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Abstract 12 

Fatigue is a multidimensional symptom with both physical and cognitive aspects, which can affect 13 

the quality of daily and working life activities. Motor Imagery (MI) represents an important resource 14 

for use during the rehabilitation processes, useful, among others, for job integration/reintegration, of 15 

neurological pathologies, such as Multiple Sclerosis (MS). To define the effective rehabilitation 16 

protocols that integrate MI for the reduction of fatigue in patients with MS (PwMS), a literary review 17 

was performed through August 2020. Five articles were included in the qualitative synthesis, 18 

including 2 feasibility pilot randomized control trials (RCTs) and 3 RCTs with good quality 19 

according to the PEDro score and a low risk of bias according to the Cochrane Collaboration tool. 20 

The literature suggested that MI, in association with rhythmic-auditory cues, may be an effective 21 

rehabilitation resource for reducing fatigue. Positive effects were observed on perceived cognitive 22 

and psychological fatigue. PwMS require greater compensatory strategies than healthy individuals, 23 

and the use of rhythmic-auditory cues may be useful for optimizing the cognitive processing of MI, 24 

which acts as an internal stimulus that is enhanced and made more vivid by outside cues. These 25 

findings provide evidence that MI is a promising rehabilitation tool for reducing fatigue in PwMS 26 

and return to work strategies. 27 
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1 Introduction 34 

Fatigue affects more than 80% of patients with multiple sclerosis (PwMS), among whom 55% report 35 

fatigue as being one of the worst symptoms that is experienced, often independently of the level of 36 

disability (Paolucci et al., 2020a). Patients describe fatigue as a feeling of weakness that worsens 37 

with exercise or as the day progresses or as an abnormal, constant, and persistent sense of tiredness 38 

(Bernetti et al., 2021). Fatigue in Multiple Sclerosis (MS) could be a direct effect of the pathological 39 

process on the central nervous system (CNS) or secondary to weakness, stiffness, tremor, sleep 40 

disturbances, or depression (Penner and Paul, 2017; Rottoli et al., 2017). Fatigue management is 41 

challenging, and physiotherapy treatment represents a valid resource of fatigue support to 42 

complement pharmacological treatment (Mangone et al., 2020; Seccia et al., 2020). The literature 43 

indicates that therapeutic exercise is considered a safe and effective form of rehabilitation for the 44 

reduction of fatigue among PwMS and that individualized exercise programs should be designed to 45 

address each patient’s chief complaint (Halabchi et al., 2017). Specifically, endurance and 46 

progressive resistance training (PRT) may reduce self-reported fatigue (Kjølhede et al., 2012; Heine 47 

et al., 2015). However, in a study by Hameau and colleagues, after a short, intensive, combined 48 

rehabilitation program among PwMS, fatigue decreased, but fatigability appeared to increase 49 

(Hameau et al., 2018). Fatigue is a multidimensional symptom that involves both physical and 50 

cognitive aspects which can affect the quality of daily and working life activities. Often, endurance 51 

and aerobic training rehabilitation protocols are not easily applied or well tolerated among PwMS 52 

with medium-to-high levels of disability, such as those patients who require walking or balance aids 53 

(Damiani et al., 2020). Some studies focusing on rehabilitation in MS have demonstrated a transitory 54 

positive effect on the reduction in fatigue symptoms (Wiles et al., 2001; Kjølhede et al., 2012; Heine 55 

et al., 2015; Halabchi et al., 2017); however, other studies that examined the efficacy of various 56 

specific rehabilitation programs showed no significant effects on fatigue compared with placebo 57 

(Rasova et al., 2006; Kos et al., 2007). Novel approaches to physiotherapy in MS include Motor 58 

Imagery (MI) and Rhythmic Auditory Stimulation (RAS), which have been shown to improve 59 

walking in PwMS, accompanied by reductions in fatigue. Other authors, such as Hanson et al., have 60 

suggested that a neurocognitive rehabilitation approach—specifically, the use of MI could represent 61 

an important resource for reducing fatigue, because MI involves motor planning and mild exercise 62 

execution (Catalan et al., 2011; Hanson and Concialdi, 2019; Paolucci et al., 2020b). In PwMS, 63 

fatigue involves the dysfunction of the circuits connecting the thalamus, basal ganglia, and frontal 64 

cortex, which require a specific balance to enable motor and executive motor planning (Leocani et 65 

al., 2001; Filippi et al., 2002; Téllez et al., 2008). MI is the mental rehearsal of movements without 66 

actual execution, which involves similar spatial and temporal characteristics, activates the same brain 67 

areas that are executed during actual movements (Jeannerod, 1994), and can be performed with or 68 

without verbal guidance and additional visual or auditory cues (Catalan et al., 2011; Schuster et al., 69 

2011). Several studies have investigated the relationship between MS and return-to-work trying to 70 

highlight the elements or symptoms that most negatively impact on it, such as fatigue (Persechino et 71 

al., 2019). MI represents an important resource for use during the rehabilitation processes, useful, 72 

among others, for job integration/reintegration, of neurological pathologies, such as MS (Persechino 73 

et al., 2019; Ranavolo et al., 2019; Ghanbari Ghoshchi et al., 2020). Several studies have suggested 74 

that the connections between rhythmic auditory and motor processing, which reflects sensorimotor 75 

synchronization with RAS, may also apply to MI, which involves the mental execution of 76 

movements without performing any actual movements (Decety, 1996). The performance of MI has 77 

obvious advantages over actual movement practice, including the lack of motor fatigue and reducing 78 

the risk of falls, because MI can be realized in a sitting position. In people with other types of 79 

neurologic disorders, such as stroke, MI has been shown to improve motor performance (Cho et al., 80 

2013), with moderate effect sizes (Schuster et al., 2012).  81 
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Given the connection between return-to-work and fatigue, and the effects of MI on the latter, the 82 

purpose of this mini systematic review was to investigate the effects of rehabilitation protocols that 83 

integrate MI to decrease symptoms of fatigue, and therefore, favor the return-to-work, in PwMS. 84 
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2 Material and methods 109 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was used to 110 

guide this review (Moher et al., 2009). 111 

2.1 Data sources and search strategy 112 

The literature research was performed (PubMed, Scopus, PEDro, PsychINFO and Google Scholar) 113 

through August 2020 (Schuster et al., 2011), using the following keywords: Job 114 

integration/reintegration OR return-to-work AND Multiple sclerosis AND Motor imagery; Multiple 115 

sclerosis AND Motor imagery; Multiple sclerosis AND fatigue; Motor imagery AND fatigue; and 116 

Multiple sclerosis AND Motor imagery AND fatigue. Two independent reviewers searched each 117 

database using the same strategy to ensure proper cross-checking of the results. Table 1 shows the 118 

eligibility criteria that were used to determine the inclusion of studies in the review and the algorithm 119 

that was developed, based on PICO (patients, intervention, comparison, outcome) (van Loveren and 120 

Aartman, 2007). The authors evaluated the studies identified by the database searches based on the 121 

established inclusion and exclusion criteria (Table 1). The authors independently screened the titles, 122 

abstracts, and full texts of all eligible studies. The reference lists of the most relevant studies were 123 

scanned for additional citations. Data including the country, author, affiliated institutions, and 124 

enrollment periods were extracted and reviewed to identify and exclude duplicate publications using 125 

the same cohort. Any disagreements regarding the acceptance of full-text articles were resolved by 126 

discussion until a consensus was reached. 127 

2.2 Quality and Risk of Bias Assessment 128 

The methodological quality of each RCT was assessed using the Physiotherapy Evidence Database 129 

(PEDro) scale (De Morton, 2009). Two researchers independently applied the scale to each 130 

considered study. We considered trials with scores equal to or greater than 9 to be “excellent,” 131 

studies, that ranged from 6–8, were considered “good,” trials, that scored 4–5, were deemed to be 132 

“fair” quality, and studies, with scores of ≤4, were categorized as “poor” quality (Maher et al., 2003). 133 

Furthermore, the risk of bias was assessed independently for each study by two authors according to 134 

the Cochrane Collaboration’s domain-based evaluation framework (Higgins and Green, 2011). Main 135 

domains were assessed in the following sequence: 1) selection bias (randomized sequence generation 136 

and allocation concealment); 2) performance bias (blinding of participants and personnel); 3) 137 

detection bias (blinding of outcome assessment); 4) attrition bias (incomplete outcome data, such as 138 

that due to dropouts); 5) reporting bias (selective reporting); and 6) other sources of bias. The scores 139 

for each bias domain and the final score for the risk of systematic bias were graded as low, high, or 140 

unclear risk.  141 
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3 Results 148 

3.1 Search results 149 

The findings are presented in narrative form, including tables and figures, to present the data in a 150 

format that is structured around the assessment, sample characteristics, and results. Our initial 151 

literature search identified 4001 records. After removing duplicates, 3115 records were assessed for 152 

eligibility. Following the application of inclusion and exclusion criteria and verifying the full-text 153 

articles for eligibility, a total of 5 articles (Kahraman et al., 2020; Seebacher et al., 2015; 2017; 2018; 154 

2019) were included in the qualitative synthesis, including 2 feasibility pilot RCTs and 3 RCTs, as 155 

shown in the study flowchart (Fig. 1). The mean methodological quality of the 5 included RCTs, 156 

according to the PEDro scale, was 6.8/10 (Table 2), indicating the good overall quality of the 157 

included studies. Table 2 also describes the protocols used, the outcomes measured and the times and 158 

number of sessions. The risk of bias was considered low for all 5 studies (Table 3). The most 159 

frequent source of potential bias was performance bias, related to the assessments of the blinding of 160 

participants and personnel and the blinding of the outcome.  161 

3.2 Participants 162 

A total of 261 participants were analyzed in the included studies (50 men/211 women) with a median 163 

age of 43.55 years. All included studies evaluated a mixed-sex sample, with an Expanded Disability 164 

Status Scale (EDSS) score of 2.5, indicating only mild impairments. Fatigue was evaluated using the 165 

Modified Fatigue Impact Scale (MFIS) in all included studies (Brunier and Graydon, 1996; Kos et 166 

al., 2005; Téllez et al., 2005).  167 

3.3 Interventions 168 

Most of the included interventions consisted of home-based, rhythmic, cued MI training (using 169 

instrumental music, a metronome, or verbal cueing) (Seebacher et al., 2015; 2017; 2018; 2019), in 170 

which the patients were instructed in the concept of MI and its rehabilitation applications and effects. 171 

The patients learned how attention and perception are fundamental components in the planning and 172 

controlling of movement before execution. The patients were asked to imagine themselves walking in 173 

various manners, accompanied by music and beat, as described by a recent publication (Thaut and 174 

Thaut, 2005). Three studies (Kahraman et al., 2020; Seebacher et al., 2018; 2019) for MI 175 

standardization followed the PETTLEP (physical, environmental, task, timing, learning, emotional, 176 

and perspective) approach, which may serve as a viable tool to enhance the effectiveness of an 177 

intervention. The PETTLEP model is based on neuroscientific findings, developed by Holmes and 178 

Collins, and includes a 7-point checklist of guidelines to follow when devising an imagery 179 

intervention (Holmes and Collins, 2001). The durations and intensities of the rehabilitation 180 

interventions varied: in 4 studies (Seebacher et al., 2015; 2017; 2018; 2019), the patients practiced 181 

MI for 17 minutes, 6 times each week for 4 weeks at home. In contrast, Kahraman et al. (2020) 182 

reported that patients engaged in twice-a-week, 20–30-minute sessions for 8 weeks.  183 

3.4 Included articles 184 

Seebacher et al. (2015), with the aim of evaluating changes in fatigue caused by rhythmic motor 185 

images, enrolled thirty adults with MS and randomly assigned them into three groups: 17 min of 186 

motor imagery, six times a week, for 4 weeks, with music (A) or metronome cues (B) and controls 187 

(C). Primary outcomes were recruitment rates, retention, compliance, adverse events, and fatigue 188 

(Modified Fatigue Impact Scale). Secondary outcomes were walking speed (25-foot walking time) 189 
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and distance traveled (6-minute walking). The authors concluded that preliminary improvements in 190 

walking speed, distance walked, and fatigue of group A need to be confirmed in a larger process. 191 

Seebacher et al. (2017), in order to investigate the effect of motor imagery combined with rhythmic 192 

cues on walking, fatigue and quality of life in people with MS, enrolled 101 individuals with MS and 193 

randomized them into three groups: 17 minutes of motor imagery, six times a week, for 4 weeks, 194 

with musical cues (A) or metronome (B), both with verbal cues, and controls (C). The primary 195 

outcomes were walking speed (25-foot timed walk) and distance (6-minute walk test). Secondary 196 

outcomes were Multiple Sclerosis Walking Scale-12, Modified Fatigue Impact Scale and QoL (Short 197 

Form-36 Health Survey, Multiple Sclerosis Impact Scale-29, Euroquol-5D-3L Questionnaire). The 198 

authors concluded that rhythm-guided motor images improve walking, fatigue and quality of life in 199 

people with MS, while music-guided motor images are more effective. 200 

Seebacher et al.  (2018), with the aim to obtain preliminary information of changes in walking, 201 

fatigue, quality of life (QoL) and MI ability following cued and non-cued MI in pwMS, they enrolled 202 

55 adults with MS and randomized them to three groups: 24 sessions of 17 min of MI with music and 203 

verbal cueing (MVMI), with music alone (MMI), or non-cued (MI). Primary outcomes were walking 204 

speed (Timed 25-Foot Walk) and walking distance (6-Minute Walk Test). Secondary outcomes were 205 

recruitment rate, retention, adherence, acceptability, adverse events, MI ability (Kinaesthetic and 206 

Visual Imagery Questionnaire, Time-Dependent MI test), fatigue (Modified Fatigue Impact Scale) 207 

and quality of life (Multiple Sclerosis Impact Scale-29). The authors concluded that their study 208 

suggest that cued and non-cued MI are valuable interventions in patients with MS who were able to 209 

imagine movements. 210 

Seebacher et al. (2019), with the aim of studying the effects and mechanisms of differently cued and 211 

non-cued MI on walking, fatigue and quality of life in patients with MS, enrolled 59 patients with 212 

mild to moderate disability and randomised them to music- and verbally cued MI (MVMI), music-213 

cued MI (MMI) or MI. Participants practiced guided or unguided MI of walking for 17 minutes, six 214 

times a week for 4 weeks at home. The primary outcomes were walking speed (timed 25-foot walk) 215 

and distance travelled (6-minute walk test). The authors concluded that all interventions significantly 216 

improved walking. MVMI was superior in improving walking, fatigue and quality of life. The results 217 

suggest that MI and sensorimotor synchronisation were mechanisms of action. 218 

Kahraman et al. (2020), with the aim to investigate the effects of telerehabilitation-based motor 219 

imaging training (Tele-MIT) on gait, balance, and cognitive and psychosocial outcomes in people 220 

with multiple sclerosis, have created a randomized, controlled pilot trial included people with MS 221 

and healthy individuals. People with MS were randomly divided into two groups (intervention and 222 

control). The intervention group received Tele-MIT (2 / week for 8 weeks). The control group was a 223 

wait-list group without any additional specific treatment. Healthy participants served as a baseline 224 

comparison. The Dynamic Gait Index, used to assess dynamic balance during walking, was the 225 

primary outcome. Secondary outcomes included assessments of walking speed, endurance and 226 

perceived ability, balance performance assessed by a computerized posturography device, balance 227 

confidence, cognitive functions, fatigue, anxiety, depression, and quality of life. The authors 228 

concluded that Tele-MIT is a novel method that proved feasible and effective in improving dynamic 229 

balance during walking, walking speed and perceived walking ability, balance confidence, cognitive 230 

functions, fatigue, anxiety, depression, and quality of life in people with MS. 231 

 232 
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4 Discussion 233 

The literature reports that MI could represent a rehabilitation resource for relieving symptoms, with 234 

the aim of adequate social reintegration and return to work. Evidence suggests that neurocognitive 235 

rehabilitation can be used to help patients overcome pain, and MI has been shown to facilitate 236 

learning more efficient movement execution strategies to make return to work faster and more 237 

manageable by the patients. In PwMS, fatigue represents one of the most disabling symptoms, from a 238 

neuromotor point of view, and limiting the execution of activities of daily life and not allowing the 239 

patient a complete and timely return to work. This aspect also has consequences from a psychological 240 

point of view that led the patient to completely abandon his or her work, no longer feeling able to 241 

carry it out. As demonstrated by Hasanpour Dehkordi (2016), interventions aimed at reducing fatigue 242 

decrease the number of days away from work. The studies that were included in this review showed 243 

encouraging results. Catalan et al. have suggested that an MI program could be effective for reducing 244 

fatigue in PwMS, with a mean EDSS of 2.5 ± 1.29. The authors observed that patients who were 245 

guided by a physiotherapist to correctly perceive kinesthetic information (over a period of 5 weeks of 246 

treatment, performed twice a week) learned new motor planning strategies, which might persist up to 247 

6 months after treatment. Seebacher et al. (Seebacher et al., 2015; 2017; 2018; 2019), in various 248 

studies, have reported that MI is an effective rehabilitation resource for decreasing the symptoms of 249 

fatigue. The authors used MI in rehabilitation protocols, associated with music and verbal cues, 250 

metronomes and verbal cues, or no cues (Seebacher et al., 2015; 2017; 2018; 2019). Cues are defined 251 

as any external stimuli, either temporal or spatial in nature, that are associated with the facilitation of 252 

motor activity in PwMS (Harrison et al., 2019). The physical execution of movement and the 253 

imagination of movement both involve the activation of similar brain regions (primary motor cortex, 254 

supplementary motor area, premotor area, somatosensory area, prefrontal cortex, parietal lobule, 255 

cingulate area, basal ganglia, and cerebellum) (Bunno, 2018), and various cueing strategies have been 256 

associated with improvements in motor performance. The use of cues that are associated with MI can 257 

facilitate the process of learning a movement in individuals who present with attention deficits, 258 

which is typical of some neurological disorders, including MS (Amato et al., 2019). The results of 259 

Seebacher et al. (2019) are certainly the most interesting as they showed that cued and non-cued MI 260 

improved walking speed and walking distance in PwMS, but music- and verbally cued MI were more 261 

effective than MI in improve walking, subjective fatigue and QoL (Seebacher et al., 2019). In this 262 

study, music-cued MI but not MI alone improved fatigue and quality of life while music- and 263 

verbally cued MI was more effective, suggesting that these findings are related to the effects of music 264 

and verbal cues (Seebacher et al., 2019). These results are likely associated with the 2 important 265 

dimensions of fatigue: the perception of fatigue and performance fatigability (Kluger et al., 2013; 266 

Manjaly et al., 2019). Differences in these two aspects may explain the discrepancies reported for 267 

some rehabilitation approaches to fatigue in MS, in which some authors report increased fatigue after 268 

exercise (Rasova et al., 2006; Kos et al., 2007; Hameau et al., 2018), such as the observable decrease 269 

in performance during a cognitive or motor task. The subjective perception of fatigue requires a 270 

cognitive perspective involving interoception and metacognition (Kluger et al., 2013; Stephan et al., 271 

2016; Kuppuswamy, 2017). The use of music during therapy for neurological diseases may affect 272 

cognitive functions, such as increasing verbal memory, in addition to improving motor performance 273 

(Moore et al., 2008; Thaut et al., 2014; Moumdjian et al., 2017) and providing benefits for the 274 

psycho-emotional sphere (Vinciguerra et al., 2019). The rehabilitative effects of music during therapy 275 

for neurological disorders appear to be associated with brain neuroplasticity and neural activation 276 

changes; however, the specific mechanisms remain unknown (Sihvonen et al., 2017). Seebacher et al. 277 

(2015; 2017; 2018; 2019) suggested a 4-week rehabilitation program and identified the specific 278 

characteristics of the music cues: the music style and beat were selected based on published 279 

summaries of practical guidelines for RAS and other relevant publications (Thaut et al., 2014). The 280 
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selected music was in 2/4 or 4/4 time, with strong ON and OFF beat patterns, such that every first 281 

beat or every first and third beat was stressed. The beat was emphasized by rhythmic verbal cues 282 

from the researcher (e.g., rhythmic speech, such as ‘step-step,’ ‘toe-off’). The music-cued MI 283 

synchronizes the motor response, and patients unconsciously adapt their movements to the external 284 

rhythm (Sihvonen et al., 2017), which has been shown to be well-suited for improving gait during 285 

rehabilitative protocols, as reported by Seebacher. The patients enrolled in these studies reported the 286 

perception that the treatment was safe and convenient, and even those enrolled in non-cued-MI arms 287 

reported satisfaction with the intervention, especially in terms of the focus on body awareness, 288 

without distraction (Seebacher et al., 2018). Generally, the studies by Seebacher and colleagues on 289 

the use of MI combined with rhythmic-auditory cues have suggested that this approach resulted in 290 

positive effects on perceived cognitive fatigue and various aspects of walking among PwMS. The 291 

synchronization between external rhythmic signals and movement showed positive effects compared 292 

with the isolated use of MI during rehabilitation (Seebacher et al., 2015; 2017; 2018; 2019). The 293 

study by Hereman et al. (2009) showed that visual stimuli improved the spatial accuracy of 294 

movements during MI, whereas auditory stimuli improved temporal precision, both of which had 295 

positive effects on the vividness of the images. This finding suggested that cues related to movement 296 

may facilitate the generation of MI, and the use of external stimuli to provide the spatial and temporal 297 

components of the movement appeared to improve the efficacy of MI. PwMS require compensatory 298 

strategies to overcome their movement dysfunction, and the use of cues has been shown to be useful 299 

for optimizing the cognitive processing required for MI (Heremans et al., 2012), which acts as an 300 

internal stimulus that is enhanced and made more vivid by outside cues. Moumdjian and colleagues 301 

(Moumdjian et al., 2019a-b) compared the abilities of PwMS with those of healthy controls (HC) for 302 

sustaining synchronization of a 12-minutes period of walking accompanied by music and a 303 

metronome. They analyzed physical and cognitive fatigue, motivation, and gait compared with 304 

walking in silence. PwMS could walk for 12 minutes of uninterrupted walking under all tested 305 

conditions; however, improved synchronization, reduced perception of cognitive fatigue, and high 306 

motivation were observed when external cues were used. Listening to music instead of a metronome 307 

might be more pleasurable and may increase adherence to the MI rehabilitation process, which is 308 

important for home-based interventions. Moreover, music may be an interesting form of diversifying 309 

the training (Van Geel et al., 2020) and could have positive effects on fatigue during therapeutic 310 

treatment with MI. The study by Kahraman et al. (2020) described training in tele-motor imagery 311 

(MIT), conducted by an expert physiotherapist. At the beginning of the session, the authors proposed 312 

relaxation exercises, including 5 minutes of free breathing, followed by deep breathing and 313 

awareness exercises. To evoke MI, the physiotherapist used auditory, visual, tactile, and olfactory 314 

cues that were easily available within the patient’s home context. Authors used multimodal cues for 315 

enhancing the motor imagery vividness. In contrast to the studies from Seebacher et al. (2015; 2017; 316 

2018; 2019), these cues were not real but imagined. Patients in the MIT-treated group reported 317 

functional improvements in fatigue. Telerehabilitation was reported to be effective for the treatment 318 

of various neurological conditions, including MS. Telerehabilitation reflects a new approach to 319 

facilitate the delivery of rehabilitation programs in the patient’s home, using new technologies 320 

(Galea, 2019). However, a Cochrane review highlighted the limitations and the paucity of high-321 

quality studies conducted in PwMS to date. MS is a complex and challenging condition requiring 322 

individualized and integrated multidisciplinary care, and telerehabilitation interventions are difficult 323 

to standardize (Malouin and Richards, 2010; Khan et al., 2015). Several studies have demonstrated 324 

that mental practice through MI can result in motor improvements, indicating that MI represents a 325 

potential tool for motor learning, relearning, and rehabilitation, especially among people with 326 

physical disabilities (Malouin and Richards, 2010). Mental practice with MI offers the opportunity to 327 

improve motor skills through safe and self-paced training among people with severe disabilities, such 328 

as PwMS, and the association of MI with auditory cues appears to improve outcomes. The evidence 329 
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currently present in the literature on the use of MI of PwMS to reduce fatigue, although not 330 

numerous, suggests how this method can be effective not only for an improvement in the quality of 331 

life and autonomy in the activities of daily life, but also in conclusion, for a better return to work, not 332 

only by imagining work tasks (as a kind of imaginary occupational therapy), but also because 333 

patients can do it at home even after working. 334 

4.1 Strengths and limitations 335 

According to our knowledge, this is the first review on the use of MI, for the reduction of fatigue in 336 

PwMS, aimed at return to work. This certainly represents a current and extremely important issue 337 

today. Our work is not free from limitations such as certainly the low number of works included 338 

which is secondary to the lack of study and scientific evidence present in scientific literature today. 339 

5 Conclusion 340 

Fatigue in PwMS is a complex clinical problem, with a lack of currently effective treatments and it 341 

represents one of the most severe restrictions on return to work in PwMS. Therefore, when 342 

establishing a rehabilitation plan, particular attention should be paid to the most convenient 343 

techniques, aimed at a better and faster restitutio ad integrum of the patient and a more effective 344 

return to work. MI could be a promising rehabilitation tool, which has been shown to be effective for 345 

decreasing the symptoms of fatigue and improving motivation. These findings provide evidence that 346 

MI is a promising rehabilitation tool for reducing fatigue in PwMS and return to work strategies. 347 

Given the potential benefits of MI for neurological rehabilitation, we recommend future studies to 348 

explore the motor representations in PwMS to improve the provision of effective and tailored 349 

rehabilitative treatments. 350 

 351 
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7 Tables 580 

Table 1. Studies selection criteria and PICO question. 581 

 Inclusion Exclusion 

Population PwMS Other neurological condition 

Intervention Motor Imagery training Usual treatment 

Comparison/control Usual treatment, PwMS in 

waiting list, Healthy subjects 

 

Outcome Reduction of fatigue / Return-

to-work 

 

Study design Randomized controlled trial Other designs, e.g. 

commentary, opinions, thesis, 

book chapter, data based on 

meetings and repositories of 

dissertations and theses and 

gray literature. 

Other English language, full text Other language 

Legend: PwMS: people with multiple sclerosis.  582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 
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Table 2. Summary of the intervention and outcomes (or results) of the included study. 591 

Author, 

year 

Design, 

PEDro 

score 

Sample 

description

, age 

(M±SD) 

EDSS 

(median; 

range) 

Method 
Fatigue 

assessment 

Outcome 

measures 

Timeline/ 

n° of 

session 

Conclusions 

Seebache

r et al., 

2015 

RCT 

(Pilot 

study),  

6 

 

TG1= 10F; 

0M (47,3) 

TG2= 7F; 

3M (41,8) 

CG= 5F; 

5M (46.1) 

TG1= 3 

(1,5;4,5) 

TG2=2,5 

(1,5;4,5) 

CG=2,5 

(1,5;4,0) 

TG1= music and 

verbally cued MI + 

weekly phone call 

TG2= metronome 

and verbally cued 

MI+ weekly phone 

call 

CG= usual 

treatment+ weekly 

phone call 

Modified 

Fatigue 

Impact 

Scale 

Walking 

speed and 
distance 

(T25FW; 6-

MWT) 

T0 (at 

baseline) 

T1 (after 4 

week)/ 

n°24 

Fatigue reduced in 

TG1 by median −9.5 
(range −31, 5) 

points, in TG2 by 

−13 (range −28, 7) 
points and in CG by 

−3 (range −17, 4) 

points. 

Seebache

r et al., 

2017 

RCT, 

 7 

TG1= 25F; 

9M (43,8) 

TG2= 29F; 

5M (45,4) 

CG= 31F; 

2M (43,1) 

TG1=2,0 

(1,5;4,5) 

TG2=2,0 

(1,5;4,5) 

CG=2,0 

(1,5;4,5) 

TG1= music and 
verbally cued MI + 

weekly phone call 

TG2= metronome 
and verbally cued 

MI+ weekly phone 

call 

CG= usual 

treatment+ weekly 

phone call 

Modified 
Fatigue 

Impact 

Scale 

Walking 

speed and 
distance and 

perception 

(T25FW; 6-
MWT; 

MSWS-12) 

QoL (MSIS-
29; 

HRQoL; 

SF-36; EQ-

5D-3L) 

T0 (at 

baseline) 

T1 (after 4 

week)/ 

n°24 

Cognitive and total 

fatigue reduced 
significantly in TG1 

and TG2. Physical 

fatigue significantly 
reduced only in TG1, 

but psychosocial 

fatigue did not 
reduce. There were 

no clinically 

meaningful 

reductions in fatigue. 

Seebache

r et al., 

2018 

RCT 

(Pilot 

study), 

 7 

TG1= 

4F;1M 

(52,0) 

TG2= 5F; 

0M (54,0) 

TG3= 4F; 

1M (37,0) 

TG1=4,5 

(2,0;4,5) 

TG2=2,5 

(2,5;4,5) 

TG3=2,5 

(1,5;4,5) 

TG1= music and 

verbally cued MI + 
weekly phone call + 

usual treatment 

TG2= music cued MI 
+ weekly phone call 

+ usual treatment 

TG3= non-cued MI + 
weekly phone call + 

usual treatment 

Modified 

Fatigue 
Impact 

Scale 

Walking 

speed and 

distance 
(T25FW; 6-

MWT) 

QoL (MSIS-

29) 

MI ability 

(KVIQ-10; 
KVIQ-G-

10; TDMI) 

Sensorimot
or sync 

(gait 

analysis) 

T0 (at 

baseline) 

T1 (after 4 

week)/  

n°24 

A mild reduction in 

fatigue was observed 

in all groups. 

Seebache

r et al., 

2019 

RCT,  

7 

TG1= 15F; 

4M (45,3) 

TG2= 16F; 

4M (44,5) 

TG3= 16F; 

4M (43,3) 

TG1=3,0 

(1,5;4,5) 

TG2=2,5 

(2,5;4,5) 

TG3=2,5 

(1,5;4,5) 

TG1= music and 
verbally cued MI + 

weekly phone call + 

usual treatment 

TG2= music cued MI 

+ weekly phone call 

+ usual treatment 

TG3= non-cued MI + 

weekly phone call + 

Modified 

Fatigue 

Impact 

Scale 

Walking 

speed and 

distance 
(T25FW; 6-

MWT) 

QoL (MSIS-

29) 

MI ability 

(KVIQ-10; 
KVIQ-G-

T0 (at 

baseline) 

T1 (after 4 

week)/ 

n°20 

Physical and 
cognitive fatigue and 

physical QoL 

significantly reduced 
only in TG1and TG2 

and psychosocial 

fatigue significantly 
reduced in all groups 

(all p values<0.01). 
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Legend: RCT: randomized controlled trial; TG= Treatment group; CG= Control group; HCG= healthy controls group; 592 
T25FW: Timed 25-Foot walk; 6-MWT: 6-minutes walking test; MSWS-12: Multiple Sclerosis Walking Scale-12; MSIS-593 
29: Multiple Sclerosis Impact Scale-29; HRQoL: Health- related quality of life; SF-36: Short Form-36 Health Survey; 594 
EQ-5D-3L: Euroquol-5D-3L Questionnaire; KVIQ-10: Kinaesthetic and Visual Imagery Questionnaire; KVIQ-G-10: 595 
Kinaesthetic and Visual Imagery Questionnaire – German version; TDMI: Time-Dependent Motor Imagery screening 596 
test; DGI: Dynamic Gait Index; T25FW: Timed 25-Foot Walk; 2-MWT: 2-Minute Walk Test; TUG: Timed Up and Go 597 
test; ABC test: Activities-specific Balance Confidence test; SDMT: Symbol Digit Modalities Test; SRT: Selective 598 
Reminding Test; 10/36SRT: 10/36 Spatial Recall Test; HADS: Hospital Anxiety and Depression Scale; MusiQoL: 599 
Multiple Sclerosis International Quality of Life questionnaire; 600 

 601 

 602 

 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 

usual treatment 10; TDMI) 

Sensorimot
or sync 

(gait 

analysis) 

Kahrama

n et al. 

2020 

RCT,  

7 

TG= 16F; 

4M (34,5) 

CG= 14F; 

1M (36,0) 

HCG= 14F; 

6M (31,0) 

TG=1,0 

(0;1,75) 

CG=2,0 

(0;2,5) 

HCG=nv 

TG=Telerehabilitatio

n-based MI training 

CG= waiting list 

HCG= no treatment 

Modified 
Fatigue 

Impact 

Scale 

Likert scale 

(0-10) 

Gait and 

balance 

(DGI; 
T25FW; 2-

MWT; 

MSWS-12; 
TUG; ABC 

test; 

posturograp

hy) 

Cognitive 

function 
(SDMT; 

SRT; 

10/36SRT) 

Psychologic 

and QoL 

(HADS; 

MusiQoL) 

T0 (at 

baseline) 

T1 (after 8 

week)/ 

n°16 

There was a 

significant reduction 

from baseline at 8 
weeks in the TG, (p 

< 0.05); No 

significant 

differences in CG. 
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Table 3. Risk of bias summary 611 

 612 

 613 

 614 

 615 

 616 

 617 

 618 

 619 

 620 

 621 

 622 

 623 

 624 

Legend: The ‘+’ means low risk of bias; the ‘-’ means high risk of bias; the ‘?’ means unknown risk of bias. Trials 625 

involving three or more high risks of bias were considered as poor methodological quality. 626 

 627 

 628 

 629 

 630 
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 632 

 633 

 634 

 635 

 636 

Seebacher et al. 2017 Low + + - - + + ? 

Seebacher et al. 2015 Low + + - - + + ? 

Seebacher et al. 2019 Low + + - - + + ? 
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8 Figure legends 637 

Figure 1. PRISMA flow-diagram showing the selection of the included studies. 638 
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