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Abstract.
BACKGROUND: Fibromyalgia (FM) is a chronic condition characterized by widespread muscular or musculoskeletal pain of at
least 3 months’ duration, occurring above and below the waist, on both sides of the body.
OBJECTIVE: The aim of this study was to evaluate the effectiveness of a rehabilitation program based on motor imagery versus
a conventional exercise program in FM in terms of pain, functional and psychological outcomes.
METHODS: Twenty-nine female subjects were randomly assigned to a group receiving motor imagery-based rehabilitation
(MIG) or to a control group (CG) performing conventional rehabilitation. Outcome assessments were performed before (T0)
and after 10 sessions of treatment (T1) and at a 12-week follow-up (T2). Pain, function and psychological measurements were
conducted by means of different questionnaires.
RESULTS: Both treatments improved all outcomes at post-treatment (T1) and follow-up (T2). The MIG showed a significant
improvement in anxiety disorder associated with FM with respect to the CG, as well as improvements in coping strategies.
CONCLUSIONS: Rehabilitation treatment based on motor imagery showed a stronger effect on anxiety and coping behavior
than traditional physiotherapy in patients with FM. Integrated psychological support would be desirable in this setting. Further
research is needed to explore the aspects investigated in more depth.
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1. Introduction 1

Fibromyalgia (FM) is a chronic condition character- 2

ized by widespread muscular or musculoskeletal pain of 3

at least 3 months’ duration, occurring above and below 4

the waist, on both sides of the body. According to the 5
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1990 American College of Rheumatology criteria [1,2],6

it was formerly defined by pain on digital palpation of7

at least 11 out of 18 predefined tender points. FM is8

estimated to affect about 5% of the general population,9

with a prevalence of 3.4% in women and 0.5% in men.10

Although the etiology and pathogenesis of FM are11

still not well defined, some authors suggested that it12

may be due to peripheral or central “hyperexcitability”13

of the central nervous system at the level of the spinal14

cord or brain stem, causing alteration of pain percep-15

tion. Also, the memory of recent pain and of painful16

situations, above all contextual with movement of the17

body, leads FM patients to avoid situations linked to18

emotional distress and to be afraid of physical activ-19

ity [3]. In fact, FM can be considered to fall within20

Craig’s definition of chronic pain which recognizes both21

a perceptual component and emotional component [4]:22

“pain occurs in the body but is recognized in the mind”.23

With regard to the mechanisms underlying chronic24

pain, some authors have suggested a balanced relation-25

ship between proprioception, tactile acuity and cortical26

modulation [5–8]. The persistence of chronic pain can27

be interpreted as an inability of the body to overcome28

a perceptual afferent discrepancy, creating a “senso-29

rimotor” conflict [9,10]. To date, the scientific litera-30

ture shows no evidence on the application of rehabili-31

tation programs that take into account these elements32

in FM, whereas in chronic non-specific low back pain,33

programs based on movement observation and motor34

imagery have been tested [11–14]. The aim of this re-35

search was to study the possible efficacy of a novel re-36

habilitation approach involving a motor imagery-based37

exercise program, versus a conventional rehabilitation38

approach in FM syndrome. Pain reduction was set as39

the primary outcome, and patients’ psychological and40

emotional conditions were also analyzed.41

2. Materials and methods42

This was a pilot study designed as a double-blind,43

randomized, controlled trial, and took place from July44

2016 to December 2017 at the rheumatology clinic of45

the Sant’Andrea University Hospital in Rome. Female46

patients who had previously been diagnosed with FM47

using the 1990 American College of Rheumatology cri-48

teria were recruited. The 2010 diagnostic criteria [15]49

could not be considered in the present study as they50

were published after the diagnosis of most of these51

patients. The FM syndrome diagnoses were made a52

rheumatologist on the basis of the aforementioned cri-53

teria; accordingly, we included all patients who had 54

experienced widespread pain for more than 3 months, 55

and who experienced pain with 4 kg/cm2 pressure at 11 56

or more of the 18 tender points. Only patients aged 18 57

to 60 years were included. The exclusion criteria were: 58

pregnancy, pacemaker use, overlapping painful con- 59

ditions, the presence of: autoimmune or hematologic 60

diseases, psychiatric disorders under pharmacological 61

and psychological treatment, other causes of chronic 62

pain, and other diseases such as epilepsy, tumors, major 63

neurological problems, and diabetes. The pharmaco- 64

logical therapeutic regimen had to be stable for at least 65

three months before the patient began the rehabilitation 66

treatment. No new medication or other rehabilitation 67

approaches were undertaken during the present study. 68

Through an oral presentation, patients were informed 69

in detail about the scope and procedures of the study 70

(as per the Declaration of Helsinki). They were then 71

invited to participate in the clinical trial, in which they 72

were randomly allocated to the motor imagery-based 73

rehabilitation group (MIG) or the control group receiv- 74

ing conventional rehabilitation treatment (CG). Patients 75

were allocated according to a computer-generated sim- 76

ple randomization list at a 1:1 ratio (software MATLAB 77

R2007b R©; The Mathworks Inc., USA). 78

With regard to the assignment of the patients to the 79

study groups, a physiatrist assessed the patients sent 80

by the rheumatologist in order to confirm the presence 81

of the inclusion criteria and rule out the presence of 82

any exclusion criteria. A psychologist then provided 83

information to the patients and had them sign an in- 84

formed consent document. In all cases, the physiatrist, 85

patient and psychologist were unaware of the rehabili- 86

tation treatment group (conventional or motor imagery) 87

to which the patients were assigned. 88

This study protocol was developed in accordance 89

with the Consolidated Standards of Reporting Trials 90

(CONSORT) guidelines [16]. The study protocol was 91

approved by the ethics and experimental research com- 92

mittee of the Department of Psychology of the Sapienza 93

University of Rome. Outcome assessments were per- 94

formed in each group before treatment (T0), at the end 95

of treatment, i.e. after 10 rehabilitation sessions (T1), 96

and at a 12-week follow-up (T2). 97

2.1. Evaluation of fibromyalgia pain and 98

psychological impact 99

At each of the three assessment time points, patients 100

were administered the following scales: 101

– The Fibromyalgia Impact Questionnaire (FIQ) [17]. 102
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This is a self-administered scale used to assess the103

present health status of patients with FM. Scores104

range from 0 to 100, and higher scores indicate a105

greater impact of FM on functioning (0 to 39 rep-106

resents a mild effect, 40 to 60 a moderate effect,107

and 61 to 100 a severe effect).108

– The Health Assessment Questionnaire. Usually109

self-administered, this is a comprehensive scale110

used to measure health outcomes in patients with111

a wide variety of chronic diseases [18]. It contains112

20 items distributed across 8 components and the113

scores for each dimension are transformed to give114

an overall disability index score of between 0 and115

3.116

– The Fibromyalgia Assessment Status (FAS). This117

is a simple, self-administered index that combines,118

in a single measure (score range: 0 to 10), a pa-119

tient’s assessments of fatigue, sleep disturbances120

and pain evaluated based on a list of 16 non-121

articular sites [19].122

– A visual analog scale (VAS), ranging from 0 (no123

pain) to 10 cm (maximum pain). VAS is a one-124

dimensional measure widely used to assess pain125

intensity [20].126

In both groups, a psychologist administered the fol-127

lowing scales to assess the subjects’ psycho-emotional128

profile:129

– The Hamilton Anxiety Rating Scale (HAM-130

A) [21]. Anxiety severity was assessed using the131

HAM-A, which includes 14 items that investigate132

physical and mental indicators. Each item is rated133

on a five-point Likert-type scale with scores rang-134

ing from 0 to 4, where higher scores indicate more135

severe anxiety: the psychic subscale (items 1–6136

and 14) addresses the more subjective cognitive137

and affective complaints of anxiety (e.g., anxious138

mood, tension, fears, difficulty concentrating), and139

is particularly useful in assessing the severity of140

generalized anxiety disorder. The somatic sub-141

scale (items 7–13) focuses on features such as au-142

tonomic arousal, respiratory, gastrointestinal and143

cardiovascular symptoms.144

– The Hamilton Depression Rating Scale (HAM-D).145

This scale contains 17 items pertaining to symp-146

toms of depression experienced over the last week;147

eight of these are scored on a 5-point Likert-type148

scale and nine on a 3-point Likert-type scale. A149

score of 20 or higher indicates moderate to se-150

vere depression. The existence and severity of the151

measured items were evaluated by the interviewer152

(psychologist), who was trained in HAM-D evalu-153

ation [22].154

– The Italian version of the 20-item Toronto Alex- 155

ithymia Scale (TAS-20). Used to assess alex- 156

ithymia, the TAS-20 is composed of 20 items rated 157

on a five-point Likert scale, from “strongly dis- 158

agree” to “strongly agree”. In addition to the total 159

score, the TAS-20 provides three subscale scores: 160

difficulty identifying feelings (DIF); difficulty de- 161

scribing feelings (DDF), and externally oriented 162

thinking (EOT). In accordance with the literature, 163

the following cut-off points were used to classify 164

patients as non-alexithymic (total score 6 51), 165

borderline (total score between 51 and 61), and 166

alexithymic (total score > 61) [23]. 167

– Finally, COPE-NIV, which is the Italian version of 168

the Coping Orientation to Problems Experienced 169

(COPE) inventory, was used to measure a broad 170

range of coping styles. The COPE inventory is 171

comprised of 15 four-item scales. Using the dispo- 172

sitional response format, participants were asked 173

to indicate how frequently they use each coping 174

strategy on a four-point scale ranging from “usu- 175

ally do not do this at all” to “usually do this a 176

lot” [24]. Five subscales were considered: social 177

support (SS), avoidance strategies (AS), positive 178

attitude (PA), problem solving (PS), and turning 179

to religion (TR). 180

2.2. Rehabilitation treatment 181

All patients performed a total of 10 treatment ses- 182

sions. Sessions lasted 60 to 90 minutes and were per- 183

formed twice a week in groups of three to four patients. 184

If patients missed a session or sessions due to personal 185

or professional reasons, they were able to recoup the 186

missed session(s) in order to ensure that all of them 187

completed the whole program. To promote patients’ 188

independence in pain management, a physiatrist con- 189

ducted a brief educational session to enhance the pa- 190

tients’ knowledge of FM and improve their self-care 191

skills. 192

2.2.1. Motor imagery rehabilitation group (MIG) 193

The gold standard was to choose simple and safe 194

exercises in order to encourage the patient to repeat 195

the schedule at home. The exercises proposed to the 196

MIG were chosen respecting the following principles: 197

slowness, painlessness, promoting attention, easy to 198

imagine. 199

Each session was divided into six phases: 200

(1) The patient relaxed on the ground, in supine 201

position, and began diaphragmatic breathing 202
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Fig. 1. Sample of exercises performed during a motor imagery (MI) rehabilitation session: supine position. A: alternating knee-to-chest movements;
B: head and hip rotation in opposite directions; C: “frog” legs and crawling position. D: leg extension, alternating sides; E: “greeting the sun”
exercise; F: “cat” position (back flexion and extension).

(10 minutes) while the physiotherapist promoted203

awareness of the body and its contact with the204

environment (using phrases such as: relax, feel205

your breathing, feel the contact between each206

part of your body and the carpet);207

(2) The patient watched a video clip showing an208

exercise that was subsequently to be imagined209

(motor imagery exercise) (5 min);210

(3) The patient imagined the exercise seen in the211

video clip (imagining himself/herself execut-212

ing the observed movement = transformation213

of visual information into a kinesthetic image)214

(5 min);215

(4) The patient wrote down, and then shared with216

the physiotherapist and the group, his/her various217

impressions and thoughts during step 3 (even218

negative ones relating to imagined pain) (5 min);219

(5) The patient performed two or three series of at220

least 10–15 repetitions of the movement, with 3-221

to 5-minute pauses between series (10 min);222

(6) The patient shared his/her impressions with the 223

group (10 min). 224

At each new session, a new exercise to be imagined 225

was added to the rehabilitation program. The rest of 226

each rehabilitation session was devoted to repetition of 227

the exercises proposed during the imagery phases in dy- 228

namic training series, ending with stretching exercises. 229

The main purpose of performing motor imagery- 230

based exercises was to bring the patient back to a con- 231

dition of feeling and self-perceiving the execution of 232

the movements. The quality of the movement, free from 233

pain, was considered more important than the quantity 234

of repetitions. For this reason, the sessions lasted from 235

60 to 90 minutes, because the patients often required 236

more time and were not to be rushed into executing the 237

movements. 238

Figures 1 and 2 show the proposed exercises. In 239

supine position, (1A) flexion of the knees to the chest 240

(diaphragmatic breathing, sometimes using soft balls 241

to support and press on the painful points of the back); 242

(1B) rotation of the head and pelvis in opposite direc- 243
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Fig. 2. Sample of exercises performed during a motor imagery (MI)
rehabilitation session: seated/standing position. A: passing from the
sitting position to the standing position. B: semi-squat on the lower
limbs, resting the back against the wall, alternating with the interposi-
tion of a sponge ball; C: flexion and extension of the spine as through
“taking water from the sea”.

tions; (1C) “frog” position, abduction and flexion of the244

hips at 90◦, in knee flexion. In quadrupedic position,245

(1D) hip and knee extension, alternating sides; (1E)246

“greeting the sun” exercise; (1F) “cat” exercise, alter-247

nating the flexion and extension of the spine with the248

rhythm of breathing. Starting from the sitting position,249

(2A) passing from the sitting position to the standing250

position. In standing position, (2B) semi-squat on the251

lower limbs, resting the back against the wall, alternat-252

ing with the interposition of a sponge ball, (2C) flexion253

and extension of the spine as through “taking water254

from the sea”. At the end of the course of treatment, the255

patients received a DVD of the motor imagery exercises 256

proposed. 257

2.2.2. Control group: Conventional rehabilitation 258

(CG) 259

The CG received a conventional rehabilitation pro- 260

tocol, based on ten 1-hour sessions, held twice a week 261

(over a 5-week period), previously found to be effective 262

in FM [25]. The exercises included low- to moderate- 263

impact aerobics training, walking in a circle, alternating 264

with periods of going up and down stairs (3 steps, for 265

10 minutes), for a total of 20 consecutive minutes; there 266

were also posture exercises for the back and propriocep- 267

tive exercises for the trunk, to improve axial stability. 268

Each exercise was repeated 10 times (3 series of 10 rep- 269

etitions), with a rest of at least 3 minutes between series. 270

All sessions ended with stretching and diaphragmatic 271

breathing exercises. 272

2.3. Statistical analysis 273

Because the clinical scores are ordinal numbers, the 274

data are expressed as median and quartiles, including 275

inter-quartile range (IQR, the third minus the first quar- 276

tile). Data were shown using box and whiskers plots for 277

the FIQ and HAM-A scales: the boxes show the first and 278

third quartiles and median (middle bold line in box), 279

whereas the whiskers represent the most extreme values 280

within 1.5 times the inter-quartile range from the ends 281

of the box (Figs 3 and 4). Repeated-samples Friedman’s 282

two-way analysis of variance by rank test was carried 283

out to assess the scale score changes in each group over 284

the three evaluations (T0, T1 and T2). Nonparametric 285

statistics were also used for the between-group analy- 286

ses; in fact, the two groups were compared using the 287

Mann-Whitney U test, setting the alpha level of signif- 288

icance at 0.05. All data analysis was performed using 289

SPSS for Mac v.21 (SPSS Inc., Chicago, IL, USA). 290

3. Results 291

A total of 44 patients were enrolled, 29 of whom 292

were randomly assigned to the two groups. Over the 293

course of the treatment, three patients dropped out (2 in 294

the MIG and 1 in the CG). No patient discontinued the 295

rehabilitation due to acute exacerbation of pain, and all 296

patients performed ten treatment sessions. 297

At baseline, the two groups were homogeneous with 298

regard to age, height, weight, body mass index, and 299

VAS score, as shown in Table 1. Also, the median scores 300
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Fig. 3. Box and whiskers plot of The Fibromyalgia Impact Questionnaire (FIQ) at the three assessment timepoints for the two groups.

Fig. 4. Box and whiskers plot of the Hamilton Anxiety Rating Scale (HAM-A) at the three assessment timepoints for the two groups.

for the three clinical scales (FIQ, FAS and HAQ) did301

not differ significantly at baseline (T0).302

Tables 2–4 show the median and IQR values and303

summarize the results for the outcome measures, which 304

differed significantly between T1 and T2 in both groups. 305

Friedman’s analysis in the MIG revealed statistical sig- 306
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Table 1
Group comparisons at baseline (T0). Median and interquartile range
(IQR) are reported. In comparisons, p-values are reported in bold if
statistically significant (the level of statistical significance was set at
p < 0.001)

Baseline parameter
MIG group

Median (IQR)
CG group

Median (IQR) p-value

Age (years) 54.5 (6.6) 55.0 (13.5) 0.170
Height (m) 1.7 (0.1) 1.6 (0.1) 0.347
Weight (kg) 63.5 (15.5) 60.5 (4.5) 0.104
Body mass index 22.2 (5.3) 23.2 (3.1) 0.092
(kg/m2)
VAS 6.5 (3.0) 5.0 (3.8) 0.105

VAS: visual analog scale, MIG: motor imagery group, CG: control
rehabilitation group.

nificance (p < 0.05) of the results for FIQ – T1: 33.5307

(20.3), T2: 30.0 (21.0); FAS – T1: 3.7 (1.6), T2: 3.8308

(2.4); HAQ – T1: 0.3 (0.3), T2: 0.1 (0.3); VAS – T1: 3.0309

(1.5), T2: 2.0 (2.0). With regard to the psychological310

scores, significant changes were recorded for HAM-A311

– T1: 10.5 (2.0), T2: 11.0 (3.0); TAS – T1: 54.0 (13.0),312

T2: 56.0 (14.0); COPE-SS – T1: 31.5 (1.0), T2: 30.5313

(3.8); COPE-PA – T1: 30.5 (5.0), T2: 28.0 (8.5). The314

CG showed a similar trend (p < 0.05) with respect to315

all the above-mentioned scales except COPE: FIQ –316

T1: 42.0 (27.0), T2: 34.0 (26.0); FAS – T1: 4.7 (2.1),317

T2: 4.4 (1.4); HAQ – T1: 0.5 (0.3), T2: 0.4 (0.5); VAS318

– T1: 4.5 (3.0), T2: 2.5 (2.8). With regard to psycholog-319

ical scores, a significant change occurred for HAM-A –320

T1: 15.5 (5.5), T2: 15.5 (4.8); TAS – T1: 61.5 (18.3),321

T2: 60.0 (17.5). With regard to the HAM-D scale, no322

statistically significant differences were found in either323

group.324

In the between-group analyses, the Mann-Whitney325

U test revealed, for the HAM-A scale, a statistically326

significant difference between the two groups in favor327

of the MIG (T1, p = 0.044; T2, p = 0.040). With regard328

to HAM-D a statistically significant difference between329

the two groups was also found at T0 (T0, p = 0.018)330

and the same was found for COPE-PS (T0, p = 0.021).331

The patients did not modify their drug treatments during332

the study period.333

4. Discussion334

Our results seem to support the use of motor imagery335

in rehabilitation of FM syndrome: the novel approach336

consisting of a MI exercise program, when compared337

with a conventional rehabilitation approach, showed338

stronger effect on anxiety and coping behavior than339

traditional physiotherapy.340

In terms of VAS, MIG showed better results than 341

no treatment group, but not in comparison to a usual 342

physiotherapy group. The MIG showed an improve- 343

ment in anxiety disorder associated with FM, and also 344

in coping strategies (COPE-SS and COPE-PA). These 345

results were maintained at follow-up, and with regard 346

to the HAM-A scale, there emerged a statistically sig- 347

nificant difference between the two groups in favor of 348

MIG. The majority of patients with chronic fatigue syn- 349

drome and FM inappropriately adopt defensive coping 350

strategies, partly because of an altered perception of 351

their disease condition. In addition, patients with FM 352

often show a high level of kinesiophobia and a lot of 353

concern about their illness, tendencies that lead them to 354

develop catastrophic thoughts: in these cases, a reha- 355

bilitation approach alone can be insufficient and addi- 356

tional psychological treatment is needed [26,27]. Our 357

results support this aspect, as both groups (MIG and 358

CG) showed abnormal levels of coping strategies. Al- 359

though there was no statistically significant difference 360

between the two groups, the response to treatment was 361

better in the MIG with regard to the COPE items SS 362

and PA (Table 4). 363

The presence and intensity of depressive symptoms 364

and anxiety correlate significantly with the symptoms 365

of FM. Moreover, anxiety is a relatively constant fea- 366

ture of the personality of people with FM, meaning that 367

it is important to involve a psychotherapist in the re- 368

habilitation program of these patients as discussed in 369

the European League Against Rheumatism (EULAR) 370

recommendations [28]. 371

The introduction of motor imagery exercises allows 372

the physiotherapist to use a “narrative” approach during 373

rehabilitation that might result in a shared understand- 374

ing of the patient’s attitude [29]. The patients were en- 375

couraged to talk with the physiotherapist and to share 376

the sensations they had during the imagination phase 377

with the other group members. This step was treated 378

as a proper rehabilitation exercise (phases 4 and 6 of 379

the MIG program). Other authors have suggested the 380

importance of training approaches that may be effective 381

in reducing comorbid anxiety symptoms and physical 382

inactivity: findings show that a fundamental focus is the 383

patient’s adherence to the long-term rehabilitation pro- 384

gram, because a longer duration of treatment with good 385

adherence allows better containment and reduction of 386

anxiety [30,31]. 387

Another important aspect in FM is the qualitative 388

aspect of chronic pain, which is closely linked to the 389

psycho-emotional profile. Cognitive stress may nega- 390

tively affect central pain modulation in patients with 391
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Table 2
Median and interquartile range (IQR) of clinical scores for the two groups at the three assessment times. p-values in the last column for each scale
refer to within-group FR analysis, whereas p-values in the bottom row refer to group comparisons at baseline, based on the MW. p-values are
reported in bold if statistically significant (< 0.05)

FIQ p FR FAS p FR HAQ p FR VAS p FR
T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2

MIG 60.0
(28.3)

33.5
(20.3)

30.0
(21.0)

< 0.05 7.1
(1.4)

3.7
(1.6)

3.8
(2.4)

< 0.05 0.7
(0.7)

0.3
(0.3)

0.1
(0.3)

< 0.05 6.5
(3.0)

3.0
(1.5)

2.0
(2.0)

< 0.05

CG 53.0
(15.5)

42.0
(27.0)

34.0
(26.0)

< 0.05 7.0
(2.2)

4.7
(2.1)

4.4
(1.4)

< 0.05 0.5
(0.4)

0.5
(0.3)

0.4
(0.5)

< 0.05 5.0
(3.8)

4.5
(3.0)

2.5
(2.8)

< 0.05

0.623 0.384 0.495 0.596 0.255 0.209 0.289 0.620 0.495 0.106 0.192 0.398

MW: Mann-Whitney U test, FR: Friedman analysis, FIQ: Fibromyalgia Impact Questionnaire, FAS: Fibromyalgia Assessment Status, HAQ:
Health Assessment Questionnaire, VAS: visual analog scale, MIG: motor imagery group, CG: control group, Time: Time of assessment, T0:
baseline, T1: end of the treatment, T2: follow-up.

Table 3
Median and interquartile range (IQR) of psychological scores for the two groups at the three assessment times. p-values in the last column
for each scale refer to within-group FR analysis, p-values in the bottom row refer to group comparisons based on the MW. p-values are
reported in bold if statistically significant (< 0.05)

Scale HAM-A p FR HAM-D p FR TAS-20 (TOT) p FR
Time T0 T1 T2 T0 T1 T2 T0 T1 T2

MIG (IQR) 12.0
(14.0)

10.5
(2.0)

11.0
(3.0)

< 0.05 11.5
(6.8)

12.0
(5.0)

11.5
(4.5)

0.058 56.0
(9.3)

54.0
(13.0)

56.0
(14.0)

< 0.05

CG (IQR) 16.5
(6.3)

15.5
(5.5)

15.5
(4.8)

< 0.05 19.0
(7.8)

17.0
(6.8)

17.0
(7.0)

0.796 65.5
(17.8)

61.5
(18.3)

60.0
(17.5)

< 0.05

MW p 0.286 0.044 0.040 0.018 0.012 0.010 0.704 0.733 0.879

MW: Mann-Whitney U test, FR: Friedman analysis. HAM-A: Hamilton Anxiety Rating Scale, HAM-D: Hamilton Depression Rating
Scale, COPE: Coping Orientation to Problems Experienced, TAS-20: 20-item Toronto Alexithymia scale, MIG: motor imagery group,
CG: control group, Time: Time of assessment, T0: baseline, T1: end of treatment, T2: follow-up.

Table 4
Median and IQR of COPE-NIV scores (cognitive and behavioral strategies to manage stress), in five independent dimensions, for the two groups at
the three assessment times. p-values in the last column for each scale refer to within-group FR analysis, whereas p-values in the bottom row refer
to group comparisons. p-values are reported in bold if statistically significant (< 0.05)

Scale COPE-SS p FR COPE-AS p FR COPE-PA p FR COPE-PS p FR COPE-TR p FR
Time T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2

MIG (IQR) 31.5
(1.8)

31.5
(1.0)

30.5
(3.8)

< 0.05 27.0
(6.3)

28.5
(7.8)

28.0
(7.0)

0.348 31.0
(4.8)

30.5
(5.0)

28.0
(8.5)

< 0.05 35.0
(6.8)

35.0
(7.0)

35.0
(7.0)

0.110 15.0
(3.5)

15.0
(3.3)

15.0
(3.3)

0.446

CG (IQR) 24.5
(15.5)

25.5
(14.5)

25.5
(14.0)

0.440 31.5
(18.0)

33.0
(16.5)

29.0
(6.0)

0.415 35.0
(15.0)

30.0
(10.0)

27.5
(8.5)

0.062 28.0
(5.5)

28.0
(7.5)

27.0
(1.5)

0.789 14.0
(5.5)

17.0
(6.8)

13.0
(4.3)

0.157

MW p 0.468 0.542 0.569 0.138 0.095 0.195 0.493 1.000 1.000 0.021 0.027 0.050 0.180 0.818 0.091

MW: Mann-Whitney U test, FR: Friedman analysis, COPE-NIV: Coping Orientation to the Problems Experienced (Italian version), SS: Social Support, AS: Avoidance
Strategies, PA: Positive Attitude, PS: Problem Solving, TR: Turning to Religion, MIG: motor imagery group, CG: control rehabilitation group, Time: time of
assessment, T0: baseline, T1: end of the treatment, T2: follow-up.

FM leading to higher hippocampal activation: however,392

even though this topic is very interesting, the scien-393

tific evidence is still limited [32]. Motor imagery ex-394

ercises seem to act positively on the pain experience395

of the FM patient [33]. Ideomotor cues do not only396

influence preplanned responses; indeed, they can also397

effectively insert intentions to act, creating behavior de398

novo, as predicted from ideomotor patterns of action399

control [34]. An interesting aspect of our research is400

the finding that both the rehabilitation treatments (at401

T0, TAS > 51 points for MIG and CG) demonstrated402

good containment of alexithymia (p < 0.05, Table 3). In403

other studies, traits of alexithymia, especially difficulty404

identifying feelings, showed a direct and an indirect 405

effect on perception of quality of life, especially with 406

regard to psychosocial functions, and may contribute 407

to worsening the impact of FM on patients’ quality of 408

life [35]. Although the evidence for efficacy of exercise 409

intervention programs in FM is still low [36], our results 410

highlight the efficacy of rehabilitation in the treatment 411

of chronic pain in FM. A non-intensive rehabilitation 412

protocol should be encouraged, considering the close 413

connections between mind and body in FM. Instead, 414

other studies showed that resistance training may im- 415

prove multidimensional functions in FM patients and 416

aerobic exercise has been proposed, too. Aerobic exer- 417
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cise has been largely recommended to improve well-418

being, physical capacity and functionality during man-419

agement of FM [37]. Although a major challenge in the420

management of FM through exercise is FM patients’421

low adherence to treatment, the short duration and mild422

approach of the proposed motor imagery treatment al-423

lowed us to record extremely low drop-out rates (n =424

2) and good attendance of the rehabilitation sessions.425

Although the enrolled patients were evaluated at a426

twelve-week follow-up, the absence of a longer-term427

follow-up may be considered a limitation of our study.428

In addition, there was no blinding of all subjects, thera-429

pists and evaluators, and furthermore quantitative mea-430

surements were not used but only ordinal ones, without431

a unit of measurement. Finally, increasing the number432

of patients in each group may enhance the generaliz-433

ability of our findings. On the other hand, our research434

represents an attempt to investigate the efficacy of an435

alternative rehabilitation pathway, which also takes into436

account the subjects’ psychological profile. It is impor-437

tant to consider that FM patients are often reluctant to438

undergo a psychological consultation or psychotherapy,439

while they readily accept rehabilitation. A treatment440

involving motor imagery, having a positive impact on441

psychological aspects, may play an important role in442

this regard.443

5. Conclusions444

In conclusion, the motor imagery-based rehabilita-445

tion treatment seemed to have a positive effect in terms446

of reducing pain and improving physical function, and it447

also showed a good impact on anxiety mood in patients448

with FM syndrome. Given the close interconnection449

between mind and body in FM syndrome, the integra-450

tion of psychological support would be desirable in this451

setting. A personalized motor imagery-based rehabilita-452

tion program involving neurocognitive techniques may453

represent a polyvalent tool for the management of both454

physical and psychological symptoms in FM. Further455

research is needed to investigate these aspects.456
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