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Background

According to the International Association for the Study of Pain (IASP) definition [START_REF] Jensen | A new definition of neuropathic pain[END_REF], neuropathic pain results from "a lesion or disease of the somatosensory nervous system", which can affect the central or peripheral nervous system. Chronic neuropathic pain has a prevalence of almost 7% in France [7] and its treatment remains a major clinical challenge, as pain relief is achieved in less than 50% of cases and is generally only partial [START_REF] Finnerup | Pharmacotherapy for neuropathic pain in adults: a systematic review and meta-analysis[END_REF]. In addition, the side effects due to the usual medications of neuropathic pain, i.e. antiepileptics and antidepressants may be severe, altering the quality of life and compromising treatment continuation. Therefore, proposals for alternative strategies are timely. Among non-pharmacological solutions, neuromodulation is increasingly being used. Neuromodulation techniques for the treatment of neuropathic pain include a large variety of procedures that can be applied invasively (using surgically implanted electrodes) or non-invasively using magnetic or electrical stimulations. Those stimulations may be applied to a variety of targets, from peripheral nerves to the cerebral cortex [START_REF] Cruccu | EAN guidelines on central neurostimulation therapy in chronic pain conditions[END_REF][START_REF] Deer | The appropriate use of neurostimulation of the spinal cord and peripheral nervous system for the treatment of chronic pain and ischemic diseases: the Neuromodulation Appropriateness Consensus Committee[END_REF][START_REF] Moisset | Non pharmacological treatment for neuropathic pain: Invasive and non-invasive cortical stimulation[END_REF].

Motor cortex stimulation

Concerning cortical stimulation, the most validated target is the precentral gyrus, i.e. the motor cortex, whether the origin of neuropathic pain locates in peripheral or central nervous system [START_REF] Kurt | Motor Cortex Stimulation in Patients Suffering from Chronic Neuropathic Pain: Summary of Expert Meeting and Premeeting Questionnaire, Combined with Literature Review[END_REF][START_REF] May | Prefrontal gamma oscillations reflect ongoing pain intensity in chronic back pain patients[END_REF][START_REF] Mo | Motor cortex stimulation: a systematic literature-based analysis of effectiveness and case series experience[END_REF]. The efficacy of motor cortex stimulation to relieve neuropathic pain is explained by the fact that this cortical region includes projections of various neural networks involved in motor control, which are also the same as those involved in the development of chronic pain [START_REF] Lefaucheur | The use of repetitive transcranial magnetic stimulation (rTMS) in chronic neuropathic pain[END_REF][START_REF] Nguyen | Invasive brain stimulation for the treatment of neuropathic pain[END_REF]. Indeed, effective motor planning and gait control is greatly influenced by goal-directed and stimulus-driven attentional systems, regulation of affective and emotional inputs, motivational aspects, working memory parameterization, cognitive information derived from the environment, and sensory and proprioceptive feedback. Furthermore, there are close interactions between these various functions in the quality of motor control, e.g., interferences between attentional focus or salience of the attentional system and emotional control of movement [START_REF] Coombes | Attentional control theory: anxiety, emotion, and motor planning[END_REF][START_REF] Pourtois | Brain mechanisms for emotional influences on perception and attention: what is magic and what is not[END_REF], influence of memory formation or past experiences in emotionally relevant information [START_REF] Greeley | Mood induction effects on motor sequence learning and stop signal reaction time[END_REF][START_REF] Ledoux | Emotional memory systems in the brain[END_REF][START_REF] Tyng | The Influences of Emotion on Learning and Memory[END_REF], combination of attentional, arousal, emotional, and motivational factors in motor performance [START_REF] Ellmers | Conscious motor control impairs attentional processing efficiency during precision stepping[END_REF][START_REF] Janelle | Anxiety, arousal and visual attention: a mechanistic account of performance variability[END_REF][START_REF] Li | Negative emotional state slows down movement speed: behavioral and neural evidence[END_REF][START_REF] Makaruk | The effects of combining focus of attention and autonomy support on shot accuracy in the penalty kick[END_REF], or relationships between sensory loss, perceptual deficits, and cognitive impairments in balance or motor disorders [START_REF] Gorniak | Cognitive impairment and postural control deficit in adults with Type 2 diabetes[END_REF][START_REF] Tasseel-Ponche | Motor strategies of postural control after hemispheric stroke[END_REF].

According to the pain matrix theory, the alteration of the same neuronal functions as those involved in motor control (sensory feedback, attention, motivation, emotion, etc.) is the basis of the chronicization of pain. The pain matrix is composed of several interacting networks. There is a first order 'nociceptive' matrix, mainly including posterior operculo-insular areas and receiving nociceptive inputs from ascending spinothalamic systems, responsible for the bodily and physical pain sensations. Next, a second order 'attentional' matrix, including posterior parietal, prefrontal and anterior insular areas, is responsible for conscious perception, salience attributes, and attention to pain; this matrix also triggers top-down cognitive controls. Lastly, a third order 'emotional' matrix, including orbitofrontal, perigenual anterior or posterior cingulate areas and hippocampal-amygdala pathways, is involved in emotional experience, affective modulation, anxiety, expectations and beliefs about pain [START_REF] Garcia-Larrea | Pain and consciousness[END_REF][START_REF] Garcia-Larrea | Pain matrices and neuropathic pain matrices: a review[END_REF]. Thus, central processing of nociception is initiated in parallel in central (rolandic), prefronto-parieto-insular, and limbic pathways according to the functional connectivity between sensory and high-level brain networks. This leads to a multimodal awareness of nociceptive information. Secondary sensitization of these processes with long-term implicit memorization will result in the clinical picture of chronic pain syndrome.

Conversely, therapeutic neuromodulation aims at restoring normal electrical activities in dysfunctional neural networks. The 'motor cortex', i.e. the precentral gyrus, is a gateway for neuromodulation techniques to act on the different brain networks involved in the development of chronic pain and associated neural dysfunctions. Thus, factors other than a simple analgesic effect contribute to the benefit produced by the modulation of brain networks by stimulating the motor cortex [START_REF] Parravano | Quality of Life After Motor Cortex Stimulation: Clinical Results and Systematic Review of the Literature[END_REF].

As aforementioned, neuromodulation may be based on invasive or non-invasive electrical or magnetic stimulation techniques, but may also include alternative techniques like neurofeedback (NFB), aimed at producing endogenous modulation of neural networks without any stimulation being applied.

Neurofeedback

NFB is a type of biofeedback technique for self-modulating brain activities by means of a learning task performed with ongoing sensory (usually visual) feedback to real-time acquisition of either brain imaging or electroencephalographic (EEG) signal, which serves as a biomarker of brain activity [START_REF] Micoulaud-Franchi | Electroencephalographic neurofeedback: Level of evidence in mental and brain disorders and suggestions for good clinical practice[END_REF][START_REF] Micoulaud-Franchi | Towards a Pragmatic Approach to a Psychophysiological Unit of Analysis for Mental and Brain Disorders: An EEG-Copeia for Neurofeedback[END_REF][START_REF] Papo | Neurofeedback: Principles, appraisal, and outstanding issues[END_REF]103].

NFB training uses monitoring devices to provide moment-to-moment information to an individual regarding the state of their brain functioning. During EEG-NFB procedures, electrodes are placed on the subject's scalp and the EEG signal is analyzed in real-time according to the power of each frequency band. A target has been determined beforehand, whether it is an increase or decrease in the signal power in a particular frequency band or a ratio of EEG rhythms.

The information resulting from the fact that the target is reached or not, is fed back to the subject instantaneously with the understanding that changes in the feedback signal indicate whether the subject's brain activity meets the goal that has been set. With training using trial and error, the subject is thought to gradually develop mental strategies that modify her/his brain activity for maximizing the reward.

Although NFB has been proposed as a therapeutic approach in various neurological and mainly psychiatric domains [3,4,[START_REF] Marzbani | Neurofeedback: A Comprehensive Review on System Design, Methodology and Clinical Applications[END_REF][START_REF] Micoulaud-Franchi | Electroencephalographic neurofeedback: Level of evidence in mental and brain disorders and suggestions for good clinical practice[END_REF][START_REF] Rousselle | Adaptation et validation d'une version brève en langue française du questionnaire d'impulsivité de Barratt (BIS-15)[END_REF][START_REF] Thibault | The self-regulating brain and neurofeedback: Experimental science and clinical promise[END_REF], its validity is still questioned in terms of scientific evidence going beyond the placebo effect [START_REF] Thibault | The psychology of neurofeedback: Clinical intervention even if applied placebo[END_REF][START_REF] Thibault | Neurofeedback or neuroplacebo?[END_REF].

EEG biomarkers of ongoing pain

Before considering the value of EEG-based NFB in a given clinical condition, EEG biomarkers of this condition should be determined first, but this is not always the case. In the pain domain, the issue of the pathophysiology of chronic ongoing pain, e.g., neuropathic pain, has rarely been addressed in EEG studies, while most EEG studies focused on experimentally provoked pain in healthy volunteers [START_REF] Nickel | Brain oscillations differentially encode noxious stimulus intensity and pain intensity[END_REF][START_REF] Nickel | Neural oscillations and connectivity characterizing the state of tonic experimental pain in humans[END_REF][START_REF] Ploner | Electroencephalography and magnetoencephalography in pain research-current state and future perspectives[END_REF][START_REF] Ploner | Brain Rhythms of Pain[END_REF][START_REF] Schulz | Decoding an individual's sensitivity to pain from the multivariate analysis of EEG data[END_REF][START_REF] Schulz | Prefrontal Gamma Oscillations Encode Tonic Pain in Humans[END_REF][START_REF] Tiemann | Differential neurophysiological correlates of bottom-up and top-down modulations of pain[END_REF][START_REF] Tiemann | Distinct patterns of brain activity mediate perceptual and motor and autonomic responses to noxious stimuli[END_REF].

Jeanmonod and collaborators performed seminal work on EEG correlates of neuropathic pain, finding mostly a frontal increase and enhanced coherence coupling concerning θ (4-9 Hz) and low-β (12-16 Hz) frequencies in neuropathic patients [START_REF] Sarnthein | High thalamocortical theta coherence in patients with neurogenic pain[END_REF][START_REF] Sarnthein | Increased EEG power and slowed dominant frequency in patients with neurogenic pain[END_REF][START_REF] Stern | Persistent EEG overactivation in the cortical pain matrix of neurogenic pain patients[END_REF]. They further showed that these EEG features, especially θ band increase was restored to normal values after thalamic surgery, supporting the involvement of altered thalamocortical oscillations in chronic neuropathic pain.

Recently, in a series of 31 patients with chronic back pain, May et al. showed that ongoing pain intensity correlated with β (14-29 Hz) and γ (60-90 Hz) oscillations in prefrontal areas [START_REF] May | Prefrontal gamma oscillations reflect ongoing pain intensity in chronic back pain patients[END_REF]. In contrast, no association was found between pain and α (8-13 Hz) or β oscillations in sensorimotor cortical areas. In another study, the same authors compared resting-state EEG between 101 patients with chronic pain and 84 age-and gender-matched healthy controls [START_REF] Dinh | Brain dysfunction in chronic pain patients assessed by resting-state electroencephalography[END_REF]. They did not find any difference in EEG measures of oscillatory brain activity, but frontal connectivity was significantly increased for θ (4-8 Hz) and γ (>60 Hz) frequency bands. Finally, in a series of 19 patients with fibromyalgia, Fallon et al. found an increased θ activity in prefrontal and anterior cingulate cortices, significantly correlated with tenderness and tiredness scores [START_REF] Fallon | Altered theta oscillations in resting EEG of fibromyalgia syndrome patients[END_REF].

All these results suggest that an increased synchrony of θ and γ activities in frontal brain areas could be an EEG biomarker of chronic pain. This was confirmed by magnetoencephalography studies [START_REF] Lim | Increased Low-and High-Frequency Oscillatory Activity in the Prefrontal Cortex of Fibromyalgia Patients[END_REF]. Additional work will of course be necessary, including connectivity and source location studies [START_REF] Prichep | Exploration of the Pathophysiology of Chronic Pain Using Quantitative EEG Source Localization[END_REF][START_REF] Stern | Persistent EEG overactivation in the cortical pain matrix of neurogenic pain patients[END_REF][START_REF] Vanneste | Resting state electrical brain activity and connectivity in fibromyalgia[END_REF][START_REF] Vanneste | Thalamocortical dysrhythmia detected by machine learning[END_REF][START_REF] Vanneste | Tinnitus and neuropathic pain share a common neural substrate in the form of specific brain connectivity and microstate profiles[END_REF], despite all the methodological difficulties of correctly interpreting resting-state EEG data in pain patients, particularly because of the influence of analgesic drugs.

Analgesic effects of EEG-NFB procedures

Unfortunately, the few therapeutic trials assessing the value of EEG-NFB procedures did not refer to previous resting-state EEG studies in the pain domain. For example, one recent trial, based on 20 NFB sessions, aimed at reinforcing α-synchrony in frontal cortical areas in 16 patients with chronic low back pain [START_REF] Mayaud | Alphaphase synchrony EEG training for multi-resistant chronic low back pain patients: an open-label pilot study[END_REF]. Clinical improvement was long-lasting over several months and the related EEG changes concerned α-phase concentration, solely sensitive to EEG signal phase, rather than α-phase synchrony, sensitive to both amplitude and phase in the α band.

In another study, 18 patients with multiple sclerosis and pain were randomly assigned to perform 5 sessions of self-hypnosis training combined or not with an EEG-NFB procedure [START_REF] Jensen | Use of Neurofeedback to Enhance Response to Hypnotic Analgesia in Individuals With Multiple Sclerosis[END_REF]. This procedure associated: (i) one 20-minute NFB session before hypnosis intervention, aimed at reinforcing signal power in both θ (4-8 Hz) and α (8-11 Hz) bands in the left (pre)frontal area (FP1-F3); (ii) one 10-minute NFB session after hypnosis intervention, aimed at reinforcing signal power in the low-β band (12-15 Hz) at the vertex (Cz), while activity in the θ (3-7 Hz), high-β [START_REF] Farrar | Clinical importance of changes in chronic pain intensity measured on an 11-point numerical pain rating scale[END_REF][START_REF] Finnerup | Pharmacotherapy for neuropathic pain in adults: a systematic review and meta-analysis[END_REF][START_REF] Fuggetta | A neurophysiological insight into the potential link between transcranial magnetic stimulation, thalamocortical dysrhythmia and neuropsychiatric disorders[END_REF][START_REF] Garcia-Larrea | Pain and consciousness[END_REF][START_REF] Garcia-Larrea | Pain matrices and neuropathic pain matrices: a review[END_REF][START_REF] Gerke | Thalamic neuronal activity in rats with mechanical allodynia following contusive spinal cord injury[END_REF][START_REF] Gorini | A neurofeedback-based intervention to reduce post-operative pain in lung cancer patients: study protocol for a randomized controlled trial[END_REF][START_REF] Gorniak | Cognitive impairment and postural control deficit in adults with Type 2 diabetes[END_REF][START_REF] Greeley | Mood induction effects on motor sequence learning and stop signal reaction time[END_REF], and γ (45-60 Hz) bands were inhibited. This dual NFB procedure combined with hypnosis was found to produce greater analgesic effects than hypnosis treatment alone.

In a previous study [START_REF] Jensen | Steps toward developing an EEG biofeedback treatment for chronic pain[END_REF], the same authors compared the analgesic effects of 12 sessions of three different EEG-NFB procedures in 10 patients with spinal cord injury and chronic pain. These procedures aimed at reinforcing α activity (8-12 Hz) and decreasing high-β activity (18-30 Hz) at T3-T4 location or at reinforcing low-β activity (10-15 Hz) and decreasing θ (3-7 Hz) and high-β (22-30 Hz) activities at C3-C4 location or P3-P4 location. The analgesic effect was statistically significant but not clinically meaningful, lasting for at least 3 months.

Another group assessed the analgesic effects of EEG-NFB in patients with central neuropathic pain due to spinal cord injury [START_REF] Hasan | Reversed cortical overactivity during movement imagination following neurofeedback treatment for central neuropathic pain[END_REF][START_REF] Hassan | The mechanism of neurofeedback training for treatment of central neuropathic pain in paraplegia: a pilot study[END_REF][START_REF] Vučković | EEG Correlates of Self-Managed Neurofeedback Treatment of Central Neuropathic Pain in Chronic Spinal Cord Injury[END_REF]. In a pilot study of 7 paraplegic patients with chronic pain, Hassan et al. [START_REF] Hassan | The mechanism of neurofeedback training for treatment of central neuropathic pain in paraplegia: a pilot study[END_REF] compared four different EEG-NFB procedures aimed at reinforcing low-β activity (12-15 Hz) and decreasing θ (4-8 Hz) and high-β (20-30 Hz) activities at the vertex (Cz) or at reinforcing α activity (8-12 Hz) and decreasing θ (4-8 Hz) and high-β (20-30 Hz) activities at P4, C3 or C4 location. Five of the 7 patients received 20 to 40 NFB sessions and the best pain relief was observed following the latter procedure (increasing α and decreasing θ and high-β activities at C4) [START_REF] Hasan | Reversed cortical overactivity during movement imagination following neurofeedback treatment for central neuropathic pain[END_REF][START_REF] Hassan | The mechanism of neurofeedback training for treatment of central neuropathic pain in paraplegia: a pilot study[END_REF]. This procedure was further assessed by the same authors in a subsequent study of 15 patients with chronic central neuropathic pain due to spinal cord injury [START_REF] Vučković | EEG Correlates of Self-Managed Neurofeedback Treatment of Central Neuropathic Pain in Chronic Spinal Cord Injury[END_REF]. After 4 initial sessions of NFB training performed at hospital, patients self-administered NFB at home 2-3 times a week over 4 to 20 weeks. The objective of the NFB protocol was to upregulate the EEG signal power in the α band (8-12 Hz) and downregulate the θ (4-8 Hz) and high-β (20-30 Hz) power from C4 recording. Analgesia was produced in 12/15 patients and was clinically meaningful (>30% pain relief) in 8/12. In resting-state EEG recorded during initial NFB training, α power significantly increased, while θ power decreased.

Two EEG-NFB studies enrolled patients with chronic pain relative to fibromyalgia. In the first study (15 patients), the EEG-NFB protocol aimed at upregulating the low-β activity [START_REF] Cleeland | Pain assessment: global use of the Brief Pain Inventory[END_REF][START_REF] Coombes | Attentional control theory: anxiety, emotion, and motor planning[END_REF][START_REF] Courtois | Le Big Five Inventory français permet-il d'évaluer des facettes en plus des cinq grands facteurs ?[END_REF][START_REF] Cruccu | EAN guidelines on central neurostimulation therapy in chronic pain conditions[END_REF] and downregulating θ (4-7 Hz) and high-β (22-30 Hz) activities at the vertex (Cz) [START_REF] Caro | EEG biofeedback treatment improves certain attention and somatic symptoms in fibromyalgia: a pilot study[END_REF]. The primary outcome was not pain but attention disorder. Beneficial effects were observed concerning visual but not auditory attention, while pain and fatigue also tended to improve.

In the second study, 20 sessions of EEG-NFB were performed over 4 weeks, aiming at reinforcing low-β (12-15 Hz) and decreasing θ (4-7 Hz) activities recorded at C4 [START_REF] Kayiran | Neurofeedback intervention in fibromyalgia syndrome; a randomized, controlled, rater blind clinical trial[END_REF]. The 18 patients treated by EEG-NFB displayed greater clinical benefits than 18 control patients who received antidepressant medication (escitalopram) for 8 weeks.

The other published studies concerning the analgesic effects of EEG-NFB were case series, including patients with complex regional pain syndrome [START_REF] Ibric | Neurofeedback in pain management[END_REF][START_REF] Jensen | Neurofeedback for treatment of pain associated with complex regional pain syndrome type I: A case series[END_REF], but they include highly heterogeneous EEG-NFB procedures in terms of rhythm contingencies and electrode locations.

Finally, various EEG-NFB studies performed in the pain domain did not provide any detail on the targeted EEG rhythms or the location of EEG recordings [START_REF] Gorini | A neurofeedback-based intervention to reduce post-operative pain in lung cancer patients: study protocol for a randomized controlled trial[END_REF][START_REF] Prinsloo | The Long-Term Impact of Neurofeedback on Symptom Burden and Interference in Patients With Chronic Chemotherapy-Induced Neuropathy: Analysis of a Randomized Controlled Trial[END_REF].

Brain rhythms in the central region and rationale for the trial

To sum up EEG-NFB results, some analgesic effects have been reported in patients with low back pain, central neuropathic due to spinal cord injury, or fibromyalgia following EEG-NFB sessions aimed primarily at reinforcing α or low-β activities and decreasing θ and high-β activities in frontocentral areas. These results were taken as the basis of the rationale for this study. In addition, it should be noted that the analgesic efficacy of precentral (motor cortex) stimulation, either by rTMS or with implanted epidural electrodes, is obtained specifically at frequencies of about 10 to 20 Hz. Also, it seemed appropriate to focus the primary objective of our study on the reinforcement of low-β activity at the level of central electrodes.

When recorded over central regions (C3-Cz-C4 sites in the International 10-20 system of EEG electrode locations), EEG activity in the low-β frequency band (12-15 Hz) is called 'sensorimotor rhythm' (SMR). Modulating SMR is a commonly used NFB procedure, found to impact on very different aspects in a variety of clinical conditions [9,[START_REF] Egner | EEG biofeedback of low beta band components: frequencyspecific effects on variables of attention and event-related brain potentials[END_REF][START_REF] Gruzelier | Differential effects on mood of 12-15 (SMR) and 15-18 (beta1) Hz neurofeedback[END_REF][START_REF] Jeunet | Using EEG-based brain computer interface and neurofeedback targeting sensorimotor rhythms to improve motor skills: Theoretical background, applications and prospects[END_REF][START_REF] Kober | Shutting down sensorimotor interference unblocks the networks for stimulus processing: an SMR neurofeedback training study[END_REF][START_REF] Pimenta | Neurofeedback of SMR and Beta1 Frequencies: An Investigation of Learning Indices and Frequency-Specific Effects[END_REF][START_REF] Reichert | Shutting Down Sensorimotor Interferences after Stroke: A Proof-of-Principle SMR Neurofeedback Study[END_REF].

Mostly SMR is associated with a quiet body and active mind and is thought to be generated through thalamocortical interactions within a reticular-thalamo-cortical network. The reinforcement of SMR by training likely facilitates thalamic inhibitory mechanisms, reduces impulsiveness and hyperactivity, but also motor deficits, and improves motor skills, attention processing and memory performance [START_REF] Jeunet | Using EEG-based brain computer interface and neurofeedback targeting sensorimotor rhythms to improve motor skills: Theoretical background, applications and prospects[END_REF][START_REF] Sterman | Physiological origins and functional correlates of EEG rhythmic activities: implications for self-regulation[END_REF]. Therefore, there is a rationale for promoting SMR enhancement by EEG-NFB in the context of chronic pain, beyond the few aforementioned results provided by the literature. Indeed, increased thalamic activity is associated with pain in experimental models [START_REF] Gerke | Thalamic neuronal activity in rats with mechanical allodynia following contusive spinal cord injury[END_REF][START_REF] Guilbaud | Neuronal responsiveness in the ventrobasal thalamic complex of rats with an experimental peripheral mononeuropathy[END_REF][START_REF] Vos | Changes in neuronal activities in the two ventral posterior medial thalamic nuclei in an experimental model of trigeminal pain in the rat by constriction of one infraorbital nerve[END_REF][START_REF] Weng | Functional plasticity in primate somatosensory thalamus following chronic lesion of the ventral lateral spinal cord[END_REF], resulting in the amplification of the perception of painful messages, making them present for a longer time. Altered thalamic firing and oscillatory activities in the thalamocortical projections were also associated with chronic neuropathic pain in humans (thalamocortical dysrhythmia) [2,[START_REF] Cauda | Low-frequency BOLD fluctuations demonstrate altered thalamocortical connectivity in diabetic neuropathic pain[END_REF][START_REF] Pietro | The relationship between thalamic GABA content and resting cortical rhythm in neuropathic pain[END_REF][START_REF] Groh | Acute and Chronic Pain Processing in the Thalamocortical System of Humans and Animal Models[END_REF][START_REF] Walton | Central Pain as a Thalamocortical Dysrhythmia: A Thalamic Efference Disconnection?[END_REF]. This relates to an overexpression of voltagegated axonal sodium channels or hyperactive T-type calcium channels (low-threshold spikes) responsible of high-frequency discharges at the level of thalamic relay neurons.

As aforementioned, the most validated target of cortical neuromodulation able to produce analgesic effects, especially in neuropathic pain, is the motor cortex (i.e. central cortical region).

It is believed that one of the main mechanisms of action of motor cortex stimulation in pain patients relates to the indirect modulation of thalamic activities, probably by activating descending pain inhibitory systems as shown in experimental models [START_REF] Kim | Motor cortex stimulation and neuropathic pain: how does motor cortex stimulation affect pain-signaling pathways?[END_REF][START_REF] Pagano | Transdural motor cortex stimulation reverses neuropathic pain in rats: a profile of neuronal activation[END_REF][START_REF] Pagano | Motor cortex stimulation inhibits thalamic sensory neurons and enhances activity of PAG neurons: possible pathways for antinociception[END_REF][START_REF] Tsubokawa | Treatment of thalamic pain by chronic motor cortex stimulation[END_REF]. The direct modulation of thalamocortical dysrhythmia by means of cortical stimulation is more speculative [START_REF] Fuggetta | A neurophysiological insight into the potential link between transcranial magnetic stimulation, thalamocortical dysrhythmia and neuropsychiatric disorders[END_REF].

In the present study, in a series of patients with peripheral neuropathic pain, the EEG-NFB procedure will aim at reinforcing SMR (low-β activities, in the 12-15 Hz band) compared to a reduction of high-β activities (in the 22-30 Hz band) at the level of an electrode placed over the motor cortex contralateral to the most painful side (C3 or C4), or over the left hemisphere (C3) in case of bilateral symmetric pain. Conversely, the usual NFB procedure of SMR training is rather to increase low-β activities compared to much slower brain rhythms, such as θ or δ rhythm (0.5-4 Hz). The goal of increasing SMR/θ or δ ratio in frontocentral cortical regions usually relates to the improvement of motor skills through mental motor imagery tasks, especially in the context of brain-computer interface programs [START_REF] Jeunet | Using EEG-based brain computer interface and neurofeedback targeting sensorimotor rhythms to improve motor skills: Theoretical background, applications and prospects[END_REF]. Beyond motor imagery, SMR (low-β) activities are also associated with sustained attention, concentration on a focused task, perception of the environment, and working memory. To concomitantly reduce slower rhythms may serve the purpose of further improving attention and concentration abilities. The objective of increasing SMR/high-β ratio rather reflects a desire to concomitantly reduce anxiety, muscular tension, or negative thoughts (such as anger), which are associated with high-β rhythms. Thus, the objective of our study will be to assess the ability of an EEG-NFB procedure targeting the SMR/high-β ratio to provide chronic pain relief by increasing focused attention abilities in a controlled manner on sensorimotor aspects concerning the painful body region (contralateral to the EEG recording electrode over C3 or C4), with the intention of concomitantly reducing the associated negative emotional charge. This procedure will be compared to another active EEG-NFB procedure, aimed at reinforcing α activities (8-11 Hz) and decreasing θ activities (3-7 Hz) over C3/C4. At this central (motor cortex) location, activities in the α frequency band correspond to the μ rhythm [START_REF] Kuhlman | Functional topography of the human mu rhythm[END_REF]. This procedure is apparently opposed to the classical EEG-NFB procedure of 'α/θ training', which is very common and was largely applied in various clinical conditions [START_REF] Egner | Ecological validity of neurofeedback: modulation of slow wave EEG enhances musical performance[END_REF][START_REF] Gruzelier | A theory of alpha/theta neurofeedback, creative performance enhancement, long distance functional connectivity and psychological integration[END_REF][START_REF] Imperatori | Alpha/Theta Neurofeedback Increases Mentalization and Default Mode Network Connectivity in a Non-Clinical Sample[END_REF]. Indeed, α/θ training aims at raising the power ratio in the θ band over the α band in posterior cortical areas (usually at Pz location), using auditory feedback while the participant relaxes with eyes closed.

The reinforcement of θ activities produces a state of relaxation, such as hypnosis, increasing meditation, mentalization, creativity, and positive affect. However, it is difficult to stay awake in NFB procedures of α/θ training [START_REF] Schütze | The difficulty of staying awake during alpha/theta neurofeedback training[END_REF]. In our study, in contrast to classical α/θ training, the control condition will be to raise the power ratio in the α band (μ rhythm) over the θ band in a central (rolandic) cortical region (C3/C4) while the participant will stare at a screen with eyes open. The rolandic μ rhythm is inversely correlated to action observation or execution [START_REF] Kuhlman | Functional topography of the human mu rhythm[END_REF], i.e. the μ rhythm is desynchronized or suppressed with self-initiated body movement, imagined movement, or even observed movement, related to the activity of the mirror neurons located in premotor areas. Therefore, to reinforce μ (α) activities in the rolandic region, the instruction may be to stay motionless and attentive, in a state of quiet alert, between resting and mindful state. To concomitantly decrease θ activities is a way of maintaining a high level of arousal and vigilance with a neutral mental strategy.

Our protocol takes into account the ongoing controversy on the real efficacy of EEG-NFB strategies [START_REF] Thibault | The psychology of neurofeedback: Clinical intervention even if applied placebo[END_REF][START_REF] Thibault | Neurofeedback or neuroplacebo?[END_REF]. Various arguments challenge this efficacy and support a dominant placebo effect in EEG-NFB outcomes, particularly related to the technological aspects of the procedure and the high involvement required of the patient for concentrating on mind activities over iterative sessions. Therefore, to be sound, a controlled protocol cannot be based on the comparison of repeated EEG-NFB sessions versus "no EEG-NFB". Various sham EEG-NFB procedures have been proposed, e.g. based on an unrelated electrical signal, a brain signal from another participant, or the reward of a randomly chosen frequency band. In this study, we will compare the effect of pain of procedures aimed at increasing the power ratio of low-β over high-β activities or of α over θ activities. Both procedures are thought to have the same non-specific influences concerning motivation and expectation and could even have an overall effect of the same magnitude on the pain syndrome in general because chronic pain results from multiple and varied mechanisms. Also, even if significant clinical changes are observed in both conditions, our objective is to show that these changes are different in terms of their pathophysiological mechanisms and thus demonstrate the specific impact of the frequency modulation of EEG activities and therefore the true efficacy of the procedure.

Objectives and endpoints

To assess the analgesic effect of an EEG-NFB procedure aimed at increasing the power ratio of low-β (SMR, 12-15 Hz) over high-β (22-30 Hz) activities at the level of a central electrode (C3/C4) placed on the hemisphere contralateral to most painful side (or over the left hemisphere in the case of bilateral symmetric pain). The control condition will be an EEG-NFB procedure aimed at increasing the power ratio of α (μ rhythm, 8-11 Hz) over θ (3-7 Hz) activities at the same cortical site. The primary endpoint will be the decrease of the impact of pain on the patient's daily functioning, as assessed on the 7-item Interference Scale of the Brief Pain Inventory, before and one week after 12 EEG-NFB sessions performed over 4 weeks. The impact of the EEG-NFB procedure on any other clinical or EEG outcome measure will be considered as secondary endpoints. The association between the therapeutic response, defined as a reduction ≥30% of the 7-item Interference BPI score, and clinical or EEG outcome measures at baseline will be also analyzed to determine predictive factors of response.

Selection of research participants

Inclusion criteria

Inclusion criteria will be: (1) existence of a definite peripheral neuropathy on both clinical and neurophysiological grounds, present for at least 6 months; (2) neuropathic pain clearly related to the neuropathy, as defined by a score ≥ 4/10 on the questionnaire "Douleur Neuropathique en 4

Questions" (DN4) [6] (cf. Appendix); (3) a score ≥ 4/10 on a 0-10 numerical rating scale (NRS) concerning the average intensity of daily ongoing pain; (4) age between 18 and 80 years; (5) affiliation with the social security system; (6) ability to provide signed informed consent.

Exclusion criteria

Exclusion criteria will be: (1) concomitant neurological (neurodegenerative disorders, migraine, epilepsy, stroke, tumor) or psychiatric illness; (2) major visual disturbances.

Detailed study plan

Description of the research proceedings and study design

This is a single-centre, single-blinded, randomized controlled pilot study, in which 32 patients, aged between 18 and 80 years, suffering from painful peripheral neuropathy (DN4 and NRS pain scores ≥4/10), will be randomly assigned to one of the two following EEG-NFB protocols, aimed at increasing either the SMR/high-β ratio (n=16) or the μ/θ ratio (n=16) at central (rolandic) cortical level in a 1:1 allocation ratio, stratified by age and gender. The group allocation of the patients will be performed by one investigator not involved in the EEG-NFB task or clinical assessment. Patients will be recruited in the Clinical Neurophysiology department of the Henri Mondor University Hospital, Créteil, France, where the research will take place. The experiments will be submitted to the approval of an ethical review board (Comité de Protection des Personnes, CPP), and declared to all the relevant authorities.

Screening and inclusion visits

During a routine medical visit, the study will be explained and proposed to the eligible patients and a letter of information about the protocol will be given to them. After a delay of reflection of at least a week, patients who agree to perform this research will be convened for an inclusion visit. After checking the inclusion/exclusion criteria, the informed consent form will be completed and signed by the participant and duly countersigned by the investigator.

During this visit, clinical assessment based on the fulfillment of different scales and questionnaires will be performed, as presented in the 'Clinical scales and questionnaires' section, Table 1, and the Appendix at the end of the document.

At the end of the inclusion visit, the patient will be randomized to either SMR/high-β or μ/θ training and the first EEG-NFB session will be performed.

NFB trial

The trial phase will consist of 12 EEG-NFB sessions over 4 weeks (on 3 consecutive days for 4 weeks). Each NFB session will last about 20 minutes, starting and ending with a recording of 2 minutes of resting-state EEG with eyes closed to investigate the impact of NFB on raw EEG. The NFB procedure will consist of 10 blocks of 75-second training separated by 15-second resting interval and is further detailed in the next section.

Final visit and follow-up

A visit will take place at the end of the trial, 7 days after the last NFB session. During this visit, subjects will be administered almost the same clinical evaluation that they received at the inclusion visit (cf. 'Clinical scales and questionnaires' section and Table 1).

For the responders, defined as a reduction ≥30% of the 7-item Interference BPI score after the EEG-NFB procedure, an attempt to perform a transfer task will be proposed to the patient. From data collected during a semi-structured interview by the investigator on the strategy used by the patient to "succeed the game" during the NFB session (Metacognitive interview semi-structured questionnaire (Metacog-IQ), cf. Appendix) [START_REF] Jaumard-Hakoun | Intégrer les facteurs psycho-sociaux dans les thérapies par neurofeedback[END_REF], the mental process that the patient will have to use in the transfer task will be defined between the investigator and the patient. The purpose of the transfer task is to allow generalization of EEG-NFB benefit in real life conditions by realizing an NFB-like paradigm in which patients are invited to engage in the same cognitive strategies as for NFB but without presentation of the feedback signal [START_REF] Strehl | Self-regulation of slow cortical potentials: a new treatment for children with attention-deficit/hyperactivity disorder[END_REF][START_REF] Zuberer | Mixed-Effects Modeling of Neurofeedback Self-Regulation Performance: Moderators for Learning in Children with ADHD[END_REF].

The patient will have to perform the transfer task for 20 minutes every morning for three weeks.

At the end of the third week, the investigator will make a phone call to the patient to record the 7item Interference BPI score.

EEG-NFB procedures

At the beginning of each session, the subject will be invited to sit in front of a computer screen and a cap will be placed on the scalp with one EEG electrode at C3 or C4 location. This active electrode will be placed over the motor cortex contralateral to the most painful side (C3 or C4), or of the left hemisphere (C3) in case of bilateral symmetric pain. The reference electrode will be placed at the right or left mastoid, contralateral to the active electrode and the ground electrode will be placed at the other mastoid. Two additional electrodes will be placed below the right eye and over the left trapezius muscle to record electrooculographic (EOG), electrocardiographic (ECG) and electromyographic (EMG) signals as indicators of noise rejection. Electrode impedance will be maintained below 10 kΩ. EEG signal will be sampled at 1 kHz and band-pass filtered between 0.01 and 100 Hz.

At this time, the subjects will complete a questionnaire about their subjective state. This Then, the investigator will explain to the patient that EEG will be recorded in a resting state condition for 2 minutes before the NFB procedure starts. For this recording, participants will be asked to stay in a relaxed and wakeful state, without any particular task to perform and with the eyes closed, which a better data quality and less muscle artifacts in a previous study [START_REF] Dinh | Brain dysfunction in chronic pain patients assessed by resting-state electroencephalography[END_REF]. The methods of EEG signal analysis will be detailed in the next section. software (Neuroelectrics, Barcelona, Spain). The patient will be informed to look at a computer screen showing a spaceship traveling from left to right at a constant speed and focus their minds in order to keep this spaceship at a constant height. If the expected level of EEG power ratio is maintained, the spaceship continues straight ahead, otherwise, it moves upwards or downwards.

The game also presents auditory feedback and a count-of-points system according to the time spent with the EEG target reached (target hits). The task will be performed by the patient in an environment with as few distractions as possible and in the presence of the investigator who will remain purely passive and neutral. The patients will never receive negative feedback, in order to avoid loss of motivation. Overall, the NFB procedure will consist of 10 blocks of 75-second training separated by 15-second resting interval to avoid fatigue and decreased attention.

The test procedure will aim at increasing the power ratio of SMR (low-β, 12-15 Hz) over high-β (22-30 Hz) frequencies. The reinforcement of SMR may demand specific visuospatial abilities and creative thought for imagination of movement. The initial instruction given to the patient will be to carefully perform mental motor tasks with sustained attention and concentration focused on the painful body region (aimed at increasing SMR) but in a very positive emotional context and a relaxed state, without any anxiety or anger (aimed at decreasing high-β activities). The control procedure will aim at increasing the power ratio of μ rhythm (8-11 Hz) over θ (3)(4)(5)(6)(7) frequencies. The initial instruction given to the patient will be to stay in a calm and motionless state of alertness in a neutral emotional context. Of course, patients will have the opportunity to adapt their strategy based on feedback reward to improve their NFB performance.

At the end of each session, 2 minutes of resting-state EEG will be recorded in the same conditions as before the NFB procedure. Finally, the patients will complete the post-intervention version of the NExT-Q about their subjective state at the end of the session, and they will be asked by the investigator about her/his experience during the session, and the strategy (or strategies) (s)he used to "succeed at the game" (Metacog-IQ) [START_REF] Jaumard-Hakoun | Intégrer les facteurs psycho-sociaux dans les thérapies par neurofeedback[END_REF]. This semi-structured standardized questionnaire is based on a metacognitive interview during which the investigator accompanies the subject to identify and understand the strategies used during EEG-NFB learning, to foster introspection, and to facilitate the process of empowerment. The Metacog-IQ should allow a better transfer of NFB learning in everyday life.

Overall each EEG-NFB the session will last about 20 minutes. The 16 patients definitely enrolled in each group will undergo 12 EEG-NFB sessions over 4 weeks.

EEG recording and analysis

Each NFB session will start and end with a 2-minute recording of resting-state EEG with eyes closed to investigate the impact of NFB on raw EEG. EEG data will be acquired using an ENOBIO8 system (Neuroelectrics), compliant with class IIa device requirements according to the classification in the European Council Directive 93/42/CEE for medical devices. All recording parameters will be strictly identical to those used for performing the NFB session, including electrode montage with the active electrode placed over the motor cortex contralateral to the most painful side (C3 or C4), or over the left hemisphere (C3) in case of bilateral symmetric pain. Data will be segmented into 2-second epochs with 1-second overlap. EEG epochs with amplitude above 50µV will be rejected. Signal analysis will be based on the calculation of the power of oscillatory brain activity using a Fast Fourier Transformation with a frequency resolution of 0.5 Hz. Signal power will be first computed for the complete power spectrum (0.01-100 Hz), then measured according to four frequency bands: θ (3-7 Hz), α (8-11 Hz), low-β (12-15 Hz), and high-β (22-30 Hz). For each frequency band, the dominant peak frequency (PF) will be determined, as well as the absolute power (AP) value and the relative power (RP) value, calculated by normalizing AP measured in each frequency band by the total power in the complete power spectrum (0.01-100 Hz). The results obtained for the three EEG variables (PF, AP, RP) will be compared within NFB sessions (pre versus post for each NFB session) and across the 12 NFB sessions for each frequency band (θ, μ, low-β, and high-β) in each intervention group (SMR/high-β and μ/θ EEG-NFB).

Clinical scales and questionnaires (cf. Appendix)

Screening assessment performed only at inclusion visit, before EEG-NFB intervention

Personality profile will be assessed with the French version of the Big Five Inventory (BFI) [START_REF] Courtois | Le Big Five Inventory français permet-il d'évaluer des facettes en plus des cinq grands facteurs ?[END_REF][START_REF] John | The Big Five Inventory-versions 4a and 54[END_REF][START_REF] Plaisant | Validation par analyse factorielle du Big Five Inventory français (BFI-Fr). Analyse convergente avec le NEO-PI-R[END_REF]. The personality model of the Big Five Factors is now widely accepted and considers that all personality traits are related to one of the following major domains: openness, conscientiousness, extraversion, agreeableness, and neuroticism, represented by the acronym OCEAN. The BFI is a worldwide used short inventory to assess global personality structure according to these 5 factors [START_REF] John | The Big Five Inventory-versions 4a and 54[END_REF], with a 45-item version validated in French [START_REF] Plaisant | Validation par analyse factorielle du Big Five Inventory français (BFI-Fr). Analyse convergente avec le NEO-PI-R[END_REF].

Mindfulness will be assessed using the Freiburg Mindfulness Inventory (FMI) [START_REF] Trousselard | Validation of a French version of the Freiburg Mindfulness Inventory -short version: relationships between mindfulness and stress in an adult population[END_REF][START_REF] Walach | Measuring mindfulness -the Freiburg Mindfulness Inventory (FMI)[END_REF]. The FMI is a validated questionnaire [START_REF] Walach | Measuring mindfulness -the Freiburg Mindfulness Inventory (FMI)[END_REF], including a French version (FMI-fr) [START_REF] Trousselard | Validation of a French version of the Freiburg Mindfulness Inventory -short version: relationships between mindfulness and stress in an adult population[END_REF], to measure mindfulness in a general context. It integrates multiple components of this psychological process (attention, emotion, daily life, etc.) to assess the ability of a subject to bring her/his attention to experiences occurring in the present moment without judgment. Two subscores are calculated according to the response to 14 questions on a 4-point Likert scale, corresponding to the dimensions of 'presence' and 'acceptance'.

The Barratt Impulsiveness Scale (BIS) is one of the most commonly used scales to measure the construct of impulsivity. From the most recent version of the BIS (BIS-11) including 30 items assessed on a 4-point Likert scale [START_REF] Patton | Factor structure of the Barratt impulsiveness scale[END_REF], Spinella developed a short form including only 15 items (BIS-15), which was validated on a sample of 700 adults [START_REF] Spinella | Normative data and a short form of the Barratt Impulsiveness Scale[END_REF]. A French version of the BIS-15 questionnaire has been published (BIS-fr) [START_REF] Reitan | The relation of the trail making test to organic brain damage[END_REF], but some items were found to be redundant and a shorter version of 8 items (BIS-Brief) was finally proposed [START_REF] Juneja | Thai adaptation and reliability of three versions of the Barratt Impulsiveness Scale (BIS 11, BIS-15, and BIS-Brief)[END_REF][START_REF] Steinberg | New tricks for an old measure: the development of the Barratt Impulsiveness Scale-Brief (BIS-Brief)[END_REF], which will be used in this study.

The presence of pain sensitization in brain networks will be assessed using the short form of the Central Sensitization Inventory (CSI) [START_REF] Mayer | The development and psychometric validation of the central sensitization inventory (CSI)[END_REF][START_REF] Nishigami | Development and psychometric properties of short form of central sensitization inventory in participants with musculoskeletal pain: A cross-sectional study[END_REF]. Central sensitization has been proposed as a common pathophysiological mechanism to explain some aspects of chronic pain syndromes not directly related to specific nociceptive or neuropathic causes [START_REF] Ji | Central sensitization and LTP: do pain and memory share similar mechanisms?[END_REF]. The initial version of the CSI comprised 25 items assessing health-related symptoms commonly associated to central sensitization syndromes (e.g., chronic fatigue syndrome, fibromyalgia, temporomandibular joint disorder, bladder pain syndrome, etc.) on a 4-point Likert scale, leading to four subscores (physical symptoms, emotional distress, headache/jaw symptoms, and urological symptoms) [START_REF] Mayer | The development and psychometric validation of the central sensitization inventory (CSI)[END_REF].

One short version of the questionnaire fits the CSI structure better to a unidimensional scale, based on only 9 of the 25 initial items [START_REF] Nishigami | Development and psychometric properties of short form of central sensitization inventory in participants with musculoskeletal pain: A cross-sectional study[END_REF]. This short version was validated on a sample of 505 patients with musculoskeletal disorders and will be used in this study.

Finally, patients will answer an expectation and locus of control questionnaire (Exp-LoC-Q) to evaluate how they expect NFB can improve their clinical condition. Indeed, expectations can bias the treatment by inducing a placebo effect. Locus of Control theory refers to expectancies for internal versus external control of reinforcement. People with an internal locus of control believe that their own actions determine the rewards that they obtain, while those with an external locus of control believe that their own behavior does not matter much and that rewards in life are generally outside of their control. This questionnaire will also include items related to motivation, fear of incompetence, and locus of control for technology. This latter concept relates to the confidence of the subjects in their capacity of controlling technical devices. Indeed, whether the perspective of using a computer system to modulate brain state represents a challenge or not, the EEG-NFB training might consume cognitive resources of variable importance that may interfere with the impact of the procedure.

Clinical outcome measures performed before and after EEG-NFB trial

Primary outcome measure

The primary outcome measure will be the impact of pain on the patient's daily functioning, as assessed on the 7-item Interference Scale of the short form of the Brief Pain Inventory (BPI) [START_REF] Cleeland | Pain assessment: global use of the Brief Pain Inventory[END_REF]. This scale rates from 0 (does not interfere) to 10 (complete interference), reflecting the degree to which pain interfered with general activity, mood, walking ability, normal work, relations with other people, sleep and enjoyment of life during the preceding week. This results in a score from 0 to 70.

Secondary outcome measures

The average intensity of daily ongoing pain in the previous week will be scored on a 0-10 numeric rating scale (NRS) and on a 0-5 verbal rating scale (VRS).

The symptomatic profile of neuropathic pain will be assessed with the Neuropathic Pain Symptom Inventory (NPSI) (score/100) [5]. This questionnaire quantifies the mean intensity of 10 neuropathic symptoms on a 0-10 numerical scale. It also assesses the duration of spontaneous pain and number of pain paroxysms on categorical scales.

Tendency to catastrophizing (irrational thinking by the patient, with the belief that her/his health condition is or will be worse than it actually is) will be assessed with the Pain Catastrophizing Scale (PCS) (score/52) [START_REF] Sullivan | The Pain Catastrophizing Scale: Development and validation[END_REF]. The French version of the PCS consists of 13 items describing the thoughts and feelings that individuals may experience with pain, rated from 0 (not present) to 4 (permanent).

Anxiety and Depression will be scored on the Hospital Anxiety and Depression scale (HAD) [START_REF] Zigmond | The hospital anxiety and depression scale[END_REF]. This scale includes 14 items, half for each dimension (anxiety and depression), rated from 0 (not present) to 3 (maximal impairment) (each subscore/21).

In addition, visual attention, speed of processing, and mental flexibility will be assessed with the Trail Making Test (TMT) [START_REF] Llinàs-Reglà | The Trail Making Test[END_REF]. This test was developed by Partington and Leiter in 1938 and was later included in the Halstead-Reitan Neuropsychological Battery [START_REF] Renton | Neurofeedback as a form of cognitive rehabilitation therapy following stroke: A systematic review[END_REF]. In this test, the subject is instructed to accurately connect a set of 25 dots by tracing lines as quickly as possible. The TMT includes two parts (TMT-A with only numbers to connect and TMT-B with numbers and letters to connect alternately) and provides information about visual search speed, scanning, and speed of processing on one hand (TMT-A), and mental flexibility, working memory, and inhibition control on the other hand (TMT-B).

Fatigue will be measured on the Fatigue Severity Scale (FSS) [START_REF] Krupp | The fatigue severity scale. Application to patients with multiple sclerosis and systemic lupus erythematosus[END_REF], which was first published in 1989 to characterize fatigue that accompanies multiple sclerosis or systemic lupus erythematosus.

The FSS comprises 9 items and primarily focuses on the physical aspect of fatigue and its influence on daily functioning, especially related to medical illness.

The quality of sleep will be assessed with the Leeds Sleep Evaluation Questionnaire (LSEQ) [START_REF] Parrott | Factor analysis of a sleep evaluation questionnaire[END_REF]. The LSEQ comprises 10 questions addressing aspects of sleep quality and early morning behavior, leading to four subscores: getting to sleep (items 1-3), quality of sleep (items 4-5), awakening following sleep (items 6-7), and behavior following awakening (items 8-10). This questionnaire has been used to monitor subjectively perceived changes in the quality of sleep and resulting morning alertness during a variety of therapeutic interventions [START_REF] Parrott | The Leeds Sleep Evaluation Questionnaire in psychopharmacological investigations -a review[END_REF]. A French version has been validated in 396 insomnia patients [START_REF] Tarrasch | Cross-cultural validation of the Leeds sleep evaluation questionnaire (LSEQ) in insomnia patients[END_REF].

Response assessment only performed at final visit, after EEG-NFB intervention

The evaluation of the side effects of the EEG-NFB procedure will be recorded without using a structured questionnaire. Indeed, no side-effects of NFB training are expected.

The responder rate will be determined according to presence of an analgesic efficacy defined as a reduction ≥30% of the 7-item Interference BPI score assessed at one week after the EEG-NFB procedure.

The patients' clinical global impression (PGIC) including 7 items will be used at the same time to evaluate the subjective improvement or deterioration (from very much improved to very much deteriorated) [START_REF] Guy | ECDEU Assessement Manual for Psychopharmacology[END_REF]. This evaluation, as well as pain intensity NRS, BPI, or NPSI scores, is recommended for outcome measure of improvement in pain after therapeutic intervention [8,[START_REF] Farrar | Clinical importance of changes in chronic pain intensity measured on an 11-point numerical pain rating scale[END_REF].

Finally, the patients will answer the AttrakDiff questionnaire about the subjective quality and attractiveness of the interface used to present NFB stimulations [START_REF] Hassenzahl | The inference of perceived usability from beauty[END_REF][START_REF] Hassenzahl | AttrakDiff: Ein Fragebogen zur Messung wahrgenommener hedonischer und pragmatischer Qualität[END_REF]. The AttrakDiff 2 scale [START_REF] Hassenzahl | AttrakDiff: Ein Fragebogen zur Messung wahrgenommener hedonischer und pragmatischer Qualität[END_REF] is an evaluation tool of user experience applied to the field of human-computer interaction.

It relies on a theoretical model distinguishing pragmatic and hedonic qualities of interactive systems and consists of 28 pairs of semantic differentiators (contrasting words, opposing items) to be evaluated on a 7-point Likert scale. From the questionnaire, 4 subscores can be evaluated separately, each comprising 7 pairs of words: the pragmatic quality (QP), the hedonic quality, divided into identification (QH-I) and stimulation (QH-S) subscales, and the overall attractiveness of the interactive system (ATT). From the initial 28-item AttrakDiff 2 questionnaire, an abbreviated version was developed (abridged AttrakDiff) [START_REF] Hassenzahl | The inference of perceived usability from beauty[END_REF], which contains only 10 representative items to measure the pragmatic aspects (QP2, QP3, QP5, QP6), the hedonic aspects (QHI3, QHI4, QHS2, QHS5) and the attractiveness (ATT2, ATT5). A French version of the AttrakDiff 2 scale was validated on a sample of 381 users [START_REF] Lallemand | Cre átion et validation d'une version française du questionnaire AttrakDiff pour l'évaluation de l'expérience utilisateur des syste mes interactifs[END_REF]. The abridged version of this French version will be used in this study.

Summary of outcome measures and endpoints

Analyses will be performed in each group of patients (undergoing SMR/high-β versus μ/θ ratio increasing procedure).

Clinical measures (primary outcome measure: BPI; secondary outcome measures: NRS, VRS, NPSI, PCS, HAD-A, HAD-D, TMT-A, TMT-B, FSS, and LSEQ) will be compared before and one week after the EEG-NFB trial. These scores measured at baseline, as well as BFI, FMI, BIS, CSI, screening DN4 scores, and final AttrakDiff scores will be compared between responders and non-responders (response being defined as a reduction ≥30% of the 7-item Interference BPI score after the EEG-NFB procedure).

For responders who will perform the transfer task, the BPI scores will be compared at the three time points (baseline, post-EEG-NFB, post-transfer).

The EEG variables (PF, AP, RP) measured for each frequency band (θ, μ, low-β, and high-β) will be compared within NFB sessions (pre-post for each NFB session) and across the 12 NFB sessions. The change (post-pre difference) in the three EEG variables (PF, AP, RP) concerning 20 the ratios low-β(SMR)/high-β and α(μ)/θ between the first recording (before the first NFB session) and the last recording (after the last NFB session) will be compared between responders and non-responders. 

Statistical analyses

Sample size calculation

Since no previous studies have compared the analgesic effects of EEG-NFB protocols aimed at increasing the SMR/high-β ratio versus the μ/θ ratio in patients with neuropathic pain, no sample size calculation can be performed. However, significant analgesic effects have been reported in previous studies assessing EEG-NFB procedures aimed at increasing the α/θ-high-β ratio or the low-β/θ ratio at C4 in series of 15 to 18 patients with central neuropathic pain or fibromyalgia [START_REF] Kayiran | Neurofeedback intervention in fibromyalgia syndrome; a randomized, controlled, rater blind clinical trial[END_REF][START_REF] Vučković | EEG Correlates of Self-Managed Neurofeedback Treatment of Central Neuropathic Pain in Chronic Spinal Cord Injury[END_REF]. Therefore, in this pilot study, an arbitrary sample size of 16 patients per type of EEG-NFB procedure will be considered. However, not all subjects are able to correctly perform an NFB task and to find the mental strategy that is best suited to achieving the EEG rhythm frequency target. One review reports several studies in which 40 to 50% of the subjects failed to control their EEG activity [1]. Therefore, in this study, we intend to recruit about 45 patients at the most, to result in a sample of 32 patients completing the whole study and the 12 NFB sessions.

In practice, patients will have to spend at least 50% of the time of a session by reaching the EEG rhythm frequency target in order to be considered as "successful performers". Those who do not achieve this goal in at least one of the first 3 sessions (first week) will be considered as "nonperformers" and excluded from the study. Indeed, it has been found that the ability of the subjects to perform well during the first NFB training sessions was predictive of their subsequent performance [START_REF] Weber | Predicting successful learning of SMR neurofeedback in healthy participants: methodological considerations[END_REF]. The excluded patients will be replaced by other patients and they will not impute the randomization list. They will not be entered into the main analysis of NFB outcome, but the possible predictive factors of their failure will be analyzed according to baseline clinical and resting-state EEG measures.

Outcome analyses

All clinical measures made from scales and questionnaires (with BPI as primary outcome measure and NRS, VRS, NPSI, PCS, HAD-A, HAD-D, TMT-A, TMT-B, FSS, and LSEQ as secondary outcome measures) before and one week after the EEG-NFB trial will be analyzed with a paired t test (or Wilcoxon matched-pairs test in case of non-normal data distribution) in each group (SMR/high-β and μ/θ ratio increasing procedures). A p value <0.05 will be considered significant. A Bonferroni correction for multiple testing will subsequently be applied, leading to a more stringent level of p value significance set at 0.005.

For any variable showing a significant change (p<0.05) after NFB in any group, the post-/pre-NFB difference will be calculated and compared between the two groups (SMR/high-β and μ/θ ratio increasing procedures) using an unpaired t test (or Mann-Whitney test in case of non-normal data distribution).

For responders who will perform the transfer task, the BPI scores will be compared at the three time points (baseline, post-EEG-NFB, post-transfer) in each group using a one-way repeatedmeasures ANOVA (or Kruskal-Wallis test in case of non-normal data distribution).

The results obtained for the three EEG variables (PF, AP, RP) will be compared within NFB sessions (pre-post for each NFB session) and across the 12 NFB sessions for each frequency band (θ, μ, low-β, and high-β) in each intervention group (SMR/high-β and μ/θ EEG-NFB). For this analysis, paired t test and repeated-measures ANOVA (or Wilcoxon matched-pairs test and Kruskal-Wallis test in case of non-normal data distribution) will be used. Secondary analyses will be performed after dividing the population between responders and nonresponders in each intervention group, according to the clinical analgesic response, defined as a reduction ≥30% of the 7-item Interference BPI score after the EEG-NFB procedure. All clinical measures made for screening (DN4), at baseline (BFI (E, A, C, N, O subscores), FMI (P, A subscores), BIS, CSI, BPI, NRS, VRS, NPSI, PCS, HAD (A, D subscores), TMT (A, B subscores), FSS, and LSEQ), or at the end of the trial (AttrakDiff) will be compared between the group of responders and that of non-responders using an unpaired t test (or Mann-Whitney test in case of non-normal data distribution). A p value <0.05 will be considered significant and will indicate that the variable is associated with the response to the EEG-NFB procedure (i.e. possible predictive factor). A Bonferroni correction for multiple testing will subsequently be applied, leading to a more stringent level of p value significance set at 0.003. Another analysis will be performed to compare the change (post-pre difference) in the three EEG variables (PF, AP, RP) concerning the ratios low-β(SMR)/high-β and α(μ)/θ between the first recording (before the first NFB session) and the last recording (after the last NFB session) between the responders and non-responders in each intervention group using an unpaired t test (or Mann-Whitney test in case of non-normal data distribution).

Withdrawal

A participant will be withdrawn from the study after inclusion if one of the following conditions occurs: (i) "non-performer" to EEG-NFB training (EEG rhythm frequency target (SMR/high-β and μ/θ ratio increase) not reached for at least 50% of the time in at least one of the first 3 EEG-NFB sessions); (ii) patient's withdrawal of the informed consent, whatever the reason; (iii) patient's refusal to come for study visits; (iv) institutionalization; (v) concurrent appearance of a serious illness; (vi) death.

Management of adverse events

Definitions

An adverse event is any harmful event occurring in a person taking part in a biomedical research study, whether or not that event is linked to the study or to the product being investigated in the study (article R.1123-39 of the French Public Health Law). An unexpected adverse event is any adverse event which does not conform to the information given in the files submitted to the ethics committee for approval. A serious adverse event is any undesirable event considered to be medically serious, like necessitating admission to hospital, or prolongation of hospitalization, for at least 24 hours, causing serious and sustained incapacity or handicap, endangering the life of the person taking part in the research study, or leading to death.

The investigator will need to assess the relationship between the adverse event and the biomedical research (causality link).

A new fact is any new safety information which could lead to re-evaluation of the benefit/risk ratio of the study, or which may be sufficient to envisage modifications to documents concerning the study, to the way the study is conducted, or if necessary, to the way the product is used.

Evaluation and report of adverse events

The investigator will collect and record any adverse events occurring during the course of the study, and will also evaluate their intensity as follows: (i) mild: does not interfere with activities of daily living; (ii) moderate: leads to a partial limitation in activities of daily living; (iii) severe: seriously limits activities of daily living; (iv) life-threatening: refers to immediate risk of death.

The investigator will determine whether or not the adverse event is susceptible to be related to the medical bioresearch. In case of doubt, the investigator will consider that the adverse event is reasonably related to the bioresearch.

At any time after the date of signature of the consent form by a patient and whatever the relationship to the biomedical research, serious adverse events will be reported on a written, dated, signed declaration form by the investigator to the sponsor on the day that (s)he becomes aware of it and within 1 business day. In this report, the event will be fully described, including criteria for severity, start and stop dates of the event, date at which the investigator was aware of the event, risk factors, evolution, treatment received for the event, causality between the event and the biomedical research, any concomitant treatment, any ongoing disease or any other cause.

The investigator should also provide any available documents related to the adverse event, such as hospitalization records, results of any additional examinations performed, etc. All provided documents will be made anonymous, the patient being identified with a research code number.

Any adverse event must be monitored until it is completely resolved. The investigator will send to the sponsor any additional information (additional declaration form) concerning the evolution of the event not mentioned in the initial report.

The investigator must also notify the sponsor about any new fact and, in turn, the sponsor will declare any new fact occurring during the study to the relevant ethics committee and health authority service.

Finally, the sponsor will must an annual safety report related to the clinical trial, throughout the whole biomedical research. This report will include the list of all serious adverse events related to the research and occurring during the year, as well as a critical and concise analysis of the safety of the subjects participating in the research. It must be submitted to the investigator for approval and sent within the 60 days of the closing date to the concerned ethics committee and health authority service.

Ethical considerations

Informed consent

This trial will be initiated only after all required legal documentation has been reviewed and approved by the respective Institutional Review Board according to national regulations.

The informed consent must be obtained prior to the initiation of the study. The medical investigator informs the participants of the objectives, type of constraints and foreseeable risks of the study. Information will be given in both oral and written form. No subject will be obliged to participate in the SMRPain study. Participants will be given ample opportunity to enquire about details of the study. The information will be clear that refusal to participate or withdrawal from the study at any stage is without any prejudice to the subject's subsequent care. The participant will be aware of (and give consent to) the fact that monitors, auditors, and representatives of independent ethics committees and regulatory authorities are granted direct access to subjects' medical records without violating subject confidentiality, and to the extent permitted by applicable regulations. The participant will be informed that by signing the informed consent form, (s)he authorizes such access.

The informed consent form is dated and countersigned by the investigator or a delegated person who explained the study. The investigator or delegate also writes down complete address and telephone number on the informed consent form. The informed consent form is signed in 3 originals. The participant, the investigator and the sponsor, will each keep one original of the signed informed consent form. The investigator will retain her/his signed informed consent form and made it available (for review only) to the study monitor, auditor and inspector, upon request.

Data anonymity

To ensure confidentiality of information relating to participants, data will be anonymized. For this, the two first letters of the surname and the two first letters of the name of the subject will be recorded, accompanied by a code number unique to this study showing the order of inclusion of the subject.

In accordance with the legislative provisions in force (articles L.1121-3 and 5-5121-13 of the French Public Health Law), people with direct access to source document will take all necessary precautions to ensure confidentiality of information relating to investigational drugs, research studies and people taking part in them, particularly regarding their identity and the results obtained. These people, such as clinical research associates monitoring the study and auditors, as well as the medical investigator, are subject to professional secrecy.

During the biomedical research study or when it is over, the information collected on the people taking part in it and used by the sponsor will be made anonymous. Under no circumstances may the encoded names or addresses of the people involved appear in it.

Data archiving and document source access rules

Documents relating to the study will be archived according to Good Clinical Practice guidelines for a period of 15 years following the end of the study. The investigator will retain the protocol and any amendments to the protocol, the originals of informed consent forms signed by the participants, copies of the case report forms, the source files of participants who signed a consent form, and all letters relating to the study. The sponsor will retain the protocol and any amendments to the protocol, the originals of informed consent forms signed by the participants and kept in a sealed envelope to preserve the participants' identity, the originals of the case report forms and all documents related to serious adverse events. The sponsor will be responsible for all these documents for the regulation period of archival. No removal or destruction may be carried out without the sponsor's agreement. At the end of the regulation archiving period, the sponsor will be consulted for destruction. All the data, all the documents and reports could be subject to audit or inspection.

Source documents provide evidence for the existence of the subject and substantiate the integrity of the data collected. The investigator will permit trial-related monitoring, audits, Institutional Review Board review and regulatory inspection, providing direct access to all related source data and documents.

Discussion and study limitations

The main limit of EEG-NFB procedures in producing therapeutic effects is the unequal abilities of individuals to find optimal strategies to modulate their brain activity. This leads to distinction between "performers" and "non-performers". This aspect will be taken into account because "non-performers" will be excluded after the first 3 training sessions, thus requiring initially to include a larger number of patients than the 32 patients who will complete the study. In a recent review of factors predicting response to EEG-NFB procedure, the rate of "non-performers" who failed to change their EEG activity according to the NFB target, may account for as many as 40 to 50% of the enrolled subjects [1]. However, performance with regards to an NFB procedure can be appraised using various outcome measures, either EEG or clinical. Some researchers define successful NFB learning by expected change in resting-state EEG rhythms within one session (between the pre-and post-NFB recordings) or between the first and the last sessions of a treatment course. Another way to appreciate the relevance of the performance of the subject is based on the time-bins spent with the targeted EEG rhythm frequencies (or the number of target hits) during the NFB session. This may be automatically calculated by the NFB software as a score, and possibly presented to the subject who performed the task. This measure will be taken into account in this study to define "successful performers" and to exclude "non-performers". On the other hand, the changes in resting-state EEG will be considered only as a satellite measure in the present study. The association with the clinical analgesic response will be studied, as well as the possibility that the ability of the subjects to modulate their brain activity during the first training sessions might predict the subsequent performance at NFB sessions [START_REF] Weber | Predicting successful learning of SMR neurofeedback in healthy participants: methodological considerations[END_REF].

The psychological factors that influence NFB learning outcome have been recently reviewed [START_REF] Kadosh | A systematic review of the psychological factors that influence neurofeedback learning outcomes[END_REF]. In particular, they include attention, motivation, and mood. These attributes interact with each other, e.g., emotion may reduce attentional resources and degree of concentration, while increased attention may come from higher motivation. Indeed, successful learning correlates with motivational components. Accurate performance in NFB training also correlates positively with confidence in mastery of the technique, and negatively with perception of session difficulty or fear of incompetence. However, subjects with high confidence in their control over technical devices (i.e. "locus of control for technology" factor) might consume additional cognitive resources and were previously found to be less able to up-regulate SMR [START_REF] Witte | Control beliefs can predict the ability to up-regulate sensorimotor rhythm during neurofeedback training[END_REF]. Finally, personality may be an influential variable according to the big five personality traits, as well as learning ability or mindfulness practice. In this study, all of these potential predictive factors of performance and successful training will be assessed: attention (TMT), mood (HAD), motivation, mastery confidence, fear of incompetence, and locus of control (NExT-Q and Exp-LoC-Q), personality traits (BFI-fr), and mindfulness (FMI-fr and NExT-Q).

A possible pitfall of this study is the closeness of the frequency bands that the patients have to upregulate in the two intervention groups, either for the test condition (i.e. low-β (12-15 Hz) frequency increase) or for the control condition (i.e. α (8-11 Hz) frequency increase). This could render the control condition suboptimal, too likely to produce changes very similar to the test condition. However, the frequency band targets (low-β vs. α) will be referred to a decrease of signal power in a much higher frequency band for the test condition (high-β, 22-30 Hz) than for the control condition (θ, 3-7 Hz). In addition, in case of significant difference in the efficacy of NFB training between the test and control procedures, this will reinforce the specificity and relevance of the efficacy of the test procedure. Indeed, there is controversy about the real efficacy of EEG-NFB protocols [START_REF] Thibault | The psychology of neurofeedback: Clinical intervention even if applied placebo[END_REF][START_REF] Thibault | Neurofeedback or neuroplacebo?[END_REF] and the requirement of sound sham condition. A sham NFB procedure is difficult to design, e.g., based on signal unrelated to subject's brain activity or targeting on randomly varying frequency bands across sessions. Conversely, we chose to directly compare two contrasted active NFB conditions: the reward to the procedure that we want to evaluate in its analgesic potential (increasing low-β and decreasing high-β activities) will likely require a mental strategy very different from that used in the control condition (increasing α/θ ratio), not only based on the attentional and motivational effects of NFB training. In addition, the large and varied battery of tests and questionnaires used in this study will be able to determine the effect of each of the both conditions of EEG-NFB to change specific aspects of the pain syndrome. So, in the context of the controversy on EEG-NFB, our protocol seems to us a good strategy to highlight the real influence of EEG-NFB by modulating a specific EEG frequency band compared to another band outside the range of interest, while patients will be involved to a similar degree in the procedure.

Finally, one fundamental question is whether personalized NFB procedures, in which training features are adjusted to the individual users, can optimize performance level and clinical impact of this technique. These adjustments may be based on the variability of anatomical correspondences of electrode locations, on targeting EEG frequency bands according to the intrinsic EEG characteristics of each individual, for example, band-specific PF values, or on the methods used for feedback reinforcement (visual, auditory, or sensory / proprioceptive stimuli), etc. However, this objective goes beyond the purpose of this pilot study.

Appendix: Scales and Questionnaires

Screening phase

Questionnaire "Douleur Neuropathique en 4 Questions" (DN4) [6] Sensation 

Assessment performed only before EEG-NFB intervention

Big Five Inventory, French version (BFI-fr) [START_REF] John | The Big Five Inventory-versions 4a and 54[END_REF][START_REF] Plaisant | Validation par analyse factorielle du Big Five Inventory français (BFI-Fr). Analyse convergente avec le NEO-PI-R[END_REF] Lisez chaque énoncé et entourez la meilleure réponse pour chaque ligne, indiquant dans quelle mesure vous approuvez ou désapprouvez l'énoncé. Freiburg Mindfulness Inventory, French version (FMI-fr) [START_REF] Trousselard | Validation of a French version of the Freiburg Mindfulness Inventory -short version: relationships between mindfulness and stress in an adult population[END_REF][START_REF] Walach | Measuring mindfulness -the Freiburg Mindfulness Inventory (FMI)[END_REF] Le but de ce test est de décrire comment vous avez vécu ces derniers mois qui viennent de s'écouler.

Répondez de votre mieux à chaque énoncé, aussi franchement et spontanément que possible. Il n'y a pas réponses justes ou fausses, bonnes ou mauvaises. Ce qui est important est votre expérience personnelle. Symptomatic profile on the Neuropathic Pain Symptom Inventory (NPSI) [5] A/ Nous voudrions savoir si vous avez des douleurs spontanées, c'est-à-dire des douleurs en l'absence de toute stimulation. Pour chacune des questions suivantes, entourez le chiffre (un seul chiffre) qui correspond le mieux à l'intensité de vos douleurs spontanées en moyenne au cours de la semaine dernière. Entourez le chiffre 0 si vous n'avez pas ressenti ce type de douleur.

Q1/. Votre douleur était-elle comme une brûlure ? 

  questionnaire has been developed by one of the investigators (FV), in collaboration with the NExT section of the Association Française de Psychiatrie Biologique et Neuropsychopharmacologie (AFPBN), in order to evaluate cognitive states during NFB training sessions (NExT questionnaire (NExT-Q), cf. Appendix).

1 . 4 . 5 . 7 . 9 . 10 . 11 . 13 . 18 . 19 . 26 . 28 . 29 . 33 . 34 . 36 . 38 . 41 . 42 . 44 .

 14579101113181926282933343638414244 Je me vois comme quelqu'un qui est bavard Désapprouve fortement Je me vois comme quelqu'un qui est déprimé, Je me vois comme quelqu'un qui est créatif, plein dJe me vois comme quelqu'un qui est serviable et nJe me vois comme quelqu'un qui est « relaxe », Je me vois comme quelqu'un qui s'intéresse à de Je me vois comme quelqu'un qui est plein dJe me vois comme quelqu'un qui est fiable dans son Je me vois comme quelqu'un qui a tendance à Je me vois comme quelqu'un qui se tourmente Je me vois comme quelqu'un qui a une forte personnalité, s'exprime avec assurance Désapprouve fortement Je me vois comme quelqu'un qui persévère jusqu'Je me vois comme quelqu'un qui peut être lunatique, Je me vois comme quelqu'un qui est efficace dans Je me vois comme quelqu'un qui reste calme dans les Je me vois comme quelqu'un qui est sociable, Je me vois comme quelqu'un qui fais des projets et Je me vois comme quelqu'un qui est peu intéressé par tout ce qui est artistique Désapprouve fortement Je me vois comme quelqu'un qui aime coopérer avec les autresJe me vois comme quelqu'un qui a de bonnes connaissances en art, en musique ou en Score dimension E (/5) (Extraversion, Énergie, Enthousiasme, 8 items : 1, 6r, 11, 16, 21r, 26, 31r, 36) : Score dimension A (/5) (Agréabilité, Altruisme, Affection, 10 items : 2r, 7, 12r, 17, 22, 27r, 32, 37r, 42, 45r) : Score dimension C (/5) (Conscienciosité, Contrôle, Contrainte, 9 items : 3, 8r, 13, 18r, 23r, 28, 33, 38, 43r) : Score dimension N (/5) (émotions Négatives, Névrosisme, Nervosité, 8 items : 4, 9r, 14, 19, 24r, 29, 34r, 39) : Score dimension O (/5) (Ouverture, Originalité, Ouverture d'esprit, 10 items : 5, 10, 15, 20, 25, 30, 35r, 40, 41r, 44) :

P 1 .P 2 .P 3 .A 4 .

 1234 Je suis réceptif (ve) à ce que je vis dans le moment présent Presque jamais Je ressens mon corps dans les actes de la vie quotidienne (manger, cuisiner, parler, faire le ménage,Lorsque je réalise que je m'égare dans mes pensées, je reviens naturellement à ce que je suis en train de vivre dans le moment Je suis capable d'apprécier à sa juste valeur la personne que je suis Presque jamais (daily ongoing pain numeric rating scale (NRS)Entourer le chiffre qui décrit le mieux quelle a été en moyenne l'intensité de vos douleurs la semaine verbal rating scale (VRS)Comment avez-vous ressenti en moyenne l'intensité de vos douleurs la semaine dernière:

  

  

Table 1 :

 1 Study plan and outcome measures

	Inclusion	10 EEG-	1 week after	After 3 weeks of
	visit	NFB	the last	transfer task (for
		sessions	EEG-NFB	responders to
		(4 weeks)	session	EEG-NFB)

  Au cours de la semaine dernière, vos douleurs spontanées ont été présentes : Nous voudrions savoir si vous avez des crises douloureuses brèves. Pour chacune des questions suivantes, entourez le chiffre (un seul chiffre) qui correspond le mieux à l'intensité de vos crises douloureuses en moyenne au cours de la semaine dernière. Entourez le chiffre 0 si vous n'avez pas ressenti ce type de douleur. Q5/. Avez-vous eu des crises douloureuses comme des décharges électriques ? Au cours la semaine dernière, combien de ces crises douloureuses en moyenne avez-vous présenté par jour ? Nous voudrions savoir si vous avez des douleurs provoquées ou augmentées par le frottement, la pression, le contact d'objets froids sur la zone douloureuse. Pour chacune des questions suivantes, entourez le chiffre (un seul chiffre) qui correspond le mieux à l'intensité de vos douleurs provoquées en moyenne au cours de la semaine dernière. Entourez le chiffre 0 si vous n'avez pas ressenti ce type de douleur. Q8/. Avez-vous eu des douleurs provoquées ou augmentées par le frottement sur la zone douloureuse ? Avez-vous eu des douleurs provoquées ou augmentées par la pression sur la zone douloureuse ?

	B/ Aucune décharge électrique	0	1	2	3	4	5	6	7	8	9	10	Décharge maximale imaginable
	Q6/. Avez-vous eu des crises douloureuses comme des coups de couteau ?		
	Aucun coup de couteau	0	1	2	3	4	5	6	7	8	9	10	Coup maximal imaginable de couteau
	Q7/. Plus de 20												
	Entre 11 et 20												
	Entre 6 et 10												
	Entre 1 et 5												
	Pas de crise douloureuse											
	Aucune brûlure Q2/. Votre douleur était-elle comme un étau ? 0 1 2 3 4 Aucun étau 0 1 2 3 4 Q3/. Votre douleur était-elle comme une compression ? 5 6 5 6 C/ Aucune douleur 0 1 2 3 4 5 6	7 7 7	8 8 8	9 9 9	10 10 10	Brûlure imaginable Etau imaginable Douleur imaginable	maximale maximal maximale
	Aucune compression Q9/. Aucune douleur Q4/. En permanence tous les jours 0 1 0 1 Q10/. Avez-vous eu des douleurs provoquées ou augmentées par le contact avec un objet froid sur la 2 3 4 5 6 7 8 9 10 Compression maximale imaginable 2 3 4 5 6 7 8 9 Douleur maximale 10 imaginable
	Entre 8 et 12 heures/jour zone douloureuse ?											
	Entre 4 et 7 heures/jour Entre 1 et 3 heures/jour Aucune douleur 0	1	2	3	4	5	6	7	8	9	10	Douleur imaginable	maximale
	Moins d' 1 heure/jour											
														48

Analgesic response, PGIC AttrakDiff X X X X X X X X X X X X X X X X X
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Central Sensitization Inventory (CSI) [START_REF] Nishigami | Development and psychometric properties of short form of central sensitization inventory in participants with musculoskeletal pain: A cross-sectional study[END_REF] Le but de ce test est de décrire comment vous avez vécu ces derniers mois qui viennent de s'écouler.

Veuillez entourer la meilleure réponse pour chaque ligne. 

6 J'ai du mal à me concentrer Jamais (

7 Le stress aggrave mes symptômes Jamais 

CSI score (/36) :

Expectation and Locus of Control questionnaire (Exp-LoC-Q) 

Assessment performed before and after EEG-NFB intervention

7-item Interference Scale of the short form of the Brief Pain Inventory (BPI) [START_REF] Cleeland | Pain assessment: global use of the Brief Pain Inventory[END_REF] Entourer le chiffre qui décrit le mieux comment la semaine dernière, la douleur a gêné votre : 

En permanence

PCS score (/52) :

Hospital Anxiety and Depression scale (HAD) [START_REF] Zigmond | The hospital anxiety and depression scale[END_REF] Le but de ce test est de décrire comment vous avez vécu la dernière semaine qui vient de s'écouler.

Veuillez entourer la meilleure réponse pour chaque ligne. Fatigue Severity Scale (FSS) [START_REF] Krupp | The fatigue severity scale. Application to patients with multiple sclerosis and systemic lupus erythematosus[END_REF] Lisez chaque énoncé et entourez le chiffre qui s'applique le plus à la fatigue que vous avez ressentie durant la semaine dernière. Une valeur basse (1) indique que l'affirmation ne s'applique pas du tout, tandis qu'une valeur élevée (7) indique que l'affirmation s'applique fortement à votre état ou à ce que vous avez ressenti au cours de la semaine passée. 52 

Assessment performed immediately before each EEG-NFB session

NExT questionnaire on subject's subjective state (NExT-Q)

Pour chacune des propositions suivantes, indiquez la réponse qui correspond le plus à ce que vous éprouvez en ce moment entre les deux options proposées. Il n'y a pas de bonne ou de mauvaise réponse.

En ce moment : 

Assessment performed immediately after each EEG-NFB session

NExT questionnaire on subject's subjective state (NExT-Q)

Pour chacune des propositions suivantes, indiquez la réponse qui correspond le plus à ce que vous éprouvez en ce moment entre les deux options proposées. Il n'y a pas de bonne ou de mauvaise réponse.

Pendant cette session : 

Assessment only performed after the end of the EEG-NFB protocol

Patient global impression of change (PGIC) [START_REF] Guy | ECDEU Assessement Manual for Psychopharmacology[END_REF] Comparé à votre état avant les séances de neurofeedback, de quelle façon estimez-vous avoir changé ? AttrakDiff score (/70) :