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In writer's cramp, a form of focal hand dystonia, cortical GABAergic inhibitory mechanisms are altered and may cause involuntary tonic contractions whilst writing. The objective of this study was to explore the time course of long-interval intracortical inhibition that involves GABA-B transmission and late cortical disinhibition (that combines GABA-A and GABA-B mechanisms) in patients with writer's cramp and in control subjects. A double pulse transcranial magnetic stimulation protocol was used to evoke long-interval intracortical inhibition and late cortical disinhibition while the subjects either gripped a cylinder between their thumb and index fingers or relaxed all their upper limb muscles. We measured the ratio between primed and unprimed motor evoked potential in the first dorsal interosseous at interstimulus intervals ranging between 60ms and 300ms.Though the cortical silent period was not different between the groups, long-interval intracortical inhibition lasted longer in patients with writer's cramp, i.e. late cortical disinhibition was delayed for more than 30ms and reached a higher level. In addition to the alteration of inhibitory mechanism mediated by GABA-B transmission, late cortical disinhibition which probably involves presynaptic inhibition is also modified in patients with writer's cramp with possible consequences on the activity of primary motor cortex inhibitory and excitatory circuits which control the hand muscles.
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Introduction

Writer's cramp (WC) is a task-specific form of focal hand dystonia (FHD) characterized by unwanted contraction of hand and wrist muscles during writing [START_REF] Sheehy | Writers' cramp-a focal dystonia[END_REF]. The pathophysiology of dystonia is rather complex and still not fully understood. It associates motor disorders caused by dysfunction in the basal ganglia loop and sensory disorders as attested by abnormalities in spatial (Bara-Jimenez et al., 2000;[START_REF] Tinazzi | Abnormal central integration of a dual somatosensory input in dystonia. Evidence for sensory overflow[END_REF][START_REF] Sanger | Abnormalities of spatial and temporal sensory discrimination in writer's cramp[END_REF][START_REF] Molloy | Abnormalities of spatial discrimination in focal and generalized dystonia[END_REF] and temporal [START_REF] Frasson | Somatosensory disinhibition in dystonia[END_REF][START_REF] Sanger | Abnormalities of spatial and temporal sensory discrimination in writer's cramp[END_REF] sensory discrimination. Anatomically, patients with different forms of focal dystonia exhibit altered regional functional connectivity within the striatum and between lateral primary sensorimotor cortex and the ventral intraparietal area [START_REF] Norris | Regional, not global, functional connectivity contributes to isolated focal dystonia[END_REF]. Recent data suggest that rather than a pure basal ganglia disorder, dystonia is a network disorder involving the basal ganglia, cerebellum, thalamus and sensorimotor cortex (for a review, see [START_REF] Latorre | Delineating the electrophysiological signature of dystonia[END_REF]. Focal hand dystonia is also characterized by abnormal homeostatic plasticity in the sensorimotor cortical areas (Byl, 2004;[START_REF] Quartarone | Homeostatic-like plasticity of the primary motor hand area is impaired in focal hand dystonia[END_REF]Erro et al, 2018Erro et al, ,2020) ) which may be a substrate for development of dystonic phenotype. Studies using Transcranial Magnetic Stimulation (TMS) have shown a global reduction of cortical inhibitory mechanisms efficiency that may account for primary motor cortex overactivity in FHD and difficulty in selectively activating the hand muscles. Undesirable co-contraction can be due to the loss, or impairment of short-interval intracortical inhibition (SICI) [START_REF] Ridding | Changes in the balance between motor cortical excitation and inhibition in focal, task specific dystonia[END_REF][START_REF] Siebner | Low-frequency repetitive transcranial magnetic stimulation of the motor cortex in writer's cramp[END_REF][START_REF] Stinear | Impaired modulation of intracortical inhibition in focal hand dystonia[END_REF], a GABA-A mediated inhibition which is thought to play a role in the selection of the appropriate muscles at the correct amount of contraction during skilled hand movements [START_REF] Ridding | Changes in the balance between motor cortical excitation and inhibition in focal, task specific dystonia[END_REF][START_REF] Stinear | Role of intracortical inhibition in selective hand muscle activation[END_REF]. Unlike SICI, long-interval intracortical inhibition (LICI), a marker of GABA-B cortical inhibitory mechanisms, is poorly documented in FHD. In one study conducted by Chen and colleagues [START_REF] Chen | Impaired inhibition in writer's cramp during voluntary muscle activation[END_REF], LICI was found to be lower in WC in comparison to healthy subjects and the reduction of inhibition was only visible on the symptomatic side when patients were performing a tonic voluntary contraction. However, another study reported that LICI was increased in dystonic patients when compared with healthy subjects [START_REF] Rona | Alterations of motor cortical inhibition in patients with dystonia[END_REF].

It has recently been evidenced in healthy subjects using supra-threshold paired TMS pulses that LICI is followed by a period of increased cortical excitability: late cortical disinhibition (LCD) (Cash et al., 2010). Whether LCD occurs only in activated muscles or also when at rest is still unclear and has to be elucidated but several lines of evidence argue towards the idea that LCD appears only once LICI has decreased enough and only when one muscle involved in an active task, is voluntarily activated (Caux-Dedeystère et al., 2015). Late cortical disinhibition could reflect the
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This article is protected by copyright. All rights reserved physiological mechanism of excitatory neuron synchronization sharing similarities with eventrelated synchronization as observed in EEG experiments (Cash et al., 2011). LCD has been hypothesized to result from a decrease in GABA release due to activation of presynaptic slowacting metabotropic GABA-B receptors which leads to progressive disinhibition of GABA transmission (Cash et al., 2010). Given that GABAergic inhibitory processes are altered in dystonia, one could expect some changes in LCD time course and/or amplitude in patients with FHD.

The aim of this study was therefore to further investigate LICI and for the first time LCD in patients with writer's cramp. We hypothesized that if LICI is reduced in dystonic patients then LCD may arise earlier than in healthy subjects and post-LCD facilitation would be exaggerated.

We have used paired-pulse TMS to induce LICI and LCD in patients with writer's cramp and healthy subjects and have compared their time course both at rest and during the thumb-index precision grip task. This task has been chosen because there is consistent albeit few data in the literature showing that LCD occurs in the hand muscles engaged in the task (Caux-Dedeystere et al, 2014, 2015) and because precision gripping of a thin object is close to the hand posture necessary to hold a pen that is altered in FHD, and is thus an ecological situation. Furthermore, given that there are inconsistent data in the literature about the silent period duration in dystonia and because the silent period and LICI may share a common origin, we also measured the silent period duration during the active task.
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Methods

Subjects

Nine patients with writer's cramp (7 females, mean age ± SD = 48±9.71) and nine healthy sexand age-matched controls (mean age ± SD: 46.44±10.20) participated in the study after giving their written, informed consent. Patients with writer's cramp were diagnosed by a neurologist specialized in movement disorders (AK). To limit inter-individual variability, we included a group of patients with a classical and similar symptomatology of writer's cramp, that is a flexion of the first two fingers. The coexistence of a flexion of the last fingers or of the wrist was not considered an exclusion criterion, but we did not include patients with extension movements. To be included in this study, patients had to be able to perform the thumb-index grip task and had to show (i) clear dystonic movements related to the performance of a writing task, and (ii) deficit at least in thumb and index flexion. Exclusion criteria included history of epilepsy, psychiatric diseases and other specific neurological disorders that would explain the signs and symptoms and contraindication to transcranial magnetic stimulation, i.e. implanted medical devices.

The clinical data of the dystonic patients is presented in table 1. None of the patients showed paralysis due to botulinum treatment (the last injection was anterior to three months from the experiment). All WC patients were able to achieve uncontracted state in the recorded muscle.

The protocol was approved by the local independent ethics committee (The Comité Consultatif de Protection des Personnes Nord-Ouest IV, Amiens, France) in accordance to the tenets of the Declaration of Helsinki.

Electromyographic (EMG) recordings

Subjects were seated comfortably, with their forearm placed on an armrest in a semi-pronated, resting position. Ag-AgCl surface electrodes were used to record the EMG activity of the FDI muscle of the dominant hand with a tendon-belly montage. The EMG signal was amplified (x1000), high-pass filtered at 10 Hz and low-pass filtered at 1000 Hz (Digitimer, Hertfordshire, UK) prior to sampling at 2 kHz with an A/D 1401MicroMKII device (Cambridge Electronic Design, Cambridge, UK). The data were stored on a computer for subsequent off-line analysis using customized Signal software (Cambridge Electronic Design, Cambridge, UK). Before starting the experiment, we ensured that the dystonic patients were able to perform thumb-index isometric contraction without any difficulty or pain. Participants first performed maximal voluntary contraction (MVC) of the FDI in three successive trials. An A/D 1401+ device (Cambridge Electronic Device, Cambridge, UK) and customized Spike2 software (Cambridge Electronic
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This article is protected by copyright. All rights reserved Design, Cambridge, UK) was used to record and display the root mean square of the low-passfiltered (100Hz) EMG signal from the FDI as a percentage of the MVC signal. Participants therefore had a visual feedback of the level of FDI muscle contraction and were instructed to maintain a tonic contraction of 10% of the MVC during the active task.

Stimulation procedures

Magnetic stimuli were delivered using a figure-of-eight focal coil (external diameter: 9.5 cm) through two Magstim 200 stimulators (The Magstim Company Ltd, Whitland, UK) linked via a Bistim module. Stimulation was applied over the optimal scalp point for the FDI of the dominant hand, i.e. the site which yielded the strongest FDI motor-evoked potentials (MEPs) at a given supra-threshold intensity. This point was determined by moving the coil over the hand motor area while the subject relaxed his/her arm muscles. In order to ensure constant coil positioning throughout the series, the FDI's hotspot was marked on a swimming cap worn by the subject. All subsequent stimulations were delivered on this point, with the coil held tangentially to the scalp with the handle pointing backwards and sideways (at a 45° angle from the midline). We measured the FDI's resting motor threshold (RMT), which was defined as the lowest stimulus intensity capable of inducing MEPs greater than 50 µV in at least 5 out of 10 trials in the resting muscle [START_REF] Rossi | Safety, ethical considerations, and application guidelines for the use of transcranial magnetic stimulation in clinical practice and research[END_REF].

Experimental design

In order to record the silent period (SP) duration, eight stimuli were applied at 130% of the RMT while the participant maintained a 10% MVC tonic contraction in the FDI. The SP duration was measured as the time between the start of the MEP and the return of FDI EMG activity above the mean pre-stimulus level measured during a 50-ms period before the magnetic pulse.

The paired-pulse series consisted of a priming stimulus (PS) set to 130% of the RMT followed by a test stimulus (TS), which intensity was adjusted to induce an MEP of ~1mV (measured peak-topeak) across the conditions (rest and tonic voluntary FDI contraction) when delivered alone. On the basis of our precedent study (Caux-Dedeystère et al., 2015), ten inter-stimulus interval (ISIs) were chosen in order to analyze LICI and post-LICI disinhibition in details: 60, 90, 120, 140, 150, 165, 180, 195, 230 and 300ms. The ISIs were separated into two series of five randomized ISIs to shorten the series duration and avoid muscle fatigue during the isometric task. Hence, a total of 4 series (two series of five ISIs for the two conditions) were performed randomly. In each of them, eight primed MEPs were recorded in pseudo-random order for each ISI, together with eight non-primed responses delivered pseudo-randomly throughout the block. In all the experimental series, single pulses and paired-pulses were separated by an inter-trial interval of between 4 and
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This article is protected by copyright. All rights reserved 6 seconds. Each series lasted about three minutes and none of the patients or healthy subjects reported fatigue or difficulties in maintaining the contraction level in the active task.

Statistical analysis

Whatever the ISI considered, the average primed peak-to-peak MEP amplitude was measured offline and was expressed as a percentage of the unprimed MEP. The statistical analysis was performed with SPSS software (version 20.0, IBM Co, Armonk, NY, USA). The effects of ISI and group conditions on MEP amplitude was examined with a repeated measure ANOVA which considered all inter-stimulus intervals as repeated factors and groups (WC and HS), as the between-subjects factor. If the effect of ISI was found to be significant, the difference from the baseline (unprimed MEP) for each ISI was tested with a one-sample T-test. If a group effect or an interaction appeared, a post hoc analysis was performed after Sidak correction for multiple comparisons with a Mann-Whitney test.

We also sought to model the full MEP-ISI curve's profile, including long-interval intracortical inhibition as well as late cortical disinhibition. To capture this relationship, we used a double sigmoid model, with one positive-slope sigmoid followed by a negative-slope one. This allows to better capture the first slope and plateau value compared to single sigmoid approaches, which are perturbed by long-ISI data points (Cash et al., 2010). In order to compare groups with this non-linear modeling approach and account for the relatively low number of subjects, we used Bayesian inference to fit a hierarchical model on the non-averaged data (single MEPs). For this, we used the probabilistic programming language Stan with its implementation of a Hamiltonian Markov chain Monte Carlo using a NUTS sampler algorithm [START_REF] Homan | The No-U-Turn Sampler: Adaptively Setting Path Lengths in Hamiltonian Monte Carlo[END_REF].

For subject , we model the average MEP for ISI as :

Where is the minimum value of the curve for subject , is the maximum value (first plateau), is the inflexion point of the first sigmoid and the slope of the first sigmoid. The second sigmoid is modeled with the following parameters: is the difference between and the ending plateau, is the inflexion point of the second sigmoid, and the slope of the second sigmoid. To guarantee a proper fit of both sigmoids, the model was constrained so that , and .

To account for the increased variability of individual MEPs with their average, MEPs were modeled as randomly drawn from a normal distribution which standard deviation increased linearly with the mean :
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We implemented a hierarchical model, so all subject-level parameters were drawn from population-level normal distributions. For example, we defined . Here, is a group-level hyper-parameter, corresponding to the between-subject average of the first sigmoid inflexion point in group . Patients and healthy subjects can then be compared by observing the posterior distributions of the differences between such group-level hyperparameters. For example, a shift of away from zero indicates a different late cortical disinhibition delay between patients and controls. To lower model complexity, the variance hyper-parameters such as are kept constant across groups.

Bayesian inference requires priors for the hyper-parameters, which were kept identical between both groups, and chosen wide so as to not constrain the model.

The silent period duration, the motor threshold and the MEPs amplitude induced by the PS were compared between conditions with a paired-test (or Wilcoxon depending on the variance and distribution). For all statistical tests, the threshold for statistically significance was set to p < 0.05.
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Results

Motor threshold, silent period duration and PS-induced MEP amplitude

The mean RMT was 44.3 % ±2.0 (mean±SE) in the healthy subjects, and 49.1 % ±2.5 in the patients. These values were not significantly different (p = 0.15). There was also no difference in SP duration between the WC and healthy subjects (table 2). Whatever the condition (rest or active) being considered, the MEP amplitude induced by the priming stimulus did not differ between the healthy subjects and dystonic patients (Table 2).

LICI/LCD profile in dystonic patients vs control subjects in the thumb-index grip task

In both the healthy subjects and patients with WC, the priming stimulus induced a marked modulation of FDI MEPs. Long-interval intracortical inhibition observed at around 90-100ms was followed by a clear facilitation in both groups (figure 1A). This was confirmed by the ANOVA which indicated a main effect of the ISI (F 9,72 =12.00, p<0.0001), and a significant interaction group x ISI (F 9,72 =2.497, p=0.0152) but no difference between the patients and control group. The significant group x ISI interaction indicated that the effect of ISI differs between patients and controls. This may be due to the delayed reduction of LICI in patients compared with control subjects at ISIs between 140-165ms (figure 1A).

The post-hoc analysis indicated that the primed MEP in the FDI was statistically greater in the patients (264.6 % ± 68.8) than in the controls (162.4 % ± 18.8) at the ISI 230 ms (p<0.05). In the control subjects, the priming stimulus had a significant inhibitory effect on the FDI response at ISIs 60-120ms and a facilitatory effect at intervals 195-230 ms, but the effect was not significant at all other intervals. In the dystonic group, inhibition was maintained until 150 ms and the primed MEP was significantly greater than baseline only at the interval of 230 ms. The prolongation of LICI was confirmed by the hierarchical Bayesian modeling (Figure 2), which indicated that the LICI/LCD curve was shifted to the right. The group-average S 50 obtained from the model was greater in the patient group (177 ms) than in the control subjects (155 ms) with a probability given the evidence of 94 % (proportion of posterior samples ) .

LICI/LCD profile in dystonic patients versus control subjects in the resting condition

When the subject was at rest, the time course of LICI/LCD strongly differed from that observed during the voluntary FDI contraction, in the sense that LICI was less important and LCD not present (figure 1B). The priming stimulus induced LICI with a maximum of inhibition at ISI 90 ms in control subjects, and later (150 ms) in dystonic patients. Then, the primed MEP amplitude slightly tended towards the reference value but never reached it even at the longest intervals of
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interaction.

Discussion

The main result of our study was that the LICI/LCD transition was delayed in dystonic patients compared with healthy subjects when the FDI of the dominant side was engaged in the thumbindex precision grip task. In other words, LICI lasted longer and LCD occurred later in writer's cramp. This prolongation of LICI in WC is unlikely to be due to the conditioning stimulus since the motor responses evoked in the FDI following the conditioning stimulus was similar in both populations. The longer LICI in WC was rather unexpected since dystonia is considered to be characterized by a general decrease in inhibition at the spinal, brainstem and cortical level (for a review, see [START_REF] Hallett | Neurophysiology of dystonia: The role of inhibition[END_REF]. Previous studies have shown for example that short-interval intracortical inhibition, a GABA-A mechanism acting in the primary motor cortex is most likely reduced in focal hand dystonia, [START_REF] Ridding | Changes in the balance between motor cortical excitation and inhibition in focal, task specific dystonia[END_REF] in particular in muscles adjacent to those involved in a fine task (Berardelli et al., 2008) suggesting a loss in surround inhibition in the corticomotor system leading to unwanted contractions [START_REF] Sohn | Disturbed surround inhibition in focal hand dystonia[END_REF][START_REF] Stinear | Impaired modulation of intracortical inhibition in focal hand dystonia[END_REF]Bütefisch et al., 2005). However, a decrease of SICI in hand muscles has also been found in patients with cervical [START_REF] Kanovský | Accepted Article This article is protected by copyright. All rights reserved Abnormalities of cortical excitability and cortical inhibition in cervical dystonia Evidence from somatosensory evoked potentials and paired transcranial magnetic stimulation recordings[END_REF]), fixed (Avanzino et al., 2008) and psychogenic dystonia [START_REF] Espay | Cortical and spinal abnormalities in psychogenic dystonia[END_REF]. Furthermore SICI may also be present on the asymptomatic side and in asymptomatic carriers of gene mutations causing dystonia [START_REF] Edwards | Different patterns of electrophysiological deficits in manifesting and non-manifesting carriers of the DYT1 gene mutation[END_REF]. Overall, these data suggest that SICI can be considered as a nonspecific feature of dystonia rather than a correlate of motor disorders in writer's cramp. Long-interval intracortical inhibition which is mediated via GABA-B receptors also seems to be affected. Chen and coworkers [START_REF] Chen | Impaired inhibition in writer's cramp during voluntary muscle activation[END_REF] have reported that LICI strength was reduced in patients with writer's cramp in their wrist muscles during isometric wrist extension and diminution in LICI at intervals of 50 and 150 ms in psychogenic and organic dystonia has also been observed [START_REF] Espay | Cortical and spinal abnormalities in psychogenic dystonia[END_REF]. In line with these previous findings, our results also show a trend for a slight reduction of LICI in WC at intervals of 90 ms, but the change in LICI was rather weak and never reached a significant level when compared with the control subjects. When at rest, our data also confirmed the previous data of Chen [START_REF] Chen | Impaired inhibition in writer's cramp during voluntary muscle activation[END_REF] who did not observe any differences in LICI between healthy subjects and patients with focal hand dystonia. However, none of the aforementioned studies addressed the question of the time course of post LICI disinhibition. Therefore, our data brings a new perspective on the disruption in cortical inhibitory mechanisms which can occur in focal hand
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This article is protected by copyright. All rights reserved dystonia by showing that the dynamics of LICI/LCD is affected as attested by the prolongation of LICI and delayed LCD. Our results extend the previous observations that the LICI in the first dorsal interosseous at the interval of 150 ms was greater in a group of patients with various forms of dystonia compared with healthy subjects [START_REF] Rona | Alterations of motor cortical inhibition in patients with dystonia[END_REF], whereas the cortical silent period was not statistically different between the two groups. In line with Rona and colleagues [START_REF] Rona | Alterations of motor cortical inhibition in patients with dystonia[END_REF], we observed that the silent period duration was not modified in the dystonic patients compared with healthy subjects whereas LICI was present at intervals as long as 150 ms in the FDI muscle in the dystonic but not in the healthy subjects. We suggest that this may be due to delayed cortical disinhibition in patients with dystonia making the LICI appear to last longer due to the overlapping time course of LICI and LCD.

To date, LCD has not been extensively explored, and its mechanisms and physiological significance remain largely unknown. One of the possible mechanisms for LCD is a decrease in GABA release due to activation of presynaptic slow-acting metabotropic GABA-B receptors which leads to progressive disinhibition of GABA transmission (Cash et al., 2010). The present finding that LCD is delayed in patients with WC would mean that the mechanisms of action of GABA on presynaptic GABA-B receptor have worsened. This may occur if GABA release is reduced or if the receptors and/or the cellular mechanisms triggered by the receptor activation are altered. A significant decrease of GABA levels has been evidenced in the sensorimotor cortex contralateral to the most affected hand in writer's cramp [START_REF] Levy | Impaired brain GABA in focal dystonia[END_REF] .Together with GABA decrease, one could expect that postsynaptic effects (i.e. LICI) would also diminish. However, although some authors actually found a reduction in LICI levels during voluntary contraction [START_REF] Chen | Impaired inhibition in writer's cramp during voluntary muscle activation[END_REF], this was not observable in our subjects. This is most likely because the conditioning stimulus was high, leading to a ceiling effect of the primed response in both groups. It is therefore difficult to assess whether or not delayed LCD is due to a reduction in GABA action on presynaptic receptors or to other mechanisms at the receptor or post-receptor level.

Late cortical disinhibition has been shown to occur during active voluntary tasks in a taskdependent manner (Caux-Dedeystère et al., 2014). It is also observed in relaxed muscles during motor imagery, the release of voluntary contraction [START_REF] Chong | Modulation of motor cortex inhibition during motor imagery[END_REF] or when neighboring muscles are actively engaged in a task (Caux-Dedeystère et al., 2015). Though we did not explore the ISI between 190ms and 230ms where LCD might occur even in a resting muscle (Cash et al., 2016), our results in dystonic patients and healthy subjects tend to confirm the previous finding that LCD is inconsistent when all muscles are at rest (Caux-Dedeystère et al., 2015;[START_REF] Cirillo | Threshold tracking primary motor cortex inhibition: the influence of current direction[END_REF][START_REF] Chong | Modulation of motor cortex inhibition during motor imagery[END_REF][START_REF] Ruddy | Neural activity related to volitional Accepted Article This article is protected by copyright. All rights reserved regulation of cortical excitability[END_REF][START_REF] Mooney | The Influence of Primary Motor Cortex Inhibition on Upper Limb Impairment and Function in Chronic Stroke: A Multimodal Study[END_REF].
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One of the putative explanations to explain the discrepancy in LCD between the resting and active state is relative to proprioceptive feedback (Caux-Dedeystère et al., 2014). It can be hypothesized that LCD occurs forcefully when the motor cortex is receiving afferent inputs from ongoing muscle contraction. Although, to the best of our knowledge, no studies have explored the interaction between circuits of the sensorimotor cortex mediating movement-related afferent input and LCD, there is evidence that peripheral sensory stimulation may interact with GABA circuits in the motor cortex [START_REF] Sailer | Effects of peripheral sensory input on cortical inhibition in humans[END_REF]. When an electrical sensory stimulus is applied on an upper limb peripheral nerve, it is followed by two phases of decrease in corticospinal excitability. The first one, the short latency afferent inhibition (SAI) [START_REF] Delwaide | Conditioning transcranial cortical stimulation (TCCS) by exteroceptive stimulation in parkinsonian patients[END_REF][START_REF] Tokimura | Short latency inhibition of human hand motor cortex by somatosensory input from the hand[END_REF] coincides with the time of signal transmission in the ascending sensory pathway to the sensorimotor cortex (20-25ms). The second one, the long latency afferent inhibition (LAI) occurs after 100-200ms, and could last for up to 2000ms and has been suggested to correlate with the increase of activity in the beta band as recorded with EEG after peripheral stimulation [START_REF] Chen | Modulation of motor cortex excitability by median nerve and digit stimulation[END_REF]. Both the circuits involved in LAI [START_REF] Sailer | Effects of peripheral sensory input on cortical inhibition in humans[END_REF] and SAI [START_REF] Udupa | Interactions between short latency afferent inhibition and long interval intracortical inhibition[END_REF] have been shown to interact with those mediating GABA-B inhibition. In focal hand dystonia, the LAI tends to decrease compared with the normal subjects [START_REF] Pirio Richardson | Long-latency afferent inhibition during phasic finger movement in focal hand dystonia[END_REF], and can even be replaced by facilitation (Abbruzzese et al., 2001). It would therefore seem plausible that prolongation of inhibition and delayed disinhibition, among the other GABA-B mediated mechanisms could be modified in dystonia as a consequence of the altered afferent input integration at long latencies. There is convergent evidence in the literature that the topography and circuits properties of somatosensory and motor areas in dystonia are altered. Based on a different approach, imaging studies have shown that GABAergic neurotransmission in the sensorimotor cortical areas is impaired in FHD [START_REF] Gallea | Loss of inhibition in sensorimotor networks in focal hand dystonia[END_REF] and that functional connectivity between the parietal and frontal sensorimotor regions is decreased in focal dystonia [START_REF] Norris | Regional, not global, functional connectivity contributes to isolated focal dystonia[END_REF]. Resting state connectivity in the sensorimotor cortices contralateral to the affected hand is also abnormal in FHD [START_REF] Hinkley | Complex-Value Coherence Mapping Reveals Novel Abnormal Resting-State Functional Connectivity Networks in Task-Specific Focal Hand Dystonia[END_REF], while bilateral changes in grey matter volume in the primary somatosensory and motor cortices can be observed in patients with unilateral FHD [START_REF] Garraux | Changes in brain anatomy in focal hand dystonia[END_REF]. These functional alterations between somatosensory and motor regions might be a substrate for altered sensorimotor integration. However, the recent finding that LCD can be observed in resting muscles during motor imagery does not argue in favor of a influence of sensory inputs on late cortical disinhibition, but further experiments are necessary to understand interaction between LCD and other cortical circuits.

This study suffers from several limitations. We acknowledge that additional experiments would be necessary to confirm these novel data given the limitations of our study such as the small number
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This article is protected by copyright. All rights reserved of subjects in each group and the unbalance between males and females. Whether or not the changes in LICI/LCD could explain at least in part the motor symptoms of dystonia or be specific to the body parts affected in focal hand dystonia cannot be ascertained and further experiments with other kinds of dystonia, and with recordings of both symptomatic and asymptomatic sides would help to resolve these issues.

In conclusion, our study shows that in addition to the alteration of inhibitory mechanisms mediated by GABA-A transmission, late cortical disinhibition is also modified in patients with writer's cramp with possible consequences on the activity of primary motor cortex inhibitory and excitatory circuits controlling the hand muscles. 
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Table 1 : 

  Abbreviations : EEG : electroencephalography EMG : electromyographic FDI : first dorsalis interosseus FHD : focal hand dystonia GABA : Gamma-Amino Butyric Acid HS : healthy subject ISI: interstimulus interval LAI : long latency afferent inhibition LCD : late cortical disinhibition LICI : long-interval intracortical inhibition MEP : motor evoked potential MVC : maximal voluntary contraction PS : priming stimulus RMT : resting motor threshold SAI : short latency afferent inhibition SICI : short-interval intracortical inhibition TMS : transcranial magnetic stimulation TS: test stimulus WC : writer's cramp

  Trompetto, C., & Thompson, P.D. (2008) Consensus paper on short-interval intracortical inhibition and other transcranial magnetic stimulation intracortical paradigms in movement disorders. Brain Stimul, 1, 183-191. Bütefisch, C.M., Boroojerdi, B., Chen, R., Battaglia, F., & Hallett, M. (2005) Task-dependent intracortical inhibition is impaired in focal hand dystonia. Mov. Disord., 20, 545-551. Byl, N.N. (2004) Focal hand dystonia may result from aberrant neuroplasticity. Adv Neurol, 94, 19-28. Cash, R.F.H., Murakami, T., Chen, R., Thickbroom, G.W., & Ziemann, U. (2016) Augmenting Plasticity Induction in Human Motor Cortex by Disinhibition Stimulation. Cereb Cortex, 26, 58-69. Cash, R.F.H., Ziemann, U., Murray, K., & Thickbroom, G.W. (2010) Late cortical disinhibition in human motor cortex: a triple-pulse transcranial magnetic stimulation study. J. Neurophysiol., 103, 511-518. Cash, R.F.H., Ziemann, U., & Thickbroom, G.W. (2011) Inhibitory and disinhibitory effects on Iwave facilitation in motor cortex. J. Neurophysiol., 105, 100-106. Caux-Dedeystère, A., Derambure, P., & Devanne, H. (2015) Late cortical disinhibition in relaxed versus active hand muscles. Neuroscience, 298, 52-62. Caux-Dedeystère, A., Rambour, M., Duhamel, A., Cassim, F., Derambure, P., & Devanne, H.

  

  

Table 2 : Baseline measures of MEP amplitude (mV) evoked in the FDI muscle by the priming stimulus and the silent period duration (ms) in the FDI.

 2 

		Rest		Active	
		patients	healthy	patients	healthy
			subjects		subjects
	Silent period			153.1±6.0	148.2±11.4
	MEP PS FDI	0.78±0.19	1.01±0.27	3.85±0.63	3.64±0.64
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