher mean plantar pressure were observed (Vela et al., 1998;Wright et al. 2012). This may significantly affect the afferent outflow from the tactile mechanoreceptors as observed in [START_REF] Lhomond | Neural consequences of increasing body weight: Evidence from somatosensory evoked potentials and the frequencyspecificity of brain oscillations[END_REF] and Fabre et al.'s (2021) studies.

Three pen grip conditions were tested in both drawing and static tasks. In the Baseline grip, the participant was asked to hold the pen in a natural and spontaneous manner. In the Active grip, the participant was asked to significantly increase the pen grip force and to maintain it constant during the entire trial. In the Passive grip, the participants' fingers were tied tightly onto the pen with a self-adhesive adjustable band in such a way that the total forces exerted by the fingers on the pen was comparable to the Active grip. Before the passive condition, the experimenter had a visual feedback of the force applied on the sensors to verify that the forces exerted in the passive and active conditions were similar. Active and passive grip conditions are illustrated in Fig. 1A (right panel). The three pen grip conditions were counterbalanced between participants. Each pen grip condition was tested over 10 Drawing trials and 10 Static trials (randomized within each pen grip condition).

Behavioral recordings and analyses

The axial pressure exerted by the pen on the tablet was recorded from the graphic tablet (resolution 2048 levels of pressure) that we converted in Newton after calibration of the pen on a weighting scale. The results of the calibration are illustrated in Figure 2A. As can be seen, the values differ between the upward calibration (where the weight increased during the calibration -in blue) and the downward calibration (where the weight decreased -in red). Thus, we considered the averaged values between the two calibration conditions for converting the pen pressure data in Newton in each condition for each participant. Furthermore, in the drawing task, the pen coordinates were also recorded from the tablet to compute the mean tangential velocity (mm/s) and a spatial error index. This spatial index was computed in two steps (for an illustration, see Fig. 2C). In the first step, a theoretical shape (in green) was defined through the mean coordinates determined on a cycle-by-cycle basis (step 1, top panel in Fig. 2C). In the second step, the spatial error was defined through the mean Euclidian distance between the observed data in each condition and the theoretical shape provided to each participant. This distance is illustrated in red in Figure 2C (bottom panel). A 13-seconds window excluding the first and last seconds was analyzed in order to exclude any acceleration and deceleration that can appear at the beginning or the end of each trial.

Stimulation procedure

Fourteen stimulations were electrically delivered to the median nerve at the wrist during static and drawing tasks. Each stimulation was separated by 1 second. All stimulations were analyzed (total of 140 stimulations in each condition and task). These stimulations were delivered by a DS5 isolated bipolar constant current stimulator. Each stimulation consisted of a single rectangular 10 ms pulse. The stimulation intensity was determined as follows: for each participant while their arm was in a relaxed position, we first found the lowest intensity which resulted in a constant perception of the stimulation (mean amplitude: 0.93 ± 0.25 mA). This stimulation was determined as the baseline value. The stimulation intensity was then set at 25% higher than the baseline value for each participant. For all participants, this intensity was below the motor threshold.

Electrophysiological recordings and analyses

Electroencephalographic (EEG) activity was continuously recorded from 64 Ag/AgCl surface electrodes embedded in an elastic cap (BioSemi ActiveTwo system: BioSemi, Netherlands).

The signal was pre-amplified at the electrode sites and digitized at a sampling rate of 1024 Hz.

Off-line filtering with a 50 Hz digital notch filter and a 0.5-45 Hz band-pass digital filter (48 dB/octave) implemented by BrainVision Analyzer 2 software (Brain Products, Germany) was applied. SEPs were obtained by averaging, for each participant, task and condition, all synchronized epochs relative to the electrical stimulus. The average amplitude of the 50 ms pre-stimulus epoch served as baseline. We measured the SEPs over the C3 electrode as this electrode overlays the sensorimotor cortices, particularly the representation of the right hand on the homunculus. The earliest discernible positive (P50) and negative (N80) peaks following each stimulus were identified. The amplitude of the P50N80 waveform was measured peak-topeak (Fig. 3A).

The sources of the cortical activities were reconstructed with Brainstorm software [START_REF] Tadel | Brainstorm: A User-Friendly Application for MEG/EEG Analysis[END_REF], freely available at http://neuroimage.usc.edu/brainstorm) with the preprocessed averaged data. We employed the minimum-norm technique to resolve the inverse problem with unconstrained dipole orientations. The forward model was computed for each condition using a boundary element method (BEM) on the anatomical MRI Colin 27 high-resolution brain template (330 117 vertices), a predominant volume conductor model from the Montreal Neurological Institute [START_REF] Mosher | EEG and MEG: forward solutions for inverse methods[END_REF][START_REF] Huang | The New York head-a precise standardized volume conductor model for EEG source localization and tES targeting[END_REF]. 

Statistics

A repeated measures ANOVA was conducted with the two 'Tasks' (Drawing and Static) and the three 'Grip' conditions (Baseline, Passive, and Active) for all variables, except for spatial accuracy and movement velocity that were related to the performance in the Drawing task only. Furthermore, the relationship between grip force and downward pressure on the tablet was tested with Pearson's correlation tests (on the averaged data per condition and per participant). All significance thresholds were set to p < 0.05. Tukey's HSD post hoc tests were applied when necessary.

Results

Motor performance

To assess whether participants complied with the force requirement during the trial, the force of each finger (i.e. thumb, index, and major) was measured and averaged every second during the trial duration, then averaged for each trial (Fig. 1B, left panel). The mean grip force of each participant was submitted to a repeated measures ANOVA with the 'Grip' conditions (Baseline, Passive and Active) and the 'Task' (Drawing and Static). As expected (Fig. 1B, right panel), the ANOVA revealed a main grip condition effect (F2, 28 = 77.11, p < 0.001, η²p = 0.85). Tukey's HSD post hoc test showed that Active and Passive grip conditions were about three times higher than the Baseline condition (p < 0.001 for both comparisons) and that the overpressures actively generated on the pen were comparable to those passively applied (p = 0.17, NS). In addition, the absence of modulations across the drawing trial in Passive condition as compared to both Active and Baseline conditions suggested that in the Passive condition no pen grip motor command was present (Fig. 1B, left panel). Furthermore, we observed a 200% increase in contact surface area with increased grip force (for an illustration, see Fig. 1C and caption for commentary).

Variables related to motor performance were analyzed to verify whether drawing performance varied between the pen grip conditions. Overall, the results showed that drawing performance was slightly affected by the different conditions of grip force. The spatial error was below 2 mm. Nevertheless, the ANOVA revealed a main effect of Grip on spatial error (F2, Passive and Active grip conditions than in the Baseline (p < 0.001 and p < 0.05 for Passive and Active conditions, respectively) with no difference between the two increased grip force conditions (p = 0.29). The changes in accuracy in these conditions were not due to a faster drawing performance as the mean velocity did not reveal a main effect of Grip (F2, 28 = 1.009; p = 0.37; overall mean: 83 ± 52 mm/s).

To further investigate whether the pen downward pressure on the tablet changes with the increased grip force, we analyzed the force exerted on the tablet (Fig. 2B). The results showed a main effect of Task (F1, 14 = 9.54; p < 0.01), a main effect of Grip condition (F2, 28 = 11.02, p < 0.001), and a significant interaction (F2, 28 = 8.58, p = 0.01). When comparing the tasks, it is not surprising to note that the downward pressure on the tablet was lower when drawing than when the pen remained static. This is likely due to the need to slide the pen across the tablet to comply with the drawing task. Interestingly, the post hoc analysis of the Task by Grip interaction revealed that, in the Drawing task, the pressure exerted on the tablet was higher in the Active condition than in both Baseline (p < 0.001) and Passive (p < 0.001) conditions which did not differed (p = 0.36, NS). In the static task, the pen downward pressure differed between the three grip conditions (p < 0.001 for the three comparisons). The Pearson's correlation tests between pen grip force and downward pressure revealed a significant correlation in the Baseline conditions (R = 0.56 in both the Static and Drawing tasks). In the Passive and Active grip conditions, the analysis revealed that these two variables are no longer correlated (R < 0.25, NS).

Brain activity

To assess whether somatosensory processes were disrupted due to increased grip force, we analyzed the P50N80 SEP amplitudes (Fig. 3B). The results showed a main effect of grip condition (F2, 28 = 3.31; p < 0.05). Post hoc analyses showed that the SEP amplitude was smaller in the Active condition as compared to the Passive condition (p = 0.04). Both Active (1.59 ± 0.66 V) and Passive (1.87 ± 0.89 V) conditions did not differed from the Baseline condition (1.69 ± 0.95 V) (p = 0.23 and p = 0.66 for Passive and Active conditions, respectively).

It is not surprising to note a main effect of Task (F1,14= 16.66; p = 0.0011). Post hoc analyses showed that the P50N80 amplitude was smaller in the drawing task than when the participants held the pen static in both the Baseline (p = 0.001) and Active (p < 0.01) conditions. In the Passive condition the P50N80 amplitude did not differ significantly between the Drawing and Static tasks (p = 0.09). Overall, these results suggest that the well-known general sensory suppression caused by the motor command per se, was present for both self-generated pengrip force conditions (Baseline and Active) but not significantly for the Passive pen grip.

No task or grip effects were observed on the P50 latency (overall mean 52 ± 8 ms) and N80 latency (overall mean 80 ± 9 ms) (F1,14= 0.58; p = 0.45 and F2,28= 0.82; p = 0.44 for task and grip effect for the P50 and F1,14= 0.31; p = 0.58 and F2,28= 1.74; p = 0.19 for task and grip effect for the N80).

To investigate the brain activation changes during and after the P50N80 SEP we computed brain activity (Fig. 4). As shown in Figure 4A, during the P50N80 SEP, the source analyses revealed an increase activation of the premotor areas (PMd and SMA) contralateral to the drawing movement in the Active relative to Baseline condition. No such increase in activation was observed when comparing Passive and Baseline conditions (Fig. 4B). Later starting at about 80 ms, the statistical source maps revealed consistent activation of the superior lobules (SPL, BA 7) of the parietal cortex. The increase SPL activity was observed in both overpressure pen grip conditions (Active and Passive) as compared to Baseline (Fig 4A and B). This suggested that the increase in activity was impervious to self-generated pen grip as it was observed in the Passive condition but was rather related to the skin compression of the fingers on the pen. It was noteworthy that SPL increase activation is associated with increase activation of the primary somatosensory (S1) in the Active condition (Fig. 4A) and to the increase activation of the dorsal part of the posterior cingulate cortex in the Passive condition (Fig. 4B). 

Discussion

In this study, we tested the hypothesis that degraded sensory feedback with or without a motor command for pen grip decreases the accuracy of a drawing task. Our behavioral results (i.e. spatial error) showed that accuracy is impaired at least slightly when the pen grip force is increased (passively or actively). The lack of accuracy in the Drawing task was not related to the depression of the P50N80 SEP, which could have witnessed a decrease in tactile afferents transmission. Rather it was associated with a late increase activation of the SPL, which could be an indicator of difficulty in providing an internal estimate of the grip force during the drawing task.

Ruling out depressed stimulus-evoked activity

The main factor that argues against depressed sensory processes as an explanation for the current behavioral findings, is the SEP-motor command relationship. The depressed transmission of the tactile inputs was not the source of the drawing inaccuracy when greater force was applied to the pen for both Active and Passive conditions. Rather the P50N80 SEP reflects the well-known sensory gating mechanism because it occurs in both self-generated pen grip conditions with different amounts of grip force (Baseline and Active condition) for the Drawing task relative to the Static task. This centrally driven attenuation of afferent input occurs if the internal prediction of the action's sensory consequences is similar to the sensory input obtained during movement execution [START_REF] Seki | Sensory input to primate spinal cord is presynaptically inhibited during voluntary movement[END_REF][START_REF] Voss | Sensorimotor attenuation by central motor command signals in the absence of movement[END_REF][START_REF] Williams | Time course and magnitude of movement-related gating of tactile detection in humans. III. Effect of Motor Tasks[END_REF]. In line with Von Holst's & Mittelstaedt's seminal work (1950), an internal model of the sensory consequences of active pen grip is used to selectively suppress tactilekinesthetic reafference. This sensory suppression of grip-induced feedback is considered as a neural mechanism that allows the central nervous system to distinguish sensory inputs that arise from external sources from inputs resulting from self-generated movements [START_REF] Blakemore | Central cancellation of self-produced tickle sensation[END_REF]. Conversely, the sensory attenuation disappeared in the Passive condition because of the unpredicted tactile feedback due to the passive skin compression of the participants' fingers, tightly attached to the pen. Note that in the Passive condition, the tactile inputs came from two distinct areas, between the fingers and the pen and between the fingers and the band. While this double passive skin compression did not change the amplitude of the SEP in the Static task, it could have interfered with the processing of tactile information in the Drawing task.

Less efficient stimulus processing in maintaining internal representation of the grip force

A clear result from our study was that the lack of accuracy in drawing performance was associated with greater activation of the superior parietal lobule (SPL) starting about 80 ms after the stimulation in both Active and Passive conditions relative to Baseline. Increasing the force of the pen grip seems to result in a compensatory recruitment of sensory integrative mechanisms evidenced by the SPL activation, which may help to cope with changed tactile feedback. Indeed, the posterior parietal cortex (PPC) and in particular the SPL is hypothesized to maintain an internal estimate of limb state, which is continually updated in accordance with changing inputs, for example during actions and their preparation [START_REF] Wolpert | Maintaining internal representations: the role of the human superior parietal lobe[END_REF][START_REF] Barany | Feature interactions enable decoding of sensorimotor transformations for goal-directed movement[END_REF]. The convergence of tactile inputs to the SPL by direct thalamocortical projections [START_REF] Pearson | The projection of the thalamus upon the parietal lobe in the monkey[END_REF][START_REF] Pons | Connections of area 2 of somatosensory cortex with the anterior pulvinar and subdivisions of the ventroposterior complex in macaque monkeys[END_REF][START_REF] Padberg | Thalamocortical Connections of Parietal Somatosensory Cortical Fields in Macaque Monkeys are Highly Divergent and Convergent[END_REF] or indirect projections via cortico-cortical connections [START_REF] Friedman | Cortical Connections of the Somatosensory Fields of the Lateral Sulcus of Macaques: Evidence for a Corticolimbic Pathway for Touch[END_REF][START_REF] Cavada | Posterior parietal cortex in rhesus monkey: II. Evidence for segregated corticocortical networks linking sensory and limbic areas with the frontal lobe[END_REF] allows for this possibility. During the drawing task, the SPL exhibited greater activity with increased pen grip force relative to baseline. This may reflect greater reliance on predictive feedforward control when there is low confidence in relying on sensory cues (here low tactile transmission) [START_REF] Macuga | Differential contributions of the superior and inferior parietal cortex to feedback versus feedforward control of tools[END_REF].

Note that prior to the late involvement of the SPL an early increase in activity of the PMd and SMA in the left hemisphere was observed solely in the Active condition. This is consistent with the presence of an increased motor command and a grip force scaling in the active force condition compared to the baseline condition [START_REF] White | The role of left supplementary motor area in grip force scaling[END_REF]. Furthermore, the late SPL increase in activity is associated with increased activity of S1 solely in the Active condition and with the dorsal posterior cingulate in the Passive condition. Our results are in line with Ruby and Decety's study (2001) in which third-person perspective was compared to first-person perspective during action simulation. The authors showed that the first-person perspective (here the Active condition) resulted in strong activation of the parietal lobule, as well as increased activation in the somatosensory cortex that could witness the programming of the self's movements that can be transformed into execution. By contrast, the third person perspective (here Passive condition) involved the posterior cingulate cortex together with the parietal cortex, which may account for a neural mechanism in the determination of agency.

The processing of self-referential stimuli in cortical midline structures, such as the posterior cingulate cortex, is a fundamental component in generating a model of the self [START_REF] Northoff | Cortical midline structures and the self[END_REF].

Conclusion

Finally, our behavioral observation of a lack of correlation between pen grip force and downward force observed in case of overpressure, whether Active or Passive (but not in natural pen grip condition) argued for the lack of an accurate representation of the pen position and interaction with the surface. Taken together, the findings of the present study demonstrate a lack of accuracy in drawing performance caused by overpressure on the pengrip. Tactile-kinesthetic inputs processing rather than motor processes is at the origin of the drawing inaccuracy as it is observed in both Passive (i.e., no motor command for the pen-grip) and Active overpressure conditions. The activation of the SPL emerges over the same time course under both Active and Passive conditions, suggesting a failure to maintain an internal representation of the finger-pen position relative to the surface where the drawing is performed, this being necessary for both perception and action.
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 1 Figure 1. A) Left panel, illustration of the task performed by a participant equipped with an electrocap for EEG recordings, and two electrodes affixed near to the wrist for stimulation of the median nerve. Middle panel, illustration of the graphic tablet and of the pen equipped with three Force Sensitive Resistor (FSR) sensors. Right panel, illustration of the passive and active grip conditions. B) Grip force recorded and averaged at each second during the 15 sec trial duration (left) or averaged over the whole trial (right) for the three grip conditions (Baseline, Passive and Active) in the drawing (drawn line) and static (dotted line) tasks. C) Illustration of the contact area between the digits and the pen for two trials under a Baseline (left) and an Active (right) grip condition in the Static task (in one participant).The contact area was identified with the use of black paint on the fingers and a white sheet wrapped around the pen. Then, the sheet was scanned in black and white with the same resolution to count the black pixels of the figures (same size: 142x290 pixels for the three conditions) with matlab. The black square corresponds to the total area averaged between the two trials in each condition. Note that the contact area under the Active condition is twice the size of that under the Baseline condition. The deformation of the extremity of the fingers is strikingly reminiscent of what was found when normal weight individuals were loaded with external weights. Greater total plantar surface and higher mean plantar pressure were observed(Vela et al., 1998; Wright et al. 2012). This may significantly affect the afferent outflow from the tactile mechanoreceptors as observed in[START_REF] Lhomond | Neural consequences of increasing body weight: Evidence from somatosensory evoked potentials and the frequencyspecificity of brain oscillations[END_REF] andFabre et al.'s (2021) studies.
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 2 Figure 2. A) Relationship between pen pressure recorded with a weighting scale (in N) and pen pressure recorded by the tablet (in arbitrary unit -A.U.). In blue: data from the upward calibration (the weight increased during the calibration); in red: data from the downward calibration (the weight decreased during the calibration); in black: averaged data between the upward and downward calibration. B) Mean pen pressure under the Baseline, Passive, and Active grip conditions during the Static (left) and Drawing (right) tasks. Error bars correspond to standard error across participants. (* p < 0.05; ** p < 0.01; *** p < 0.001). C) Illustration of the method used for computing spatial error in the drawing trials. Top: illustration of the theoretical shape (green) as defined through the mean coordinates of the produced shapes (black) on a cycle-by-cycle basis for a subject in the Baseline grip condition (step 1). Bottom: illustration of the Euclidian distance (in red) between the produced shape and the theoretical shape for the same subject (step 2). D) Mean spatial error during the drawing task under the three grip conditions (Baseline, Passive and Active). Error bars correspond to standard error across participants. (* p < 0.05; *** p < 0.001).

Figure 3 .

 3 Figure 3. A) Grand average SEP for all participants recorded at C3 under the baseline grip condition. B) Mean for the 140 stimulations of the SEP amplitude. Error bars correspond to standard error across participants. (* p < 0.05; ** p < 0.01; *** p < 0.001).

Figure 4 .

 4 Figure 4. Statistical source estimation maps for contrasts [Active minus Baseline] (top) and [Passive minus Baseline] (bottom) for the drawing task. Significant t-values (p ≤ 0.05, n = 15) of the source localization were shown at different timing points to assess the dynamics of these activities.

= 8.85, p = 0.001, Fig.2D). Post-hoc analysis showed that the spatial error was greater in
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