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Objectives: Motor imagery (MI) consists in mentally picturing an action without any motor execution. Whether in its explicit or implicit form, MI implies the activation of the same cortical networks as motor execution. MI is increasingly used in various contexts -locomotor rehabilitation, physical training or neurological diseases. This systematic review aimed to investigate the effects of MI in addition to standard practice in non-neurological conditions, on pain, range of motion, and strength. Additionally, we aimed to evaluate the influence of different modalities of MI practice on outcomes' improvements.

Methods: Eight databases and grey literature were searched from the earliest record to March 2020. Two independent reviewers screened search results to include randomized controlled trials only. Data concerning pain, range of motion, and strength were retrieved. Methodological quality was assessed using the Cochrane Risk of bias 2 tool. Meta-analyses were conducted with randomeffects model after testing for heterogeneity.

Results:

Forty-six studies met the required criteria and forty-one were included in the quantitative analysis, representing 470 subjects in the MI group and 455 in the control group. There was a significant pooled standardized mean difference in favour of MI for reducing pain (SMD -1.14, 95% CI, -1.80 to -0.48; P < 0.01), promoting strength gain (SMD 0.48, 95% CI, 0.22 to 0.74; P < 0.01) and improving range of motion (SMD 0.65, 95% CI, 0.11 to 1.18; P < 0.01).

Conclusion:

Motor imagery significantly reduce pain with a large effect size, even if clinical significance is not reached. It also promotes muscular strength gain and help range of motion recovery with a moderate effect size.
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Introduction

Motor imagery (MI) is the mental representation of an action without any concomitant body movement [START_REF] Guillot | Construction of the Motor Imagery Integrative Model in Sport: a review and theoretical investigation of motor imagery use[END_REF]. MI is based on the principle of neuro-functional equivalence (2,3) whereby thinking of an action is equivalent to performing it. Two modalities of MI can be distinguished. Firstly, explicit MI consists in visualizing a specific movement or action, either from a first-person point of view (kinesthetic imagery) (4), or from a third-person point of view (visual imagery) [START_REF] Cumming | Advances in applied sport psychology: A[END_REF].

Secondly, laterality judgement tasks refer to an implicit method of MI, wherein subjects have to recognize laterality of body parts through mental rotation and visualization exercises [START_REF] Osuagwu | Is Implicit Motor Imagery a Reliable Strategy for a Brain-Computer Interface[END_REF]. Despite this distinction, brain imaging studies [START_REF] Bethela | Similarities between explicit and implicit motor imagery in mental rotation of hands: An EEG study[END_REF][START_REF] Zacks | Neuroimaging studies of mental rotation: a meta-analysis and review[END_REF] indicate that comparable brain networks are activated by explicit and implicit MI [START_REF] De Lange | Neural topography and content of movement representations[END_REF][START_REF] Pilgramm | Motor imagery of hand actions: Decoding the content of motor imagery from brain activity in frontal and parietal motor areas[END_REF]. In addition to neurophysiological studies, MI-driven neuroplasticity is observed especially in motor and sensory areas [START_REF] Lotze | Activation of cortical and cerebellar motor areas during executed and imagined hand movements: an fMRI study[END_REF][START_REF] Yoxon | Motor system activation during motor imagery is positively related to the magnitude of cortical plastic changes following motor imagery training[END_REF] but also at a spinal level [START_REF] Grosprêtre | Spinal plasticity with motor imagery practice[END_REF]. Consequently, it could be used as a tool to enhance motor performance or recover motor function and promotes neuroplasticity [START_REF] Ruffino | Neural plasticity during motor learning with motor imagery practice: Review and perspectives[END_REF].

In practice, MI was initially developed for athletes to achieve several goals: motor learning and performance, motivation, self-confidence and anxiety, strategies and problem-solving, and injury rehabilitation [START_REF] Guillot | Construction of the Motor Imagery Integrative Model in Sport: a review and theoretical investigation of motor imagery use[END_REF][START_REF] Murphy | Imagery interventions in sport[END_REF]. Later, MI was also used for neurological rehabilitation especially after stroke to improve the motor function of the upper limb [START_REF] Polli | Graded motor imagery for patients with stroke: a non-randomized controlled trial of a new approach[END_REF]. Several studies have investigated the effects of MI on motor impairment after musculoskeletal damages. After injury, extended immobilization can lead to loss of strength and endurance with progressive joint stiffening. Standard rehabilitation techniques require a large number of movements to improve joint amplitudes and muscle strengthening or endurance capacities [START_REF] Crowley | The Impact of Resistance Training on Swimming Performance: A Systematic Review[END_REF] and need to be directly applied to the damaged region.

Therefore, a rehabilitation program may be painful and repetitive providing less risk of efficacy and adherence. The use of rehabilitation tools that activate brain areas which command specific peripheral effectors (muscle or joint) and then avoid loss of control or preserve central programming seems promising.

In 2019, Yap et al [START_REF] Yap | The Effects of Motor Imagery on Pain and Range of Motion in Musculoskeletal Disorders: A Systematic Review Using Meta-Analysis[END_REF] conducted a systematic review and meta-analysis on the effects of motor imagery on pain and range of motion in musculoskeletal disorders. We will add strength as an extra dimension, update and complement their research. Indeed, Yue & al. and Ranganathan & al. (22,[START_REF] Ranganathan | From mental power to muscle power--gaining strength by using the mind[END_REF] study results supply evidence of the central origin of strength gain that occurs prior to muscle hypertrophy, hence driving the motor units to a higher intensity and/or leading to the recruitment of motor units that remain otherwise inactive. Similar neural reorganization following MI is supposed to explain minimal strength loss during immobilization [START_REF] Newsom | Use of Mental Imagery to Limit Strength Loss after Immobilization[END_REF]. Besides, the increased cortical descending neural drive and the excitability of spinal networks at rest could explain the greater rate of torque development and maximal isometric torque after one week of MI training [START_REF] Grosprêtre | Neural mechanisms of strength increase after one-week motor imagery training[END_REF] .

The main objective of this systematic review with meta-analysis is to compare the effects of MI in addition to conventional rehabilitation on pain reduction, strength gain and joint amplitudes recovery in healthy or pathological subjects with musculoskeletal disorders. As secondary objectives, we aim to compare different MI modalities -type of technique, number of sessionsand population characteristics -healthy or pathological subjects, acute or chronic condition.

Methods

This review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (29). Study protocol was registered on PROSPERO (N°CRD42020135279).

Eligibility criteria

The following inclusion criteria were applied to all articles collected from each database according Electronic searches were performed from the inception date of each database to March 2020. Key search terms used for the PubMed search strategy are exposed in Figure 1 and were adapted to individual databases to account for specific vocabulary and syntax rules.

Selection of articles

Screening of articles was carried out by two researchers (E.T. and A.H.). Firstly, titles and abstracts were evaluated to select potentially eligible studies. Then, all the potentially eligible full-text studies were screened. In case of disagreement between the 2 reviewers after trying to reach a consensus, a third reviewer (A.D.) was consulted.

Data extraction

Data extraction shown in Table 1 was independently performed by two reviewers (E.T. and A.H.).

We used a standardized form, the Consolidated Standards of Reporting Trials (CONSORT) 2010 checklist of information to include when reporting a randomized trial [START_REF]Consort -Welcome to the CONSORT Website[END_REF]. Were reported: the body part that was studied, population characteristics (age and sex ratio), detailed description of intervention including study duration and number of MI sessions, description of control practice, presence or absence of a motor imaging ability assessment, and type of outcomes that were measured.

Pre and post-intervention results were also extracted by the 2 reviewers, blinded from each other.

Post-intervention outcome was the one measured at the end of the MI sessions. If there was no information, authors and/or editors were contacted, and if results remained unavailable, studies were excluded.

Study quality rating

Finally, methodological quality for each study was evaluated by two blinded reviewers (E.T. &

A.H.) using the Cochrane Risk of bias 2 tool (ROB2) for randomized trials [START_REF]RoB 2: A revised Cochrane risk-of-bias tool for randomized trials[END_REF], assessing bias arising from the randomization process, bias due to deviation from the intended interventions (effect of assignment to intervention), bias due to missing outcome data, bias in measurement of the outcome, and bias in selection of the reported result. Disagreements not reaching consensus were resolved by a third reviewer (A.D.).

Quantitative data analysis

Results on different outcomes such as pain, range of motion and strength of the studies included were combined for meta-analysis. Only studies considered to be at low or intermediate risk of bias were taken into account. Data were pooled using a random-effects model. To provide some clarification, to study the ROM outcome, we used only one degree of mobility per joint. Indeed, if we averaged the different degrees of mobility, the obtained variance would be between several measures and would not be independent. It is therefore more appropriate to take only one of the measures. We have thus chosen the one we thought was functionally the most interesting for the considered joint and/or condition.

In the collection of studies considered, the effect sizes were estimated. A general model was then specified by both standard and random effects models to incorporate the between-study variance. The Inverse variance weighting was used for pooling. This method allows maximizing the accuracy of the estimate of the common effect, minimizing the variance of the pooled result.

Heterogeneity between studies was explored using I2 statistic to estimate the percentage of total variation across studies arising from heterogeneity rather than chance. A low, moderate, and substantial heterogeneity was considered in case of value of I2 superior or equal to 25%, 50%, and 75% respectively. Sensitivity analysis without concerned trials was performed. Subgroup analysis were performed as planned according to acute or chronic disease, number of sessions, MI modalities (internal, external, both, or implicit), and part of the body that was studied. Statistical analysis was produced using General Package for Meta-Analysis "meta" Version 4.9-1 with R software version 3.5.1.

Results

Selection and quality of included studies

Initial research on electronic databases included 11 978 publications. After screening titles, abstracts and excluding duplicates, 95 articles were selected following the PRISMA selection strategy. The flow diagram (Figure 2) summarizes the screening process. Finally, 46 articles reporting randomized and controlled studies were retained after reading the full texts and 41 were included in the quantitative analysis because there were missing data, either because the authors or publishers did not reply to our request or because they no longer had the data. Figure 3 shows the results of risk of bias assessment. Of the 41 selected studies, 4 were assessed as having a low risk of bias. 5 were assessed as having a high risk of bias because the allocation sequence wasn't concealed until participants were enrolled and assigned to intervention, or because of high drop-out rates. The 32 remaining studies were assessed as having "some concerns" mainly because of the lack of information about concealment of the randomization process and because assessment of outcomes could have been influenced by knowledge of the intervention received.

Study characteristics

Main outcomes

There was a significant pooled standardized mean difference in reducing pain (SMD -1.14, 95% CI, -1.80 to -0.48; P < 0.01), promoting strength gain (SMD 0.48, 95% CI, 0.22 to 0.74; P < 0.01) and improving range of motion (SMD 0.65, 95% CI, 0.11 to 1.18; P < 0.01) (Figure 4) between the MI and Control groups. There was a substantial level of heterogeneity for each outcome: pain I 2 =67%, strength I 2 =58% and ROM I 2 =75%. For pain, this corresponds to a decrease of 1,65 cm (95% CI, -2.39. to -0.91; P < 0.01) on the visual analogue scale (VAS), which is less than the Minimal clinically important difference, considered to be 2 cm. When studies with a high risk of bias are included in the analysis, MI, compared to conventional rehabilitation, also allowed a significant improvement in pain (SMD -1.08, 95% CI, -1.62 to -0.54; P < 0.01), muscle strength (SMD 0.47, 95% CI, 0.22 to 0.72; P < 0.01), and range of motion (SMD 0.66, 95% CI, 0.24 to 1.07); P < 0.01), with comparable levels of heterogeneity (pain I 2 = 61%, strength I 2 =57%, ROM I 2 =67%).

Funnel plots were well balanced for the 3 outcomes (Figure 5). Sensitivity analysis didn't find significant differences between acute and chronic conditions on pain and range of motion (Appendix 1). There also wasn't any difference when subgrouping MI effects depending on body parts that were treated.

Considering number of MI sessions, there was a trend for higher SMD in the subgroups with fewer sessions, for pain and range of motion outcomes, but not for strength outcome (Appendix 2).

Sensitivity analysis on MI type showed a strong trend for higher SMD when using both external and internal modalities rather than one modality alone, but no difference compared to implicit MI, for pain and range of motion outcomes. There was no difference considering strength outcome (Appendix 3).

Finally, MI SMD effect on range of motion and strength was higher in pathological population than in healthy subjects (Appendix 4).

These previously highlighted differences remained when including high risk of bias studies in the sensitivity analysis.

Discussion

Our results show with level 1 evidence that motor imagery in addition of standard practice significantly reduces pain, promotes muscular strength gain and helps joint range of motion improvement in musculoskeletal disorders and in locomotor training. Effect size for pain can be considered as large, whereas it is moderate for strength and range of motion. Nevertheless, when considering only results of pathological conditions, we find a large effect size for strength and range of motion. Sensitivity analysis outline some trends for higher effects in pathological population rather than healthy subjects, and for differences depending MI type and number of MI sessions.

MI effect on pain could be explained by normalizing cortical representation of movement [START_REF] Moseley | Targeting cortical representations in the treatment of chronic pain: a review[END_REF] and on central sensitization associated with chronicization of pain [START_REF] Pelletier | Is neuroplasticity in the central nervous system the missing link to our understanding of chronic musculoskeletal disorders?[END_REF]. In that sense, MI should have higher effect on chronic than acute pain. Sensitivity analysis on pain outcome did not reinforce this hypothesis, as close values of SMD were found between acute and chronic conditions.

Therefore, another possible mechanism explaining MI effect on pain could be the dissociation of movement and pain induced by MI rehearsals [START_REF] Simons | Psychological Processing in Chronic Pain: A Neural Systems Approach[END_REF], allowing motor networks activation without concomitant nociceptive signal. Even if we found a large effect size, we can notice that the extent of difference in pain levels between MI and controls does not reach minimal clinical important difference [START_REF] Salaffi | Minimal clinically important changes in chronic musculoskeletal pain intensity measured on a numerical rating scale[END_REF].

Our meta-analysis found statistically significant but moderate effects of MI on range of motion, contrary to Yap et al. [START_REF] Yap | The Effects of Motor Imagery on Pain and Range of Motion in Musculoskeletal Disorders: A Systematic Review Using Meta-Analysis[END_REF]. Among plausible hypothesis, reduction of anticipatory protective mechanisms such as kinesiophobia [START_REF] Mercier | Interactions between Pain and the Motor Cortex: Insights from Research on Phantom Limb Pain and Complex Regional Pain Syndrome[END_REF] and normalization of the proprioceptive representation [START_REF] Dilek | Effectiveness of the graded motor imagery to improve hand function in patients with distal radius fracture: A randomized controlled trial[END_REF], and of muscle synergies [START_REF] Guillot | Does motor imagery enhance stretching and flexibility?[END_REF] are commonly proposed.

We found moderate to large effect sizes on muscular strength gains induced by MI, depending on healthy or pathological condition. Mechanisms underlying these gains are not totally understood, however some propose it may be a result of increased motor programming, and/or increases in neurological adaptation of the muscle [START_REF] Ranganathan | From mental power to muscle power--gaining strength by using the mind[END_REF][START_REF] Lebon | Benefits of motor imagery training on muscle strength[END_REF][START_REF] Reiser | Strength Gains by Motor Imagery with Different Ratios of Physical to Mental Practice[END_REF][START_REF] Smith | Mental practice, motor performance, and the late CNV[END_REF][START_REF] Wright | The effect of PETTLEP imagery on strength performance[END_REF][START_REF] Zijdewind | Effects of imagery motor training on torque production of ankle plantar flexor muscles[END_REF]. Mental imagery has been reported to induce a performance improvement in skilled movements in a comparable way to physical training, which could be explained in terms of adaptation in motor cortex neurons [START_REF] Guillot | Duration of Mentally Simulated Movement: A Review[END_REF]. This effect is linked to an elevation of time-locked cortical potentials and has been explained in terms of stronger cortical signals to muscles, generated by repetitive mental attempts at maximal muscle activation [START_REF] Ranganathan | From mental power to muscle power--gaining strength by using the mind[END_REF].

Moreover, the effect is not limited to an improvement of motor execution but also involved muscle strength. Research on motor imagery conducted without specific guidelines has shown that motor imagery has no effect on isometric force production [START_REF] Herbert | Effects of real and imagined training on voluntary muscle activation during maximal isometric contractions[END_REF][START_REF] Tenenbaum | The Effect of Cognitive and Somatic Psyching-up Techniques on Isokinetic Leg Strength Performance[END_REF]. These results differ from recent research highlighted in our meta-analysis, in which MI training has been reported to increase the performance of strength-based tasks (e.g., voluntary muscular contraction: VMC) [START_REF] Ranganathan | From mental power to muscle power--gaining strength by using the mind[END_REF][START_REF] Reiser | Strength Gains by Motor Imagery with Different Ratios of Physical to Mental Practice[END_REF][START_REF] Zijdewind | Effects of imagery motor training on torque production of ankle plantar flexor muscles[END_REF]. This difference can be attributed to the variations in moderators' factors, such as mental imagery perspectives, the intensity of mental effort, weight to be lifted, training duration [START_REF] Slimani | Effects of Mental Imagery on Muscular Strength in Healthy and Patient Participants: A Systematic Review[END_REF]. The fact that MI in pathological subjects is more efficacy than MI in healthy subjects may be related to the extent of central perturbations of motor execution networks that are disturbed in musculoskeletal disorders [START_REF] Moseley | Targeting cortical representations in the treatment of chronic pain: a review[END_REF]. Underlying pathophysiological mechanisms explaining this difference are not fully understood yet and could be a perspective for future research.

In our meta-analysis, subjects did not necessarily perform the same amount of MI from one study to another. This is why we carried out subgroup analyses taking into account the number of sessions. We have shown that doing less than 10 MI sessions is significantly more efficient than doing more than 15 sessions to reduce pain, and that the same trend in favour of a smaller number of sessions could be observed in range of motion outcome. As all the studies didn't follow the same protocols of MI implementation in subjects' trainings or patients' rehabilitation, we propose that this difference should be interpreted in terms of delay of outcome evaluation since the beginning of the MI sessions. MI effect as an adjunct to standard practice seems to be higher in the earliest stages of rehabilitation or training, suggesting that MI should ideally be performed during early stages of the rehabilitation process (post-surgery for example) when both passive and active motor executions are still limited by the injury [START_REF] Lebon | Increased Muscle Activation Following Motor Imagery During the Rehabilitation of the Anterior Cruciate Ligament[END_REF]. Moreover, as MI is offering a significant amount of pain reduction, it could facilitate the implementation of other rehabilitative strategies in musculoskeletal disorders contexts, such as immediate post-surgical weeks.

Only 18 studies out of 41 assessed participant's motor imagery ability which could have contributed to a bias. This ability can be evaluated by some tools as the revised version of the Movement Imagery Questionnaire (MIQ-R) which is an 8-item self-report questionnaire in which the participants rate the vividness of their mental representation (very hard to feel or very easy to feel) [START_REF] Hall | Measuring movement imagery abilities: A revision of the Movement Imagery Questionnaire[END_REF]. Athletes and healthy subjects who have high imagery ability are supposed to have greater control of their images and to create more vivid images than participants with poor imagery ability, such as pathological subjects whom imagery ability might be disturbed and more variable [START_REF] Nordin | Professional Dancers Describe Their Imagery: Where, When, What, Why, and How[END_REF][START_REF] Slimani | Mediator and moderator variables of imagery use-motor learning and sport performance relationships: a narrative review[END_REF].

Some studies selected good imagers only, representing ideal results rather than real life practice or motor imagery in standard population. This point has to be clarified in future studies evaluating MI, and for providing utilization guidelines. In our meta-analysis, subjects were good imagers. We can therefore ask ourselves the question of bad imagers for whom MI would be less or not so effective. Use of implicit MI could have an advantage over explicit MI in that population as it does not depend on an individual's ability to consciously imagine the movement [START_REF] Zacks | Neuroimaging studies of mental rotation: a meta-analysis and review[END_REF][START_REF] Parsons | Imagined spatial transformation of one's body[END_REF][START_REF] Moseley | The Graded Motor Imagery Handbook[END_REF]. For future research, it might be interesting to study the effectiveness of implicit versus explicit MI, especially for bad imagers. Despite a rigorous methodology, our study suffers from several limitations. MI sessions did not follow the same protocol and did not last the same duration, bringing substantial level of heterogeneity and making them difficult to compare. Establishing guidelines on the quantity of effective MI to be achieved in order to obtain significant results would be interesting, but this question remains unexplored in the literature. Then, all studies included limited amounts of patients, and explored various parts of the body, that may contribute to the heterogeneity explored, and may limit the generalization of our results, even if sensitivity analysis failed to show a difference of MI effect depending on this factor.

Conclusion

In our meta-analysis, motor imagery significantly reduces pain with large effect size, however clinical significance is not reached. It also promotes muscular strength gain and help range of motion recovery with a moderate effect size. Nevertheless, it is a promising technique with a favorable risk/benefit ratio, in locomotor rehabilitation and training. Results of this meta-analysis should be interpreted with caution as there was a high level of heterogeneity between protocols and modalities of MI practice. There is a high need of larger studies, for example to compare different MI modalities.
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4) Conclusion

Notre étude confirme que l'imagerie motrice réduit significativement la douleur chez des sujets sains ou atteints de pathologies musculo-squelettiques avec une taille d'effet importante. Ceci ouvre des perspectives avec un intérêt de réaliser de nouvelles études pour déterminer un protocole de traitement optimal. L'objectif serait d'étudier l'influence de différents protocoles sur l'efficacité de l'IM, en faisant varier, par exemple, la durée d'intervention en IM, le nombre de séances et le nombre de répétitions. 43 
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 3045 Secondary outcomes

  [START_REF] Hall | Measuring movement imagery abilities: A revision of the Movement Imagery Questionnaire[END_REF] andGregg et al. (2007) [START_REF] Hall | Measuring movement imagery abilities: A revision of the Movement Imagery Questionnaire[END_REF][START_REF] Gregg | The MIQ-RS: A Suitable Option for Examining Movement Imagery Ability[END_REF], both shown that participants scored higher on the visual than the kinesthetic subscale on the MIQ-R and MIQ-RS, which means that it is easier for them to carry out visual (external) MI than kinesthetic MI. The ability to perform internal MI improves with practice time[START_REF] Abraham | The Effect of Motor Imagery Practice on Elevé Performance in Adolescent Female Dance Students: A Randomized Controlled Trial[END_REF]. This could explain why using both types of MI seems more effective on pain reduction rather than just internal imagery, in order to avoid excluding participants with low abilities to perform internal MI. Finally, this meta-analysis evaluated the effects of MI guided by health professionals, as only 3 studies (Stenekes et al. 2009, Baird et al. 2010 and Frenkel et al. 2014) (55-57) leave the patient to autonomous practice of MI at home. It might be interesting in the future to study the effectiveness of MI in complete autonomy, as it could provide an opportunity to increase the extent of participants and the feasibility of such a technique.Practicing a motor task mentally with MI could increase the amount of rehabilitation or of physical training with limited negative consequences, as few side effects or harm were described in the literature[START_REF] Stevenson | Mental practice for treating upper extremity deficits in individuals with hemiparesis after stroke[END_REF], especially in non-neurological populations or healthy subjects where cognitive efforts allocated to MI are basically low. The limited impact of MI on the improvement of pain, range of motion and strength has to be faced with the low cost and high tolerance of such techniques, especially in the early stages of a rehabilitation, or as a complement of physical training. Besides, MI enables the rehearsal of more demanding or complex motor tasks (e.g., walking, writing) when physical practice is impossible or too difficult[START_REF] Malouin | Towards the integration of mental practice in rehabilitation programs. A critical review[END_REF]. We might think that MI training could be an effective adjunct to standard physiotherapy care in older adults.Nicholson & al 2019 (60), showed that MI training improves balance and mobility in older adults who do not have a neurological condition, although it is unclear whether or not the effects are clinically worthwhile.

  Toutefois, la différence minimale cliniquement pertinente n'est pas atteinte. Elle favorise également le gain de force et aide à la récupération des amplitudes articulaires avec une taille d'effet modérée. Néanmoins, c'est une technique prometteuse avec un rapport bénéfice/risque favorable et à moindre coût énergétique sur le long terme. En effet, cette dernière correspond à une technique cognitive de simulation du mouvement. De ce fait, il n'existe pas d'arguments dans la littérature pour une mauvaise tolérance au niveau algique et fonctionnel. Des cas d'augmentation de douleur à la suite d'une telle pratique ont été relevés, mais chez des sujets blessés médullaires (61).Les résultats de cette méta-analyse doivent être accueillis avec prudence étant donné que les études sont hétérogènes et comportent certaines limites. L'absence de calcul préalable du nombre de sujets nécessaires, l'absence de protocole concernant la durée d'intervention, le nombre de séances et de répétitions en IM, l'absence d'évaluation systématique préalable des capacités en IM et le non-respect permanent des critères de bonnes pratiques les rendent difficilement comparables entre elles et limitent l'interprétation des résultats.
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 4 Figure 4: Results of meta-analysis on pain (A), range of motion (B) and strength (C)
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  Study design: only human randomized controlled trials (RCTs) were included. Exclusion criteria were: other designs than RCTs, neurological or psychiatric disorders, studies investigating the effects of one single session of MI, of MI not related to movement (auditory, olfactory, tactile, or

	gustatory modalities), of guided imagery only based on relaxation techniques, MI based on
	computer-animated techniques (virtual reality). No restriction was made regarding age of the study
	population.
	3.3.2 Search strategy
	A comprehensive online search was conducted using several databases: PubMed, Web of Science,
	to a standardized Population / Intervention / Comparison / Outcome / Study design (PICOS)
	format: (1) Population: pathological subjects with motor impairment in relation with
	musculoskeletal conditions or healthy subjects; (2) Intervention: explicit or implicit motor

imagery; (3) Comparison: 'current practice' shared by the 2 groups (either rehabilitation, physical practice, or no practice); (4) Primary outcome measures: pain, range of motion and strength; (5) Scopus, PsycInfo, PsycArticle, Cochrane Central Register of Controlled Trials (CENTRAL), Google Scholar, Physiotherapy Evidenced Database (PEDro) and Grey literature (OpenGrey).

Table 1

 1 

	illustrates the articles chosen for this systematic literature review with their key
	characteristics. Of the 41 studies (MI group, n = 470 and Control, n = 455), 15 involved
	pathological subjects and 26 involved healthy subjects. 22 studies were based on the practice of
	internal motor imagery, only one on external motor imagery, 14 on both together and 4 on laterality
	recognition task. 18 studies assessed participant's motor imagery ability.

2) PréambuleL'imagerie motrice (IM) est la représentation mentale d'une action sans aucun mouvement corporel concomitant[START_REF] Guillot | Construction of the Motor Imagery Integrative Model in Sport: a review and theoretical investigation of motor imagery use[END_REF]. L'IM est basée sur le principe d'équivalence neuro-fonctionnelle (2,3) selon lequel penser à une action équivaut à l'exécuter. On peut distinguer deux modalités d'imagerie motrice.Premièrement, l'IM explicite consiste à visualiser un mouvement ou une action spécifique, soit du point de vue de la première personne (imagerie kinesthésique) (4), soit du point de vue de la troisième personne (imagerie visuelle)[START_REF] Cumming | Advances in applied sport psychology: A[END_REF]. Il existe des questionnaires pour évaluer la capacité de la personne à « imager » et donc son profil sensoriel dominant: Kinesthesic and Visual Imagery Questionnaire (KVIQ), Movement Imagery Questionnaire (MIQ), Vividness of Movement Imagery Questionnaire (VMIQ)(6)[START_REF] Hall | Measuring movement imagery abilities: A revision of the Movement Imagery Questionnaire[END_REF][START_REF] Isaac | An instrument for assessing imagery of movement: The Vividness of Movement Imagery Questionnaire (VMIQ)[END_REF].Deuxièmement, les tâches de jugement de latéralité (LJT) font référence à une méthode implicite d'IM, dans laquelle les sujets doivent reconnaître la latéralité des parties du corps par des exercices de rotation mentale et de visualisation[START_REF] Osuagwu | Is Implicit Motor Imagery a Reliable Strategy for a Brain-Computer Interface[END_REF]. Malgré cette distinction, les études d'imagerie cérébrale[START_REF] Bethela | Similarities between explicit and implicit motor imagery in mental rotation of hands: An EEG study[END_REF][START_REF] Zacks | Neuroimaging studies of mental rotation: a meta-analysis and review[END_REF] indiquent que des réseaux cérébraux comparables sont activés par l'IM explicite et implicite[START_REF] De Lange | Neural topography and content of movement representations[END_REF][START_REF] Pilgramm | Motor imagery of hand actions: Decoding the content of motor imagery from brain activity in frontal and parietal motor areas[END_REF].Au niveau neuro-anatomique et neurophysiologique, des aires motrices corticales et souscorticales similaires sont impliquées au cours d'une pratique mentale et physique (14) (figure1).Celles-ci recrutent les aires frontales (gyri inférieurs, gyrus pré central et moyen, la partie antérieure de l'insula et les aires motrices supplémentaires), pariétales (lobes supérieurs et inférieurs), les ganglions de la base, et le cervelet[START_REF] Hétu | The neural network of motor imagery: an ALE meta-analysis[END_REF][START_REF] Lebon | Modèles internes et imagerie motrice[END_REF]. L'activation de l'aire motrice primaire au cours de l'IM est quant à elle controversée[START_REF] Hétu | The neural network of motor imagery: an ALE meta-analysis[END_REF].En plus des études neurophysiologiques, la neuroplasticité induite par l'IM est observée surtout dans les domaines moteur et sensoriel, mais aussi au niveau spinal. Par conséquent, elle pourrait être utilisée comme un outil pour améliorer les performances motrices, récupérer une fonction motrice et favoriser la neuroplasticité[START_REF] Ruffino | Neural plasticity during motor learning with motor imagery practice: Review and perspectives[END_REF].

Figure 1 : Comparaison de l'activité cérébrale entre un mouvement exécuté et simulé Hanakawa et al. 2008 (14) En pratique, l'IM a été initialement développée pour les athlètes afin d'atteindre plusieurs objectifs: apprentissage et performance motrice, motivation, confiance en soi et anxiété, stratégies et résolution de problèmes et rééducation des blessures (1,18). Plus tard, l'IM a également été utilisée en rééducation neurologique, notamment après un accident vasculaire cérébral, afin d'améliorer la fonction motrice du membre supérieur (19). Plusieurs études ont examiné les effets de l'IM sur la déficience motrice après des lésions musculosquelettiques. Après une blessure, une immobilisation prolongée peut entraîner une perte de force et d'endurance avec un enraidissement progressif des articulations. Les techniques de rééducation standard nécessitent un grand nombre de mouvements pour améliorer les amplitudes articulaires et les capacités de renforcement ou d'endurance musculaire (20) et doivent être appliquées directement à la région lésée. Par conséquent, un programme de rééducation peut être douloureux et répétitif, ce qui réduit le risque d'efficacité et d'adhérence. L'utilisation d'outils activant des zones du cerveau qui commandent des effecteurs périphériques spécifiques (muscles ou articulations) et

qui évitent ensuite la perte de contrôle ou préservent la programmation centrale semble prometteuse.En 2019, Yap et al[START_REF] Yap | The Effects of Motor Imagery on Pain and Range of Motion in Musculoskeletal Disorders: A Systematic Review Using Meta-Analysis[END_REF] ont mené une revue systématique et une méta-analyse sur les effets de l'IM sur la douleur et l'amplitude de mouvement dans les troubles musculo-squelettiques. Nous allons ajouter la force motrice comme dimension supplémentaire, actualiser et compléter leur recherche.En effet, les résultats des études deYue & al. et Ranganathan & al. (22,[START_REF] Ranganathan | From mental power to muscle power--gaining strength by using the mind[END_REF] fournissent des preuves de l'origine centrale du gain de force qui se produit avant l'hypertrophie musculaire, entraînant ainsi les unités motrices à une intensité plus élevée et/ou conduisant au recrutement d'unités motrices qui restent autrement inactives. Une réorganisation neuronale similaire après le pratique de l'IM est censée expliquer la perte minimale de force pendant l'immobilisation[START_REF] Newsom | Use of Mental Imagery to Limit Strength Loss after Immobilization[END_REF].En outre, l'augmentation de la commande neuronale corticale descendante et l'excitabilité des réseaux spinaux au repos pourraient expliquer le taux plus élevé de développement du couple et le couple isométrique maximal après une semaine d'entraînement par IM[START_REF] Grosprêtre | Neural mechanisms of strength increase after one-week motor imagery training[END_REF].L'objectif principal de cette revue systématique avec méta-analyse est de comparer les effets de l'IM en plus de la rééducation classique sur la réduction de la douleur, le gain de force et la récupération des amplitudes articulaires chez des sujets sains ou pathologiques présentant des troubles musculo-squelettiques. Comme objectifs secondaires, nous visons à comparer les différentes modalités de l'IM -type de technique, nombre de séances -et les caractéristiques de la population -sujets sains ou pathologiques, état aigu ou chronique.